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The configurations of stereocenters of chiral alcohols are
commonly assigned by making a pair of diastereomeric Mosher
esters and analyzing their 1H NMR spectra by the subtraction
protocol of the “advanced Mosher method”.1 In contrast, making
Mosher esters of achiral alcohols is pointless. Or is it?

Consider the pairs of methylene protons on either side of the
carbinol carbon in the three classes of secondary alcohols 1a-3a
shown in Figure 1. Chiral alcohol 1a bearing different substituents
on either side of the carbinol is the usual candidate for the advanced
Mosher rule. The (R)- and (S)-Mosher esters 1e are made, and the
resonances in their 1H NMR spectra are assigned. Subtraction of
the corresponding chemical shifts according to the rule provides
the configuration. Achiral alcohol 2a having the same substituents
on either side of the carbinol has no stereocenter, and its methylene
resonances are equivalent by symmetry.2 The equivalence is broken
in the Mosher ester 2e, and the resonances can now be assigned
by a “backwards” application of the Mosher rule.3 The second
Mosher ester derivative of 2a is the enantiomer of 2e, so it provides
no new information (its methylene resonances simply exchange
places).

There is no pressing need to assign proton resonances of Mosher
ester derivatives of achiral compounds. But the analysis applies
directly to chiral compounds that have elements of near-symmetry.
Consider alcohol 3a, bearing different but very similar substituents
on either side of the carbinol. Because the compound almost has a
plane of symmetry, the pairs of methylene protons will be
(accidentally) chemical shift equivalent in the alcohol 3a but
different in the Mosher ester 3e. Now, in a “shortcut” of the usual

advanced Mosher rule, subtraction of the pair of resonances from
each other (rather than from the corresponding resonances in the
diastereomeric Mosher ester) provides the absolute configuration
of the alcohol. The diastereomeric Mosher ester can be made and
the advanced Mosher rule can be applied as usual, but like the
enantiomer of 2e, the diastereomer of 3e will provide no new
information.

We selected the natural product petrocortyne A 4 as a suitable
test of the “shortcut” Mosher method (Figure 2). This is a typical
representative of a group of related natural products whose members
exhibit diverse biological activities.4 In particular, the dialkynyl
carbinol stereocenter at C14 of petrocortyne A has a near-plane of
symmetry that extends for seven carbon atoms on either side before
being broken. As a consequence of this local symmetry, the formally
different protons H11 and H17 are accidentally equivalent, but this
equivalence should be broken by making a Mosher ester.

Petrocortyne A 4 has been isolated by two different groups from
similar sponges collected in similar locations.5 The optical rotations
of both samples had the same sign though different magnitudes.
And both groups applied the advanced Mosher method to assign
configurations to their samples. The Shin group5a assigned the
3R,14R configuration to petrocortyne A 4, while the Jung group5b

deduced the enantiomer 3S,14S. It seems likely that one of these
assignments is incorrect. And because of the difficulty of assigning
the C14 stereocenter, we also considered the possibility that both
were incorrect.

To rigorously assign the configuration of petrocortyne A, we
decided to make all four possible stereoisomers of 4 in individual,
pure form by fluorous mixture synthesis6 and then to convert these
isomers to Mosher esters for comparison with each other and with
the data for the natural samples. The preparation of the starting
quasiracemate7 7a,b and the mixture and postmixture phases of
the synthesis are summarized in Scheme 1.

Straightforward preparations of the fragments (5, 9, and 14) are
briefly summarized in the Supporting Information. Ketone 5
(C1-C11) was divided in half and reduced with the (R)- and (S)-
CBS reagents.8 The resulting alcohols 6 were directly tagged with
a fluorous diisopropylsilyl triflate9,10 bearing the C4F9 group

Figure 1. Uses of the Mosher rule for three classes of alcohols.

Figure 2. Proposed structures for petrocortyne A.
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(TIPSRf4OTf ) Si(iPr)2(CH2)3C4F9) or the standard triisopropylsilyl
triflate (TIPSOTf) to give quasienantiomers R-7a and S-7b in 61
and 64% overall yield, respectively, for the two steps. The
quasienantiomers were mixed, and the resulting quasiracemate was
deprotected with DDQ to provide an alcohol, which was im-
mediately converted to the iodide 8a,b (42% overall yield).

Quasiracemate 8a,b was divided in half and used to alkylate the
propargyl anions derived from R-9 and S-9 (C12-C21) to give
R-10a,b (14R mixture) and S-10a,b (14S mixture) in 34 and 33%
yields, respectively, after careful purification. Fluorous tagging of
these products with silyl triflates bearing C4F9 and C3F7 groups
encoded the configurations at C14 in products 11a,b/a (99%) and
11a,b/c (85%). These two-compound mixtures were in turn mixed
and the resulting four-compound mixture 11a,b/a,c was treated with
MeI to remove the MTM group, giving an alcohol 12a,b/a,c (90%).
Subsequent Dess-Martin oxidation provided an aldehyde 13a,b/
a,c (74%), which was coupled with the ylide derived from
phosphonium salt 14 (C22-C46) to provide Z-alkene 15a,b/a,c in
44% yield.

