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ABSTRACT

The identification of the species observed by EPR spectroscopy in the SmI2-promoted coupling of N-(N′,N′-dialkylaminoalkyl)benzotriazoles as
substituted benzyl radicals is disputed on the basis of results obtained studying the model radical derived from tribenzylamine.

Organic free radicals and radical ions are in most cases very
labile transient species, often difficult to reveal and charac-
terize. EPR spectroscopy is by far the technique of choice
for studying these species: indeed, it represents a very
sensitive tool for their detection while the spectral parameters
of the detected radicals may provide a unique route to their
identification, the hyperfine splitting (hfs) constants and
g-factor being a sort of fingerprint of these species.1

On the other hand, intercepting radical species in the
course of chemical processes is often made difficult by the
fact that these species hardly reach a steady-state concentra-
tion high enough to allow a direct EPR detection. To
overcome this impasse the spin trapping technique was
devised some 30 years ago,2 which consists of adding to the
system under examination a small amount of a substance
capable of readily reacting with the transient radicals thus
converting them to spin adducts characterized by a higher
persistence and therefore easier to detect. Although this
technique only provides a “second-hand” information of the
investigated radicals, it has nevertheless proved very useful
and has been largely exploited by EPR spectroscopists since
its introduction.3,4

When investigating radical processes through EPR spec-
troscopy, the utmost care must be exerted in the interpretation
of the spectral parameters, a clear-cut identification of the
paramagnetic species detected being essential in deriving a
correct reaction mechanism. A significant example of the
ambiguity that may arise is provided by the case of the
phenyldiazotate radical, Ph-NdN-O‚;5 in fact, back in the
late 1960s this species was initially postulated, subsequently
refuted, and eventually proved as a key intermediate in the
phenylation with aromatic diazo compounds mainly on the
basis of the spectra detected when running the reaction inside
the cavity of an EPR spectrometer.

A paper recently published in this journal6 reported on
the direct as well as indirect (spin trapping) EPR detection
and characterization of radicals in the SmI2 promoted
coupling ofN-(N′,N′-dialkylaminoalkyl)benzotriazoles. The
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radicals involved were in all cases identified asR-dialkyl-
amino benzyl radicals having the general structureA.

It occurred to us that both the EPR spectrum shown in
the paper and attributed to radicalB as well as the very low
g-factor values (2.0007-2.0009) reported for that and the
other detected species were totally inconsistent with the
proposedR-dialkylaminobenzyl radicalsA. Actually the vast
majority of organic radicals haveg-factor values equal to or
larger than that of the free electron, i.e., 2.0023.7 Only
σ-radicals such as acyl, thioacyl, or vinyl radicals exhibit
values lower than that of the unpaired electron, in a few cases
as low as 2.0006.8 Benzyl radicals areπ species where, in
the absence of unfavorable steric situations, the unpaired
electron is delocalized onto the aromatic ring. They have
g-factorsg 2.0023, the values becoming even larger when
sulfur-, oxygen-, or nitrogen-centered substituents are linked
to the radical center.9 Besides, in addition to couplings with
the aromatic hydrogen atoms, their spectra exhibit in all cases
a doublet splitting of ca. 1.3-1.7 mT due to theR-hydrogen
atom; thus, even under high modulation conditions, the
spectra of radicalsA cannot consist of a single line narrower
than 1 mT. To verify this point we photolyzed inside the
cavity of an EPR spectrometer an argon-purged benzene
solution of tribenzylamine containing a small amount of di-
tert-butyl peroxide. The photogeneratedtert-BuO‚ radicals
abstract one of the six equivalent methylenic hydrogen atoms
affording radicalC, which exhibits a very weak and rather
complex spectrum that has ag-factor of 2.0031, and whose
overall splitting largely exceeds 3.0 mT (see Figure 1).

