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Abstract—A short asymmetric approach for the synthesis of bis-tetrahydrofuran units of various annonaceous acetogenins is
described. The key steps of the synthesis are self-cross metathesis and Sharpless asymmetric dihydroxylation.
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The annonaceous acetogenins are a family of almost 400
natural products, which have been found in 37 different
species of annonaceous plants.! A remarkably broad
spectrum of biological activity has been reported for
these agents, including cytotoxic, antitumor, antimalar-
ial, pesticidal, antifeedent and most importantly, in vivo
antitumor behavior. They have also been shown to be
active against multidrug-resistant tumors.! Biogeneti-
cally, the acetogenins are characterized by a long lipo-
philic tail, a central polyoxygenated core, and a
terminal o, B-unsaturated y-lactone. Diversity within this
family arises principally from variations in stereochem-
istry, the location of the THF and THP units and vari-
ous hydroxylation patterns.'-?

An important structural feature that appears in most of
the annonaceous acetogenins having high biological
activity is a Cyo fragment containing two adjacent bis-
THF groups, flanked by two hydroxy groups. Usually
the two THF rings are linked in a threo arrangement
with trans substituents at the 2,5-positions. Owing to
their biological activity and limited availability from
natural sources, these compounds have attracted world-
wide attention and have been the targets of total synthe-
sis for a number of groups.® The crucial component in
the synthesis of any of these natural products is the ste-
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reoselective preparation of the polyoxygenated central
fragment, that is, the adjacent dihydroxy bis-THF unit
(Fig. 1). Taking the above into consideration along with
our continued interest in metathesis reactions,* we envis-
aged the bis-tetrahydrofuran unit 1, as a precursor of the
acetogenins, which could be synthesized via cross
metathesis.>® The self-metathesis reaction is one of the
more successful tools for constructing C, symmetric
compounds by dimerization of single molecules.

The synthesis of 1 started from known optically pure
epoxide 3, prepared from readily available 1L-ascorbic
acid.” Regioselective opening of epoxide 3 using allyl-
magnesium bromide gave homoallylic alcohol 4 in good
yield. The key cross metathesis reaction of olefin 4 using
Grubbs’ first-generation olefin metathesis catalyst
(10 mol %) afforded the C, symmetric compound 8 as
an inseparable E, Z mixture of isomers in a ratio of
85:15.8 In order to improve the E-selectivity,’ the cross
metathesis reaction was carried out with substrates 5
and 6, which possesses electron withdrawing groups to
give compounds 7 and 9 in good yields with E:Z isomer
ratios of 93:7 and 70:30, respectively.® From the above
comparative study it was interesting to note that acetate
protection gave the best E/Z isomer ratios (in favor of
the E-isomer). Accordingly, compound 7 upon treat-
ment with K,CO; in MeOH gave C,-symmetric diol 8,
which was converted to di-tosylate 9 using p-toluene-
sulfonyl chloride and triethylamine in DCM. Com-
pound 9 upon Sharpless asymmetric dihydroxylation
(SAD) using AD-mix-B afforded exclusively diol 10.°
Finally, cyclisation of 10 using NaH in THF furnished
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General structure of acetogenins

Figure 1.
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Reagents and conditions: (a) CH,=CH-CH,MgBr, Cul, ether, -20 °C, 12 h, 85%; (b) (CH;CO),0, TEA,
DMAP, DCM, 0 °C to 1t, 3 h, 90%; (c) p-TsCl, TEA, DMAP, DCM, 0 °C to 1t, 24 h, 87%; (d) 10 mol%
Grubbs’ 1% generation catalyst, DCM, 40 °C, 12 h, for 7 90%,for 8 85%, for 9 82%; (e) K,CO3, methanol, 0
°Cto1t, 2 h, 85%; (f) p-TsCl, TEA, DMAP, DCM, 0 °C to rt, 36 h, 87%; (g) AD mix-f, H,O: ~-BuOH (1:1)

0°C, 12 h, 85%; (h) NaH, THF, 0 °C to rt, 6 h, 80%;

the desired compound 1 after column chromatography
as a light yellow syrup in 80% yield.'?

In conclusion, we have demonstrated a short asymmet-
ric approach for the synthesis of a dihydroxy bis-tetra-
hydrofuran unit via cross metathesis. It was also
observed in the above case that the presence of an ace-
tate protecting group gave a better E/Z isomer ratio in
comparison to a tosyl group and the unprotected hydr-
oxyl group in cross metathesis. An extension of this

study for the synthesis of annonaceous acetogenins is
in progress.
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Analytical data for compound 1: [oc]lz)8 —11.0 (¢ 1.25,
CHCl3); IR v, (neat): 2984, 2878, 1370, 1254, 1214,
1063, 849 cm™'; '"H NMR (300 MHz) in CDCl;: § 4.04
(dd, 2H, J = 5.6, 8.0 Hz), 3.93-3.76 (m, 8H), 2.16-2.04 (m,
2H), 2.01-1.87 (m, 2H), 1.83-1.66 (m, 4H), 1.37 (s, 6H),
1.31 (s, 6H); '*C NMR (75 MHz) in CDCl5: § 109.2, 82.0,
80.5, 77.9, 67.6, 28.6, 28.2, 26.6, 25.3; EIMS: 327
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