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Synthesis and host–guest properties of a calix[6]arene
based receptor closed by an internal ion-paired cap
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Abstract

The straightforward synthesis of a Cs symmetrical calix[6]arene possessing carboxylic acid groups as well as an ammonium arm is
described. This calixarene can encapsulate ammonium ions through a highly selective recognition process thanks to the presence of
an internal ion-paired cap that preorganizes the cavity and constitutes an efficient binding site.
� 2008 Elsevier Ltd. All rights reserved.
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There is a growing interest in the design of artificial
hosts useful for catalysis or for the sensing of either
charged or neutral species.1 These receptors can also con-
tribute to a better understanding of the recognition pro-
cesses occurring in biological systems.2 Since bioactive
molecules like neurotransmitters (i.e., dopamine, serotonin,
c-aminobutyric acid (GABA) or acetylcholine) are ammo-
nium ions, the synthesis of efficient receptors for such cat-
ionic species is particularly interesting.3 In this context, the
use of calix[4]arenes has been largely studied.4,5 However,
their cavity is not large enough to accommodate organic
molecules and these have been mostly used as a molecular
platform for the preorganization of an external binding
site.6 The size of the cavity of calix[6]arenes7 is well adapted
for the encapsulation of ammonium ions8 but these flexible
oligomers are scarcely studied since these usually need to be
rigidified in the cone conformation in order to display such
host–guest properties. For this, the introduction of cova-
lent bridges9 and, especially tripodal aza-units on the nar-
row rim, has shown to constitute a valuable strategy.
These calix[6]aza-cryptands10 can bind either ammonium
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ions or contact ion-pairs depending on the nature of their
aza-cap (i.e., polyamino or polyamido).11 Recently, we
have also developed an alternative strategy that consists
in using electrostatic interactions between ammonium
and carboxylate groups for the building of self-assembled
receptors.12 In particular, C3v symmetrical calix[6]arenes
bearing three carboxylic acid groups have shown to exhibit
remarkable host–guest properties toward ammonium ions
even in polar and protic solvents (Fig. 1).13 Indeed, upon
deprotonation with amines (I or II), these calix[6]arenes
can be shaped in a well-defined cone conformation thanks
to the formation of an ion-paired cap between their carbox-
ylate groups and the bridging ammonium counter-ions.
The resulting self-assembled receptors can recognize large
polycyclic or bioactive ammonium ions through a combi-
nation of hydrogen bonding, electrostatic, and CH–p inter-
actions. However, these systems are quite complicated
since these required the addition of external ammonium
ions for the building of the ion-paired cap. Thus, we were
interested in the design of a calix[6]arene based receptor
possessing both carboxylate and ammonium groups, an
internal ion-paired cap being expected with such a
receptor.

Herein, we report the synthesis of a calix[6]arene dissym-
metrically substituted by two carboxylic acid groups and
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Fig. 1. Self-assembled ion-paired receptors for the binding of ammonium ions.
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one ammonium arm and preliminary results concerning its
host–guest properties toward ammonium ions.

In order to prevent any competing self-inclusion pro-
cesses of the ammonium arm, we chose to introduce a
bulky 1-naphthalenemethylamine residue on the narrow
rim. Hence, the desired dissymmetrically substituted com-
pound 7 was obtained through a straightforward synthesis
from the known C3v symmetrical 1,3,5-trismethoxyca-
lix[6]arene 214 (Scheme 1). First, a selective alkylation with
1,2-dibromoethane according to a reported procedure led
to the mono-alkylated derivative 3.15 A further reaction
with an excess of 1-naphthalenemethylamine in the pres-
ence of DIPEA gave the mono-amino calix[6]arene 4 which
was used in the next step without any purification.16 Pro-
tection of the amino group with (Boc)2O led to the pure
Scheme 1. Synthesis of receptor 7. Reagents and conditions: (i) see Ref.15; (ii) 1
THF, rt, 16 h, 66% over 2 steps; (iv) BrCH2COOEt, NaH, THF, reflux, 16 h, 9
HCl, 62% overall yield from 6.
compound 517 in 66% yield over two steps after flash chro-
matography purification. The remaining phenolic units
were then alkylated with ethyl bromoacetate in the pres-
ence of an excess of NaH, affording 618 in high yield.
Finally, the removal of the Boc group with TFA19 and a
subsequent saponification of the ester functions with
NMe4OH produced the desired dissymmetrically substi-
tuted calixarene 7 which was isolated through its hydro-
chloride salt 7�HCl20 in 62% yield.

