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Ab8fnu~ A novel, potentially pmbiotic synthesis of RNA is proposed in which the key stops are an aldol mode of polymerisatiSn. 
intranolecular redox trm&er and ring closure virr a meson&c heteWzyclii betaine intamediate. The key mo&mers in thiis&heme 
are derivable, in theory, from the presumed prebiotic compound, bis(glycoaldehyde) -ester 1 via its mono-fonnaldohyde 
aldol adduct 2. 

IntlWbKtiuIl 

The recent discoveries that RNA has both cataly& potential’ and the capacity to evolve in vitro2 have added experimental weight to 
the theory of an ‘RNA wcuid’3. In this thwry WA is both the purveyor of genetic information and the catalyst of its own replication. 
In attempts to explain how the fast RNA mo&ules might have arisen on the primitive Earth, most workers in this m have analyzed 
RNA in a subjective Htnqnthetic sense’ and disconnected the polymer by an oxy&en-phosphorus bond cleavage to activated 
nuckotide monomexx. This superficially simple phosphodiester disc~~~ncction could, in principk. kad to i~tivated 2’. 3’ or 5’- 
phoqhonuckosidea as ~~@ymcrisation precuraccs although most favour the fatter due to the propensity of the former to undergo 
cyclisation rather than polymerisatia~~ and a&& one fa-csumcs, because RNA is cumntly biiynthcaised ia this way. Much work has 
been done in this area and it has been shown that, under carefully optimised conditions. oligomerisatioas can be contrived to take 
place in tie absence of any etuymic cata~ysisS . TIKJC arc however many @Iems with this approach6. ~hc activated ptecursors ate 
pmne to hydrolysis7. T-T-linkages are almost always formed along with the desired 3’-5’-linkagesa, 5’-5’pyrophosphate linkages 
are also fonn&, there exists the phenomenon of enatttiomeric cross-inhibition’D and perhaps most im 

Yrtenuy no potentiau pzebiotic route to the activated precursors has been detnottstra& t. Many have invoked alternative polymers * (and even minerals1 r ) 
as RNA precursors because of the problems seemingly associated with RNA synthesis. We believe however that a potentially 
prebiotic synthesis can be found, but only by considering an alternative mtmsynthetic discotmectiott of the RNA polymer ht which 
carbon-carbon bond forming reactions me involved in the polymerisalion. This disconnection involves cleaving the ribose moiety of 
the RNA polymer rather than a phot@d+ster lhtkage and we wtze prompted to investigate aldo1 dkonnections as being the most 
likely in this conte&tt4. For aldot disconnections to be posaiblo however some kind of intramokcuiar redox Uansfer is essential so that 
a carbon at&m otha than C- 1’ is at the carbonyl oxidation level. Two ways in which C- 1’ could bc relrosynthctically converted into a 
reducible centre were considered. In the fti. Fig. I, the base is lost at the behest of the antiperiplanar ring oxygen lone-pair to give 
an oxonium ion. 

o=y--o- zwr y=q& Fig. 1. Oxonium Ion ClycosylDkcotmection 
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This option was deemed uniiiely in the synthetic sense as conditions for oxonium ion formation (Lewis acid catalysis on an 
appropriate precursor) would appear not be compatible with the bases being in a nuckophiic (deprotonated) form. In addition we had 
it in mind that, while most ek&ophite8 react with the four component bases of RNA in a non-selective manner. Michael acceptors 
are known to alkylate pyritnidines cleanly at N-115 and talenine at N-9 1’5. We thus wished to introduce the buses by Michael addition 
at an e&ii stage in the sy@besis. Further to these considerations is a be&f that thebases might be important in the assembly and 
reactions of the polymeritition monomer by some form of taatomeric catalysis 17. The second optiti for glycosyl disconnection 
involved endocyclic cleavage driven by the (albeit weakly available) glycosyl nitro&en lone-pair, Fig. 2. 
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This option initially looked discouraging hecause of tbe an- instability ofsIlcJl iminium ions attached to the Componenl bases. 
At this point however we realised that such iminium ions could be stabilised by dew of ths base to prod- mesomeric 
hetcrocyclic betaines. Literature analysis faikd to indicate any stable bet&es of this exact form but did reveal. inrer u&z, the natuml 
product. Herbipoliats, Fig. 3. which is a stable mesomaic h%rccyclic betaine’9. 

