
7209 

(Clorox). Although it proved possible to separate VI, 
mp 78.5-79.5° (Anal. Calcd for Cj6H24O6: C, 61.52; 
H, 7.75. Found: C, 61.23; H, 7.54), by chroma
tography we found it more expedient simply to take 
the crude mixture of VI and VII (X = Cl) and reflux it 
for 48 hr in aqueous dioxane containing hydrobromic 
acid. The neutral fraction, a viscous oil, isolated in 
57% yield, proved to be VIII which analyzed well for 
C14H22O4 (Anal. Found: C, 65.99; H, 8.70). Car-
boxylation of VIII was carried out by once again using 
Stiles' reagent2'4 and led to IX, mp 78-80° (Anal. 
Calcd for C16H22O6: C, 60.39; H, 7.43. Found: C, 
60.57; H, 7.59), in 75% yield. Methylenation of IX 
was accomplished2 directly by brief treatment with a 
solution of formalin in acetic acid containing diethyl-
amine and sodium acetate (room temperature for 1 min 
followed by 5 min on the steam bath). Chroma
tography of the product yielded almost pure dl-aven-
aciolide (I, 66% yield), mp 54-57°. One recrystalliza-
tion from ether-petroleum ether (bp 30-60°) afforded 
the pure material, mp 5 5-56 ° (A ndl. Calcd for C16H22O4: 
C, 67.64; H, 8.33. Found: 67.69; H, 8.26). 

The nmr and infrared spectra of the synthetic product 
were identical in every respect with those of natural 
/-avenaciolide. Spectral data also fully support the 
structures assigned to the other new compounds men
tioned in this report. 

A full paper dealing with the broader aspects of this 
synthesis and of our attempts to utilize the carboxyl 
group of III to functionalize the methylene group of the 
lactone ring will be published at a later date. 
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Mass Spectrometric Evidence for the Existence of 
1,2-Dioxetanedione (Carbon Dioxide Dimer). 
A Chemiluminescent Intermediate 

Sir: 

The compound 1,2-dioxetanedione (C2O4) has been 
suggested by Rauhut, et al.,1 as a volatile compound 
capable of exciting a fluorescer and as being an inter
mediate in the oxidation of oxalate esters by hydrogen 
peroxide. 

In private discussion with Dr. Rauhut we learned 
that he had been unsuccessful in identifying the com
pound using various methods including conventional 
mass spectrometry. This and other evidence1 indi
cated that the compound, if it existed, must be un
stable ; however, some volatile compound was capable 

(1) M. M. Rauhut, Accounts Chem. Res., 2, 80 (1969), and references 
cited therein. 

of passing through a gas phase to excite a fluorescer.* 
A mass spectrometer with a direct inlet system was 
available,2 and it was hoped that the intermediate 
could be seen by directly introducing the gaseous 
products of a hydrogen peroxide-oxalate ester reaction 
to the spectrometer. 

A sample tube of 3/s in. heavy wall Pyrex was con
nected through a stainless steel needle valve to the inlet 
of a Bendix Model 12 mass spectrometer. The elec
tron energy was 70 eV. In the sample tube were 
placed 0.1 cc of a saturated (~1 M) solution of H2O2 

(98 %) in Octoil (di-2-ethylhexyl phthalate) and 0.3 cc of 
a saturated (~0.08 M) solution of bis(2,4,5-trichloro-6-
carbobutoxyphenyl) oxalate in Octoil. To this was 
added 0.01 g of sodium salicylate as a catalyst. 

The sample was given a preliminary, but short, 
evacuation and isolated for 15-60 min behind the 
needle valve. The needle valve was then opened 
slightly to the mass spectrometer. Large peaks were 
observed at 17, 18, 28, 32, 34, and 44 amu by means of 
an oscilloscope trace. Other smaller peaks attributable 
to the solvent were also evident. The spectrum was 
scanned with the analog output and recorded. Because 
of the fleeting nature of the spectrum (1-5 min) only a 
portion of the spectrum was recorded at a time. Peaks 
at 88 (C2O4) and 60 amu (CO3) were observed. Their 
intensities were about equal (±20%) and initially at 
least one order of magnitude greater than background. 
The intensities of these peaks dropped (along with the 
intensity of the peak at 44 amu) and eventually reached 
background level. The spectrum could be repeated 
by reisolating the sample for a period of time and then 
reopening the valve to the mass spectrometer. The 
intensity of the peak at 44 amu was from 10 to 1000 
times that of the peak at 88 amu. The longer periods 
of isolation were associated with the larger ratios, as 
would be expected from the proposed decomposition 
of 1,2-dioxetanedione to carbon dioxide.l 

There may have been peaks at 40 (C2O) and 56 amu 
(C2O2), but there was strong background in these 
regions and the results are uncertain. There was no 
indication of a peak at 72 (C2O3) or at 76 amu (CO4). 
There were no peaks between 88 and 150 amu which 
could be attributed to anything but background. 
The mass spectrometer was replaced by a tube contain
ing a paper strip impregnated with 9,10-bis(phenyl-
ethynyl)anthracene in dimethyl phthalate. The gases 
evolving from the sample were passed over the paper 
strip and slight luminescence was seen. In addition 
luminescence (due to the sodium salicylate catalyst) 
was seen in the reaction mixture. This effect is more 
pronounced if dimethyl phthalate is used as the react
ing medium but this material was too volatile for the 
mass spectrometer study. 
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