This final mixture was demixed by fluorous HPLC,10 and the
four individual quasiisomers (15a/a, 15a/c, 15b/a, 15b/c) were
detagged and purified by flash chromatography to give the four

petrocortyne A stereoisomers 4. These four samples exhibited
substantially identical 1H (600 MHz) and 13C (125 MHz) spectra.
All four spectra in turn matched the spectra reported for both natural
samples of petrocortyne A,5 thereby confirming the two-dimensional
structure of 4. Like the spectra, the optical rotations (Scheme 1)
did not differentiate the two possible diastereomers of petrocortyne
A. But they did of course differentiate the enantiomers. The (3S)
pair of petrocortyne diastereomers is dextrorotatory, supporting the
assignment of Jung5b rather than Shin.5a

Next, we converted the pair of diastereomers with the (3S)
configuration to both the bis-(R)- and bis-(S)-Mosher esters, and
recorded a set of 1D and 2D 1H NMR spectra for assignment and
analysis. The structures of the Mosher esters and their spectra are
shown in the Supporting Information. Our expectation that all the
1D spectra might be substantially identical in the region of the C14
stereocenter proved to be wrong; there were small yet clear
differences. Thanks to these differences, we could clearly show
that both natural samples have the syn relative configuration between
C3 and C14 by comparing Mosher spectra from natural and
synthetic samples.

We next analyzed the Mosher spectra by applying the standard
advanced method and the short-cut method. The shortcut method

Scheme 1. Fluorous Mixture and Postmixture Stages of the Synthesis of Four Isomers of Petrocortyne A
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does not apply to C3 (no local symmetry), but its configuration is
correctly assigned by the standard Mosher rule (see Supporting
Information). The subtraction data for key protons needed to validate
the two methods for assigning C14 are shown in Table 1.11 In the
standard analysis, data from both bis-(R) and bis-(S)-Mosher esters
are used, and the usual subtraction (δS - δR) validates that the
Mosher method does correctly assign the C14 configuration of both
diastereomers.

In the shortcut analysis, data of symmetry-related pairs from a
single Mosher ester are subtracted from each other (δH11 - δH17).
Accordingly, having two Mosher esters generates two sets of data.
If the 1D spectra of the Mosher esters are identical (as in truly
symmetric systems), then the subtraction results will give the same
magnitude with opposite signs. The Mosher ester spectra of the
petrocortyne derivatives are not identical, so the magnitudes of the
subtractions are slightly different. But the signs of the subtractions
are the opposite, so both analyses correctly indicate the known
configurations of the compounds. This validates the applicability
of the shortcut Mosher method.

With the optical rotations and Mosher spectra of all isomers of
petrocortyne A 4 in hand, we can confirm that the (3S,14S)
configuration assignment of Jung is correct and that the (3R,14R)
assignment of Shin must be reversed;12 his sample of petrocortyne
also must have the (3S,14S) configuration since his data (optical
rotation, Mosher spectra) match ours for that isomer.

This assignment of the (3S,14S)-configuration to petrocortyne
A is rigorous and is based solely on comparison of data derived
from natural and synthetic samples and Mosher derivatives; it does
not depend on applying Mosher rules. At the same time, we have
validated that both the standard and shortcut Mosher methods are
applicable to assigning the configuration of the challenging C14
stereocenter in petrocortyne and related molecules. So previous
assignments in related compounds can now be confirmed or revised,
and future assignments can be made without recourse to a complete
stereoisomer library.

The “shortcut” method should be generally applicable to assign-
ing stereocenters in molecules or molecular fragments with local
symmetry, and the method should be generalizable beyond Mosher
esters to the family of related chiral ∝ -trifluoromethyl ∝ -aryl
esters1c,d and beyond. The method conserves precious natural
product samples because only one derivative is made. If the pairs(s)

of protons that are related by local symmetry can be unambiguously
assigned,13 then a reliable assignment of configuration will follow
from the shortcut method.
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Table 1. Chemical Shifts of H11 and H17 in Mosher Esters and
Application of the Advanced (δS-δR) and Shortcut (δH11-δH17)
Mosher Methods

config. H# δ S-MTPA δ R-MTPA δS-δRa δH11-δH17b

3S,14R 11 2.214 2.190 +0.024c -0.043c

3S,14R 17 2.204 2.233 -0.029c

3S,14S 11 2.185 2.219 -0.034d +0.015d

3S,14S 17 2.220 2.204 +0.026d

a The standard advanced Mosher method. b The shortcut Mosher
method with the R-MTPA ester. c Indicates 14R. d Indicates 14S.
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