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ADDITION OF BROMINE GAS TO CRYSTALLINE DIBENZOBARRELENE: 
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Abstract. Treatment of chiral crystals of 2,3:5,6-dibenzobicyclo[2.2.2]octa-2,5,7-triene 
(dibenzobarrelene, 1) with bromine vapor results in the formation of the rearranged product 
~-8-bromo-~-4-bromo2,3:6,7-dibenzobicyclo[3.2.l]octa-2,6-diene (2) in up to 8% enantiomeric 
excess. 

The situation in which a molecule is achiral in solution owing to rapid conformational 

motions but is frozen in a homochiral conformation in the solid state is well documented,l and 

several studies have shown that chemical reactions of such crystals can lead to products of 

high optical activity.2 An interesting question in such reactions is to what extent the overall 

chiral crystal lattice environment, as opposed to the disymmetric molecular conformation, 

determines the product optical activity. In one study where this question was addressed,2a*3 it 

was concluded that molecular conformation was the dominant factor in inducing optical 

activity. One way of assessing the chiral influence of the crystal environment alone would be 

to study the enantioselectivity of a solid state reaction of a compound that crystallizes in a 

chiral space group even llv rinid and hiahl 

svmmetrical. Several such compounds are known4 including dibenzobarrelene (l), the title 

compound; a recent X-ray crystallographic study has shown that dibenzobarrelene crystallizes in 

the chiral space group C2 while deviating only very slightly from C2v molecular symmetry.5 

The process chosen for study was the reaction of crystalline dibenzobarrelene with bromine 

vapor. Gas-solid reactions involving bromine are well established,2ap36 and the product of 

-addition of bromine to dibenzobarrelene, if formed, would be chiral. Interestingly, 

bromination of dibenzobarrelene in solution is known7 to afford the carbocationic 

rearrangement product svn-8-bromo-~-4-bromo-2,3:6,7-dibenzobicyclo-bicyclo[3.2.I]octa-2,6-diene 

(2), which is also chiral. A second point of interest. therefore, was to see whether the solid 

state bromination would occur with or without rearrangement.8 

Large (20 - 100 mg) single crystals of dibenzobarreleneg (1) were grown from ethanol, 

thoroughly powdered, and then exposed to excess bromine vapor at room temperature in a 

dessicator. Under these conditions, only a slight discoloration and liquefaction of the crystals 

was evident. After two hours, gas chromatography indicated the nearly complete consumption 

of starting material and the formation of one major volatile product in 85-90% yield plus one 

minor product in approximately 5% yield.lO Isolation and characterization of the major 
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product showed it to be identical in every respect to the rearranged dibromide 2 formed by 

bromination of dibenzobarrelene in solution.7 When the solid state bromination was carried out 

on large single crystals of dibenzobarrelene, there was a rapid transformation of the sample 

into a reddish-brown liquid. Gas chromatographic analysis of this material indicated a 

considerably reduced yield of dibromide 2 along with the formation of a large number of 

byproducts. This mixture was not studied further. 

In order to investigate the extent of asymmetric induction in the solid state brominations, 

‘H NMR chiral shift reagent studies were undertaken. Encouragingly, preliminary optical 

rotation measurements had shown that samples of 2 from the solid state brominations a 

optically active, whereas those from solution brominations were racemic. Dibromide 2, however, 

proved to be ill-suited for shift reagent studies, and therefore 2 was converted by known 

methods into a-acetate 3.7 In one experiment, a sample of 2 with [cx]D = 17.7’ was 

converted into bromo-acetate 3 ([a]D = 10.9’) and analyzed by NMR at 400 MHz with 0.2 eq 

of the chiral shift reagent Eu(hfc)3. Integration of the acetate methyl signals at 3.06 and 3.18 

ppm indicated an enantiomeric excess of approximately 8%; a second run from a different 

solid state bromination gave an enantiomeric excess of 3%. As expected, solution-derived 3 was 

racemic. 
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We conclude, therefore. that while a chiral molecular conformation is undoubtedly very 

important in bringing about enantioselective chemical transformations, the medium in which the 

reaction is carried out also plays a significant role and may, if chiral, bv itself lead to 

product optical activity. Similar conclusions have been drawn for chemical reactions of 

symmetrical molecules in chiral solvents1 1 and chiral inclusion complexes,12 but as far as we 

are aware, our results are the first of their kind for homomolecular chiral single crystals. 

Results such as these have obvious implications for the prebiotic origins of optical activity,13 

and we are continuing our studies in this fascinating field. 
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