The conformational properties of the new calix[6]arene
derivatives 4–7�HCl were investigated through 1H NMR
spectroscopy in CDCl3, all the signals being attributed
through 2D NMR analyses (COSY, HMQC, HMBC).
The NMR patterns of compounds 3–7�HCl are character-
istic of Cs symmetrical structures that adopt either a major
-Naphthalenemethylamine, DIPEA, DMF, 100 �C, 16 h; (iii) Boc2O, TEA,
4%; (v) TFA, CHCl3, rt, 4 h; (vi) NMe4OH (10%), THF, reflux, 16 h, then
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flattened cone conformation (in the case of 3, 4, 6, and
7�HCl: DtBu >0.54 ppm) or a straight conformation (in
the case of 5: DtBu = 0.17 ppm) (see the structures dis-
played in Scheme 1). The grafting of the bulky methyl-
amino-naphthalene unit leads to a rigidification of the
calixarene core since sharp doublets are observed for the
ArCH2 signals of 4–7�HCl, indicating that their cone-cone
interconversion is slow on the NMR spectral timescale.
Similarly to the monobromo-calix[6]arene 3,21 compound
4 displays unusual high-field shifted resonances for the
alkyl linker between the amino group and the calixarene
core (dOCH2

¼ 2:54 ppm, dNCH2
¼ 1:88 ppm), while the

methoxy groups are directed toward the outside of the cav-
ity (dOMe >3.24 ppm). This is compatible with a partial
inclusion of the protic amino arm inside the aromatic cav-
ity which is likely due to hydrogen bonding interactions
with the phenolic moieties. In contrast, calixarenes 5 and
6 adopt the opposite cone conformation with the bulky
Boc groups and the ester arms ejected from the cavity
and the methoxy groups pointing inside the cavity
(dOMe <2.45 ppm for 6).22 As expected, in the case of the
final compound 7�HCl, the ammonium and carboxylic acid
groups are in close proximity,23 the OMe groups being
expelled from the cavity (dOMe >3.46 ppm). This clearly
shows the formation of an intramolecular hydrogen
bonded cap that closes the hydrophobic cavity and preor-
ganizes the calixarene in a well-defined conformation ideal
for the endo-complexation of organic guests.

The host–guest properties of receptor 7 toward ethyl
and propylammonium ions were explored by 1H NMR
spectroscopy in CDCl3 at 260 K. These ammonium ions
Fig. 2. endo-Complexation of RNHþ3 (R = Et or Pr) by molecular receptor 7�H

are characteristic of the host and guest. d: Signals of the guest ammonium.
were chosen for the study since their size and shape fit very
well to the hydrophobic cavity of a calix[6]arene substi-
tuted by ptBu groups on the wide rim.11 Thus, the addition
of PrNH2 (P2 equiv) to 7�HCl led to the in situ formation
of PrNHþ3 through deprotonation of the COOH groups of
the host and a unique NMR pattern corresponding to the
endo-complex 7�Hþ � PrNHþ3 was obtained (Fig. 2).
Indeed, associated to a calixarene signature characteristic
of the conformation displayed in Figure 2 (dOMe >3.4
ppm), high field signals corresponding to the inclusion of
1 equiv of PrNHþ3 were observed (dCH2CH3

¼ �0:85 ppm,
dCH3

¼ �1:91 ppm) (see inset, Fig. 2).24 Similarly, the
inclusion of EtNHþ3 was evidenced through the addition
of EtNH2 (P2 equiv) to a CDCl3 solution of 7�HCl
(signals of the included EtNHþ3 : dCH2

¼ 0:30 ppm, dCH3
¼

�1:51 ppm). These results show a highly selective process
that results from the establishment of intramolecular ionic
interactions and hydrogen bonding interactions between
the carboxylate groups and the ammonium arm of the host.
This internal ion-paired cap can act as an efficient binding
site for a second ammonium ion encapsulated in the calix-
arene cavity, the recognition of this cationic guest taking
place probably through ionic and hydrogen bonding inter-
actions. In addition, CH–p interactions between the alkyl
chain of the ammonium ion and the aromatic moieties of
the calixarene core should contribute to the stabilization
of the whole edifice.25

In summary, we have developed the efficient synthesis of
a new Cs symmetrical calix[6]arene 7 bearing on the narrow
rim two carboxylic acid groups as well as a 1-naphthale-
nemethylamino arm. Upon deprotonation of the COOH
+. Inset: selected regions of the 1H NMR spectrum of 7�Hþ � PrNHþ3 that
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groups, this calixarene behaves as an efficient molecular
endo-receptor for ammonium ions thanks to the presence
of an internal ion-paired cap that polarizes the receptor,
preorganizes the cavity and provides multiple hydrogen
bonding acceptor groups. Current work is directed toward
the design of related fluorescent and water-soluble molecu-
lar receptors devoted to the sensing of bioactive ammo-
nium ions.

