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Heteroatom-bridged dichlorinated calix[2]arene[2]triazines, which were synthesized from the fragment
coupling reactions of cyanuric chloride and various aromatic dinucleophiles, are a unique type of platform
for the construction of functional macrocyclic host molecules. Utilizing a very convenient and
straightforward nucleophilic displacement reaction of dichlorinated tetraoxacalix[2]arene[2]triazine by
various chelating group-containing amines, a number of functionalized tetraoxacalix[2]arene[2]triazines
on the larger rim were efficiently synthesized in good yields. The resulting tetraoxacalix[2]arene[2]-
triazines armed with two 2,2′-bi(pyridinyl)amino or two bis(2-pyridinemethyl)amino groups selectively
formed 1:1 complexes with Cu2+ ion through most probably a chelating interaction effect.

Introduction

Calix[n]arenes are an important type of macrocyclic host
molecule in supramolecular science owing to their easy avail-
ability, unique conformational and cavity structures, and power-

ful and versatile recognition properties.1 While the effort in
derivatizing the fundamental calix[n]arene skeletons is still
increasing,2 one of the recent developments in this area is the
construction of new calixaromatics by replacing their phenol
units with other (hetero)aromatics, in order to change the cavity
and therefore to improve their efficiency and selectivity in
recognition of various guest molecules. This has in fact resulted
in a few interesting and useful macrocycles such as calixpyr-
roles,3 calixpyridines,4 and other calixheteroaromatic species.5

Along with the advances in the field of calix[n]arenes and
related calix[n]aromatics, the heteroatom-bridged calixaromatics
(Chart 1) have been attracting considerable attention in recent
years.6-10 In addition to thiacalix[n]arenes7 which have been
known for a few years, for example, a number of oxygen8- and/
or nitrogen9-bridged calixaromatics have been prepared very
recently through the fragment coupling approach starting from
cheap and commercial available materials. Being different from

(1) (a) Gutsche, C. D.Calixarenes; The Royal Society of Chemistry:
Cambridge, UK, 1989. (b)Calixarenes 2001; Asfari, Z., Böhmer, V.,
Harrowfield, J., Vicens, J., Saadioui, M., Eds.; Kluwer Academic Publish-
ers: Dordrecht, The Netherlands, 2001. (c) Gutsche, C. D.Calixarenes
ReVisited; The Royal Society of Chemistry: Cambridge, UK, 1998. (d)
Calixarenes in Action; Mandolini, L., Ungaro, R., Eds.; Imperial College
Press: London, UK, 2000. (e) Lumetta, G. J.; Rogers, R. D.; Gopalan, A.
S. Calixarenes for Separation; American Chemical Society: Washington,
DC, 2000.

(2) For recent examples of derivatization of calixarenes, see: (a) Webber,
P. R. A.; Cowley, A.; Drew, M. G. B.; Beer, P. D.Chem. Eur. J.2003, 9,
2439. (b) Vysotsky, M. O.; Botle, M.; Thondorf, I.; Bo¨hmer, V. Chem.
Eur. J. 2003, 9, 3375. (c) Botana, E.; Na¨ttinen, K.; Prados, P.; Rissanen,
K.; Der Mendoza, J.Org. Lett. 2004, 6, 1091. (d) Cao, Y.-D.; Luo, J.;
Zheng, Q.-Y.; Chen, C.-F.; Wang, M.-X.; Huang, Z.-T.J. Org. Chem.2004,
69, 206. (e) Webber, P. R. A.; Beer, P. D.; Chen, G. Z.; Felix, V.; Drew,
M. G. B. J. Am. Chem. Soc.2003, 125, 5774. (f) Mattews, S. E.; Schmitt,
P.; Felix, V.; Drew, M. G. B.; Beer, P. D.J. Am. Chem. Soc.2002, 124,
1341. (g) Zheng, Y.-S.; Zhang, C.Org. Lett. 2004, 6, 1189. (h) Makha,
M.; McKinnon, I. R.; Raston, C. L.J. Chem. Soc., Perkin II 2002, 1801.
(i) Szemes, F.; Drew, M. G. B.; Beer, P. D.Chem. Commun.2002, 1228.
(j) Biali, S. E. Synlett2003, 1. Casnati, A.; Sansone, F.; Ungaro, R.Acc.
Chem. Res.2003, 36, 246.

(3) For reviews of calixpyrroles, see: (a) Gale, P. A.; Anzenbacher, P.;
Sessler, J. L.Coord. Chem. ReV. 2001, 222, 57. (b) Sliwa, W.Heterocycles
2002, 57, 169.

(4) (a) Král, V.; Gale, P. A.; Anzenbacher, P.; Jursikova´, K.; Lynch, V.;
Sessler, J. L.Chem. Commun. 1998, 9. (b) Sessler, J. L.; Cho, W.-S.; Lynch,
V.; Král, V. Chem. Eur. J.2002, 8, 1134. (c) Newkome, G. R.; Joo, Y. J.;
Fronczek, F. R.J. Chem. Soc., Chem. Commun.1987, 854.
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the classic calix[n]aromatics,1,2 in which the aromatics are linked
by the methylene units and their cavities therefore are only
coarsetuned by aromatic rings, the heteroatom linked calix-
aromatics cannot onlycoarsetune the cavity by aromatic rings
but also fine tune their cavity by the bridging heteroatoms
because heteroatoms can adopt different electronic configura-

tions and form various degrees of conjugation with their
neighboring aromatic rings. As demonstrated in our previous
study,8a,k for example, introduction of different numbers of
oxygen and/or nitrogen into the bridging positions of calix[2]-
arene[2]triazines gave a set of macrocyclic molecules of different
cavities. Another fascinating example is tetraazacalix[4]pyridine,
which has been shown to self-regulate and fine tune its
conformation and cavity size when recognizing different
guests.9d-f

