
FULL PAPER

Calix[5]- and Calix[8]arenes Bridged with Heterocycles[‡]
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Calix[5]arene (2) and calix[8]arene (4) reacted with
bis(bromomethyl)-substituted heterocycles such as pyridine
and 1,10-phenanthroline to give [1+1] condensation products
10 and 16–18 (bridged bimacrocycles) and [2+1] dicalix-
arenes 11, 13 and 14, all of which were fully characterized.
Although the bridging capability of both bridging units 5 and
6 is surprisingly similar, calix[5]arene (2) could only be

Introduction

Calixarenes are an easily accessible class of macrocycles.
Owing to the remarkable optimization carried out by Gut-
sche and co-workers,[1–3] three calixarenes, calix[4]arene (1),
calix[6]arene (3) and calix[8]arene (4), can be synthesized in
excellent yields, and a huge number of derivatives have been
synthesized in the past few decades.[4–8] Many of these de-
rivatives, especially the calix[4]arenes, have rigid geometries
with functional groups well-defined in space. For this
reason, some people call calix[4]arene the “three-dimen-
sional benzene ring”.

Calixarene macrocycles can also be bridged,[6,9–13] and
remarkable regioselectivities have been observed in bridging
reactions. If the bridge contains a functional group, then
sterically shielded reagents are accessible. In particular, het-
erocycles have been exploited as reactive centers in con-
gested environments,[14,15] and calix[4]- and calix[6]arenes
have been found to react with appropriate building blocks
like 2,6-disubstituted pyridines 5[10] or 2,9-disubstituted
1,10-phenanthrolines 6.[11]

The lengths of these bridges match the diameter of ca-
lix[6]arene (3), and they can bridge calix[6]arene[10,11] from
the A to the D ring (we prefer to label the aryl rings by
letters[10] because the systematic numbers would be 37
through 42 for calix[6]arene). The resulting heterocycle-
bridged calixarenes are interesting compounds. For in-
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bridged with the pyridine derivatives 5. With calix[8]arene
(4), the 1,10-phenanthroline bridging reagent 6 gave a
cleaner product spectrum than the pyridine reagent 5. The
1,10-phenanthroline-bridged calix[8]arene 16 was charac-
terized by X-ray analysis.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

stance, the 1,10-phenanthroline-bridged compound 8 is a
good ligand for copper(i) ions and shows remarkable syn
selectivity in the copper(i)-catalyzed cyclopropanation of al-
kenes.[16,17]

With calix[4]arene (1), the “bite angle” of the bridging
unit does not match the distance between ring A and C. No
pyridine-bridged bimacrocyclic [1+1] calixarene could be
isolated, but a [2+2] trimacrocycle 9 was produced.[10]

Results and Discussion

These findings raise the question as to whether calix[5]-
arene (2)[18] can be bridged by 2,6-bis(bromomethyl)pyri-
dines 5 or 2,9-bis(bromomethyl)-1,10-phenanthroline (6).
Only a few bridged calix[5]arenes are known.[19–21] With ca-
lix[5]arene (2), the longest possible connection is an A,C
bridge as envisioned with calix[4]arene (1), however, owing
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to the larger size of the calix[5]arene macrocycle, the oxygen
atoms in position A and C are further apart.

The resulting bridged calix[5]arene possesses less sym-
metry than an A,D-bridged calix[6]arene such as 7 or 8.
However, the conformations of these bridged calix[6]arenes
do not possess the highest possible symmetry. X-ray analy-
ses[22] have shown that the bridge bends to one side and this
is why line broadening is observed in their NMR spectra
at lower temperatures, especially, when metal ions such as
copper(i) are bound to the 1,10-phenanthroline unit in 8.[17]

Thus, calix[5]arene (2) was treated with 4-bromo-2,6-bis-
(bromomethyl)pyridine (5c) in acetone in the presence of
caesium carbonate. After work up and chromatography,
12% of a pyridine-bridged calix[5]arene 10 was isolated and
characterized. This new bridged calix[5]arene 10 was found
to adopt a conformation in which the pyridine bridge is not
perpendicular to the plane of the calixarene macrocycle but
is at an angle. The hydrogen atoms that exhibit NOE effects
are printed in bold in the structure of 10.

Next, an analogous bridging experiment was tried with
2,9-bis(bromomethyl)-1,10-phenanthroline (6) but only a
[2+1] compound, 11, could be isolated in which the 1,10-
phenanthroline unit connects two calix[5]arenes. When this
bridging experiment was carried out with a 2:1 stoichiome-
try of the building blocks, 34% of the dimer 11 was isolated

Eur. J. Org. Chem. 2005, 2330–2337 www.eurjoc.org © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 2331

and characterized. Reaction of 6 with a calix[5]arene with-
out the tert-butyl groups at the wide rim gave the analogous
[2+1] product 12 according to spectroscopic analysis.

Analogous [2+1] products were also synthesized with
2,6-bis(bromomethyl)pyridines 5 although the chosen stoi-
chiometries of these reactions were originally aimed at the
synthesis of the bridged [1+1] compounds and therefore the
bridging pyridine units 5 had been used in 10–20% excess.
Nevertheless, a 2,6-dimethylene-4-methoxypyridine-con-
nected calix[5]arene dimer 13 and the analogous 4-chloro-
substituted compound 14 were obtained in 20 and 34%
yields, respectively, and characterized. By chance, the 4-
chloro-substituted compound 14 was synthesized even
though 4-bromo-2,6-bis(bromomethyl)pyridine (5c) was
used as the alkylating reagent. The conditions used for the
work up were responsible for the halogen exchange. Hydro-
chloric acid was used to neutralize the solution, and an ex-
cess of chloride led to ipso-substitution of the bromine
atom. This exchange reaction was verified by MALDI-MS
analysis. When analyzing the bridging reaction, the initial
MALDI mass spectra showed incomplete exchange of the
bromine atom. Only continuous stirring with hydrochloric
acid for 15 h gave the fully exchanged 4-chloro-substituted
compound 14. Related [2+1] products with xylylene bridges
have been described previously.[23]

The reaction of calix[5]arene (2) with 4-bromo-2,6-bis-
(bromomethyl)pyridine (5c) as bridging unit led to a third
class of pyridine-connected calix[5]arene 15 after repeated
chromatography. According to the NMR and mass spectra,
two calix[5]arenes (2) (Figure 1) were connected by two di-
methylenepyridine bridges. This is the same connecting mo-
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tif as that found in 9 formed from the reaction of calix[4]-
arene (1) with bis(bromomethyl)pyridines 5.[10] The high
symmetry of the NMR signals is in accord with a more
symmetrical addition product like A,A�:B,B� or A,A�:C,C�.
The third conceivable product A,A�:B,C� (not shown) is less
symmetric and accordingly there should be more signals in
the NMR spectrum.

