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Abstract-Hexamethylbicyclo[2.2.0lhexanes underwent endo,exo isomerization (skeletal inversion) and stereoselec- 
tive supra, antara cleavage at MO-Wp. The kinetics were studied and the products isolated and identified. The 
reactions are discussed in terms of a common l&r-bonded intermediate which evolves to the invertomer or opens 
conrotatorially to methyl-substituted hexadienes. 

Our study of the hydrogenation of 
hexamethylbicyclo[2.2.0]hexa-2,5diene revealed the 
facile thermal endo,exo isomerization (skeletal inversion) 
of all-endo-hexamethylbicyclo[2.2.0]hexane.* Goldstein 
and Benzon recently reported skeletal inversion of the 
parent compound;’ apparently, this process is typical for 
bicyclo[2.2.0]hexane systems.’ Besides skeletal inversion, 
bicyclo[2.2.0]hexane3 and a large number of its deriva- 
tive? exhibit thermal cleavage reactions with sometimes 
remarkable stereoselectivity. 

In the present paper we report the skeletal inversion 
and ring opening of a number of stereoisomeric 
hexamethylbicyclo[2.2.0]hexanes. On the basis of these 
results, the reaction mechanism will be discussed. 

RESULTS 

Thermal rearrangement of all-endo - 
hexamethylbicyclo[2.2.0]hexane (1) at M-175” gave 
mainly the more stable invertomer (2); besides, 
stereoselective cleavage resulted in erythro-(E&3,4,5,6 
tetramethylocta-2,Miene (6). 

The somewhat less strained2 1,2-endo,3-endo,4,5- 
endo,6-exo-hexamethylbicyclo[2.2.0]hexane (3) reacted 
similarly at higher temperatures (196216”). Skeletal in- 
version gave the monc+endo-hexamethylbicyclo[2.2.0]- 
hexane 4; cleavage of the G-C, and C& bonds resulted 
in erythro-(E,E)-3,4,5,6-tetramethylocta-2,Gdiene (7) and 
a minor amount of the erythro-(Z,Z)-isomer (8), whilst 
fhreo-(E,Z)-3,4,5,6-tetramethylocta-2,6diene (9) re- 
sulted from cleavage of the C,-C, and G--C, bonds (cJ 
Scheme). 

The inverted products 3 and 4 also exhibited ring 
opening, but elevated temperatures were required. Ther- 
molysis of 2 at 220-250” gave mainly 6, together with a 
small amount of an (E,E)-diene (presumably 7, formed by 
supra-supra cleavage). 

I.2 - Exo,3 - endo,4,5 - exo.6 - endo - hexamethylbicyclo - 
[2.2.0]-hexane (5) gave mainly rhreo-(E,E)-3,4,5,6- 
tetramethylocta-2,6diene (10). Further data are compiled 
in Table I, which Table also contains some kinetic data. 
Interconversion of the products of the cleavage reaction 
was relatively slow. 

The bicyclic product 4 and the dienic products 6-10 
were isolated by means of chromatography over silver 
nitrate-impregnated silica. The configurations of the 
dienic products were established by ozonolysis and ‘H 
and “C NMR spectroscopy. 
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Scheme I 

DISCUSSION 

Application of the concept of conservation of the nodal 
properties of molecular orbitals6 to the concerted thermal 
fragmentation of the cyclobutane ring reveals that reac- 
tion via the suprafacial pathway of least motion would 
proceed through an antiaromatic’ transition state. On the 
other hand, supra,antara cleavage via an aromatic transi- 
tion state would require a considerable distorsion of the 
four-membered ring. Successive disruption of the two 
u-bonds, with the intermediate formation of a tet- 
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Table I. Thermolysis of hexamethylbicyclo[2.2.O]hexanes” 

“in sealed glass, 10% solution in heptane or decane. 

ramethylene diradical or zwitterion, constitutes the alter- 
native. Actually, the thermal fragmentation of cyc- 
lobutanes is not readily achieved whilst the activation 
parameters strongly indicate a flexible transition state.*” 

As to our present results, we shah first discuss the 
skeletal inversion process, which formally constitutes a 
[I, I] antara, antara sigmatropic rearrangement, and which 
may also be regarded as the interconversion of two 
cyclohexane-1,4diradicafs in a compressed boat confor- 
mation. Two reaction pathways have been envisaged. 

