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STEREOSPECIFIC SYNTHESIS OF HYDROXYLATED STEROID SIDE CHAINS.

SYNTHESIS OF 25,28-DIHYDROXY-7,8~-DIHYDROERGOSTEROL AND

ITS C-24 EPIMER VIA [2,3] SIGMATROPIC REARRANGEMENT.

M. Mark Midland* and Young C. Kwon

Department of Chemistry, University of California,
Riverside, CA 92521, USA

Abstract: An efficient, stereospecific synthesis of hydroxylated ergo-
sterol and C-24 epi-ergosterol side chains has been developed using a
C-20 keto-steroid as starting material. The side chain is elaborated
via stereoselective hydroboration, asymmetric reduction and a stereo-
specific [2,3] sigmatropic rearrangement.

During the past several years a variety of synthetic routes have
been developed for control of stereochemistry at C-20 of steroid side
chains.! The isolation and characterization of new vitamin D metabo-
lites and marine steroids has stimulated interest in the synthesis of
hydroxylated steroid side chains with control of stereochemistry
beyond C-20.2 Furthermore, the 28-hydroxymethyl group may be con-
veniently manipulated as shown in the synthesis of the marine sterol
saringosterol.2f Herein we report a facile route to hydroxylated
ergosterol side chains from C-20 ketone precursors. Such compounds may
serve as models for potential vitamin Dy metabolites. The process is
outlined in Scheme I.

Oour starting material is the readily available 20-ketosteroid
pregnenolone (1). Protection of the 3g-hydroxy group and addition of
triphenylphosphonium methylide gave the 20(22)-methylene steroid 2.
Hydroboration of the 20(22)-methylene steroid with dicyclohexylborane
provided the desired 208 configuration as the predominant product
(26:1).2f Oxidation of the alcohol provided the 22-aldehyde 3 from
which the minor 20R epimer could be removed by chromatography. This

compound is commonly prepared via ozonolysis of stigmasterol.3
However, the 5(6)-double bond must then be protected. Addition of
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LiC=CC(CH3) 20TBDMS (t-butyldimethylsilyl) to the aldehyde gave two
isomers (4 and 5) in a 1l:1 ratio. At this point the two C-22 epimers
were separated by chromatography in order to achieve the stereospeci-
fic synthesis of the two C-24 epimers. The less polar isomer was
assigned as the (22R)-steroid 4.2¢,d compound 4 could be prepared more
efficiently by asymmetric reduction of ketone 6 with Alpine-borane4
((+)-o-pinene, 92% e.e.). Compound 4 is obtained in a greater than
125:1 ratio by this process. The asymmetric reduction of 6 is rein-
forced by the neighboring chiral center.>

Catalytic reduction of acetylene 4 or 5 provided the (E)—allylic
alcohol. The alcohol was converted to the trimethyltin derivative 7
or 8 and subjected to [2,3] sigmatropic rearrangement according to
Still's® procedure to provide the 25,28-dihydroxylated side chain of
ergosterol, 9, or its 24 epimer, 10, respectively. The suprafaciality
of related Wittig rearrangements has been demonstrated.’ Both 9 and
10 exhibited very similar lu and 13C NMR spectra with a slight dif-
ference in the C-28 lH NMR pattern. However the compounds were
clearly different by melting point, rotation, and HPLC retention
times. Analysis of the reaction mixtures for 9 and 10 by HPLC
revealed that in both cases the chirality transfer of the [2, 3]
sigmatropic rearrangement was virtually complete (>120:1 epimeric
purities).

This route represents a short and efficient stereospecific synthe-
sis of hydroxylated steroid side chains from readily available 20-keto
steroids. It also demonstrates the use of stereoselective hydrobora-
tion of an a-chiral olefin, reinforcement of asymmetric reduction of
an a-chiral alkynyl ketone with anti-Cram selectivity and virtually
complete chirality transfer in the parent [2,3] sigmatropic (Wittig)

rearrangement.
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Scheme I
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(a) 2 eq. TBDMSCl, 4 eq. imidazole, DMF, r.t. 17 h; (b) 6 eqg. Ph3PCH3I,

6 eq. t-BuOK/t-BuOH, THF, reflux, 15h, 92% in two steps; (c) 1.6 eq.
dicyclohexylborane, 0°C, 17h, NaOH/H,O,; (d) 1.6’ eq. PCC, r.t. 18h,
two steps; (e) LiC=CC(CH3),0TBDMS, -78°, lh, RT, 12h, 98-100%

85% in
yield; (f) 2.3 eq. 92% e.e. R-Alpine-borane, RT, 92h, 98t yield; (g)
1.6 eq. PCC, r.t. 18h, 86%; (h) Hy, Lindlar cat. or 5% Pd/c; (i) 2 eq.

NaH, 2.2 eq. ICH,SnMes, 60-63% yield: (j) 1.6 eq. n-BuLi, 82-84% yield.
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