Figure 1. Possible connection patterns for the [2+2] product 15 re-
sulting from the reaction of calix[5]arene (2) with the pyridine
building block 5c.

Finally, the largest, easily accessible calixarene, calix[8]-
arene (4), was also used as a substrate in the bridging ex-
periments. Here, the diameter of the macrocycle is defini-
tively large enough for bridging to occur. Many examples
of bridged and multiply bridged calix[8]arenes are
known.[13] In contrast with earlier experiments, the question
now arises as to whether the ring is too large, and therefore
whether too many isomers may form when bis(bromome-
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thyl)pyridines 5 and 2,9-bis(bromomethyl)-1,10-phenan-
throline (6) are used as bridges:[24] bridged, doubly or multi-
ply bridged, connected macrocycles, and their regioisomers,
oligomers and polymers.

With both bridging reagents, bridged [1+1] bimacro-
cycles 16–18 were isolated and characterized. The 1,10-
phenanthroline bridge gave the best result: 60% of the A,D-
bridged calix[8]arene 16 and no other regioisomer could be
isolated.

Crystals of 16 were obtained from dichloromethane/ace-
tonitrile, and an X-ray analysis was carried out. The struc-
ture proves the existence of a [1+1] bimacrocycle and the
A,D bridging (Figure 2). In contrast to many other calix[8]-
arene derivatives, the conformation of the calixarene macro-
cycle is an almost perfect circle with most OH groups
pointing inwards. This arrangement is stabilized by a hydro-
gen-bonding network between the phenolic OH groups. The
1,10-phenanthroline bridge, however, does not span the

Figure 2. X-ray structure of the bimacrocyclic calix[8]arene deriva-
tive 16 with a 1,10-phenanthroline-2,9-bismethylene bridge con-
necting the phenol rings A and D.
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macrocycle symmetrically. As observed with the calix[6]-
arene derivative 8, the 1,10-phenanthroline bridge is shifted
along the A,D axis and the orientations of the CH2–O con-
nections between the calixarene macrocycle and the 1,10-
phenanthroline bridge are different. In solution, however,
there are fast equilibrating processes that give 1,10-phenan-
throline a symmetric orientation on the NMR timescale.

The selectivity that led to the formation of only one bi-
macrocycle in the case of the 1,10-phenanthroline bridge
was not observed in the analogous pyridine experiment.
Two regioisomeric [1+1] products 17 and 18 were isolated
from the reaction mixture by a tedious chromatographic
procedure and characterized: an A,D-bridged macrocycle
17 and an A,E-bridged compound 18 were formed in 12
and 10% yields, respectively. Remarkably, experiments in-
volving the related 1,3-xylylene bridge have been described
in which either A,E (Neri and co-workers,[25] 80%) or A,D
(Shinkai and co-workers,[26] 20%)-bridged compounds were
found. The main difference between these bridging experi-
ments seems to be in the metal ion (Na+[26] and Cs+[25]) of
the base employed. In this work, potassium was used as
the counterion in both bridging experiments. The difference
observed between the pyridine and the 1,10-phenanthroline
experiments must therefore be caused by the nature of the
bridge. MALDI mass spectra also show that doubly
bridged [1+2] products were formed but owing to the multi-
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plicity and the similarity of the possible (regio)isomers none
of them could be isolated.

Conclusions

2,6-Bis(bromomethyl)pyridines 5 and 2,9-bis(bromome-
thyl)-1,10-phenanthroline (6) react with different calix-
arenes to give bimacrocyclic [1+1] compounds, and also
[2+2] and [2+1] products. The similarity in the bridging
capability of the two bridges 5 and 6 is a surprise at first
glance because 1,10-phenanthroline is much larger than
pyridine, but the angles between the two axes, defined by
the bromomethyl groups and the carbon atoms they are
connected to, are different too. Therefore both bridges can
span a similar distance.[27] Thus, calix[6]arene can react with
both heterocycles to form the [1+1] bimacrocycles 7 and 8
in good yields, but the two bridges behave differently with
other calixarenes. The pyridine bridge 5 is able to span a
slightly smaller gap than the 1,10-phenanthroline bridge 6:
a pyridine-bridged calix[5]arene 10 was isolated whilst the
analogous 1,10-phenanthroline compound could not be
found. Comparing calix[4]- through calix[6]arene, calix[4]-
arene (1) cannot be spanned by either of the bridges,
calix[5]arene (2) is spanned by the pyridine bridge, and
calix[6]arene (3) can be bridged by both bridges.

Not surprisingly, calix[8]arene (4) can be spanned by
both bridges 5 and 6. But also with this calixarene, a dis-
tinct difference is observed between the two bridges. By
using the same base counterion (K+), two pyridine-bridged
calix[8]arenes 17 and 18 were found while with the 1,10-
phenanthroline bridge 6, only one product 16 was isolated
and in a remarkable yield. This reflects the higher flexibility
of the pyridine bridging unit 5 compared with the tricyclic
1,10-phenanthroline.