Functionalizations of macrocyclic host molecules are essential
in the design of supramolecular systems and applications.
Although a few heteroatom-bridged calixaromatics have been
synthesized,6-10 unfortunately, their functionalizations and ap-
plications remain largely unexplored. This is most probably due
to the difficulty of chemical modifications or elaborations on
the macrocyclic rings of most heteroatom-bridged calixaromatics
available so far. Very recently, we8a,khave synthesized a variety
of dichloro-substituted oxygen- and/or nitrogen-bridged calix-
[2]arene[2]triazines by means of a very efficient, cost-effective,
and high-yielding fragment coupling approach from cyanuric
chloride and various aromatic dinucleophiles. Since these novel
calixaromatics adopt a 1,3-alternate conformation with a tunable
cavity size, and they comprise several potential reaction sites
on both the rims and the heteroatom bridges, we envisioned
that the heteroatom-bridged calix[2]arene[2]triazines might serve
as ideal and unique platforms for the construction of function-
alized host molecules. Herein we report the efficient function-
alizations of dichloro-substituted oxygen- and/or nitrogen-
bridged calix[2]arene[2]triazines on the larger rim through very
convenient and straightforward nucleophilic displacement reac-
tions of the chlorines by amines that contain chelating groups.
We will also show that tetraoxacalix[2]arene[2]triazines armed
with pyridine ligands are powerful host molecules able to
selectively recognize the Cu2+ ion in a mixture of acetonitrile
and water.

Results and Discussion

Although dichloro-substituted heteroatom-bridged calix[2]-
arene[2]triazines seem to be reactive toward aromatic nucleo-
philic substitution reactions, their reactivity has not been fully
explored. For example, the reaction between dichlorodiazadioxa-
calix[2]arene[2]triazine and di(2-hydroxyethyl)amine proceeded
in refluxing tetrahydrofuran (THF) in the presence of di-
(isopropyl)ethylamine,8a whereas the reaction of tetraazacalix-
[2]arene[2]triazine with dimethylamine took place in the
presence of K2CO3 in N,N-dimethylformamide at 130°C in a
sealed tube.8k To understand the reactivity of different heteroa-
tom-bridged calix[2]arene[2]triazines, i.e., the effect of the
bridging heteroatoms on the reactivity of chloro substituent(s)
upon nucleophilic substitution reactions, we first examined their
reaction with 8-hydroxyquinoline (8-HQ), a mild nucleophilic
reagent. We found the combination of heteroatoms in the
bridging positions played an important role in determining the
reactivity. In the presence of K2CO3 as an acid scavenger,
dichlorinated tetraoxacalix[2]arene[2]triazine1 and diazadioxa-
calix[2]arene[2]triazine2 reacted smoothly with 2 equiv of 8-HQ
in refluxing acetone to afford product6 and7, respectively, in
good yields. The reaction between dichlorinated azatrioxacalix-
[2]arene[2]triazine3 and 8-HQ proceeded equally well in
refluxing tetrahydrofuran (THF) under similar conditions to give
the corresponding dihydroxyquinoline-substituted product8 in
75% yield. However, under the identical conditions, no reaction

(5) For recent examples, see: (a) Guillard, J.; Meth-Cohn, O.; Rees, C.
W.; White, A. J. P.; Williams, D. J.Chem. Commun.2002, 232. (b) Vogel,
E.; Pohl, M.; Herrmann, A.; Wiss, T.; Ko¨nig, C.; Lex, J.; Gross, M.;
Gisselbrecht, J. P.Angew. Chem., Int. Ed. Engl.1996, 35, 1520. (c) StC.
Black, D.; Craig, D. C.; Rezaie, R.Chem. Commun.2002, 810. (d) Sessler,
J. L.; Cho, W.-S.; Lynch, V.; Kra´l, V. Chem. Eur. J.2002, 8, 1134. (e)
Cafeo, G.; Kohnke, F. H.; La Torre, G. L.; White, A. J. P.; Williams, D. J.
Angew. Chem., Int. Ed. 2000, 39, 1496. (f) Cafeo, G.; Kohnke, F. H.; La
Torre, G. L.; Parisi, M. F.; Nascone, R. P.; White, A. J. P.; Williams, D. J.
Chem. Eur. J.2002, 8, 3148. (g) Cafeo, G.; Garozzo, D.; Kohnke, F. H.;
Pappalardo, S.; Parisi, M. F.; Nascone, R. P.; Williams, D. J.Tetrahedron
2004, 60, 1895. (h) Kumar, S.; Paul, D.; Singh, H.AdV. Heterocycl. Chem.
2005, 89, 65.

(6) For a useful overview of heteroatom-bridged calixarenes, see: Ko¨nig,
B.; Fonseca, M. H.Eur. J. Inorg. Chem. 2000, 2303.

(7) For a very recent review on thiacalixarenes, see: Morohashi, N.;
Narumi, F.; Iki, N.; Hattori, T.; Miyano, S.Chem. ReV. 2006, 106, 5291.

(8) For recent examples of oxygen-bridged calixaromatics, see: (a) Wang,
M.-X.; Yang, H.-B.J. Am. Chem. Soc.2004, 126, 15412. (b) Katz, J. L.;
Feldman, M. B.; Conry, R. R.Org. Lett. 2005, 7, 91. (c) Katz, J. L.; Selby,
K. J.; Conry, R. R.Org. Lett.2005, 7, 3505. (d) Katz, J. L.; Geller, B. J.;
Conry, R. R.Org. Lett. 2006, 8, 2755. (e) Maes, W.; Van Rossom, W.;
Van Hecke, K.; Van Meervelt, L.; Dehaen, W.Org. Lett.2006, 8, 4161.
(f) Hao, E.; Fronczek, F. R.; Vicente, M. G. H.J. Org. Chem.2006, 71,
1233. (g) Chambers, R. D.; Hoskin, P. R.; Kenwright, A. R.; Khalil, A.;
Richmond, P.; Sandford, G.; Yufit, D. S.; Howard, J. A. K.Org. Biomol.
Chem. 2003, 2137. (h) Chambers, R. D.; Hoskin, P. R.; Khalil, A.;
Richmond, P.; Sandford, G.; Yufit, D. S.; Howard, J. A. K.J. Fluorine
Chem.2002, 116, 19. (i) Li, X. H.; Upton, T. G.; Gibb, C. L. D.; Gibb, B.
C. J. Am. Chem. Soc.2003, 125, 650. (j) Yang F.; Yan L.-W.; Ma K.-Y.;
Yang L.; Li J.-H.; Chen L.-J.; You J.-S.Eur. J. Org. Chem.2006, 1109.
(k) Wang, Q.-Q.; Wang, D.-X.; Ma, H.-W.; Wang, M.-X.Org. Lett.2006,
8, 5967.

