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Aromatic amides represent a major class of carcinogenic
substances.! In vivo N-hydroxylation followed by ester-
ification? produces reactive species which alter cellular
macromolecules including DNA.3 N-Acetoxy-N-acetyl-
2-aminofluorene (1) is representative of this class of
carcinogens and is the object of a large number of biological
and chemical studies.2¢ Although the fine details of the
reaction are still under active investigation, it is generally
accepted that the primary event in carcinogenesis is
covalent binding to guanine residues in DNA involving
the intermediacy of a nitrenium ion species® generated by
heterolytic N-O bond cleavage in 1. Homolytic cleavage

JOAc =< H
RO TR
5
o.
Ac

GO-E GO,

has also been considered leading to radicals®® which may
intervene at different levels, including lipids alteration,
DNA-protein cross linking, or DNA modification. For-
mation of radical species derived from model N-pivaloxy-
acetanilides has indeed been reported.” In order to mimic
the reaction of the carcinogen intercalated in DNA and
to obtain an insight into the mechanism which leads to
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binding of the carcinogen 1 to the guanine ring at position
C-8, we have previously prepared the model compounds
2, We have reported that 2a reacts in water through the
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intermediacy of a nitrenium ion to give essentially the
arylamidation product 8 and that all kinetic and products
data can be interpreted in terms of a major influence of
intramolecular hydrophobic guanine—fluorene ring-ring
stacking interactions.? In non-nucleophilic solvents, how-
ever (dichloromethane, acetonitrile, or benzene), products
2rearrange to their ortho isomers 4° as 1 gives isomers 5.1
We have now searched for possible homolytic behavior of
the metabolite 1 and of the corresponding models 2. We
describe here the generation and identification of the
amidyl radical 6 by ESR spin trapping experiments.l!
When 10-2M solutions of N-acetoxy-N-acetyl-2-ami-
nofluorene (1) in water or in acetonitrile were heated in
an ESR cavity at 70 °C, or in dichloromethane at 40 °C,
no resonance could be detected. When heating was
performed in benzene at 70 °C, ESR signals appeared
which remained at a steady state for at least two h at 70
°C. The spectrum (Figure 1A) shows a triplet due to
coupling with nitrogen (ay = 6.7 G ; Lande factor g =
2.0065 £ 0.0002). However whenl was heated in degassed
benzene, the ESR signal was very weak and each line of
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Figure 1. A: Observed ESR spectrum for 1 in benzene. B:
Observed ESR spectrum for 2b with PBN in degassed benzene
at70°C.C: Simulated spectrumfor8.DD: Observed ESR spectrum
for 2b with PBN in degassed benzene at 20 °C.
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the triplet gave also a triplet with an additional splitting
ay =1.5G £ 0.1 G. Either structure 6 or 7 can be ascribed
to this radical. The same spectrum was observed when
model compounds 2b and 2¢!! were heated in identical
conditions in degassed benzene (10-2M, 70 °C), but in this
case the intensity of the signals was much higher. More-
over the spectrum is also observed when 2b and 2c¢ are
heated in dichloromethane solution at 40 °C (triplet with
hfec of 7.0 G which is slightly larger than that observed
in benzene as a result of solvent polarity increase). The
same weak signals were also detected when 2a was heated
inwater and acetonitrile at 70 °C. The nitroxide structure
7 was assigned to this radical formed from 1 and 2 as
follows: using the method developed by Forrester,!2 a
solution of N-acetyl-N-hydroxy-2-aminofluorene in ben-
zene was oxidized in the ESR cavity with silver oxide or
lead tetraacetate to give the corresponding nitroxide 7.13
The ESR spectrum was identical to that generated by
thermolysis of 1 and 2. The calculated Lande g factor

Notes

2.0065 £ 0.0002 corresponds to a nitroxide radical. A
smaller value is expected for an acylamino radical (g =
2.004).14

Radical trapping experiments were also performed.
When a solution of 2b (10-2M) and C-phenyl-N-tert-butyl
nitrone (PBN) in degassed benzene was heated, ESR
signals corresponding to a mixture of the two radicals 8
and 9 were observed (structure assignments are justified
below). Due to the difference of stability of those two
species, the ESR spectrum of each species could be
obtained by varying the temperature.
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At 70 °C the signals observed remained constant for
several hours, corresponding essentially to the major
species 8 (Figure 1B). The 15-line spectrum could be
adequately computer simulated (one nitrogen atom with
ay, = 13.0 £ 0.1 G, one proton with ey = 3.1 £ 0.1 G, and
one nitrogen atom with an, = 1.5 £ 0.1 G, Figure 1C). In
the three groups of lines, the intensities of the second and
fourth lines were higher in the experimental spectrum than
in the computed spectrum. This was due to the pertur-
bation caused by the minor radical species 9 present in
solution. The presence of 9 is also responsible for the
nonsymmetrical aspect of the experimental spectrum 1B.

