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Abstract: Characterizing a stereoisomer library of 28 of the 64 possible isomers of the acetogenin murisolin,
including 24 of the 32 possible diastereomers, provides a complete picture of the spectra of this class of
molecules. Remarkably, each of the 32 diastereomers exhibits one of only six sets of substantially identical
1H NMR spectra under standard conditions. These spectra follow directly from a local symmetry analysis
of the dihydroxy—THF fragment of the molecule and provide no information about the configuration about
the hydroxybutenolide. Eighteen tris-Mosher ester derivatives of library members have been made, and
their spectra were analyzed to give a complete picture of the usefulness of chiral derivatives. The tris-
Mosher esters of the 64 isomers of murisolin will exhibit 40 sets of spectra: 16 isomers have unique spectra
whereas 24 isomers share an identical spectrum with one other isomer. This identity occurs even though
the pairs of compounds were already diastereomers (not enantiomers) before the derivatization. The
complete set of spectra allows any murisolin or closely related compound to be narrowed to one or two
structures by simple matching and without recourse to assignment and subtraction of resonances. The
structure of murisolin was proved to be the 4R,15R,16R,19R,20R,34S isomer, whereas the assignment of
16,19-cis-murisolin as RRRSSS was changed to the RSSRRS diastereomer and murisolin A is suggested
to be RSRRRS.

Introduction must be shown that all likely structural possibilities but one
are materially different from the proposed structure in one or
more ways. The logic here is not unlike that applied to analysis
of competing reaction mechanism postulates, where the goal is

What constitutes rigorous proof of the structure of a natural
product? The gold standard is X-ray crystallography, which has

an outstandingthough not blemish-frée-track record. How- to disprove all but onéThe rigorous way to disprove structural

ever, there are large classes of naFuraI. products t.hat are OIIS1dentity is to synthesize all the similar candidates for compatri-
waxes, or powders that do not readily yield crystalline deriva- 5

tives. In such cases, total or semisynthesis of a candidate
structure coupled with demonstration of identity of various
physical and spectral data is generally accepted to constitute a
structure proof. This type of exercise frequently uncovers errors
in structure assignments based on spectroscopic metHivds. of t_he acetogenins, a large and |m.p<.)rtant family of biologically
assumptions underlying such a comparative proof are often active natural products, often exhibit both local symmetry and
neglected. These are: (1) that the synthesis provided the targefemOte stereocenter problems. And they typically exist as waxy
structuré and (2) that there is no other candidate structure with S solids that are not amenable to X-ray crystallograpfine

substantially identical physical and spectral data to those of murisolin group of acetogenins consists of murisolin itself, 16,-
target 19-cis-murisolin, and murisolin Aand an assortment of other

In cases where several potentially indistinguishable structure analogues, and these compounds have assignment problems

N : . . . typical of many acetogenins. The structures as assigned by
possibilities exist, the burden shifts from proof to disproitf Cavé@ and McLaughlif® are shown in Figure 1.

The likelihood of compounds with similar or identical spectra
often arises in complex natural products with local symmetry
or remote stereocenters or groups of stereocenters. The members

(1) Li, J.; Burgett, A. W. G.; Esser, L.; Amezcua, C.; Harran, P ABgew.
Chem., Int. Ed2001, 40, 4770-4773. (4) Hine, J.Physical Organic ChemistryMacGraw-Hill: New York, 1962; p
(2) Nicolaou, K. C.; Snyder, S. AAngew. Chem., Int. EQR005 44, 1012 75.
1044 (5) For a systematic and rigorous approach to assigning structures by bwldlng

(3) As shown by the famous case of patchouli alcohol, even this bedrock NMR databases, see among others: (a) Higashibayashi, S.; Kishi,
assumption may not always be correct: (a) Dobler, M. D.; Dunitz, J. D.; Tetrahedron2004 60, 11977-11982. (b) Ghosh, I.; Zeng, H.; Kishi, Y.
Gubler, B.; Weber, H. P.; Bthi, G.; Padilla, O. JProc. Chem. Soc. London Org. Lett. 2004 6, 4715-4718. (c) Ghosh, I.; Kishi, Y.; Tomoda, H.;
1963 383. (b) Bichi, G.; MacLeod, W. D.; Padilla, O. J. Am. Chem. Omura, S.Org. Lett.2004 6, 4719-4722. (d) Adams, C. M.; Ghosh, 1.;
S0c.1964 86, 4438-4444. Kishi, Y. Org. Lett.2004 6, 4723-4726.
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Figure 1. Proposed structures for murisolid.{4), 16,19¢is-murisolin
(1.16, and murisolin A {.100r 1.13

none of the murisolin isomers has a unigiit or 13C NMR
spectrum under standard recording conditions. Accordingly, are
the structures of the murisolins in Figure 1 correct? And what
can we learn more generally about how to rigorously solve
structure problems in the acetogenin class of natural products?
We address these questions herein by comparing spectral and
physical data of the members of the sterecisomer library and
their Mosher acid derivatives with each other and with data
reported for the natural products.

Results and Discussion

Symmetry and Structural Classifications. Figure 2 classi-
fies the stereostructures of the murisolins according to the
symmetries of the model dihydroxytetrahydrofuran molecules
2 bearing identical, achiral substituents (Bu) on either end of
the molecule (C15 and C20 in murisolin numberifdjhese
classifications aid in the understanding of spectral comparisons
in both murisolins and their Mosher ester derivatives. The
stereostructures of both mono-THF and di-THF classes of
acetogenins have been extensively discussézke especially
refs 6d,h,9¢e), and we use here the prevailing terminology for
consistency.

Starting with the relative configuration, the C15 and C20
hydroxy groups can b#hreo (th) or erythro (er) with respect
to the adjacent stereocenter on the THF ring, and the two
substituents on the THF ring can be cis (c) or trans (t). This
leads to six diastereomers & classed as the parents of
murisolin isomer Groups -16, with the configurations as
indicated in Figure 2.Two of the diastereomers @fare achiral
(mes9 compounds due to a plane of symmetry passing down
through the middle of the THF ring (Groups 3 and 4). Two of
the compounds are C2 symmetric (Groups 2 and 5), and two
compounds have no symmetry at all (Groups 1 and 6). These
four compounds have enantiomers, resulting in a total of 10
stereoisomers fo2.

Making the two side chains a2 different but lacking in
stereocenters (or other stereogenic elements) increases the
number of possible diastereomers from 6 to 8 (no isomer has

We recently described the syntheses of two 16-member symmetry), and adding two stereocenters on the side chain
stereoisomer libraries of murisolin isomers that provided 24 of provides 32 diastereomers of murisolin, all of which are chiral
the 32 possible diastereomers, including all of the compounds (64 total isomers). The 16 possible stereoisomers of the
in Figure 1 and other structure candidates for the three naturalmurisolins (L.1-1.16) arising from the dihydroxy THF portion
products Having so many closely related stereoisomers in hand of the molecule are shown in their respective groups in Figure
affords unique opportunities for comparisons. How similar are 2. There are four sets of these isomers due to the four possible
these isomers? How can they be differentiated? It turns out thatconfigurations at the two stereocenters in the hydroxybutenolide

(6) Reviews: (a) Zafra-Polo, M. C.; Goflea, M. C.; Estornell, E.; Sahpaz,

S.; Cortes, DPhytochemistryl 996 42, 253-271. (b) Zafra-Polo, M. C.;
Figadee, B.; Gallardo, T.; Tormo, J. R.; Cortes, Bhytochemistry1998

48, 1087-1117. (c) Zeng, L.; Ye, Q.; Oberlies, N. H.; Shi, G.; Gu, Z.-M.;
He, K.; McLaughlin, J. LNat. Prod. Rep1996 13, 275-306. (d) Cave
A.; Figadee, B.; Laurens, A.; Cortes, D. IBrogress in the Chemistry of
Organic Natural ProductsHerz, W., Kirby, G. W., Moore, R. E., Seglich,
W., Tamm, Ch., Eds.; Springer-Verlag: Wienberg, 1997; Vol. 70, pp281
288. (e) Alali, F. Q.; Liu, X.-X.; McLaughlin, J. LJ. Nat. Prod.1999 62,
504-540. (f) Tormo, J. R.; Gallardo, T.; Goflea, M. C.; Bermejo, A,;
Cabedo, N.; Andreu, |.; Estornell, Eurr. Top. Phytochenml999 2, 69—

90. (g) Bermejo, A.; Figade, B.; Zafra-Polo, M. C.; Barrachina, |.;
Estornell, E.; Cortes, DNat. Prod. Rep2005 22, 269-303. (h) Ramirez,
E. A.; Hoye, T. R. InStudies in Natural Products Chemistryol. 17;
Rahman, A., Ed.; Elsevier: Amsterdam, 1995; pp 2282.

(7) (a) Myint, S. H.; Laurens, A.; Hocquemiller, R.; Caw.; Davoust, D.;
Cortes, D.Heterocyclesl99Q 31, 861-867. (b) Woo, M. H.; Zeng, L.;
Ye, Q.; Gu, Z.-M.; Zhao, G.-X.; McLaughlin, J. IBioorg. Med. Chem.
Lett. 1995 5, 1135-1140. (c) To the best of our knowledge, McLaughlin
and co-workers have not published the data for this analysis.

