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Abstract: A convenient synthesis of phosphono~~yl l-O-(2,2,2-~phenyl~~yl-~-~-gl~o-2- 

heptulopyranosidumnate (2) is presented. The target compound proved to be an inhibitor of UDP- 

glucuronosyltransferase in vitro. 

Gluc~ni~tion of hydroxyl, thiol, amino or carboxylate. functions in xenobiotics and en~genous 

compounds [e-g. RXH; X=G, S, NH or C!(O)01 is a major detoxification pathway catalyzed by UDP- 

glucuronosyltransferases WDPGT)‘. It has been proposedz that the glucuronidation reaction proceeds via 

transition-state A (see Figure 1) resulting from the attack of an aglycon RXH on the anomeric cenne of 

YOOH Figure 1 

W HO OH 

OH 

W 

+ UDP 

the sugar nucleotide U~P-gluc~ic acid. Collapse of the transition state (IS) will yield uridine S- 

diphosphate (UDP) and the &glucuronide B, which is readily excreted due to the hydrophilicity of the 

glucuronic acid moiety. 

Glucuronidation also plays a pivotal role in drug metabolism and it may thus be anticipated that 

UDPGT ~hibition could improve the ~~utic efficiency of a drug. For example, the anti-Human 
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Immunodeficiency Virus drug 3’-azido-3’-deoxythymidine (AZT) is rapidly metabolized via glucuronidation 

and excreted as its glucuronide3. 

Recent studies in our laboratories revealed that the TS-analogue 2,2,2-triphenylethyl-UDP (l), which 

contains both a uridine and an aglycon moiety, was not only inhibitory towards UDPGT activity in the 

microsomal fraction from rat live?, but also in an intact cellular system in vitro (i.e. isolated rat 

hepatocytesr. 

We here report the synthesis of phosphonomethyl l-O-(2,2,2-triphenyl)ethyl-a-D-&o-2- 

heptulopyranosiduronate (2) which exerts a distinct inhibitory effect on LJDPGT activity in vitro. 

The design and synthesis route to the new TS-analogue 2 is based on the following heuristic 

considerations. Thus, in view of the strong inhibitory effect of 1 on UDPGT activity, it would be reasonable 

to incorporate the triphenylethyl (TPE) moiety. Further, replacement of the UDP unit by a mote stable 
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phosphonomethylene5 function will shorten the synthetic route. In addition, the recently reported6 

stereospecific iodonium ion promoted reaction of exocyclic glycals (e.g. 5) with alcohols resulting in l- 

iodoheptulosides enables the construction of the requisite configuration at the anomeric centre. 

A first attempt to assemble target compound 2 is outlined in Scheme 1 and commences with the 

introduction of the phosphonomethylene function. Thus, iodonium rym-dicollidine perchlorate’ (IDCP) assisted 

condensation of diethyl(hydroxymethyl)phosphonate* (6) with 2,6-anhydro-3,4,5-tri-0-benzyl-ldeoxy-7-0- 

trityl-D-&co-hept-lenitol (5), prepared by methylenation of readily accessible lactone 3g with Tebbe’s 

reagent” (4), gave the expected a-ketoside” 7” (m.p. 135OC, hm +54.4’) in 84% yield. Unfortunately, direct 

replacement of the iodine atom in 7 by lithium 2,2,2+iphenylethoxide, giving fully protected 8, was 

abortive13. 
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An alternative pathway to compound 2 is presented in Scheme 2. A key element of this pathway is the 

introduction, at an early stage of the synthesis, of the TPE unit via the organolithium reagent 11. The latter 

was readily accessible by tin/lithium exchange” of the corresponding tributylstannane derivative 10 which, 

in turn, was prepared by the reaction of 9 with iodomethyl tributylstannane according to Seyferth”. Addition 

of the properly protected D-gluconolactone 1216 to 11, generated in siru by quenching 10 with n-butyllithium, 

led to the exclusive formation of the anomerically pure” 1-0-(2,2,2-triphenyl)ethyl-a-D-gluco-heptulopyranose 

13 in 86% yield (hm +40.1’). 

The phosphonate function was now introduced by the following two-step procedure. Treatment of 13 

with diethylaminosulfur trifluoride (DAST)” furnished the stable ketoglycosyl fluoride 14 (a/a mixture) in 

a quantitative yield. Glycosylation of diethyl(hydroxymethyl)phosphonate (6) by the ketopyranosyl fluoride 

14 in the presence of the promoter SnClJAgClO,” gave, after purification, the fully protected a-linked” 

phosphonomethyl derivative 15 (%m +34.2’) in 52% yield. 

At this stage, the silyl protecting group of HO-7 in 15 was removed and the resulting hydroxyl was 

converted into the requited carboxylate methyl ester. Thus, removal of the rert-butyldiphenylsilyl group with 

fluoride ions afforded homogeneous 16 (yield 92%; aDM +29.3”). Oxidation of 16 could be realized most 

effectively” with Jones reagen?” to give, after methylation of the carboxylate group with diazomethane, 

fully protected 17 (overall yield 60%; a,,m +48.7”). 

Complete deblocking of 17 to give the target compound 2 was executed as follows. Hydrogenolysis 

of the benzyl groups followed by acetylation of 18 yielded homogeneous 19. Hydrolysis of the phosphonate 

diethyl ester by trimethylsilyl bromide (TMSBr)” and subsequent addition of MeOH/H,O afforded 20. Finally, 

deesterifation of 20 resulted, after purification and conversion (Dowex 50 W, Na+-form) into the trisodium 

salt, in the isolation of homogeneous 2 [ozt,m +59.3” (c 1, H,O)]. 

Preliminary biological studies indicated that the TS-analogue 2, in a 20-fold excess with respect to UDP- 

glucuronic acid, acts as an inhibitor of 4methylumbelliferone (78% inhibition) and bilirubin (41% inhibition) 

glucuronidation in a rat liver microsomal fraction. A detailed study on the inhibitory effect of 2 will be 

published in due course. 
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