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The cage triketone 2 revealed different reactivities toward the
thermal condition according to the substituents: the cyclobutane ring
cleavage for alkyl substituents and the decarbonylation for methoxy-
carbonyl ones. The X-ray crystallographic study for the derivative
of 2b showed a significantly long (1.635(7) R) C(Ph)-C(Ph) ¢ bond.

The reaction mechanisms are discussed in terms of frontier molecular
orbital (FMO) theory combined with the results of molecular mechanics
and semiempirical MNDO molecular calculations.
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Considerable interest in the chemical behavior of cage molecules has
increased during the past decade, since these compounds continue to play an
important role in the understanding of many aspects of physical and synthetic
organic chemistry. Especially, it should be noted that the thermal olefin

metatheses to the cage molecules were applied to the new and general approach to

la)

linearly fused tricyclopentanoids of natural products as coriolin and

hirsutene.lb)

Recently, we found the bond elongation caused by enhanced through-bond inter-
action of vicinal diphenyl substituents, and have proposed that it plays a signif-
icant role for the decarbonylation reaction of the strained cage molecule L.Z)

Further studies on the chemical behavior and structural feature of cage
triketone 2 are of particular interest in understanding the effects of through~bond
interaction on the reactivity of strained cage molecules.

The cage triketones 2a,b were synthesized according to a procedure previously

3),4)

described. The cycloproduct (5) of p-benzoquinone 3 and 2,5-disubstituted-

3,4-diphenylcyclopentadienone 4 was irradiated in solid state to give the desired

photoproduct (2) (Chart 1). The structures of these compounds were determined by

their spectral data (IR, lH-NMR, 13C—NMR) in comparison with those which were

3)

previously reported. The keto group of 2b is more congested than that of 2a;

1 higher than that of 33.5)

the carbonyl stretching frequency (1808 cm-l) is 53 cm
To confirm the presence of bond elongation caused by an enhanced through-

bond interaction, we have undertaken an X-ray crystallographic study for 2.
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Since well-formed crystals of 2 were not available, a chemical conversion was carried
out; 2b readily gave the oxa-cage compound 6b on treatment with water, thus a
single crystal X-ray diffraction study was effected. As shown in Figure 1, the

" most remarkable feature of 6b is the
face~to-face conformation7) of the
two phenyl groups and the signifi-
Santly long C2—C6 o bond (1.635(7)
A). Unfortunately, as described
above, we could not know the precise
bond length of C,-C. in 2b.
However, on the basis of our previ-
ous study,z) we can assume that 2b
has approximately the same bond
length as 6b. The fact that calcu-
lated CZ-C6 bond length of 2 using
Allinger's MM2 force field is con-
siderably shorter than that using

semiempirical MO (MNDO) method also
6) indicates that the through-bond
interaction, which is an electro-

Figure 1. Molecular Structure of 6b

static interaction, is operative in
this case (Table I).

. L h .
Table I Calculated Bond Lengths Long C-C bonds as mentioned

length (i) above should be susceptible to rapid
cleavage as can be seen by comparing
€2Ce €17¢, the results of Mehta,4) with those
Compd. MM2 MNDO MM2 wNpo Of our previous papers.”)
Indeed, refluxing in diphenyl-
2a (R=Me) 1.5659 1.6229 1.5521 1.5592 ether (DPE) resulted in the rapid

2b (R=COOMe) 1.5724 1.6265 1.5496 1.5585 decarbonylation to give unstable
tricyclic compound 7b' which might
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8) The diene, upon irradiation in MeOH,

9)

be derived from Cope rearrangement of 7b.
provided the photo-induced reduction product 8b, supporting that the extrusion
of carbon monoxide from 2b had occurred. On the other hand, 9a underwent ring

closure to 2a upon irradiation of the same reaction conditions (Chart 2).

u Chart 2

Interestingly, two independent reaction pathways were observed according to
the substituents at Cs and Cg in spite of the presence of the diphenyl group in 2a
and 2b. The result of 2b is in sharp contrast to Mehta's observation of 2a”’; the
thermal decomposition of 2a gave the bis-enone 9a by preferential cleavage of the
cyclobutane ring.

» In either case, the C2-C6 bond was cleaved in selective manner, indicating
that the through-bond interaction is one of the important factors in thermally
induced bond cleavage reaction.

In the case of these reactions, a distinction between a fully concerted
reaction pathway and an involving diradical intermediate is not possible at the
present stage. However, in the thermal decarbonylation of 2b, the reaction
mechanism might be explained in terms of cyclic three-system interaction,lo) in
which interaction between the low-lying LUMO's of the bridged bond (C3-C4 and
C4—C ), lowered by the effect of the electron-withdrawing substituents, and the

5
- 11)

heightened HOMO of the elongated C bond are operative (Figure 2(b)).

2

6

o

cleavage Ph
C2-Cg Ph

——e el

Figure 2. Possible Transition State for Thermal Reaction of 2
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In contrast, from the fact that the cage triketone 2a undergoes thermally
forbidden cycloreversion reaction at moderate temperature, another possible
mechanism is considered as follows: the preferential cleavage of the elongated
C2—C6 bond caused by enhanced through-bond interaction leads to the formation of
the diradical intermediate 10. The resulting diradical 10 still interacts through
the ¢ bond (Cl—C7), and this weakened ¢ bond undergoes cleavage to form the thermo-
dynamically stable bis-enone system (9a) (Figure 2(a)).

Thus, phenyl participation at C, and C6 shows a leading role in thermally
induced bond cleavage reactions as well as the nature of the substituents at C3 and
C5 in the cage triketone 2.

Further detailed mechanistic studies of the ring cleavage reaction of the
cage triketone 2 are in progress, and will be published elsewhere.
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