(8) (@) Curran, D. P.; Zhang, Q.; Richard, C.; Lu, H.; Gudipati, V. Wilcox, C.
S.J. Am. Chem. So2006 ASAP article. (b) The structures and numbers
in this paper parallel those in ref 8a.
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fragment of the molecule, murisolin belonging to the set with
4R,34S. Perhaps counterintuitively, it is the breaking of the local
symmetry of the dihydroxy THF fragment of modeP, and

not the presence of remote hydroxybutenolide stereocenters in
1, that proves to be the most difficult assignment problem for
murisolin and by extension scores of other acetogenins that have
similar structures.

(9) Butyl groups are shown as substituents2obecause all six of these
compounds are known: (a) Gale, J. B.; Yu, J.-G.; Khare, A.; Hu, X. E.;
Ko, D. K.; Cassady, J. MTetrahedron Lett1993 34, 5851-5854. (b)
Fujimoto, Y.; Murasaki, C.; Shimada, H.; Nishioka, S.; Kakinuma, K.;
Singh, S.; Singh, M.; Gupta, Y. K.; Sahai, @hem. Pharm. Bull1994
42, 1175-1184. (c) Bis-Mosher esters of two models: Shimada, H.;
Nishioka, S.; Singh, S.; Sahai, M.; Fujimoto, Yetrahedron Lett1997,
35, 3961-3964. (d) Several of the dimethyl-substituted isomer2 afe
known: Walba, D. M.; Haltiwanger, R. C.; Wand, M. D.; Wilkes, M. C.
Tetrahedron1981, 37, 1663-1668. (e) For the dihydroxy-bis-tetrahydro-
furan ring analysis, see: Hoye, T. R.; Suhadolnik, JJ.Am. Chem. Soc.
1987, 109, 4403-4404.
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d) HB, the hydroxybutenolide fragment, is 4A,34F, e) HB, the hydroxybutenclide fragment, is 45,34R, o P -HB
f) HB, the hydroxybutenolide fragment, is 45,345, 2 J A

Figure 2. Group classifications of murisolin isometson the basis of symmetric model compoud

Assignments of Acetogenin Stereocenter Configurations. With the relative configurations of the dihydroxy-THF and
Following the assignment of a two-dimensional (2D) structure hydroxybutenolide fragments in hand, it might now appear that
(constitution) of a typical mono-THF acetogenin, the two the rest of the assignment can be completed by independently
subunits are then addressed independently for configurationassigning the absolute configurations of the two fragments. This
assignment. It is now relatively straightforward to place a given is of course true, yet it is much easier said than done. Assigning
murisolin 1 into one of the six groups of diastereomers about the absolute configuration of the hydroxybutenolide fragment
the dihydroxy-THF fragment by comparison of i1 and13C of the molecule-for example, by making a Mosher ester or
NMR spectra with those of symmetrical modal&:"9The syn/ other chiral derivative of the C4 hydroxy grotjs straight-
anti relative configuration of the hydroxybutenolide has not to forward!® However, assigning the absolute configuration of the
date been assigned directly without derivatization, but a reliable dihydroxy-THF fragment may or may not be straightforward,
Mosher ester analysis is availaBfe. depending on the local symmetry.

(10) Because the syn and anti-isomers at C4, C34 give substantially identical To understand the assignment problems consider the two
spectra, the relative and absolute configurations of this part of the molecule Murisolin member&.1and1.9of Group 2, which have C2 locall
are often determined simultaneously through Mosher esters: Hoye, T. R.; symmetry. The two isomers have eithRR (1.1) or SS(1.9)

Hanson, P. R.; Hasenwinkel, L. E.; Ramirez, E. A.; Zhuang, Z. P. § . ;
Tetrahedron Lett1994 35, 8529-8532. configurations at the alcohol-bearing carbons C15 and C20. On
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paper, one isomer can be generated from the other either bymodels. This symmetry analysis provides an essential foundation
inverting all four stereocenters or by keeping all four stereo- for understanding the following spectral observations of both
centers the same but switching the C15 side chain to C20 andthe murisolins themselves and the derived Mosher esters.

the C20 side chain to C15. Because of this redundancy, it Comparison of the 'H and 13C NMR Spectra of the
suffices to assign only the absolute configuration at C15 and Murisolin Stereocisomers—the Dihydroxy—THF Subunit. In

C20; it is not necessary to assign which side chain is where. a prior paper, we described the synthesis of a library of 28
(In practice, this means that in analysis of pairs of chiral stereoisomers of murisolin that included 24 of the 32 possible
derivatives such as Mosher esters, one does not need to assigdiastereomer& Having these compounds in hand allows us to
which proton is H15 and which is H20 because both stereo- turn the above spectroscopic analysis problem upside down. We
centers have the same configuration, see below.) The samecan now assign the spectra from the structures, not the reverse.
situation pertains to the related C2-symmetic Group 5. And we can compare the authentic samples with the natural

Now consider the two murisoling.3 and1.11in Group 3, products to establish which one is identical and which ones are
which has a local plane of symmetry. The two isomers have not. But what kinds of comparisons are useful, and where are
either RS (1.3) or SR(1.11) configurations at C15 and C20. the limitations imposed by the structural similarities discussed
Superficially, the problem looks the same as the Group 2 (C2) above?
class above because either inverting the four stereocenters of To address these questions, we first discuss the analysis of a
1.3 or interchanging the side chains at C15 and C20 provides 16-member sublibrary of murisolins whose members hde 4
1.11 However, the configurations at C15 and C20 are now 34Sconfigurations fixed with all possible configurations at the
different, so we do not need to know what the configurations remaining stereocenters in the dihydrexyHF fragment {.1—
are (one iR, the othelS) but, instead, which side chain is where. 1.16). The analyses of the other isomers follow directly from
Ramirez and Hoye called this the “endedness probRnilh this group (see below). We first recorded a complete sétof
practice, this translates to assigning H15 and H20 in chiral NMR spectra at 600 MHz (CDg) and 1*C NMR spectra at
derivatives.) Because the two side chains are so similar (10151 MHz (CDC}) and then carefully compared and contrasted
methylene groups must be traversed to find a difference), this these spectra by reviewing printouts of chemical shifts and by
knowledge is not easy to come by. The same analysis appliesoverlaying sets of expansions of relevant regions of all the
to relatedmesoGroup 4. spectra.

Groups 1 and 6 lack local symmetry and again one needs to None of these 16 isomers dfexhibits a uniqueéH or *3C
know where the side chains are located to unambiguously assigf®NMR spectrum. Indeed, every spectrum belongs to one of only
the structure. In Group 1, inversion of the four stereocenters of Six groups, and the spectra within each groupsarestantially
1.2 provides1.1Q and these two can in principle be differenti- identical By this, we mean that we could not identify any
ated by making a chiral derivative even though C15 and C20 difference in chemical shift or peak shape that could reliably

have opposite configurationd.@ is 15R,20S whereasl.10is (or even tentatively) be attributed to a real difference in the
15S,20R). This is because one of the 15/16 or 19/20 pairs has spectrum rather than a feature of an individual experirient.
the erythro relative configuration while the other threo. (In To provide a more rigorous standard for “substantially identical”,

practice, this means that the H15 and H20 can be assigned irwe compared unlabeled spectra of the four pairs of true
chiral derivatives.) In contrast, interchanging the side chains of enantiomers in the libraryl(§1.2% 1.61.22 1.7/1.23 1.81.24
1.2providesl.5, and to differentiate these compounds, we need With their diastereomers in the same group4§1.2/1.51.1Q

to know not only what the two configurations are but which 1.141.6, 1.151.41.7/1.12 1.161.8). In this blind exercise, it
side chain is where. This is because the alcohol-bearingwas not possible for us to identify which spectra belonged to
stereocenters in therythro unit (C15 in1.2 and C20 inl1.5) enantiomers and which spectra belonged to diastereomers.
are bothR-configured, whereas the alcohol bearing stereocenters The six groups of spectra assemble without exception
in the threo unit (C20 in 1.2 and C15 in1.5 are both following the analysis of relative configuration in Figure 2.
S-configured. There are two groups of four compounds (Groups 1 and 6) that

A similar analysis applies for the other pair compounds linked Share identical spectra and cannot be differentiated, and four
by red arrows in Group 1 and for the two pairs of compounds groups of two compounds (Groups-2) cannot be differentiated
in Group 6; such pairs of compounds cannot be differentiated €ither. Expansions of portions of twiél NMR spectra of the
without knowledge of which side chain is where. The assign- Group 5 isomers are representative and are shown in Figure 3.
ment problems posed by local symmetry have been recognized!he spectrum of the natural product murisdlii4 (see below
by Hoye, McLaughlin, and others for compounds in the forassignment)is shown in Figure 3 (top), and its spectrum is
nonsymmetric Groups 1 and®8put they do not seem to have Substantially identical to the spectrum of its diastereofnér

been recognized for compounds in timesoGroups 3 and 4.  Figure 3 (bottom), with the same configuration in the hydroxy-
butenolide ring but opposite configurations in the dihydroxy

ol HF ring. In turn, the enantiomer df.6, compoundl.22 has
identical spectra to botth.6 and 1.14 (not shown). The same

Notice how the problems emanate directly from local
symmetry considerations. There is an unambiguous one-to-on
match between the number of isomers of model compo@nds
in Groups 2 and 5 and the number of murisolih¢hat they

(11) *H (600 MHz) and'3C (150 MHz) spectra were recorded in CR@lith

give rise to. But there is a one-to-two match between the model ™~ residual CHCJ as the standard. it spectra, chemical shifts within groups
; i differed by = 0.01 pm. In the'3C NMR spectra, chemical shifts within
Com.pOl'mdSZ ,m Groups 1, 3, 4, and 6 and the X derived groups differed by= 0.03 ppm, with one exception. The THF ring carbon
murisolins. Simply stated, the structure problem is under- (C5/C29) of 1.3 (6 72.76) differed from that of its Group 3 partnid 1 (6
; ; 72.85) by 0.09 ppm. Although this small difference may be real, it is
determined because _the Sa_me Isomer Of model comp@und certainly not sufficient for a structure assignment given that all other H's
cannot be used to differentiate the two isomerslahat it and C’s are chemical shift equivalent.