Experimental Section
General Remarks: The following chemicals were obtained commer-
cially and were used without further purification: potassium tert-
butoxide (Fluka), potassium trimethylsilanolate (Aldrich), N,N-di-
methylformamide (Fluka), caesium carbonate (Acros). 4-Chloro-
pyridine-2,6-dimethanol,[28] p-tert-butylcalix[5]arene (2),[18] p-tert-
butylcalix[6]arene (3),[2] p-tert-butylcalix[8]arene (4),[3] 2,6-bis(bro-
momethyl)-4-methoxypyridine (5b)[29] and 2,9-bis(bromomethyl)-
1,10-phenanthroline (6)[30] were prepared according to literature
procedures. Tetrahydrofuran was dried by distillation from lithium
aluminium hydride and dry acetone was prepared by distillation
from phosphorus pentoxide. Column chromatography was carried
out on neutral alumina (Macherey–Nagel, activity I) or silica gel
(Macherey–Nagel, activity I). The chromatotron used was model
7924T from Harrison Research. The layer of silica gel used in the
chromatotron was prepared with silica gel Merck 60PF254 (with
gypsum). 1H and 13C NMR spectra were recorded with a Bruker
AV 200, ARX 300 or DRX 500 instrument (200–500 MHz and 50–
125 MHz, respectively). Owing to slow interconversions of con-
formers, some NMR spectra were measured at an elevated tem-
perature (75 °C) and reduced magnetic field strength (e.g.
200 MHz) resulting in sharper signals (for example, see Figure 3).
In a number of cases, the phenolic hydrogen atoms could not be
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found under any circumstances. IR spectra were recorded with a
Perkin–Elmer Paragon 1000 machine. MALDI mass spectra were
recorded with a Bruker Biflex III instrument. Elemental analyses
were carried out with a Euro Vector “Euro-EA, Elemental Ana-
lyzer” machine.

Figure 3. Comparison of the 1H NMR spectra of 16 measured at
a) 25 °C, 300 MHz, b) 75 °C, 200 MHz.

4-Bromo-2,6-bis(bromomethyl)pyridine (5c): 4-Bromo-2,6-bis(bromo-
methyl)pyridine (5c)[31] was not synthesized according to the litera-
ture procedure: Under reflux, 4-chloropyridine-2,6-dimethanol[28]

(1.69 g, 9.74 mmol) was stirred in hydrobromic acid (30 mL, 48%)
for 8 h. After neutralizing the solution with sodium carbonate,
dichloromethane (100 mL) and water (50 mL) were added and the
organic layer was washed with water (2×30 mL). The organic layer
was evaporated to dryness and the residue was once again stirred
under reflux in hydrobromic acid (30 mL, 48%) for 10 h. The hy-
drobromic acid was neutralized with sodium carbonate. The insolu-
ble residue was filtered off and dried in vacuo. Filtration through
a short silica gel column with dichloromethane resulted in the pure
white product 5c (1.81 g, 54%). 1H NMR (200 MHz, CDCl3,
25 °C): δ = 4.49 (s, 4 H, CH2), 7.56 (s, 2 H, Ar-H) ppm.

5,11,17,23,29-Penta-tert-butyl-32,34,35-trihydroxy-31,33-[4-bromo-
pyridine-2,6-diylbis(methyleneoxy)]calix[5]arene (10): Under nitro-
gen, p-tert-butylcalix[5]arene (2) (466 mg, 575 μmol) and caesium
carbonate (1.31 g, 4.03 mmol) as base were refluxed in dry acetone
(150 mL). After 1.5 h, 4-bromo-2,6-bis(bromomethyl)pyridine (5c)
(217 mg, 632 μmol) in acetone (30 mL) was added dropwise over
30 min and then the mixture was refluxed for 6 h. The solution
was evaporated to dryness and 0.2 m hydrochloric acid (40 mL) was
added to the crude yellow material to form a slurry. After extrac-
tion with dichloromethane (3×40 mL) the organic layer was
washed with water (2×40 mL), dried with magnesium sulfate, evap-
orated to dryness and filtered through a short silica gel column
with dichloromethane/methanol (10:1). The product was purified
by chromatography using a chromatotron (silica gel, 2 mm). Ini-
tially dichloromethane/cyclohexane (1:3) was used as eluent and
two fractions containing starting material were collected. The po-
larity was then increased by using dichloromethane/cyclohexane
(1:1) and the two main fractions were collected. The less polar one
contained the [2+1] product 14 (55 mg, 11%) and the more polar
one contained the bridged [1+1] product 10 (65 mg, 12%, based on
the calixarene). To increase the purity of the products, each main
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fraction was subjected to chromatography again. M.p. 190–210 °C
(decomp.). 1H NMR (500 MHz, CDCl3, 25 °C): δ = 0.99 [s, 9 H,
23-C(CH3)3], 1.16 [s, 18 H, 5-C(CH3)3, 11-C(CH3)3], 1.40 [s, 18 H,
17-C(CH3)3, 29-C(CH3)3], 3.25 (d, 2JH,H = 13.9 Hz, 1 H, 8-H), 3.40
(d, 2JH,H = 13.8 Hz, 2 H, 20-H, 26-H), 3.43 (d, 2JH,H = 13.6 Hz, 2
H, 2-H, 14-H), 3.75 (br. s, 1 H, 8-H), 4.27 (d, 2JH,H = 13.9 Hz, 2
H, 2-H, 14-H), 5.00 (d, 2JH,H = 13.6 Hz, 2 H, 20-H, 26-H), 5.04
(br. d, 2JH,H � 10 Hz, 2 H, O-CH2-Py), 5.75 (d, 2JH,H = 10.6 Hz,
2 H, O-CH2-Py), 6.33 (br. s, 2 H, OH), 6.87 (br. s, 2 H, 22-H, 24-
H), 6.98 (d, 4JH,H = 2.4 Hz, 2 H, 6-H, 10-H), 7.09 (d, 4JH,H =
2.4 Hz, 2 H, 4-H, 12-H), 7.38 (d, 4JH,H = 2.4 Hz, 2 H, 18-H, 28-
H), 7.40 (br. s, 2 H, 16-H, 30-H), 7.83 (br. s, 2 H, Py-H), 9.78 (br.
s, 1 H, OH) ppm. 13C NMR (125 MHz, CDCl3, 25 °C): δ = 30.4
(C-2, C-14), 31.0 [23-C(CH3)3], 31.1 (C-8), 31.2 (C-20, C-26), 31.4
[17-C(CH3)3, 29-C(CH3)3], 32.5 [5-C(CH3)3, 11-C(CH3)3], 33.8 [5-
C(CH3)3, 11-C(CH3)3], 33.9 [23-C(CH3)3], 34.3 [17-C(CH3)3, 29-
C(CH3)3], 73.3 (O-CH2-Py), 124.1 (C-22, C-24), 125.3 (C-4, C-12),
125.5 (C-6, C-10), 126.4 (C-16, C-30), 126.6 (Py C-3, C-5), 127.2
(C-7, C-9), 127.8 (C-3, C-13, C-18, C-28), 131.6 (C-21, C-25), 134.2
(C-1, C-15), 134.7 (Py C-4), 135.5 (C-19, C-27), 143.4 (C-5, C-11),
143.8 (C-23), 148.0 (C-17, C-29), 148.2 (C-32), 148.3 (C-34, C-35),
151.1 (C-31, C-33), 157.0 (Py C-2, C-6) ppm. IR (KBr): ν̃ = 873
(w), 1200 (s), 1362 (m), 1482 (s), 1578 (m), 2959 (s), 3421 (s) cm–1.
MALDI-MS: m/z = 994 [M + H]+, 1016 [M + Na]+, 1032 [M +
K]+. C62H74BrNO5·0.5H2O (1002): calcd. C 74.30, H 7.54, N 1.40;
found C 74.12, H 7.68, N 1.40.

