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Abstract

N-Nitrosamines can be considered as potential NO/H@nors. Previous studies demonstrated that arorNatic
nitrosoureas and aromatienitrosamines can act as donors of NO. The relation of the structudesidfosamines,
in particular of aliphatidN-nitrosamines, to the characteristics of release and capture of NO or its redox forms
remains unclear. In this paper we show that aliphitigitrosamines of 7-azabicyclo[2.2.1]heptanes can undergo
N-NO bond cleavage, and we also postulate Maitrosamines which enhance N—NO bond cleavage have low
rotational barriers with respect to the N-NO bonds. © 2000 Elsevier Science Ltd. All rights reserved.
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Nitric oxide (NO) has diverse roles in regulating many important physiological functions in a wide
range of target tissué< Nitrosonium ion (NO), a redox form of NO, is proposed to be involved in the
formation of S-nitrosothiols ands-nitrosoproteins in plasma which can give N®The phenomena of
NO/NO* release and NO/NOcapture are of interest, not least because NO/M@nors are candidate
drugs for vascular tone regulation in endothelfdrhand for modulation of the activity of the central
and peripheral nervous systeR?S N-Nitrosamines can be considered as potential NO/N@nors®
although some of these compounds are known to be carcinogens and mitadg@msvious studies
demonstrated that aromafiénitrosoureas and aromati-nitrosamines can act as donors of K4
Although many structural studies df-nitrosamines, including crystallographic analysid NMR
studied®1"have been reported, the relation of the structured-nitrosamines, in particular of aliphatic
N-nitrosamines, to the characteristics of release and capture of NO or its redox forms remains unclear.
The aims of this paper are: (1) to show that aliph&knitrosamines of 7-azabicyclo[2.2.1]heptanes can
undergo N-NO bond cleavage; and (2) to propose structural featufdsnibfosamines that enhance
N-NO bond cleavage.
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We prepared a range of monocyclic aliphatlmitrosamines and also bicyclig-nitrosamines, i.e.
N-nitroso derivatives of 7-azabicyclo[2.2.1]heptanes, in order to assess the effect of the additional
bridging in these structures (Scheméd$tructually related aromath-nitrosamines were also prepared
as reference compounds (Scheme 1).
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Scheme 1. Aliphatic and aromatienitrosamines in this study

N-Nitroso compounds are known to take planar structures, because the rotational barriers of the N-NO
bond are evaluated to be of similar magnitude to those of amMid€<°This can be understood in terms
of the resonance structures (Scheme 2), which represent the partial double bond character of the N-N(O)
bond, in a similar manner to the N—C(O) bond in amides. Rotational barriers in solution, the free energy of
activation ( G¢*), of theN-nitrosamines can be evaluated from the slow exchange peak separatjon (
and the coalescence temperat(ifg of the protons adjacent to the amino group in tHENMR spectra
(Table 1)1>-17The values ( G¢*) of the N-nitroso derivatives of 7-azabicyclo[2.2.1]heptangs2(and
3) are apparently smaller than those of the monocyclic five-memiérgttosaminesi0and11). This
result suggests a reduction of the resonance contribution of the N-NO bond, depicted in Scheme 2, in the
N-nitroso derivatives of the 7-azabicyclo[2.2.1]heptane motif. The rotational barriers of the isoiréloline
and other monocyclidl-nitrosamines§ and12-14) are also estimated to be more than 20-21 kcal/mol.
The rotational barrier oN-nitrosoazetidin® is comparable to those of five-membered ring systelfis (
and11), the value being consistent with the previous result (20.5 kcal/fAdlhe dibenzo derivativegl
5, 6 and7) also have small rotational barriers (Table 1), suggesting a reduction of the resonance in the
N-NO bond (Scheme 2¥.

N-Nitrosamines can produce NO through a homolytic cleavage of the N-NO bond, and also can form
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Scheme 2. Resonance models of planar nitrogen of amided-aitdosamines

Table 1
Rotational barriers di-nitrosamines

compound solvent @ Tc (°C) b AGci(kcaI/mol) ¢
1 A 71.2 16.6
2 B 36.9 15.1
3 B 53.6 15.8
4 B 52.7 16.0
5 B 47.2 15.4
6 B 36.1 14.6
7 A 37.2 14.74d
8 C >170.4 ¢ >20.6
9 C 158.0 20.1
10 C 157.2 21.5
11 C >170.1¢ >20.6
12 C >170.1¢ >21.1
13 C >170.0¢ >20.6
14 C >170.1 ¢ >20.8

a) A: CDCI2CDCly; B: CDCl3; C: CgD5NO».

b) Errors: £ 1.0 °C. Temperatures were calibrated by means
of a standard method.24

¢) Rotational barriers (AG¢¥) were obtained on the basis of the
difference in chemical shifts of the two bridgehead proton signals
and the coalescence temperature in proton NMR spectroscopy.
Errors: + 0.3 kcal/mol.

d) In solvent B; T¢ : 37.9 °C; AG¢¥ : 14.6 keal/mol.

¢) The maximum measurable with the apparatus.

NO* through a heterolytic cleavage of the relevant b&hRelease of NO or NOfrom N-nitrosamines

in solution can be detected with the Griess methotihe visible absorption at 595 nm of the resultant

red dye, formed upon a diazo coupling of the Griess reagents, allows evaluation of the amount of the
relevant species (NO or NQformed by cleavage of the N-NO bonds of tRenitrosamines (Fig. 1).
Although the monocyclic aliphati®l-nitrosamines with five&, 10 and 11), six (12), seven {3) and

eight 14)-membered rings, and even the four-membéadtrosoazetidineq), are practically negative

in the Griess assay, thé-nitroso derivatives 3, 3, 4, 5, 6 and 7) of the 7-azabicyclo[2.2.1]heptane
motif are positive (weakly positive in the case Df Some of these bicyclic derivatives are superior

to the aromatid\-nitrosamines 15 and 16) and authentic NO donors (NOC12, NOC18 and SNAP)
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(Fig. 1). The present results strongly suggest that the low rotational barriers of the N-NO bond of the
aliphatic N-nitrosamines, which reflect decreadéahitroso resonance, are related to the facile N-NO
bond cleavagé?
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Fig. 1. Griess assay results, reflecting the ease of N-NO bond cleavageNshittresamines. After 5 h at 37%€

In the Griess assay which reflects the ease of N-NO bond cleavage, the fused benzo group
and the electron-withdrawing groups, such as an aromatic nitro group, the ester groups and the
N-phenylimido group, seem to encourage N-NO bond cleavage oNthigroso derivatives of the
7-azabicyclo[2.2.1]heptanes (in Fig.2,:3>1; 5, 6, 7>4).21

In summary, the N-NO bond of aliphati¢-nitroso derivatives of 7-azabicyclo[2.2.1]heptanes tends
to be weak. The generality of these structural featuréé-oitrosamines of 7-azabicyclo[2.2.1]heptanes,
the relevant structural origins of the facile N-NO bond cleavage, and the detection of the species formed
by N-NO bond cleavage are under investigafon.
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