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The EPR identification of bis(2,4,6-tri-tert-butylphenyl)-1,3-
diphosphaallyl radical
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The paramagnetic species detected by EPR spectroscopy
upon electrochemical reduction of bis(2,4,6-tri-tert-butyl-
phenyl)-1,3-diphosphaallene in THF solution has been
unambiguously identified as the title radical, the identi-
fication being supported by DFT calculations.

The radicals and radical ions from bis(2,4,6-tri-tert-butyl-
phenyl)-1,3-diphosphaallene (1) have recently been the subject
of a number of investigations with results that were, in some
cases, controversial.1–4 This was particularly the case for the
electrochemical reduction of this compound in THF solution
that leads to the detection of a rather peculiar EPR spectrum
apparently consisting of a 7.64 mT triplet (coupling of the
unpaired electron with two equivalent, or nearly so, phosphorus
atoms) and a g-factor ≈ 2.009 which was initially attributed to
the diheterocumulene radical anion 2.3 The unusual intensity
pattern would reflect dipolar broadening of the lines associated
with the triplet state of the two equivalent phosphorus nuclei.
In a subsequent investigation we showed that the EPR spec-
trum is in fact much more complex than previously perceived,
and that its high resolution hyperfine pattern, clearly exhibiting
an additional 0.328 mT doublet splitting, is not consistent with
the proposed diphosphaallene radical anion.4 In addition, the
results of DFT calculations on the radical anion of an accept-
ably simplified model compound, i.e. the unsubstituted
diphenyl-1,3-diphosphaallene, were incompatible with the
observed spectrum. Although the correct spectrum could
instead be observed upon chemical reduction of ArP��C��PAr at
low temperature,4 no hypothesis was then put forth as to the
nature of the radical responsible for the misassigned spectrum.

In a recent EPR and computational study on the electro-
chemical reduction of monophosphaallenes of general struc-
ture ArP��C��CAr2 that appeared after the submission of our
paper,5 it was suggested that the observed spectra were due to
allyl radicals of general structure ArP�–C(H)��CAr2 rather than
to the radical anions [ArP��C��CAr2]��. Although convincing,
this assignment was based mainly on the results of calculations,
while unambiguous experimental evidence could not be derived
from the recorded spectra. In this light, it occurred to us that
the EPR spectrum observed upon electrochemical reduction of
1 and as yet unassigned could in fact be due to the diaryl-
substituted 1,3-diphosphaallyl radical 3. The results of experi-
ments carried out in deuterated solvents showed that this is
indeed the case.

The room temperature electrochemical reduction of an argon
purged THF solution of 1 containing some tetrabutylam-
monium perchlorate as supporting electrolyte led to the detec-
tion of the already known spectra shown in Fig. 1a and b. As
previously observed, when using a 13C-labelled diphosphaallene
the spectra exhibited an additional 1.09 mT doublet;4 and the
signal, whose intensity initially increased after disconnecting
the cell from the power source, could be observed for a long
time.4 An identical spectrum was observed when replacing THF
with THF-d8. On the other hand, if a drop of D2O was added to
the solution (THF or THf-d8) prior to electrolysis, the spectra

that could be observed after the reduction exhibited a similarly
unusually shaped 7.68 mT triplet with additional hyperfine
structure, but lacked the 0.328 mT doublet (see Fig. 1c and d).
The spectra could be simulated by admitting that the unpaired
electron, besides interacting with the two phosphorus atoms, is
coupled with the 36 equivalent hydrogen (0.047 mT) of the four
o-tert-butyl groups and with a deuterium atom (0.054 mT).

Based on these results we believe that the spectra detected
upon electrochemical reduction of 1 in THF are actually due to
the diphosphaallyl radical 3, which would originate through
protonation of the radical anion immediately after its form-
ation (Scheme 1).

The fact that the deuterium splitting is about one sixth of the
0.328 mT doublet is in agreement with expectations, as is the
rather high value of the g-factor, the unpaired electron in rad-
ical 3 being mainly located on the phosphorus atoms. The
experiments in THF-d8 and in the presence of D2O clearly indi-
cate that protonation must be brought about by the traces of
water remaining in the anhydrous THF.

DFT calculations (UB3LYP/VTZP) performed on the
unsubstituted diphenyl-1,3-diphosphaallyl radical,6 employing
the same geometry constraints previously adopted in studying
the corresponding radical anion, further substantiate the iden-
tification of 3. The DFT-optimized valence triple-ζ basis set
(VTZP) 7 has been used instead of the split valence 6-311G**
basis set (UB3LYP/6-311G**) 4 since it was recently shown
that it describes spin density better at phosphorous.8 At the
UB3LYP/VTZP level of theory the structure about the central
carbon atom is computed to be planar and the proton hfs

Fig. 1 Room temperature EPR spectra of radical 3 observed after
electrolytic reduction of diphosphaallene 1 in THF-d8 at high (a;
m.a. = 0.1 mT) and low (b; m.a. = 0.01 mT) magnetic field modulation
and in THF-d8 with D2O at high (c; m.a. = 0.1 mT) and low (d;
m.a. = 0.01 mT) magnetic field modulation.

Scheme 1
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constant (a1H = 0.37 mT) is in excellent accord with experiment
(0.328 mT). Also the hfs constant at the central carbon atom of
the 13C labelled derivative (1.09 mT) is reproduced well by DFT
calculations (a13C = �1.23 mT) whereas that at phosphorus
(7.68 mT) is underestimated (a31P = 5.90 mT) as previously
found for the radical anion (aexp = 6.2 mT, a31P = 5.0 mT at the
UB3LYP/VTZP level). The addition of a tight s-function to
the core orbitals of the heavy atoms 9 improves only slightly the
agreement with experiment both for the neutral and anion
radicals (a31P = 6.06 and 5.23 mT, respectively, at the UB3LYP/
VTZP level).4 In any case, the decrease of the 31P hfs constant
on going from the neutral to the anion radical is well repro-
duced as well as the increase of the 13C hfs constant (aexp = 1.09
and 1.45 mT, respectively; a13C = �1.23 and 1.65 mT at the
UB3LYP/VTZP level).
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