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Abstract : We report the synthesis of an original unsymmetrical bismacrocycle bearing a carboxylic side-arm

- n like reaction. The
Two different synthetic pathways were investigated, both involving a Schotten-Baumann like reaction. The

first route allowed us to obtain a mixture of compounds whilst the second one was direct and non-ambiguous.

© 1998 Elsevier Science Ltd. All rights reserved.

In order to prepare various functionalized cyclams, the tosyl protecting group was initially used.' In
some model containing amide linkages, the tosyl deprotection represents a crucial step because the removal
agents can induce side reactions. For these reasons, the ferfiobutyloxycarbonyl group (Boc) has been recently
used in the cyclam series.” The preparation of various di-protected cyclams by the Boc group, their NMR
characterization and the application of the 1,8-diboc cyclam in the synthesis of bridged biscyclams have been
reported.z’3 Such derivatives are potential anti-HIV agents; >6 they could also provide an effective means for
labelling antibodies in order to produce radioimmunodiagnostic agcnts,4 Previously
activities were obtained with symmetrical bispolyazamacrocycies. Although the structural feature seems to be
that an aromatic bridge was preferable to an aliphatic one, it could not be predicted whether this latter
condition was applicable to unsymmetrical bispolyazamacrocycles. Here we report the synthesis of a new
unsymmetrical bist‘tr"azamacroc:y e (Figure 1), bearing a terminal carboxylic acid functionalized side-chain.

Figure 1
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The reaction of 1.8 equivalent of di-fert-butyl dicarbonate with 1 equivalent of cyclam 1 can afford a
mixture of various products : tetra-, tri-, di- and monoboc-cyclams (Scheme 1). While the tetra-protected
cyclam was found as traces, the triboc compound 2 was isolated in 24% yield and the more polar compounds
were isolated as a mixture of different products 3, 4 as revealed by TLC. The NMR spectrum of this crude
mixture indicated di-protected cyclams as major components.
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Scheme 1
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In order to identify these products, the mixture was submitted to a condensation reaction with an w-
bromo ester in acetonitrile in the presence of K,CO;. Four functionalized compounds (5, 6, 7 and 8) were
then isolated and clearly identified by NMR 'H COSY experiments. The minor and less polar compounds 5
and 6 corresponding to the N1,N8-diester (trans) and the N1,N11-diester (cis) respectively were characterized
by NMR and Mass Spectrometry. These compounds were obtained in low yields (respectively 3% and 7%)
while the major mono-functionalized products 7 and 8 were obtained in 15% and 65% yields respectively.
The major and most polar compound 8 was identified by NMR (COSY 'H) as the analogue N1,N11-di-Boc-
N4-ester (cis). Diboc functionalized cyclam 8 was converted into the bismacrocycle through a biphasic solvent
system using a mixture of dichloromethane and aqueous bicarbonate solution (v/v) in the presence of 1
equivalent of N-triboc cyclam 2 and 1 equivalent of glutaryl dichloride. In these experimental conditions, three
bismacrocycles could be obtained : the two symmetrical compounds 9 and 11, resulting from the dimerization
of 2 and 8 respectively, and the unsymmetrical desired compound 10. At this stage, flash chromatography did
not allowed us to separate compounds 9, 10 and 11. However, the saponification (NaOH 10M in THF) of the
product mixture led to the corresponding compounds 9, 12, and 13 which were easily purified by flash column
chromatography. The symmetrical analogues 9 and 11 and the unsymmetrical bismacrocycle 12 were fully
characterized by NMR spectroscopy (COSY 'H) and FAB" mass spectrum. Total synthesis is summarized in
Scheme 1. Bismacrocycle 10 was also synthesized through the following sequences (Scheme 2). Starting
from triboc protected cyclam 2, through a Schotten-Baumann like reaction, involving a two phase system
similar to the one previously described in the presence of 1 equivalent of glutaryl dichloride, it is possible to
isolate after basic hydrolysis of mono-adduct 18, the carboxylic acid cyclam derivative 19. This latter
analogue was converted into the bismacrocycle 107 using a second coupling reaction which involved activation
by dicyclohexylcarbodiimide / 1-hydroxybenzotriazole (DCC / HOBt) coupling reagents in the presence of
diboc cyclam 8. Acid hydrolysis (HCl 1M in THF) of the Boc-protected bismacrocycle 9, 10, 12 and 13 led to
the corresponding desired biscyclam N-carboxypentyl analogues 14, 15° and 16. It should be underlined that in
the experimental hydrolysis conditions, besides the Boc deprotection of compound 10, the hydrolysis of the

ethyl ester occurred.

Scheme 2
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i: Glutaryl dichloride, CH;Cl;, NaHCO;aq. ii : NaOH 10M, THF. iii: 8, DCC, HOBt, DIEA. iv: HCl 1M, THF
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In conclusion, the synthesis of a new unsymmetrical bispolyazamacrocycle bearing a carboxylic side-

arm was achieved. Two synthetic pathways using a Schotten-Baumann like reaction were investigated. The
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new analogues were fully characterized through NMR sequences and Mass Spectrometry; they will be tested

on the one hand as possible substrates for labelling antibodies, and on the other hand as anti-HIV candidates.
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