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ESR Spin-Trapping Study of the Thermal
Decomposition of N-Pivaloxyacetanilides in Benzene

Summary: Spin-trapping results favor a mechanism in-
volving homolytic cleavage of the N-O bond for the
thermal decomposition in benzene of N-pivaloxyacet-
anilides, which are models for carcinogenic metabolites of
aromatic amides.

Sir: Sulfuric and carboxylic acid esters of N-hydroxy-N-
arylacetamides are important carcinogenic metabolites
derived from polycyclic N-arylacetamides including N-
acetyl-2-aminofluorene.’? Although dismutation reactions
of nitroxyl radicals may be involved in the formation of
some of these compounds in vivo,? it is widely assumed that
the sulfate or carboxylate esters react with DNA bases
through the intermediacy of an aromatic nitrenium ion
formed by heterolysis of the N-~O bond.'* However,
available data indicate that the bond dissociation energy
for the N-O bond in such compounds is in the range of
30-50 keal/mol.> These species should therefore be
subject to homolytic N-O bond cleavage to produce radical
intermediates. It is of interest to note that many of these
sulfate and carboxylate esters attack guanosine at C-8,1*
a position more commonly attacked by radical rather than
cationic species.® We have now obtained spin-trapping’
results involving ring-substituted N-pivaloxyacetanilides
1a—c® which indicate that these compounds do undergo
homolytic cleavage in benzene solution.
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When either 0.02 M solutions of 1a—¢ or 0.1 M solutions
of C-phenyl-N-tert-butylnitrone (PBN)® in degassed

(1) Several recent reviews include: Miller, J. A. Cancer Res. 1970, 30,
559-576. Kriek, E. Biochim. Biophys. Acta 1974, 355, 177-203. Miller,
E. C. Cancer Res. 1978, 38, 1479-1496. Miller, E. C.; Miller, J. A. Cancer
1981, 47, 2327-2345.
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ham, P. H.; Matsushima, T.; Weisburger, E. K. Ibid. 1972, 32, 491-500.
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35, 1416-1421. Scribner, J. D. J. Org. Chem. 1976, 41, 3820-3823. Ford,
G. P.; Scribner, J. D. J. Am. Chem. Soc. 1981, 103, 4281-4291, Toshiharu,
0.; Shudo, K.; Okamoto, T. Tetrahedron Lett. 1978, 1983-1986.

(5) The bond dissociation energy of the N-O bond of hydroxylamine
has been calculated to be 61 kcal/mol based on heat of formation and
vaporization data (Beck, R. A.; Betts, J. Can. J. Chem. 1965, 43,
2157-2161). This value is comparable to the more accurately determined
bond dissociation energies of hydrazine (56 kcal/mol) and hydrogen
peroxide (52 kcal/mol) (Kerr, J. A. Chem. Rev. 1966, 66, 415-500).
Substitution of a phenyl group for hydrogen in hydrazine lowers the bond
dissociation energy of the N-N bond to 40 kcal/mol, and acyl derivatives
of hydrogen peroxide such as acetyl peroxide have even lower bond dis-
sociation energies (ca. 30 kcal/mol) (Kerr, J. A. Ibid. 19686, 66, 415-500).

(6) (a) Lawley, P. D. In “Chemical Carcinogens™; ACS Monograph No.
173. Searle, C. E., Ed.; American Chemical Society: Washington, DC,
1976; pp 83-244. (b) Magee, P. N.; Montesano, R.; Preussman, R. ref 6a,
pp 496-625. (c) Zady, M. F.; Wong, J. L. J. Am. Chem. Soc. 1977, 99,
5096-5101.

(7) Janzen, E. G. Acc. Chem. Res. 1971, 4, 31-40. Perkins, M. J. Adv.
Phys. Org. Chem,. 1980, 17, 1-64.

(8) Details of the synthesis and characterization of la—c are available;
see supplementary material section.

benzene were heated separately in an ESR cavity at tem-
peratures as high as 110 °C, no resonance could be de-
tected. However, when la—¢ and PBN were incubated
together at 90 £ 2 °C, signals from three different radical
species grew in rapidly over a period of 10~-15 min and
remained at a steady state for at least several hours.l® The
observed signals and the structures assigned to the cor-
responding radicals are as follows: (a) a simple triplet (2);
(b) an 18-line spectrum (3); and (c) a triplet of doublets
(4). (Structural assignments are justified below.) Table
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I provides a compilation of hyperfine splitting constants,
g values, and line widths measured from the spectral data.
At higher temperatures (110 °C) and longer incubation
times, a fourth signal, a triplet of doublets with hfsc’s of
14.6 = 0.5 G and 2.3 £ 0.2 G, appeared and became a
predominant part of the observed spectrum. Spectra ob-
tained at 90 °C could be adequately computer simulated?!!
by assuming that only the three previously mentioned
radicals contributed to the observed signals. Simulations
were performed by using hfsc’s, g values, and line widths
measured directly from the spectra. Only the relative
contributions of the three radicals to the observed signal
were varied to obtain a fit. Table II summarizes the

