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Highlights

. Mechanism of photochromism of sydnones disputed.
. Nitrosaminoketenes should be yellow and cannot explain the blue color.
. Phototolysis yields bicyclic azlactones (oxadiazabicyclo[2.1.0]pentanones).

Abstract. The blue photochromism of sydnongsin particular 3-(3-pyridyl)sydnonéa, has
been ascribed to the formation of nitrosaminoketénas carriers of the blue colour, allegedly
supported by CNDO/S-CI and STO-3G calculations. Malgulations at TD-B3LYP/6-31+G**,
RMO06-2X/6-311++G(d,p), CAM-B3LYP/6-311++G(d,p), andASPT2//CASSCF(6,6)/PVDZ
levels demonstrate that the nitrosaminoketenesldhmi yellow and cannot possibly be blue.
The sydnone photochromsm is not currently undedstaand further experimental and

computational investigation is required.
Keywords: Photochromism. Sydnones. Photochemistry.

Several sydnone$ exhibit blue photochromism in the solid or glassgtes;?and theories to
explain this phenomenon include the formation adbgo centers similar to those formed by
alkali metals’* 3-(3-Pyridyl)sydnonda is an almost colorless solid when pure, but a baleur
develops rapidly on exposure to UV light, daylightfluorescent light and gives rise to a new
Amax @t 640 nm. This colour is bleached again by hgatny infrared irradiation, or by storing
the sample at room temperature in the dark. Nekpmd co-workers have advanced the theory
thatN-nitrosaminoketene® are the carriers of the blue colour in the titenpounds and argued

against alternate explanations (Schem&°1).



a: R = 3-pyridyl, R'=H
Scheme 1. The postulated photochemical formationitajsaminoketene® as carriers of

the blue color;’

The identification of2 as the color-carrier was based on UV-vis and ESpActra
supported by CNDO/S-CI and STO-3G calculationspeesvely. This contention stands
unchallenged in the literature and continues toiteel>°°

We wish to point out that calculations at the TDEB®/6-31+G** level indicate that
nitrosaminoketenes should not have absorptionser600 nm rang€. The longest wavelength-
maximum for the keten2a derived from 3-(3-pyridyl)sydnone is a very weaknsition at 405
nm (f = 0.0007) in accord with the expectation thildas compound, like other nitrosamines,

should be yellow, not blue. The calculated UV-ype&rum is shown in Fig. 1.
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Fig. 1. UV-vis transitions calculated fbFnitrosaminoN-(3-pyridyl)ketene2a at the TD-
B3LYP/6-31+G** level. Ordinate: oscillator strength

In addition, we calculated the UV-vis spectrum2af at the RM06-2X/6-311++G(d,p)

level, where the longest wavelength maximum cooedp to a very weak transition at 439 nm



(f=0.0013). At the CAM-B3LYP/6-311++G(d,p) levidle longest wavelengths are 401 nm (f =
0.0000) and 369 nm (f = 0.0017). At the CASPT2//G&F(6,6)/PVDZlevel, this transition is
at 406 nm (f = 0.0055). All these results reinfottve conclusion that thé-nitrosaminoketene?
can only be yellow.

We have shown that sydnonksincluding 3-(3-pyridyl)sydnonéa, are converted to the
directly observable bicyclic azlacton8n photolysis in argon or xenon matrices (Scheine 2
but there was no evidence for the formation of e$&" The azlactones undergo further
photochemical elimination of GGand formation of carbodiimidea™ This reaction is likely to
proceed via H-diazirines5, which may be formed directly froB or from diaziridinium
carboxylategl (Scheme 2). The latter are akin to 1-amino-3-#itkgtdiazirinium-3-carboxylate
zwitterions proposed by Gotthardt and RefteA different kind of diazonium carboxylate
zwitterions RN=N=CH-COO proposed by Trozzolo et &l.has been discount&dSolution
photolysis of sydnones is known to afford nitrieimes8, which are probably also formed from
the diazirines, and finally nitrile iminesB rearrange both thermally and photochemically & th
lower-energy carbodiimide®’* The first H-diazines5 have been reported recentiyywhereas
imidoylnitrenes6 (open-shell singlets with triplet ground statesinain so far as unobserved
intermediates!
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Scheme 2. Observed and postulated transformatiohssyonones. Postulated

intermediates are in square brackets.

In conclusion, nitrosaminoketenes liRecannot explain the photochromism observed for
many sydnones. Azlacton8sare definitely formed on matrix photolysis of spdes, but they
cannot themselves be the carriers of the blue photenism'’ Systematic experimental
investigation of sydnone photochromism is lackiagd the phenomenon of photochromism is
currently not understood. Further computationatiigtsl of known and postulated intermediates

in sydnone photochemistry and their potential imeatent in photochromism will be published.
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