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Theoretical calculations (G2 with complete optimization of the geometry) of tetrahedrane and its protonated form 
lead to the conclusion that tetrahedrane should be a superbase [proton affinity (PA) at 298 K, 252.0 kcal mol-1 (1 cal 
= 4.184 J)]; the performance of the G2 method was checked against 14 experimental PA values. 

We recently reported’ the results of an experimental (FT-ICR) 
and theoretical study in the protonation of the P4 molecule in the 
gas phase. It was found that, while P4 is a molecule with Td 
symmetry,* in P4H+ the proton is bound to two P atoms, leading 
to a highly covalent P-H-P bond, similar to the B-H-B and 
C-H-C bonds in diborane3 and C2H5+$ respectively. 

These results prompted us to study another molecule with Td 
symmetry, tetrahedrane 1, Fig. 1, the most highly strained of the 
saturated hydrocarbons. To our knowledge, this compound has 
not yet been isolated5 and so we investigated its protonation by 
means of high level ah initio calculations. 

The proton affinities (PAS), have been calculated using G2 
theory.6 The PA of tetrahedrane, C4H4, is defined as the 
negative of AH0298 for reaction (1): 

(1) 
The G2 level of theory corresponds effectively to QCISD(T)/ 

6-3 1 l+G(3df,2p)//MP2/6-3 1G(d) calculations with HF/ 
6-3 1 G(d) scaled zero-point vibrational and ‘higher level’ 
corrections. As Smith and Radom7 noted, in calculating proton 
affinities the empirical higher level correction cancels out, and 
the resulting proton affinity is thus purely ab initio. 

Although G2-calculated energy changes for reaction (1) are 
generally referred to 0 K, we have also carried out the 
temperature correction leading to AH0298 in order to directly 
compare our results with the experimental values for other 
compounds. To this end, the scaled vibrational frequencies were 
used.7 

The total energies of tetrahedrane, C4H4, and the protonated 
form, C4H5+, at the ah initio G2 level of theory are presented in 
Table 1, together with the corresponding proton affinities, PAS, 
at 0 and 298 K. All the calculations have been performed with 
the GAUSSIAN 928 system of programs. The optimized 
structures at MP2(fu11)/6-31G(d) are shown in Fig. 1. They are 
in very good agreement with previous calculations of the 
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Fig. 1 MP2(fu11)/6-31G(d) optimized structures of tetrahedrane 1 and the 
protonated form 1H+ 

Table 1 G2-calculated energies (Hartree) and proton affinities (kcal mol-1) 
of tetrahedrane 

G2 (0 K) G2 (298 K) PA (0 K) PA (298 K) 

C4H4 - 154.338343 - 154.333647 250.5 252.0 
C4H5+ - 154.737622 - 154.732890 

geometries of tetrahedraneg and cyclobutenyl (or homo- 
cyclopropenylium) cation,’() i.e. the structure of protonated 
tetrahedrane, 1H+ in Fig. 1. 

In order to anchor our result to the experimental PA scale we 
have compared the G2 PA values at 298 K, calculated by Smith 
and Radom7 for a set of 14 molecules, with the corresponding 
experimental values recently obtained by Szulejko and 
McMahon11 by means of high pressure MS (HPMS) (see Fig. 
2). There is an excellent linear correlation [slope = 0.992 f 
0.004, intercept = 1.68 f 0.78 kcal mol-1 (1  cal = 4.184 J), R 
= 0.9999 and s.d. = 0.53 kcal mol-’1 between theoretical and 
experimental values. From this correlation, we can estimate an 
experimental PA value for tetrahedrane of 251.7 kcal mol-1. 
This indicates that tetrahedrane would be a ‘superbasic’ 
molecule in the gas phase, with a proton affinity similar to that 
of the strongest ‘superbases’ studied very recently by Gal and 
Maria et a1.12 (they measure a PA of 251.9 kcal mol-l for 
7-ethyl- 1,5,7-triazabicyclo[4.4.0]dec-5-ene). 

Why should the tetrahedrane display a ‘superbasic’ behav- 
iour? There are two factors to expalin this fact. 

First, tetrahedrane is a highly strained hydrocarbon with an 
estimated strain energy of 130-140 kcal mol-1.13 

And secondly, the structure of the protonated tetrahedrane 
corresponds to that of cyclobutenyl or homocyclopropenylium 
cation, with C, symmetry. This is the simplest homoaromatic 
carbocation, this contributing to its relatively high stability. 
Olah et al.14 determined an 8.4 f 0.5 kcal mol-1 ring inversion 
barrier, termed the ‘homoaromatization energy’,15 and very 
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Fig. 2 Experimental (ref. 11) vs. G2-calculated (ref. 7) proton affinities for 
a set of selected compounds 
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recently, Schleyer et aLIO have studied theoretically this 
carbocation at very high levels of calculation. They conclude 
that the homocyclopropenylium cation is a prototype for 
homoaromatic character, which is a result of strong through- 
space interactions caused by p p  overlap between the interact- 
ing centres, caused by delocalization of (4n + 2) n-electrons 
accompanied by an equalization of atomic charges, bond 
lengths and 13C chemical shifts. 

Note added in proof G2 calculations have been performed on 
C4H4.16 The energies and enthalpies are in perfect agreement 
with our values. 
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