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Abstract—A novel N-nitrosamine of cyclam has been synthesized. The N–N bond lengths values, as determined from the X-ray
crystal structure, fall in the 1.318(2) and 1.320(2) Å range, smaller than the ones expected for the N–N single bond. The N–NO bond
angles are in the 115.0(1)� and 114.8(1)� range. The mNO, mNN, and dN–NO vibrational modes were observed in the infrared spec-
trum at 1454, 1139, and 555 cm�1, respectively. The photolysis of the cyclam(NO)4 compound gives rise to the nitrosyl release
through an heterolytic cleavage of the N–NO bonds, as indicated by the appearance of the mNO+ band at 2228 cm�1 at the expense
of decreasing the mNO, mNN, and dN–NO bands.
� 2005 Elsevier Ltd. All rights reserved.
It has been reported that cyclam (1,4,8,11-tetraazacyclo-
tetradecane) has slight activity against HIV-1 (IC50,
399 lM) and HIV-2 (IC50, 150 lM),1 whereas a series
of cyclam derivatives possess greatly increased anti-
HIV activity.2 For example, the HIV-1 and HIV-2
IC50 values for the N-(4-methylbenzyl)cyclam derivative
are 1.4 and 1.1 lM, respectively.1 Also, the incorpora-
tion of NO in the composition of many molecules is of
interest to study the chemical and enzymatic mecha-
nisms of NO release and the pharmacological aspects
and biomedical applications of these compounds.3

Assuming that these N-nitroso compounds belong to a
class of NO donors by transferring nitrosyl homolyti-
cally or heterolytically to another species,4 we have per-
formed the nitrosylation reaction of the cyclam species
aiming to study the reactivity of a new N-nitrosamine
system toward the release of nitric oxide species. The
N-nitrosamines are generally considered as carcino-
gens,5 although the literature report the vasorelaxant
activity with concomitant stimulation of soluble guan-
ylyl cyclase (sGCs) for some of them.6,7
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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We report here the synthesis, characterization and
X-ray structure of a new N-nitrosamine of cyclam, as
well as a preliminary photoreactivity study toward
NO release.

TheN-(tetranitrosamine)cyclam compound, cyclam(NO)4,
was prepared by the reaction of the nitrosating agent
(HNO2) with cyclam in aqueous solution.8 The elemen-
tal analysis data are consistent with the chemical
formulation C10N8H20O4. Recrystallization of cyclam-
(NO)4 from water solution yielded pale yellow crystals
suitable for single crystal X-ray analysis.9 An ORTEPORTEP

view of the structure10 is shown in Figure 1.

The N–N bond lengths values fall in the 1.318(2) and
1.320(2) Å range, similar to those observed for nitros-
amines in which the NNO moieties are linked to sp3-
hybridized carbon atoms.11–13 These lengths are smaller
than the ones expected for the N–N simple bond12,13

(1.42 Å), as could be expected due to the contribution
of the resonant forms showed in Scheme 1.

The N–O bond lengths fall in the 1.244(2) and
1.246(2) Å range. The N–NO bonds angles are
115.0(1)� and 114.8(1)� and the four CNN angles fall
in the 114.2(1)�–122.5(1)� range. These findings are all
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Figure 1. ORTEP-3 projection of the cyclam(NO)4 compound.
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Scheme 1. Resonant forms of N–NO bonds of N-nitrosamines.
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consistent with those reported in the literature for N-
nitrosamines compounds.11–13

The infrared spectrum (IR) of cyclam(NO)4 displays two
characteristic bands at 1454 and 1139 cm�1 assigned to
the mNO and mNN modes, respectively. The peaks of
mN–H observed in the range 3400–3190 cm�1 in the
spectrum of the cyclam starting material disappear in
the spectrum of cyclam(NO)4. The bent deformation
mode of the N–N–O bonds is observed at 588 cm�1 in
the spectrum of the free N2O, under nitrogen atmo-
sphere.14 In the same conditions this peak is observed
at 555 cm�1 for cyclam(NO)4. In agreement with the for-
mulation proposed here, this peak is not observed in the
spectrum of the cyclam macrocyclic compound.
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Figure 2. Infrared spectra of the cyclam(NO)4 compound dispersed in

KBr as function of the irradiation process under white light.
Upon white light photolysis of the title compound dis-
persed in KBr, the infrared spectra (Fig. 2) showed the
decrease of the mNO, mNN, and dN–NO bands at the ex-
pense of the appearance of a new band at 2228 cm�1, as-
signed to mNO+ stretching mode.15 This indicates that
the cyclam(NO)4 compound under white light photoly-
sis conditions behaves as a nitrosyl donor through an
heterolytic cleavage of N–NO bond, contrary to that is
generally observed for most N-nitrosamines.16,17 It has
been reported that the homolytic cleavage of N–NO
bonds is thermodynamically more favorable than the
heterolytic cleavage by 23.6–44.9 kcal/mol,4,16 suggest-
ing that the N–NO bonds would much favor generating
NO� rather than NO+ (Scheme 2).

As generally observed for N-nitrosamines,18 the elec-
tronic spectrum of the cyclam(NO)4 compound in
dichloromethane showed two absorptions at 365 nm
(e = 2.76 · 102 M�1 cm�1) and 238 nm (e = 2.33 · 104
M�1 cm�1), corresponding to the n! p* and p ! p*
transitions, respectively.

The mass spectrum19 of cyclam(NO)4 is displayed in
Figure 3. The molecular ion is observed at m/z 317 as ex-
pected for the proposed structure of the compound.
Although the molecular ion of cyclam(NO)4 gives a
mass of 317 we found in the APCI mode four additional
peaks at m/z 286, 257, 226, and 197. A subsequent loss
of one, two, three, and four NO molecules, would
account for the observation of these peaks. The series
of steps that involve stepwise loss of NO from the origi-
nal species is presented in Scheme 3.

The data collected in this work suggest that the cyclam-
(NO)4 is a potential NO-donor compound under white
light photolysis conditions.
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Figure 3. Mass spectrum of the cyclam(NO)4 compound.
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Scheme 2. Homolytic and heterolytic cleavage modes for N–NO bond.
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Scheme 3. Pictorial steps for the stepwise loss of NO from the cyclam(NO)4 compound.
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