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Abstract—The first examples of doubly bridged calix[7]arenes 2a–h have been obtained by base-promoted O-alkylation of
p-tert-butylcalix[7]arene 1 or 1,4-tetramethylene-bridged calix[7]arene 3a with a variety of bis-electrophiles including BrCH2Cl,
oligoethylene glycol ditosylates, and 1,2-bis(bromomethyl)benzene. In the presence of Cs2CO3 as the base, in acetone, the syn-
1,4:2,3-bis-bridged regioisomer was obtained in yields up to 76%. Assignment of bridging pattern was based on chemical shift of OH
groups in conjunction with chemical correlations with known compounds. Stereochemical and conformational features were
investigated with the aid of 2D and Dynamic NMR studies and MM3 calculations.
� 2004 Elsevier Ltd. All rights reserved.
Three-dimensional preorganization of calixarene mac-
rocycles is of particular relevance to improve both the
efficiency and selectivity of their recognition abilities.1 In
this regard, the insertion of suitable scaffolding elements
by intramolecular bridging is considered the most
promising approach. Consequently, a very large number
of intrabridged calix[n]arene (n ¼ 4, 5, 6, 8) deriva-
tives have been reported in the past decade.1;2 Con-
cerning the ‘minor’ odd-membered calix[7]arenes,3 only
very recently a few examples of single bridging have
been reported, evidencing that the 1,4-isomer was often
favored.4 In this Letter we wish to report on the syn-
thesis of the first examples of calix[7]arenes doubly
bridged at the lower rim.

Initially we studied the intramolecular double bridging
of p-tert-butylcalix[7]arene5 1 by base-promoted direct
alkylation with bis-electrophiles. Thus, treatment of 1
with ethylene glycol ditosylate (Table 1, entry 1)6 in the
presence of Cs2CO3 in refluxing acetone afforded
1,4:2,3-bis(ethylene)-bridged p-tert-butylcalix[7]arene 2a
(1,4:2,3-calix[7]bis-crown-2) in 53% yield, after column
chromatography on silica gel.7 These conditions were
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extended to alkylation with di(ethylene glycol) ditosylate
(Table 1, entry 2) to give 1,4:2,3-calix[7]bis-crown-3 2b
in 76% yield. Analogously, the alkylation with 1,4-di-
iodobutane (Table 1, entry 3) afforded 1,4:2,3-bis-
(tetramethylene)-bridged calix[7]arene 2c in good yield
(75%).

The availability of efficient synthetic procedures for the
preparation of 1,4-bridged calix[7]arenes4 induced us to
explore the alkylation of a preformed singly bridged
derivative to obtain doubly bridged calix[7]arenes with
mixed scaffolding elements. As starting material we used
1,4-tetramethylene-bridged calix[7]arene 3a,7 which was
obtained by treatment of 1 with 1,4-diiodobutane in the
presence of KOH in refluxing THF (Table 1, entry 4),
and whose structure was assigned analogously to other
singly bridged calix[7]arenes.4 Thus, the alkylation of 3a
with bromochloromethane in the presence of Cs2CO3 in
refluxing acetone gave 1,4-tetramethylene-2,3-methyl-
ene-bridged calix[7]arene7 2d in 55% yield (Table 1, en-
try 5). Under similar conditions, the alkylation of 3a
with ethylene glycol ditosylate afforded 1,4-tetrameth-
ylene-2,3-calix[7]crown-2 2e in 60% yield (Table 1, entry
6). Analogous treatment with di- or tri(ethylene gly-
col)ditosylate (Table 1, entries 7 and 8, respectively) led
to the corresponding 1,4-tetramethylene-2,3-crown-3 2f
and 1,4-tetramethylene-2,3-crown-4 2g derivatives in
75% and 30% yield, respectively. The procedure was also
successfully extended to 1,2-bis(bromomethyl)benzene
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Table 1. Yield of bridged calix[7]arenes in the alkylation of p-tert-butylcalix[7]arene (1), 1,4-tetramethylene-bridged calix[7]arene 3a, 1,4-calix[7]-

crown-3 3b, or 1,2-calix[7]crown-3 4, in the presence of Cs2CO3 (15 equiv) in acetone at reflux
a

