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Solution-Phase Mixture Synthesis with Double-
Separation Tagging: Double Demixing of a Single
Mixture Provides a Stereoisomer Library of

16 Individual Murisolins**

Craig S. Wilcox,* Venugopal Gudipati, Hejun Lu,
Serhan Turkyilmaz, and Dennis P. Curran*

Most small organic molecules are synthesized individually,
but there is a compelling reason to synthesize molecules as
mixtures—the effort conserved in a synthesis is directly
proportional to the number of compounds that are mixed.
“Split/mix” methods conduct reactions on mixtures of beads
yet provide individual products at the end.'! Recently, a
general concept for solution-phase mixture synthesis® by
separation tagging has been introduced® and put into
practice with homologous fluorous tags.! Chemical reactions
are conducted on tagged mixtures and the final reactions
mixtures are demixed (sorted) in an orchestrated fashion by a
tag-complementary separation technique. Finally, detagging
provides the individual pure target products.

Generally, the availability of n tags in a single tagging
strategy allows n compounds to be tagged (Figure 1, top). We

Wilcox and Turkyilmaz recently introduced a new class of
oligoethylene glycol (OEG; (OCH,CH,),OCHj;) tags. These
were designed for solution-phase mixture synthesis, and a
polarity-based demixing process was implemented.”! The
availability of two different classes of tags opens up the
possibility for double-tagging strategies. The tagging of n
precursors with a first class of tag and m precursors with a
complementary second class of tag provides n + m precursors.
However, reaction of these two mixtures provides a new
mixture of n x m products, each of which has a unique pair of
tags (Figure 1, bottom). Isolation of the final products is
achieved by double demixing with a separate demixing
process that targets each tag class. We report herein the first
example of double tagging with tandem separation. The
ability to leverage available tags is shown by the preparation
of 16 stereoisomers of the natural product murisolin in a
single reaction flask with only eight tags, four fluorous tags
and four OEG tags.

A crucial question in any multiple-tagging exercise is tag
orthogonality; when combined in a single molecule, will the
fluorous tags and OEG tags enable a separation as well as
each does alone. To address this question, a mixture of
16 doubly tagged analogues of vanillic acid (4-hydroxy-3-
methoxybenzoic acid) M-1 was created wherein each
compound had one of four OEG tags on the phenolic
hydroxy group (n = 1-4) and one of four homologous fluorous
tags on the carboxylate group (RF=C,Fs, C,F,, CsFy3, and
C¢Fy7). The resulting 16 compounds (4 x4) are unique and
differ by the combination of the OEG and fluorous tags.

The 16-compound mixture was demixed into its individual

components according to the tags by using a series of two
demixings, one targeted to each class of tag. TLC analysis of
the reaction mixture on silica gel showed only four spots
(Figure 2a). The mixture was separated by flash chromatog-
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by fluorous HPLC chromatography on a FluoroFlash PF-C8
column.”! As expected, the products from this chromato-
graphic procedure were eluted in the order of the fluorous tag
from C,Fs up to CgFy;, thus providing all 16 individual vanillic
esters 1.

Figure 1. Single (top) and double (bottom) separation tagging.

define a tag “class” as a set of tags that all share a similarly

useful response to a given separation process. The addition of
m new tags to a given class of n tags increases the maximum
possible size of a mixture to n + m.
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We observed that the order of the demixings can also be
reversed, with the fluorous demixing being conducted before
the OEG demixings. Figure 2b shows an HPLC trace of the
16-compound mixture M-1 on a FluoroFlash PF-C8 column.
The compounds emerge as four groups of four peaks. The
larger separations correspond to the fluorous tags, with the
four compounds bearing the C,Fs tag eluting well before the
four compounds bearing the C,F, tag, and so forth. The
smaller separations within the groups of peaks correspond to
OEG-tagged compounds, from the more polar n =4 tag to the
less polar n=1 tag. The mixture was separated by semi-
preparative fluorous HPLC. In this case, only four fractions
that correspond to the four different groups of fluorous-
tagged compounds were collected. Each of these fractions,
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Figure 2. Demixing of 16 fluorous/OEG-tagged vanillic acid esters M-1
and murisolin quasi-diastereomers 4. a) TLC plate of the demixing of
M-1 on silica gel based on the OEG tags (pentane/EtOAc, 1:1).

b) HPLC trace of the demixing of M-1 on a FluoroFlash PF-C8 column
based on the fluorous tags (CH;CN/H,0O, 40:60 to 90:10). c) Photo-
graph of a developed TLC plate of the mixture of 16 murisolin quasi-
isomers 4 (silica gel; EtOAc/hexanes, 80:20); a small spot at the
origin lies below the four spots that elute as groups of four fluorous-
tagged compounds in order of increasing polarity for OEGn=1-4.

which contain four molecules with one fluorous tag and all
four OEG tags, were then separated by simple flash column
chromatography to provide the same 16 individual products.

