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Carbenes coupled via-phenylene linkers have received a lot
of attention due to their high-spin properties, which make this
type of compound a promising candidate for the preparation of
organic materials with novel ferromagnetic propertieShus,
connecting the divalent subunits in a conjugative manner (ortho
or para topology) has been often intentionally avoided. As a
result, little is known about the low-spin topologies, even though
such reactive intermediates are interesting in other less techno-
logically oriented aspects Earlier studies on conjugated carbenes
and nitrenes were based mainly on product anafysidore
recently, the direct observation of these species by using elaborate
spectroscopical techniques has started to unfold information about
their structures and properti&s’

Direct observations of halogen-substitufg@henylenebiscar-
benes {, X = F,CI) were reported just a few years agand it
is only recently that the parent biscarbede X = H) has been
clearly identified® In this connection we report our results on
the heteroanalogue phenylene-1,4-dinitre2)e Efforts to gener-

XE@ EX :f‘}‘@‘ﬁz

1,X=H,FCl 2

ate 2 have been reported previously,but this is the first IR
spectroscopic observation &f

p-Diazidobenzene 3g) matrix-isolated in Ar at 12 K was
irradiated £ > 300 nm)? and the progress of the reaction was
carefully monitored by IR as a function of time (Figure 1). The
new (relatively weak) absorption bands, which appear initially
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Figure 1. Products of the photolysis of bisazi®a in Ar matrix at 12
K and related computational data. (a) IR spectrum (50000 cnt?) of
primary photoproductA in the presence ola (A > 300 nm). (b)
Calculated (UB3LYP/6-31G(d)) IR of2. (c) IR of secondary photo-
productsB andC (4 > 300 nm). (d) Calculated spectrum fsicisoid

(2)-6.
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are assigned té (Figure 1a). The concentration 8f reached
a maximumbeforecomplete consumption of the precurdpras
was evident from the decrease in the bands ascribabdeand
the rise of new absorption band8 and C, Figure 1c). Upon
switching to shorter wavelength irradiatioh ¥ 250 nm), some

(7) Ohana, T.; Ouchi, A.; Moriyama, H.; Yabe, A.Photochem. Photobiol., of these bands decreased at the expense of the others, indicating
A 1993 72, 83. that these absorptions are due to two different componénts,

(8) For ESR and UV/vis studies @fsee: (a) Trozzolo, A. M.; Murray, R. ;
W.; Smolinsky. g.: Yager, W. AJ. Am. Chem. Socl963 85, 2526 (b) andC, the latter being the only component detected at the end of

Nimura, S.; Kikuchi, O.; Ohana, T.; Yabe, A.; Kaise, Klhem. Lett1996 the irradiation. ) )

125. (c) Minato, M.; Lahti, P. MJ. Am. Chem. Sod.997, 119 2187. (d) The strong G-H bond stretch and the intense signals at 744

Reser, v Wagner, H. M. Marley, R.; Bowes, Brans. Faraday Sod.967, and 755 (:Oml in C provide strong support for the presence of
(9) Decomposition o8awith longer wavelength irradiatior (> 350 nm) acetyler_]é, although the presence of the 2120 and 2126°cm

gives essentially the same results, but proceeds much slower. absorptions suggests the concomitant formation of another product
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(vide infra). The “splitting” of the observed peaks is most likely ~Table 1. UB3LYP, MCSCF, and CASPT2 Total (hartree) and

due to a matrix site effett as confirmed by the somewhat Relative (kcal mol") Energies of 1,4-Dinitrenobenzene? @t _
simplified spectrum obtained when the matrix was warmed to Various Electronic States and Calculated Spin-Squared Expectation
35 K. This implies that the primary and/or secondary photo- Yalues (§D for UB3LYP®

products are quite labile under our experimental conditions, since, UB3LYP 0 MCSCF CASPT2
despite the low temperature, they decompose, partially forming ~ s 32.8(33.8) 6.02 35.7 323
acetylene, even at the very early stages of the irradiation. 2 1.2 (2.2p¢ 2.02 1.3 1.9
The previously reported IR spectréiof the irradiation ofl is 2 —340.31730 1.05 —338.37477 -339.31740
essentially identical to our record®l At that time the strong ap P ;
- ) t the UB3LYP/6-31G(d) optimized geometry, of the respective
absorption bands near 1750 chvere assigned to the=eN bonds electronic state and including ZPE correctioh8Corrected” values

