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m--The stabilities and the electronic structures of (CH). and (CH); systems were investigated using INDO 
MO calculation. The lotal overlap popuktkns of the C-C bonds of blcyclo[3.2.2)nanatricnyl anion indicated its 
htgh degree of conjugation, in contrast IO less conjugated bicyclo[3.2.2)nonatrierieayl ca~ioo. On rhe other hand. the 
(CH). intcrmcdlate of the D,. symmetrical structure was shown IO be much kss conjugated than rhe D, 
symmetrical (CH); ion. It was suggested from the calculated results that the sum of the total overfap populations of 
all CI‘ bonds involved m a (CH). molecule could be a quantitative measure of aromaticity for the (CH). systems 
In the threeduncmional structures. 

Although many theoretical and experimental studies on 

(CH).’ systems of the threedimensional structures such 

ac (CH); ‘. (CH):’ and (CH);’ have been reported, 

there are only a few studies on (CH). systems. This 
paper deals with our investigation on the stabilities and 

electronic structures of (CHb systems by INDO MO 
method. Our interest was directed especially toward 
bicyclof3.?.2]nonatrienyl anion 1. because Goldstein, 

Murahashi ef 01.’ have very recently found the facile 
rearrangement of 9-barbararyl anion 3 to 1. hrstfy syn- 
thesized by Grutzner and Winstein.’ whereas bicy- 

clo[3.2.2]nonatrienyl cation 4 is well-known to be ex- 

tremely unstable and easily degenerate to barbararyl 

cation 6 at low lempcrature (co. -135”) in superacid 
media.‘” Differences in the electronic structure of the 
bicyclo[3.2.2]nonatrienyl anion from that of the cation 
were explained in terms of the total overlap populations. 
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Based on the results it is proposed that the sum of the 
total overlap populations of ah CC bonds involved in a 
(CH), molecule could be a quantitative measure of 
aromaticicy for (CH). systems of the threedimensional 
structures. Though the rules of “bicycloaromaticity” was 
proposed by Goldstein’” and successfully predicted the 
aromaticity of unsaturated (CH). bicyclic hydrocarbons, 
our new concept of “three-dimensional aromaticity” 
could be more generally applied to a wide range of (CH). 
systems (i.e. the systems including many half-bondings 
such as (CH),’ ion of the C,. symmetrical structure). 

S,vsremoric lreafmenr of (CH), s.vsrems. All of the 

molecular orbital calculations employed in this study are 
based on INDO (intermediate neglect of differential 

overlap) approximation by Pople, Beveridge and Do- 
bosh.” Our treatment for (CH). systems is systematically 
composed of the following two steps; (I) the detcr- 
mini&on of the geometrical structure giving the energy 

minimum on the potential energy surface with respect to 
the geometrical parameters, (2) the electronic population 
analysis’ of the molecule at energy minimum structure. 

In order to determine the molecular geometry of the 
bicyclo[3.2.2]nonatrienyl anion, all the geometrical 
parameters (the bond lengths and the bond angles) must 
be optimized. However, since this procedure consumes 
too much computing time, 8, and 8: in Fig. I were 

chosen as significant geometrical parameters. and the 
other bond angles atni bond lengths were appropriately 
chosen according to the literature.‘ Thus bond angles. 6, 
and 82, were independently changed until an absolute 
minimum in energy was obtained. In the treatment of the 
DU symmetrical (CHb system 2, all the C-C bond 
lengths and the CJLC bond angles were optimized, 
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because there are not as many geomerrical paramelcrs The CX bonding stales of the (CH), anions and ca- 
due IO its high symmetry. tions can be clearly visualized by Ihc total overlap popu- 

IaIions’” as given in Fig. 2. because total overlap popu- 
itEXLlS AbD DWtssI(H’ lation is known IO be proportional to overlap energies.” 

As the resulr of the systematic treatment described The total overlap population value of 0.337 for the &XT. 
above for 1, the energy minimum was obtained when L-C, C& and C.-C, is significantly large in com- 

both 0, and & were I IT. This unexpectedly large bond parison with a standard value of 0.693 for a C-C single 

angle suggests that the L-C- and G-C, n-moieties bent bond calculated in neopcnrane. This conjugative bond 

toward the C.X,-C, n-moiety and the resulting con- formation between C? and C. (L-C,. C.& and C.-G) is 
jugalive interaclion of Ihc C,-C- (CA,) and (‘,X, (Cc inconsisIenI with the observaIion of a considerably larger 

C,) stabilizes the molecule. For comparison. the coupling concIanI of J:. . (I.5 HI) in the -H KMR spectrum 

geometrical parameters of 2 were similarly obtained. At of I.‘-” The value of I.003 for the (‘,-C- and CL, bonds 

the energy minimum structure. considerable electron is much smaller than a standard value of I.127 for a C-C 

delocalization over the molecule was demonstrated (Fig. double bond of ethylene and a little larger than a stan- 

2). Because important geomelrical parameters wcrc dard value of O.%l for an aromatic bond of benzene. The 
value of 0.873 for the C.4, and CL, bonds cor- 

