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The Dimer of 2,3-Dimethyl-3,4-(o,o'-biphenylene)cyclopentadienone : 
Thermal and Photochemical Transformations' 

By BENZION FUCHS,* M. PASTERNAK, and G. SCHARF 
(Department of Chemistry, Tel-Aviv University, Tel-Aviv, Israel) 

Summary The title compound (1) undergoes a degenerate 
Cope rearrangement which was studied within the n.m.r. 
time scale ; further thermal and photochemical trans- 
formations of (1) are also presented. 

A RECENT report2 on the synthesis of the cyclopentadienone 
dimer (1) and of some cycloaddition products of its mono- 
meric unit (2), have prompted us to report some properties 

The known hydroxy-ketone (3)3 withstood any dehydra- 
tion attempt4 to (2) but gave with acetic anhydride the 
rearranged acetates (4a) and with acetyl chloride2 or thionyl 
chloride the rearranged chlorides (4b). The latter under- 
went rapid and quantitative dehydrochlorination on treat- 
ment with alcoholic KOH to give the dimer of 2,5-dimethyl- 
3,4- (o,o'-bipheny1ene)cyclopentadienone (1). 

The properties and behaviour of (1) are very interesting. 
While the usual carbonyl absorptions occur as expected5 at  

of (1). 

1690 and 1765 cm-l, it exhibits only two (instead of four5) 
methyl singlets in its n.m.r. spectrum, at  T 8-80 (6H) and 
8-32 (6H). Barring the unlikely coincidence of accidental 
isochronism of two methyl pairs, there is only one explana- 
tion for this, a rapid exchange, relative to the n.m.r. time 
scale, between two methyl pairs. This is possible only by 
invoking a degenerate [3.3]Cope rearrangement in the 
endo-dimer (l), whereby bonds are ruptured and formed 
simultaneously between the carbons 1,2 and 4,s. We 
substantiated this hypothesis, by performing variable 
temperature (100 MHz) n.m.r. spectroscopic measurements 
of (1) down to - 7 5  "C. The low field methyl signal 
gradually broadened until it was split into two well resolved 
singlets at  T 8.40 and 7.77 which coalesce at T ,  = 233 K. 
The upfield signal a t  T 8.80 underwent only appreciable 
broadening in this process. A comparison of these data 
with the methyl resonances in various other methyl sub- 
stituted cyclopentadienone dimers5 reveals that the above 
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described low-temperature splitting represents exchange of 
the methyl groups in positions 1 and 4, as implied by the 
proposed [3.3]Cope rearrangement. Considering the case 
of the two non-interacting, equally populated sites and 
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using the approximationa T~ = 4 2 / 7 d  = 7.2 x s the 
rearrangement rate K ,  = 70 s-l can be calculated. Apply- 
ing the absolute reaction rate theory, AG;,, = 4-57 T (  10.2 + 
log T / k )  = 11.4 kcal mol-l. 

This behaviour is worthy of comparison with that of other, 
dissociating5 and non-dissociating' cyclopentadienone di- 
mers. In none of these cases was it possible to detect the 
thermal Cope rearrangement in the n.m.r. time scale. In  
the unsubstituted case i t  can be inferred from deuterium 
labelling experiments that such a process occurs slowly 
around 80°C. 

Direct and sensitized (acetone) irradiation of the dimer (1) 
a t  h > 300 nm gives up to 94% of a highly insoluble pro- 
duct, m.p. 312 "C, vmax 1750 cm-1; hmax 254 (E 71,000), 277 
(32,000) 296 (17,000) nm; m / e  516 (M+), 258 ( M / 2 + ,  1 0 0 ~ o ) .  
The insolubility of the product precluded any n.m.r. 
measurements but the above data indicate an isomer of (1) 
having bridged carbonyls and phenanthrene rather than 
biphenyl chromophores (as would be required by cage 
structures). Structure (5 )  is therefore assigned to this 
product. Interestingly, (5 )  is also exclusively formed by 
heating (1) a t  80 "C and above. Evidently, ( 5 )  constitutes 
an energy well which may be reached from (1) either by 
photolysis v i a  a triplet excited state or in a thermal ("for- 
bidden") reaction which may indicate a diradical inter- 
mediate. This explains why no thermal dissociation of the 
dimer (1) to the monomer (2) is ever observed.2 Moreover, 
(1) was not isolated on thermolysis of ( 5 )  although when the 
latter was heated with maleic anhydride the adduct (6)  was 
slowly formed. The same anhydride (6)  was obtained from 
the dimer (1) [or the acetate (4a) a t  higher temperature] 
with maleic anhydride. We feel compelled to conclude 
that the coplanar aromatic ring systems in (1) stabilize the 
biradicaloid transition state in positions 1 and 2 (or the 
ally1 radicals 2,3,4 and 1,9,8) while minimizing steric 
interference2 for the described rearrangement. 
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