(9) For recent examples of nitrogen-bridged calixaromatics, see: (a) Ito,
A.; Ono, Y.; Tanaka, K.New J. Chem.1998, 779. (b) Ito, A.; Ono, Y.;
Tanaka, K.J. Org. Chem.1999, 64, 8236. (c) Miyazaki; Kanbara, T.;
Yamamoto, T.Tetrahedron Lett.2002, 43, 7945. (d) Wang, M.-X.; Zhang,
X.-H.; Zheng, Q.-Y.Angew. Chem., Int. Ed. 2004, 43, 838. (e) Gong, H.-
Y.; Zhang, X.-H.; Wang, D.-X.; Ma, H.-W.; Zheng, Q.-Y.; Wang, M.-X.
Chem. Eur. J.2006, 12, 9262. (f) Gong, H.-Y.; Zheng, Q.-Y.; Zhang, X.-
H.; Wang, D.-X.; Wang, M.-X.Org. Lett. 2006, 8, 4895. (g) Tsue, H.;
Ishibashi, K.; Takahashi, H.; Tamura, R.Org. Lett. 2005, 7, 11. (h)
Fukushima, W.; Kanbara, T.; Yamamoto, T.Synlett2005, 19, 2931. (i)
Selby, T. D.; Blackstock, S. C.Org. Lett. 1999, 1, 2053. (j) Suzuki, Y.;
Yanagi, T.; Kanbara, T.; Yamamoto, T.Synlett2005, 2, 263. (k) Ishibashi,
K.; Tsue, H.; Tokita, S.; Matsui, K.; Takahashi, H.; Tamura, R.Org. Lett.
2006, 8, 5991.

(10) For examples of other heteroatom-bridged calixaromatics, see: (a)
König, B.; Rödel, M.; Bubenitschek, P.; Jones, P. G.; Thondorf, I.J. Org.
Chem.1995, 60, 7406. (b) König, B.; Rödel, M.; Bubenitschek, P.; Jones,
P. G.Angew. Chem., Int. Ed. 1995, 34, 661. (c) Yoshida, M.; Goto, M.;
Nakanishi, F.Organometallics1999, 18, 1465. (d) Avarvari, N.; Mezailles,
N.; Ricard, L.; Le Floch, P.; Mathey, F.Science1998, 280, 1587. (e)
Avarvari, N.; Maigrot, N.; Ricard, L.; Mathey, F.; Le Floch, P.Chem. Eur.
J. 1999, 5, 2109.

CHART 1. Structures of Heteroatom-Bridged
Calixaromatics
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was observed between oxatriazacalix[2]arene[2]triazine analogue
4 and 8-HQ. Only at an elevated temperature, such as in
refluxing 1,4-dioxane, did reaction take place to give the
monosubstituted compound9 as the sole product in 73% yield.
No disubstitution product was observed. Dichlorinated tetraaza-
calix[2]arene[2]triazine5 did not react with 8-HQ even in
refluxing 1,4-dioxane (Scheme 1). The reactions illustrated in
Scheme 1 indicated clearly that the more oxygen atoms in the
bridge positions, the more reactive the dichloro-substituted calix-
[2]arene[2]triazines. These different reaction outcomes are not
surprising, however. The notable influence of the bridging
heteroatom on the reactivity stems obviously from the electronic
effect of the heteroatoms. In all heteroatom-bridged calix[2]-
arene[2]triazines1-5, heteroatoms such as oxygen and nitrogen
are coplanar with their adjacent triazine rings to form strong
conjugation systems.8a,k Since oxygen is more electronegative
than nitrogen, the reactivity of the aromatic nucleophilic
substitution reaction of 1,3-diaryloxy-5-chlorotriazine is higher
than that of 1-arylamino-3-aryloxy-5-chlorotriazine, followed
by the least active 1,3-diarylamino-5-chlorotrizine.

Having established the aromatic nucleophilic substitution
reactivity of all heteroatom-bridged dichlorinated calix[2]arene-
[2]triazines1-5, we then chose the most reactive tetraoxacalix-
[2]arene[2]triazine1 as the macrocyclic platform for further
functionalizations. As a demonstration of our strategy, we
decided to introduce some strong chelating groups into the larger
rim of tetraoxacalix[2]arene[2]triazine. 2,2′-Bipyridylamine11

and bis(2-pyridinemethyl)amine12 are powerful bidentate ligands
extensively used in coordination chemistry. For example, a few
fluorescence-labeled bis(2-pyridinemethyl)amines have been
used recently as selective probes to image free Zn2+ ion in
cells.12 Our interest in selective recognition of metal ions9f led

us to synthesize tetraoxacalix[2]arene[2]triazines functionalized
with 2,2′-bipyridylamine and bis(2-pyridinemethyl)amine moi-
eties. As a comparison, the synthesis of tetraoxacalix[2]arene-
[2]triazines bearing respectively two 1-naphthylamino and two
di(2-hydroxyethyl)amino groups was also included.

