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Synopsis. Photosensitized oxygenation of bis(adamanty-
lidene)methane and vinylideneadamantane at —78 °C afforded
adamantanone and the former also emitted light when
warmed up to room temperature in the presence of a fluo-
rescer. A 3-methylene-1,2-dioxetane as a possible chemilum-
inescent intermediate is proposed.

The chemistry of 1,2-dioxetanes (1) has been exten-
sively studied and utilized for the synthetic and mech-
anistic exploration of chemienergized electronic exci-
tation in connection with chemiluminescence and
bioluminescence systems.!"3 The thermal stability of
1,2-dioxetanes is affected by a substituent on the dioxe-
tane ring.* Work on the synthesis and characteriza-
tion of dioxetanones’-? (2) and dioxetanimines® (3)
through the singlet oxygenation of ketenes and ketene
imines has recently been reported. Greibrokk® and
Gollnick et al.” reported that the photosensitized
oxygenation of allenes yields the corresponding
ketones and CO,, in which singlet oxygen (1O,)
cycloaddition is considered to give the bi(dioxetane)
and methylene-1,2-dioxetane (4). Recently, Sander
and Patyk reported the matrix isolation of a ter(dioxe-
tane) at 10 K in photooxidation of 2,5-dimethyl-2,3,4-
hexatriene, in which a methylene-substituted dioxe-
tane intermediate is proposed.? As a part of our
continuing research for new chemiluminescence sys-
tems,? we report here our results on the photosensit-
ized oxygenation of bis(adamantylidene)methanel®
(5a) and vinylideneadamantane!? (5b) and the chemi-
luminescence of the product (4a) in the presence of a

fluorescer.
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Results and Discussion

Photosensitized oxygenation of 5a in dichlorometh-
ane at 15°C with Methylene Blue (MB) as sensitizer
led to formation of adamantanone in 87% yield as an

isolable product accompanied by polymeric prod-
ucts.!? Very similar results were obtained with allene
5b (adamantanone; 56% yield). 5 is stable under the
reaction conditions in the absence of the sensitizer and
light, and 1,4-diazabicyclo[2.2.2]octane, a 'O, quen-
cher,!® inhibits the reaction. Moreover addition of
triphenylmethane as free radical scavenger!¥ and p-di-
metoxybenzene as an electron-transfer quencher'® left
the photooxygenation unaffected. These results reveal
that 10, is an actual oxidizing species.

When the reaction of 5a was carried out at —78°C
with polymer-bound Rose Bengall® as sensitizer and
then warmed up to room temperature, no direct chem-
iluminescence could be observed with the naked eye.
However, the irradiated solution emitted a strong pale-
blue light in the presence of 9,10-diphenylanthracene
(DPA) as a fluorescer. The experimental and spectros-
copic results suggest that the dioxetane intermediate
might be formed during the oxidation. One plausible
rationale for these observations is that the oxidation
seems to involve [2+2]cycloaddition to yield 3-
methylene-1,2-dioxetane 4. Subsequent decomposi-
tion of these dioxetanes may produce adamantanone
and the corresponding ketenes 6 as shown in Scheme 1
(with light emission in the presence of a fluorescer in
the case of 5a). To test these possibilities of the forma-
tion of ketenes, the following experiments were done.
In order to trap the ketene intermediate, the photo-
oxygenations were carried out in the presence of alco-
hols which were demonstrated ketene acceptors.!”
The formation of the corresponding ester was observed
together with that of adamantanone (Scheme 2).1®
Ketene 6a may react with 1Q, to afford the correspond-
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ing dioxetanone followed by decomposition to give
adamantanone and CO,.1® This possibility may be
ruled out by the following fact that the adamantanone
formation was unaffected in the presence of 1-octanol.
Since the reaction enthalpy (AH)?? for the conversion
4a — adamantanone +6a was estimated to be ca. 100
kcal mol~}, both singlet (Es=85 kcal mol~! for acetone,
84 kcalmol™! for adamantanone) and triplet (Er=78
kcal mol~! for acetone, 87 kcal mol~! for ketene 5b%)
excited states of adamantanone and ketene 5a are ener-
getically accessible from the transition state. The rela-
tive intensities of chemiluminescence from the ther-
molysis of 3-methylene-1,2-dioxetane 4a were ap-
proximately 1, 1, 3, and 22 for no additive, perylene,
9,10-dibromoanthracene and DPA as fluorescers,
respectively (see Experimental) (Fig. 1). This result
indicates that the role of CIEEL (chemically initiated
electron-exchange luminescence) path in the light
production from dioxetane 4a is unimportant,?% sim-
ilar to the case of the dioxetanimine® and 2-
azaspiro[cyclopropane-1,3’-[1,2]dioxetane]®® and in
contrast to that of the dioxetanone.? This difference is
presumably due to the general property of carbonyl
compounds which can undergo one-electron reduction
more easily than olefins. Direct 3C NMR observation
of 4a was unsuccessful because of low solubility of 5a
in NMR solvent at low temperature.