2,9-Bis(5,11,17,23,29-penta-tert-butyl-32,33,34,35-tetrahydroxycalix-
[5]aren-31-yloxymethyl)-1,10-phenanthroline (11): Under nitrogen,
p-tert-butylcalix[5]arene (2) (2.20 g, 2.71 mmol) and caesium car-
bonate (2.65 g, 8.15 mmol) as base were stirred in refluxing dry
acetone (300 mL). After 1 h, 2,9-bis(bromomethyl)-1,10-phenan-
throline (6) (490 mg, 1.34 mmol) in acetone (100 mL) was added
dropwise over 30 min and then refluxed for 4 h. At room temp.,
the solution was neutralized with 1 m hydrochloric acid and the
solvents were evaporated to dryness. After dissolving in dichloro-
methane (200 mL), the organic layer was washed with water
(3×80 mL) and the aqueous layer was extracted with dichloro-
methane (50 mL). The organic layer was dried with magnesium sul-
fate, evaporated to dryness and filtered through a short silica gel
column with dichloromethane/methanol (10:1) as eluent. The pro-
duct was purified by chromatography using a chromatotron (silica
gel, 4 mm). Initially dichloromethane/cyclohexane (1:1) was used
before the polarity was increased by addition of small amounts of
ethyl acetate to give crude 11 (852 mg, 34%). M.p. 221 °C (de-
comp.). 1H NMR (500 MHz, CDCl3, 25 °C): δ = 1.08 [s, 18 H,
C(CH3)3], 1.24 [s, 36 H, C(CH3)3], 1.27 [s, 36 H, C(CH3)3], 3.41 (d,
2JH,H = 14.1 Hz, 4 H, Ar-CH2-Ar), 3.46 (d, 2JH,H = 13.9 Hz, 4 H,
Ar-CH2-Ar), 3.49 (d, 2JH,H = 14.1 Hz, 2 H, Ar-CH2-Ar), 4.10 (d,
2JH,H = 14.1 Hz, 2 H, Ar-CH2-Ar), 4.11 (d, 2JH,H = 14.1 Hz, 4 H,
Ar-CH2-Ar), 4.55 (d, 2JH,H = 13.9 Hz, 4 H, Ar-CH2-Ar), 5.62 (s, 4
H, OCH2), 7.12 (s, 4 H, Ar-H), 7.17 (d, 4JH,H = 2.4 Hz, 4 H, Ar-
H), 7.18 (d, 4JH,H = 2.4 Hz, 4 H, Ar-H), 7.20 (d, 4JH,H = 2.4 Hz,
4 H, Ar-H), 7.21 (d, 4JH,H = 2.4 Hz, 4 H, Ar-H), 7.95 (s, 2 H, Phen
5-H, 6-H), 8.06 (br. s, 8 H, OH), 8.58 (s, 4 H, Phen 3-H, 4-H, 7-
H, 8-H) ppm. 13C NMR (125 MHz, CDCl3, 25 °C): δ = 30.5 (Ar-
CH2-Ar), 31.2 [C(CH3)3], 31.4 (Ar-CH2-Ar), 31.5, 31.6 [C(CH3)3],
33.8, 33.9, 34.2 [C(CH3)3], 77.5 (OCH2), 121.4 (Phen C-3, C-8),
125.3, 125.4, 125.7, 126.0, 126.3 (arom. C-H), 126.4 (arom. Cq),
126.6 (Phen C-5, C-6), 126.8, 127.0 (arom. Cq), 128.6 (Phen C-4a,
C-6a), 132.1 (arom. Cq), 137.8 (Phen C-4, C-7), 142.7, 143.9 (arom.
Cq), 145.1 (Phen C-10a, C-10b), 147.3, 147.5 (arom. Cq), 147.6,
149.1 (C-OH), 150.2 (C-OCH2), 157.9 (Phen C-2, C-9) ppm. IR
(KBr): ν̃ = 1203 (m), 1362 (m), 1484 (s), 2960 (s), 3423 (m) cm–1.
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MALDI-MS: m/z = 1827 [M + H]+, 1849 [M + Na]+, 1865 [M +
K]+. C124H148N2O10 (1826): calcd. C 81.54, H 8.17, N 1.53; found
C 81.40, H 8.28, N 1.56.

2,9-Bis(32,33,34,35-tetrahydroxycalix[5]aren-31-yloxymethyl)-1,10-
phenanthroline (12): Under nitrogen, calix[5]arene[32] (211 mg,
398 μmol) and caesium carbonate (1.30 g, 3.98 mmol) as base were
stirred in refluxing dry acetone (100 mL). After 2 h, 2,9-bis(bromo-
methyl)-1,10-phenanthroline (6) (160 mg, 438 μmol) in dry acetone
(50 mL) was added dropwise over 30 min and then refluxed for 4 h.
At room temp., the solution was neutralized with 1 m hydrochloric
acid and the solvents were evaporated to dryness. After dissolving
in chloroform (100 mL), the organic layer was washed with water
(3×30 mL) and the aqueous layer was extracted with chloroform
(30 mL). The organic layer was dried with magnesium sulfate, evap-
orated to dryness and filtered through a short silica gel column
with dichloromethane/methanol (10:1) as eluent. The product was
purified by chromatography using a chromatotron (silica gel,
2 mm) with dichloromethane as eluent to give the only isolated
compound 12 (6 mg, 2%). 1H NMR (300 MHz, CDCl3, 25 °C): δ
= 3.44 (br. d, 2JH,H = 14.1 Hz, 4 H, Ar-CH2-Ar), 3.51 (br. d, 2JH,H

