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Stereocontrolled Synthesis of Onchidins
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The first total synthesis of a molecule possessing the stereochemistry proposed for onchidin is described. The structure synthesized appears
to be different from that of the marine natural product.

Marine cyanobacteria have produced a wide variety of naturalto be of cyanobacterial biosynthesis, due to structural
products, many of which have shown striking biological similarities between it and other metabolites of this species,
activity.1 =3 Consequently, they are key synthetic targets in and because it is a known constituent of the mollusc’siet.
the quest for new leads in the pharmaceutical indusTrg. Its structure was determined by a combination of chemical
date, the compounds extracted have shown anticancerdegradation, chiral chromatography and spectroscopic analy-
antifungal, antiviral, and cytotoxic activity, and the diversity sis. The relative stereochemistry at positions 7 and 9 on the
of structure exhibited by these secondary metabolites alsonovela-methyl{3-amino octynoic acid portion was assigned
makes them appealing to synthetic chemists. We have beerthrough NOE observations. This was also the case for
interested for some time in the metabolites of these bacteria,assigning the absolute stereochemistry of the alkyne-contain-
and view their syntheses as a key route to structuraling chain; an enhancement was observed between the
modification and subsequent activity control. In an earlier ——

paper, we were able to amend the stereochemistry szo(()‘;) 5P;°"152°5h fs 4Eg::g§ f LA KEﬁle' ARpp' &'ﬁfogfoéx%g:fg‘&ﬂ'_

yanucamide &, and here we report on our studies toward Ther. Pat.2004,14, 17-33.
the synthesis of onchidin. (5) Xu, Z. S Peng, Y. G.; Ye, TOrg. Lett.2003,5, 2821—2824.

. . . . 6) Rodriguez, J.; Fernandez, R.; Quinoa, E.; Riguera, R.; Debitus, C.;
Onchidin @) was isolated and structurally assigned in 1994 Bofjc)het, p_gretrahedron Lettlgg4,35?9239_9242_ 9

by Riguerd, and it is known to show cytotoxic activity (7) Fernandez, R.; Rodriguez, J.; Quinoa, E.; Quinoa, E.; Riguera, R.;
(P-388 cells, 16 = 8 ug/mL).” Although it was extracted
from the marine mollus©nchidiumsp., it is firmly believed
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acetylenic proton and a distant (through-bonds) methyl group.
Our structured synthetic approach appears to disprove this

assignment.

There is no obvious choice of position to close the mac-
rocycle of onchidin, although the choice of amide or ester
linkage was apparent. An interesting aspect of onchidin is
its symmetry, and this was an important factor when con-
sidering appropriate disconnections (Figure 1). It can be split
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Figure 1. Retrosynthetic analysis of onchidin.

into two fragment2 and 3, which differ only in terms of

Scheme 1. Synthesis of ProtecteftAmino Acid 8
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anhydride to give9.’? Swern oxidation of alcohd yielded

the aldehydd 0, in good yield. However, the proposed con-
version of10 to the corresponding alkynkl, by treatment
with the Ohira-Bestmann reageft, resulted in a very
disappointing yield. This was due to the aldehyde being in
equilibrium with its cyclic hemiaminalOa. This does not

protecting groups and can be made by a common route priordenerally pose any problems, but on attempting to form the

to deprotection. The route toward both fragmeatand 3
was developed fromS)-lysine (Scheme 1). This was con-
verted into the acetoxy derivativeby the published routg,
and a Wolff rearrangement gave the homologated dster
via diazoketon®, in 63% overall yieldl® Deacetylation and
reprotection as the SEM ether gavén 92% yield. Meth-
ylation o to the ester was performed using LDA and methyl
iodide under the conditions of Seebdélg afford8in 75%
yield with 98% de.