(1) Via a l&r-bonded intermediate. Twisting of the 
~membered ring will interconve~ 1 and 2 via the 1,4-n- 
bonded transition state A, which is further stabilized by 
interaction of the occupied r-level and the P-levels of 
the edge bonds. It is pertinent to note in this connection 
that the bicyclo[2.2.0]-hexane skeleton is definitely 
skewed,‘” whilst the twisting motion corresponds with the 
across-the-ring vibrations which have been observed for 
bicyclo[2.2.O]hexa-,2,Sdienes.” 

dH, 

2 

(2) Via a cyclohexane-l,4-dirudical. Stretching of the 
bridge bond in 1 will result in a rather weakly 1,4-u- 
bonded species (B), which might also be regarded as a 
cyclohexane-1,4diradical in a boat conformation with 

through-space coupling of the radical centers.‘* Conver- 
sion to the corresponding species connected with 2 (C) 
may be accomplished through twisting via A (essentially 
process I), or via the corresponding I ,4-diradical in a chair 
conformation (D). 

However, the ring opening of D would compete with 
conversion into C. In view of the activation energy which 
would be required for the latter process, estimated to be 
40kJ mole ‘, we feel that the route B-D-C can be 
excluded. 

As to the ring opening process, the discussion has 
largely centered on the question whether the reaction 
proceeds through a cyciohex~e-1,4-diradi~l or with 
synchronous breaking and making of bonds.‘J.‘Z Although 
the steric course of the ring opening seems to agree with 
the concerted option,‘.” the geometry of the transition 
state was considered incompatible with the bicyclic 
system.sr 

The activation parameters (see Table 2) yield no deci- 
sive evidence whether a concerted or a stepwise mechan- 
ism is involved in the ring opening process. The effect of 
substituents on the reaction rate, however, may serve as a 
mechanistic probe: substituents which stabilize partial 
bonding through delocalization”-like carbonyl, cyano, 
and phenyl groups--will enhance the reaction rate if a 
vicinal bond is partially broken in the ~nsition state.” 
Experimentally, carbonyl and cyan0 groups at the I- and 
4-positions lowered the energy of activation of the ring 
opening by approx. 32 kJ mole-‘.‘“J.” Replacement of the 
5- and &methyl groups in 1 and 3 by methoxycarbonyl 
groups rather has the opposite effect,” showing that the 
edge bonds are not broken or appreciably lengthened in 
the position rate. 

Two intermediates have been considered for the ring 
opening reaction: the p-bonded species A, which is 
closely related to the transition state of the conrotatory 
cleavage of cyclobutene;‘” and the cyclohexane-l,4- 
diradical D which would be expected to open stereo- 
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2,6-diene (9) [‘H NMR (CLKX,): 6 = 0.96 (d, 3H); l.OO(d. 3H); 1.51 
(m, l2H); 2.11 (dq, IH); 2.60 (dq, 1H); 5.10 (m, 2H)I. 

Compound 10. A sample of 5 (0.25g) was heated (neat, in 
sealed glass) for 24Omin at 248”. The product mixture was 
subjected to chromatography over AgNO,/SiO*. Elution with 
hexane-CJ&, (1: 1) afforded lhreo -(E,E)-3,4,5,~tetramethylocta- 
2,6diene (IO) [‘H NMR (CDCI,): 6 = 0.93 (m, 6H); 1.50 (m, 12H); 
2.12 (m. 2H); 5.13 (m, 2H)]. 

Configurational assignments 
The configurations of the alkenic moieties were assigned on the 

basis of the “C NMR spectra (see Table 3). An allylic carbon rrans 
to a carbon atom will resonate 7-10 ppm downfield relative to an 
allylic carbon atom trans to hydrogen.= This et&t is clearly 
observed for the methine carbon atoms in 8, and 7 and 10, which 
appear at 6 = 37 and 46, respectively, the (E,Z)-dienes 6 and 9 
providing a basis for comparison. 

The fhreo-eryfhro configurations were determined by means of 
ozonolytic degradation? Ozonolysis of 6 and 7 resulted in corn- 
plex mixtures which contained eryfhro-3&dimethyl-hexa-2,S- 
dione, according to GC and CC/MS, the threodiastereomer beiig 
absent. Similarly, thr#-3,4dimethylhexa_2~di~e was present 
in the ozonolysis product of 9. With the connation of 7 
established, 10 had to be assigned the three-configuration. The 
configuration of 8 was assigned on the basis of the rather low 
affinity for Ag(1). 
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