= 14.3 Hz, 4 H, Ar-CH2-Ar), 3.53 (br. d, 2JH,H = 14.4 Hz, 2 H, Ar-
CH2-Ar), 3.93 (br. d, 2JH,H = 14.4 Hz, 2 H, Ar-CH2-Ar), 4.07 (br.
d, 2JH,H = 14.1 Hz, 4 H, Ar-CH2-Ar), 4.61 (br. d, 2JH,H = 14.3 Hz,
4 H, Ar-CH2-Ar), 5.42 (br. s, 4 H, OCH2), 6.75–7.20 (m, 30 H, Ar-
H), 7.91 (br. s, 2 H, Phen 5-H, 6-H), 8.21 (br. d, 3JH,H = 8.3 Hz, 2
H, Phen 3-H, 8-H), 8.48 (br. d, 3JH,H = 8.3 Hz, 2 H, Phen 4-H, 7-
H).

2,6-Bis(5,11,17,23,29-penta-tert-butyl-32,33,34,35-tetrahydroxycalix-
[5]aren-31-yloxymethyl)-4-methoxypyridine (13): Under nitrogen, p-

tert-butylcalix[5]arene (2) (466 mg, 575 μmol) and caesium carbon-
ate (1.31 g, 4.03 mmol) as base were stirred in dry acetone
(100 mL). After 30 min, 2,6-bis(bromomethyl)-4-methoxypyridine
(5b) (186 mg, 632 μmol) in acetone (30 mL) was added dropwise
over 10 min and then the mixture was refluxed for 5 h. The solution
was neutralized with 1 m hydrochloric acid and the solvents were
evaporated to dryness. After dissolving in chloroform (80 mL), the
organic layer was washed with water (3×30 mL) and the aqueous
layer was extracted with chloroform (30 mL). The organic layer was
dried with magnesium sulfate, evaporated to dryness and filtered
through a short silica gel column with dichloromethane/methanol
(10:1) as eluent. The product was purified by chromatography using
a chromatotron (silica gel, 2 mm). Initially dichloromethane/cyclo-
hexane (1:2) was used and then the polarity was increased by ad-
dition of small amounts of ethyl acetate to give crude 13 (119 mg,
20%, based on the calixarene). M.p. 198 °C (decomp.). 1H NMR
(500 MHz, C2D2Cl4, 54 °C): δ = 1.17 [s, 18 H, 29-C(CH3)3, 29�-
C(CH3)3], 1.31 [s, 36 H, 11-C(CH3)3, 17-C(CH3)3, 11�-C(CH3)3,
17�-C(CH3)3], 1.33 [s, 36 H, 5-C(CH3)3, 23-C(CH3)3, 5�-C(CH3)3,
23�-C(CH3)3], 3.45 (d, 2JH,H = 14.1 Hz, 4 H, 8-H, 20-H, 8�-H, 20�-
H), 3.49 (d, 2JH,H = 13.9 Hz, 4 H, 2-H, 26-H, 2�-H, 26�-H), 3.50
(d, 2JH,H = 14.1 Hz, 2 H, 14-H, 14�-H), 4.12 (d, 2JH,H = 14.0 Hz,
2 H, 14-H, 14�-H), 4.16 (d, 2JH,H = 13.9 Hz, 4 H, 8-H, 20-H, 8�-
H, 20�-H), 4.34 (s, 3 H, O-CH3), 4.52 (d, 2JH,H = 13.7 Hz, 4 H, 2-H,
26-H, 2�-H, 26�-H), 5.44 (s, 4 H, O-CH2), 7.24 (d, 4JH,H = 2.5 Hz, 8
H, 4-H, 12-H, 16-H, 24-H, 4�-H, 12�-H, 16�-H, 24�-H), 7.25 (s, 4
H, 28-H, 30-H, 28�-H, 30�-H), 7.27 (d, 4JH,H = 2.5 Hz, 8 H, 6-H,
10-H, 18-H, 22-H, 6�-H, 10�-H, 18�-H, 22�-H), 7.71 (s, 2 H, Py-H),
7.8–8.3 (br. s, 8 H, OH) ppm. 13C NMR (125 MHz, C2D2Cl4,
54 °C): δ = 31.0 [29-C(CH3)3, 29�-C(CH3)3], 30.3 (C-2, C-26, C2�,
C-26�), 31.1 (C-8, C-14, C-20, C-8�, C-14�, C-20�), 31.4 [5-C-
(CH3)3, 23-C(CH3)3, 5�C(CH3)3, 23�C(CH3)3], 31.3 [11-C(CH3)3,
17-C(CH3)3, 11�-C(CH3)3, 17�-C(CH3)3], 33.6 [5-C(CH3)3, 11-
C(CH3)3, 17-C(CH3)3, 23-C(CH3)3, 5�C(CH3)3, 11�-C(CH3)3, 17�-
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C(CH3)3, 23�-C(CH3)3], 33.9 [29C(CH3)3, 29�-C(CH3)3], 55.8 (O-
CH3), 77.1 (O-CH2-Py), 107.5 (Py C-3, C-5), 125.5 (C-12, C-16, C-
12�, C-16�), 125.6 (C-28, C-30, C-28�, C-30�), 125.2, 125.9 (C-4, C-
6, C-22, C-24, C-4�, C-6�, C-22�, C-24�), 126.1 (C-10, C-18, C-10�,
C-18�), 126.2 (C-3, C-25, C-3�, C-25�), 126.3 126.7, 127.1 (C-7, C-
9, C-13, C-15, C-19, C-21, C-7�, C-9�, C-13�, C15�, C-19�, C-21�),
132.2 (C-1, C-27, C-1�, C-27�), 142.8 (C-5, C-23, C-5�, C-23�), 143.8
(C-11, C-17, C-11�, C-17�), 147.3 (C-33, C-34, C-33�, C34�), 147.4
(C-29, C-29�), 148.6 (C-32, C-35, C-32�, C-35�), 150.3 (C-31, C-
31�), 158.0 (Py C-2, C-6), 168.0 (Py C-4) ppm. IR (KBr): ν̃ = 1203
(m), 1362 (m), 1486 (s), 1604 (m), 2960 (s), 3356 (s) cm–1. MALDI-
MS: m/z = 1756 [M + H]+, 1778 [M + Na]+, 1794 [M + K]+.
C118H147NO11·H2O (1771): calcd. C 79.91, H 8.47, N 0.79; found
C 79.83, H 8.56, N 0.82.

