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The corrected oxidation-reduction potentials of 7,14- (8 )  and 5,6-dibenz [a,j] anthracenediones (6) are, respectively, 
0.452 v. and 0.405 v. Our published hypothesis predicts that ozone should therefore predominantly cleave the 5,6bond 
of dihenz[a,j]anthracene (1).  Ozonization of I in methylene chloride and 3: 1 methylene chloride-methanol with one 
molar equivalent of ozone followed by alkaline hydrogen peroxide oxidation produced 3-( o-carboxyphenyl)-2-phenanthrene- 
carboxylic acid (3) in 42% yield, 7,14dibenz[a,j]anthracenedione (2’) in 10% yield; 32.5% of unchanged 1 was also recovered. 

The weak carcinogen8 dibenz [a, jlanthracene 
(1) represented another obvious opportunity to  
test our hypothesis that ozone would react pre- 
dominantly a t  those positions in an unsubstituted 
polycyclic aromatic whose corresponding 0- or 
p-quinone had the lowest corrected oxidation- 
reduction potential.6 Since the corrected redox 
potentials for 7,14- (2) and 5,6-dibenz [a,j]an- 
thracenediones (6) were recently shown to be 
0.452 v. and 0.405 v., respectively,S ozone should 
therefore predominantly cleave the 5,6-bond of 
1 . 6  

Experimentally, ozonization of 1 in methylene 
chloride and 3 : 1 methylene chloride-methanol 
a t  -70’ with one molar ozone equivalent, followed 
by alkaline-peroxide oxidation gave the predicted 
bond cleavage product 3-(o-carboxyphenyl)-2-phen- 
anthrenecarboxylic acid (3) in 42% yield; in 
addition 7,14-dibenz [a,j]anthracenedione (2) was 
obtained in 10% yield, and some 32.570 of un- 
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changed 1 was also recovered. Oxygen alone had 
no effect on 1 under identical reaction conditions. 

Compound 2 was identical with that obtained 
by Cook9 on sodium dichromate-acetic acid oxida- 
tion of 1, while 3 was independently prepared via 
peracetic acid oxidation of 5,B-dibenz [a, jlanthra- 
cenedione (6). Compounds 1, 2, and 3 were 
inert to alkaline hydrogen peroxide. 

Thus, despite corrections which are in some 
cases greater than the measured potentialdifferences 
between 0- and p-quinones, 1 joins the growing list 
of aromatic hydrocarbons (naphthalene, ant’hra- 
cene, phenanthrene, benz [alanthracene, picene, and 
dibenz [a,h]anthracene) whose 0- or p-quinone with 
the lowest corrected oxidation-reduction potential 
corresponds to the position of predominant ozone 
attack. 

It is also noteworthy that in the series of pro- 
gressively stronger carcinogens, benz [ a l a n t h r a ~ e n e ~ ~  
(0),3 1 ( + ) , 3  and dibenz [ a ,h ]an th ra~ene~~  (7)  
(+ + ) , 3  ozonization under identical reaction con- 
ditions (with one molar ozone equivalent in 
solvents methylene chloride and 3 ; 1 methylene 
chloride-methanol, a t  - 70”) produced an in- 
creasing yield of K-region cleavage products 
(ozone acting as a double bond reagent) along with 
a decisive decrease in yield of L-region quinones 
(ozone acting as an electrophile). This correla- 
tion between the ozone reaction, relative carcino- 
genicity of unsubstituted polycyclic aromatics, 
and Pullmans’ electronic theory of carcinogenesis1° 
continues to occupy our attention, despite our 
recently noted apparent exception. 

Experimental 
Melting points were determined on a Kofler micro mrlt- 

ing point apparatus and are corrected. Infrared spectra 
were recorded on a Perkin-Elmer Model 21 recording spoctro- 
photometer. 

Dibena[a,j]anthracene (1  ), m.p. 196-197’ (lit., m.p. 
197-198’),11 was prepared using Cook and Stephenson’s 
improved method.” In the oxidation step, these authors 
suggest oxidation of 2-methyl-l,l’-dinaphthyl ketone (8) to 
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L-carboxy-1 ,l'-dinaphthyl ketone "by heating under pres- 
sure with aqueous selenious acid." We found i t  expedient 
to run a sealed-tube oxidation a t  240-245' for 6 hr. to 
achieve the same result. 

We feel constrained to report that the synthesis reproduced 
in an otherwise very useful preparative text" is in error." 

