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First synthesis of the cubane skeleton
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Other ways to cubane

O
O O
@ Br O Br - O Br
+ = i'/' ; > e
benzene Br
Fe(CO); Br \Q Br (80%) %
O

MeOZC

S
aq. KOH Sy (Br 0) HO,C CH4OH
OH > —_— CO,Me
_ COZH 2
100 °C (80%) OH = _2Br
B

r

Y

1. 0sO, (75%) H% 1. esterification ﬁl
> > —_—
HO,C 2. Dieckmann

2. Jones HO,C H condensation @) CO,Me
(85%)

1. HOCH,CH,OH, TsOH
2. aq. KOH, A
T — %
3. Hunsdiecker reaction
(@) Hal

(Cristol - Firth modif.)
4. H30" (100%0)

1. Barborak, J.C.; Watts, L.; Pettit, R. J. Am. Chem. Soc. 1966, 88, 1328.
2. Chin, C.G.; Cuts, H.W.; Masamune, S. J. Chem. Soc., Chem. Commun. 1966, 880.



Fragmentations of cubane skeleton
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Rearrangements of cubane skeleton
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Recent reactions of cubane and it’s derivatives
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Synthesis of the substituted homocubanes
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Synthesis of the homocubane
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Some reactions of homocubanes
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Rearrangements of the homocubane skeleton
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Bishomocubanes
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Synthesis and rearrangements of basketane
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Synthesis of C,-bishomocubane
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Synthesis of C,-bishomocubane skeleton
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Reactions of C,-bishomocubane
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Synthesis of D,,-bishomocubane
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Trishomocubanes
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Synthesis of selected trishomocubanes
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Synthesis of D,- trishomocubane
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Functionalizations of D,- trishomocubane
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Goals of the work

1. To develop convenient preparative methods
for the synthesis of olygohomocubanes.

2. To evaluate possible ways for their functionalizations
with computational methods.

3. To study the functionalization reactions of olygohomocubanes
experimentally.



Objects of computational modeling




Synthesis of monohomocubane
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Synthesis of C_.-trishomocubane
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Synthesis of C,-bishomocubane
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Strain energies of cubanes computed
via homodesmotic equations (B3LYP/6-31G*)

Structure E.,, kcal/mol E..c, kcal/mol
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E@ 86.5 8.6
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% 68.5 6.8

A 41.9 3.8
% 40.2 3.7
E% 32.4 2.3




Relative stability of radical and cationic intermediates:
homocubane and C,-bishomocubane
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Relative stability of possible intermediates:
Cs-trishomocubane and D,-trishomocubane
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Energies of oligophomocubyl radicals relatively to cubyl radical
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General scheme for hydrocarbon oxidations with TCB
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Radical cation of homocubane
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Radical cation of C,-bishomocubane
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Radical cation of C_-trishomocubane
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Radical cation of D,-trishomocubane
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Possible ways of C—H substitution in homocubane and C,-bishomocubane
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Possible ways of C—H substitution in trishomocubanes
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Oxidation of trishomocubanes by 1,2,4,5-tetracyanobenzene
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Conclusions

Preparative methods of synthesis of homocubane, C.- and D,-trishomocubanes
have been developed from hydroquinone with overall yields 30%, 60% and
39%, respectively.

The scheme for the preparation of C,-bishomocubane from hydroquinone have
been proposed and the key intermediate have been prepared.

The strain energies of the set of olygohomocubanes have been computed at
B3LYP/6-31G*. The most significant lowering of the strain was found for
monohomologization of cubane (ca 45 kcal/mol). The strain energy of
bishomocubanes depends on the relative positions of the bridges.

Structure and relative stability of cations, radicals and radical cations derived
from olygohomocubanes have been evaluated. This makes possible to predict the
ways of functionalization of these cage compounds under electrophilic, radical
and oxidative conditions.

The SET oxidations of trishomocubanes was studied, and the observed
selectivities for C—H substitutions are in full agreement with the computed
structures of the trishomocubanes radical cations.
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