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CarbonylO-oxides1 are important reactive intermediates in
many oxidation processes. Since Criegee postulated these
elusive species as the key intermediates in the alkene-ozone
reaction,1,2many experiments were reported to provide evidence
for the existence of1. While the intermediacy of1was clearly

demonstrated by trapping experiments,3 no successful attempt
for the direct spectroscopic characterization of1 in the ozo-
nolysis reaction has been reported. However, the oxidation of
triplet carbenes with3O2 (triplet route, spin allowed to yield
singlet1) or diazo compounds with1O2 (singlet route) provides
effective methods for the spectroscopic characterization of
carbonyl oxides1 in cryogenic matrices4,5 (only the triplet route)
or in solution using time-resolved spectroscopy6,7 (singlet and
triplet route).
Recently we reported on the generation (triplet route) and

UV-vis spectroscopic characterization of dimesitylketoneO-
oxide2 in Freon glasses and solution at low temperature.8 We
now describe the generation of2 in solution by both the triplet
and singlet route and the first1H- and13C-NMR spectrum of a
carbonylO-oxide.
Dimesityldiazomethane4 was dissolved in a 1:1 mixture of

CFCl3 and (CF2Br)2, oxygen saturated at-10 °C, and cooled
to 77 K to form a transparent glass. Irradiation (λ ) 515 nm)
into the absorption maximum of4 (λ ) 498 nm) produced a
new species with an intense, broad absorption at 398 nm which
has been assigned to carbonylO-oxide 2.8 After melting the
glass and warming the solution to-78 °C a yellow solution of
2was obtained which was stable at this temperature in the dark
for many hours. Upon irradiation withλ > 475 nm for several
minutes the yellow color rapidly disappeared, and a mixture of
dimesityldioxirane5 and mesityl mesitoate6 was formed.8

The experiment was also followed by NMR spectroscopy.
In the 1H-NMR spectrum of the yellow solution at-70 °C
resonances atδ ) 6.95 (1 H), 6.82 (2 H), 2.53 (3 H), 2.28 (3

H), 2.25 (3 H), 2.05 (6 H), and 1.61 (3 H) rapidly disappeared
on warming to room temperature or irradiation with visible light
and were assigned to carbonyl oxide2 (Figure 1). About 20-
25% of the diazo precursor4 was converted to2, less than 5%
to dimesitylketone8. Other products were not detected in the
NMR spectrum. One missing aromatic proton of2 and the
aromatic protons of ketone8 are hidden under the intense and
broad resonance of the remaining diazo precursor (δ ) 6.72).
There are five singlets observed for the six methyl groups; one,
at δ ) 2.05, corresponds to two methyl groups. The number
of methyl groups observed clearly demonstrates that the rotation
of the mesityl rings is frozen and the two mesityl rings are not
equivalent. Thus the C-O-Omoiety is configurationally stable

at-70 °C. Obviously twom-hydrogen atoms and two methyl
groups are equivalent, which corresponds to a structure with
one mesityl ring lying in the C-O-O plane and one perpen-
dicular to it.
If a 13C-labeled sample of diazomethane4 (99% 13C at the

diazo carbon atom) was irradiated under the same conditions
as described above, a new13C resonance at a chemical shiftδ
) 211.1 was observed, which was assigned to the carbonyl
carbon of2. Warming to room temperature resulted in the
disappearance of2 and the formation of7 (δ ) 204.7, main
product)9 and8 (δ ) 202.5) (Figure 2), while dioxirane5 was
not formed during the warmup. Cremer and Schindler calcu-
lated (using the IGLO method) the chemical shift for the parent
carbonyl O-oxide H2C-O-O to δ ) 227,10 and thus the
assignment of the resonance atδ ) 211.1 to carbonylO-oxide
2 is in qualitative agreement with theory.
An alternative synthesis of carbonyl oxides is the reaction of

diazo compounds with singlet oxygen.6,7 A solution of dimesi-
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tyldiazomethane4 (4× 10-3 mol L-1) and rose bengal B (3×
10-5 mol L-1) in dry THF was saturated with oxygen at room
temperature. Irradiation of the solution withλ > 570 nm at
-110°C resulted in the formation of the intense absorption of
2with λmax) 394 nm. An isosbestic point at 470 nm suggested
that2 was the only product formed during the irradiation and
allowed to calculate the extinction coefficient (ε ) 4400 L cm-1

mol-1). In the absence of rose bengal B no reaction was
observed under the same conditions. Witht ) 30 min at-70
°C in THF, compared tot ) 25 min at-40 °C in CCl3F/(CF2-
Br)2, carbonyl oxide2 is significantly less stable in THF than
in the Freon mixture. However, oxidation products of THF
could not be detected, so far.
The synthesis of2 by two independent routes confirms the

assignment of the structure of a carbonylO-oxide. The thermal
reaction of2 exclusively leads to ketones7 and8, the products
of the intra- and intermolecular oxygen transfer, but not to
dioxirane5. Simple model calculations using PM3/UHF reveal
a very short nonbonding distance of 1.85 Å between the terminal
oxygen atom and one of the ortho methyl hydrogen atoms. Both
the stepwise insertion with the intermediate formation of an
oxygen atom and the concerted insertion are conceivable
reaction mechanisms for the formation of7.11

Photolysis of2 leads to5 and ketone8, while ester6 is the
product of the secondary photolysis of5. These results are in
excellent agreement with previous experiments in inert gas
matrices.4,5,12-18
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Figure 1. 1H-NMR spectra showing the thermal reaction of2 to
produce7 and8. Bottom: Spectrum produced by irradiation (λ ) 515
nm) of 4 in O2-saturated CFCl3/(CF2Br)2 at 77 K and subsequent
warming to-70 °C. Top: Same as A, but additional warming to room
temperature and recooling to-70 °C.

Figure 2. 13C-NMR spectra showing the thermal reaction of2 to
produce7 and8, same experiment as in Figure 1. Bottom: Spectrum
produced by irradiation (λ ) 515 nm) of13C-4 in O2-saturated CFCl3/
(CF2Br)2 at 77 K and subsequent warming to-70 °C. Top: Same as
A, but additional warming to room temperature and recooling to-70
°C.
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