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A new powerful synthesis of symmetrical (two-step) or dis-
symmetrical (three-step) macrotricyclic cyclen- or cyclam-
based ligands is reported. In this procedure, the starting ma-
terials are bis-aminals derived from condensation of cyclen

Introduction

Polyazacycloalkanes are versatile ligands well-known for
their high binding affinity for transition metals;[1,2] their
synthesis and their selective N-alkylation have both been a
very popular objective of research groups over the last
thirty years.[3] Like bis-macrocycles, macrotricyclic ligands
are of great interest because of their ability to behave as
multi-site receptors in the trapping of various substrates or
to coordinate metals.[4�7] Macrotricycles are formed by
linking two rings with two spacer bridges which define three
cavities: the two lateral macrocycles, and a central one de-
limited by the linkers. The consequence of such a construc-
tion is that the metals coordinated by two face-to-face
macrocyclic subunits are constrained to stay at a close dis-
tance, which induces possible metal-metal interactions and
therefore particular electronic properties. Moreover, one
may assume that the delineated central cavity can function
as an excellent host for anionic species, according to the
distance between the two macrocyclic centers, the degree of
protonation of the macrocycles or, alternatively, the nature
of the complexed metals.

Despite their importance,[8�12] the development of cylin-
drical tetraazacycloalkanes-based macrotricycles is re-
strained mainly because of their difficult multi-step
syntheses.[3,13�16] In the continuation of our work on bis-
tetraazamacrocycles we report here a new route to polyaza-
macrotricycles based on the use of bis-aminals as building
blocks.
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or cyclam with glyoxal. The two macrocyclic subunits are
linked by two aromatic spacers through nitrogen atoms.
( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

Result and Discussion

The bis-aminals of linear or cyclic tetraamines proved to
be an excellent tool for tetraazacycloalkane synthesis and
modification.[17�21] They are easily obtained from the direct
condensation of an α-dicarbonyl compound with the corre-
sponding tetraamine: so, glyoxal reacts with cyclen
(1,4,7,10-tetraazacyclododecane) or cyclam (1,4,8,11-tetra-
azacyclotetradecane) in methanolic solution at room tem-
perature to give quantitatively the decahydro-2a,4a,6a,8a-
tetraaza-cyclopenta[fg]acenaphthylene (1; cyclen-glyoxal) or
decahydro-3a,5a,8a,10a-tetraazapyrene (2; cyclam-glyoxal).
These compounds present a bent cis configuration,[21]

which induces a discrimination between the two pairs of
opposite nitrogen atoms: the one which possesses its lone
pairs directed towards the convex side of the molecular
structure exhibits a much more marked nucleophilic charac-
ter (Figure 1).

Figure 1. Molecular structures of cyclen-glyoxal 1 and cyclam-gly-
oxal 2

The reaction of one equivalent of an electrophile with 1
or 2 led to a monoalkylated derivative, and this reaction
was used both to obtain mono N-alkylated cyclam or
cyclen[20] and on the other hand to prepare bis-tetra-
azamacrocycles.[21] With two equivalents of electrophile, a
second (slower) attack occurs on the opposite nitrogen
atom which leads to an N1-N7 (n � 0) and N1-N8 (n � 1)
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Table 1. Macrotricycles obtained and overall yields

Bis-aminals Diammonium salts Tetraammonium salts Macrotricycles
overall yields

Symmetric 1 o 3a o-o 3b 3c 60%
m 4a m-m 4b 4c 98%
p 5a p-p 5b 5c 91%
py 6a py-py 6b 6c 98%

2 m 7a m-m 7b 7c 68%
p 8a p-p 8b 8c 61%

Dissymmetric 1 m-p 9b 9c 75%
m-py 10b 10c 80%

2 m-p 11b 11c 63%

dialkylation of the macrocycle via a diquat salt. Further-
more, this second attack takes place on the same side as the
first one,[20] leading to a cis entry of the electrophilic moiet-
ies. This occurrence is favourable to a [2�2] reaction and
opens the way to cylindrical macrotricycles. Moreover, ac-
cording to the Dreiding molecular models the formation of
the macrobicycle by [1�1] cyclisation[3] is, a priori, not
favoured.

As a matter of fact, we observed that when an equivalent
of 1,3-bis(bromomethyl)benzene were added to the cyclen-
glyoxal 1 at room temperature, the subsequent macro-
tricyclic tetraammonium salt 4b was obtained in good
yields. However, when the reaction was quenched after a
short time, the bis-macrocyclic diammonium salt 4a was de-
tected. Furthermore, the preparation of 4b by reaction be-
tween the bis-salt 4a and the corresponding bis-electrophile
confirmed the intermediacy of the diammonium salt.
Consequently, it appeared that the [2�2] reaction consists
of two consecutive steps, consistent with the fast alkylation
of the first nitrogen atom, whereas the second one reacts
more slowly.[21]

A general synthetic pathway was deduced from these ob-
servations in order to obtain cylindrical macrotricycles from
cyclen- or cyclam-glyoxal bis-aminals 1 and 2 (Schemes 1
and 2) using 1,2-bis(bromomethyl)benzene, 1,3-bis(bromo-
methyl)benzene, 1,4-bis(bromomethyl)benzene and 2,6-bis-
(bromomethyl)pyridine as electrophiles. The subsequent
links are respectively referenced o, m, p, py in Table 1.

