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The nonaldol aldol process developed in our laboratories has been applied to the synthesis of a C;—C;; fragment 22 of the novel macrocyclic
cytotoxic agents tedanolide and 13-deoxytedanolide 1 and 2. The commercially available hydroxy ester 7 was converted in 24 steps into

compound 22 using two nonaldol aldol reactions.

Since their isolation and characterizafidim the mid 1980s

ferentiation at the S phase at concentrations as low as 10

and early 1990s, the cytotoxic marine macrocycles tedanolideng/mL, which offers the possibility of using it as a mecha-

1 and 13-deoxytedanolid2 have attracted a great deal of
synthetic interest due to their strong biological activity and
structural complexity. Tedanolidel has shown EB's of
250 pg/mL (vs the KB human carcinoma cell line) and 16
pa/mL (vs PS lymphocytic leukemia). Preliminary data also
suggest that tedanolidé may induce terminal cell dif-
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nism-based drug lead. 13-Deoxytedanolitjeon the other
hand, has shown a T/C of 189% at a dose of A8Kg vs
p388 cell lines:? No mechanistic studies have been published
for 13-deoxytedanolid@ to date.

Structurally, both macrocycles are composed of an 18-
membered macrocyclic lactone with a polypropionate skel-
eton, an internal trisubstitute& olefin, and 12 or 13
stereocenters, making their synthesis extremely challenging.

We now report our high yielding and highly stereoselective
synthesis of the -C,; fragment common to both tedanolide
and 13-deoxytedanolide using the first practical synthetic
application of the highly efficient nonaldol aldol methodolgy
recently developed in our laboratoritklsing the nonaldol
aldol transformation, it is possible to obtain highly enantio-
and diastereospecific propionate uritsia the Lewis acid
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catalyzed rearrangement of chiral epoxy alcotolgithout

Wittig olefination® and 1,2-reduction proceeded in good yield

the use of chiral auxiliaries in the key step (obviously the to produce the desired allylic alcoh®! TBS protection of
step that produces the epoxy alcohols uses chiral reagents)alcohol 9 followed by DMTr group removal afforded the
Our convergent retrosynthetic analysis for the synthesis of desired homoallylic alcoholO in excellent yield. NBS-
both tedanolide and 13-deoxytedanolide called for the promoted cyclizatiohof the free homoallylic alcohol onto

cleavage of the macrocyclic ring at the,-€C,7 ester
functionality and the &—Cjy3 bond, generating the,€C;»
fragment3 and the G;—C,4 fragment4 (Scheme 1).
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The synthesis of the top fragmeBtbegan with com-
mercially available methyR (—)-3-hydroxy-2-methylpro-

the double bond generated the bromotetrahydrofddam
good yield as a single diastereomer with the stereochemistry
proven by NOE analysis. Our decision to proceed via the
bromotetrahydrofuran functionality was based on previous
results] which demonstrated the utility of this protecting
group as a masked homoallylic methyl ketone.

Deprotection of the TBS ethetl, followed by Swern
oxidation and Wittig olefination, produced the desired
E-conjugated estet2 in good yield over three steps (Scheme
3). 1,2-Reduction of conjugated estéP afforded the
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pionate7 (Scheme 2), which was protected with a dimethox-  gxpected allylic alcohdl3in high yield as a single product.
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ytrityl group (DMTT) and reduced to afford the monoprotected
diol 8 in quantitative yield. Swern oxidation, followed by

1670

With the allylic alcohol13 in hand, we attempted to take
advantage of the stereochemical information present in the
bromotetrahydrofuran ring to influence the stereochemical
outcome of the epoxidation. Unfortunately, all of the
substrate-controlled epoxidation conditions attempted yielded
the undesired epoxid&4 as the major product. However,
the use of Sharpless asymmetric epoxidation conditions
provided a 10:1 mixture of epoxidelst and 15 with the
desired epoxidd5 being the major diastereomer.
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Crucial nonaldol aldol rearrangement of epoxid® steps. Epoxidation of alcoh@O0 under substrate-controlled
provided the pivotal aldehyde aldol produd as a single conditions yielded, after silylation of the free hydroxyl, the
diastereomer in excellent yield and without any need for desired epoxid1 in 65% vyield.
purification (Scheme 4). The stereochemistry of the aldehyde Once the desired epoxid2l was in hand, the final
nonaldol aldol rearrangement required to complete the C
C1: fragment of tedanolide was carried out (Scheme 6).
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Treatment of epoxid21 with trimethylsilyl triflate, followed
by Still—Wittig olefination condition%'°afforded the desired
C,—Cy1 Z-conjugated esteéd2in 80% yield as a 1:1 mixture
with the pyran derivative3.

Formation of the pyran side-produ28 was rationalized
as originating from the attack of the tetrahydrofuran oxygen
- o . on the tertiary carbon of the activated epox@dgo generate
Wittig olefination of aldehydel6 proceeded in excellent the bicyclic intermediat@5. Intermediat®5 is then hydro-

yield and with complete stereoselectivity to produce the : :
E-conjugated estet8 (Scheme 5). 1,2-Reduction, followed l(ysthde?nu:g? aqueous workup to give the observed p2a@n

Observed nOes

16 was confirmed via NOE and-value analysis of the
acetonide derivativé7 which was readily prepared in three
steps from aldehyd&6 (Scheme 4).
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) 65% ° OMs In conclusion, we have demonstrated the feasibility of

21 using the nonaldol aldol methodology toward an efficient

synthesis of tedanolidé and 13-deoxytedanolid2. With

its ease of use, no purification requirements and no need for
by deprotection of the secondary silyl group and subsequentexpensive chiral auxiliaries, we have shown that the nonaldol
protection of the primary alcohol of the resulting diol, aldol methodology is a viable and economic alternative to
afforded the desired secondary alcohol intermedi&tén

good yield over three steps. Mesylation of the free secondary (9) Still, W. C.; Gennari, CTetrahedron Lett1983,24, 4405.
(10) We find that it is often advantageous to use the aldehydes

hydroxyl'group fqllowed by S.Ilyl group removal prOduced immediately upon their formation rather than to isolate and try to purify
the required allylic alcohoRO in excellent yield over both  them since one often observes some decomposition upon purification.
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traditional asymmetric aldol methods. Further developments  Supporting Information Available: The NMR data and
in our approach toward the total synthesis of tedanolide and experimental procedures for compour@ds23are available
13-deoxytedanolide will be published in due course. as Supporting Information. This material is available free

) _ of charge via the Internet at http://pubs.acs.org.
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