It was found that dichlorinated tetraoxacalix[2]arene[2]triazine
1 was highly reactive toward the functionalized amines em-
ployed. Under similar conditions for its reaction with 8-HQ,
for example, dichlorinated tetraoxacalix[2]arene[2]triazine1
underwent efficient aromatic nucleophilic displacement with 2
equiv of amines11a-e to afford the desired difunctionlalized
products12a-e in 74-85% yields. When only 1 equiv of amine
11a-c was used in the reaction, monofunctionalized tetraoxacalix-
[2]arene[2]triazines13a-c were obtained as the major products,
albeit the disubstitution compounds12a and 12c were also
formed in low yields (Scheme 2, Table 1).

All products synthesized were fully characterized on the basis
of spectroscopic data and microanalysis. Compound12areadily
gave X-ray quality single crystals from recrystallization. As
revealed by the X-ray diffraction analysis, the macrocyclic ring
skeleton of compound12aadopts a 1,3-alternate conformation
with a C2V symmetry (Figure 1). Careful scrutiny of the bond
lengths (caption of Figure 1) showed that all bridging oxygen
atoms in12aformed conjugations with their neighboring triazine
rings rather than with the benzene rings. The two benzenes
tended to face-to-face parallel while the two triazine rings were
edge-to-edge orientated. The larger rim distances between two
benzene rings (dupper-benzene) and between two triazine rings
(dupper-triazine) were 6.297 and 8.733 Å, respectively (Figure 1).
Compared to the crystal structure of its parent tetraoxacalix[2]-
arene[2]triazine1,8a the introduction of the substituents on the

(11) (a) Ho, K.-Y.; Yu, W.-Y.; Cheung, K.-K.; Che, C.-M.Chem.
Commun.1998, 2101. (b) Ho, K.-Y.; Yu, W.-Y.; Cheung, K.-K.; Che, C.-
M. J. Chem. Soc., Dalton Trans.1999, 1581. (c) Yang, W.-y.; Chen, L.;
Wang, S.Inorg. Chem.2001, 40, 507. (d) Schareina, T.; Hillebrand, G.;
Fuhrmann, H.; Kempe, R.Eur. J. Inorg. Chem.2001, 2421.

(12) (a) Walkup, G. K.; Burdette, S. C.; Lippard, S. J.; Tsien, R. Y.J.
Am. Chem. Soc.2000, 122, 5644. (b) Komatsu, K.; Kikuchi, K.; Kojima,
H.; Urano, Y.; Nagano, T.J. Am. Chem. Soc.2005, 127, 10197 and
references cited therein. (c) Goldsmith, C. R.; lippard, S.Inorg. Chem.2006,
45, 555 and references cited therein. (d) Hanaoka, K.; Kikuchi, K.; Kojima,
H.; Urano, Y.; Nagano, T.J. Am. Chem. Soc.2004, 126, 12470.

SCHEME 1. Reactivity of Dichlorinated Heteroatom-Bridged Calix[2]arene[2]triazines toward Aromatic Nucleophilic
Substitution Reaction with 8-Hydroxyquinoline as a Nucleophile

Heteroatom-Bridged Calix[2]arene[2]triazines
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triazine rings led to a slight distortion of the symmetric
conformational structure and a slight change of the cavity or
the cleft size. It should be noted that all heteroatom-bridged
calix[2]arene[2]triazine products6-9, 12, and13gave only one
set of proton and carbon resonance signals in their1H and13C
NMR spectra, respectively. This indicated that all functionalized
calixaromatics, similar to their parent macrocycles1-4, are very
fluxional in the solution phase. The rate of interconversion of
various conformational structures might be very rapid relative
to the NMR time scale. Compared to conventional calix[n]arenes
derived fromp-tert-butylphenol and formaldehyde, the high
conformational mobility of the heteroatom-bridged calix[2]-
arene[2]triazines is most probably due to the lack of steric
hindrance and the intramolecular hydrogen bonds, both are key
factors in stabilizing conformational structures of calix[n]arene
in solution.1,2 Such a molecular flexibility might offer great
advantages in the self-regulation of the conformation and cavity
through adjusting the bridging atoms’ electronic configurations
and conjugations dynamically when they are allowed to interact
with or recognize the guest species.

To study the recognition property of the resulting function-
alized macrocyclic host molecules, we first chose compounds
6 and12a-e that contain chelating groups to examine, by means
of spectrometric titrations, their interactions with metal ions in
the form of perchlorate salts. On the basis of UV-vis titration
experiments in a mixture of acetonitrile and water (4:1), no
interaction at all took place between6 or 12a-e and alkali and
alkaline earth metal ions (entries 1-6, Table 2). Neither 8-HQ-
substituted tetraoxacalix[2]arene[2]triazine6 nor amino-substi-
tuted tetraoxacalix[2]arene[2]triazines12d,e interacted with
metal ions such as Fe2+, Co2+, Ni2+, Cu2+, and Zn2+ (entries
1, 5, and 6, Table 2), suggesting tetraoxacalix[2]arene[2]triazine
ring and its derivatives bearing the monodentate ligands were
not effective hosts for the metal ions examined. Interestingly,
however, tetraoxacalix[2]arene[2]triazines12a-c armed re-
spectively with two bis(2-pyridinemethyl)amino, 2,2′-bi(pyridi-
nyl)amino, and 2-pyridinemethylamino groups were found

highly selective for Cu2+ ion binding. As illustrated in Figure
2 and Figures S7 and S13, titrations of12a-c with Cu(ClO4)2

led to the variations of the UV-vis spectra of the host
molecules, while no interaction was observed between12a-c
and Fe2+, Co2+, Ni2+, or Zn2+ ion. The Job plot (Figure 2 as
well as Figures S7 and S13 in the Supporting Information)
indicated the formation of a 1:1 Cu2+-host complex in all cases.
The stability constants (logK1:1) for Cu2+-12a, Cu2+-12b, and
Cu2+-12c complexes, which were calculated with a Hyper-
quad2003 program,13 were 4.43, 4.09, and 4.55, respectively
(entries 2-4, Table 2). The species of anion did not affect
binding, as the titration of12a-c with CuCl2 under identical
conditions gave almost the same stability constants (logK1:1)
for all complexes with Cu2+ ion (entries 2-4, Table 2). The
selective formation of 1:1 complexes of host molecules12a-c
with Cu2+ ion appeared intriguing. To shed light on the structure
of the complexes, we measured the mass spectra of the
complexes after we failed to get X-ray quality single crystals.
The electron-spray ionization mass spectra of all complexes gave
the mass peaks corresponding to either [Cu-12]+ or [Cu2-122]2+

