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In the past decades there have been proposed 
not a few theoretical indexes for explaining 
chemical reactivity of a conjugated system. 
These are such as;r-electron density1), self-
polarizability3), free valence3), localization 
energy4), Dewar's approximate localization 
energy5), frontier electron density6), super-
delocalizability7), and so forth8,9). These 
quantities were derived from entirely different 
physical grounds. Nevertheless, predictions of 
the position of chemical attack by these quan-
tities agreed well with known experimental 
results. This remarkable fact has attracted the 
attention of theoretical chemists, and several 
authors have attempted to interrelate these 
quantities3,5,10-12) The mathematical relations 
underlying these quantities in alternant hydro-
carbons and hetero-alternant molecules have 
been clarified by the present authors13) and 
Baba 14). That is, as far as some conditions 
are satisfied, theoretical indexes in static, 
localization, and frontier electron methods 
were found to be entirely parallel. If this 
were so, good coincidence between the indexes 
and experiments does not always mean that 
each one of these indexes is the true reflection 
of the process of reaction. Rather, a possibility 
might exist that some of them are not qualified 
as the " good " index in the most general sense 
and the coincidence of such quantities with 
experimental facts may due mainly to the 
existing mathematical relations. 

 In this connection we should compare the

 Fig. 1. Structure and numbering of non-

 alternant hydrocarbons. 

theoretical prediction of an index with experi-

mental data with regard to the compounds in 

which no such mathematical interrelation as 

found in alternant hydrocarbons exists. This 

will serve as testing the availability of theories 

and finding out the theory closest to the true 

mechanism of reaction. For this purpose the 

most suitable material may be non-alternant 

hydrocarbons in which less intimate relations 

than in alternant molecules are expected 

between these theoretical indexes. 

In the present paper frontier electron density 

and superdelocalizability for several non-

alternant hydrocarbons were calculated. The 

structure and numbering of these hydrocarbons 

are shown in Fig. 1. The calculated values of 

frontier electron density and superdelocaliza-

bility were compared with known experimental 

results, together with other theoretical indexes. 

Results and Discussion 

 Theoretical indexes of non-alternant hydro-

carbons were compared with experiments for 

three cases of reactions, that is, for electro-

philic, radical and nucleophilic reactions, 
respectively.
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 Reaction with an Electrophilic Reagent.-In 
Table I, the values of localization energy, 
frontier electron density and superdelocaliza-
bility for an electrophilic attack and the value 
of electron density were listed and compared 
with known experimental results. The values 
corresponding to the predicted position of 
attack are specified by italic letters. Experi-
ments were once carried out for azulene, 
acenaphthylene and fluoranthene. As is seen 
in Table I, all indexes predict the same posi-
tion as the most reactive for azulene and for 
acenaphthylene in accordance with experi-

TABLE I. LOCALIZATION ENERGY (L7(E)), FRON-
TIER ELECTRON DENSITY (fr(E)), AND SUPER-
DELOCALIZABILITY (Sr(E)) FOR ELECTROPHILIC 
ATTACK AND ELECTRON DENSITY (Qr) IN COM-

 PARISON WITH EXPERIMENTS

a) Calculated according to the formula of Eq. 
 27 of Ref. 7.

ments15.16) For fluoranthene, however, the 
situation is different. That is, the experi-
ments showed that the bromination reaction 
occurred at two positions giving 3, 8-dibromo 
fluoranthene17,18). The prediction of frontier 

TABLE II. FRONTIER ELECTRON DENSITY (fr(R)), 
SUPERDELOCALIZABILITY (Sr(R)) AND LOCALIZA-
TION ENERGY (Lr(R)) FOR RADICAL ATTACK AND 

 FREE VALENCE IN COMPARISON WITH EXPERIMENTS

a) Calculated according to the modified 
 formula of Eq. 27 of Ref. 7. 

b) Calculated according to the formula of Eq. 
 IV-4 of Ref. 7 (the constant term, t 

 was omitted).
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electron theory agreed well with this fact 
because the values of frontier electron density 
and superdelocalizability at 3 and 8 positions 
are larger than the other positions. On the 
other hand, the total electron density method 
(the static method) predict 8 and 2 positions 
as the most susceptible to an electophilic 
attack, and localization method 3 and 7 posi-
tions. Other compounds such as fulvene, 
pentalene, heptalene and fulvalene have never 
been synthesized and accordingly no available 
experimental data have hitherto been obtained. 
The prediction of all indexes agreed entirely 
with each other in these compounds. 
 Reaction for a Radical Reagent.-In Table 

