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The Dyson R!frinsLabomkq, South Pa&s Road, Oxford OX1 3QY. UK. 

Abs&ucI The syntheses of the potentially prebiotic compounds, bis(glycoaldehydc) phosphodiester 1, 
dihydroxyac~lycoaldehyde-2 and &~erakkhy&-2-~&~ 3 have been ~~. 

introduction 

The recent discoveries that RNA has both catalytic potentia~l and the capacit); to evolve in vitro* have added 

ex&imqntal weight to the theory of an ‘RNA world’i. In the preceding paper we have presented a novel 

retrosynthetic analysis of the RNA polymer that suggests a potentially prebiotic synthesis involving aldol 

palymcrisation chen@ry,, intramolccuhu rcdox transfer aad ring closure via a mesometic hcterocyclic betaine 

intermediate. Our analysis su&ests that bM_glycoaldehyde) phosphudiester 1 and simple glycoaldehyde-hiose 

mixed phosphodiesters 2 and 3, Fig. 1. might be important in the prebiogenesis of RNA. 
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3 R’=CH~H, R*=H 

Accordingly we have initiated a programme aimed at synthesising such phosphodiestlrs and studying their 

bchaviour in aqueous solution. In this paper we sport etYicient syntheses of bis@ycoaldehyde) phosphodiester 

1, dihydroxyacetonephosphoglycoaldehyde 2 and glycxraldehyde-2-phospho&cckdehyde 3. 

Results md dii 

It was envisaged that as the targets 1.2 and 3 all contain potentially reactive cafbonyl groups that these groups 

should be introduced at the end of any synthetic scheme by ozonolysis. To avoid by-product formation in the 

ozonolysis we chose to synthesise appropriately substituted 7-membered cyclophosphodiesters which, upon 

ozonolysis. would generate both catbonyl groups f’rom the same ring double bond, Fig. 2. 

9109 



9110 

In the synthesis of 1, Fig. 34, the appmpriate cylophosphodiestcr 5 was easily generated by treatment of (Z)-2- 

butene-1,4-diol with phosphoryl chloride in the presence of triethylamine followed by hydrolysis of the 

resulting chlorophosphate 4 in aqueous THE Ozonolysis in methanol followed by reductive work-up with 

dimzthyl sulphidc afforded bis(glycoaldehyde) phosphodiester 15. 
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Fig. 3. Synthesis of Bis(glycaaldebyde) Phospbodiester 1 

The synthcscs of 2 and 3 required the preparation of selectively protezted hydroxymethyl-2-butl&diols. 

rert-Butyldimethykilyl was chosen as protecting group as it was envisaged that this group might be zemovcd by 

the acid generated during hydrolysis of the appropriate chiorophosphatc intermediate. The common cis 2- 

butene-1.4-dial moiety of the desired, selectively protected hydroxymethyl-2-butene-1.4-diol.s suggested a 

synthetic route based on some sort of furan oxidolysis/&uction procedu&. For the synthesis of 2, (E)-2-tcrr- 

butyldimethylsilyloxymethyl-2-butcne-1.4diol6 was conveniently prepared by Diels-Alder reaction of 3-ren- 

butyldimetbylsilyloxymethyl-furan with singlet oxygen followed by reduction of the resultant ozonide 

equivalent with sodium borohydride, Fig. 4. 
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Phosphorylation with phosphotyl chloride and tricthylamine proceeded satisfactorily but the chlorophosphate 7 

thus obtained proved difficult to purify and this route was temporarily abandoned and a less direct route was 

explored. Phosphitylation of 6 with ferf-butyloxyphosphodichloridite followed by oxidation with mefu- 

chloropcrbcnxoic acid gave the easily purifiable phosphouiestcr 8 in acccptablc yield. Dcprotcction of both the 

phosphoryl and hydroxyl groups was then cleanly effected by treatment with methanolic HCl. Ozonolysis of 

the cyclic phosphodiester 9 as its sodium salt7 in methanol followed by reductive work-up with dimethyl 

sulphide then afforded the linear phosphodiester 2. At this point we discovered that the chlorophosphatc 7 

could be purified by careful chromatography on alumina. Hydrolysis of 7 with concommitant desilylation 

procecdcd extremely cleanly to give the cyclic phosphodiester 9 identical with that prepared by the longer, fully 

protected route This ‘dcprotectcd’ route thus constitutes the method of choice for the synthesis of 2. 

The synthesis of 3 parallels that of 2. the starting point being the isomeric 2-rerr-butyldimethylsilyloxymethyl- 

furan. Fig. 5. 
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Fig. 5. Synthesis of Glycerxddebyde-2-phospboglycanldehyde 3 

Diels-Alder reaction of this furan with singlet oxygen followed by sodium borohydride reduction of the 

resultant ozonide furnished (Z)-1-terr-butyldimethylsilyl-3-pcntene-1,4,5-triol 10. Phosphorylation with 

phosphoryl chloride and triethylamine gave two diastereomeric chlorophosphates 11 which could he purified 

but not separated by chromatography on alumina. Simultaneous hydrolysis and desilyation of 11' to give 15 

could not be effected because of neighbouring group participation between the hydmxymcthyl group and the 

phosphoryl group which led to a mixture of regioisomeric cyclic phosphodiesters. Accordingly, the 

chlorophosphate 11 was hydrolysed in the presence of triethylamine to give the partially deprotected derivative 
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13. Desilylation was then brought about by exposure of 13 to acid giving 12. Ozonolysis of 12 as its sodium 

salt in methanol then afforded glyceraldehyde-2-phosphoglycoaldehyde 3 contaminated with a molar 

equivalent of sodium chloride. Difficulties in purifying la&e quantities of the chlorophosphate il and the 

inelegance of the multi-stage hydrolysis led us to explore an alternative route. Phosphitylation with fert- 

butyloxyphosphodichloridite followed by oxidation with me&-chloroperbenzoic acid gave low yields of the 

cyclic phosphotriester 14 and was accompanied by the formation of 3-fert-butyldimethylsilyloxymethyl-2.5- 

dihydrofuran. To circumvent these problems we synthesised the new phosphorodiamidite. Bu’OP(NMe& by 

treatment of bis-(dimethylamino)-phosphochloridi& with terr-butanol in the presence of triethylamine 

according to the general procedure of Hargis and Alleyg. Reaction of 10 with this phosphorodiamidite and 

tetnlzole followed by oxidation with tert-butyl hydroperoxide gave the cyclic phosphotriester 14 in 57% yield 

as a separable, 4:l mixture of diastereoisomers. Acid hydrolysis of either diastcreoisomer gave the cyclic 

phosphodiester 15 in quantitative yield. Conversion of 15 to its sodium salt followed by ozonolysis with 

reductive work-up then afforded glyceraklehyde-2-phosphoglycoaldehyde 3 again in quantitative yield. 

Studies on the solution structures adopted by compoun#s 1.2 and 3 in aqueous solution and the enolisation 

chemistry of 2 are described in the following paper. 
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