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A “shortcut” Mosher ester method to assign configurations of
stereocenters in nearly symmetric environments. Fluorous
mixture synthesis and structure assignment of petrocortyne A

Dennis P. Curran”™ and Bin Sui
Department of Chemistry, University of Pittsburgh, Pittsburgh PA, 15260

The configurations of stereocenters of chiral alcohols are commonly assigned by making a pair
of diastereomeric Mosher esters and analyzing their H 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 tH 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.2 The second Mosher ester derivative of 2a is the
enantiomer of 2e, so it provides no new information (its methylene resonances simply reverse
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.? 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.
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Petrocortyne A 4 has been isolated by two different groups from similar sponges collected in
similar locations.? 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 group®2 assigned the 3R,14R configuration to petrocortyne A 4,
while the Jung group®? 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 synthesis,® 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 quasiracemate’ 7a,b and the mixture and post-mixture
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—C10) 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 triflate®10 bearing the C4Fg group (TIPSRf4OTf = Si(iPr),(CH,)3C4Fg) or the
standard triisopropylsilyl triflate (TIPSOTT) 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
immediately 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-C22) 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 C4Fg 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 Mel 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,0 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,° 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
Jung®® 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 does not apply to C3 (no local symmetry), but its
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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 (6S — 6R) 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 (8H11 — 8H17). 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 assigning stereocenters in molecules
or molecular fragments with local symmetry, and the method should be generalizable beyond
Mosher esters to the family of related chiral o-trifluoromethyl «-aryl esters1®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.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1-3a, alcohols, R=H
1-3e, (R)- or (S)-Mosher (MTPA) esters, R = C(O)C(OMe)(CF3)Ph

1a, chiral alcohol with
two very different groups

Ho Hs

C C
L0

O\F{

*CH> protons have different
chemical shifts in both
alcohol and Mosher esters 1e
«advanced Mosher rule
assigns configuration

3a, chiral alcohol with
two very similar groups

Hy Hp

”C\gc\O
"R

*CH> protons have the same
chemical shift in the alcohol

but differ in the Mosher ester 3e

Figure 1.

2a, achiral alcohol with
two identical groups

Ho Ho

Q9
O‘F!

*CH> protons have the same
chemical shift in the alcohol

but differ in the Mosher ester 2e
-adv. Mosher rule assigns protons:
(R)-ester, upfield protons on right

"short cut" Mosher rule
with 3e as (R)-Mosher ester

Hy Hp

_c.__C
10O
O‘“(H)-MTPA

*(left — right) = positive
value is shown
*reverse configuration if
value is negative
~oppositve for rule for
(S)-Mosher ester

Uses of the Mosher rule for three classes of alcohols
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symmetric molecular fragment C8-C20
(symmetry plane through C14)

r B

(3R,14R)-petrocortyne A, RR-4, assigned by Shin (not shown), ap = +6.4, ¢ = 0.24, MeOH
(3S,145)-petrocortyne A, SS-4, assigned by Jung (shown), ap=+10.8, c = 1.9, MeOH

H11 and H17 are accidentally chemical shift equivalent in 4, but will be rendered different
in the derived Mosher ester

Figure 2.
Proposed structures for petrocortyne A
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— 11a,bla, R? = Si(iPr)2(CHy)3C4Fg, 99% 8BS RIS
b 2) Dess-Martin 6Rva‘c
1) S-9, BuLi OR®!
P 12a,bla,c, R" = CH,0H, 90%
2) TIPSRf;0Tf Z 3 s Z OMTM 13a,bla,c, R" = CHO, 74%
TBS RS
OR*
S-10a,b, (3R/S,14S), R = H, 33%
11a,blc, R= Si(iPr),(CHy)3CaF 7, 85%
demix
OR3P TBS
P N RE 2 - = _ 7
NaHDMS  TBS Z ris A4 12 n ":g'l_%]s four individual isomers of
OR2¢ _— petrocortyne A, 4
14 2) TBAF,
15a,bla,c, 44%, contains quasiisomers: 41-65%
isomer  ap MeOH c
component C3 C3tag R Cc14 Cl4tag R" no. F's
(3R14R)-4 112 0.20
15ala R Si(iPr)o(CHz)3C4Fg R Si(iPr)2(CH2)3C4Fg 18 (3R,14S)-4  -9.0 0.16
15alc R Si(iPr)a(CHp)3C4Fg S Si(iPr)a(CH2)3CaF7 16 (3S,14R)}-4  +95 0.25
15b/a S Si(iPr)s R Si(iPr)2(CH2)3C4Fg 9 (35,1454  +10.5 0.30
15blc s Si(iPr)g S Si(iPr)a(CHg)aCaF7 7
Other reagents C14-C22 fragment C22-C46 fragment
12 21 TBS
N F OMTM  BrPhgP. _ _F
Y 22 12
OH
R-and S-9, MTM = CH,SCH3 14
Scheme 1.

Fluorous mixture and post mixture stages of the synthesis of four isomers of petrocortyne A

J Am Chem Soc. Author manuscript; available in PMC 2010 June 25.



Page 8

Curran and Sui

ST sajedlpu]

(4

yyT sevealpul

19159 Wd 1IN-H 8Yl UM poyiaw JaysoN INd1oys mc._.ﬁ

poyIswW Jayso\ padueApe prepuels ay @
(p920°0+ 022 0222 LT SPT'SE
(pSTO0+ (pV€00- 612°C S8T'e T SKT'SE
(0620°0- €eTe ¥02'2 /T dvT'se
(o070°0- (o¥20'0+ 0672 viee T dpT'se
(qLTHEe—TTHe  (ede—S¢ WwdIN-d4e VdLAN-Se #H ‘Byuod

"spoyaW JaysolN (LTH4 — TTH4) nduoys pue (41 — S1) psoueApe ays Jo uonealjdde pue sislsa J8YsON Ul ZTH Pue TTH JO SUIYS [edlwayd

T 3lqel

NIH-PA Author Manuscript NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Am Chem Soc. Author manuscript; available in PMC 2010 June 25.



