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Abstract: Analysis of MTPA (Mosher) esters of model butenolides 7 vs. the MTPA derivatives of 4-hydroxyl-
ated acetogenins provides the first general method for assignment of C(4)/C(36) relative configuration.

The Annonaceous acetogenins are a group of naturally occurring antitumor compounds that have
received much attention of late. These molecules are stereochemically complex, but most have proven
unsuitable for X-ray crystallographic studies. General methods for determining the relative configuration of
the tetrahydrofuranyl portion of these natural products have been developed;2 more recently, a method was
developed for determining the absolute configuration of carbinol centers at C(4) and adjacent to the THF
rings, using Mosher ester methods.3 An important remaining stereochemical feature to be solved, common
to nearly all members of this class, is the absolute configuration at C(36) in the butenolide, which has been
directly determined only for uvaricin.4 Although this is a remote, isolated stereogenic center in many
Annonaceous acetogenins, in those bearing a hydroxyl group at C(4) it is conceivable that through-space
interaction between sites C(4) and C(36) could lead to a method for deducing their relative configuration.
Examples of Annonaceous acetogenins bearing a hydroxyl group at C(4)--often among the most potent of
these cytotoxins--are shown in Figure 1.
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We report here a method for assigning the relative configuration between C(4) and C(36) in the C(4)
hydroxylated acetogenins. This method relies on examination of the NMR spectral data of Mosher esters at
C(4) and comparison with appropriate model compounds. While conventional Mosher ester technology
involves comparing the sign of differences in chemical shift (A8's) between pairs of diastereomeric esters,
the work described here makes use of trends in the magnitude of these differences, which to our knowledge
is a novel use of Mosher data in structure determination.

The synthesis of enantiomerically enriched (+)-685 (like) and of racemic (£)-6R*S* (unlike) model
butenolides was described in the previous Letter. Their H and 13C NMR spectral data were virtually
identical.5 Mosher esters at C(4) (acetogenin numbering) of 6 were prepared (Figure 2),% and the
diastereomers (S)-7SR and (§)-7RS were separated by HPLC.
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The absolute configurations at C(4) in the four Mosher esters 7 were assigned by standard Mosher
analysis.3 However, we also observed that the magnitudes of the A3 values for the H and 19F nuclei in 7
were different depending on the relative configuration between C(4) and C(36) in these models. Most
diagnostically, the absolute value of A8 for H(35) (i.e., IABH(35)l) was .23 ppm for the “unlike”
diastereomeric pair (S)-7SR/(S)-7RS, while the value for the pair of "like" models (§)-7SS/(R)-78S was
0.32 ppm. Also, for H(36), IA8y! was 0.06 ppm for the "unlike" model but 0.17 ppm for its "like"
diastereomer (Table 1). The IA8y! values for H(35) and H(36) in the natural acetogenins in Figure 1 were
0.24-0.26 ppm and 0.04-0.06 ppm, respectively (Table 1), which strongly suggests an "unlike"” relative
configuration for all of these compounds. Furthermore, IAS)9F! data were also diagnostic and consistent
with this conclusion. Since C(4) in these molecules has the R absolute configuration,3 it follows that all of
the natural products examined here possess a 4R,36S configuration.

These features are shown graphically in Figure 3. Absolute values of the magnitudes of the chemical
shift differences (i.e., |A8)) for relevant !H and 19F nuclei in "like" and "unlike” models 7 are plotted, along
with those from the Mosher esters of bullatacin as a representative C(4)-hydroxylated acetogenin. From
this graph the trend in magnitude is clearly seen; indeed, the pattern of IAdl's for bullatacin is much more
similar to that of the "unlike” model. All acetogenins examined in the present study give similar results.

The magnitude of chemical shift differences has not previously been used to deduce the stereochemical
features of molecules. The conclusion of unlike configuration between C(4)/C(36) in rolliniastatin I (3) and
bullatacin (1) is validated by the X-ray crystallograpic structure of a rolliniastatin I derivative” and the
recent total syntheses of ent-bullatacin® and rolliniastatin I (3).9 We are confident that other opportunities
for application of this strategy exist.
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