in 2. If this is correct, what is the structure of the initial  based on the assumption that the UB3LYP enerdg & overestimated
photoproductA, which is likely to be some type of a precursor by an amount equal to the UB3LYP-S gap before ZPE corrections
for 22 An obvious possibility is the monoazidonitrersb, (1.0 kcal mot?). © Experimental value of ST gap: 0.72° and 0.58°
resulting from the elimination of a single.Nnolecule from1. (in MTHF) and 0.82 (inp-dinitrobenezene) kcal/méf.

However, no new bands attributable to a monoazido species
appear in the spectrum, and in addition, the calcutamsggbctrum

for 3b is in poor agreement with that observed for spedes
Two other possible structures lacking azido groupséaaad 5.

It was proposed recently by Davids8nhat p-phenylenebiscar-
bene (, X = H) may exist as its tricyclic isomer 2.2.2-
propellatriene, which was actually reported to be lower in energy
than the singlet biradical forrHC=C¢H,=CH. By analogy,

we considered structurdsand5, which is the diazo analogue of

responsible for spectruf. Typical C=N bonds absorb below
1690 cmt and are usually rather weak. “Strained™=@ bonds,

as in l-azirene rings, absorb at higher frequencies, and several
possible structures containing this subunit were screened com-
putationally. While such systems are indeed found to have higher
C=N frequencies, the corresponding intensities were not par-
ticularly strong and additionally the rest of the peaks did not match
the experimental data in a satisfactory way. A hint as to the
possible structure oB was provided by the weak absorption

e o e e e s oo iy Observed at 2210 G L s reasonable 1o assign s 1o he
p presence of a CN group, and with this in mind, the vibrational

best agreement, and_ actually an exceII_ent one, between experl'frequencies of several isomers2ivere calculated. These efforts
mental and computational data is found\ifs assumed to be the

desired biradica? (Figure 1b). Ileoela)d us to proposé as the secondary photoproduB) (Figure

Structure6 accommodates both the presence of a CN group
and strong &N bond stretches associated with unusually high
intensities. The &N stretch in6 is calculated to absorb in the
range of 17791795 cm?! (depending on the geometrical/
rotational isomer) and is actually the most intense IR band
predicted. Its absolute intensity is between 562 and 862 km
mol~1, 2—3 orders of magnitude stronger than that of theNC
absorption in biradica?.

2 is predicted to have a singlet ground state, with a small' S : ; .
splitting (Table 12°in agreement with the experimehtSinglet Finally, from the interpretation of spectrul, the second
2 has a quinoidal structure and can be best described as a bisiminyFomponent present IiC (_bes'des acety!ene) follows easny:
diradical. Due to its high symmetnpg,), only one G=N bond According to calculations, it is 1-cyano-2-isocyanoethylene quite
stretch is IR-active (1576 cm, with a very weak absolute lIkelyinits Zform ((2)-6). If, under our experimental conditions,
intensity of 1.7 km mot?). Z to E isomerization of_7 takes _place, then it is reasonable to
Having assigne@ as the species giving rise to spectrém expect that isomerization to dicyanoethylene is also possible.
the next question to answer is the identity of the species hile from the computational data the presenceiefdicyano-
ethylene cannot be entirely excluded, thensisomer is shown
(10) Corresponding calculatédalues for frequencies (crf) and absolute to have its strongest absorption at 944-¢énand if it was formed

intensities (km mot') in parentheses are 3309 (76.5) and 745 (8,L,An N ciqnifi ;
authentic sample shows bands at 3288 and 743 amAr at 12 K. in significant amounts, we should have observed it. So, on the

~ (L1) Meyer, BLow-Temperature Spectroscopymerican Elsevier Publish-  basis of the current data, we prefer to assign both 2120 and 2126
ing Company, Inc.: New York, 1971; Chapters 4 and 6. cm™! peaks to X)-7, attributing this “splitting” to matrix-site
(12) For an excellent review on how to deal computationally with open-  affacts.
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stable wave function. Additionally this “singlet” is actually a (almost equal)  31G(d) geometries fa? and6 (Table S1), computed vibrational analysis
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