The second species 9 could be observed at 20 °C after
rapid heating of the solution of 2b in benzene and cooling
to 20 °C (Figure 1D). The spectrum appeared as a triplet
ofdoublets (an=13.6+0.1G;axg =2.2+ 0.1 G). Asimilar
behavior was observed for N-acetoxy-N-acetyl-2-amino-
fluorene 1 when heated in degassed benzene solutions.
The identical 15-line spectrum assigned to radical 8 was
observed as previously. A triplet of doublets was equally
observed with hfccan =13 201 G, ag =2 £ 01 G
corresponding to species 10.

These trapping experiment results are consistent with
the radical structures as indicated. The same spin adduct
8 is obtained from both compounds 1 and 2b. The
simulated spectrum which correctly fits the experimental
data indicates in particular the existence of a coupling
with nitrogen ay, This is clear evidence that a species of
type RN*R/, such as the amidyl 6, has been trapped. In
addition this spectrum is very close to that described by
Novak et al.” obtained in thermolysis of N-pivaloxy-
acetanilides (structure 11: ay, = 14.4 G; ag = 3.9 G; an,
=1.5G). Structures9and 10 corresponding to the trapping
of acyloxy radicals are assigned to the second spin adducts
that appear as a triplet of doublets. The characteristics
of 10 are identical to those reported for this species by
Jantzen in the PBN trapping of the acetoxy radical
generated in benzene by photolysis of triethyllead acetate
and lead tetraacetate.l®
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Notes

As a conclusion these results show that thermolysis of
N-acetoxy-N-acetyl-2-aminofluorene (1) and of the cor-
responding model compound 2 leads to homolytic cleavage
of the fragile N-O bond yielding the corresponding two
radicals, the amidyl 6 and the acyloxy species which are
trapped to give the spin adducts 10 and 9. However the
spectrum of the nitroxide radical 7 is observed when
thermolysis is conducted in the absence of the spin trap,
while no signal corresponding to the amidyl 6 and acyloxy
species can be detected. T'wo possible explanations for
this latter observation can be formulated. (1) Either
thermolysis of 1 and 2 leads exclusively to N-O cleavage
giving the amidyl 6 and the acyloxy radicals which are not
observed due to their short life time. A fraction of the
amidyl species 6 is oxidized by the traces of oxygen always
present even in carefully degassed solution (see Experi-
mental Section) to give the stable nitroxide radical 7 which
is observed. Amido radicals are well known for their
propensity to be oxidized to the corresponding nitrox-
ide.1418 (2) Or N-O cleavage occurs as a very major
pathway leading to the amidyl radical 6, while a very small
fraction undergoes O-C fission. The traces of nitroxide
7 resulting from the latter process are seen in the ESR,
while the corresponding PBN adduct cannot be detected.!’
These interpretations are in agreement with the results
obtained by Stermitz and al.!6 who observed formation of
the amidyl radical accompanied by minor formation of
the nitroxide during photolysis of triacylhydroxylamines.
The very major if not exclusive homolytic N-O cleavage
is good mechanistic support for the observation that
thermolysis of N-acetoxy-N-acetyl-2-aminofluorene (1)
and of model compounds 2b and 2c¢ in benzene and in
dichloromethane yields the corresponding rearranged
products.®
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It should also be noted that an identical behavior is
observed for the carcinogen 1 and its models 2.1# No
intramolecular reaction occurs involving the guanine
residue in the case of 2. In particular no product is formed
corresponding to attack at C-8, a position which is well
recognized for its radical reactivity.l® This is in strong
contrast to solvolysis of 2 in water where hydrophobic
fluorene—guanine interactions control the arylamidation
of the guanine ring giving 3.

Experimental Section

ESR spectra were typically obtained at 10-*~10-2 M concen-
trations. Model 2a is soluble in Hy0 (10-3-10-2 M) and in CH,-
CN and CH;Cl; (10-2 M). Compound 2b is insoluble in H;0 at
103 M concentration and soluble in C¢Hg, CHsCN, or CH3Cl,.
Product 2¢ is insoluble in H;0 and soluble in a mixture of Me,-
CO-H;0 (60/40) and in CgHg at 10-2 M.

All solvents were of reagent grade quality and were used after
distillation and drying on molecular sieves. All the ESR
experiments were controlled by HPLC using authentic samples,
as previously described.®® Degassed benzene samples were
obtained through four freeze-thaw cycles at reduced pressure
followed by sealing of the ESR tubes.

Model compounds 2 and their isomers 4 have been described
and characterized in previous papers.3? N-Acetoxy-N-acetyl-
2-aminofluorene (1) and the corresponding rearranged products
have been reported by M. A. Ioro et al.2®
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