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the bond orders, we have carried out an ab initio geometry optimization for 2 using the 4-316 

and 6-316. basis sets.sO The latter, which includes polarization functions at carbon 

(d-orbitals) was included because they have been found to be important for the proper 

description of highly strained cyclopropane derivatives. ss The results are shovn in Table I. 

The calculated geometry for the structure having D4h symmetry (i.e. with the me thylene 

hydrogens in a plane) had a non-bonded H-B distance of only 1.807 1. In order to relieve this 

steric strain, the calculation was repeated using D4 symmetry which allows the f% groups to 

twist. This nllored the B-H distance to increase to 2.158 1, and reduced the energy 

significantly. The calculated distance between the bridgehead carbons was 1.575 i as compared 

with the bridgehead-methylene distance of 1.668 1. Thus, the interaction between the 

bridgehead carbons can only be described as a bond. The compound is still highly strained, 

the the calculated change in energy on cleavage to [l.l.llpropellane (i) and methylene is -249 

kcal/mol using the 6-316. energies.ss The AEf is estimated to be 438 tcal/molza corresponding 

to a strain energy of 456 kcal/moll 

AE = - 249 kcal/mol 

We were interested in seeing if greater stabilization might be achieved with larger 

rings, and so the structure and energy of [2.2.2.21paddlane (L) also was calculated using the 

4-316 basis set. It was impractical to optimize the geometry of such a large molecule using 

the 6-31G* basis set. It is known that the 4-316 and 6-316’ basis sets give essentially the 

same geometry for most cyo1oalkanes.i’ and therefore the 6-316’ energy was calculated at the 

former geometry. The results are summarized in Table I. The calculated bridgehead-bridgehead 

distance is 1.525 1, and the distance betreen the methylene groups is 1.489 1. Thus, the 

bridgehead carbon is calculated to be essentially planar. Since in the absence of the 



bridgehead-bridgehead interaction. the geometry at the bridgeheads would be expected to be 

pyramidal ,’ it is clear that the bridgehead-bridgehead interaction mast be described as a bond 

in this case also. The bridgehecld-methylene distances is 1.787 1, corresponding to what one 

might expect for a bond order of 0.75 (i.e. three bonding orbitals distributed over four 

bonds) . The above geometry is similar to that derived from the semi-empirical c8lcnl8tion.4 

Again, despite what stabilization might be achieved in this fashion, the compound is 

highly strained. The calculated change in energy on going to [2.2.21propellsne (2) and 

ethylene is -230 kcal/mol.Ls The estimated Mf is 311 kcal/mol corresponding to .a strain 

energy of 349 kcsl/mol. 
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’ - ’ + CH2wCH2 ~E=-23Okcal/mol 
1 5 

Table I 

Energies and Structures of Paddlanes 

& 

E = -230.77171 Hartree (D4h)(4-31G) 

2 
E = -230.77434 Hartree (D4)(4-316) 

3 
E = -231.16622 Eartree (D4)(6-316.) 

r(C,-C,) = 1.575, r(C,-C,) = 1.668, r(C,-H) = 1.059 

CIC,C, = S6.4O, HCsH = 117.10 

E = -386.91658 Hartree (Dqh) (4-316) 

2 E = -387.47471 Hartree (D4h) (6-316*/4-316) 

3 

r(C,-C,) = 1.525, r(C,-C,) = 1.787, r(C,-C,) = 1.489 

C,C,C, = 90.60. HC,H = 108.70 
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