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A Divergent Approach to the Myriaporones and Tedanolide:

Enantioselective Prenaration of the Common Intermediate’
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Abstract: The tedanolide and myriaporone classes of natural products represent interesting targets
for synthesis because of their structural similarity and biological activity The asymmetric
preparation of a potential common intermediate in the total synthesis of each of these targets is
presented. The key step, a Zr-mediated allylation, allows for the efficient preparation of the

hydroxypropionate structural unit. © 1998 Elsevier Science Ltd. All rights reserved.

Tedanolide is nt cytotoxi o ..
a potent cy N R =OH tedanolide oH = -

macrolide isolated from the Caribbean sponge
Tedania ignis’ In addition, cell-flow
cytofluorometry analysis revealed that
tedanolide causes accumulation of cells at the

Fusetani and coworkers reported the isolation
of 13-deoxytedanolide from the marine sponge -OH

Mycale adhaerens.® This related molecule also
showed extraordinary biological activity
exhibiting an IC,, of 94 pg/mL against P388
murine leukemia cell lines. Surprisingly, despite their interesting biological activity and structural novelty, only
a few publications to date have focused on synthetic efforts towards the tedanolide class of natural products.*
Our interest in tedanolide began when we leamed of the isolation of a potential andlogue mynaporone 4 i In
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the molecular bas of its bmln 1cal act1v1tv we have begun svnthetic studies toward the devel

practical total synthcsis of myriaporone 4 Wthh would also set the foundation for a synthesis of tedanohde
Enantiomerically pure epoxide 1 was chosen as an initial goal. Figure 1 outlines the connectivity

analysis which guides our synthetic plan for myriaporone 4. Two successive aldehyde allylation reactions

should allow the incorporation and stereochemical control necessary for the preparation of the

hydroxypropionate portion (C13-C17). The final carbon-carbon bond-forming step (Ci2-Ci3) will be
accomplished through a kinetic enolate aldol reaction.
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Figure 1. Connectivity Analysis for Myriaporone 4
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The enantiomer of chiral epoxide 1 has been synthesized previously by Meyers et al.® We have
successfully developed two alternative approaches each starting from the identical chiral hydroxyester 2. Our
initial approach is outlined in Scheme I. Commercially available hydroxyester 2, a common chiral starting
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materlal was protected as a [) metnoxybenzyl ether with PMB- trlcmoroacetlmlaate under standard COI’I(IIUOI‘N
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thionyl chloride in rnethylene chloride at -78 °C to prov1de selectively the rearranged primary allylic chlorlde
Performing the reaction at higher temperature can produce substantial amounts of the secondary allylic chloride
from S,i substitution. Displacement of the chloride with cesium acetate followed by saponification provided
the desired epoxidation precursor 5 in moderate yield. 'H NMR of the crude reaction mixtures suggests that the
reaction was stereoselective providing exclusively the E-trisubstituted olefin (confirmed by NOE experiments).
An alternative sequence from aldehyde 3 has allowed for the preparation of alcohol § with greater throughput.
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homologated ester in good yield with excellent stereocontrol. Reduction of the ester was then accomnlished

with DIBAL to provide the allvllc alcohol 5 necessary to direct a Sharpless asymmetric epoxidation reaction.®
Exposure of alcohol 5 to Ti(OiPr)4/TBHP and (-)-diethyl tartrate provided the desired epoxide 3 in good yield.
The diastereoselectivity of the process was >20:1 by '"H NMR. In contrast, titanium or vanadium directed
epoxidation without tartrate was stereorandom, and mCPBA provided exclusively the undesired diastereomer.
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At this point in the sequence it was desired to have the op-epoxyaldehyde control the relative
stereochemistry of a z1rcomum-mcdlated allylation to form the repeating hydroxypropionate functionality. This

tuvne of structural unit is actually guite difficult to synthesize since englates with R-s\“(nvv oroung are nrone to
‘-Jy\l WU/l Il udwiudral i 10 u\tluﬂllj \-1“1‘1\( WBLLLAW WAL VW J ll“va“dv DRIAWWY WILVAWWWD YV alx ull\vl\] é‘.v\-‘yo “Biw HLVIIV L d
@lim_lnali()n ®  (Clark haq recently ,rtcd the succe%qful allvlanon of benzaldehvde to provide the

stereochcnrustry can be rationalized by proposing an E-allyl zirconium species and a Zimmerman-Traxler cyclic
transition state."'