Entry Starting material Alkylating agent (equiv) Isolated compound (yield %)

1 1 TsOCH2CH2OTs (3) 2a (53)

2 1 TsO(CH2CH2O)2 Ts (3) 2b (76)

3 1 CH2CH2CH2CH2 (3) 2c (75)

4 1 CH2CH2CH2CH2 (1.1) 3a (40)a

5 3a BrCH2Cl (1.1) 2d (55)

6 3a TsOCH2CH2OTs (1.1) 2e (60)

7 3a TsO(CH2CH2O)2 Ts (1.1) 2f (75)

8 3a TsO(CH2CH2O)3 Ts (1.1) 2g (30)

9 3a 1,2-C6H4(CH2Br)2 (1.1) 2h (70)

10 3b TsO(CH2CH2O)2Ts (1.1) 2b (70)

11 4 TsO(CH2CH2O)2Ts (1.1) 2b (60)

a In the case of entry 4 the reaction was performed in the presence of KOH (6 equiv) in THF at reflux.
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as an aromatic alkylating agent, to give 1,4-tetrameth-
ylene-2,3-o-xylylene derivative 2h in 70% yield (Table 1,
entry 9).

Structure assignment for doubly bridged calix[7]arene
derivatives 2a–h was based on spectral analysis coupled
to chemical correlations.7 In particular, elemental analy-
sis and ESI(þ) MS confirmed the presence of two
bridges in each of them, while assignment of the bridg-
ing pattern was based on the following arguments.

In principle, 12 regioisomers are possible for a calix[7]-
arene doubly bridged with two identical elements.
Among them, only three are asymmetrical (1,2:3,5,
1,2:3,6, and 1,3:2,5 isomers), whereas the remaining ones
all possess a symmetry plane bisecting one aromatic ring
and the opposite ArCH2Ar group (Ar–CH2 symmetry),
making them hardly distinguishable by simple symme-
try considerations. Therefore, to this end, as for the
case of selectively O-substituted3d and singly bridged
calix[7]arenes,4 we resorted to the classification of OH
groups as ‘isolated’ (i), ‘singly H-bonded’ (s), and ‘dou-
bly H-bonded’ (d), based on their 1H NMR chemical
shift. In particular, in addition to resonances typical of
Ar–CH2 symmetry, two 2:1 ‘s,d’ OH signals were usually
observed for doubly bridged calix[7]arene derivatives 2a–
c7 indicating the presence of three contiguous phenolic
rings in their structure. This finding reduces the number
of the compatible bridging patterns to three, namely
1,2:3,4, 1,4:2,3, and 1,3:2,4. The discrimination among
them was obtained by chemical correlations with known
singly bridged calix[7]arenes. Thus, for example, the
presence of both the 1,2- and 1,4-bridge in 1,4:2,3-
calix[7]bis-crown-3 2b was proved by its formation either



Figure 2. Computer models of the asymmetrical lowest MM3-energy

conformation (top) and of the averaged symmetrical structure (bot-

tom) of 1,4:2,3-calix[7]bis-crown-3 2b.
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by alkylation of 1,4-calix[7]crown-34 3b and 1,2-
calix[7]crown-34 4 (Table 1, entries 10 and 11, respectively).

In a similar way, the 1,4:2,3 pattern of bis-hetero-
bridged calix[7]arenes 2d–h was unequivocally proved
by the absence of ‘isolated’ OH signals and by
their formation from the 1,4-bridged parent compound
3a.

The presence of two bridges inhibits the conformational
interconversion in calix[7]arenes 2a–h as indicated by the
typical AX systems for ArCH2Ar groups observed in
their 1H NMR spectra (Fig. 1). One exception is given
by 1,4-tetramethylene-2,3-methylene-bridged calix[7]
arene 2d, which shows broad signals at 298K indicating
a slow conformational interconversion. This result is
explainable by the small dimension of the 2,3-methylene
bridge, which allows its passage through the annulus,
notwithstanding the reduction of space caused by the
1,4-tetramethylene chain.

