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One-pot Synthesis of a 1,3,7,9-Tetraazacyclododecane
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A one-pot synthesis of a 1,3,7,9-tetraazacyclododecane macrocycle in 37% yield from inexpensive starting materials is
described, and its complexation properties with metal cations are investigated.

Aza-crown macrocycles have been investigated for their
properties as strong and selective complexing agents for
metal cations and other charged and uncharged guest
molecules.! Practical applications include their use as phase
transfer agents,” NMR shift reagents,” MRI contrast
reagents® or as catalysts.” They often also show a wide
range of biological activity.® This has motivated the
synthesis of a great variety of aza-crown macrocycles
with varying ring size and different spacers between the
heteroatoms.’
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Scheme 1 Synthesis of 1,3,7,9-tetrabenzyl-5,5,11,11-
tetramethoxycarbonyl-1,3,7,9-tetraazacyclododecane

In general, synthesis is performed by cyclisation of
diamines with dialdehydes, diepoxides, dihalides or activated
diacid derivatives.® In spite of the many preparation
methods, the NCH,N linkage in such macrocycles is still
considered a challenge due to its low stability.® A common
way to overcome this problem is to complex the amine to a
transition metal cation which is used as a template.” This
seems to be a limitation, since the only preparation of
such 1,3,7,9-tetraazacyclododecane derivatives found in the
literature was for N,N'.N",N”-tetramethyl-1,3,7,9-tetraaza-
cyclododecane which could not be fully characterised due to
its low stability.’® In contrast, the corresponding 1,4,7,10-
tetraaza macrocycles are well characterised.'!

In the course of our investigations aimed at finding
ligands suitable for NMR investigations of organic
palladium complexes'?> we serendipitously found a one-pot
synthesis for the backbone of a 1,3,7,9-tetraazacyclo-
dodecane derivative. The compound, 1,3,7,9-tetrabenzyl-
5,5,11,11-tetramethoxycarbonyl-1,3,7,9-tetraazacyclododecane
1,'* is stable, can be chromatographed on silica, and stored
in solution for weeks without any notable decomposition.
Our synthesis (Scheme 1) is based on a Mannich reaction,
mixing the preformed Schiff base 2!* of benzylamine
with dimethyl malonate and formaldehyde. No protection/
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deprotection scheme or addition of template ions is needed,
and since the starting materials are all cheap and readily
available chemicals, the moderate yield (37%) should be
acceptable for most purposes.

Attempts to improve the yield by increasing the excesses
of N-methylenebenzylamine or formaldehyde gave no
improvement. Prolonged reaction times lead only to
increased polymer formation. Increasing the amount of
solvent had no effect. Addition of formaldehyde in the form
of aqueous solution instead of paraformaldehyde increased
the yield considerably (from ca. 20 to 37%).

The room temperature '"H NMR spectrum of the macro-
cycle 1 shows broad methylene proton signals due to a slow
conformational equilibrium, probably similar to those of
other tetraazacyclododecanes.'

The complexing properties of this new macrocycle 1 have
been tested with sodium and cobalt(1) ions in non-aqueous
solvents using NMR methods.'® For sodium ions (solvent
acetone or THF) the >*Na chemical shift variation with
ligand concentration was measured. No complexation at
all could be detected in acetone solution whereas in THF a
weak complexation was indicated.!” For the paramagnetic
cobalt(i1) ion the chemical shift change of the macrocycle
ring methylene protons (Adcy,) upon variation of the metal
ion concentration in acetone solution was measured. A plot
of the relative concentration of the metal ion and ligand
versus Ocy, (Fig. 1) shows a linear increase of dcy, until a
ratio of approximately 1:1 is reached. Further addition of
metal ion does not change the resonance frequency. This
behaviour indicates the formation of a stable 1:1 complex.'®
Chemical shift changes (ambient temperature, 300 MHz) for
the other protons in the molecule were negligible.

Polyamine macrocycles often show a reduced ability
to complex alkali and alkaline earth metal cations,'® and
are more effective in complexing divalent transition
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Fig. 1 Chemical shift variation for 2,8-methylene protons
(6ch,) of compound 1 as a function of the cobalt(i1)
concentration. Addition of cobalt(i) chloride solution (0.01 M)
to a solution of 1 (0.001 M) in acetone



metal cations.?’ However, 1,4,7,10-tetraazacyclododecane-
N,N',N",N"-tetraacetic acid (DOTA) does complex sodium
ions,”! and mixed nitrogen—oxygen ligands commonly
complex alkali metal cations.>> A model for the size-match
relation between the ion and the macrocyclic ligand has
been proposed,” although it can be difficult to apply
because of the many variables (nature of the donor atom,
ring size and number of chelating atoms, relative position
of the donor atoms, nature of the ligand backbone) that
affect the system.® In conclusion, the new macrocycle 1
should be of general interest as a model compound due to
its simple synthesis and unexpected stability as well as that
of its metal complex.
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