9946 J. AM. CHEM. SOC. = VOL. 128, NO. 30, 2006
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OH OH

16,019
HbC10H20/15KQ)2}C12H25

Step 1: Remove peaks at 6 70.09 and 78.05, then

count the remaining peaks between 6 70-84
« if two peaks remain, then Groups 2-5
« if four peaks remain, then Group 1 or 6
Step 2a: Two peaks remain; compare 6 of both peaks
; Group 8C1520 ©&C16,19 config

380 370 360 350 340
Figure 3. Representative expansions of the 600 MiHzNMR spectra of 2 72.0 83.0 ert-er
1.14(top) andl1.6 (bottom) illustrate that diastereomers exhibit substantially 3 728 824  er-c-er
identical spectra. ’ '
4 74.4 82.7  th-c-th
situation pertains to the other compounds in Groutland 5 74.1 82.7  th-tth

Group 6. Complete printouts with standardized expansions of
theH and!3C NMR spectra of all 28 samples are provided for
comparison in the Supporting Information.

We do not contend that the spectral identities that we have Group dC160r19 config
observed here at high field under common experimental 1 833
conditions will extend to all NMR experiments. Indeed, it is
probable that the isomers could be further differentiated under
chiral conditions}? and they could perhaps even be differentiated Figure 4. Rapid classification of the relative configuration of the
under achiral conditions, especially if the hydroxybutenolide d:(hg;]deVBTHFgagf_“em of me‘:;';g'_'%iby compariféC NMR resonances
and dihydroxy-THF fragments of the molecule can be induced ot the carbons bearing oxygea, ppm.
to interact with each other. However, were such experiments . .

. . compound can be classed by looking at the most downfield of
to be undertaken, it would be essential to have the members of, S

. . . the two THF-carbon resonances, which isye&2.8 for Group
this stereoisomer library as a reference to ensure that any chang% ands 83.3 for Groun 1. Because the spectra within the arouns
that was observed was not the same for two (or four) isomers. . - p- . P group
Having the isomers in hand renders such studies unnecessarare identical, no further information about what a compound is

: . Yithin an individual group is availablé.
for structure assignmenthere are much simpler ways to group

differentiate compounds that share identical spectra (see below). Synthesis and Analysis O,f Mosher 'Esters Derivatives.
o . . “Mosher esters and related chiral derivatives are frequently used
A number of guidelines have been put forth to assign relative

configuration to the dihydroxy-THF ring stereocentétgand to help assign configurations of secondary alcohol centers in

i h,9¢,13,14\\/i
most of these rely on chemical shifs in ti¢ NMR spectrum ZichetgrgoexnI?Tglaltlijsrc?:nzgdol:‘&rfﬁrisolin \cl)\liltl?n(?wfnuil:oﬁit SIaﬁgns
either alone or in combination with3C NMR shifts. These y y 9

- . I : in hand, we are in a unique position to test the reliability and

guidelines typically focus on assignirigrederythro and cis/ o - . ) : .
. . S . limits of using Mosher esters to assign configurations in these
trans configurations. The existing guidelines are accurate
. 7 . L systems.

because we found no exceptions in our library. But likewise, . .
we found that the relative configurations of murisolins can be N the standaargic approach, typically called an “advanced
rapidly classed starting from a local symmetry perspective by Mosher analysis*3¢ a secondary alcohol of unknown absolute

looking at the chemical shifts of only two or four key resonances configuration is reacted with botRf- and §)-o-methoxye:-
in the 13C NMR spectra. These guidelines are summarized in (trifluoromethyl)phenylacetyl chlorides (hereafter called Mosher

Figure 4. The six carbons bearing oxygen resonate in raegion acid chlorides) to generate diastereomef or (R)-Mosher

70—84. Carbons 4 and 34 of the hydroxybutenolide are constant €Sters (due to a CIP change, the Mosher esters have opposite

(+ 0.02 ppm) atd 70.09 and 78.05, so these resonances are aPSolute configurations to the acid chlorides).

ignored. If there are two remaining resonances in this region, Subtraction of the chemical shifts of the protons of tRg (

then the compound belongs in one of the Groups with local Mosher ester from the§[-Mosher ester in the vicinity of the

symmetry (2-5), whereas if there are four resonances, it belongs €ster-bearing stereocenter then provides differentéj, the

in one of the Groups lacking local symmetry (1 or 6). signs of which are used to assign the configuration of the
Within the four locally symmetric groups, the compounds Stereocenter. We applied this standard approach to two isomers

can be reliably classed on the basis of the chemical shifts of Py convertingl.15and 1.7 in Group 6 (hreo-cis-erythrg to

the carbinyl carbons (C15,20) and the oxygen-bearing carbons( @ ba N A o
. : : P 13) (a) Dale, J. A.; Mosher, H. SJ, Am. Chem. S0d.973 95, 512-519.
of the THF ring (C16,C19). The o_nIy close call is differentiating Sullivan. G. R Dale, G. A.; Mosher, H. 8. Org. Chem1973 38, 2143
Groups 4 and 5, where the assignment based on a small (0.3 :\2(14}1. |(<'C) AdvaﬂgﬂjA Moscmer estSer &Jgsgi ?lfgazgglé;_ﬁgsgrn(i‘,j)g; '\l}asnman,
. .; Kakisawa, H.J. Am. em. Soi . -Naph-
ppm) difference between the resonances of C15,20 should be thylmethoxy acetic acid esters have been used less frequently but give larger

confirmed by other means. A spectrum from a nonsymmetric and more reliable chemical shift differences. See, Duret, P.; Waechter, A.-
|.; Figadee, B.; Hocquemiller, R.; Caveé\. J. Org. Chem1998 63, 4717~
4

Step 2b: Four peaks remain; compare 6 of most
downfield peak

er-t-th or th-t-er
6 82.8 er-c-th or th-c-er

(12) The analysis for which isomers can and cannot be differentiated in principle (14) Reviews: (a) Seco, J. A,; Quinoa, E.; Rigueral &rahedron: Asymmetry
is parallel to that of the analysis of the Mosher esters in the following 2000 11, 2781-2791. (b) Seco, J. M.; Quinoa, E.; RigueraGhem. Re.
section. 2004 104, 17+117.
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Traditional Mosher assignment: substract chemical shifts of "Short-cut" Mosher assignment: substract chemical shifts of
tris-(R)-Mosher ester from tris-(S)-Mosher ester. tris-(S)-Mosher ester 3.15 from tris-(S)-Mosher ester 3.7
(The third ester on the hydroxybutenolide (Hb) is not used.) with a quasienantiomeic relationship in the dihydroxy-THF fragment.

(Or subtract 4.15 from 4.7.)
This works because 3.15 is a quasienantiomer of 4.7.

OMTPA OMTPA Ad (S — R) is postive (+) or negative (-)
20 0o 15
Ci2Hos(R) (S) C1oHz0Hb configs H' H6M7 1819 21
—— e 15R20R + - -+ W21 W19 p16 4
A (S-R) >0 <0 >0 <0 155,20R - + -
158208 + _ . Ad (3.7-3.15) -0.12 +0.08 +0.14 -0.02
MTPA = COC(OMe)(CF3)Ph, 15R20S - + + - all four values follow Mosher guidelines

(R)- or (S)-a-methoxy-a-(trifluoromethyl)phenyl acetate and approximately equal A (3.7 - 4.7)

OMTPA OMTPA OMTPA  OMTPA
O, 0O, -

CioHog 20" 7715 C1oHaoHb CioHp5720 15" C1oHzoHb

3.7, SSRS, tris-(S)-ester 3.15, RRSR, tris-(S)-ester

4.7, SSRS, tris-(R)-ester 4.15, RRSR, tris-(R)-ester
H21 H19 H16 H14 H21 H19 H16 H14
Ad(S-R -0.11 +0.02 +0.14 -0.01 Ad(S-R) +0.11 -0.03 -0.14 +0.02
all four values follow Mosher guidelines all four values follow Mosher guidelines

Figure 5. Traditional and “short-cut” assignments of configuration by advanced Mosher ester subtraction.

their tris-(§- and tris-R)-Mosher ester8.15/4.15and3.7/4.75 magnitudes of the differences in chemical shifts (Figure 5) were
recording the!H NMR spectra of these esters, and then identical within experimental error to the subtractions of the
subtracting the chemical shifts of the related resonances as usualappropriate trisf)- and tris-§-Mosher esters. The same holds

The signs of theAd are shown in Figure % For 1.7, for the other pair of Mosher esteds15and4.7.

subtractions of the relevant four pairs of resonances provided Having demonstrated that making pairs of-(i/(S)-Mosher
differences that were consistent with the knownSP8S esters from each compound provided redundant information,
configuration. Likewise, the data fdr.15point to the known e next prepared the triStMosher ester derivatives from the
15R,20R configurations. The other protons on the THF ring (17,- other 14 murisolin isomers and then subtracted the chemical
17,18,18) can also be assigned and included in the analysis, ghjts of the relevant resonances to provide signs and magnitudes
and this is described in the Supporting Information. for eachAd. Tables SS6 in the Supporting Information show
Compounds such d@s15and1.7(and1.41.12 with opposite  the complete results of this exercise. In six of the eight pairs
configurations at all four stereocenters in the dihydroxy-THF \yith |ocally enantiomeric conformations in the dihydroxy-THF
fragment can be differentiated by the Mosher ester method if fragment (including3.7 and 3.15 above), the subtraction rule
enoggh resonances can be assigned for subtraction. Battan 45 followed. However, the two other pairs of spec88and
be differentiated fron’l.lZ(bpth 152_05) or 1.15from_1.4(both 3.16 3.3 and3.11) were substantially identical! Accordingly,
15R,20R)? To address this question for all 16 isomers, we g hraction of resonances of these pairs of spectra is pointless.
ostensibly need to make 32 Mosher esters; however, to minimize ., thermore, four pairs of spectra.2 and3.5 3.10and3,13
effort, we instead validated a “shortcut” Mosher ester method. 3.4and3.15 3.7 and3.12 were identical to each other even

Typically, only one stereoisomer of a chiral alcohol is  hoygh these pairs of compounds are not locally enantiomeric

available, so it is converted to two diastereomeric Mosher esters.i, ine dihydroxy-THF fragment! A summary of the compounds
In contrast, we have available 16 stereoisomers of the dihydroxy- exhibiting identical Mosher spectra is presented in Figure 6.