(9) PBN was obtained from Aldrich. Identical results were obtained
from samples of PBN used without further purification and from samples
recrystallized from petroleum ether (mp 75-76 °C). Experiments with
nitroso spin traps were also attempted, but under the conditions used for
these experiments nitroso compounds rapidly decompose to yield nitr-
oxide radicals, the ESR signals of which obscure any other signals.

(10) All solutions used in this study were prepared under a N, atmo-
sphere in a Vacuum Atmospheres HE-43 glovebox equipped with an
HE-495 O, scrubber. Typically solutions were prepared in the ESR tubes
by mixzing 12 uL of a 0.50 M CH4CN solution of the pivalate with 300 uL
of benzene containing 0.1 M PBN. The tubes were then sealed with
neoprene septum caps before being removed from the glovebox. CH,CN
was purified by stirring over CaH, overnight and distilling from P,0; at
a high reflux ratio. The first and last 10% of distillate were discarded.
The remaining distillate was again stirred over CaH, overnight, filtered,
and redistilled at a high reflux ratio with the first and last 10% of dis-
tillate being discarded. Benzene was washed with concentrated H,SO,,
followed by 10% NaOH, and finally by deionized water until the washings
had a neutral pH. The benzene was then stirred over P,0; overnight,
filtered, and distilled at a high reflux ratio. The first and last 10% of
distillate were discarded. Both solvents were degassed by a minimum of
four freeze—evacuate-thaw cycles before being introduced into the
glovebox where all subsequent solutions were prepared. Solutions pre-
pared for ESR were protected from light to minimize the possibility of
photochemical reactions. A Varian E-9 ESR equipped with a V-4540
variable temperature controller was used to record the spectra. The
temperature controller was calibrated daily. The klystron frequency was
monitored by a Hewlett-Packard 52451 frequency counter, and the
magnetic field was measured by a Magnion G-502 gaussmeter.

(11) The simulation program was extensively modified by Dr. Fred-
erick T. Greenaway of this department from an original version due to
Lefebvere and Maurani: (Lefebvre, R.; Maruani, J. J. Chem. Phys. 1965,
42, 1480-1496).
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Table I. Splitting Constants, g Values, and Line Widths (LW) for Radicals Observed in the Spin-Trapping Study of the
Decomposition of Pivalates 1a-c

radical ayNO b G Agf b G AP b G g€ Lw,4 G
2 8.0 = 0.05 2.0064 0.46
3 14.4: 0.1 3.91 + 0.05 1.54 = 0.05 2.0056 0.68
4 13.26 + 0.05 1.68: 0.05 2.0060 0.59

2 All spectra were measured in benzene solution at 90 + 2 °C. Within experimental error, the substituent X had no
effect on the measured parameters for 3 and 4. ? Reported with estimated limit of error. ¢ sd = :0.0001, ¢ Estimated

limit of error = £ 0.05 G.
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Figure 1. Observed and simulated ESR spectra for compounds
1b and lc¢: A, observed spectrum for 1b; B, simulated spectrum
for 1b; C, observed spectrum for le; D, simulated spectrum for
lﬁ. Vertical scales for observed and simulated spectra are not
the same.

contribution of each radical to the observed spectrum as
determined by simulations performed for each of the esters
la—c at 90 °C. Figure 1 compares observed and simulated
spectra for esters 1b and le.

The radical giving rise to the simple triplet has been
encountered previously in a number of studies involving

Table II. Relative Yields of the Three Radical Species as
Determined by Simulation

ester %2 %3¢ %49
la 53 10 37
1b 24 44 32
1c 8 86 6

¢ The limit of error for these values is estimated to be
+5% on the basis of the simulation results.

