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HELICENES 
PHOTOSYNTHESES OF [l I], [12] AND [14]HELICENE 
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Ah&act-[II], [I21 and [Il]helicene have been synthetised in one operational step by photoinduced double 
cyclodehydrogenations of bis(arylvinyl)arenes. 

With the object of studying further the spectral, 

chiroptical and physical properties of the helicenes, we 
have completed the all benzene-helicene series up to 

[ll]helicene, inc1usive.t 
The syntheses of [Ill, [ 121 and [14]helicene described in 

this communication involve double photocyclisations, a 

process used successfully in earlier work, particularly in 

the case of [13lhelicene, the first member of the 

multi-layered helicenes.’ 
The photoinduced double cyclodehydrogenations can, 

in principle give rise to a large number of isomers. 

However, the double photocyclisation step leading to 
[13]helicene gave the desired helicene in 52% yield. 

Two independent photosyntheses of [I Ilhelicene 

Three photosyntheses of [lO]helicene are presently known; 
two of them are described in an accompanying communication,’ 
the other one, starting from 2-methoxycarbonyl[6]helicene, will be 
published shortly.’ 
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(Scheme I). [I21 and [14]helicene (Schemes 2 and 3) have 
been carried out in order to compare the yields and to 
assign the structures. The structural proofs are based on 

the fact that, in each case, only the desired helicene is a 
common isomer of the two synthetic schemes. In the case 

of [I I] and [lZ]helicene, a third independent photosyn- 

thesis has been carried out by Moradpour et al.’ The 
structures thus assigned are fully confirmed by the study 

of their ‘H-NMR spectra’ and by GLC. In GLC, [lo], [ll], 
[I21 and [14]helicene behave as predicted in an earlier 

publicat&. 

ExPERIMElVrAL. 

(a) Wittig reaction The precursors 4, 5, 6, 7, 8 and & of the 
helicenes are prepared in one operational step by a double Wittig 
reaction. In the course of this and similar work, we have observed 
that the yield of the double Wittig reaction is usually better when 
the dialdehyde is used instead of the bisphosphonium salt; 
Wynberg et al. have reached the same concIusion.b For the 
preparation of 5, the reverse is however true (97 vs 65%). 
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Table 1. 

Wittig Time of M+ 
yield irradiation Helicene Yield (m/e) 

3-=-3-=-3 96% lh40’ [Ill 54% 578 
4-=-l-=-t 97% 3h IllI 84% 578 
3-=4=_3 81% 2h10 tt21 32% 628 
t-=-6-=-2 64% Ih ]12] 42% 628 
4-=4=-t 84% 4h 30’ 1141 10% 728 
3_=&=-3 78% 4h 30’ il4j 45% 728 

-I-: 1,4-phenylene, 
3-: 3-phenanthryl. 

-F:3,6_phenanthrylene, 

4-: 2-benzo[c]phenanthryI, 
4: 2,l I-benzo[c]phenanthrylene. 
-6-:2,15hexahelicylene. 

General procedure. A soln of EtONa in EtOH (2.5 x IO-’ mol of 

Na in I5 ml EtOH) was added slowly to a boiling soln of the 
phosphonium bromide (2.10-’ mol) and the dialdehyde (IO-’ mol) 
dissolved in the minimum amount of EtOH/benzene (N2 and 

stirring). The mixture was refluxed during I hr and kept at room 
temp over night (stirring). The yellow ppt was collected and dried 
under reduced pressure. The mother liquor was concentrated to 

approximately one quarter of the original volume and MeOH was 
added to the residue. The ppt was collected and purified by 
column chromatography (ahrmina-benzene). This last treatment 
was repeated, if necessary. to complete the extraction of the 
desired product. The yields are given in Table I. 
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from the corresponding (bis)bromomethyl derivatives by the 

action of 2-nitropropane in alkaline soln’ or by oxidation of the 

corresponding primary alcohols with DDQ (2,15-bisformyl 

[6]helicene). 
(b) Phofocycfisations. A suspension of the product to be 

cyclised (0.1 g) in benzene (I I) containing 8-12 mg of I,. was 
irradiated, at room temp, with a Hanovia 450 W high pressure Hg 
lamp (Pyrex well). The time required to complete the photocycli- 

sation (no more starting material detected by TLC on silica-gel 

(p.ether 60-70”lethyl acetate 4: I) is given in Table I. The product 
was purified by column chromatography [alumina-p.ether 60-70”; 
first fluorescent (green) band]. The new helicenes were character- 
ised by MS. GLC and by ‘H-NMR spectroscopy.’ The yields are 
given in Table I. 
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