THF ring groups in eight pairs with opposite absolute configura- .
tions at%:?S 12 19 ZOQACFéordineg rgtF;]er than making twogpairs Thus., e.ach of the 16 trisSkMosher esters3.1-3.16 of
o ' murisolin isomers exhibits one of only 10 sets '6f NMR

of Mosher esters from each murisolin, we can simply make a tra f ds h . i h . .
single Mosher ester from each and subtract the resonances opPectra, four compounds have unique spectra, whereas Six pairs
of compounds have spectra that are identical (though still

that from its appropriate diastereomer with the locally enantio- ~. . . -
pprop y different from all the rest). This identity may seem surprising,

meric configurations in the dihydroxy-THF fragment. To test o . .

this idea, we subtracted the appropriate resonanc&45(15R,- _bUt '_t is actually predl_cted from the local symmetry groupings

20R) from 3.7 (155209).17 As projected, both the signs and in Figure 2. Each pair of compounds connected by arrows in
Figure 2 shares identical tris-Mosher ester spectra. These

(15) Compounds beginning with the numieare murisolin triols, whereas those compounds share the feature that one can be converted to the

beginning with3 are tris-§)-Mosher esters (from theRj-Mosher acid other by interchanging the two side chains on C15 and C20.
chloride) and those beginning withare tris-R)-Mosher esters (from the . L .
6) (S-Mosher acid ghloride). b ) seline i The spectral identity is not a result of a flaw with the Mosher
16) Protons H20 and H15 are assigned by using the guideline that carbinyl Y
protons inerythro relationships resonate downfield from thosetlimeo esters; it is a fundamental property of the local symmetry of

relationships. The other assignments follow from the H, H COSY spectra. the molecules, and we predict that other chiral derivatives of
(17) In this experiment3.15 (tris-(S)-Mosher ester, RRSR) can be considered . . S . . .
as a surrogate fo#.7 (tris-(R)-Mosher ester, SSRS). (8.7 can be these pairs will also exhibit identical spectra. Consider the pair

considered as a surrogate f.5) These pairs of compounds have opposite fl | C2-symmetri r 2 (or 5). Th rent of th
configurations in the dihydroxyTHF region of the spectrum (including of local C2-sy etric Groups 2 (or 5) e parent of these

the two Mosher esters), and thus, the associated resonances are identicalJroups is chiral, and accordingly, a Mosher ester can be used
However, the compounds have opposite Mosher ester but the s&ne (4 ; ; i i ; ; e
349) configurations in the hydroxybutenolide fragment, so resonances from to assign the configuration of its ena_ntlomers' Accordingly, t!’IS
this region differ, as detailed in ref 10. (S-Mosher ester8.1 and 3.9 have different spectra, and this
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Entry Isomer 32 Isomer 32 Group,®
local sym
S S S
1 OSMTPA O°MTPA O MTCI;A O°MTPA 4, meso
\OI, W7,
HBC1oHag 15" 7 20 CqoHos CyaHas720™ 15 C1oHoHB
3.16, RRSS, tris-(S)-Mosher ester 3.8, SSRR, tris-(S)-Mosher ester
2 3.3, RSRS, tris-(S)-Mosher ester 3.11, SRSR, tris-(S)-Mosher ester 3, meso
3 OSMTPA OSMTPA oSMTgA OSMTPA 1 none
O, 0,
HBC10H20 15 7 20 C12H25 C12H25 20 15 C10H20HB
3.2, RSSS, tris-(S)-Mosher ester 3.5, SSSR, tris-(S)-Mosher ester
4 3.10, SRRR, tris-(S)-Mosher ester 3.13, RRRS, tris-(S)-Mosher ester 1, none
5 3.4, RSRR, tris-(S)-Mosher ester 3.15, RRSR, tris-(S)-Mosher ester 6, none
6 3.12, SRSS, tris-(S)-Mosher ester 3.7, SSRS, tris-(S)-Mosher ester 6, none

a) SMTPA is the (S)-Mosher ester, C(O)C(CF3)(OMe)Ph; b) representative structures are shown for
enties 1 and 3; the other structures follow directly from Figure 2; ¢) the Group numbers correspond
to those in Figure 2

Figure 6. Tris-(S-Mosher ester pair8 that exhibit substantially identicAH NMR spectra in the dihydroxyTHF region.

means that the configuration df1 or 1.9 could be assigned by 4.11 3.88 S H16, H1®
making tris-§- and tris-R)-Mosher esters and subtracting as @ 1,7oOSMTOPA 9 1%T3PA H14 p21
usual. . . . Q] 704\ [a0gHes s 20

In contrast, consider the pairs of compounds in the lows0o ) OSMTPA H17 W18
Groups 3 (or 4). Here, the parents of the Groups are achiral, so¥ 5:33]:33 H7 418
making a chiral derivative is pointless. Likewise, the chiral 316

derivatives of1.3 and 1.11 (or 1.8 and 1.16 are of course (15R,16R,195,205)
diastereomers because of the two different side chains, but their
spectra are still identical because the side chains are so similar.

Ironically, although we cannot use the advanced Mosher rule
to assign structures from spectra for such pairs (because the
spectra are identical), we can use the rule to assign spectra from H:;i? downfield of H1188v, observed
structures. This is because we already know the structures and H'" is downfield of H'™, observed _
because the differential shifts of the paired proton&/HeL, kl::gure 7. Representative assignment'f resonances in meso Group 4

. y the Mosher rule.

H16/H19 H17/H18) as assessed by the Mosher rule tell us which
protons are adjacent to the S stereocenter of the 15/20 pair andlifferentiated from compoun®.10(SRRR, which has a locally
which are adjacent to the R stereocenter. The representativeenantiomeric relationship at the four dihydrexyHF ring
assignment 08.16 of Group 4 (16,1%is-murisolin group) is stereocenters (recall that Mosher esters differentiate enanti-
illustrated in Figure 7; three of the proton pairs follow the omers), buB3.2 cannot be differentiated from the Mosher ester
Mosher guidelines and there is one exceptitti* should be 3.5(SSSR which has the same local configurations at the two
upheld of H* but it is downfield. The assignments ofi‘+and THF ring carbons (C16,19) but opposite configurations at the
H21 cannot be independently reversed because the connectivityhydroxy-bearing carbons (C15,20).
is known from the H,H-COSY spectrum. Reversing all of the In another view of the same phenomenon, all of the isomers
assignments provides three exceptions and only one accord. that have identical Mosher ester spectra have opposite absolute

The other isomer in Group 43.8, has the same Mosher configurations at C15 and C20 and, accordingly, give the same
spectrum as3.16 but all the paired assignments are inter- spectra. Thus, the identical spectra for pairs of diastereoisomers
changed. Similar reasoning can be used to assign the protonsesult because different protons in the two isomers give rise to
of the other meso Group 3, and this is shown in the Supporting the same sets of resonances.
Information. For this Group, there are four accords and no Comparison of the H and 3C NMR Spectra of the
exceptions to the Mosher rule. Murisolin Stereocisomers—the Hydroxybutenolide Subunit.

The same identity of Mosher spectra (or lack thereof) holds Synthesis of a second 16-member library of murisolins by
for the relevant pairs of compounds in Groups 1 and 6. For double mixture synthesis provided new isomers of murisolin at
example, compound.2 with RSSSconfigurations can be the hydroxybutenolide fragmefifThis library’s members had

The advanced Mosher rule predicts...