The relative spatial orientation of the two bridges in
conformationally blocked calix[7]arenes 2a–h can be
inferred by the large chemical shift separations of AX
systems of ArCH2Ar groups between rings at positions
2,3 (Dd ¼ 1:04–1:85) and 1,2 or 3,4 (Dd ¼ 0:82–1:06),
which indicate a syn orientation of pertinent aromatic
rings (Fig. 1). In the case of 1,4:2,3-calix[7]bis-crown-3
2b the syn orientation of the two bridges was also con-
firmed by a combined COSY/NOESY 2D NMR study,
which evidenced a typical complete network of NOE
interactions among the equatorial ArCH2Ar protons,
their close ArH, and the pertinent t-Bu groups.

Dynamic NMR studies (400MHz) on bis-bridged
calix[7]arene 2b confirmed the conformational blockage
up to 355K (C6D6) and revealed a coalescence temper-
ature at 247K in CDCl3, below which an asymmetrical
spectrum, characterized by three 1:1:1 distinct OH res-
3.0 4.2  5.5   8.39.6
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   213  K

Figure 1. Methylene (right) and OH region (left) of the 1H NMR

spectrum (400MHz, CDCl3) of 1,4:2,3-calix[7]bis-crown-3 2b at rele-

vant temperatures.
onances in the 9.0–10.5 ppm range, is obtained (Fig. 1).
Obviously, the spectrum at higher temperatures corre-
sponds to an averaged symmetrical structure, which
become frozen below 247K into an asymmetrical con-
former. An energy barrier of 11.2 kcal/mol was esti-
mated for this conformational process.

An insight into the conformation adopted by 2b was
obtained by a Monte Carlo conformational search using
the MacroModel-7.2 program8 (MM3, CHCl3 solvent)
starting from a structure built on the double-cone pin-
ched conformation9a found in the X-ray crystal structure
of p-tert-butylcalix[7]arene 1.9b With this procedure an
asymmetrical lowest energy structure was found (Fig. 2),
which very likely corresponds to the frozen conforma-
tion evidenced by D-NMR studies. An independent
modeling with imposed symmetry equivalences, gave an
idealized symmetrical structure (Fig. 2), which can be
considered as representative of the averaged conforma-
tion observed at room temperature.