fragment. Careful inspection of the electron spray TOF mass
spectra revealed the same isotopic pattern as the theoretical one
of the [Cu-12]+ fragment (see Supporting Information pp 48-
53), indicating a 1:1 stoichiometry of all complexes between
12a-c and the Cu2+ ion. To get deeper insight into the
mechanism of the recognition of12a-c toward the Cu2+ ion,
tetraoxacalix[2]arene[2]triazines13a-c bearing one pendent
chelating group were synthesized (vide supra) and tested.14 No
interaction between13a or 13b and Cu2+ was observed from
UV-vis titration experiments under identical conditions (Figures
S19 and S20 in the Supporting Information; entries 7 and 8 in
Table 2). The outcomes demonstrated convincingly that the
functionalized tetraoxacalix[2]arene[2]triazines12a and 12b

(13) (a) Gans, P.; Sabatini, A.; Vacca, A.Talanta1996, 43, 1739. (b)
Hyperquad2003 software was used.

(14) We thank one of the referees for this suggestion.

SCHEME 2. Reaction of Dichlorinated Tetraoxacalix[2]arene[2]triazine 1 with Amines 11a-e

TABLE 1. Synthesis of Functionalized Tetraoxacalix[2]arene[2]triazines 12 and 13

entry amine R1 R2 conditions 12 (%)a 13 (%)a

1 11a pyridin-2-ylmethyl pyridin-2-ylmethyl 11a(2.2 equiv), K2CO3, THF, reflux, 10 h 74
2 11a pyridin-2-ylmethyl pyridin-2-ylmethyl 11a(1 equiv), K2CO3, THF, reflux, 3 h 26 58
3 11b pyridin-2-yl pyridin-2-yl 11b (2.2 equiv), DIPEA, acetone, reflux, 24 h 81
4 11b pyridin-2-yl pyridin-2-yl 11b (1 equiv), K2CO3, THF, reflux, 3 hb 26 (70b)
5 11c pyridin-2-ylmethyl H 11c(2.2 equiv), K2CO3, THF, reflux, 12 h 85
6 11c pyridin-2-ylmethyl H 11c(1 equiv), K2CO3, THF, reflux, 3 h 17 53
7 11d 1-naphthyl H 11d (2.2 equiv), K2CO3, THF, reflux, 24 h 74
8 11e 2-hydroxyethyl 2-hydroxyethyl 11e(2.2 equiv), DIPEA, THF, reflux, 12 h 82

a Isolated yield.b Chemical yield based on consumed starting1.
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recognize the Cu2+ ion through the formation of a 1:1 chelate
complex. However, it should be pointed out that tetraoxacalix-
[2]arene[2]triazine13carmed with one 2-pyridinemethylamino
also formed a 1:1 complex with the Cu2+ ion, and its binding
constant (logK1:1 ) 4.71) was comparable to that of the Cu2+-
12c complex according to UV-vis titration data (Figure S21
in the Supporting Information; entry 9 in Table 2). It implied
most probably that tetraoxacalix[2]arene[2]triazines function-
alized with 2-pyridinemethylamino group(s) interacted with the
Cu2+ ion in a different model rather than a chelating model.

Conclusion

In summary, we have shown that heteroatom-bridged dichlo-
rinated calix[2]arene[2]triazines, derived from the fragment
coupling reactions of cyanuric chloride and various aromatic
dinucleophiles, are a type of useful platforms for the construction
of functionalized macrocyclic host molecules. A few chelating

groups have been introduced efficiently into the larger rim of
the heteroatom-bridged calix[2]arene[2]triazines through the
straightforward and very convenient aromatic nucleophilic
substitution reactions on the chlorotriazine rings. The resulting
tetraoxacalix[2]arene[2]triazines bearing two 2,2′-bi(pyridinyl)-
amino or two bis(2-pyridinemethyl)amino groups exhibited
excellent selectivity in the complexation with metal ions in a
mixture of acetonitrile and water (4:1). They formed 1:1
complexes with the Cu2+ ion through most probably a chelating
interaction effect. The strategy demonstrated in the current study
provides us with a new avenue for the construction of more
sophisticated functional host molecules.

Experimental Section

General Procedure for the Reaction of Heteroatom-Bridged
Dichlorinated Calix[2]arene[2]triazines with 8-Hydroxyquino-
line or Amines. A mixture of 8-hydroxyquinoline or an amine (1.1
mmol) and a base (K2CO3 or diisopropyl(ethyl)amine) (2.2 mmol)
in acetone, THF, or 1,4-dioxane (20 mL) was refluxed for 0.5 h. A
solution of the heteroatom-bridged dichlorinated calix[2]arene[2]-

FIGURE 1. Crystal structure of12a: top (a) and side (b, c) views.
Distances between O(1) and C(1), O(1) and C(18), O(2) and C(3), O(2)
and C(5), O(3) and C(9), O(3) and C(10), O(4) and C(12), O(4) and
C(14), C(7) and C(16), and C(2) and C(11) are 1.355, 1.404, 1.353,
1.404, 1.399, 1.344, 1.351, 1.401, 6.297, and 8.733 Å, respectively.

