
Teaahehn Letem Vol. 34. No. 25. PP. 4083486.1993 00404039/93 $6.00 + .OO 

P&ted in Gtwat Briuin Pug- Press ud 

The Isolation and Absolute Configuration of (IS,2S,3R)-4- 
Hydroxymethylcyclopent-4-ene-1,2,3=triol: A Putative Intermediate in 

the Biosynthesis of Aristeromycin by Streptomyces citricoZor 

Stanley M. Robert+, Andrew J. Thorpe% Niboh J. Tumer+a, W.Michae# Blow&, Antony D. Buss*b, 

Michael J. Dawsonb, David Nob@, Brian A.M. Ruddb, Phillip J. Sideboth&, and Willred F. Wa@ 

“Department of Chemistry, Univexsity of Rxeter, Stock Road, Rxctex RX4 4QD, u.K.b Dqmbncnl of Natural products Discomy 

and cSlrwti Chembhy, Glaxo Group Research, Greenford Road, Gteenford, hfiddbz UE6 OHE. U.K. 

Abstbct: The novel tetml5 hss been isolated from cultures of Streptonyces citric&w and shown to have the absolute 
configmation lS,2.%3R. Addition of 5 to an adstemmycin non-producing mutant of S. citricolor supported pmduction of 
both aristemmycin 1 and ne.p&nocin A 2, saggestiag that 5 is an intermediate on the biosynthetic pathway. 

Aristeromycin 1 and neplanocin A 2 are two naturally occurring carbocyclic nucleosides produced by 

Streptomyces citricolor IF0 13005. 1 Interest in these compounds derives not only from their pronounced 

biological activity but also their mechanism of biosynthesis and hence the opportunity for harnessing the 

enzymes involved and utilising them to produce novel chiral intermedktes. 
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Most of the biosynthetic work on 1 and 2 has emanated from the laboratories of parry and Johnson. 

Their studies have revealed the following ; (i) the cyclopentane ring in aristeromycin 1 is derived from C-C 

bond formation between C2 and C6 of glucose2 (ii) the incorporation of adenine from adenosine albeit at low 

efficiency2 and (iii) the implied involvement of metabolites 3 and 4.3~4 Together these observations have led 

them to propose the biosynthetic pathway shown in scheme 1 in which bifurcation of aristeromycin and 
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neplanocin A biosynthesis occurs at an early stage. We now wish to report the isolation and characterlsatlon of 

the novel cyclopentenetetrol5 and present evidence that 5 may be a pmcurso r for both 1 and 2. 

A number of mutants of S. citicolor defective in aristemmycin biosynthesis were isolated and partially 

characterised. It was noted that certain combinations of mutants would produce arlsteromycin when grown 

together in mixed culture (cosynthesis). It was further shown that a sterile aqueous concentrate prepared from 

freeze-dried supernatant of cultures of one mutant, 3978E. would support production of aristeromycin 1 and 

neplanocin A 2 when added to cultures of a second mutant, 39778. This suggested the presence of an 

arlsteromycin precursor in the culture supernatant of mutant 3978B. In the first experiments, purification of the 

active component from 397833 cultures was followed using bioconvension to aristeromycln by 39778 cultums as 

an assay. Concentrated column eluates and other extraction samples were tested for the presence of the 

precursor by addition to cultums of 3977E followed by HPLC assay for arlsteromycin. Subsequently, once a 

preliminary identification had been made, GC-MS and HPLC assays were developed and used to aid 

purification of the active component from a 40 L cultum of 3978E. 

The active component was extracted and purifled~ from the clarified broth (40 L) of mutant 3978E 

following concentration under reduced pressure and precipitation of protein and inorganic materials with 

methanol. Gel filtration (Sephadex G15) and repeat4 silica chromatography gave the tetro15.6 
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Scheme 2 

In order to establish the relative coniiguration of the hydroxyl groups at C-l, C-2 and C-3 the reaction of 

5 with 2&dlmethoxypropane was investigated, since the number of acetonides formed in the reaction would be 

a positive indicator as to the stereochemistry of the alcohols. Thus the tetrol5 was treated with excess 2,2- 

dimethoxypropane in DMF with acid catalysis giving four products which on the basis of 1H NMB studies were 

assigned the structures 6-9 shown in scheme 2.7 

The 1,2- and 2,3_acetonides, 9 and 8 respectively, were inseparable by chromatography and were shown 

to be a 2:l mixture in favour of the 1,Zacetonide 9. It was found that if the reaction was worked up under 

acidic conditions both the 6-membered acetonide 7 and the methyl ketal6 were unstable to these conditions 

(resulting in hydrolysis of these products) whilst the two 5-membered acetonides 8 and 9 were stable under 

these conditions. Besides being a convenient method of solely isolating both the 1,2- and 2.3-acetonides this 
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nsultconfimredthe1HNMR~sultsastothe~~ofdrefouracetals. Onthebasisoftheseresultsitcan 

be concluded that the three secondary alcohols have a syn nlationshlp to one another. 
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With the relative stereochemistry determined it was necessary to establish the absolute conQuration of 

the tetro15 (scheme 3). In order to fulfil this aim it was decided to convert the tetrol 5 to the known 

methoxymethyl (MOM) ether 12 previously prepared by Bestnuum as an intermediate towards the 

enantioselective synthesis of (-) neplanocin A.* Unfortunately reaction of the mixture of alcohols 8 and 9 with 

MOMQ gave two inseparable MOM ethers so a more indimct approach to 12 was undertaken. Thus alcohols 8 

and 9 were converted to a mixture of the ferf-butyldiphenylsilyl ethers 10 and 11 respectively which were now 

separable by flash chromatography. The separate silyl ethers were then converted back to the corresponding 

primary alcohols 8 and 9 via cleavage of the silyl protecting groups with tetrabutylammonimn fluoride. 

Selective protection of the mmaining primary alcohol of 8 with MOM-Cl gave the MOM ether derivative 12 

whose 1H n.m.r. spectrum compared with that reported by Bestmann. The [CC]DB value for 12 +31:2 (lit.* 

[a]# +36.80) established the contiguration to be lS,2&3R. 

The structure of the tetrol5 isolated from mutant 39788, and its ability to support production of both 

neplanocin A and aristeromycin by 3977E, suggests that 5 may be a precursor in aristeromycin biosynthesis. It 

has been reported previously that the related nucleoside neplanocin A 2 is also ptoduced by S. citicolor2 and 

we have isolated mutants of S. citricolor producing neplanocin A in much higher titre with no or trace amounts 

of sristeromycin. We have further shown that cultures of 3977E and 3978E can produce aristeromycin when 



supplied with neplanocin A. This suggests that contrary to scheme 1 neplanocin A may be a precursor of 

aristeromycin, which would be consistent with a biosynthetic pathway involving the novel tetrol5.9 
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