It thus appears that singlet oxygen is able to
undergo [2+2]cycloaddition with electron-rich al-
lenes®® to give methylene-substituted dioxetanes
which decompose with light emission in the presence
of a fluorescer.

Experimental

The light source was two 500-W tungsten-halogen lamps.
Irradiations were carried out in Pyrex tubes in a water bath
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Fig. 1. Chemiluminescence from decomposition of
dioxetane 4a.
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while oxygen passed through them.

Materials. MB (Kanto Chemical) was used as received.
Polymer-bound Rose Bengal ((P)-RB) was prepared by the
procedure given in the literature,!® and this was also true of
allene 5b.1Y Oxidation potential (Eox vs. SCE) of 5b is +1.95
V.
Synthesis of Allene 5a. Triene 727 (4.3 mmol) was treated
with potassium peroxomonosulfate (8.8 mmol) by the modi-
fied method of Edwards et al.?® in dichloromethane (70 mL),
acetone (17 mL), buffered water (pH 7.5, phosphate buffer,
65 mL) and 18-crown-6 (0.75 mmol), and kept at 10 °C. Dur-
ing the addition of potassium peroxomonosulfate the pH
was monitored with a pH-stat and kept at 7.5 by addition of
0.5M (1 M=1 mol dm~3) NaOH solution. The mixture was
stirred at 10 °C. After consumption of 7 monitored by GLC,
photolysis of the reaction mixture containing 8 (C=0O;
1790 cm™!) with a 400-W high-pressure mercury arc lamp
was carried out.?® (Scheme 3) The mixture was dried over
MgSO, and then removed in vacuo. The residue was chro-
matographed on silica gel using hexane as an eluent. 5a was
isolated in 60% yield. 5a: mp 245—247 °C (1it,!? 224—226 °C);
IR (KBr) 1960 cm™! (C=C=C); 'H NMR (CDCl;) 6=1.67—2.08
(24H, m), 2.26—2.51 (4H, m); BCNMR (CDCl3) 6=28.4 (d),
36.2 (d), 39.3 (1), 108.5 (s), 184.0 (s); MS (20 eV) m/2280 (M*).
Anal. (C21H28) C,H on:+1.5l V vs. SCE

Photosensitized Oxygenation of Allene 5. In a typical
experiment, 5a (0.11 mmol) was dissolved in dichloro-
methane with MB as sensitizer, and this solution was photo-
oxygenated for 7.5 h at 15°C. After separation by prepara-
tive gel permeation chromatography (Japan Analytical
Industry Co.), adamantanone was obtained in 87% yield
accompanied by polymeric products.

Photosensitized Oxygenation of Allene 5 in the Presence
of Alcohol. A typical experiment was as follows: 5a (0.1
mmol) was dissolved in 4 mL of dichloromethane contain-
ing 1 mL of 1-octanol with MB as sensitizer and the resulting
solution was photooxygenated. Formation of adamanta-
none (83%) and 2-adamantanecarboxylic acid octyl ester (5%)
was confirmed by comparison of their retention times on
GLC (4 mmX1.5 m, 2% OV-1 on Uniport HP) with those of
the authentic samples and GC-Mass analysis.

Chemiluminescence Analysis. Chemiluminescence was
detected through a quartz window by a photomultiplier
(Hamamatsu TV Ind., Model R878) with a chemilumines-
cence analyzer Model OX-70 (Tohoku Denshi Co.). For
quantitative chemiluminescence measurement, a sample
solution of 4a was prepared by photooxygenation of 5a in
dichloromethane using (B)-RB as sensitizer, followed by fil-
tration at —78 °C. To the solution of 4a thus prepared was
added an equal volume of the stock solution of each fluo-
rescer in dichloromethane, and the chemiluminescence was
measured at —26 °C.

We thank Drs. Fujio Mizukami and Shu-ichi Niwa,
National Chemical Laboratory for Industry, for the
chemiluminescent measurements. This work was
supported by a Grant-in-Aid for Scientific Research on
Priority Areas (No. 62607003) from the Ministry of
Education, Science and Culture.
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