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Abstract

4(20),11(12)-Taxadieng is specifically converted into 4(5),11(12)-taxadiéngia Claisen-like rearrangement
and Barton radical desulfurization (cleavage of C-S bond) in high yield. Té&aidl its deoxygenated derivatives
are potential biosynthetic precursors of paclitaxel and other taxoids. 20-Hydroxylated metal®litee major
product from microbially mediated hydroxylation 8f© 2000 Elsevier Science Ltd. All rights reserved.
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Since the discovery of paclitaxel (Ta®)|! a potent antitumor drug, great progress has been made in
understanding its biological activity and chemistry. The most promising approaches for a large scale pro-
duction of taxol rely on biological and semisynthetic methods. Advances in genetic engineeragsf
would provide new approaches for improvement of the production of paclitaxel by biological methods.
The cyclization of geranylgeranyl diphosphate to 4(5),11(12)-taxadiene is the first dedicated step in the
biosynthesis of paclitaxel and other related tax@®i$he responsible enzyme, taxadiene synthase and
its cDNA has been isolated froffaxus brevifoliaand overexpression of the enzyme has been recently
achieved irE. coli.2®f The next step of the pathway is known to be the transformation of 4(5),11(12)-
taxadiene to 5-hydroxy-4(20),11(12)-taxadiene via cytochrome P-450 mediated hydroxyFstion.

In order to gain a better understanding of the biosynthetic pathway of different taxoids, in particular,
the role of 4(5),11(12)-taxadienes, it is important to obtain a large quantity of 4(5),11(12)-taxadiene
derivatives with different oxygen substituents. The total synthesis of taxa-4(5),11(12)-diene and taxa-
4(20),11(12)-diene has been achieved, but is lengthy and the overall yieldigloamical or biological
isomerization of these two types of taxoid has not yet been described. Microorganisms such as filamen-
tous fungi are known to carry out biotransformation of taxoids, and can perform regio- and stereoselective
hydroxylation® We report herein a versatile and efficient method for the synthesis of 4(5),11(12)-
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taxadiene derivatives from the 4(20),11(12)-taxadigr(eeadily available fromTaxusspecies?), and
microbially mediated 20-hydroxylation of 4(5),11(12)-taxadiene derivatives.

Our approach is illustrated in Scheme 1. Treatmeni @fith hydroxylamine at 80°C afforded 5-
hydroxy derivative2 in high yield>P Treatment of2 with carbon disulfide and sodium hydride in THF
gave the 20-dithiocarbonate derivatién excellent yield (rather than the 5-xanthate derivative). The
structure of2 was fully elucidated by extensive spectral analysis, tH-'H COSY, 3C, DEPT, MS).
The proposed mechanism is considered to proceed via an interm@diatéch undergoes Claisen-like
rearrangement to give the desired prodtict

AcQ AcO OAc AcO, AcO OAc AcQ AcO  OAc

Scheme 1Reagents and condition&) NH,OH HCI (10 equiv.), NaOAc, EtOH/ED, 80°C, 60 h (85%); (b) NaH (5 equiv.),
THF/CS (2:1), rt, 2 h, then Mel (10 equiv.), rt, 16 h (92%); (c) BuSnH (5 equptgymene, 150°C, 24 h (65% 6&f 5% of7);
(d) Absidia coerula100 mg of5 per litre of culture, 27°C, 200 rpm, 9 days, 10%3)88% of9

Dithiocarbonatet was reduced with tributyltin hydride upon heating at 150°@-cymene or xylene

to produce 4(5),11(12)-taxadieBen good yield. A detailed analysis 8H, *H-'H COSY,13C, DEPT-

NMR and FABMS confirmed the structure®f While Barton radical deoxygenation of primary alcohols

is well documented,in our case it is most likely that this reaction proceeds by tributyltin mediated
radical fission of the allylic C—S bond, rather than the usual C-O bond cleavage. The rearranged
product, 4(20),11(12)-taxadiefas also produced in low yield. The structure of another minor pro@luct
corresponds with thioester bond cleavage, further supporting the Claisen-like rearrangement mechanism.
Compoundb and its subsequent deoxygenated derivatives could serve as potential intermediates for the
biosynthesis of paclitaxel or other taxoids.

Microbial enzymatic systems may be useful tools to mimic some steps of taxoid biosynthesis, such
as extensive oxidation of the taxane skeleton. In the case of compadwyuatoxylation was expected to
proceed either at the 5-position followed by allylic shift of the double bond from 4(5) to 4(20), to produce
compound?, or at the 20-position to produce compoudidBiotransformation ob by Absidia coerula
a filamentous fungus, under standard incubation condfigase one major produd in moderate
yield. Combined analysis of FABMS and tH8C NMR spectra suggested the molecular formula of
8 was GgH4009. A detailed analysis of the NMR spectrdH 'H-'H COSY, 13C, DEPT) showed
that compound is the 20-hydroxylated metabolite 6f Oxidation of5 with SeGQ andt-BuOOH also
produced selectively in 70% yield, which further supported the structural elucidati@n\édry recently,

a 20-hydroxylated taxoid has been isolated fréaxus maireP This type of taxoid may be a potential
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intermediate of taxol biosynthesis. In addition, a minor metabolite;lydroxylated derivativ®d was
also produced. Previously, we described another example of 14-hydroxylation of taoids.

Here we report a versatile and powerful method for preparation of 4(5),11(12)-taxadiene derivatives
from a 4(20),11(12)-taxadiene, readily available frdaxus sppThis method, combined with Barton
radical deoxygenation, should be a useful approach to the synthesis of a variety of 4(5),11(12)-taxadiene
derivatives with different oxygen substitutions which can be used to probe the biosynthesis of taxoids
in Taxus sppln addition, we have described the first example of microbial 20-hydroxylation of taxoids,
thus providing experimental evidence for the biosynthesis of 20-hydroxylated taxoids.
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