- CD2 F@. 3. Herbipolin 

valuas at which RNA is resistant to base catalyscd hydrolysis. the edenine and cytosinc bases cannot. Depm@mumn 
Whilsl tk guanitte and tuacil bases of unbase-pakd RNA caa be significatly deprotauted [at N-l and N-3 ~FtgCpfc4:: 

base-paired RNA however is conceivabie Mause base-pairing can be maintained if minor base ta~tomars~~ are invoked. If this 
depmtonation occurs prior to or at the same time as endocyclic ribose cleavage then stable, base-paired 
beta&s would =ult, this phenomenon is illustrated in Fig. 4. 

mesomeric he&rocyciic 

Fig. 4. Base-Paired Mesomerie Heterocydic Betnines 

To reach a point whae the aklol diionnection UUI he applied r&ox bansferbetween C-l’and C-2’ is 
achieved by sn Amadori process (involving 

IIUXSSBI~. Farmally this can be 
zuaenolisation followed by ketmisation) but, for a variety of reams. we prefer a 1.2 

hydride. shift (reminiscent of a baa catalysed a-ketol rearrangement) assisted, in the mtrosynWtic sense. by intramolecular general 
base catalysis from tbe C-4’ alkoxide, Fig. 5. 
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Fig. 5. C-l’, C-2’ R&ox TrMsfer 

Associated with the &ox transfer the base pair would be expected to be reprotonated. With this dkonm!cIion the. target was now in 
a form wke the aidol disconneeti~ could be applied. Fig. 6. 
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Fig.6.AlddJXmmmth 
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Fig. 7. potcatbtty Rebtotk Spth&s of Monomer 5 
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ThispatqodetKdate rearrangement has some literature pncedent in the wo#k of Ramimz er 01.~ who showed that acetoin 
enediokyclophoqhate 6 reacts with akobols to give mixed @as@odiestas 7 of the alcabot and acetoin. Fig. 8. This re4clion is 
~.loprooeed~uiolsophilic?dditionofthealcoholK,6togenuateahigonal~idalpMtacmdinete ox- 
urtamadute8w~hexistsinmpidlylntaun Wtillg fOnnS by th?UlQmtatioaat iSomerkm25. Fig. 8. L.~ss of the enot leaving group 
andEeutomaigttontbeafumisbe!sthepoduct7. 

Fig. 8. Me&a&m of eoCaia&ycbphoSpbate Ring Op4ng 
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By the principle of microscopic reversibility the ring opened end intermediate can rcwut to the pen- oxyphosphoranc 8 
aad this can pseudorotate before ring opcaiag again. In principle Ihmforc, a phosptmdiir of an l uaSymmetricat’ a- 
hy~xycarbonyl compound caa isomer& vif2 this tncchaaii. 
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lbe retmsynthetic analysis odined in this psper is novel and requires expedmentd evahmiao. In order to provide such 
evaluariat we have initiated a programme aimed at smig compounds 1,2,3.4 (tI$ aIdeI@ form) and 5 and examining their 
hehavio0 with respect to the foregoing proposlls. S-tic work directed at same of these targets and preliminary results of 
potmtiaIIy pnbiotic rtrtions are described in the fobwing p8pers in this issue. 

We thank the SERC for initial fd v of this wcrk, J. N. Whitild, B. J. Hail, !. B. J. Pavcy and f&s. J. M. Brown (Dyson 
Rrrins). G. F. Joyce. M. C. Wright (Suipps Research Institute. Saa Diego) and S. Pitsch (@-H, Zurich) for helpful discus&its. 
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