H'4 is upfield of H2', not observed
H'6 is downfield of H'®, observed
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o) of the anti isomer is upfield of the syn isomer whereas the other
4 peaks are downfield. Subtracting the peak at about 70 ppm from
0O 1/ OH . .
the corresponding peak at about 152 ppm effectively doubles
348 OoTBS AR
g the Ao compared to the usual method of comparing individual
peaks to a reference standard rather than to each other. If the
R34S an C1 c2 C3 G5 G35 difference between the resonances at about 152 ppm (C33) and
) ,anti 174.60 151.82 70.00 33.46 19.13 ; ; ;
45345 syn 17457 15189 69.90 33.41 19.10 70 ppm (.(‘:4).|s 82.0 ppm, then the compou_n(_zl is a syn isomer,
whereas if this difference is 81.8 ppm, then it is an anti isomer.
anti, A3 G2 — C4 = 81.8 ppm We did not record any Mosher spectra of these compounds

syn, A3C2 - C4 =820 ppm because these spectra can be readily predicted on the basis of

Figure 8. Assigning the relative configuration of the hydroxybutenolide those already in hantl.It is not necessary to make any of the
fragment by small differences HC NMR spectra. missing eight compounds to determine their spectral data either
because these data will be identical to those from one (or more)

fixed configurations at C15R) and C16 R) and had all possible ~ current members of the library.
isomers at the other four stereocenters (Figure 2). Four isomers In summary, each of the 32 diastereomers of murisolin
in this library were identical to four in the prior oné.(3— exhibitsone of only sixsets offH NMR spectra under standard
1.16), and four were enantiomer&.@1-1.24are enantiomers  conditions! The six groups of spectra are organized according
of 1.5-1.9. As expected, these eight pairs of compounds to the local symmetry of the dihydroxy-THF ring. In contrast,
exhibited identicafH NMR spectra. there are two very closely related pairs of §i&€ NMR spectra
The other eight compound4.(7-1.20and1.25-1.28) are that are identical in the dihydroxy-THF region but have very
new diastereomers, and théi NMR spectra are compiled in  small (< 0.1 ppm) differences in the hydroxybutenolide region
Fhe Supporting I.nforrnanon. As ex.pec.ted, Fhey collate readily pased on the syn/anti relative configurations at C4,C34.

T}to Groups +6 mdFlgrL]lre ﬁ shor‘]"“”g |der|1t|call resonances t?] The chiral tris-derivatives (as exemplified by tris-Mosher
;.E Zrlor CS)rr:l;:)ount_st ?ih ave;c N Isarrée octz; syrl?rtr;]etry n thte esters) of the 32 isomers in a given enantiomeric series will
inydroxy- portion ot the molecule. tven though these ey give rise to 20'H NMR spectra, falling into two groups of 10

compounds have the syn relative configuration of C4 and C34 : .
. . . based on the C4,C34 configuration and the local symmetry of
in the hydroxybutenolide, thelH NMR spectra are substantially ) .

the hydroxybutenolide. In turn, the full complement of chiral

identical to the isomers with the anti configuration. This identity _ . L . . .
. . tris-derivatives of 64 isomers prepared with one enantiomer of

has been recognized previously. : o ) .
a chiral derivatizing agent (or 32 isomers prepared with both

In contrast, we were able to identify small yet reliable . h L I
differences in tha3C NMR spectra of the svn and anti isomés enantiomers of the chiral derivatizing reagent) will give rise to
P Y . 40 spectra. Within broad limits, the 24 pairs of redundancies

These differences are illustrated with the hydroxybutenolide . S
y y do not depend on the power of the chiral derivatizing agent to

fragment shown in Figure 8. Individual samples of tfe34S . .
(anti) and & 34S (syn) isomers of this compound exhibits& shift nearby resonances (because the closest differences are 10
or more atoms away from the centers being derivatized).

NMR spectra that were very similar. However, when the
samples were mixed in a 2/1 ratio, the doubling of five Structure Assignments of Murisolin, 16,19eis-Murisolin
resonances originating from the hydroxybutenolide region of and Murisolin A. With 28 of the isomers of murisolin in hand

the molecule was evident. Differences in chemical shifts ranged and well characterized, we can assess the structure assignments
from about 0.03 ppm (peak doubling observed) up to 0.1 ppm of the three known murisolin natural products. The relative
(near baseline separation observed). configurations of any murisolin in the dihydroxy-THF fragment

Given these small differences, how can the configuration of are readily assigned from the high field NMR spectra. This
an unknown compound be assigned's@ NMR spectroscopy  provides a group of either four or eight diastereomers as
without recourse to mixing with the other isomer? This can be candidate structures, to which must then be added the enanti-
done by capitalizing on the observation that one of the peaks omers of these structures. The logic problem then becomes to
collect a set of data that is fully consistent with one of the

(18) Interestingly, the epimers of TBS ethers at C4 can be differentiated by candidate structures, but more importantly is materially incon-
both IH and 13C NMR spectroscopy. The resonances of H33 are very . . .
slightly different in chemical shift, although this was not apparent to us Sistent with all of the other structures in the group. Many
until the isomers were mixed. However, the diastereotopic methyl groups i i i
of the t-butyldimethylsilyl group were clearly different both before and structure assignments to date in the acetogenm class have
g_f%fer mixing. _AgTin, we Ifeel fthazéa is mos}_ useful in ass?srs]ing this  addressed only the “proof’ aspect of the logic problem and

ifference in single samples of unknown configuration. Teof the syn s » P ;

isomer is about 0.055 ppm, whereas that of the anti isomer is about 0.020 neglected the dISprOQf aspect. Th'_s '_S often of ne(_:eSS'ty
ppm. The following chemical shifts are taken from the mixture spectra because only one candidate structure is in hand. And with such

with residual CHG as the standard; all other resonances overlap. . . . .
o P similar compounds, it can be very difficult to disprove structures

(o] . .
OWOH that are not available for comparison.
a4s) J Osi('Bu)(Me')(Me?) To further refine the structure from a collection of candidates,
’ the proper use of a chiral derivative can eliminate one enan-
C1 Cc2 C4 C5 Cc6 C35 . . . . .

4RSS anl 17411 15161 7023 3695 2500 1902 A) C2-C4=8138 ppm tiomeric series and narrow the other candidate isomers down
4534S,syn 17405 15184 69.96 37.17 2503 1921 AsC2-C4=81.88ppm to two or even one, depending on the group. So derivatization

o HI Mel  Me? is a powerful structure tool. Beyond that, by far the most used
4R348 anti 7126 0.045 0.018 Ad Mel —Me2 =0.020 ppm . . .
45345 syn 7106 0.029 -0026 A5 Med — Me2 = 0.055 ppm tool has been optical rotation. However, we concur with
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Figadee and co-workefd that optical rotation is a very blunt  prepared independently by Prof. T. Tanaka matched Gave
tool of little utility in these compounds. The rotations of all the natural murisolin and..14 but not1.6.2°

murisolins are small and somewhat variatii@dhe differences By whatever means they used, McLaughlin and co-workers
in magnitudes of rotations between enantiomers measured undetieduced the correct structure of murisalii4 as isolated by
similar conditions are often comparable to the differences in Cave Ironically, it is not rigorously clear that they deduced
rotations between diastereomers. In our view, the use of rotationthe correct structure for the murisolin that they isolated. Because
in a “proof” sense (the rotations of two samples “match” so we could not obtain either a sample of murisolin or a copy of
they must have the same structure) with these structures is nothe derived Mosher ester spectra for compariSone cannot
valid. The combination of a “proof” with a “disproof’ (the  disprove that McLaughlin’s murisolin is different from ours,
rotation of a sample matches the rotation of isomer A, but not Cavés, and Tanaka's. Because McLaughlin’s murisolin and
B, C, D) may be valid, but only if the rotations of all the Cavés murisolin were isolated from different sources, the
candidate isomers are measured carefully under strictly identicalpossibility that they are isomers in the same Group 5 merits
conditions. Melting points could also be useful, but again they consideratiorf! However, because the correct application of the
must be accurately known for all isomers. Mosher method does provide a unique structure in Group 5, it

If all the candidate isomers are available, then chiral hplc is S€€MS highly probable that McLaughlin’s murisolin is alsbA

superior to either optical rotation or melting point comparison ~ Unfortunately, assigning secure structures to 1@j9-

to prove and disprove structures. In the prior p&pee, showed murisolin and murisolin A is not straightforward because
that the murisolin isomers were widely dispersed on a Chiralcel- Samples of these natural compounds are no longer available and
OD column and that members of any given group were Pecause not enough data were collected on the samples when
separated from other members of the group by at least 2 min.they were available to disprove that they were not at least one
Thus, when a natural sample and all reasonable candidateother isomer. What can we say about the structures of these
isomers are available, a compound within any group (as WO compounds on the basis of the available data of natural

indicated by NMR experiments) can be assigned simply by and synthetic samples?
conducting several hplc co-injections. 16,19¢is-Murisolin belongs to locanesoGroup 4, and thus,

inspection of the published NMR spectreeduces the candidate
structures td..8 1.16 and their enantiomers. The four associated
C4,34-syn isomers are ruled out becangeC33— C4=81.8
ppm. McLaughlin made the trig_}- and tris-§)-Mosher esters
from the natural produc® and these derivatives eliminate the
enantiomers (and also the syn-isomers) from consideration by
showing that the configuration of C4 iR and C34 isS
McLaughlin further subtracted pairs of resonances in the vicinity
of H15 and H20 of the two Mosher esters to deduce structure
1.16 As indicated abovethis is not a meaningful analysigust

imi d b Vi ) licati f th h as the spectra &.8and3.16formed from a single enantiomer
eliminate y applying Hoye's application of the Mosher of the Mosher ester were identical, so should the spectra of

me:}hod for as?égnllng bOt,h rlelatlr\]/e %nd absolute conflguzatlons products of reaction o1.8 or 1.16 with both enantiomers of
atthese centerS(Alternatively, theAd C33-C4 can now also the Mosher ester3(84.8 and 3.164.16 be identical in the

be used to assign the relative configuration of the hydroxy- yinyqroxy-THF region of the molecule. Subtraction of one set

butenolide.) This red.uces the possibilitigs from eight to tyvo, of resonances from the other is simply a gauge of the error of
1.6and1.14 Isomers in Group 5 can be differentiated by chiral . a5surement of ppm values under a given set of experimental

derivatives, so the application of the Mosher method to eliminate conditions; neither the sign nor the magnitude of the differences
1.6 and selectl.14is proper. has any meaning. Indeed, thé values recorded by McLaugh-

