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Rigorous structure proof of compounds with features such as local symmetry and remote stereocenter groupings
nearly symmetric subunits or remote stereocenters can be difficult. — o S
Many acetogenin natural products couple these features with a Ciohos Mo
resistance to crystalliZefFigure 1 shows the structures assigned to 719016 4R
the three known members of the murisolin class of monotetrahy- oA C?H i ©
drofuran acetogenins:+H)-murisolin (1), (+)-16,19<is-murisolin 1, murisalin, (15R,16R,19R,20R)

(2), and @)-murisolin A (3 or 4).23 The murisolins exhibit powerful

cell killing effects (with reported I6y's as low as 1 fM), yet differ }F’A‘L{H ;F’/CO\EH -or- ,J":]/Co\f’ﬂ,

from each other in relative potencies by factors of up to 1 bilfion. OH OH OH OH OH OH
We communicate herein a 4-mix/4-split strategy for the synthesis 5 16 19-¢is-murisolin 3, murisolin A 4, (15R,16R,19R,203)

of a stereoisomer library offf)-murisolin and 15 of its isomers. (15R,16R,195,208)  (15S,16R,19R,20R)

This relies on the recently introduced solution phase technique of Figure 1. Structures of the murisolin family of acetogenins.

fluorous mixture synthesisto leverage synthetic effort through

. . . =
much of the synthesis. There is excellent evidence that all three H
murisolins have the &) and 346) configurations in the hydroxy 12 25F OMEM CrzHas OMEM\
butenolide (right) fragmerft,so we focused on making the 16 PMBO PMBFO (CHz)s0H
stereoisomers of the dihydroxy tetrahydrofuran (left) fragment with M-8, each isomer tagged one mix’:/:;rg of four
these two centers fixed. Figure 2 summarizes the synthetic strategy. "™ @ difterent PMB" group

Initially, two pairs of enantiomers are prepared, tagged with  divide PMBF is CgHy-p-O(CHg)3Rf
different fluorous PMB tags, and mixed to give B Advancement CiaHos 20 15-(CHz)10R with homologous Rf

L . . . twice 19 0’16 groups coding C19,20;

of this single mixture to alkene M-is then followed by two splits. OPMBF  OH series coding of C15,16
First, each of two mixtures is subjected to a Shi epoxidation with M-7a-d a,RS; b, SS; ¢, SR; d, RR
enantiomeric ketone cataly$téater, these two mixtures are split four mixtures of four

again with half being subjected to a Mitsunobu reaction and the Figure 2. Strategy for the 16-member murisolin stereoisomer library.
other half not. Ultimately, we obtain four mixtures K&a—d, each

containing four isomers, which are demixed and detagged to providesiheme f)s_BuU _ 1) PhaP, DIAD ~

all 16 target isomers. ( 2) (Ipc)zBOMe szstj)f B5DNBA e \)/
The premix stage of the fluorous mixture synthesis is summarized "™ ¢ 1..cro T, O 2) NaoH, meor R

in Scheme 1. Homoallyllic alcoholS(S)-8 was prepared in 95% (5,518, 81% (RS)8

ee by Brown allylatiorf,and half of this sample was inverted by ALe

Mitsunobu reaction to provideR(S)-8. Likewise, §R)-8 and

(RR)-8 were made from the enantiomeric borane (not shown). Each 7 PGS CralsRl »  lsomer yield Rfn PMET

of these compounds was tagged with a corresponding fluorous °‘2H25§/E0MEM C‘zHZSYEc:MEM gg; ;Z; gzlgs

PMB-bromide (BrPMB),2 and the resulting compounds were then OH KO'Bu, THE opMaF SR) 8% Caro

M-8 M-5 (RR) 85%  CgFy7

mixed in roughly equimolar proportions to give ™-In this
mixture, the fluorine content of the tag serves as a code for the
configurations at C19 and C20 (murisolin numbering).

The mixture stage of the synthesis is summarized in Scheme 2.
For brevity, we describe herein only the synthesis ol #(series While only the seriesl reactions are shown in Scheme 2, a total
d), which contains the proposed structures of murisdliand of 39 synthetic steps were required to make all four final mixtures
16,19¢is-murisolin 2 and one of the proposed structuré§ 6f (seriesa—d). This is a considerable savings over the 156 steps that
murisolin A. Initial mixture M5 is subjected to hydroboration and  \yould be required to do the same transformations on individual
oxidation, and the resulting alcohol is converted to the iodide prior samples.
to Negishi COUp“n& with a vinyl iodide to give M9. Protecting In the postmix stage, preparative demixing of IMe over
group exchange to give MO is then followed by Shi epoxidation  FluoroFlasEP silica gel provided the four pure components of the
with the 3-keto-()-fructose diacetonidefirst split), closure tothe  mixture. Each was subjected to rapid two step detagging and HPLC
tetrahydrofuran, Mitsunobu inversion (second split), and hydrolysis. purification to provide>95% isomerically puré&6 (not shown, from
Diol M-11is then bis-silylated and mono-desilylated to give alcohol the GFstag),2 (from the GFg tag), 4 (from the GFy3tag), andl

M-12. Conversion to the sulfonyl tetrazole I8, Kocienski-Julia
coupling® with aldehydel5,!* and hydrogenation of the resulting
alkene with Wilkinson’s catalyst provide the final mixture M.
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Scheme 2
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(from the GF7tag). Likewise, the other 12 isomers were isolated Acknowledgment. We thank the National Institutes of Health
from the appropriate seriea—c syntheses. Amounts of final  and Association de Recherche contre le Cancer (fellowship to C.R.)
products isolated varied from series to series from 1 to 20 mg, with for funding this work. We are very grateful to Dr. Bruno Figaele

an average of 6 mg. The identity of each stereoisomer is provided for providing a sample of murisolin. We dedicate this paper to
by its series coupled with its elution order (fluorous tag) on Professor Kendall N. Houk on the occasion of his 60th birthday.

demixing. Table 1 in the Supporting Information summarizes the  supporting Information Available: A table with rotation and
configurations of the products and the tagging scheme and providesretention data and copies %1 and*3C NMR spectra of all 16 murisolin
optical rotations and retention times on a chiral column (see below). isomers (PDF). This material is available free of charge via the Internet

The 16 isomers are substantially similar, and there are only six at http:/pubs.acs.org.
different sets ofH (600 MHz) and'*C (151 MHz) NMR spectra;
two sets of four compounds exhibit identical spectra as do four
sets of two compounds. Optical rotations at the sodium D-line are
not reliable indicators for murisolins (see Supporting Information).
Despite the spectral similarities, the 16 isomers are well resolved
on a Chiracel-OD HPLC column. Accordingly, candidate murisolin
isomers can now be assigned by direct comparison to this
stereoisomer library byH and3C NMR spectroscopy and chiral
HPLC co-injection.

Two compounds in the stereoisomer library, 88SSsomer
from seriesb and RRRRisomer from seried, exhibit spectra
identical to that of the natural product murisolin. Dr. Bruno Figade
kindly provided us with a sample of natural murisolin, which was
identical toRRRRL1 by co-injection on a Chiracel OD column and
different from theSSSSsomer. Thus, we have confirmed that the
stereochemical assignment of murisolin is correct. We have not
been able to secure samples of 16¢i®murisolin (spectra match
two isomers) or murisolin A (spectra match four isomers), and
efforts to confirm their configurations will be described in a full
paper.

This work shows that tag-based mixture synthesis strategies are ©
powerful tools for making suitable stereoisomer libraries for
comparison to a natural or synthetic product of uncertain config-
uration. Beyond their use in assignment of configuration, the
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