PBN and has been identified as benzoyl tert-butyl nitr-
oxide (2).1213 We have identified the radical responsible
for the 18-line spectrum as the spin adduct 3, which results
from trapping of the anilido radical 5 by PBN. To our
knowledge this is the first published example of the
trapping of an amidyl radical by PBN. There have been
several reports of spin trapping of amino radicals by ni-
trones including PBN.!1% Coupling constants observed
for these species are comparable to those observed for 3.
To confirm the identify of 3, N-bromoacetanilide was
prepared!® and subjected to photolytic decomposition in
benzene in the presence of PBN. The ESR spectrum
observed at 90 °C was an 18-line spectrum identical with
that observed in experiments with la-¢. Within experi-
mental error the substituent X has no effect on the g values
and coupling constants measured for 3. This same result
has previously been observed in a spin-trapping study of
acetanilido radicals with nitrosobenzene.!?

Coupling constants observed for the triplet of doublets
are consistent with an acyloxy spin adduct.’? However,
we do not believe that this species could be the pivaloxy
adduct of PBN since it can also be generated during the
thermal decomposition of N-bromoacetanilide in the
presence of PBN. We have tentatively identified this
species as the N-arylacetamido spin adduct 4. If 4 is
correctly identified, then the relative yields of 3 and 4
observed for the three esters (Table II) are consistent with
the expected effects of the ring substituents on the relative
stabilities of the two canonical forms of the amidyl radical,
5a and 5b. We have made no attempt to identify the
fourth radical produced at higher temperatures.
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(14) Aurich, H. G.; Suresh, K. D.; Héhlein, P.; Klingelhéfer, H.-G.
Chem. Ber. 1981, 114, 2431-2439.
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T. M. Biochem. Biophys. Res. Commun. 1983, 114, 168~174.
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(17) Chalfont, G. R.; Perkins, M. J. J. Am. Chem. Soc. 1967, 89,
3054-3055.
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The presence of 3 and 4 is most easily explained by
homolytic cleavage of the N—-O bond of the ester. It has
been pointed out previously that an alternative pathway
for the production of any radical in the presence of PBN
is nucleophilic attack by an anion on the nitrone followed
by oxidation of the resulting adduct.!® This is not a very
likely pathway in this case since heterolytic cleavage of the
N--O bond would lead to a nitrenium ion, not an amidyl
anion.

Benzoyl tert-butyl nitroxide (2) is generally formed
under conditions in which an oxidizing reagent is pres-
ent.!2® There is considerable evidence that nitrenium ions
can oxidize such species as I and other soft bases.!® It
may be that the presence of 2 indicates that heterolytic
N-0 bond cleavage is competing with the homolytic pro-
cess. The relative yield of 2 changes with the substituent
X in a manner that is consistent with this hypothesis.

We have not yet characterized the products of the de-
composition of la-¢ in benzene. However in aqueous
solution they decompose predominantly to give O-pival-
oxyacetanilides 6. N-(benzoyloxy)benzanilide decomposes

Ac—NH (|)
o—tcic Haly

X

6

when heated in decalin, nitrobenzene, and DMF to yield
the analogous O-(benzoyloxy)benzanilide and other prod-
ucts such as benzanilide and N-benzoyl-4-aminobiphenyl,
which are best explained by radical reaction processes.®

Our results provide support for a mechanism involving
homolytic N-O bond cleavage for the recently reported
cross-linking of DNA and protein mediated by N-acet-
oxy-N-acetyl-2-aminofluorene, a reaction that is sensitive
to the presence of radical traps.?® Other reactions of the
carcinogenic esters, including attack at C-8 of guanosine,
may proceed via radical pathways also.

We are expanding our studies of the radical reactions
of these esters with an emphasis on exploring the viability
of such reactions in more polar solvents.
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Metal-Halogen Exchange-Initiated Intramolecular
Conjugate Addition Reactions of Unsaturated Esters

Summary: Intramolecular conjugate addition reactions
of internal unstabilized nucleophilic centers formed
through rapid lithium-halogen exchange reactions have
been used to generate carbocycles from w-iodo-«,8-un-
saturated esters.

Sir: There has been much recent interest in carbocycle
synthesis via both intramolecular radical cyclizations® and
intramolecular Michael addition reactions of stabilized
carbanionic centers.2 We now describe cyclization reac-
tions of w-iodo-a,8-unsaturated esters 1, which presumably
proceed through highly unstabilized nucleophilic inter-
mediates 2 formed by rapid lithium-halogen exchange.
While there are several examples of extremely rapid ex-
change reactions with cyclopropyl® and aryl halides,* little
is known about the relative rates of such reactions at
saturated centers.’® We have found that such exchange
reactions are in some cases rapid enough to permit the
formation of unstabilized nucleophilic centers in the
presence of Michael acceptors with which they may sub-
sequently undergo direct intramolecular addition reac-
tions.® Results of cyclizations of the type depicted in eq
1 are shown in Table L.
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