In conclusion, we have described the first examples of
doubly bridged, conformationally blocked calix[7]arene
derivatives. Dynamic NMR studies evidenced a high
level of preorganization, which preludes to their poten-
tial applications as molecular hosts in supramolecular
chemistry.
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1H).
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1.23, 1.30, 1.35 [s, C(CH3)3, 18H, 18H, 9H, 18H], 2.89 (bs,
CH2O, 2H), 3.39 (d, ArCH2Ar, J ¼ 13:5Hz, 1H), 3.55 (d,
ArCH2Ar, J ¼ 15:7Hz, 2H), 3.66 (overlapped, OCH2,
2H), 3.84 (d, ArCH2Ar, J ¼ 12:4Hz, 2H), 3.92 (d,
ArCH2Ar, J ¼ 14:5Hz, 2H), 3.90 (overlapped, OCH2,
8H), 3.97 (d, ArCH2Ar, J ¼ 14:5Hz, 2H), 4.24 (b t,
OCH2, 2H), 4.29 (d, ArCH2Ar, J ¼ 12:4Hz, 2H), 4.42
(overlapped, OCH2, 2H), 4.58 (d, ArCH2Ar, J ¼ 15:7Hz,
2H), 5.24 (d, ArCH2Ar, J ¼ 13:5Hz, 1H), 6.76 (d, ArH,
J ¼ 1:2Hz, 2H), 7.06 (d, ArH, J ¼ 1:9Hz, 2H), 7.10 (d,
ArH, J ¼ 1:9Hz, 2H), 7.17, 7.23 (bs, ArH, 2H, 2H), 7.26
(d, ArH, J ¼ 1:9Hz, 2H), 7.32 (d, ArH, J ¼ 1:9Hz, 2H),
8.50, 9.36 (bs, OH, 2H, 1H).
Compound 2c: CC (cyclohexane/EtOAc, 9:1 v/v); ESI(þ)
MS m=z 1245 (MHþ); 1H NMR (CDCl3, 298K): d 1.13,
1.24, 1.30, 1.33 [s, C(CH3)3, 18H, 18H, 9H, 18H], 2.08,
2.27 (bs, CH2, 4H, 4H), 3.12 (bs, OCH2, 4H), 3.33 (d,
ArCH2Ar, J ¼ 12:9Hz, 1H), 3.62 (d, ArCH2Ar,
J ¼ 15:8Hz, 2H), 3.78 (bs, ArCH2Ar, 4H), 3.95, 3.99
(bs, OCH2, 2H, 2H), 4.47 (bs, ArCH2Ar, 4H), 4.58 (d,
ArCH2Ar, J ¼ 15:8Hz, 2H), 4.93 (d, ArCH2Ar,
J ¼ 12:9Hz, 1H), 6.81 (bs, ArH, 2H), 7.07 (bs, ArH,
2H), 7.11 (bs, ArH, 2H), 7.13 (bs, ArH, 2H), 7.16 (bs,
ArH, 2H), 7.19 (s, ArH, 2H), 7.23 (bs, ArH, 2H), 8.35 (bs,
OH, 3H).
Compound 2d: CC (cyclohexane/EtOAc, 8:2 v/v); ESI(þ)
MS m=z 1203 (MHþ); 1H NMR (CDCl2CDCl2, 373K): d
1.26, 1.30, 1.36, 1.39 [s, C(CH3)3, 18H, 18H, 9H, 18H],
1.42 (bs, CH2, 4H), 3.49 (m, OCH2, 4H), 3.84, 3.95, 4.05,
4.12 (bs, ArCH2Ar, 4H, 4H, 4H, 2H), 5.76 (bs, OCH2O,
2H), 6.55 (bs, ArH, 2H), 7.13 (d, ArH, J ¼ 1:9Hz, 2H),
7.17 (d, ArH, J ¼ 1:9Hz, 2H), 7.18 (d, ArH, J ¼ 2:4Hz,
2H), 7.20 (d, ArH, J ¼ 2:4Hz, 2H), 7.32 (s, ArH, 2H),
7.35 (d, ArH, J ¼ 1:5Hz, 2H), 8.22, 8.66 (bs, OH, 2H,
1H).
Compound 2e: CC (cyclohexane/EtOAc, 85:15 v/v);
ESI(þ) MS m=z 1217 (MHþ); 1H NMR (CDCl3, 298K):
d 1.17, 1.22, 1.30, 1.34 [s, C(CH3)3, 18H, 18H, 9H, 18H],
1.43 (bs, CH2, 4H), 3.33 (bs, OCH2, 2H), 3.43 (d,
ArCH2Ar, J ¼ 13:6Hz, 1H), 3.63 (d, ArCH2Ar,
J ¼ 13:9Hz, 4H), 3.72 (d, ArCH2Ar, J ¼ 14:1Hz, 2H),
3.78 (bs, OCH2, 2H), 3.90 (d, ArCH2Ar, J ¼ 14:1Hz, 2H),
4.24 (d, ArCH2Ar, J ¼ 14:2Hz, 2H), 4.21 (s, OCH2, 4H),
4.45 (d, ArCH2Ar, J ¼ 13:6Hz, 2H), 4.86 (d, ArCH2Ar,