Despite the poor S/N ratio, the spectral pattern could be
rationalized by assuming coupling of the unpaired electron
with two ortho (aHo ) 0.525, 0.586 mT), twometa(aHm )

0.14, 0.159 mT), onepara (aHp ) 0.742 mT), and oneR
(aHR ) 1.709 mT) hydrogen atoms, the magnetic unequiva-
lence of the twometaandortho hydrogen atoms resulting
from restricted rotation of the phenyl ring about the phenyl-
CR bond. This set of parameters is fully consistent with those
of severalR-substituted benzyl radicals. In our opinion, the
single line signals withg-factors 2.0007-2.0009 erroneously
assigned5 to the benzyl radicals are more likely to be due to
a samarium-centered paramagnetic species of some sort. We
could not find in the literature any spectral data for samarium
radicals, but found that theg-factor values of the two radicals
‚YbH and‚YbF centered at ytterbium, an element that like
Samarium belongs to the lanthanide family, hadg-factors
of 2.0000 and 1.9997, respectively,10 i.e., very low values
similar to those reported in ref 5.

Photolysis of a sample to which a small amount of the
spin trap 2-methyl-2-nitrosopropane (MNP) had been added11

led to the spectrum shown in Figure 2a, which is dominated
by the signals from two radicals: the di-tert-butyl nitroxide
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Figure 2. EPR spectra observed upon photolysis of a benzene
solution of (PhCH2)3N, (CH3)3COOC(CH3)3, and MNP. Signals
derive from di-tert-butyl nitroxide ([), nitroxide D (/), and tert-
butyl tert-butoxy nitroxide (#). (a) Spectrum after a flash of light.
(b) Spectrum evidencing13C satellites (4) of lines ([). Spectrum
after prolonged photolysis.

Figure 1. EPR spectra observed upon photolysis of a benzene
solution of (PhCH2)3N and di-tert-butyl peroxide at 278 K (32
scans).
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(1:1:1 triplet,aN ) 1.545 mT,g ) 2.00595), always present
in MNP solutions but whose amount decreases upon
continuous UV irradiation, and thetert-butoxy tert-butyl
nitroxide (1:1:1 triplet,aN ) 2.717 mT, g ) 2.00541)
resulting from addition of photogeneratedtert-BuO‚ radicals
to MNP. Upon prolonged irradiation a third species (1:1:1
triplets of 1:1 doublet,aN ) 1.397 mT,aH ) 0.441 mT,g )
2.00597) became dominant (see Figure 2c).

We identify this last radical, whose amount increases in
time with respect to the other two species, with the spin
adductD resulting from the trapping of radicalC by MNP.

In this light we believe that the spectrum shown in Figure
2 in ref 5 cannot be due to the superimposition of the spectra
of D andt-Bu2N(O‚), but is instead that of the latter nitroxide
alone, the small doublets being the satellites due to the13C-
isotopes of the eight carbon atoms of the two butyl groups
(a13Câ ) 0.495 mT,a13Cγ ) 0.45 mT),12 as evidenced in
Figure 2b.

Before concluding we wish to stress that it is not our
intention to dispute the proposed radical mechanism in the

SmI2-promoted reductive coupling ofN-(N′,N′-dialkylami-
noalkyl)benzotriazoles, and that the present results do not
actually exclude it. On the other hand, despite the fact that
the probable detection of a samarium radical supports the
occurrence of the hypothesized SET reaction,5 the previous
EPR investigation does not provide any evidence of the
involvement of benzyl-like radicals.

From the above explanation emerges the necessity of
identifying without any ambiguity the radicals responsible
for the observed spectra when outlining a radical-based
mechanism following EPR observations. Besides, it should
be emphasized that EPR spectroscopy, because it exclusively
detects paramagnetic species, is a very delicate technique
whose results are to be handled with great caution. Indeed,
the EPR observation of radicals in the course of a reaction
does not definitely imply that a radical-based process is
taking place, and conversely the failure to detect radical
species does not definitely exclude the occurrence of a
radical-based process.
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