Acknowledgment

We thank the CROUS of Haute-Normandie for finan-
cial support.

Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.
2008.04.085.

References and notes

1. Lehn, J.-M. Supramolecular Chemistry; Wiley-VCH: Weinheim, 1995;
Hartley, J. H.; James, T. D.; Ward, C. J. J. Chem. Soc., Perkin Trans.

1 2000, 3155–3184.
2. Motherwell, W. B.; Bingham, M. J.; Six, Y. Tetrahedron 2001, 57,

4663–4686. Reviews on molecular recognition: . Chem. Rev. 1997, 97,
1231–1734.

3. For leading examples of molecular recognition of bioactive ammo-
nium ions, see: Takeshita, M.; Shinkai, S. Chem. Lett. 1994, 1349–
1352; Magrans, J. O.; Ortiz, A. R.; Molins, M. A.; Lebouille, P. H. P.;
Sanchez-Quesada, J.; Prados, P.; Pons, M.; Gago, F.; de Mendoza, J.
Angew. Chem., Int. Ed. 1996, 35, 1712–1715; Buschmann, H.-J.;
Mutihac, L.; Jansen, K. J. Inclusion Phenom. Macrocycl. Chem. 2001,
39, 1–11; Biros, S. M.; Ullrich, E. C.; Hof, F.; Trembleau, L.; Rebek,
J. J. J. Am. Chem. Soc. 2004, 126, 2870–2876; Kim, J.; Raman, B.;
Ahn, K. H. J. Org. Chem. 2006, 71, 38–45.

4. Dalla Cort, A.; Madolini, L. In Calixarenes in Action; Mandolini, L.,
Ungaro, R., Eds.; Imperial College Press: London, 2000; pp 85–110.

5. See also for a recent reference on the complexation of ammonium ions
by calix[5]arenes: Garozzo, D.; Gattuso, G.; Notti, A.; Pappalardo,
A.; Pappalardo, S.; Parisi, M. F.; Perez, M.; Pisagatti, I. Angew.

Chem., Int. Ed. 2005, 44, 4892–4896.
6. A few examples of encapsulation of ammonium ions were described

with calix[4]arenes possessing an extended cavity or rigidified by
crown ether bridges, see, respectively: Arduini, A.; Giorgi, G.;
Pochini, A.; Secchi, A.; Ugozzoli, F. J. Org. Chem. 2001, 66, 8302–
8308; Arduini, A.; Brindani, E.; Giorgi, G.; Pochini, A.; Secchi, A. J.

Org. Chem. 2002, 67, 6188–6194.
7. Gutsche, C. D. In Calixarenes Revisited, Monographs in Supramolec-

ular Chemistry; Stoddart, J. F., Ed.; The Royal Society of Chemistry:
Cambridge, UK, 1998. For a review on calix[6]arenes, see: Lüning,
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J = 7 Hz, 6H, OCH2CH3), 1.38 (s, 9H, tBu), 1.40 (s, 18H, tBu), 1.48
(s, 9H, Boc), 2.26 (s, 6H, OCH3), 2.45 (s, 3H, OCH3), 3.05–3.90 (m,
10H, OCH2CH2N + ArCH2), 4.26 (q, J = 7 Hz, 4H, OCH2CH3), 4.57
(m, 10H, ArCH2 + OCH2COOEt), 5.19 (sb, 2H, NBocCH2Napht),
6.70 (s, 6H, ArHCalix), 7.23 (s, 2H, ArHCalix), 7.27 (s, 4H, ArHCalix),
7.40–7.67 (m, 4H, ArHNapht), 7.74 (d, J = 5 Hz, 1H, ArHNapht), 7.85
(d, J = 8 Hz, 1H, ArHNapht), 8.20 (d, J = 8 Hz, 1H, ArHNapht);

13C
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NMR (75 MHz, CDCl3) d 14.6, 28.1, 28.8, 29.7, 30.1, 30.5, 31.5, 32.0,
34.3, 34.6, 60.3, 60.5, 61.4, 70.2, 80.4 (OC(CH3)3), 123.7, 125.7, 126.2,
126.8, 128.5, 133.3, 133.8, 146.1, 146.2, 146.6, 151.8, 154.9, 169.6
(COOEt). ESI-MS calcd for C95H123NO12 (M+Na+) 1493.90; found
1493.73.