2,6-Bis(5,11,17,23,29-penta-tert-butyl-32,33,34,35-tetrahydroxycalix-
[5]aren-31-yloxymethyl)-4-chloropyridine (14): Under nitrogen, p-

tert-butylcalix[5]arene (2) (1.01 g, 1.25 mmol) and caesium carbon-
ate (2.44 g, 7.49 mmol) as base were refluxed in a mixture of dry
tetrahydrofuran (100 mL) and dry N,N-dimethylformamide
(10 mL). After 1 h, 4-bromo-2,6-bis(bromomethyl)pyridine (5c)
(516 mg, 1.50 mmol) in tetrahydrofuran (70 mL) was added drop-
wise over 30 min and the mixture was refluxed for 3 h. The solution
was neutralized with 1 m hydrochloric acid and the solvents were
evaporated to dryness. After dissolving the residue in dichloro-
methane (80 mL), the organic layer was washed with water
(3×30 mL) and the aqueous layer was extracted with chloroform
(30 mL). The organic layer was dried with magnesium sulfate, evap-
orated to dryness and purified by chromatography on a silica gel
column (0.04–0.063 mm) with chloroform as the eluent. Two frac-
tions were collected, a less polar one containing starting material
and the more polar product 14 (417 mg, 34%). M.p. 197–212 °C
(decomp.). 1H NMR (300 MHz, CDCl3, 25 °C): δ = 1.08 [s, 18 H,
C(CH3)3], 1.23 [s, 36 H, C(CH3)3], 1.28 [s, 36 H, C(CH3)3], 3.35–
3.50 (m, 10 H, Ar-CH2-Ar), 4.00–4.20 (m, 6 H, Ar-CH2-Ar), 4.43
(d, 2JH,H = 13.7 Hz, 4 H, Ar-CH2-Ar), 5.34 (br. s, 4 H, OCH2),
7.14 (br. s, 4 H, Ar-H), 7.17 (br. s, 8 H, Ar-H), 7.19 (br. s, 8 H, Ar-
H), 7.87 (br. s, 8 H, OH), 8.20 (s, 2 H, Py-H) ppm. 13C NMR
(50 MHz, C2D2Cl4, 75 °C): δ = 29.9, 30.2, 30.3 [C(CH3)3], 32.6,
32.6, 32.9 [C(CH3)3],[33] 73.0 (O-CH2), 124.3, 124.4, 124.4, 124.6,
124.6, 124.9 (arom. C-H), 125.2, 125.3, 125.5, 125.5, 125.8 (arom.
Cq), 131.2 (Py C-4), 141.9, 142.7 (arom. Cq), 146.4 (C-OH), 146.8
(arom. Cq), 147.7 (C-OH), 149.3 (C-OCH2), 156.9 (Py C-2, C-
6) ppm. IR (KBr): ν̃ = 872 (w), 1203 (s), 1362 (m), 1485 (s), 1579
(m), 2960 (s), 3384 (s) cm–1. MALDI-MS: m/z = 1761 [M + H]+,
1784 [M + Na]+, 1799 [M + K]+. C117H144ClNO10·C6H12·H2O
(1862): calcd. C 79.33, H 8.50, N 0.83; found C 79.34, H 8.55, N
0.75.

Compound 15: Under nitrogen, p-tert-butylcalix[5]arene (2) (400
mg, 493 μmol) and potassium tert-butoxide (221 mg, 1.97 mmol)
as base were stirred in dry tetrahydrofuran (150 mL). After 20 min,
4-bromo-2,6-bis(bromomethyl)pyridine (5c) (186 mg, 542 μmol) in
tetrahydrofuran (80 mL) was added dropwise within 2 h and then
the mixture was stirred for another 48 h. The turbid solution was
neutralized with 1 m hydrochloric acid and the solvents were evapo-
rated to dryness. After dissolving in chloroform (80 mL), the or-
ganic layer was washed with water (30 mL) and brine (30 mL) once
and dried with magnesium sulfate. After evaporation to dryness the
crude material was purified by chromatography on a silica gel col-
umn with dichloromethane and recrystallized from dichlorometh-
ane/methanol. 1H NMR analysis showed several compounds. The
only one separated was the [2+2] calixarene compound 15 (8 mg).
It was separated by HPLC on a reversed phase silica gel column
with dichloromethane/methanol as the solvents. 1H NMR (500
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MHz, CDCl3, 25 °C): δ = 1.19 [s, 36 H, C(CH3)3], 1.27 [s, 36 H,
C(CH3)3], 1.35 [s, 18 H, C(CH3)3], 3.40 (d, 2JH,H = 14.0 Hz, 2 H,
Ar-CH2-Ar), 3.46–3.54 (m, 8 H, Ar-CH2-Ar), 4.13 (d, 2JH,H =
14.0 Hz, 2 H, Ar-CH2-Ar), 4.40 (d, 2JH,H = 13.5 Hz, 4 H, Ar-CH2-
Ar), 4.52 (d, 2JH,H = 13.5 Hz, 4 H, Ar-CH2-Ar), 5.31 (d, 2JH,H =
13.7 Hz, 4 H, OCH2), 5.42 (d, 2JH,H = 13.7 Hz, 4 H, OCH2), 7.18
(d, 2JH,H = 2.4 Hz, 4 H, Ar-H), 7.25 (d, 2JH,H = 2.4 Hz, 4 H, Ar-
H), 7.31 (s, 4 H, Ar-H), 7.34 (s, 8 H, Ar-H), 7.74 (br. s, 4 H, OH),
7.89 (s, 2 H, OH), 9.16 (s, 4 H, Py-H) ppm. MALDI-MS: m/z =
1987 [M + H]+, 2009 [M + Na]+, 2025 [M + K]+.