Due to the reaction conditions that would be employed at

a later stage, it was necessary to change the protection on

nitrogen from Cbz to Boc. This was performed by treatment
of 8 with TFA to remove the SEM group, followed by
hydrogenolysis of the Cbz group in the presence of Boc
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alkyne, a very low yield was achieved. This may have been
due to the formation of byprodudtOb via elimination of
water from 10a* Some efforts were made to circumvent
this side-reaction, but it was impossible to get a workable

Scheme 2. Synthesis of Alkynell
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Scheme 3. Synthesis of Alkynel4
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yield of 11. This side reaction was assumed to be caused by

the nucleophilicity of the nitrogen in the carbamate, so it
was envisaged that this problem could be avoided if the ni-

Scheme 4. Synthesis of Precurs@3
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trogen was present as a less nucleophilic amide instead. This [ ]

would be possible if this fragment had already been coupled.

Starting from8, hydrogenolysis of the Cbz group and
concomitant SEM removal (with TFA) left the deprotected
amine, which was coupled witl8}-Boc-valine under stan-
dard conditions to producE. Swern oxidation of the alcohol
provided aldehydé&3, which was converted into the alkyne
using the Ohira-Bestmann reage#t,with a 76% yield for
the two steps. There was no competition with hemiaminal

formation detected during this process. Saponification of the

ester with lithium hydroxide released acith, and the
coupling of14 with fragmentl5'® was then attempted. How-
ever, despite employing a wide variety of coupling agents,
it proved to be impossible to accomplish this reaction,

probably due to steric limitations, and a new approach was

sought.

This approach avoided the need to couple two large
fragments at the previously attempted position. Instead,
compound8 was saponified and coupled with-methyl
valine methyl ester to affordl6. Double deprotection using
TFA (SEM) and hydrogenation (Cbz) gat&, which was
then coupled with N-Boc valine to give8. Swern oxidation
gave 19, and conversion to the alkyne via the previously
described method afforde2D in a good yield. Hydrolysis
of the ester in20 gave free acid?1, which was readily
coupled with22, mediated by DCC, CSA, and DMAP, to
give the key intermediat®4. This moiety is readily convert-
ible into compound® and 3, which were identified in the
retrosynthetic analysis. Compou2dwas obtained quanti-
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and C-7 was correct but that the enantiomer of this subunit
Scheme 6. Synthesis ofla was in fact the one present in the natural product. To this
. end, we synthesizeent-8following the same synthesis as
MeO. -~ SEM for 8, but starting with (RRlysine. This was readily achieved,
andent-8was incorporated into the synthesis as previously
ent-8 performed to affordla with no adverse consequences
ll (Scheme 6). To our disappointment, the characterization data
were still not consistent with that of the natural product. It
H T o YT would appear that the error in the original assignment of the

/( mﬂo)i jﬁN 14 stereochgmistry of onchidin lies somewhere othgr th.an in

the configuration of the subunB. Further work is still

o] NHCbz

/\/_&{ required to give the true structure of natural onchidin.
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tatively by treatment o24 with TFA, whereas compounal 5
was produced by treating@4 with zinc and ammonium g o
acetate. The coupling of the two fragments was promoted & *
i clmpound la

by EDCI and HOBt and gave a 53% vyield of cyclization s 3 i : i i

precursoR25. Deprotection as previously described, followed 5 10 15 20 an
by cyclization (FDPP, DMF), yielded the target moleclile C:arbl-'n Humber
in 62% yield. Figure 2. Differences in3C NMR shifts between natural onchidin

The analytical data we obtained f@rwere inconsistent  and two synthetic stereoisomers.
with that published for natural onchidin, with significant
differences in both théH and3C NMR spectra. We were
confident that our synthesis produced the proposed structureth
of onchidin; we therefore turned our thoughts to the source
of stereochemical assignment and looked for potential
weaknesses in the interpretation of the data. The most
obvious one to us was the observed NOE between protons
on C-5 and C-14. Without sophisticated modeling to  Supporting Information Available: Full details for
determine the conformation of the molecule in solution, we experimental procedures for compourig§—8, 12—16, and
felt it would be very difficult to assign, with any confidence, 18—25andH and3C NMR spectra for compounds 1a,
the configuration at C-9 on the basis of this observation. We 4, 5, 7, 8, 16, 16a, 18, 183, 20, 20a, 23, 24, 24a, 25, and
proposed that the relative stereochemistry at positions C-925a. This material is available free of charge via the Internet
at http://pubs.acs.org.
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