Ozonization of Dibenz [a,j] anthracene (1 ) to 3-( 0-Carboxy- 
phenyl)-2-phenanthrenecarboxylic Acid (S) and 7,14- 
Dibenz [a,j] anthracenedione (2).-A colorless solution of 1 
[1.00 g., 3.6 mmoles] in 300-400 ml. of methylene chloride 
or 3: 1 methylene chloride-methanol, waa treated with 3.5 
vol. '% ozone a t  -70" until one molar equivalent (rt0.1) 
had been absorbed. The absorption waa rapid and quanti- 
tative. The resulting pale yellow solution was sparged 
with nitrogen to free it of excess oxygen and dissolved ozone. 
While the solution slowly evaporated on a hot plate, several 
20-ml. portions of methanol were added to keep the volume 
approximately constant and to distil the more volatile 
methylene chloride. Ultimately the methanolic solution 
was treated overnight with 40 ml. of a 1: 1 solution consisting 
of 20% aqueous sodium hydroxide and 30% hydrogen per- 
oxide. The amber solid (450 mg.) was filtered, and the 
filtrate waa acidified with concentrated hydrochloric acid 
giving 527 mg. (1.54 mmoles, 43y0) of the off-white colored 
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dicarboxylic acid 3, map. 288-290' dec. One recrystalliza- 
tion from ethyl acetate (charcoal) yielded 517 mg. (42%) of 3- 
(o-carboxyphenyl)-2-phenanthrenecarboxylic acid (a), white 
plates m.p., 290-291" dec.; A g o  5.87 fi  (8). S wasidentical 
(melting point and mixed melting point behavior and super- 
imposable infrared spectra) with the dicarboxylic acid ob- 
tained from the peracetic acid oxidation of 5,6-dibenz[a,j] 
anthracenedione (6). 

Anal. Calcd. for C22H1404: C, 77.18; H, 4.12. Found: 
C, 76.92; H,  4.34. 

The amber solid was dissolved in a minimum amount of 
benzene and adsorbed on a 20 X 1.5 cm. alumina-packed 
column (Woelm's nonalkaline aluminum oxide, activity 
grade 1) .  The first blue-purple fluorescent band was eluted 
with benzene (5 x 50 ml. benzene). The combined frac- 
tions were evaporated to dryness to yield 326 mg. (1.17 
mmoles, 32.5%) of unchanged 1, m.p. 195-196'. The 
second, amber zone was eluted with two 50-ml. portions of 
1 : 1 benzene-ethyl acetate. Evaporation of the combined 
fractions to dryness, and recrystallization of the residue 
from acetic acid gave 115 mg. (0.37 mmole, 10%) of 7,14- 
dibenz [a,~']  anthracenedione ( 2 ) ,  as long amber needles, 
m.9. 223-224' (lit., m.p. 225-226°)9; A= 6.01 fi  (8). 
8 displayed an infrared absorption spectrum identical to, 
and gave no depression on admixture with, authentic 2 
prepared by sodium dichromate-acetic acid oxidation of I .a 

In a single experiment, ozonization of I (400 mg., 1.4 
mmoles) in the more polar solvent dimethylformamidel8 
a t  -35' with 1.5 molar ozone equivalents, followed by 
alkaline peroxide oxidation produced 9 and 1, respectively, 
in 35 and 10% yields, with a 35% recovery of unchanged 
1'. The work-up procedure was essentially the same as in 
methylene chloride and methylene chloride-methanol except 
that the original ozonized mixture was evaporated to dry- 
ness prior to suspension in methanol and oxidation with 
alkaline hydrogen peroxide. 

Peracetic Acid Oxidation of 5,6-Dibenz[a,j] anthracene- 
dione (6).-6 was prepared by the ethyl azodicarboxylate 
oxidation of cis-5,6-dihydro-5,6-dibenz[a,j]anthracenediol 
(4)11Jg To a warmed solution (85-90') of 6 (250 mg., 0.81 
mmole) in 20 ml. of s-tetrachloroethane and 20 ml. of acetic 
acid, was added dropwise 1.5 ml. of 30y0 hydrogen peroxide 
over a 15-min. period. The reaction mixture waa stirred for 
an additional 10 hr. a t  go', after which it was cooled to 
room temperature, and under reduced pressure, evaporated 
to dryness. The residue was repeatedly extracted with 
boiling 10% aq. sodium carbonate solution (total 150 ml.). 
Acidification of the alkaline extract precipitated a pale 
yellow solid which on recrystallization from ethyl acetate 
(charcoal) gave 147 mg. (0.43 mmole, 53%) of S, m.p. 
289-290'. 

(18) We are grateful to  Prof. P. S. Bailey for suggesting this solvent. 
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simultaneously oxidized both the diol moiety and the phenanthrene- 
type 8,g-bond in 4 and led to  the diquinone, 5,6,7,&dibenz[a,j]- 
anthracenetetraone, map. 410-411° dec. (lit. m.p. >340° dec.)ll in 
65y0 yield. 