These proof-of-concept experiments are remarkable. It is
well known that the addition of CF, groups decreases the
polarity of molecules,® yet this effect is completely over-
whelmed on silica gel by the presence of the OEG tag.
Conversely, the large polarity effects of the OEG tags are
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largely masked on the fluorous column, and the fluorine
content rules. This complementarity suggests that fluorous
tags and OEG tags are compatible partners in double-tagging
strategies. To verify this hypothesis, we proceeded to synthe-
size 16 stereoisomers of the acetogenin murisolin in a single
reaction flask. The pathway follows the recently completed
fluorous mixture synthesis in which 16 stereoisomers were
prepared in groups of four with the aid of four fluorous tags.[*!

We planned to use a Kocienski-Julia reaction” to couple a
mixture of four diastereomers of the dihydroxy THF subunit
M-2 with another mixture of four diastereomers of the
hydroxybutenolide subunit 3 to give a doubly tagged 16-
component mixture, in which the tag pairs encode the
configurations and enable double demixing (Scheme 1). The
tetrazolylsulfonyl component 2 was synthesized as four
stereoisomers coded with a fluorous PMB (FPMB) tag by
using methods described recently.**! These stereoisomers all
had the 15R,16R configuration, and all four possible isomers
at C19 and C20 were present. In the first multistep OEG
mixture synthesis, the aldehyde component 3 of the coupling
was prepared as all four possible stereoisomers at C4,34 coded
with the OEG-modified dimethyloxybenzyl group (hereafter
called an OEG tag).

The Kocienski—-Julia coupling of the four-compound
fluorous-tagged mixture M-2 and the four-compound OEG-
tagged mixture M-3 provided a 16-compound mixture, which
was directly hydrogenated to saturate the new alkene. This
sequence provided mixture M-4 composed of 16 doubly
tagged murisolins. A photograph of the TLC analysis of the
mixture on silica gel shows the anticipated demixing into four
spots (Figure 2¢).'”! Flash column chromatography!'!! sorted
this mixture into four fractions based on the OEG tag from
OEGI (least polar) to OEG4 (most polar). Each of these
four-compound mixtures was then demixed on a semiprepar-
ative FluoroFlash PF-C8 HPLC column! to provide all
16 individual tagged stereoisomers 4. All pairs of peaks in the
fluorous demixings were separated by 6 minutes or more, SO
quasi-isomer cross-contamination was not a problem. Even

1) NaHMDS (79%)
e

OHC(CHp)g 4

S 2) Ho/[RhCI(PPhg)s] (86%)

(4R34S)-3: n =1
(4R34R)-3:n =2
(45,34S5)-3:n=3
(45,34R)-3: n =4

H25C12

OH OH e}

5, 16 individual compounds
murisolin: 4R,15R,16R,19R,20R,34S (OEG1, CgF¢7)

Scheme 1. Preparation of the doubly tagged 16-component mixture and subsequent demixing. PMB = para-methoxybenzyl (CH,CsH,OCH;);
HMDS = hexamethyldisilazide; DDQ = 2,3-dichloro-5,6-dicyano-1,4-benzoquinone; chrom.=chromatography.
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though the tagged compounds 4 are now quasi-diastereom-
ers,'*1?l the double demixing in Scheme 1 proceeded analo-
gously to the model demixing of 1 in Figure 2.

Simultaneous removal of the PMB protecting group, the
fluorous tag, and the OEG tag was effected by DDQ
oxidation. The 16 stereoisomers of 5 were purified by semi-
preparative HPLC to provide the target isomers on a scale of
1-3 mg.

The stereoisomer library was designed with four control
compounds (the OEG1-tagged compounds with 4R 345 con-
figuration), and these compounds were shown to be identical
to authentic samples by spectroscopic and chiral HPLC
analysis.“! The resulting data proved that the double demix-
ing worked as expected and allowed the configurations of the
remaining 12 new compounds to be assigned solely on the
basis of their tag pairings and the associated demixing order.
This identification was crucial because the 'H and *C NMR
spectra of many of the compounds in the library are identical
with other members of this or the prior library. In our
previous 16-compound library, we observed only six different
'H and *C NMR spectra, and we predicted that six more sets
of spectra were possible.!"”! This predication was confirmed by
observation of the other six spectra. Accordingly, none of the
32 possible diastereomers of murisolin is spectroscopically
unique under standard NMR spectroscopic conditions.

Through combination of the known fluorous synthesis!*!
and the new double-tagging synthetic technique, we have
prepared 28 of the 64 possible stereoisomers of murisolin.
Although all the compounds were prepared from mixtures of
intermediates, each isomer has been isolated in pure form and
characterized by the usual spectroscopic and chromato-
graphic means, including optical-rotation studies.

The ability to prepare 16 stereoisomers of a natural
product as complex as murisolin in a single solution-phase
synthesis (without splits) demonstrates the potential of these
new mixture methods. Central to the potential of this
technique is the newly introduced method of double tagging.
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