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Chemilurninescence in the Reaction of Ozone with 
10,1O’-Dimethyl-9,9’=biacridylidene 

EDWARD G. JANZEN,* IRENE G. LOPP, and JOHN W. HAPP 
(Department of Chemistry, University of Georgiu, Athens, Georgia 30601) 

Summary A chemiluminescent reaction of ozone with 
10, lO’-dimethyl-9,9’-biacridylidene is described and 
discussed. 

THE CHEMILUM INESCBNT reaction of singlet oxygen with 
10,lO ’-dimethyl-9,9’-biacridylidene (DBA) was recently 
described by McCapra and Hannl and attributed to the 
intermediate formation of the 9,9’-dimethylbiacridyl di- 
oxetan.? The reaction of DBA with ozone was said to be 
a dark reaction although a high yield of N-methylacridone 
is obtained. No experimental conditions were given. $ 
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In  connection with an investigation of radical formation 
in basic solutions of 10,l O’-dimethyl-9,9’-biacridinium 
dinitrate (DBA2+)2 the reaction of singlet oxygen with 
DBA was attempted. Our results were similar to those 
reported by McCapra and Hand when NaOC1-H,O, was 
used in EtOH or when naphthalene-photosensitized oxygen3 
was passed over solid DBA. 

Our results using ozone, however, disagree with the 
findings reported by McCapra and Hann.1 Light emission 
is observed from DBA in a variety of solvents which in 
some cases is even more intense than emission observed 
from the reaction with NaOCI-H,O,.§ Chemiluminescence 
was observed on bubbling ozone through solutions of DBA 
in EtOH (abs.), CH,Cl,, butanal, NN-dirnethylformamide 
(DMF) , NN-dimethylacetamide, benzene, and pyridine. 
The light yield increased in the order given over approxi- 
mately a 10-fold range. A marked ozone concentration 
effect was observed in DMF. Whereas in EtOH light 
emission continues, although at a slightly lower level, when 
the flow of ozone is stopped (Figure), the chemiluminescence 
in DMF increases to ca. 6 . 5 ~  the previous level when the 
flow of ozone is stopped. This “delayed” chemilumines- 
cence is observed in no other solvent and is not present in 
butanal or NN-dimethylacetamide. The introduction of 
small amounts of water to DMF enhances the delayed light 
emission. N-Methylacridone ( N U )  is isolated from these 
reactions. The light emission matches the fluorescence 
spectrum of NMA. The N-methyl region of the n.m.r. 
spectrum of DBA showed no unusual absorption or emission 
(CIDNP) during reaction with ozone in CDCl,.lT No free 
radicals are detected by e.s.r. at room temperature in these 
experiments although the radical cation has been obtained 
under other  condition^.^^^ Control experiments with NMA 
in the same solvents gave negligible light emission, 

A number of reaction pathways are consistent with 
mechanisms of ozonolysis of olefins. After the possible 
initial formation of a +.* and/or charge-transfer complex 
the formation of a o-complex (I) J637 Staudinger ozonide* 
(II}, or a trioxolan (111) can be visualized. Since no e.s.r. 

t Selection rules governing the reaction of singlet (lA) oxygen with olefins have since been obtained by Kearns (D. R. Kearns, 
J .  Amer. Chem. SOC., 1969, 91, 6554). Since the ease of 1,2-cycloaddition increases with decrease in n-ionization potential of the 
olefin, singlet oxygen 1,a-addition to  DBA should be probable because of the relatively low oxidation potential of DBA (K. D. Legg 
and D. M. Hercules, J .  Amer. Chem. SOC., 1969, 91, 1902). 

A solution of ozone 
in CH,Cl, was added to DBA in Me,N.CHO. 

has been determined. 

1 After the submission of this manuscript, Dr. McCapra has clarified this point in a personal communication. 

3 Dr. McCapra however, has pointed out that the light yield with ozone is low. 

7 We are grateful to Dr. R. H. Cox for helping with this experiment, 

Under these conditions “virtually” no light was observed. 
From their experiments a quantum yield of 1 x 
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signal or n.ni.r. CIDNP was obtained, no evidence for the 
existence of radicals or ion-radical pairs was found. 

The intermediacy of a-complexes in ozonization of 
hindered olefins has been Products isolated 
from such reactions have been rationalized in terms of the 
formation of the epoxide and molecular oxygen resulting 
from the decomposition of the a-complex. Since the oxygen 
produced must be singlet oxygen this mechanism provides 
an attractive explanation for the source of chemilumines- 
cence in the reaction of ozone with DBA. Singlet oxygen 
produced from the decomposition of the a-complex could 
react with DBA to form the dioxetan. 
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FIGURE. (A). Relative intensity of light emission f r o m  ozone 
bubbled into 5 m l  10-4 M-DBA in DMF at room temperature; 
(B) light emission from sodium hypochlorite and hydrogen peroxide 
added to loe4 M-DBh in DMF; (C) light emission f r o m  ozone 
bubbled into 5 m l  M-DBX in ethanol (note 5 x expansion of 
relative intensity scale): (D) light emission f r o m  sodium hypo- 
chlorite and hydyogen peroxide added fo hi-DBA iia ethanol. 1 R - C H O  1 

Y e  
1 

Attempts to obtain proof for the existence of molozonides 
of the type (11) have not been successfulQ although some 
results of reactions performed in the presence of certain 
aldehydes can best be rationalized in terms of this inter- 
mediate.10 Although the reaction of (11) with DMF or 
butanal would provide an attractive route for the initial 
chemiluminescence via the formation of the dioxetan, the 
delayed chemiluminescence must be rationalized by some 
other mechanism since (11) is not expected to be long-lived. 