J ¼ 13:6Hz, 1H), 6.92 (bs, ArH, 2H), 7.07 (bs, ArH, 2H),
7.08 (bs, ArH, 2H), 7.10 (bs, ArH, 2H), 7.15 (s, ArH, 2H),
7.26 (bs, ArH, 2H), 7.28 (bs, ArH, 2H), 8.53, 8.68 (bs, OH,
2H, 1H).
Compound 2f: CC (cyclohexane/EtOAc, 8:2 v/v); ESI(þ)
MS m=z 1261 (MHþ); 1H NMR (CDCl3, 323K): d 1.13,
1.25, 1.28, 1.31 [s, C(CH3)3, 18H, 18H, 9H, 18H], 1.49 (bs,
CH2, 4H), 3.06 (bs, OCH2, 2H), 3.38 (d, ArCH2Ar,
J ¼ 12:4Hz, 1H), 3.58 (d, ArCH2Ar, J ¼ 16:1Hz, 2H),
3.64 (bs, OCH2, 2H), 3.69 (d, ArCH2Ar, J ¼ 13:8Hz, 2H),
3.76 (d, ArCH2Ar, J ¼ 13:8Hz, 2H), 3.82–3.85 (over-
lapped, ArCH2Ar, 4H), 3.97 (t, OCH2, J ¼ 9:2Hz, 2H),
4.04 (t, OCH2, J ¼ 9:2Hz, 2H), 4.26 (bd, OCH2,
J ¼ 11:7Hz, 2H), 4.36 (bd, OCH2, J ¼ 9:5Hz, 2H), 4.68
(d, ArCH2Ar, J ¼ 16:1Hz, 2H), 5.20 (d, ArCH2Ar,
J ¼ 12:4Hz, 1H), 6.75 (bs, ArH, 2H), 7.08 (bs, ArH,
2H), 7.10 (bs, ArH, 2H), 7.14 (s, ArH, 2H), 7.20 (bs, ArH,
4H), 7.31 (bs, ArH, 2H), 8.16, 8.24 (bs, OH, 2H, 1H).
Compound 2g: CC (cyclohexane/EtOAc, 8:2 v/v); ESI(þ)
MS m=z 1305 (MHþ); 1H NMR (CDCl3, 328K): d 1.15,
1.26, 1.28, 1.30 [s, C(CH3)3, 18H, 18H, 9H, 18H], 1.51 (bs,
CH2, 4H), 3.14 (bs, OCH2, 2H), 3.42 (d, ArCH2Ar,
J ¼ 13:0Hz, 1H), 3.57 (d, ArCH2Ar, J ¼ 16:8Hz, 2H),
3.62 (bs, OCH2, 2H), 3.69–3.73 (overlapped, ArCH2Ar,
4H), 3.81–3.85 (overlapped, ArCH2Ar and OCH2 8H),
4.00 (overlapped, OCH2, 2H), 4.10–4.15 (overlapped,
OCH2, 4H), 4.65 (d, ArCH2Ar, J ¼ 16:8Hz, 2H), 5.00
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(d, ArCH2Ar, J ¼ 13:0Hz, 1H), 6.86 (bs, ArH, 2H), 7.11
(bs, ArH, 4H), 7.15 (s, ArH, 2H), 7.16 (bs, ArH, 2H), 7.19
(bs, ArH, 2H), 7.20 (bs, ArH, 2H), 8.11, 8.19 (bs, OH, 2H,
1H).
Compound 2h: CC (cyclohexane/EtOAc, 9:1 v/v); ESI(þ)
MS m=z 1293 (MHþ); 1H NMR (CDCl3, 303K): d 1.13,
1.25, 1.31, 1.37 [s, C(CH3)3, 18H, 18H, 9H, 18H], 1.49 (bs,
CH2, 4H), 3.12 (d, ArCH2Ar, J ¼ 13:1Hz, 1H), 3.25 (bs,
OCH2, 2H), 3.70 (bs, OCH2, 2H), 3.79 (bs, ArCH2Ar,
8H), 3.83 (d, ArCH2Ar, J ¼ 16:1Hz, 2H), 4.20 (d,
ArCH2Ar, J ¼ 13:1Hz, 1H), 4.63 (d, ArCH2Ar,
J ¼ 16:1Hz, 2H), 5.21 (d, OCH2Ar, J ¼ 11:7Hz, 2H),
5.71 (d, OCH2Ar, J ¼ 11:7Hz, 2H), 6.84 (bs, ArH, 2H),
6.92 (bs, ArH, 2H), 6.99 (bs, ArH, 2H), 7.08 (bs, ArH,
2H), 7.14 (bs, ArH, 2H), 7.16 (bs, ArH, 2H), 7.28 (bs,
ArH, 2H), 7.34–7.38 (overlapped, ArH, 4H), 8.27 (bs, OH,
2H), 8.33 (bs, OH, 1H).
Compound 3a was obtained as described above for 2a–c
using KOH (1.06mmol) as the base and THF (20mL) as
the solvent (Table 1, entry 4): CC (cyclohexane/EtOAc, 9:1
v/v); ESI(þ) MS m=z 1191 (MHþ); 1H NMR (acetone-d6,
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