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Abs&acf~ Two double-headed modules have been synthesised by linking a p~~tive linear 1 or angulru 2 
psmaien via a straight ten-carbons chain to an electrophilic a-~~yl~e-~but~~~~. Their phototoxicity was 
&en evaluated by the mouse ear-swelling test and compared with that af the reference componnds 5-methoxypmen 
and angelicin. Compounds 1 and 2 we.re found tu be non-phototoxic at concentrations 120 fold higher than the 
minimal phototoxic dose of 5-MOP. 

The use of extracts of Ami majus L. or the seeds of Psoralrra coryl~olia, in conjunction with exposure to 

sunlight, as tteatment for vitiligo (a condition resulting in hypopigmentation of the skin) can be traced back to the 

Egyptians in 1500 BC. In the 50% the isolation of 8methoxypsoralen led to the clinical study of the treatment of 

vitiligo, then to the development of the first synthetic furocoumarins. In the 7Os, combined therapy using both 

psoralen and ovation by UVAl {the region of the solar spectrum involved in the reaction of f~~oum~ns) 

was started, this being the beginning of photochemotherapy known by the acronym of PUVA. PUVA proved to 

be a good inhibitor of epidermal cell proliferation and is widely used in the treatment of psoriasis. Unfortunately 

most linear furocoumarins or psoralens are phototoxic? for the skin, resulting, after contact with these molecules 

and UVA irradiation, in erythema and eventually edema. The carcinogenic and phototoxic secondary effects of the 

psoralens have led to a search for new ~ti~olifemdve, but non-phototo~c, derivatives. During WA irradiation, 

psoralens in the presence of DNA form photoadducts with the pyrimidine bases of the DNA? these are C4 

cycloaddition products between the 3, 4 or 4’, 5’ bond of psoralen and the double bond of the pyrimidine. 

Depending on the structure of the psoralen, mono- or di-adducts can be formed, resulting in the cross-linking of 

two strands of DNA4. 

u-Methylene-y-~t~lactones are very good electrophiles which are known to react rapidly with 

nucleophilic residues of proteins (amino or thiol groups), forming covalent bondss. The presence of this 

electrophilic group, together with a furocoumarin, can lead to the formation of di-adducts, in this case, between 

DNA and proteins. 
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We here report the synthesis of two heterodimeric derivatives based on a furocoumarin nucleus, linear 1 

or angular 2, bound to an o-methylene-y-butyrolactone by a lo-carbon polymethylene chain. These compounds, 

when tested on mice, were found to be essentially non-phototoxic in comparison with the reference compounds 3 

and 4 (5methoxypsoralen and angelicin, respectively). 

Synthesis6. 

5-hydroxypsoralen 5, produced by dealkylation of bergamotin (AcOH, H2SO4) was converted, under 

basic conditions (K2CO3, DMF) to derivative 7 by reaction with the bromo derivative 6. The acetonide group 

was then hydrolysed under acidic conditions (HCl5%, THF) to give the aldehyde 8 in 71% yield. The aldehyde 

was finally converted to the a-methylene-y-butyrolactone by treatment with a-bromomethacylic acid in the 

presence of SnQ in THF?, compound 1 being obtained with a yield of 64%. 

I b 

Reagents and reaction condirions: a) 6, Kzm, DMF; b) HCI 5%. THF: c) SnC12, THF, a-bromomethaoylic acid 
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Compound 11 was prepared from iodocoumarin 9 by a Doad reaction8 with alkyne 10, in the presence of 

copper oxide in refluxing pyridine, in a yield of 90%. Deprotection of the THP group in acidic milieu (AcOH, 

THF, Hfl) followed by a Swern9 oxidation (905, DMSO, Et3N) gave the aldehyde 12 in a yield of 77%. This 

was then converted to the a-methylene-y-butyrolactone by the same reaction used previously, producing 

compound 2 in a yield of 40%. 

HO a,b _ 

I 
HO-CH2 \ 

9 (CHz) 1-H 

Reagents and reaction conditions: a) 10, 010, pyridine, : 
a-bromomethaaylic acid 
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OHC 

,cOH, THF, H2O; c) 405, DMSO, CHzC12; &N; d) SnC12. TEE. 

Study of the phototoxicity of compounds 1 and 210. 

The phototoxicity of compounds 1 and 2, together with that of reference agents 3 and 4, was tested in the 

mouse, using ear-swelling” to quantify the inflammatory reaction. As seen in figure 1, compounds 1, at a 

concentration of 1.4 mM and with an irradiation dose of 6 J/cm2, showed no phototoxicity, whereas compound 3 

@MOP) induces a marked erythema. Compound 1 showed no phototoxicity at a concentration of 27.7 mM at a 

UVA dose of 12 J/cmz. 
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Figare 1: Phototoxicity of compounds 1 and 2 at 1.4 mM and vehicule after irradiation with 6 J/cm2 WA. 
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Compound 2 was found to be non-phototoxic at a concentration of 13.9 mM (its limit of solubility) and a UVA 

dose of 10 J/cmz. 

The two derivatives we have synthesised show no phototoxicity at the maximal concentration tested (their 

limits of solubility) and at usual in-adiation doses. Their antiproliferative properties and mechanism of action are 

currently under investigation. 
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