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The Crystal Structure of Hexahelicene 
By I. R. MACKAY, J. MONTEATH ROBERTSON,* and J. G. SIME 

(Department of Chemistry, University of Glasgow, Glasgow, W.2, Scotland) 

Summary The crystal structure of the 1 : l-hexahelicene- 
4-bromo-2,5,7-trinitrofluorenone complex has been solved. 

HEXAHELICENE (phenanthro [3,4-~]phenanthrene) was first 
synthesised by Newman and Lednicer.l The precise con- 
formation of this severely overcrowded aromatic molecule 
can only be determined by X-ray crystal analysis, and to 
facilitate this work Professor Newman kindly supplied us 
with good crystals of the 1 : l-hexahelicene-4-brom0-2,5,7- 
trinitrofluorenone complex (Figure 1) .  

FIGURE 1 

The crystals are triclinic, space group Pi, with four 
molecules of C,,H,, : C,,H,O,N,Br in a unit cell of dimen- 
sions a == 9.30, b = 20-63, G = 18.90 A, a = 114.9, p = 
93.7, y = 98.7". There are therefore 100 non-hydrogen 

atoms in the asymmetric crystal unit. Some 6300 inde- 
pendent structure amplitudes were evaluated from intensity 
data estimated visually from Weissenberg photographs, and 
the positions of the two bromine atoms were obtained from 
an analysis of the Patterson function, From this starting 
point, successive structure factor calculations and three- 
dimensional Fourier syntheses gradually revealed the 
positions of all the other non-hydrogen atoms. The value 
of R is now 19%, and refinement by least-squares methods 
has commenced. 

In the unit cell of the complex two of the four hexa- 
helicene molecules are the left-handed enantiomer and two 
are right-handed, each of the former being related to the 
latter through the centre of symmetry. Each 4-bromo- 
2,5,7-trinitrofluorenone molecule is sandwiched between 
two hexahelicene molecules with the three rings of the 
former compound lying nearly parallel to rings 1, 2, 3 and 
rings 4, 5, 6 of the two adjacent hexahelicene molecules 
(Figure 1) at approximately van der Waals separation 
distances. 

The results of our analysis a t  this stage show clearly that 
the hexahelicene structure is achieved with little deviation 
from the values expected for bond lengths and angles in 
benzene rings. The distortion from planarity which is 
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required of the individual rings is not uniformly distributed 
as is shown by the root-mean-square distance of the atoms 
from the best plane through each benzene ring (Figure 2). 
The dihedral angles between the best planes of neighbouring 
rings are also shown in Figure 2 at  the ring junctions. 

The distance between the closest pair of non-bonded 
carbon atoms (1 and 1' in Figure 1) is 3*05(4) A, which is 
in good agreement with the value of 3.004 A obtained from 
theoretical calculations2 and is significantly less than the 
value predicted from the van der Waals radii of two CH, 
groups. In  the recently reported structure of a hetero- 
helicene, benzo [dJnaphtho[1,2-d']benzo[l,2-b : 4,3-b']dithio- 
phen, in which benzene rings 3 and 5 of hexahelicene are 
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FIGURE 2 

replaced by thiophen rings,  the corresponding separation 
distance was found to be 2-91 A. (Received, October 24th, 1969; Corn. 1609.) 
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