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An efficient preparation of ditopic receptors based on
polyaza[n]paracyclophanes
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Coordination patterns of tetraaza[n]paracyclophanes allow
for the selective protection of three out of the four nitrogen
atoms via the use of simple Zn2+ salts; accordingly, a simple
method for the preparation of ditopic receptors based on
polyaza[n]paracyclophanes has been devised.

Ditopic polyaza receptors containing two macrocyclic subunits
have become a very important synthetic target, in particular
since the discovery of the anti-HIV activity associated to some
of those systems.1 Accordingly, a number of different synthetic
strategies have been put forward in recent years to achieve this
goal. In this way, several families of receptors having the
general structure 1 have been recently prepared.2

One of the most general synthetic routes for the preparation
of this class of compounds is based on the selective protection
of the nitrogen atoms in such a way as to leave only one
unprotected, reactive nitrogen atom in the macrocycle.2,3 This
intermediate is then reacted with a dihalide to afford, after
N-deprotection, the expected ditopic receptor (Scheme 1). As a
matter of fact, preparation of ditopic receptors has been one of
the central motifs for the development of synthetic strategies for
the selective N-functionalization of polyazamacrocycles.

Polyaza[n]paracyclophanes 2 represent a very interesting
kind of polyaza macrocyclic receptors.4 One of their most
remarkable ligational features is the fact that the presence of the
aromatic spacer precludes the simultaneous involvement of all
the nitrogen atoms in the coordination to a metal centre (see
structure 3). Thus, for instance, 2,6,9,13-tetraaza[14]paracyclo-
phane 2a coordinates M2+ ions with just three out of its four

nitrogen atoms. One of the benzylic nitrogen atoms remains
non-coordinated, thus being able to act as a base or as a
nucleophile. This property has allowed the development of a
simple and novel procedure for selective mono- and di-
functionalization of this kind of macrocycle with a variety of
reactive alkyl halides, according to the general scheme shown in
Scheme 2, to give compounds 4 and 5.5 In this way, the
otherwise experimentally difficult selective protection of three
of the nitrogen atoms can be easily achieved via the use of
simple metal ions, like Zn2+, without the need of more elaborate
reagents or synthetic routes.

This synthetic approach can be further extended to the
preparation of ditopic bis-macrocyclic receptors 8 based on

Scheme 2

Scheme 1
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polyaza[n]paracyclophanes when a bis(halomethyl)benzene is
used as the alkylating agent (Scheme 2).

The low coordination of the metal centre in the complexes
formed by polyaza[n]paracyclophanes 2 has been shown to
provide mechanisms for the participation of the coordinated
cation in biomimetic catalytic proceses.4 In this sense, the
preparation of ditopic receptors 8 represents an interesting
synthetic target.

Results obtained for different macrocycles and aromatic
spacers are summarised in Table 1. Careful control of the
reaction conditions is required. We used the cyclic polyamines
as free bases or as their hydrobromides, and different ratios of
macrocycle/base were tested in the range of ca. 1 to 10. Best
results were obtained when an excess (ca. 7:1) of base
(anhydrous K2CO3) is used and the polyamine is introduced as
its hydrobromide. The use of 1,4-bis(halomethyl)arenes gives
better yields than the 1,3-substituted analogues. The expected
products could not be obtained for 1,2-bis(halomethyl)ar-
enes.‡

The nature of the aliphatic chains between the nitrogen atoms
is also very important. Good results were only obtained when
propylenic sub-units are present and the expected ditopic
receptors could not be prepared starting from cyclophanes
containing only ethylenic spacers. This can be related with the
different coordination patterns of the macrocycles used.5b In
this context it is worth mentioning that tetraazacyclophanes
containing only ethylenic sub-units have been shown to be able
to form dinuclear Cu2+ complexes in which all four nitrogen
atoms are coordinated.4b

