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Abstract : Stereoselective reversible photodimerization of 8-alkoxypsoralen 1-thymine _ 

derivatives occurs in the solid state with topochemical control, the reactive 

pyrone double bonds of the monomers being favourably oriented in the crystal to 

produce only the exo head-to-tail dimer. - 

Psoralens are compounds of wide photobiological interest1'2'3. For example, 

El-methoxypsoralen a-MOP 1 is used in the phototherapy of skin diseases like psoriasis and 

vitiligo. The photobiological activity is related, at least partly, to 2+2 photocyclo- 

addition onto pyrimidine bases of DNA4. To investigate the interactions and the 

photoreactions between psoralens and nucleotide bases, we have previously reported the 

synthesis and study of model compounds like 2 and 3 in which the base is linked to the 

psoraien ring by different polymethylene bridges 
5-9 - . The crystal structures of such models 

have also been determined 
10.11 . We report here an unusual photodimerization which occurs in 

the crystalline state for two of these models g and z (n = 5). 

In contrast to compound g (n = 4) for which no particular interaction of the 

ring-ring stacking type (psoralen-thymine, psoralen-psoralen or ttiymine-thymine) was observed 

in the solid", X-ray structure analysis 
12 

of crystals of 2 and *, as obtained in the dark 

1_:8-MOP 2 (c,d,.,f,l): n_,3,4,5,6,12 3 (c.d,e,f) : n-3,4,5,6 



from alcoholic solutions, showed the 3.4 double bonds of the psoralen rings to be lying over 

each other at a distance of 3.5 A (Figure 1) which appears favourable to a photodimerization 

in the crystal 13 . When crystals of either 22 and s were exposed to daylight or to an 

artificial light source (A= 365 nm), HPLC analysis showed that a highly selective reaction 

had occured with excellent yield (one photoproduct, over 99 %). The identity of the dimeric 

product involving the 3,4 double bond of psoralen was established by 'H NMR, mass 

spectroscopy and elemental analysis 
14 . Reirradiation at 254 nm in DMSO led to photoreversion 

to the starting compound g or 2 which confirms that a [2+2] photoaddition had occurred 
15 . 

A crystal of the dimer of 2e was obtained with some difficulties and found to be - 

isostructural with the corresponding monomer (Figures 1 and 2). Molecular packings are 

similar and photodimerization requires only a translational movement to reduce the distances 

between the C(3) and C(4) atoms 
16-19 . Thus, the model compounds e lead to psoralen dimers 

having the exo head-to-tail configuration, - quite clearly controlled by the favourable 

arrangement of the reactive double bonds of the monomers in the crystal. Presumably. the same 

stereoselective photoaddition occurs for the model compound z. 

Photodimerization involving the pyrone double bonds of psoralens has been observed 

under various conditions : in the solid state 
20-24 . 

, In frozen solution 
23,25 

and in organic 

solvente23'25-2g t but little has been reported on the reaction stereochemistry. For 8-MOP and 

its derivatives, stereoselectivity has been described only in organic solvents to give 

"pyrone-pyrone" exo head to head dimers 
26-28 . The reaction appears less selective for - 

psoralen in the solid state 
24 

and for 4,5',8-trimethypsoralen (TMP) in dichloromethane 
29 . For 

example, irradiation of TMP leads to a mixture of six principal photoproducts, three of which 

were identified as a "pyrone-pyrone" exo head to tail dimer, a "pyrone-furan" endo head to - 

head dimer and a bicyclomer resulting from a double cycloaddition between pyrone and furan 

double bonds. The present stereoselective intermolecular photodimerization in the crystal 

therefore represents a new mode of addition which emphasizes 

local arrangement can have on regio- and stereoselectivity. 

the effect that appropriate 

Figures 1 and 2 : Packing of the compound 2 and its photodimer down the b axis 
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This result can be compared to the psoralen-thymine photoreaction. In solution, 

models give an intramolecular photoaddition of thymine and psoralen, and only at the pyrone 

double bond7'8. When, in contrast, psoralen photoreacts with DNAle4, both pyrone and furan 

adducte are formed, which suggests that on intercalation certain geometries for reactive 

double bonds are imposed. As in the crystal, the course of the reaction is thus largely 

determined by geometric factors. 
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