We have available the two key candidate isome&and lin for this analysis were tiny<0.003 ppm), and measurement
1.14 and we compared a sample of natural murisolin provided errors in this range are expected because most resonances
by Dr. Bruno Figadee to these compounds by chiral hplc and overlap in one-dimensional (1D) spectra and must be assigned
found that murisolin coeluted with.14and eluted about 2 min ~ chemical shifts from cross-peaks in 2D spectra.
before 1.6. Likewise, three other isomers in Group 5 with  We stress again that this problem arises from local symmetry
differing configurations at C4 and C34.18 1.22and 1.26 and not from a failure of the Mosher derivative to induce a
were different by chiral hplc from both murisolih14and1.6. sufficient shift. The inapplicability of chiral derivatives to
Among the eight candidate isomers, three are absent in thedifferentiate structures such as this (without proton assignment)
library, but it is unreasonable to expect that any of these isomershas not been widely recognized, and by perusing recent
could coelute with murisolin. Thus, the co-injections prove that
murisolin is not1.6 (or other less likely hydroxybutenolide (20) (a) Maezaki, N.; Tominaga, H.; Kojima, N.; Yanai, M.; Urabe, D.; Ueki,

: ) > : R.; Tanaka, T.; Yamori, TChem. 406-407. (b) Maezaki
isomers) and prove that it 514 Likewise, a synthetic sample N T o N e s Tk ezl

Eur. J. 2005 11, 6237-6245.
(21) Others have also reported the isolation of murisolin, and these samples

The connectivity of murisolin and itghreo-trans-threo
relative stereochemistry were assigned early on by Gane
co-workers’@ This places murisolin in the local C2 symmetric
Group 5, with candidate structurels6 and 1.14 and their
enantiomers along with the four isomers with C4,34 syn relative
configuration. McLaughlin later represented murisolirieis}®
presumably following the standard analysis of tf3-(@nd tris-
(9-Mosher esters& We now know that this Mosher analysis
should rule out all possible isomers but one. Three groups of
isomers at the hydroxybutenolideR84R, 4S34S, 4S34R) are

(19) For a discussion on problems with optical rotation of acetogenins, see: should be compared with existing ones by chiral hplc or Mosher analysis
Duret, P.; Figatie, B.; Hocquemiller, R.; Cavé\. Tetrahedron Lett1997, to prove that they have structuiel4 and are not one of the seven other
38, 8849-8852. isomers in Group 5.
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lodp mp becomes especially important for workers in this field to collect

16,10 s isolin +11.0, (CHClp, ¢ =0.1)2  67-68°C2 data that can conclusively disprove that a structure is one of

several closely related molecules in a group. Currently, there is

OH OH no reliable spectroscopic means to do this for murisolins, but

C12H25WC10H20HB +4.5, ('V|90H,<:=0.10)*’d 63-64 :oz the monoderivatization approach deployed by Hoye and co-
+9.1. (CH.Cl,, ¢ = 0.50) 65-66 °C

workers is certainly feasible in principfé.Until more direct
methods are developed, this procedure should be implemented
OH o OH 481, (MeOH, =010 75 73°cb whenever practical for new or existing acetogenins that cannot
HBCyoHzg” " 7~ CioHps  +9.8, (MeOH, ¢ =0.11)° - be differentiated from their end-switch isomers by chiral
+11.3, (CH.Clp, ¢ = 0.62)¢  76.5-77.5 °CY derivati
erivatives for local symmetry reasons.

Murisolin A belongs to Group 1, so four candidate structures

HB i the hydrosybutenoiide fragment, i anng with their engntiomer; and the eight C4,C34 syn isomers
s / “F‘OH (16 in total) remain following standard 1D NMR analysis.
3 Again, there is no natural sample available for comparison with
. ) o ) the synthetic samples. However, McLaughlin made pairs of tris-
Eggg,ﬁ%tﬁgrai),ggmp'}'écb?ﬁ?g%%;faﬁ b) this work, first library sample; c) this work, (9- and tris-R)-Mosher ester derivatives of the natural product,
Figure 9. Comparison of optical rotation and melting point data for natural  @Nnd their spectra rule out all isomers at C4,C34 exBeptThis
16,19¢is-murisolin and synthetid.8 and1.16 leaves the four isomers shown in Group 1. Two of these can be

ruled out because it is possible to assknythro and threo
acetogenin literature, we quickly identified several analogous carbinol protons in this group; the Mosher analysis suggests
improper uses of Mosher esters (see below); there are likely tothat the erythro unit is Sconfigured and thethreo unit is
be others. R-configured. This eliminate&.2 and 1.5 and leaves the two
With no sample of 16,18is-mursiolin for chiral hplc analysis,  end-switched isomer$.10 and 1.13 McLaughlin recognized
we can only resort to comparing other available data. Murisolin that these could not be differentiated by the chiral derivative
1.14and 16,1%is-murisolin were isolated from the same source, method.
so a stereochemical resemblance is likely. But both candidate we have made the trisS-Mosher esters of these four
isomers1.8 and 1.16 share two stereocenters with murisolin - compounds, and the data from these samples concur with
and differ at two, so this comparison provides no help. McLaughlin’s assignment of murisolin A as eithedOor 1.13
Recently, synthetic samples of battBand1.16have also  These two compound8(10and3.13 have identical tris$)-
been made by Tanaka by appropriate variants of his efficient Mosher ester spectra that match well with the t8slosher
synthesig® Because we know that Tanaka's sample of muriso- ester spectrum reported by McLaughlin. In turn, the spectra of
lin has the correct structure, we can be confident that his samplestris-(S)-Mosher ester$.5 and 3.2 are identical to each other
of 1.8and1.16are also correct. (Tanaka mentions that the 1D and to McLaughlin’s tris®)-Mosher ester of murisolin A (in
'H and '*C spectra of1.8 and 1.16 are “very similar’; we  the dihydroxy-THF region). Accordingly, this proves that
contend that they are substantially identical.) Melting points and murisolin A is neitherl.5nor 1.2 As an aside, we discovered
optical rotations for the two pairs of synthetic samples and the that by far the poorest performance of the “advanced Mosher
natural sample are shown in Figure 9. As mentioned above, ryle” occurs in thighreotrans-erythroseries, where subtraction
optical rotation measurements give little guidance toward a trends for only 5 of 8 assignable resonances are correctly
secure structure. However, on the basis of the melting point predicted. (Other groups have subtraction trends of 7 or all 8
measurements, we tentatively assign struciugdo 16,19¢is- of 8 resonances correctly predicted, see Supporting Information.)
murisolin. During the review of this paper, Figadend Brown However, this shortcoming is of no consequence to us because
made the surprising discovery thas-solamin is a mixture of  we know the configuration of our synthetic compounds, so we

two compounds with locally enantiomeric dihydrexyHF simply match spectra with those of McLaughlin’s. The matches
fragments (see belov#f,and this in turn suggests that natural - are independent of assignment or subtraction of resonances.
16,19¢ismurisolin might actually be a mixture df8and1.16 Melting points and optical rotations of synthetic and natural

Because the Mosher ester derivatives of these compounds argamples are compared in Figure 10, but the optical rotation

identical, this mixture could not be identified by Mosher analysis comparison is not conclusive. However, 1if8 is the correct

of the natural sample. _ o structure of 16,1®is-murisolin, then we suggest that10is
Lacking in natural 16,1@is-murisolin, it may never be  the more likely structure for murisolin A. This is becaus@0

possible to confirm whether the natural product is a single itfers in configuration at only one center from both murisolin

compound or a m|xture. unless the sample. is 'relsolated from (C15) and 16,1%is-murisolin (C16). In contrast].13 differs

th? same source. Even if anoth_er 16¢19murisolin Of_ Group from murisolin by one stereocenter but from 16¢i8murisolin

4 is someday isolated from a different source and its structure py three. This suggestion is supported by melting point

is rigorously proved, it will not be possible to prove whether measurements, so we tentatively assign structl to

this was or was not different from the originally isolated sample 1, risolin A.

(other than by comparisons of rotation and melting point as

- . > Structure Assignments of Related Mono-THF Acetoge-
above). Because natural samples all have finite shelf lives, it

nins. The problems outlined above with assigning structures

(22) (a) Hu, Y.; Cecil, A. R. L.; Frank, X.; Gleye, C.; Figage B.; Brown, R.
C. D.Org. Biomol. Chem2006 4, 1217-1219. (b) Gleye, C. PhD Thesis, (23) Rieser, M. J.; Hui, Y.; Rupprecht, J. K.; Kozlowski, J. F.; Wood, K. V;
UniversiteParis-Sud, 1998. See also the Supporting Information associated McLaughlin, J. L.; Hansen, P. R.; Zhuang, Z.; Hoye, T.JRAmM. Chem.
with the above paper. Soc.1992 114, 10203-10213.
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lalo mp Gleye??® and Dr. B. Figadee kindly provided copies of the
munsoin A +17.0,(CHCl; c=01)®  83-84°C? original spectra. Mosher subtraction of these spectra suggests
that solamin is5.142%2 and this is confirmed by matching to
OH OH the relevant spectra in our collection; thé NMR spectrum of
0N~ +14.0, (CHClp, ¢ = 0.1)P 74-75 °CP the bis-§)-Mosher ester of solamin maps with the spectrum of
C‘2H25/\_7/\C‘°H2°HB 4103, (OHAOLs ¢ = 0.2)° S p b

the tris-§)-Mosher esteB.14 of murisolin in the dihydroxy
THF region, whereas the bi®(-Mosher ester of solamin maps

