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The search for new molecular magnetic materials has spawned
numerous studies of high-spin systems built around triplet carbene
subunits linked acrossm-phenylenes.1 In these ferromagnetically
coupled systems, covalent interaction between the triplet centers
is topologically prohibited, but communication via sharedπ-space
maximizes multiplicity. Considerably less is known about their
conjugated cousins,p-phenylenebiscarbenes,1a where spin-pairing
between the triplet carbene units leads to lower spin overall. For
example,1 has an EPR silent singlet ground state, but a thermally
accessible triplet state ca. 1 kcal/mol higher in energy can be
detected.2-4 It has been suggested that this biscarbene system is
represented more accurately as1b. Substituents can have a
profound influence on the electronic configurations in these
systems, however. For example, we have shown that the bischloro
system 2 is best described as a quinonoidal biradical,5 but
bisfluoro-3 is a closed shell bis-singlet carbene.6,7 We now report
the first spectroscopic characterization of the parentparasystem,
p-phenylenebismethylene (5), a preliminary examination of its
chemistry, and its conversion to a conjugated bis-carbonyl oxide.

Although bis-diazo compound4 was first reported in 1964,8

little of its chemistry has been described. However, we found
that irradiation (334 nm) of4 in a 10 K N2 matrix produced a
new species in the IR and UV/vis spectra that we attribute to

biradical5 (Figure 1).9,10 Irrespective of irradiation conditions,
all of the IR bands of4 disappeared in concert, with simultaneous
growth of those of5; no monodiazo compound could be observed.
The matrix also developed a richly structured UV/vis spectrum,
with strong bands at 365, 389, 418, and 460 nm, along with a
long regularly structured tail extending to 700 nm.

In contrast to phenylcarbene itself, which is notoriously
photolabile,11 biscarbene5 was surprisingly stable to photolysis.
Broadband irradiation (>200 nm) for hours had negligible effect
on the spectra of5. The biscarbene could be trapped in situ,
however. Warming an HCl-containing nitrogen matrix (2% HCl
in N2) of 5 to 36 K caused the IR and UV/vis bands of5 to
disappear and those of6 to appear concurrently. Again, no
intermediates in this process were observed. Attempts to generate
5 in hydrocarbon matrices (CH4 or 3-methylpentane) failed, giving
only product tentatively identified by IR asp-quinodimethane.

Warming oxygen-doped nitrogen matrices (0.5% O2 in N2) of
5 to 30 K instantly converted the biscarbene to bis(carbonyl
O-oxide) 7, which exhibited multiple very strong bands in the
950-850 cm-1 region.10 The matrix acquired a vivid orange hue,
with the appearance of a broad absorption from 400 to 500 nm
(λmax 450 nm). Subsequent irradiation of the matrix with visible
light (578 nm) rapidly destroyed the IR and visible spectra of7,
producing weaker IR bands that we ascribe to bisdioxirane8.10

Finally, broad-band irradiation (>400 nm) converted8 mainly
to terephthalic acid (9).12 These results are summarized in Scheme
1.

Our spectral assignments were confirmed by DFT/ab initio
calculations.13 We have noted previously5a the electronic similar-
ity between bis-carbenes such as5 and singlet p-benzyne
biradicals, where applicability of single determinantal density
functional theory is currently under considerable discussion.14

Bismethylene5 likely also has a singlet-diradical ground state,
as does1. We found, however, that UB3LYP/6-31G**15

calculations on the correspondingtriplet state of biradical5 (syn
and anti conformations, frequencies scaled by 0.9616) nicely fit
the experimental IR spectra (Figure 1). Such an approach is not
unreasonable given the expected small energy difference between
the singlet and triplet biradical states (i.e. interaction between the
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“σ-radical” centers in5 is small).17 Indeed, CAS[10,10]/6-31G**
calculations on singlet5 predicted a quinonoidal geometry very
similar to that from the triplet DFT calculations (see Supporting
Information).18 Moreover, broken spin-symmetry UB3LYP
calculations14c on thesinglet biradical state of5 (with an 〈S2〉
value of 1.17 indicating an approximate 50:50 singlet/triplet mixed
state) gave nearly the same geometry and IR predictions as for

the triplet, but 1.2 kcal/mol lower in energy.13 Davidson has
suggested recently that CAS calculations predict the ground state
of 5 to be a quintet bis-carbene.19 Our UB3LYP calculations,20,21

however, place the quintet 24 kcal/mol higher in energy than
triplet 5. The predicted IR spectrum of quintet biscarbene also
bears little resemblance to experiment.10

B3LYP/6-31G** calculations on bis-carbonyloxide7 gave a
less satisfactory fit to the experimental spectra. Following the
lead of Warner,22 however, we found that addition of diffuse
functions (B3LYP/6-31+G**) significantly improved the agree-
ment between experiment and theory.10 The simpler 6-31G**
basis set sufficed to confirm the assignment of bis-dioxirane8
based on IR spectra.10

The lack of photochemical reactivity of5 is striking. Phenyl-
carbene readily ring expands on irradiation under similar condi-
tions.11 Nicolaides, Tomioka, and Murata also have found
recently that the correspondingp-bisnitrene undergoes photo-
chemical rearrangement.3 The UV/vis spectra of5 and phenyl-
carbene11 are superficially similar, but that of5 is substantially
broader and more intense. The very different electronic nature
of the excited states of the mono- and bis-carbenes may account
for the photolability contrast. The difference between the
biscarbene and bisnitrene3 is even less clear. Although it has
been suggested that carbonylO-oxides possess considerable
biradical character,23 the bis-O2 adduct7 shows little indication
in its spectra for interaction between the methylene centers. The
IR spectra for7 show numerous, strong O-O stretching bands,
identified by 18O labeling and DFT calculations, in the region
950-850 cm-1,10 analogous to those reported for benzaldehyde
O-oxide (915 and 890 cm-1).24 The complexity of the IR in this
band group likely reflects the multiple conformational isomers
of 7, supporting its assignment. The visible spectrum observed
for 7 is unremarkable, and is in a wavelength region similar to
that described for the parent mono-carbonyl oxide.24 Finally,
photochemical rearrangement of7 to bisdioxirane8, and thence
to 9, is in line with the behavior of other carbonyl oxides.23

In summary, our results confirm thatp-phenylenebismethylene
(5) is a quinoidal biradical. Although photochemically stable,
the bis-methylene shows carbene-like reactivity with HCl and O2,
giving in the latter case a novel bis-carbonylO-oxide.25
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Figure 1. (a) Difference of IR spectra of bis-diazo compound4 matrix
isolated in N2 at 10 K, before and after irradiation at 313 nm for 12 h.
Positive peaks correspond to biradical5 and negative peaks to4. (b)
UB3LYP/6-31G** calculated IR spectra for tripletanti-5 (solid) andsyn-5
(open). Freqencies have been scaled by a factor of 0.96.16

Scheme 1
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