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Supertetrahedral cubane C;,Hg and supertetrahedral dodecahedrane
CgoHy With tetrahedral C,H fragments in the vertices
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The DFT B3LYP/6-311+G(d,p) calculations predict novel stable hydrocarbon cage structures of ‘supertetrahedral’ cubane C;,Hg and
dodecahedrane CgyH,, in which the CH vertices are replaced by the tetrahedral C,H fragments.

Due to their aesthetically attractive symmetrical convex regular
polyhedron structures (Platonic bodies) and non-standard bond-
ing, the highly strained cage molecules of tetrahedrane 1, cubane
2 and dodecahedrane 3 are of considerable interest to organic
synthetic and theoretically oriented chemists.!
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The synthesis of tetrahedrane,? cubane’ and dodecahedrane®
remains the top of the art of preparative organic chemistry.
Currently, cage structures also attract attention as potential
systems for capturing various atoms and ions in their cavities to
form endohedral complexes.’ Special interest® has been drawn
to endohedral hydrocarbons, in particular, those with the smallest
hydrocarbon cages M@C,yH,, (where M = H, He, Ne, Ar, Li,
Li*, Be, Be*, Na, Na*, Mg, Mg* and Mg?*).

The T structure of tetrahedrane 1 is not a global minimum
on the potential energy surface (PES).” However, due to sufficient
kinetic stability of its structure, tetrahedrane can be used as a
building block!? for the construction of composite molecules, such
as bis(tetrahedrane),'! tetra(tetrahedranyltetrahedrane), (cyclo-
hexane, adamantane) and other systems!? constructed by replacing
tetrahedral carbons in saturated hydrocarbon molecules by the
tetrahedranyl fragments C,H;.

Here we report a computational design of novel stable cage
structures 4 and 5 constructed on the basis of cubane 2 and
dodecahedrane 3, in which all vertex CH groups are replaced by
the tetrahedral fragments C H.

The calculations have been carried out with the aid of the
density functional theory (B3LYP/6-311+G*%*).!2 The vibration
analysis confirmed that the cage structures of 4 and S correspond
to energy minima on the PESs. The geometries of 4 and 5 found
by calculations are shown in Figure 1, and the energy charac-
teristics are listed in Table 1.

The calculated C—C bond lengths in the eight-membered rings
of the molecule of 4 (1.444 and 1.489 A) are significantly shorter
than those in cubane 2, as found at the same level of theory
(1.570 A) or experimentally determined with the use of electron
diffraction!® and microwave spectroscopy'* (1.571 A). The cal-
culated C—C bond lengths in the C,H fragment (1.493 A) are
close to those of tetrahedrane 1 (1.479 A, B3LYP/6-311+G**)
and 1.495-1.508 A [X-ray diffraction data for tetrakis(trimethyl-
silyl)tetrahedrane].>? The C—C bond lengths in dodecahedrane 3
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Figure 1 Geometrical parameters of cage structures 4 and 5 calculated
by the DFT (B3LYP/6-311+G**) method. The bond lengths are given in
angstrom units.

Table 1 Energy characteristics of cage compounds 2-5 calculated by the
DFT (B3LYP/6-311+G**) method.”

Structure,

symmetry Ey (an.) Ezpg (au)  oj/fem™  Epoymo-rumo/eV
2,0, -309.53270 0.13272 617(E,) 73
3,1, —774.35952 0.35701 430 (Hy 6.9
4, 0y —1222.94455  0.25221 105 (E) 4.2
5, I -3057.65717  0.63285 85(Hy) 6.2

“4E, is the total energy (1 a.u. = 627.5095 kcal mol™"); ZPE is the harmonic
zero-point correction; w, is the smallest harmonic vibrational frequency;
Eyomo-Lumo 1 the energy gap between the frontier orbitals.

obtained theoretically (1.554 A, B3LYP/6-31 1+G**) and experi-
mentally (1.535-1.541 A, X-ray diffraction)* are also notably
longer than those in 5. The calculated distances between the
opposite carbon atoms in the molecules of 4 and § are 5.2 and
73A, respectively, which indicates the presence of a rather spacious
cavity in the molecules. The minimum harmonic frequencies
calculated for compounds 4 and 5 are significantly lower than
the corresponding frequencies of cubane 2 and dodecahedrane 3,
pointing thus to the greater flexibility of the former structures.
This finding is consistent with the narrower gap between the
frontier HOMO and LUMO orbitals of 4 and 5, as compared
with cubane 2 and dodecahedrane 3 (see Table 1).

Thus, the calculations performed showed that supertetrahedral
analogues 4 and 5 of cubane 2 and dodecahedrane 3 represent
a new type of stable hydrocarbon systems having sufficiently
large internal cavities for the formation of various endohedral
complexes.
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