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Efficient Stereoselective Synthesis of cis,syn-Hydroxyitraconazole Isomers
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Abstract: The first stereoselective synthesis of cis,syn-hydroxyitraconazole isomers via a tricomponent coupling strategy is
described. The isomers are prepared from two chiral subunits and connected via an achiral linker. A highly stereoselective route to
the cis,syn-isomers is presented. © 1997 Elsevier Science Ltd.

Racemic cis-itraconazole (1) (SPORANOX) is a highly functionalized and widely used anti-fungal and anti-yeast agent.'
Compound 1 has two chiral subunits attached to a linear aromatic chain. The subunits contain three stereogenic centers, affording
four cis-stereoisomers. Itraconazole is hydroxylated on the sec-butyl sidechain by cytochrome P450 3A4 (CYP3A4) to give the
active metabolite hydroxyitraconazole (2).> The added hydroxyl group could afford improved chemical and pharmacological
characteristics to 2 suitable for the development of new anti-fungal/anti-yeast agents. Due to an interest in understanding the
biological and medicinal properties of the isomers of 2 and its analogs, the first stereoselective synthesis of cissyn-
hydroxyitraconazole isomers has been developed. Disclosed here is a highly stereoselective route to the cis,syn-isomers of 2.
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A retrosynthetic analysis for one isomer of hydroxyitraconazole is shown in Scheme I. The molecule can be disconnected into
three basic fragments: a central achiral aromatic linker (4),’ a chiral cis-dioxolane unit (3) and a chiral 3-hydroxy-2-butyl precursor
(5). The chiral cis-dioxolyl tosylate 3 has been reported previously, and its coupling to phenols has been shown to occur in high
yield for similar itraconazoles.* However, stereoselective formation of the secondary alcohol unit remains to be demonstrated.

N-Alkylation of triazolone 4 with an appropriate chiral cyclic sulfate § should be a facile method for generation of the chiral 3-
hydroxy-2-buty! moiety.® The key intermediates for the synthesis of the syn-(2'S,3'R) and syn-(2'R,3'S) hydroxybutyl units are,
respectively, the (2R,3R)- and (2S,3S)-cyclic sulfates §, available from the corresponding chiral 2,3-butanediols. The four syn
isomers of 2, therefore, should be available in high enantiomeric purity by using all combinations of (2R,3R)-/(2S,35)-§ and
(2R,4R)-/(2S,45)-3.
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Scheme I details the total synthesis for one enantiomer of cis,syn-hydroxyitraconazole (2). According to literature methods,*
(2R,3R)-2,3-butanediol (98% ee) was converted to the corresponding cyclic sulfate (2R,3R)-5 in 96% yield. Alkylative ring-
opening of (2R,3R)-5 by triazolone 4 was performed with KH in DMF in the presence of 18-crown-6 at 0 °C over 1 hr to give
diastereomerically-pure (2'S,3'R)-6 via an exclusive Sy2 displacement.*’ Without the 18-crown-6 present, 51% recovery of the
starting triazolone was obtained after reaction at 80 °C for 18 h; only 40% product formation was observed by HPLC analysis.
Attempts to hydrolyze alkyl sulfate 6 directly from the reaction mixture by addition of 20% aqueous sulfuric acid were met with
great difficulty: little or no hydrolysis occurred, even with four volume equivalents of 20% sulfuric acid at 80°C for 15 hr.
However, exposure of the isolated adduct to 48% HBr at 50 °C for 20 min provided the hydrolyzed product. Continued warming at
110-120 °C for 6 hr resulted in demethylation to give phenol (2'S,3'R)-7+80, in 68% yield for two steps, >98% de, with no
observable dehydration of the secondary alcohol.® The crude phenol was coupled to optically-pure (2R,4R)-3 with powdered KOH
in DMF at 55 °C for 3.5 hr to give (2R,45,2'S,3'R)-hydroxyitraconazole (2) in 88% yield’® The reaction was completely
chemoselective: no coupling to the alkyl hydroxyl group was observed. The identical methodology was followed for all
combinations of both trans-cyclic sulfate enantiomers of 5 and both cis-dioxolane enantiomers of 3 to prepare all four cis,syn
isomers in >98% de."°
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With the stereoselective synthesis of 2 and its isomers established, the phosphate and sulfate derivatives were prepared.
Synthesis of the phosphate analog followed literature procedures, as shown in Scheme IIL" Reaction of (2R,4S,2'R,3'S)-2 with
dibenzyl diisopropylphosphoramidite in dichloromethane in the presence of tetrazole, followed by oxidation with +-BuOOH gave
the crude dibenzyl phosphate. Hydrogenolysis with Pd/C under a H, (50 psig) atmosphere afforded the desired phosphate analog
(2R,45,2'R,3'S)-8 in 71 % yield from (2R,4S,2'R,3'S)-2.

Synthesis of the sulfate analog proceeded well. Reaction of (25,4R,2'R,3'S)-2 with pyridine-sulfur trioxide complex in
dichloromethane at room temperature for 24 hr provided sulfate analog (25,4R,2'R,3'5)-9 in 54% yield (Scheme IV).'-"
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In conclusion, the first stereoselective synthesis of antifungal cis,syn-hydroxyitraconazole isomers in high diastereomeric excess
has been demonstrated, and the hydroxyl group has shown to be a suitable handle for analog preparation. The key to the success of
the synthesis via a tricomponent coupling strategy was the highly stereoselective and stereospecific alkylation of the triazolone
moiety. This methodology should be applicable to other pharmacologically important triazolone molecules. Further work in this
area is currently in progress.
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