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Summary - STO-3G calculations show that the O,k structure of the fulvalene dication 4 is an 
energy minimum with respect to this constraint lying some 21 kcal/mole above the singlet 
ll~h (3) structure with both being less stable than triplet 021, (3). Analogies are drawn 
with organometallics. 

The pyramidal Cr, structure (1) for CsH.+ has been the subject of CND0/21a, 

extended H&kellb, CNDO modifiedlc, MlNL10/3l~*~ and ab initio at the STO-3G levelle*g 

calculations. Extended basis set calculations* indicate that the square-based pyramidal 

mle entity: 4-31G calculations place 150kca l/mole above the singlet structure for 1 is a stab 

Dsh structure.’ 

H 

.! C4V 2 triplet D,, 3 triplet D,, 

2 B10H16 

Planar classical D5h (2) is antiaromatic while the pyramidal(l)Cr. structure is aro- 

matic because it contains six interstitial electrons in three loti energy bonding molecular 

orbi tals. The concept of aromaticity is thus extended to ring-cap three-dimensional struc- 

tures (m as in 1 or close as in a trigonal bipyramid for CrHs+)) based upon a 4n + 2 

array of interstitial electrons using p-orbitais of the (CH), annulene and s and p-orbitals 

of the capping group’. This analogy applies to other three dimensional 4n + 2 systems such 

as isolobel metallocenes’ and carboranes.S Furthermore, analogy exists in the isoelectronic- 

ity among +C-H, Fe(CO), and B-H for such nido clus t 

group or an atom attached to a (CH), annulene to y 

er structures which consist of a capping 

eld 4n + 2 interstitial electrons. 
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One may extend this formal relationship between a planar antiaromatic structure and the 

related cluster type aromatic one to the hypothetical fulvalene dication.‘ The D,h planar 

structure (2) is antiaromatic in the same sense as 2, and the 041, bis-pyramidal cluster 

structure (4) is aromatic in that it contains 2(An + 2) = 12 interstitial electrons. In 4 

the capping group Cl-Cl’ is better described as a connecting group and might, a priori, 

be ;t_i+ , -it=t+ or +C=C+. 

Just as i is derived 
-+ formally from 1. by cheletropic shift of of the endo-cyclic iii 

unit to an apical position, 1 + 3 involves extrusion of the +t-E+ unit from its bis endo- -- 

cyclic location to a bis - 

tionship between 1 and 4 

molecule is well known;* 

apical position relative to the two basal rings. A further .rela- 

is found in transition metal cluster chemistry. The C,H,Fe (CO) 1 

recently a cluster complex CrHIFe+FeCrH4(CO)~ p-carbonyl 

bis (cyclobutadiene carbonyl iron) has been described.’ Thus the isolobal connection between - 

Fe (CO), and +c-H is extended to Fez (CO) 3 and +t-t+. The structure of B~oHlr, 5, completes - 

the analogy in the borane series.‘O 

We report now computational validation for this analogy from Gaussian 7011 with minimal 

STO-3G basis set” calculations on 2 and 2 using the symmetry constraints Dlh and Dab 

respectively. 

The STO-3G description of singlet 041, (4) is quite satisfactory (Fig 1). It is an 

. 

‘0.0537 ~I.37211 (1.0%) 

‘0.065 

FIG. 1 FIG. 2 

STO-3G Optimized Geometry STO-3G Optimized Geometry 
Calculation on 041, (A) Calculation on Dlk 
Energy (hartrees) Energy (hartrees) 

Singlet=-377.843 Triplet=-378.038 

Triplet=-377.476 Singlet=-377.878 

energy minimum within the imposed symmetry constraint lying some 21 kcal/mole above the sin- 

glet 021, (3) system (Fig. 2). The CI-C1 bond length of 1.605 i compares with the anal- 

ogous distance calculated for 1 of 1.356 it (CNDO) 1.583 A (HINDO’d, 1.589 i STO-3GlC and 
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1.613 i; 21~~~. The basal bond distance of 1.462 i is similar to 1.477 izc and 1.472 i 

21G” for 1 by the above methods. The Cl-C; bond distance 1.468 i is what one would 

expect for a single bond”. The Mulliken overlap populations reveal reasonably strong cap- 

ring bonding at 0.321. The C,-C, value of 0.758 and C-H value of 0.766 are very close to 

the calculated values.’ The iarge value of 0.805 for the Cl-CX. bond agrees with concen- 

tration of electron density bctwcen these two carbon atoms. These may be compared with HCECH 

(0.98) and HlC=CH2 (0.40) .I’ The formal charges on the basai carbon atoms are smal! 

while those on hydrogen are relatively large. The negative charge at CI and Cl’ (-0.028) 

agrees in sign but not magnitude with a value of -0.061 for the apica; carbon atom is the 

I- -s” structure for C;!i5+15. The out of plane bending of the ring hydrogen atoms by 3” 

degrees towards the cap carbons suggests the presence of less diffuse bonding orbitals on 

these carbons:. 

The STO-3C calculations on singlet and triplet Dsk (3) are given in Fig. 2. The tri- 

plet is 101 kcal/mole more stable than the singlet. Reference to the atomic charges shows 

that positive charge is fairly equally distributed over the rings with a rather large concen- 

tration occurring on hyarogen in both the singlet and triplet states. Both models are char- 

acterized by relatively large overlap populations between the rings. 

The difference in energy between the triplet Olh _ (3) (-378.038) and singlet D.k 

(-377.842) is 122 kcaijmole. We do not place strict quantitative significance upon these 

numbers other than to note that they are in the same direction as 1 (C,v) vs 2(Dsh). 

Finally it must be recognized that the STO-3G energy differences are likely to change with 

the theoretical level employed. 

In summary this work is a kind of “reverse isolobal analogy”. The hallmark of organome- 

tallic cluster compounds is the occurrence of extensive bridging. Dication 4 is unusual from 

the viewpoint of organic structural theory but routine from the viewpoint of inorganic clus- 

ter ions. The propensity for bridging in transition metal clusters ultimately depends upon 

the availability of d-orbitals of appropriate symmetry and energy for bonding. These are 

normally not available in simple carbocations. It is interesting to note that in the case of 

/I-carbonyl fi cyclobutadienyl carbonyl iron, ClH4Fe=FeClHI (CO) 2 a structure 

involving two ferracyclopentadiene rings was considered as a possible molecular formulation.9 
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The relationship between the two structures is analogous to that between 1 and 4. The non- 

bridged structure was excluded rigorously on the basis of n.m.r evidence’. In the case of 

B10H1* (5) the D,h is unique in the utilization of 2s and 2p for maximum bonding of 32 

electrons in 40 orbitalsl‘. It is of interest to search for other analogies on going from 

cluster systems to carbocyciic ones and vice versa. -- 
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