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Abstract
The bicyclo[6.6.2] tetraamines, within the classification of  “cross-bridged” tetraamines, have the ability to form strong coordination complexes with metal ions such as copper(II). These multipurpose
ligands have been important in the realm of radiopharmaceutical applications, specifically in the improvement of tumor detection. In order to improve the preparation of bicyclo[6.6.2] tetraamine ligands
in general and to prepare second-generation ligands based upon a specific important selectively-protected example (F, see Scheme 1), novel modifications have been made to the synthetic scheme.

Synthetic Scheme

A route for the preparation of a variety of structurally modified cross-bridged
ligands has been set forth by Weisman and Wong. The route depends on the
preparation of cis-fused bisaminal B from the reaction of glyoxal and cyclam
(A).  Subsequent alkylation of B yields a monobenzylic salt C. Further
regioselective allylation yields D. Reductive ring-expansion of D generates the
selectively-functionalized bicyclic “cross-bridged cyclam” E. The steps that
follow in the synthetic sequence are aimed at preparing the cross-bridged
species for attachment to a peptide and ultimately to a viable second-
generation molecule for tumor detection. The particular steps that have been
improved in this work are those shown in the boxes in Scheme 1.

Modifications to the Preparation of
Tetracyclic Bisaminal B
In the original synthesis of B reported by Weisman and co-
workers,3 the reaction was carried out in CH3CN. The
process involved stirring at room temperature for 1 hour,
then at 50-60˚C for 2 hours. After cooling, the solid was
taken up in CHCl3, dried, and filtered. Ether trituration was
used as well to aid in solidification of crude product, which
was obtained in 81% yield.

In order to improve the procedure, experimental conditions
reported by Yamamoto and Marouka were utilized.4 The
reaction is carried out at 0˚C for only 30 minutes using the
less expensive CH3OH as solvent. Yamamoto reported
chromatographic purification of the crude product, but we
have shown that direct sublimation of the crude product
yields pure material in 97% yield. This process is scalable,
less expensive, and less time-consuming.

Modifications to the Reductive Ring
Expansion to Generate E
Originally, Bist used NaBH4 to carry out this reductive ring-
expansion,5 but a significant minor side-product was produced.
Young modified the procedure to utilize NaBH3CN, eliminating
the side-reaction and giving product in 94% yield on a small
scale (see Scheme 1). However, from a laboratory safety
standpoint, NaBH3CN poses a significant hazard, as this
material is highly toxic. Therefore, the reaction scheme was
altered to use NaBH(OAc)3 in CH3CN. The solution was refluxed
for 24 hours and further stirred at room temperature for 4 days.
After acidification, subsequent basification, and toluene
extraction, clean E was obtained in 70% yield. The use of
NaBH(OAc)3 makes the reaction safer and viable on a large
scale.

Conclusions and Future Work
The reported modifications in the preparation of the cross-
bridged tetraamine species have resulted in a more
economically feasible and safer synthetic pathway. This will
in turn facilitate the preparation of modified ligands for
radiopharmaceutical applications, such as peptide-linked
second-generation phosphonate ligand J.
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Background
The cross-bridged tetraamine ligands1 have been used successfully
in the detection of cancer tumors via positron emission tomography.2
This process involves the complexation of radioactive 64Cu(II) by the
cross-bridged tetraamine molecule which is “bioconjugated”
(covalently attached) to a peptide, which targets tumors.
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