5,11,17,23,29,35,41,47-Octa-tert-butyl-50,51,53,54,55,56-hexahy-
droxy-49,52-[1,10-phenanthroline-2,9-diylbis(methyleneoxy)]calix[8]-
arene (16): Under nitrogen, p-tert-butylcalix[8]arene (4) (648 mg,
500 μmol) and potassium carbonate (2.00 g, 15.5 mmol) as base
were stirred under reflux in a mixture of dry tetrahydrofuran
(100 mL) and dry N,N-dimethylformamide (10 mL). After 30 min,
the mixture was allowed to cool to room temperature and 2,9-bis-
(bromomethyl)-1,10-phenanthroline (6) (220 mg, 600 μmol) in
tetrahydrofuran (50 mL) was added dropwise over 30 min, and the
mixture was stirred for 15 h. The yellow turbid solution was neu-
tralized with 1 m hydrochloric acid and the solvents were evapo-
rated to dryness. After dissolving in dichloromethane (100 mL), the
organic layer was washed with water (4×30 mL) and the aqueous
layer was extracted with dichloromethane (30 mL). The organic
layer was dried with magnesium sulfate and the solvents evaporated
to dryness. Chromatography on a silica gel column (0.04–
0.063 mm) with dichloromethane/ethyl acetate (20:1) as eluent led
to the only isolated compound 16 (447 mg, 60%), m.p. 254 °C (de-
comp.). Analytical samples were recrystallized from cyclohexane
or dichloromethane/acetonitrile to give single crystals. 1H NMR
(500 MHz, C2D2Cl4, 75 °C): δ = 1.27 [s, 18 H, C(CH3)3], 1.28 [s,
18 H, C(CH3)3], 1.32 [s, 18 H, C(CH3)3], 1.33 [s, 18 H, C(CH3)3],
2.67 (br. s, 1 H, Ar-CH2-Ar), 3.13 (br. d, 2JH,H = 14.9 Hz, 1 H, Ar-
CH2-Ar), 3.51 (d, 2JH,H = 13.5 Hz, 1 H, Ar-CH2-Ar), 3.67 (br. s, 4
H, Ar-CH2-Ar), 3.82 (d, 2JH,H = 13.5 Hz, 1 H, Ar-CH2-Ar), 4.1–
4.4 (m, 8 H, Ar-CH2-Ar), 5.31 (d, 2JH,H = 12.1 Hz, 2 H, Phen-
CH2-O), 5.43 (d, 2JH,H = 12.1 Hz, 2 H, Phen-CH2-O), 6.83 (br. s,
2 H, Ar-H), 7.09 (d, 4JH,H = 2.3 Hz, 2 H, Ar-H), 7.11 (d, 4JH,H =
2.3 Hz, 2 H, Ar-H), 7.13 (d, 4JH,H = 2.3 Hz, 2 H, Ar-H), 7.15 (d,
4JH,H = 2.3 Hz, 2 H, Ar-H), 7.16 (d, 4JH,H = 2.3 Hz, 2 H, Ar-H),
7.22 (d, 4JH,H = 2.3 Hz, 2 H, Ar-H), 7.29 (d, 4JH,H = 2.3 Hz, 2 H,
Ar-H), 7.49 (br. s, 2 H, Phen 3-H, 8-H), 7.87 (s, 2 H, Phen 5-H, 6-
H), 8.09 (br. s, 2 H, Phen 4-H, 7-H) ppm. 13C NMR (125 MHz,
C2D2Cl4, 75 °C): δ = 30.1, 32.1, 32.7 (Ar-CH2-Ar), 31.2, 31.3, 31.3,
31.5, [C(CH3)3], 32.1, 32.7 (Ar-CH2-Ar), 33.6, 33.7, 33.8, 34.0
[C(CH3)3], 74.7 (OCH2), 121.9 (Phen C-3, C-8), 125.0, 125.0, 125.2,
125.2 (arom. C-H), 125.3 (arom. Cq), 125.5, 125.6, 126.1 (arom. C-
H), 126.3 (Phen C-5, C-6), 127.0 (arom. C-H), 127.1, 127.3, 127.8,
127.8, 127.9 (arom. Cq), 128.2 (Phen C-4a, C-6a), 132.7, 133.1
(arom. Cq), 136.8 (Phen C-4, C-7), 142.6, 143.4, 143.6 [C-C-
(CH3)3], 145.1 (Phen C-10a, C-10b), 147.1 [C-C(CH3)3], 147.9,
148.1, 148.7 (C-OH), 150.9 (C-OCH2), 157.4 (Phen C-2, C-9) ppm.
IR (KBr): ν̃ = 1203 (m), 1362 (m), 1483 (s), 2959 (s), 3385 (m) cm–1.
MALDI-MS: m/z = 1502 [M + H]+, 1524 [M + Na]+, 1540 [M +
K]+. C102H120N2O8·H2O·C6H12 (1604): calcd. C 80.86, H 8.42, N
1.75; found C 80.95, H 8.60, N 1.85.

X-ray Crystal Structure Determination of 16: Empirical formula
C102H120N2O8, MW = 1502.00 gmol–1, a = 17.4905(15), b =
18.6998(19), c = 20.502(2) Å, α = 95.450(9), β = 108.620(8), γ =
107.510(10)°, V = 5923.3(10) Å3, T = 170 K, ρcalcd. = 0.842 gcm–3,
μ = 0.052 mm–1, triclinic, space group P1̄ (No. 2), Z = 2, STOE
imaging plate diffraction system (IPDS), MoKα (λ = 0.71073 Å),
33713 measured reflections in the range of 5° � 2θ � 56°, 23893
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independent reflections used for refinement and 13827 reflections
with I � 2σ(I), Rint = 0.0462. Structure solution was performed
using SHELXS-97 whilst structure refinement against F2 was car-
ried out using SHELXL-97. 1010 refined parameters, R1 for all
reflections with I � 2σ(I) = 0.1075, wR2 for all reflections = 0.3310,
GOF = 1.114, residual electron density = 1.084/–0.718 eÅ–3. All
non-hydrogen atoms were refined using anisotropic displacement
parameters. The C–H hydrogen atoms were positioned with ideal-
ized geometry and refined with isotropic displacement parameters
using a riding model. The O–H hydrogen atoms were located in a
difference map and refined isotropically with ideal bond lengths
using the riding model. The crystal contained disordered solvent
for which no reasonable structure model was found and therefore
the data were corrected for disordered solvent using the “Squeeze”
option in Platon.

