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A simple and highly efficient stereoselective total synthesis of cytotoxic agent sporiolide A has been
achieved starting from p-mannitol; the strategy of synthesis utilizes stereoselective zinc-mediated ally-
lation, aldol coupling and ring-closing metathesis as key steps.
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1. Introduction

Marine fungi are attractive sources for anticancer, antifungal
and antibacterial secondary metabolites with various exotic struc-
tural features.! Sporiolide A (1), sporiolide B (2) and pandangolide
1 (3) are 12-membered lactones isolated from the cultured fungal
broth of Cladosporium sp. of an Okinawan brown alga Actinotrichia
fragilis and the Red sea sponge Niphates rowi, respectively.? Sporio-
lides A and B were found to exhibit cytotoxicity against L1210 cells
with ICso values of 0.13 and 0.81 pg/mL, respectively. Further
assays revealed that sporiolide A exhibits antifungal activity
against Candida albicans (MIC 16.7 pg/mL), Cryptococcus neofor-
mans (8.4 ng/mL), Aspergillus niger (16.7 pug/mL) and Neurospora
crassa (8.4 pg/mL) and showed antibacterial activity against Micro-
coccus luteus (16.7 pg/mL), while sporiolide B (2) had antibacterial
activity against M. luteus (16.7 pg/mL). Its structure was deter-
mined on the basis of spectroscopic methods.? To our knowledge,
only one synthesis was reported on sporiolide A (1) starting from
p-glucal by Yuguo Du et al.*? Yuguo Du et al. also reported synthe-
sis of sporiolide B.*® Our continued interest towards the total
synthesis of biologically active natural products® prompted us to
undertake the synthesis of this demanding target from commer-
cially available p-mannitol.
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Our planned approach to sporiolide A (1) involved the stereo
selective zinc-mediated allylation, aldol coupling and ring-closing
metathesis as key steps from p-mannitol as a chiral starting mate-
rial. The retro synthesis is depicted in Scheme 1.

2. Results and discussion

The synthesis of sporiolide A (1) was achieved starting from the
readily available p-mannitol diacetonide, which was oxidized fol-
lowing a known procedure,® to give (R)-2,3-O-isopropylidene alde-
hyde 4 (Scheme 2). Compound 4 was subjected to the Zn-mediated
allylation in aqueous medium following operationally simple
Luche’s’ procedure to afford highly diastereoselective anti homoal-
lylic alcohol® (syn/anti = 5%:95%) which was protected as the ben-
zyl ether 5. The acetonide protection group in 5 was removed on
treatment with aqueous TFA to afford diol 6 which was selectively
protected with TBSCI to afford monosilyl ether 7. The secondary
hydroxyl in 7 was protected with p-methoxy benzyl bromide to af-
ford p-methoxybenzyl ether 8. The tert-butyldimethylsilyl ether in
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Scheme 2. Reagents and conditions: (a) (i) Zn, allyl bromide, THF, saturated solution of NH4CI (cat), 6 h, 90%; (ii) BnBr, NaH, TBAI, THF.0 °C to rt, 2 h, 85%; (b) TFA-water, rt,
5 h, 90%; (c) TBDMSCI, imidazole, dry CH,Cly, 4 h, 93%; (d) PMBCI, NaH, DMF, 2 h, 82%; (e) TBAF, THF, 0 °C to rt, 85%; (f) (i) 2-iodoxybenzoic acid, DMSO, CH,Cl,, 3 h, 92%; (ii)
16, LIHMDS, dry THF, —78 °C, 6 h, 54%; (g) BzCl, Pyr, DMAP, 4 h, 92%; (h) DDQ, CH,Cl»/H,0, 2 h, 85%; (i) Dess-Martin periodinane, CH,Cl,, 3 h, 80%; (j) 30% Grubbs I catalyst

CH,Cly, reflux, 24 h, 70%; (k) Ha, Pd/C, MeOH, 24 h, 95%.

compound 8 was removed using TBAF to afford primary alcohol 9.°
The primary alcohol in 9 was oxidized using IBX (2-iodoxybenzoic
acid) in DMSO to afford the corresponding aldehyde, which was
subjected to the aldol coupling with ester 16 (Scheme 3)'° using
LiHMDS as base!! to furnish secondary alcohol compound 10 with

15

Scheme 3. Reagents and conditions: (a) allyl chloride, Mg, CuCN, THF, 0 °C to rt,
overnight; (b) Ac,0, pyridine, 0 °C to rt, 3 h, 92%.

high diastereoselectivity (syn/anti = 20%:80%) favoring anti-isomer.
The pure anti-isomer was separated by column chromatography.
The absolute stereochemistry of the newly generated center in
compound 10 bearing the hydroxyl group was determined by
modified Mosher’s method!? and found to be in R-configuration
(Fig. 1). The negative chemical shift difference to the left side of
MTPA plane and positive chemical shift differences to the right side
of MTPA plane determined that hydroxyl stereochemistry is in R-
configuration (Fig. 1).

The hydroxyl group was subjected to benzoylation with BzCl in
pyridine to afford benzoyl ester 11. The deprotection of PMB group
in 11 with DDQ afforded secondary alcohol 12 which was oxidized
following the Dess—Martin periodinane oxidation to afford keto
diene 13. We also tried the same conversion with known proce-
dures using IBX oxidation and Swern oxidation, without success.
The diene was then subjected to ring-closing metathesis (RCM)
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Figure 1. Determination of absolute configuration and Aé values for the S and R-
MTPA ester derivatives of 10 (Ad = ds — Jg).

using Grubbs 1st generation catalyst'? to afford macrolide 14. Fi-
nally, the reduction of the double bond and debenzylation in 14
was achieved by hydrogenation over Pd/C to afford sporiolide A
(1)!* (Scheme 2). The physical and spectral data of compound 1
were found to be identical with that of reported natural product®
{[g% —15.2 (c 0.1, MeOH), reported [0]>> —14 (c 0.1, MeOH)}.

In conclusion, an efficient stereoselective total synthesis of spo-
riolide A (1) has been achieved in 13 steps with a 7.00% overall
yield from p-mannitol.
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