TABLE 2. The Log K1:1 for the Complexation of Functionalized
Tetraoxacalix[2]arene[2]triazines with Metal Ionsa

entry host alkali
alkaline

earth Fe2+ Co2+ Ni2+ Cu2+ Zn2+

1 6 b
2 12a 4.43( 0.01

3.92( 0.02c

3 12b 4.09( 0.01
4.17( 0.02c

4 12c 4.55( 0.01
4.66( 0.01c

5 12d
6 12e
7 13a n.d.d n.d. n.d. n.d. n.d. n.d.
8 13b n.d. n.d. n.d. n.d. n.d. n.d.
9 13c n.d. n.d. n.d. n.d. n.d. 4.71( 0.01 n.d.

a Perchlorate salts were used as metal ion sources in UV-vis titration
experiments. The logK1:1 values were calculated on the basis of UV-vis
titration data, using a Hyperquad2003 program.b No interaction was
observed.c CuCl2 was used.d Not determined.

FIGURE 2. UV-vis titration of 12a (1.728 × 10-5 M) upon the
addition of Cu2+ in a mixture of acetonitrile and water (4:1). The
concentrations of Cu2+ are 0, 0.766× 10-5, 1.53× 10-5, 2.30× 10-5,
3.06× 10-5, 4.60× 10-5, 7.66× 10-5, 13.79× 10-5, 22.98× 10-5,
and 32.17× 10-5 M, respectively. The inset is the Job plot for the
complexation of12a with Cu2+ ion in a mixture of acetonitrile and
water (4:1). Total concentration of12a and Cu2+ is 8 × 10-5 M.
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triazines1-5 (0.5 mmol) in the same organic solvent (20 mL) as
for 8-hydroxyquinoline or amine solution was then added over 0.5
h. For the synthesis of13a-c, a solution of amine11a-c (1 equiv)
was added over about 1 h to amixture of1 and a base in the same
organic solvent. The resulting mixture was refluxed for a period
of time (Scheme 1 and Table 1). After removal of the solvent, the
residue was subjected to silica gel chromatography. For the reactions
with K2CO3 as a base, the reaction mixture was filtrated, and the
filtrate was concentrated under vacuum to give a residue that was
subjected to silica gel chromatography to give pure product.

6: Silica gel column chromatography with a mixture of petroleum
ether and acetone as an eluant gave white solids (264 mg, 80%);
mp 209-211 °C; 1H NMR (DMSO-d6/300 MHz) δ 8.92 (d,J )
3.9 Hz, 2H), 8.53 (d,J ) 8.3 Hz, 2H), 8.03 (dd,J ) 7.0, 2.3 Hz,
2H), 7.65-7.77 (m, 6H), 7.32 (t,J ) 8.1 Hz, 2H), 7.12 (t,J ) 2.0
Hz, 2H), 6.99 (dd, J ) 8.1, 2.0 Hz, 4H); 13C NMR (75
MHz/DMSO-d6) δ 174.8, 173.2, 151.9, 151.3, 147.7, 140.6, 136.8,
130.9, 129.8, 127.1, 122.8, 121.8, 119.3, 116.8; IR (KBr) 1579,
1566 cm-1; MS (MALDI-TOF) m/z 660.9 (M+ 1)+, 682.8 (M+
Na)+, 698.8 (M + K)+. Anal. Calcd for C36H20N8‚0.5H2O: C,
64.57; H, 3.16; N, 16.73. Found: C, 64.53; H, 3.13; N, 16.43.

7: Silica gel column chromatography with a mixture of petroleum
ether and acetone as an eluant gave white solids (265 mg, 81%);
mp >300°C; 1H NMR (DMSO-d6/300 MHz)δ 9.93 (s, 2H), 8.91
(dd,J ) 6.6, 1.6 Hz, 2H), 8.47 (dd,J ) 8.4, 1.6 Hz, 2H), 7.97 (dd,
J ) 6.9, 2.8 Hz, 2H), 7.74-7.61 (m, 6H), 7.43-7.30 (m, 3H), 7.12
(t, J ) 8.0 Hz, 1H), 6.94 (dd,J ) 8.1, 2.2 Hz, 2H), 6.68 (dd,J )
8.0, 1.9 Hz, 2H);13C NMR (75 MHz/DMSO-d6) δ 173.0, 172.6,
166.5, 166.4, 152.2, 151.1, 148.2, 141.2, 138.2, 138.1, 136.7, 130.9,
129.8, 129.2, 127.1, 126.6, 122.6, 122.0, 119.9, 119.0, 118.2; IR
(KBr) 1583, 1566 cm-1; MS (FAB) m/z 659 (M + 1)+, 658 (M+).
Anal. Calcd for C36H22N10O4‚hexane: C, 67.73; H, 4.87; N, 18.81.
Found: C, 67.31; H, 4.49; N, 19.03. Exact mass for C36H22N10O4

+ H+ 659.1904, found 659.1879.
8: Silica gel column chromatography with a mixture of petroleum

ether and acetone as an eluant gave white solids (247 mg, 75%);
mp 235-236 °C; 1H NMR (DMSO-d6/300 MHz) δ 9.97 (s, 1H),
8.91 (d,J ) 4.0 Hz, 2H), 8.49 (dd,J ) 12.6, 8.4 Hz, 2H), 7.94-
8.03 (m, 2H), 7.60-7.75 (m, 6H), 7.21-7.31 (m, 4H), 6.90-7.00
(m, 3H), 6.79 (d,J ) 8.1 Hz, 1H);13C NMR (75 MHz/DMSO-d6)
δ 174.3, 172.9, 172.8, 172.0, 166.9, 166.8, 152.0, 151.5, 151.1,
150.8, 150.6, 147.8, 147.3, 140.7, 140.3, 138.1, 138.0, 136.4, 136.3,
130.4, 129.7, 129.3, 126.6, 126.1, 122.3, 122.1, 121.5, 121.4, 119.5,
118.9, 118.1, 117.7, 116.9; IR (KBr) 1561 cm-1; MS (FAB) m/z
660 (M+ 1)+. Anal. Calcd for C36H21N9O5‚CH3COCH3: C, 65.27;
H, 3.79; N, 17.56. Found: C, 65.31; H, 3.61; N, 17.71. Exact mass
for C36H21N9O5 + H+ 660.1744, found 660.1735.