OH oH . with the locally enantiomeric tris§j-Mosher esteB.6. Thus,
HBCszo/\ﬁ/\ CiHps  +O5 (CHeClz c=0.1) 83-84°C° the structure of solamin is confirmed 544 (4-deoxymurisolin)
1.10 with identical configurations to murisolib.14at all five shared
stereocenters.
Q Laurens and co-workers described the isolatioci®Eolamin
HB is the hydroxybutenolide fragment, o~y 4 in 1998 and ascribed it thhreo-cisthreorelative configuratiord
348! OH It is thus inmesoGroup 4 and is 4-deoxy-16,1@s-murisolin.
Footnotes: a) from McLaughlin, ref 7b; b) this work, first library sample; c) this work, Lat?r' Flgadee and.co-wgrkers U.S,e(.j a Chll’al shift reagent to
second library sample assign the 38 configuration?” This information leaves two
Figure 10. Comparison of optical rotation and melting point data for natural  candidate structures standing for 16¢i§-solamin,5.16 and
murisolin A and synthetid.13and1.10 5.8 Both of these compounds have been synthesized indepen-

from spectra are not unigue to murisolin and extend to scoresdently by the groups of MakaB#and Brown?®>and the latter
of other acetogenins with remote stereocenters and localgroup also prepared the two enantiomers. None of these
symmetry in the mono- or bis-tetrahydrofuran portion of the compounds could be differentiated from each other by standard
molecule. We briefly revisit several typical structure assignments NMR analyses. The reported melting points and optical rotations
in the dihydroxy-THF class of acetogenins related to murisolin Of the natural and synthetic samples are summarized in Figure
and show that some choices between structures within the samé 1. The collective rotation data support the conclusion¢fsat
local symmetry group may be without a firm basis. solamin is 3& but the choice of the two possible THF
Solamin andcis-solamin are 4-deoxy analogues of the configurations is ambiguous. Makabe and co-workers concluded
corresponding murisolins. Caaad co-workers assigned sola-  that cis-solamin was5.16 based on their rotatiorf$2 but the
min as threotransthreg this is in Group 5 with local C2 later rotations of Browf7® seem accurate (enantiomers give
symmetry2* This leaves four possible structures. Becatise equal and opposite rotations) and are nearly equal. The melting
solamin has been shown to have theS3bnfiguration (see points for all the samples are scattered in a narrow range and
below), we eliminate the Jisomers of solamin, leaving.14 are not helpful.
and 5.6 as candidates (Figure 10). StructuBel4 has been Makabe and co-workers made bis-Mosher ester derivatives

prepared by total synthesis four times, and each time it has beerpf both5.16and5.8to show that the Mosher analysis could be
shown to match either natural solamin or a prior synthetic used to differentiate them. However, we submit that these
sample by spectra, melting point, and optical rotaffoic- Mosher spectra are substantially identical and that the small
cordingly, 5.14 is now the accepted structure of solamin. differences in chemical shift observed (0.01 ppm or less) are
However, we see no basis in published data for differentiating Of experimental origin; their signs and magnitudes have no
structuress.14 and 5.6. We now know that these compounds meaning. Accordingly, the synthesis of a bis-Mosher esters of
will have substantially identical spectra. And proofs based on this natural product is not a worthwhile exercise unless some
matching between melting point and optical rotations are not secure method can be established to differentiate them by
valid because the data are only known %ot4and not5.6. On assigning resonancés.
the basis of our data above, it would not be at all surprising if ~ During the review of this paper, Figageand Brown made
the melting point and optical rotation Bf6 fell within the range ~ the remarkable suggestion on the basis of chiral HPLC experi-
of observations for existing synthetic samplessaf4 ments that naturalis-solamin is an (approximately) equimolar
In short, although it is clear that the total syntheses have Mmixture of 5.8 and5.16222 This suggestion is fully consistent
provided5.14in all cases, these endeavors do not show whether with available and expected spectroscopic information. Com-
natural solamin i§.14or 5.6 because none of the data collected pounds5.8 and5.16 exhibit identical spectra, and the spectra
to date disproves one of the structures. Furthermore, naturalof all four Mosher esters (bisRj- and bis-§)- of both isomers)
solamin has been isolated from several different sources, and it )
. (26) (a) das Chagas do Naseimento, F.; Boaventura, M. A. D.; Assuncao, A. C.
is not at all clear that these compounds have the same strétture. S.\ Pimenta, L. P. SQuim. Naa 2003 26, 319-322. (b) Fall, D.; Gleye,
Though it seems unlikely because the plants are all related, for :cs:l&':%aznlck(c;(GIIé?/Léregséurgogqufgglrlgrqs Nﬁt Hpgggu 'ég}l-é??é_;l%ave
all we know there could be twds(6 and5.14), or even four A. J. Nat. Prod.1998 61, 576-579. (d) Qin, Y.; Pan, X.; Chen, R.. Yu,
(epimers at C34) natural solamis. 0 vasus Xoneasos st sl o8 i ey 4 1
We recently learned that the biS{ and bis-R)-Mosher ester (f) Chen, W.-S.; Yao, Z.-J.; Wu, Y.-Youji Huaxue1995 15, 85-88.
spectra of natural solamin are contained in the thesis of Dr. C. 27) 'éﬁéyrgg"éusr_-?J_Fzrgggké’é?zgg”ggef-'C-? Hocquemiller, R.; Figadé.
(28) (a) Cecil, A. R. L.; Hu, Y. L.; Vicent, M. J.; Duncan, R.; Brown, R. C. D.

(24) Myint, S. H.; Cortes, D.; Laurens, A.; Hocquemiller, R.; Leboeuf, M.; Cave J. Org. Chem2004 69, 3368-3374. (b) Makabe, H.; Hattori, Y.; Kimura,
A.; Cotte, J.; Quero, A. MPhytochem1991, 30, 3335-3338. Y.; Konno, H.; Abe, M.; Miyoshi, H.; Tanaka, A.; Oritani, Tetrahedron

(25) (a) Kuriyama, W.; Ishigami, K.; Kitahara, Heterocycled999 50, 981~ 2004 60, 10651-10657.
988. (b) Trost, B. M.; Shi, Z. PJ. Am. ChemSoc 1994 116, 7459~ (29) For example, H15 and H20 and the other nearby nuclei are chemical-shift
7460. (c) Makabe, H.; Tanaka, A.; Oritani, J..Chem. Soc., Perkin Trans. equivalent ins.16and5.8but different in thier bis-Mosher ester derivatives.
11994 1975-1981. (c) Sinha, S. C.; Keinan, E. Am. Chem. S0od.993 If any of these nuclei could be reliably assigned, then a secure structure
115 4891-4892. would result.
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solamin is threo-trans-threo, Group 5 (C2), and could be

5.14, (15R,16R,19R,20R,343)

-or-

5.6, (155,165,195,205,345)

cis-solamin is threo-cis-threo, Group 4 (meso), and could be

OH OH [alp mp
O,
\ +11.3, (MeOH, ¢ =0.87)2 67-69 °C?
+26 (MeOH, ¢ = 0.45)° 71-72°CP

-11.7, (MeOH, ¢ = 0.85) (ent-5.16)2 66-68 °C?
5.16, (15R,16R,195,205,34S)

-0or-

O~ +11.8, (MeOH, ¢ = 0.85)2 67-69 °C?
+42 (MeOH, ¢ = 0.50)° 71-72°CP
-11.3, (MeOH, ¢ = 0.68) (ent-5.8)2 66-68 °C?

5.8, (155,16S,19R,20R,34S)

natural cis-solamin +22, (MeOH, ¢ = 0.55)° 63-66 °C¢

a) ref 28a; b) ref 28b; c) ref 25¢
Figure 11. Candidate structures for solamin acid-solamin.

o} OH OH

O.
OMCQH%
36

6.13, (17R,18R,21R,225,369)

7,

OH OH OH OH OH OH

6.5 6.10 6.2
(175,185,215,22R,36S) (17S,18R,21R,22R,36S) (17R,18S,215,225,365)

Figure 12. Candidate structures for reticulatainthreotrans-erythrq
Group 1 (no symmetry).

(0] (0] OH OH
4R O,
O / 9 15" 20 C1oHos
345 OH
7.13, (15R,16R19R,20S)
OH OH OH OH OH OH
7.5 7.10 7.2
(155,165,195,20R) (155,16R,19R,20R) (15R,165,195,225)

Figure 13. Candidate structures for mosin Byreo-trans-erythrq Group
6 (no symmetry).

or the solamins. As is usual with C4-deoxy acetogenins, we
assume a 3Bconfiguration.

Makabe and co-workers prepared candidété8and6.5for
reticulatain-1 and could not differentiate these by standard
spectroscopic means (because the spectra are substantially
identical) or by rotation or melting poist. However, they could
properly differentiate these two structures by making Bs-(
Mosher esters, whose data were consistent %ift8 and not
6.5.32 Accordingly, it was concluded th&t13is reticulatain-1.