Scheme 1. Reaction scheme for the diammonium bis-macrocycles synthesis
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In a typical experiment the macrotricycle synthesis pro-
ceeded through the initial preparation of the bis-macro-
cyclic diammonium salts 3a�8a (Scheme 1). This route al-
lowed the use of two different linkers. Subsequent addition
of the desired second bis-electrophile (Scheme 2), which
may or may not differ from the first one, led to symmetrical
(3b�8b) or dissymmetrical (9b�11b) macrotricyclic tetra-
ammonium salts in good yields. The deprotection of the
tetraammonium salts 3b�11b was performed in hydrazine
monohydrate as described previously,[21] leading to the free
macrotricycles 3c�11c in good yields (Table 1).

One can note that upon the formation of the diam-
monium salts 3a�8a, the four nitrogen atoms and the ami-
nal carbon atoms become centers of chirality. The cis con-
figuration of the aminal bridge and the entry of the elec-
trophile on the same side as the two aminal hydrogen atoms
induce the formation of two possible configurations, the ra-
cemic (d/l) and meso diastereoisomers, which have been ob-
served in some cases and reported in previous papers.[21]

This situation is maintained after the addition of the second
bis-electrophile, making the 13C NMR spectra recorded of
some compounds more complicated. Thus, 3b, 5b and 10b
exhibit two series of signals of nearly equal intensity due to
the coexistence of these two configurations. The presence of
the two isomers has no impact on the end product. Finally,
the symmetrical macrotricyclic tetraammonium salts 3b�8b
can also be obtained in one pot by reaction of the bis-amin-
als 1�2 with two equivalents of the bis-electrophile.
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Scheme 2. Reaction scheme for the macrotricycles synthesis

Conclusion

In conclusion, we have reported a new, easy-to-run and
versatile two- or three-step route to cylindrical macro-
tricycles based on the great interest of bis-aminal for tetra-
azamacrocycle alkylation. Moreover, no high dilution con-
ditions are required, which is an important improvement of
this method. Various new cylindrical macrotricycles were
obtained in high overall yields and fully characterised, as
were their intermediate tetraammonium salts. According to
well as the reactants’ stoichiometry, the alkylation reaction
can be directed either to the unequivocal symmetrical mac-
rotricycles or to a specific combination leading to the dis-
symmetrical macrotricyclic compounds. In order to obtain
a large range of cylindrical macrotricycles, we are currently
extending the scope of this method to cylindrical entities
composed of two different macrocyclic rings. In other re-
spects the study of the new and interesting macrotricyclic
tetraaminal tetraammonium intermediates salts, which can
also present a strong affinity towards specific guests, is also
one of our main objectives.

Experimental Section

General: All reagents were of commercial quality and solvents were
dried using standard procedures. Elemental analyses were per-
formed at the Service de Microanalyse, CNRS, 91198 Gif sur
Yvette, France. Mass spectrometry analyses were performed at the
Centre Régional de Mesures Physiques de l’Ouest, Rennes, France.
Among the bis-macrocyclic diammonium salts 3a�8a synthesised
in CH3CN as previously reported,[21] 3a and 6a are new com-
pounds.

Experimental data are available as Supporting Information (see
footnote on the first page of this article).

General Procedure for the Synthesis of Macrotricycles 3b�11b: A
solution of the desired bis-electrophile in CH3CN or DMF (0.75 )
was added dropwise to a solution of the tetraaminal bis-macrocycle
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diammonium salt in CH3CN or DMF (0.75 ) at room tempera-
ture with vigorous stirring. After two days for cyclen derivatives,
and one week for cyclam derivatives, filtration of the white precipi-
tate formed led to the macrotricyclic tetraaminal tetraammonium
salts 3b�11b.

One-Step Synthesis of 3b�8b: The desired bis-electrophile (CH3CN
for 1 or DMF for 2; 0.75 ) was added dropwise to a solution
of the bis-aminal macrocycle (CH3CN or DMF) 0.75 ) at room
temperature with vigorous stirring. After two days for 1 and one
week for 2, filtration of the white precipitate formed gave the
macrotricyclic tetraaminal tetraammonium salts 3b�8b.

General Procedure for the Synthesis of 3c�11c: The tetra-salts
3b�11b were refluxed in hydrazine monohydrate as described pre-
viously.[21] If required the free compounds were purified by recrys-
tallization from acetone.
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