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Abstract—This study describes a simple, efficient synthesis pathway from trans-1,2-diaminocyclohexane that provides access to a
new class of semi-rigid polyamine, polycarboxylic, and polyphosphonic ligands. The key steps in synthesis were the functionalisa-
tion (with an appropriate branching group) of a bisphosphonate diaminocyclohexane derivative and the introduction of
methanephosphonic functions by a rarely used method. © 2003 Published by Elsevier Science Ltd.

Techniques used in nuclear medicine, such as imaging
and radiotherapy, have required the synthesis and eval-
uation of new chelating agents to provide kinetically
stable metal complexes in biological systems.1 For
instance, EDTMP is known to provide extremely stable
153Sm complexes.2,3 Clinical radiotherapy trials cur-
rently in progress with this promising complex have led
to the synthesis and evaluation of novel ligands. In this
context, our group is investigating the synthesis of a
class of novel 153Sm chelators likely to form stable
complexes in vivo and perform at least as efficiently as
EDTMP.

An important ligand property affecting the stability of
the resulting complex is the preorganisation4,5 brought
about by the semi-rigid trans-cyclohexylenediamine
skeleton through preorientation of chelating functions in
a skew position. Special consideration has also been
given to chelating agents bearing phosphonic acid moi-
eties because of their enhanced ligating abilities for
153Sm. For instance, our intention was to design chelat-

ing agents with multi-ligating sites that form 153Sm
complexes requiring high coordination numbers.6

Accordingly, four novel chelating agents (two with eight
and two with ten coordination numbers), all bearing
aminophosphonate and mixed chelate groups, were spe-
cially synthesised for use as a model in complexation
studies with 153Sm.

The access route starting with trans-1,2-diaminocyclo-
hexane allowed the synthesis of two polyaminophospho-
nic acids and two mixed semi-rigid complexing agents.
Certain diamines such as trans-1,2-diaminocyclohexane
1 (Scheme 1), allowed aminophosphonomethylation of
amines protected by a methylene bridge between the two
nitrogen atoms of 1. This protecting group subsequently
provides for a different functionalisation on the amine.
The Kabachnick–Field reaction reported by Baily and
Burgada7 gave compound 2, which was prepared from
paraformaldehyde and diethylphosphite in THF. The
protecting group was removed in soft acidic conditions
using CH3OH/HCl 3 M, yielding bisphosphonate 3.8

Scheme 1.
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Scheme 2.

This strategy required preparation of protected bis-car-
boxymethylated amino ethyl bromide. To facilitate
deprotecting ethyl ester functions by acid-catalysed
hydrolysis, N,N-bis(ethylacetate)-2-bromoethyl-amine 4
was prepared.9 Monoalkylation or dialkylation
(Scheme 2), depending on the stoichiometry of the
reaction with the branching group, was performed in a
mixed solvent system (CH3CN/H2O, 1:1) in the pres-
ence of Na2HPO4 at 70°C for 24 h and gave respec-
tively compounds 5 and 9 with a good yield. The
synthesis of chelating agents 7 and 8 required an addi-
tional step, i.e. alkylation of 5 by ethyl bromoacetate in
acetonitrile at 60°C, which gave the mixed ester 6.
Mixed acids 7 and 10 were obtained after acid-catalysed
hydrolysis of 6 and 9 in 6 M hydrochloric acid.10

Finally, in order to generate pentaphosphonic acid 8
and hexaphosphonic acid 11,11 carboxylic functions
were converted into phosphonic functions according to
the method of Krüger and Bauer,7,12 using H3PO3/PCl3
in toluene.

In conclusion, we described a simple, efficient synthesis
pathway from trans-1,2-diaminocyclohexane that pro-
vides access to a new class of semi-rigid polyamine,
polycarboxylic, and polyphosphonic ligands. The key
steps in synthesis were the functionalisation of a bis-
phosphonate diaminocyclohexane derivative and the

introduction of methanephosphonic functions. Com-
plexation studies concerning samarium-153 showed that
one of the four chelating agents developed, mixed acid
10, has excellent stability in human serum and deserves
further investigation as a potential therapeutic bone
agent.
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