II, localization energy, frontier electron density 
and superdelocalizability for radical attack and 
the values of free valence were shown in com-
parison with known experimental data. For 
azulene the experiments showed that radical 
reagents attack position 119). As is clearly 
seen in Table II, the values of frontier electron 
density and superdelocalizability explain the 
experimental fact well, whereas other indexes 
such as free valence and localization energy 
predict that position 4 will be the most reac-
tive. Some doubts have been pointed out in 
connection with the reliability of the free 
valence as a chemical reactivity index5,20). Not 
a few cases appeared in which this index failed 
to explain the experiments; for example, in 
phenanthrene and 2-pentene21). On the other 
hand, localization energy has proved to be a 
good index in the case of alternant hydro-
carbons. It may be of theoretical interest to 
observe in non-alternant hydrocarbons the 
inability of localization energy to explain the 
experimental results of, for example, the elec-
trophilic reaction of fluoranthene and radical 
attack of azulene stated above. 
 Acenaphthylene has been found to make a 
colorless dimer, and it has been suggested that 
the mechanism of formation is not a simple 
" collisional " one , but depends on the existence 
of van der Waals complexes and Crawford and 
Coulson considered that the formation of these 
complexes is probably facilitated by the pres-
ence of a high free valence at the reacting 
carbon atoms. They calculated the free valence 
in this molecule and found that the values of 
5, 6 positions are larger than that of 1, 2 posi-
tions"). On the other hand, experiments 
showed that the dimer has the following struc-
ture indicating that the 1, 2 positions have 
greater reactivity than 5, 6 positions", 22).

Hence, the free valence, as is stated by Craw-
ford and Coulson20), is not a sufficient guide 
to reactivity. Frontier electron method and 
localization method both predict that the 1, 2 

positions will be more reactive than 5, 6 posi-
tions. This result coincides with the experi-
ment although there may remain some ques-
tions as to the applicability of the reactivity 
indexes to such a dimer-forming reaction. 

TABLE III. FRONTIER ELECTRON DENSITY (f C)) 
 SUPERDELOCALIZABILITY (S,(N)) AND LOCALIZA-

 TinT FNPPflY (T,-(N)) FOR NIJCLEOPHILTC ATTACK

AND π-ELECTRON DENSITY(Qr)

a) See the first footnote of Tabie I.

b) Calculated according to the formula of Eq.

 IV-2 of Ref.7(the constant term,2λm+1,

 was omitted).
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For other compounds such as fulvene, 
pentalene, heptalene, fulvalene and fluoranthene 
there are no available data. The prediction 
of the most reactive position of these mole-
cules by theoretical indexes agreed entirely 
with each other. 

Reaction for a Nucleophilic Reagent.-Braun 
and Manz heated fluoranthene and CuCN for 
6 hr. at 260C and got 3-CN derivative23). The 
nature of this reaction has not been determined. 
The reaction may be nucleophilic or other-
wise radical in nature. Provided that the 
reaction proceeds in radical mechanism the 
theories agree with the experiment because 
free valence, localization energy, frontier elec-
tron density and superdelocalizability all 

predict position 3 as the most reactive, as is 
seen in Table II. On the other hand if the 
reagent attacks the substrate molecule as a 
nucleophilic reagent, the-,r-electron density 
method fails to predict the correct position as 
is shown in Table III, whereas the localization 
and frontier electron methods both succeed 
also in this case. 
 For other molecules no experiment seems to 
have been carried out and all indexes predict 
the same position as the most reactive center 
except for acenaphthylene and fulvalene. 
Some experimental information may be looked 
for in relation to acenaphthylene; position 5 is 

predicted by the localization method and the 
frontier electron method, and position 3 by

a-electron density method. In the case of
fulvalene, disagreement of predictions by the 
localization method and the static method has 
been pointed out by Brown12) in connection 
with the "chemical non-crossing rule"; that 
is, the former predict position 1, whereas the 
latter, position 2. The frontier electron density 
and the superdelocalizability predict position 
2 as the most reactive center toward nucleo-
philic reagents in agreement with the static 
method. 
 As was stated above, the static method fails 
to explain the experimental results of fluoran-
thene with regard to the electrophilic attack 
and the radical reaction of azulene and acena-
phthylene. The localization method also 
could not correctly predict the position of 
attack in the case of electrophilic reaction of 
fluoranthene and radical reaction of azulene. 
On the other hand, the predictions by the 
frontier electron method were entirely con-
sistent with experiments for all molecules so 
far tested. 

 Since no ambiguous parameter has been 
used in the calculations stated above, such a 
comparison of availability of various theoretical 
indexes may be of significance in the sense that 
it may be able to afford us a clue to search 
for the "true" feature of substitution process 
in conjugated molecules. 
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