9: Silica gel column chromatography with a mixture of petroleum
ether and acetone as an eluant gave white solids (200 mg, 73%);
mp>300°C; 1H NMR (DMSO-d6/300 MHz)δ 10.03 (s, 1H), 9.97
(s, 1H), 9.90 (s, 1H), 8.90 (dd,J ) 4.2, 1.5 Hz, 1H), 8.47 (dd,J )
8.4, 1.5 Hz, 1H), 7.96 (dd,J ) 7.1, 2.5 Hz, 1H), 7.60-7.73 (m,
4H), 7.49 (s, 1H), 7.30 (t,J ) 8.0 Hz, 1H), 7.17 (t,J ) 8.0 Hz,
1H), 6.89 (t,J ) 8.3 Hz, 2H), 6.73-6.76 (m, 2H);13C NMR (75
MHz/DMSO-d6) δ 172.5, 171.5, 168.2, 166.2, 166.1, 165.2, 165.1,
164.2, 164.1, 151.4, 150.6, 147.8, 140.7, 138.0, 137.9, 137.8, 136.2,
129.7, 129.3, 128.8, 126.6, 126.1, 122.1, 121.6, 120.7, 119.3, 119.0,
118.4, 118.3, 117.9; IR (KBr) 1577 cm-1; MS (FAB) m/z 551 (M
+ 1 + 2)+, 549 (M + 1)+. Exact mass for C27H17N10O2Cl + H+

549.1303, found 549.1300.
12a: Silica gel column chromatography with a mixture of

petroleum ether and acetone as an eluant gave white solids.
Recrystallization from a mixture ofn-hexane and dichloromethane
gave colorless prisms (243 mg, 74%); mp 129-131 °C; 1H NMR
(DMSO-d6/300 MHz) δ 8.55 (d,J ) 4.6 Hz, 4H), 7.79 (dt,J )
7.7, 1.7 Hz, 4H), 7.26-7.39 (m, 10H), 6.99 (d,J ) 2.1 Hz, 2H),
6.91 (dd,J ) 8.1, 2.1 Hz, 4H), 5.06 (s, 8H);13C NMR (75 MHz/
DMSO-d6) δ 171.4, 168.5, 156.6, 151.8, 149.2, 136.9, 130.0, 122.5,
121.5, 118.3, 116.6, 51.8; IR (KBr) 1586, 1526 cm-1; MS (MALDI-

TOF) m/z 769.0 (M + 1)+, 791.0 (M + Na)+. Anal. Calcd for
C42H32N12O4: C, 65.62; H, 4.20; N, 21.86. Found: C, 65.78; H,
4.27; N, 21.60. Crystal data for12a: C42H32N12O4, colorless prism,
Mr ) 768.80, crystal size 0.73× 0.38 × 0.03 mm3, monoclinic,
space groupP2(1)/c, a ) 22.9892(7) Å,b ) 14.1850(7) Å,c )
11.4255(11) Å,R ) 90.00°, â ) 90.1570(19)°, γ ) 90.00°, V )
3725.9(4) Å3, Z ) 4, Fcalcd ) 1.371 g cm-3, T ) 293(2) K. A total
of 8476 reflections and 3458 parameters were used for the full-
matrix, least-squares refinement onF2. R1 ) 0.0606 [I > 2σ(I)],
R1 ) 0.1596 (all data),wR2 ) 0.1502 [I > 2σ(I)], wR2 ) 0.1905
(all data).

12b: After reaction, the product precipitated as white solids.
Filtration and repeated washing with acetone gave pure product
(288 mg, 81%); mp 218-220°C; 1H NMR (DMSO-d6/300 MHz)
δ 8.43 (d,J ) 3.3 Hz, 4H), 7.96 (dt,J ) 7.7, 1.8 Hz, 4H), 7.66 (d,
J ) 8.0 Hz, 4H), 7.37-7.30 (m, 6H), 7.07-6.91 (m, 6H);13C NMR
(75 MHz/DMSO-d6) δ 172.0, 169.1, 154.3, 151.9, 148.9, 137.9,
129.8, 122.9, 122.2, 118.8, 116.8; IR (KBr)ν 1575, 1568, 1540
cm-1; MS (MALDI-TOF) m/z 712.4 (M+). Anal. Calcd for
C38H24N12O4‚H2O: C, 62.46; H, 3.59; N, 23.00. Found: C, 62.76;
H, 3.40; N, 23.05.

12c: Silica gel column chromatography with a mixture of
petroleum ether and acetone as an eluant gave white solids.
Recrystallization from a mixture ofn-hexane and dichloromethane
gave colorless prisms (249 mg, 85%); mp 266-267 °C; 1H NMR
(CDCl3/300 MHz) δ 8.58 (dt,J ) 4.7 Hz, 2H), 7.70 (t,J ) 8.5,
1.3 Hz, 2H), 7.33 (d,J ) 7.8 Hz, 2H), 7.15-7.28 (m, 4H), 7.12 (t,
J ) 5.1 Hz, 2H), 6.81 (t,J ) 7.9 Hz, 4H), 6.68 (t,J ) 8.0 Hz,
2H), 4.87 (d,J ) 5.1 Hz, 2H);13C NMR (75 MHz/CDCl3) δ 172.4,
171.8, 168.7, 155.8, 152.0, 149.1, 136.6, 129.5, 122.3, 121.6, 118.8,
117.0, 45.8; IR (KBr) 3264, 3149, 1608, 1581 cm-1; MS (MALDI-
TOF) m/z 586.3 (M + 1)+, 608.2 (M+ Na)+, 624.1 (M+ K)+.
Anal. Calcd for C30H22N10O4: C, 61.43; H, 3.78; N, 23.88. Found:
C, 61.26; H, 3.84; N, 23.77.