This assignment is inconclusive becaés&3is in Group 1,
so four isomers must be considered as structure candidates. The
two missing isomers ar6.10 and 6.2 Although the Mosher
data clearly disprove structuée2, they do not disprove structure
6.10 Indeed, we now know tha6.10 and 6.13 will have
substantially identical Mosher spectra. Thus, the structure of
reticulatain-1 cannot be considered to be proved until one of
structuress.10 or 6.13is disproved. Again, if the assignment
of murisolin A as1.10 proves correct, then reticulatain-1 is
probably6.10

The last case is mosin B. Isolated by McLaughlin and
assigned thehreo-trans-erythroconfiguration, mosin B is a
9-oxo murisolin A falling into Group 22 The 4R,34S configu-
rations were supported by Mosher ester analysis, but this
analysis did not provide a firm assignment of configuration in
the dihydroxy-THF ring®* We can now understand that this is
because théhreo-trans-erythrdasomers are not the best actors
in the advanced Mosher analysis (see above). Accordingly, there
are four candidate isomers to consider, as shown in Figure 13.
Tanaka and co-workers made two of the four isomers3and
7.2, and concluded thaf.13 was mosin B based on optical
rotation and systematic subtraction’8€ NMR resonance®.

will also be identical. Chiral HPLC is accordingly the only ~Butthis conclusion again rests on shaky ground. First, structures
method presently available that can identify that such natural 7-5and7.10were not considered. Second, the optical rotation
samples are mixtures. As mentioned above, the structure
resemblance of murisolins and solamins suggests ¢t
murisolin might al mixture of two isomers. Makabe, H.; Miyawaki, A.; Takahashi, R.; Hattori, Y.; Konno, H.; Abe,
uriso gnt aso. be a ture 0 0 .SO ers M.; Miyoshi, H. Tetrahedron Lett2004 45, 973-977.
The structure assignment of reticulatain-1 presents another(sz) makabe reached the conclusion by comparing chemical shifts of the bis-
twist on the structure problem. This was isolated by Figade (R)-Mosher esters with those of the Mosher esters derived from the standard
. model shown in Table 1 (see ref 9¢c). However, the same conclusion can
and co-workers, who showed that it haseagithro-trans-threo be reached without reference to models or I§sMosher esters by
i i i i i in.1 i i subtracting the relevant resonances of the two spectra from each other.
relative anflgurqtlon (Flgure_ 125)' Reticulatain-1 is thus in 33) Hopp, D. C.; Zeng, L.; Gu, Z.-M.; Kozlowski, J. F.; McLaughlin, J.d..
Group 1 with murisolin A, but it has two more methylene groups
in the hydroxybutenolide side chain than either the murisolins (34

(31) (a) Makabe, H.; Hattori, Y.; Kimura, Y.; Konno, H.; Abe, M.; Miyoshi,
H.; Tanaka, A.; Oritani, T.Tetrahedron2004 60, 1065%-10657. (b)

Nat. Prod.1997 60, 581—586.

If we had access to the unpublished spectra mentioned ref 33, then we
could rule out two of the four possible isomers by comparison to our set
of Mosher spectra.

(30) a) Duret, P.; Waechter, A. I.; Hocquemiller, R.; Cage Batten, D.Nat.

Prod. Lett.1996 8, 89-95. (b) Tam, V. T.; Hieu, P. Q. C.; Chappe, B.;

Roblot, F.; Figadee, B.; CaveA. Bull. Soc. Chim. Franc&995 132 324—
329.
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(35) (a) Maezaki, N.; Kojima, N.; Sakamoto, A.; lwata, C.; TanakaOfg.
Lett. 2001, 3, 429-432. (b) Maezaki, N.; Kojima, N.; Sakamoto, A,;
Tominaga, H.; lwata, C.; Tanaka, T.; Monden, M.; Damdensuren, B.;
Nakamori, S.Chem—Eur. J. 2003 9, 389-399.



Structures of Murisolins ARTICLES

data are not conclusive. And third, tA&C NMR analysis is underdetermined solution to the problem. There are only 10
not meaningful because tHéC NMR data for7.13and 7.2 stereoisomers of the model, and these cannot model the 16
will be substantially identical even though these compounds aredihydroxy-THF isomers in murisolin without redundancy.
diastereomers. Thus, none of the data collected to date disprove$losher esters can always be used to differentiate a compound
any of the four structures for mosinBBased on its similarity ~ from others with locally enantiomeric configurations in the
to murisolin A, mosin B might be5.1Q0 But this is only an  dihydroxy-THF ring, but “end-switched” diastereomers cannot
analogy and not a proof, or more importantly, not a disproof. be differentiated. At the highest level, the pairs of spectra are
Finally, the natural product mosin C (not shown) was also not truly “identical”. Instead, different protons (for example H15
isolated in this pape® and this has théhreo-cis-threaelative in one isomer and H20 in another) give rise to identical
configuration of the dihydroxy-THF ring (Group 4, like 16,- resonances. A distance experiment that spanned the 10 meth-
19<is-murisolin andcis-solamin) and the C4,34-anti configu-  ylene groups to identify the different ends of the two side chains
ration (also like 16,1%is-murisolin). However, the reported  would provide different results for each of the otherwise
subtraction of resonances of Mosher ester spectra to assign thedentical pairs of spectra and thereby break their coincidence.
RRSSconfiguration to mosin C is not proper because these  \yjth || the data of the library in hand, we confirmed by
spectra are identical, so there is no basis for choosingB®S spectroscopic analysis and hplc co-injection thagis muriso-

isomer over th&&SRRsomer. Mosin C C_OLélg still be either one lin and that all other candidates that share identical spectra with
of these two pure compounds or a mixtdfe. 1.14 are not murisolin. Samples of 16,t%-murisolin and
murisolin A are not available, and comparison of spectroscopic
data of the compounds and derivatives still matches two

Characterizing a stereoisomer library of 28 of the 64 possible compounds for each structure. However, the melting point data
isomers of the acetogenin murisolin including 24 of the 32 are more consistent with structutes for 16,19€is-murisolin
possible diastereomers has provided a complete picture of theand with structurel.10for murisolin A. Clearly these assign-
spectra of this class of molecules. Remarkably, each of the 32ments are tentative and await further confirmation to rigorously
diastereomers exhibits one of only six sets of substantially rule out one of the two candidate structures in each case. Indeed,
identical *H NMR spectra under standard conditions. These recent results witttis-solamin suggest that natural 16,48-
spectra follow directly from a local symmetry analysis of the  murisolin might be a mixture of two isome#%: Because the
.dlhydrox.y—THF fragment of the molgcule and provide no  natyral product samples no longer exist and because not enough
information about the hydroxybutenolide. In contrast, tf@ data was collected on them while they did to differentiate them
NMR spectra fall into 1 of 12 sets consisting of 6 very closely  fom one other isomer, their original structures will probably
related pairs grouped by the local symmetry of the dihydroXy  ever be known with certainty.
THF fragment (set of 6) and the relative configuration of the . . . L

\ ; The problems with structure assignment in the murisolins
hydroxybutenolide (set of 2). The small differences observed . L
. - . multiply across many other acetogenins in both the mono- and
in the hydroxybutenolide resonances now allow the assignment . . .
dihydroxy-THF classes. It is now clear that for certain types of

of the relative configuration of this fragment of many aceto- . . .

genins without deri\?atization No isomger has a unié)t/tleor diastereomers, standard “matching” of spectral data is of no help

13C NMR spectrum, so the spéctra of the eight missing isomers in differentiating structures because there are multiple matches.
' Mixture synthesis methods provide a valuable approach to the

are already known with confidence. ‘ )
. . . structure problem because all candidate isomers can be made
Making tris-Mosher esters of the library reduces but does . . . .
for comparison with a natural product. The problem in logic

not eliminate the redundancies. The tris-Mosher esters of the - .
then becomes finding a method that can disprove that all but

64 isomers of murisolin will exhibit 40 sets of spectra: 16 . 2 .
ne of the isomers is identical to the natural product. Toward

isomers have unique spectra whereas 24 isomers share arﬁj_ d. chiral hol s b h luabl
identical spectrum with one other isomer. Spectra are available IS end, chiral hpic analysis appears to be much more vaiuable
than melting point or optical rotation comparisons.

for 10 of the 40 possible trisSf-Mosher ester combinations.
These and publishé¥spectra cover all possible local configura- ~ Finally, traditional “one at a time” synthesis is commonly
tions of both fragments of the molecule, so the other 30 spectrapursued with the aim of assigning a stereostructure of a natural
can be readily assembled by extracting appropriate resonance®roduct. The usual method is to apply the best assumptions to
from spectra of the relevant dihydroxy-THF- and hydroxy- select a likely “correct” structure and then to synthesize that
butenolide-containing molecules and adding them together. Structure and prove by comparison that it is the natural product.
Accordingly, it is no longer necessary to use the.adced In the acetogenins, this approach should be reversed. Most
Mosher rule to assign configurations of murisolins and related acetogenins are now readily classed in groups of 2, 4, or more
moleculesInstead, one simply matches resonances of a single candidate isomers without recourse to synthesis. Once the most
Mosher ester spectrum of an unknown isomer with the fragmentslikely structure of a compound from a group of candidate
of spectra from the complete library of dihydroxy-THF and isomers is selected, this structure should be tabled and the other
hydroxybutenolide spectra. Matching of the second Mosher esterisomer (or isomers) in the same group should be synthesized.
spectrum, as we did with solamin14 can be useful to confirm  Once the supposed incorrect isomer is in hand, experiments
the assignment, but is probably not necessary in most cases. should then be undertaken to disprove that it the natural product.
The problem of redundant Mosher ester spectra is not the When all the isomers but one have been disproved, then a solid
result of a fault or anomaly with Mosher esters as chiral shift structure assignment is in hand. It may, of course, be desirable
reagents. Instead, it arises because the (necessary) use of @ make the natural product for biological testing or other ends,
symmetrical model to analyze the Mosher ester spectra is anbut it is not necessary to make it for structure proof.

Conclusions
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