CCDC-253474 (for 16) contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

5,11,17,23,29,35,41,47-Octa-tert-butyl-50,51,53,54,55,56-hexahy-
droxy-49,52-[4-methoxypyridin-2,6-diylbis(methyleneoxy)]calix[8]-
arene (17): Under nitrogen, p-tert-butylcalix[8]arene (4) (1.02 g,
786 μmol) and potassium trimethylsilanolate (805 mg, 6.29 mmol)
as base were stirred in a mixture of dry tetrahydrofuran (200 mL)
and dry N,N-dimethylformamide (20 mL). After 45 min, 2,6-bis-
(bromomethyl)-4-methoxypyridine (5b) (278 mg, 942 μmol) in
tetrahydrofuran (70 mL) was added dropwise over 1 h and then the
mixture was stirred for another 18 h. The yellow turbid solution
was neutralized with 1 m hydrochloric acid and the solvents were
evaporated to dryness. After dissolving in dichloromethane
(100 mL), the organic layer was washed with water (3×30 mL) and
the aqueous layer was extracted with dichloromethane (30 mL).
The organic layer was dried with magnesium sulfate, evaporated to
dryness and filtered through a short silica gel column using dichlo-
romethane/methanol (10:1) as eluent. Thin-layer chromatography
[silica gel, cyclohexane/ethyl acetate (4:1)] showed that the crude
product consisted of at least four compounds including the starting
material. The compounds were separated by chromatography using
a chromatotron (silica gel, 4 mm) and dichloromethane as the sol-
vent. Two fractions were isolated: the first consisted of the A,D-
bridged calixarene 17 (131 mg, 12%) and the A,E-bridged calixar-
ene 18 (107 mg, 10%), which were separated by a second
chromatography with chloroform/cyclohexane (1:2) as the eluent.
The second fraction consisted of several doubly bridged calixarene
isomers which could not be separated.

Calixarene 17: M.p. � 290 °C. 1H NMR (200 MHz, C2D2Cl4,
75 °C): δ = 1.28 [s, 18 H, C(CH3)3], 1.30 [s, 18 H, C(CH3)3], 1.34
[s, 18 H, C(CH3)3], 1.35 [s, 18 H, C(CH3)3], 3.53 (s, 3 H, CH3),
4.00–4.56 (m, 8 H, Ar-CH2-Ar), 4.03 (br. s, 4 H, Ar-CH2-Ar), 4.11
(br. s, 4 H, Ar-CH2-Ar), 5.10 (br. s, 4 H, OCH2), 7.07–7.12 (m, 4
H, Ar-H), 7.15 (br. d, 4JH,H = 2.4 Hz, 4 H, Ar-H), 7.20 (br. s, 6 H,
Ar-H), 7.27 (br. d, 4JH,H = 2.4 Hz, 2 H, Ar-H), 7.38 (br. d, 4JH,H

= 2.4 Hz, 2 H, Ar-H) ppm. 13C NMR (50 MHz, C2D2Cl4, 75 °C,
selected signals[34]): δ = 30.2, 30.3, 30.4, 32.6, 32.7, 32.8, 33.0, 73.0,
124.0, 124.1, 124.5, 124.7, 125.5, 125.8, 126.3, 126.6, 127.3, 131.6,
132.2, 142.0, 142.8, 143.0, 146.7, 147.0, 147.6, 149.9, 156.9 ppm.
IR (KBr): ν̃ = 873 (m), 1203 (s), 1362 (m), 1483 (s), 1605 (m), 2956
(s), 3316 (s) cm–1. MALDI-MS: m/z = 1432 [M + H]+, 1454 [M +
Na]+, 1470 [M + K]+. C96H119NO9·2CH2Cl2 (1601): calcd. C 73.53,
H 7.75, N 0.88; found C 73.42, H 7.92, N 0.98.

5,11,17,23,29,35,41,47-Octa-tert-butyl-50,51,52,54,55,56-hexahy-
droxy-49,53-[4-methoxypyridine-2,6-diylbis(methyleneoxy)]calix[8]-
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arene (18): For the synthesis of compound 18 and its separation
from 17, see above. M.p. 222 °C. 1H NMR (200 MHz, C2D2Cl4,
75 °C): δ = 1.29 [s, 18 H, C(CH3)3], 1.34 [s, 36 H, C(CH3)3], 1.49
[s, 18 H, C(CH3)3], 3.75 (d, 2JH,H = 13.9 Hz, 4 H, Ar-CH2-Ar),
3.94 (d, 2JH,H = 13.9 Hz, 4 H, Ar-CH2-Ar), 4.01 (s, 3 H, OCH3),
4.05 (d, 2JH,H = 14.5 Hz, 4 H, Ar-CH2-Ar), 4.13 (d, 2JH,H =
14.5 Hz, 4 H, Ar-CH2-Ar), 5.50 (br. s, 4 H, OCH2), 7.16 (br. s, 2
H, Py-H), 7.18–7.22 (m, 8 H, Ar-H), 7.25 (d, 4JH,H = 2.4 Hz, 4 H,
Ar-H), 7.28 (br. s, 4 H, Ar-H) ppm. 13C NMR (50 MHz, C2D2Cl4,
75 °C, selected signals[34]): δ = 30.1, 30.2, 30.3, 30.4, 31.5, 32.7,
33.1, 33.2, 73.0, 124.5, 125.0, 125.1, 126.1, 126.2, 126.3, 126.9,
132.2, 142.4, 147.3, 149.3 ppm. IR (KBr): ν̃ = 873 (m), 1119 (m),
1202 (s), 1362 (m), 1483 (s), 1604 (m), 2960 (s), 3404 (m) cm–1.
MALDI-MS: m/z = 1432 [M + H]+, 1454 [M + Na]+, 1470 [M +
K]+. C96H119NO9·1.5H2O·C6H12 (1542): calcd. C 79.44, H 8.76, N
0.91; found C 79.58, H 8.77, N 1.04.
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