
Tetrahedron Letter8 IVo. 9 pp. 5-9, 1959. Pergamon Preae Ltd. Printed In 
Great Britain. 

THE SPECIFICITY OF TRE OZOEIZATIOB OF POLYCYCLIC AROMATICS 

F. T. Wallenberger 

Department of Chemistry, Harvard University Cambridge, Easaachueetts 

(Received 12 June 1959) 

THE reaction of ozone with polycyclic aromatics has received much 

attention in recent years. 
1-6 

Moriconi et al., l-4 Copeland et al. 5and 

Bailey et al. 
6 

thua have studied the ozonolysis of naphthalene,6 

anthracene,5'6 naphthacene,3'5 phenanthrene,1'5'6 ohryaene,5 benz(a)- 

anthracene,2'5 dibenz(a,h)anthraoene,4 triphenylene,5 perylene,5 pyrene,6 

and acenaphthylene. 5 Ozone was found to react in most cases by 1,2- 

addition to aromatic bonds to give ultimately aldehydes and aolds 

presumably via Criegeele7 Zwitterion. In several inatanoee however ozone 

also reacted by l,+addltlon to para-poeitione 296 poeeibly via Bailey*a6 

mechanism. The major products isolated oan be accounted for by poetulat- 

lng a 1,2- or a simultaneous 1,2- and l,&addition of ozone to polyoyolic 
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6 Speoifloity of the ozonization of polyoyollo aromatioe 

aromatics. 
2 

Formation of polymeric by-products, presumably derived 

partial destructive ozonization quite frequently precludes complete 

quantitative assessment of all reaction pr0au0ts. 2,5,6 

from 

01 

Recently a theoretical correlation has been suggested2 which offered 

for the first time a oonsistent explanation why ozone reaots by 1,2-addftion 

with some aromatics and by l+addition with others. Assuming that the 

preferred course of the reaction depends predominantly upon the relative 

stability of various ortho and pare dlhydro structures characteristic of 

traneitional or intermediate ozone adduots, it has been shown that quinone- 

hydroquinone redox potentialaS can be used as measure of such stabilities9 

in the correlation with the preferred course of ozonolysis. Unfortunately 

only few redox potentials have been determined experimentally. 

A new and more universally applicable relationship has now been 

established in form of calculated resonance energy decreases whioh socompany 

the reaction. Such resonanoe energies are available in the literature for 

ortho positions 
10 

and were calculated for para positions from para 

looalization energies 
11 

according to a suggestion of Whelsna. 
12 

A oorrela- 

tion of resonance energiea (R.E.) ancl redox potentials (Eo) with the 

preferred course of ozonization (Table 1) shows that ozone indeed reacts 

preferentially with positions which lesd to the more stable transitional or 

8 
L. F. Fieser in H. Gilman*s Organic Chemistry Vol I (2nd Ed.), p. 159. 
John Wiley, New York (1945). 

9 G. E. K. Branch ancl M. Calvin 
Prentice Hall, New York (1944j. 

The Theory of Organic Chemistry p. 303. 

lo R. D. Brown, J. Chem. Sot, 3249 (1950). 

" R. D. Brown, J. Chem. Soo, 691 (1950); 1612 (1951). 
12 

G. W. Wheland, Resonance in Organic Chemistry pp. 379-381. 
John Wiley, New York (1955). 
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8 Speolfioity of the ozonizatlon of polyoyolic aromatioe 

intermediate 1,2- or l,&adduct, since the lower the R.E. 
10 and the Eo, 9 

the more etable the corresponding ortho or para dihydro structure. 

Moat compounda listed in Table 1 except anthraoene, benz(a)anthracene 

and naphthacene react predominantly by 1,2-additions. This is in agreement 

with theoretical predictions: R.E.orthFR.E. 
para 

and E -E 
‘ortho ‘para’ 

Naphthaoene” 5 and anthracene5’ 6 give predominantly the corresponding 

quinonea via l,&addition of ozone. This likewise ia in agreement with the 

proposed correlations: R.E.orthobR.E, and E 5E Small 
para oortho opara’ 

amounts of 2,j-naphthalenedicarboxylic acid were obtained recently from the 

ozcnization of anthraoene in addition to large amounts of enthraquinone. 5 

The competing l,P-addition of ozone to the 1,2- and T,&bonde of anthracene 

is accordingly much slower (leas preferred) than the l,+addition. 

Benz(a)antbracene is also capable of both types of reaction. Ozonolyeis 

under different conditions 295 gave by l,&addition the isolable intermediate 

benz( a)anthraquinone2’ 5 and ite further ozonization product l,P-anthraquinone- 

dioarboxylic acid2 and by l,P-addition,4,5-benzdiphenio acid.’ Redox poten- 

tials tend to favor a predominantly l,&addition while resonance energies 

are in favor of a predominantly 1,2-addition. This singular exception among 

paralleling R. E. and E. values in Table 1 might well imply that both 

reaction patha are nearly equivalent. Thie then is in agreement with the 

experimental reeulte. 

Thus resonance energies have been found to be a powerful tool to aooount 

for and to prediot the moat reactive sites (bonds or poaitlons) of polyoyolio 

aromatics towerds ozone. Predictiona can be extended 
10,11,12 to compounds 

not listed in thie communication. Furthermore, the diecuased correlation 
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lends itself to establish an approximate order of decreasing eaze of ozono- 

lyziz in the series of uneubetituted polyoyclio aromatic hydrooarbonz with 

triphenylene as least and naphthacene as most reactive. 