12d: Silica gel column chromatography with a mixture of
petroleum ether and ethyl acetate as an eluant gave white solids.
Recrystallization from a mixture ofn-hexane and ethyl acetate gave
colorless prisms (243 mg, 74%); mp>300°C; 1H NMR (DMSO-
d6/300 MHz)δ 10.46 (s, 2H), 8.02 (dd,J ) 6.2, 2.2 Hz, 4H), 7.92
(d, J ) 7.3 Hz, 2H), 7.58-7.65 (m, 8H), 7.28 (br, 2H), 6.92 (br,
6H); 13C NMR (75 MHz/DMSO-d6) δ 172.1, 169.4, 152.4, 134.3,
133.5, 130.5, 129.8, 128.6, 127.1, 126.8, 126.7, 126.1, 124.8, 123.4,
118.9, 117.1; IR (KBr) 3237, 3116, 1634, 1597, 1567 cm-1; MS
(FAB) m/z 656 (M+). Anal. Calcd for C38H24N8O4: C, 69.51; H,
3.68; N, 17.06. Found: C, 69.42; H, 3.87; N, 16.70.

12e:Silica gel column chromatography with a mixture of ethyl
acetate and methanol as an eluant gave white solids. Recrystalli-
zation from a mixture ofn-hexane and ethyl acetate gave colorless
prisms (220 mg, 76%); mp 163-165°C; 1H NMR (DMSO-d6/300
MHz) δ 7.22 (t,J ) 8.0 Hz, 2H), 6.93 (d,J ) 1.8 hz, 2H), 6.87
(dd, J ) 8.1, 1.9 Hz, 4H), 3.68 (d,J ) 5.4 Hz, 8H), 3.61 (d,J )
5.1 Hz, 8H);13C NMR (75 MHz/DMSO-d6) δ 171.6, 168.7, 152.4,
130.4, 118.8, 117.2, 58.7, 50.8; IR (KBr)ν 1590 cm-1; MS (FAB)
m/z581 (M+ 1)+. Anal. Calcd for C26H28N8O8: C, 53.79; H, 4.86;
N, 19.30. Found: C, 53.83; H, 4.87; N, 19.30.

13a: After reaction of1 (1 mmol) with11a (1 equiv), silica gel
column chromatography with a mixture of petroleum ether and
acetone gave12a (101 mg, 26%) and13a as pale yellow powers
(349 mg, 58%); mp 146-148 °C; 1H NMR (CDCl3/300 MHz) δ
8.57 (d,J ) 4.5 Hz, 2H), 7.67 (dt,J ) 7.7, 1.7 Hz, 2H), 7.33 (d,
J ) 7.8 Hz, 2H), 7.26-7.18 (m, 4H), 6.87 (dd,J ) 8.0, 1.9 Hz,
2H), 6.81 (dd,J ) 8.0, 2.1 Hz, 2H), 6.68 (t,J ) 2.2 Hz, 2H), 5.14
(s, 4H);13C NMR (75 MHz/CDCl3) δ 174.3, 172.6, 172.2, 169.1,
156.6, 152.5, 151.4, 149.5, 136.7, 130.1, 122.4, 122.1, 120.0, 118.4,
116.5, 51.8; IR (KBr) 1588, 1549 cm-1; MS (MALDI-TOF) m/z
(%) 606.4 (M+ + 1, 100), 607.5 (34), 608.4 (34), 609.4 (9), 610.4
(3), 628.4 (M+ Na)+. Exact mass (EI)m/z605.1332. C30H20N9O4-
Cl requires 605.1327.
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13b: After reaction of1 (1 mmol) with11b (1 equiv), silica gel
column chromatography with a mixture of petroleum ether and
acetone gave13b as white solids (75 mg, 26%); mp 204-206°C;
1H NMR (CDCl3/300 MHz)δ 8.51 (dd,J ) 4.8, 1.4 Hz, 2H), 7.84
(dt, J ) 7.8, 1.9 Hz, 2H), 7.62 (d,J ) 8.0 Hz, 2H), 7.26-7.20 (m,
4H), 6.87-6.80 (m, 4H), 6.65 (t,J ) 2.2 Hz, 2H);13C NMR (75
MHz/CDCl3) δ 174.4, 172.6, 172.2, 169.3, 154.3, 152.3, 151.5,
149.3, 138.3, 130.3, 123.0, 122.4, 119.9, 118.6, 116.4; IR (KBr)
1589, 1544 cm-1; MS (MALDI-TOF) m/z (%) 578.7 (M+ + 1,
100), 579.7 (32), 580.7 (37), 581.7 (11), 582.7 (3), 600.7 (M+
Na)+, 616.6 (M+ K)+. Exact mass (EI)m/z 577.1016. C28H16N9O
4Cl requires 577.1014.

13c: After reaction of1 (1 mmol) with11c (1 equiv), silica gel
column chromatography with a mixture of petroleum ether and
acetone gave12c (51 mg, 17%) and13c as pale yellow powers
(275 mg, 53%); mp>300°C; 1H NMR (CDCl3/300 MHz)δ 8.58
(d, J ) 4.3 Hz, 1H), 7.74 (t,J ) 7.6 Hz, 1H), 7.49 (t,J ) 5.1 Hz,
1H), 7.39 (d,J ) 7.8 Hz, 1H), 7.29-7.19 (m, 2H), 6.88-6.81

(m, 4H), 6.68 (d,J ) 8.1 Hz, 2H), 4.89 (d,J ) 5.2 Hz, 2H);13C
NMR (75 MHz/CDCl3) δ 174.3, 172.5, 172.4, 171.8, 168.8, 155.6,
152.4, 151.4, 148.5, 137.5, 130.2, 122.7, 122.2, 120.0, 119.9,
118.45, 118.4, 116.5, 45.6; IR (KBr) 3271, 3149, 1590, 1550 cm-1;
MS (MALDI-TOF) m/z (%) 515.4 (M+ + 1, 100), 516.4 (28), 517.4
(35), 518.4 (8), 519.4 (3), 537.4 (M+ Na)+. Exact mass (EI)
m/z 514.0910. C24H15N8O4Cl requires 514.0905.
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