19. For analytical purpose the resulting free amino calix[6]arene bearing

two ester arms was isolated. Selected data: Mp 117–119 �C; IR (KBr):

1762, 1738 cm�1; 1H NMR (300 MHz, CDCl3, 330 K) d 0.86 (sb, 27H,
tBu), 1.31 (t, J = 7 Hz, 6H, OCH2CH3), 1.38 (s, 27H, tBu),
2.28 (s, 6H, OCH3), 2.43 (s, 3H, OCH3), 3.16 (sb, 2H, CH2N), 3.43
(d, J = 15 Hz, 2H, ArCH2), 3.49–3.79 (m, 4H, ArCH2), 4.05 (sb,
2H, OCH2), 4.27 (q, J = 7 Hz, 4H, OCH2CH3), 4.39 (s, 2H,
NHCH2Napht), 4.42–4.62 (m, 10H, ArCH2 + OCH2COOEt), 6.70 (s,
4H, ArHCalix), 6.74 (s, 2H, ArHCalix), 7.25 (s, 6H, ArHCalix), 7.35–7.58
(m, 4H, ArHNapht), 7.75 (d, J = 8 Hz, 1H, ArHNapht), 7.83 (d,
J = 8 Hz, 1H, ArHNapht), 8.21 (d, J = 8 Hz, 1H, ArHNapht);

13C NMR
(75 MHz, CDCl3) d 14.6, 28.1, 30.5, 31.5, 31.9, 34.3, 34.5, 49.8, 53.8,
60.4, 60.4(9), 61.4, 70.0, 124.0, 125.7, 126.0, 126.6, 128.5, 129.0, 132.2,
132.6, 133.3, 133.9, 134.2, 146.2, 146.6, 151.9, 154.8, 169.6 (COOEt);
ESI-MS calcd for C90H115NO10 (M+H+) 1370.86; found 1371.13;
Anal. Calcd for C90H115NO10,H2O: C, 77.83; H, 8.49; N, 1.01. Found:
C, 78.18; H, 8.73; N, 1.05.

20. Compound 7�HCl: Mp 190 �C; IR (KBr): 1685 (C@O) cm�1; 1H
NMR (300 MHz, CDCl3) d 0.82 (s, 18H, tBu), 0.88 (s, 9H, tBu), 1.33
(s, 9H, tBu), 1.36 (s, 18H, tBu), 3.44-3.68 (m, 18H, CH2N + 2
OCH3 + ArCH2 + 2 OCH2), 3.81 (s, 3H, OCH3), 3.97 (sb, 2H,
OCH2), 4.31 (d, J = 15 Hz, 2H, ArCH2), 4.36–4.57 (m, 4H, ArCH2),
4.92 (sb, 2H, NHCH2Napht), 6.49–6.61 (m, 4H, ArHCalix), 7.21 (s, 4H,
ArHCalix), 7.23 (s, 4H, ArHCalix), 7.51 (m, 2H, ArHNapht), 7.64 (m,
1H, ArHNapht), 7.87 (d, J = 8 Hz, 2H, ArHNapht), 7.97 (m, 1H,
ArHNapht), 8.28 (m, 1H, ArHNapht), 9.31 (sb, 2H, NHþ2 Þ.

13C NMR
(75 MHz, CDCl3) d 29.2, 29.0, 31.2, 31.5, 31.6, 31.9, 34.2(8), 34.3,
34.6, 48.8 (CH2N), 49.1 (NHCH2Napht), 60.5 (OCH3), 60.9 (OCH3),
69.4 (OCH2), 70.2 (OCH2), 123.7, 123.9, 124.2, 125.6, 126.5, 127.3,
127.4, 127.7, 128.4, 129.1, 130.6, 131.0, 132.3, 132.7, 132.8, 133.0,
133.1, 134.1, 134.2, 146.1, 146.2, 147.0, 153.0, 153.5, 172.8 (COOH).
HRMS (ESI-TOF) calcd for C86H108NOþ10 (M+) 1314.7973; found
1314.7970.

21. Resonances of the bromoethyl arm of 3: dOCH2
¼ 2:87 ppm,

dCH2Br ¼ 2:34 ppm.
22. In the case of 5, one of the OMe groups was included inside of the

cavity, that is, dOMe = 2.72 ppm.
23. Indeed, in comparison to 6, the OCH2CO resonance of 7�HCl is

strongly high-field shifted: dOCH2CO ¼ 4:57 and 3:60 ppm for 6 and
7�HCl, respectively, (determined by HMQC analysis).

24. In contrast, when a large excess of the corresponding ammonium salt
(i.e., PrNHþ3 Pic�) was added to 7�HCl, only a trace of the endo-
complex 7 �HCl � PrNHþ3 was observed (signals of the included
PrNHþ3 : dCH2CH3

¼ �0:99 ppm, dCH3 ¼ �1:56 ppm). This result con-
firms that the deprotonation of the COOH groups of the host is
required, highlighting the importance of ion-pair interactions in the
recognition process.

25. Such CH–p interactions have been observed in closely related host–
guest complexes, see Ref. 11.
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