Initial studies were performed on a model system as shown in Scheme II. To assist in the
stereochemical assignments of these addition products the first reaction we attempted was the zirconium-
mediated allylation of aldehyde 7. This reaction proceeded in good yield to provide the desired anti-

hydroxypropionate addition product which after Ti(OQiPr)s/TBHP epoxidation provided exclusive formation of
the anti-anti diastereomer 8h,
Scheme 11
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With full characterization of the undesired anti-anti-8b in hand we next turned to the Zr-mediated
allylation of the racemic epoxyaldehyde derived from commercially available aldehyde 7. The aldehyde was
reduced with NaBH, and after isolation the crude material was subjected to peracid epoxidation. The purified
epoxyalconol was then oxidized to the racemic alaenyac with Swern conditions. nxpoaurc of this model system

o the identical Zr-allvlation conditions nrovided a ~1:1 mixture of desired diasteresmer svi-anti-8a an a
to the identical Zr-allylation conditions provided a ~1:1 mixture of desired diastereomer syn-anti-8a and the
previously identified 8b, Scheme III. A similar diastereorandom allylation resulted from the Zr-mediated

i 1em d y
allylation of the aldehyde 6. In each case the combined yield of the allylation products were 65-75%. Although
far from ideal, this sequence has already provided substantial quantities of the myriaporone 4 intermediate 9a
for further synthetic studies toward tedanolide and the myriaporone class of natural products.
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We have been able to rationalize the lack of stereocontiol in the allylation of epoxyaldehyde § by the
presence of the a-methyl substituent which hinders the approach of the nucleophile in both the chelated and

Felkin-Anh trans it n states. Therefore, we began exploring modifications of the reaction conditions with hopes
of influencing the stereoselecuvuy. In fact we have recently found an interesting effect of external Lewis acids.
When epoxyaldehyde model system was pre-incubated with magnesium bromide and the reaction carried out in
a non-polar solvent such as toluene a single diastereomeric addition product was isolated, the anti,syn-
hydroxypropionate 11 in 70% yield, Scheme IV. The interesting change in preference to syn-1,2
stereocnemmry can be rationalized by proposmg an acyclic transition state where the presence of the external

(.. z v3mboan -~ A "~ et e
Lewis acid obviates the need for internal Zr-activation of the aldeh

Scheme 1V
oTBS OTBS
' N 1T N 1 r
Ph\/!\go 1) MgBro/ioiuene P L2l _~ _ Mitsunobu Ph._3L 2\~
) —_— A el “8: 1
v 2) Zr- allylation; 70% Y oH v OH
10 1 8a
anti, syn syn, anti

This interesting resuit appears to be general. We have observed a similar preference to syn-
hydroxypropmnate formatlon w1th a number of simple aldehydes." However, treatment of aldehyde 6 with
rovided a mixture of hydroxvpropionate diastereomers. The lack of

ded a mixture of hydroxypropionate diastereomer
tereo o model system) may be attributed to competing chelation with the distal PMB-
ether. Alternative protecting groups as well as Lewis acids are currently been investigated to overcome this

lack of stereoselectivity.

o
«“
stereoselectivity (compared
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Herein we have reported an efficient route to the common intermediate in our synthetic approach to
tedanolide and myriaporone 4. The route is highlighted by a thionyl chloride based rearrangement to control
trisubstituted olefin geometry and a zirconium-mediated allylatlon to prepare the hydroxypropionate structural
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in due course
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