6 responds IO the intermediate value berwcen that of 
aromatic and Ihat of single bonds. Thus, the C.CLC,C- 
and C.KLCC. moieties arc regarded as highly con- 

jugative ones, which are clearly understood as bishomo- 

cyclopentadicnyl systems. As a resulI of the bond for- 

marion of the CrC-, G-C,. CrC, and CXQ. the total 
overlap populations of the C,-C: (CL,) and CL. (Cl- 

C,. C,C, and CK,) decrease to 0.557 and 0.669. respcc- 
tively, which arc somewhat smaller than 0.693 for a 
sIandard C-C single bond. These suggest that a carbon 

atom inherently possesses a maximum bonding ability 
8 

4 b(k. 1).85I 
(maximum valence), which is sufficiently used to make 

[ &-dk. I).892 bonds in aromatic molecules, whereas insufficiently in 

antiaromatic molecules. In this sense. the system 1 can 

be regarded as a three-dimensional aromatic system. 

Since the (CH). systems are all unsaturated, they Icnd IO 
bc in better bonding stales by clcctron delocalization in 

the three-dimensional structures. 

2 b(k. I)-8 79 5 Inlk. I).917 structure were found to bc 6Y and the total overlap 
popularions of Ihc C.-C bonds were represented in Fig. 2. 

Fig. 2. ‘Ik rod overlap populations of the C-C bonds of 1.2.4 ‘The overlap population of 0.026 for Ihe CrC.. Crc‘.. C,-C, 

and 5. and C’,-<‘” bonds of 4 is very small. indicaring rhe absence 

of elecIron dclocalizaIion in Ihc C,C,C,C,C. and the 

chosen in Ihe determinafion of the gcomelry giving C$‘,C,CXI moieIlcs. ‘Thus 4 is unstable due 10 bishomoan- 

energy minimum of 2 and especially of 1, it is difficult to IiaromaIic InsrahiliIy of Ihc posiIivcly charged 5-mem- 

compare directly the stability of 1 to rhat of 2, but the hered ring svstcms. In other words. 4 IS regarded as a 

electronic energy of -8101.3eV for 1 was much lower Ihreedimcn&nal anIiaromaIlc \ysIem. 

than -78%.HcV for 2. The sIability of Ihc latter is The electronic sIatcs of the anion 2 and the cation 5 of 

considered IO be close to [hat of 3.’ Thus the calculated the D,, symmetrical sIrucIurc were next investigaled and 

result is in good agreement with the experimental result compared wiIh each other. In Ihc case of the positively 

IhaI the rearrangement of 9-barbararyl anion 3 into I charged (CHb’ syslcm. the Dlh symmetrical structure 

easily proceeds presumably via the intermediate 2 as was eslablished to lx one of the energy minima and IO 

shown in the following scheme. enjoy a high degree of conjugation.“* As is seen in Fig. 
2. the total overlap populations of both the C,X? and the 
C.4, bonds of 2 arc considerably smaller than those of 

5. which reveals that 2 IS not so much conjugated and 
sIahdized as 5. 

II is obvious from the results described above that the 
Iota1 overlap populaIion is closely connected with the 

3 2 I electron delocalization energy. Since the total overlap 
population, n(k. I) is proportional to the electronic bond 

Contrary IO the case of the (CH), anions. the mole- energy (r,,) between carbon atoms k and I. th is given by 

cular energy of the poshivcly charged (CHb’ system in 
the Dr symmetrical structure 5 was cstablishcd IO be one c,! = n(k. I)& (I) 

of the energy minima and IO enjoy a high degree of 
electron delocalization, while bicy‘clo[3.2.2]nonatrienyl where fi,, is Ihe bond energy parameter. The total clcc- 

catron 4 was found to be very unstable. tronic bond energy (E) of all C-C bonds involved in a 

The comparison of the gcomctrical and elecIronic 
struclures of hic~clol!.!.~jnonaIrienyl cation 4 wiIh 

those of the anion 1. By a similar treatment of 4, the 

corresponding 0, and 8: in the cation at energy minimum 
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(CH). molecule is given by 

(2) 

Accordingly, the sum of the total overlap populations. 
Z,., n(k. I). oould be a quantitative measure of aromati- 
city for unsaturated (CH). systems of the three-dimen- 
sional structures. In accord with this criterion, the values 

for 1. 2. 4 and 5 are X.92. 8.79. 8.51 and 9.17. ‘Ihus 
barbararyl anion I is rcgardcd as a “three dimensional 
aromatics”. whereas the cation 4 is “rhrccdimcnsional 
anliaromalic” cyslcm. The average tolal overlap popu- 

lations per one (CH) units for the system 1 and 4 arc 0.99 

and 0.94. respectively, indicating the better electronic 

bonding stale in 1 than that in 4. The values of 8.79 for 2 
and of 9.17 for 5 are also similarly understood and in 

accord with the results cxpcnmentally obtained. 
This definition of aromaticity is now IO be applied to a 

variety of (CH). systems (C, _ C,) by using several sc- 
micmpirical MO calculations. ‘The results will be rc- 

ported in the near future.” 
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