The decomposition of the trioxolan (111), if formed, 
should provide N-methylacridone and (IV), a stabilized 
hydroperoxide zwitterion. It is possible that this reaction 
produces enough energy to excite N-methylacridone 
particularly if (111) is not a stable intermediate but rather 
a very short-lived high-energy species formed from ozone 
and DBA directly which decomposes immediately to 
N-methylacridone and (IV). The double bond in DBA is 
considerably strained and thermochemical datau indicate 
that the formation of initial ozonides of the type (111) is 
exothermic by approximately 60 kcal. In  addition (IV) 
might react with DMF to give excited N-methylacridone 
by the mechanism shown (Scheme). 
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Some dimerization of (IV) is expected in some solvents 

Me 
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Although the stability of this diperoxide is unknown, 
temperatures of a t  least 150’ are required, in general, for 
decomposition of alicyclic12 and aryPJ* diperoxides. The 
possible chemiluminescent thermal decomposition of (V) is 
also of interest.l* 

Inadequate information is available a t  present to select a 
mechanism for the chemiluminescent ozonization of DBA 
although a route involving the o-complex, (I), or the 
Staudinger ozonide (11) would appear to account for the 
initial burst of light observed immediately after introduction 
of ozone, whereas the longer-lived light emission in DMF 
might be the result of the chemiluminescent reaction of a 

more stable intermediate possibly involving a solvent 
molecule. 

A referee has suggested consideration of a radical- 
induced cheniiluminescent air oxidation of DBA. We 
have only negative evidence for f ree-radical intermediates. 
Direct e.s.r. or n.m.r. monitoring of the reaction or indirect 
radical detection by spin trapping using phenyl t-butyl 
nitrones gave no results supporting free-radical inter- 
mediates. Radical intermediates, nevertheless, cannot be 
ruled out completely on the basis of these experiments and 
may be playing some role in the cherniluminescence 
pathway. 

DBA was synthesized by the condensation of N-methyl- 
acridone with Zn-HC1 in alcohoP6 and recrystallized from 
cyclohcxanoiie or pyridine: m.p. 360” (decomp.). A small 
amount (ca. 1 yo) of N-methylacridone was the only impurity 
detected by column chromatography (on alumina with 
C,H,-CHCl,). DBA fractions collected from the column 
showed the same cherniluminescence behaviour as solutions 
of the above material. 

This work was supported by the Atomic Energy Com- 
mission. We are grateful to Dr. McCapra for communicat- 
ing results from his laboratory to us prior to publication. 

(Received, A p y i E  2nd, 1970; Conz. 466.)  

F. McCapra and R. A. Hann, Chem. Comm., 1969, 442. 
E. G. Janzen, J. B. Pickett, J.  W. Happ, and W. DeAngelis, J .  Ovg. Chem., 1970,35, 88. 
D. R. Kearns, A. V. Khan, C. K. Duncan, and A. H. Maki, J .  Amer. Chem. SOC., 1969, 91, 1039; E. Wasserman, V. J. Kuck, 

4 The reaction of ozone with trimesitylvinyl alcohol produces a stable radical at below room temperatures: P. S. Bailey, F. E. Potts, 
W. M. Delavan, and W. A. Yager, ibid., p. 1049. 

tert., and J. ’CV. Ward, J .  Anaer. Chem. SOG., 1970,92, 230. 
P. S. Bailey, Chem. Rev., 1958, 58, 925. 
P. S. Bailey, and A. G. Lane, J .  Amer. Chem. SOG., 1967,89, 4473. 

H. Staudinger, Ber., 1925, 58, 1088. 
7 P. R. Story, R. W. Murray, R. D. Youssefyeh, J .  Amer. Chem. SOG., 1966,88, 3144. 

9 P. S. Bailey, J. A. Thompson, and B. A. Shoulders, J .  Amer. Chem. SOC., 1966,88, 4098. 
lo Personal communication from Prof. P. R. Story. 
l1 J. Burgess, Ph.D. Thesis, University of Georgia, Athens, Georgia, 1970 based on data of E. Briner and E. Dallwigk, Helv. Chem. 

12P. R. Story, D. D. Denson, C. E. Bishop, B. C. Clark, jun., and J. C. Farinc, J .  Amer. Chem. SOC., 1968, 90, 817. 
18 S. R. Abbott, S. Ness, and D. M. Hercules, J .  Amer. Chem. SOG., 1970, 92, 1128. 
l4 R. Criegee and G. Lohaus, Annalen, 1953,583, 6. 
l4 E. G. Janzen and B. J. Blackburn, J .  Amer. Chem. SOL, 1969,91, 4481. 

A. Albert, “The Acridines,” St. Martin’s Press, New York, 1966, p. 399. 

Acta, 1957,40, 1978 and R. Criegee and G. Schroeder, Chem. Ber., 1960,93, 689. 