Preliminary analyses of the acid-base and coordination
tendencies of these compounds have shown some interesting
trends. Protonation constants obtained from pH titrations show
that in the pH range 2–11 all ligands can take up to seven
protons, the eighth protonation not being generally detected
under our experimental conditions. At neutral pH values the
main species for all ligands are the tetraprotonated ones.§ The
high positive charge achieved by these ligands at neutral pH
allows us to consider them as potential receptors for anionic
species. Thus, for instance, compound 8b (obtained from 2b and
6a) strongly interacts with the barbituric acid derivative 1H,3H-
pyrimidine-2,4,5,6-tetrone 5-oxime (violuric acid) 9 with
complexation percentages around 90–100% in a wide pH range
(pH < 8).6¶

On the other hand, when the interaction with metal cations is
considered, compounds 8 revealed the possibility of forming

mono- as well as di-nuclear complexes. Thus, for instance, 8d
(obtained from 2b and 6b) in the presence of Cu2+ salts is able
to form both CuL and Cu2L species with stability constants of
logKCuL = 13.46(3) and logKCu2L = 8.8(1). These results also
open the possibility for the study of those complexes as
potential biomimetic catalysts in aqueous media. Such studies
are being presently carried out.

Notes and References

† E-mail: luiss@qio.uji.es
‡ All compounds show the expected spectroscopic data. The most
distinctive spectroscopic feature of receptors 2 is the presence in their 1H
NMR spectra of three well-defined benzylic singlets at d 3.4–3.5, 3.6 and
3.7–3.9. Selected data for 8a: dH(CDCl3) 1.47 (m, 4 H), 1.65 (m, 4 H), 2.34
(t, 4 H), 2.52 (s, 8 H), 2.54–2.66 (m, 8 H), 2.73 (t, 4 H), 3.39 (s, 4 H), 3.62
(s, 4 H), 3.77 (s, 4 H), 7.26 (s, 8 H), 7.39 (s, 8 H); dC 26.2, 27.1, 45.3, 46.3,
47.2, 48.4, 48.7, 49.7, 52.7, 59.0, 59.3, 128.7, 129.3, 137.9, 138.5, 139.5.
§ For instance, stepwise protonation constants for receptor 8b, determined
by pH fitrations at 298.1 K in 0. 15 mol dm23, are: logKHL = 9.9(2),
logKH2L = 9.53(3), logKH3L = 8.41(4), logKH4L = 7.77(4), logKH5L =
5.95(4), logKH6L = 4.67(4), logKH7L = 3.64(4) and logKH8L < 2. Charges
are omitted for clarity.
¶ In the pH range 7–5, the predominant species are H7LA and H8LA,
obtained by the interaction of the monoanion of violuric acid and the
pentaprotonated [logK = 4.93(4)] or hexaprotonated receptor [logK =
6.18(4)], respectively.
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Table 1 Results obtained in the preparation of ditopic receptors 8 derived
from tetraaza[n]paracyclophanes

Starting macrocy-
clea

Alkylating
agentb

Polyamine:base
ratio t/days

Yieldc

(%)

2a 6a 1:1 1 30
2a 6a 1:1 3 37
2a·4HBr 6a 1:5 3 40
2a·4HBr 6a 1:7 3 87
2b 6a 1:7 3 24
2b·4HBr 6a 1:7 3 75
2a·4HBr 6b 1:7 3 78
2a·4HBr 6b 1:7 5 78
2b·4HBr 6b 1:7 3 59
2b·4HBr 6b 1:7 5 60
2a·4HBr 6c 1:7 3–5 < 10d

2b·4HBr 6c 1:7 3–5 < 10d

a Compound 2a (B323): 2,6,9,13-tetraaza[14]paracyclophane; Compound
2b (D323): 2,6,9,13,tetraaza-16,17,19,20-tetramethyl[14]paracyclophane.
b Compound 6a: 1,4-bis(bromomethyl)benzene; Compound 6b: 1,3-bis-
(bromomethyl)benzene; Compound 6c: 1,2-bis(bromomethyl)benzene.
c Product obtained after chromatographic purification. d Estimated from the
crude product after the reaction.
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