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FR901464 {, Scheme 1) is the most potent member of a new o Mew .O A ™ 0
series of bacterially produced antitumor antibiotics identified by 5 OTBS
the Fujisawa pharmaceutical company using a transcriptional Me)\ XM X
™S
1) H

regulation assay.This natural product displays pronounced OTES 5 OTES 8

activity against human solid tumors, and although its precise target U

and mechanism of action have not been identified, it has been Me 0 x 0
shown to induce @and G/M phase arrest in treated cells, cause | )k/\ | M _otss
changes in chromatin structure, and display strongly differentiated 7 met X ™S -~ H
transcriptional regulatory activity.In the latter context, its 6 OTES 7 90TES 10

regulatory profile is substantially different from those of chromatin

remodeling agents that are known inhibitors of histone deacetyl- discovery of highly enantio- and diastereoselective chromium-
ase? suggesting clearly that FR901464 has a fundamentally catalyzed hetero-DietsAlder (HDA) reactions employing dienes
different mode of action. In addition to these intriguing biological with a single oxygen substituent (eq®Application of the new
properties, only a tentative stereochemical assignment of FR901464

was made, as the absolute configuration of thé @ition in Me

the amide side chain has been established unambiguously, but

only the relative stereochemistry within each of the tetrahydro-

pyran units has been elucidate@hese issues render FR901464 ) | 5

a most interesting target for biological and chemical study, and o R Q:EN\C 0 o R

we sought to develop a versatile, stereoselective synthetic route R H o "% AR

that would provide ready access tand its diastereomers. | * oél\R LJow
From both a structural and retrosynthetic standpdimian be R (1R, 25)-11a: X = CI RM 07 "R?

divided into three fragments of differing complexity: two highly (1R, 25)-1b :X= SbFe

functionalized pyran rings connected through a diene system, and . .
an acyclic side chain joined to the rest of the molecule via an catalysts to the HDA reaction between dighand ynal7 could
amide bond. As part of our general effort to effect natural product S€rve to establish all three stereocentersSjnwith further
synthesis via convergent assembly of chiral building blocks €laboration to3 expected to be relatively straightforward.
prepared by asymmetric cataly8isye envisioned joining the Similarly, th.e HDA reaction betwe.en.dlenyﬁeand aldehydd0
fragments by highly reliable and general reactioimsthe present ~ could provide 8, thereby establishing the complete carbon
case acylation and Pd-catalyzed cross coupfimgd focusing on framework of t.he right-hand fragment and thg key stereocenter
the development of efficient methods for the enantioselective &t C5, from which the other three could be derived. To the extent
preparation of the requisite chiral components. This strategy would that the HDA had never been investigated in the context of
not only enable the preparation df but would also be readily ~ réacting partners as complexasr 9, this approach would also
adaptable to the synthesis of stereochemical and structuralS€rve to test the scope of this new catalytic methodology.
analogues. The synthesis of chiral fragments required for the assembly of
The Z-allylic acetate side chair? is the simplest of the  1is outlined in Scheme 2. The lone stereocenter in the acyclic
fragments, but its likely sensitivity toward low-valent metal left-hand fragmen® was established with excellent enantiose-

complexes suggested that it would best be incorporated after thel€ctivity using Noyori's Ru-catalyzed asymmetric transfer hy-
Pd-catalyzed introduction of the dienyl linkage between the pyran drogenation of commercially available 4-(trimethylsilyl)-3-butyn-
rings. While identification of efficient routes to pyran untsnd 2-one! The optically enriched alcohd2 was then elaborated

4 clearly presented the greatest methodological challenge to thisby @ deprotection/carboxylati#facetylation sequence to give
synthetic exercise, we were encouraged by our group’s recentcﬁ(fboxghc acid13. Lindlar reduction afforded the desired cis
alkene2.
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Scheme 2.Fragment Synthesis
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aConditions: (a) Reference 7. (b) TBAF. (t)BuLi; CO.. (d) AcCl;
H,0 (pH 9). (e) H, Pd/CaCQ, quinoline, EtOH. (f) (R,29-11b (5 mol
%). (g)m-CPBA, NaHCQ, toluene, °C. (h) TsSNHNH. (i) Na(CN)BH;,
pH 4. (j) NaOAc, EtOH. (k) TBAF. ()t-BuOK (3 equiv) DMSO
(degassed), 1 min, rt. (m) (1) er(H)Cl (3 equiv); (2) b. (n)
CICH,SO,CI, DMAP, pyridine. (0) LiNs, DMPU. (p) (1R,29-11b (5 mol
%). (q) m-CPBA, NaHCQ, CH.Cl,, 0 °C. (r) K,CO; (cat.), MeOH. (s)
TIPSOTH. () PAP=CH,. (u) HOAC/THF/HO. (v) I, PPh, imidazole.
(w) TBAF/HOAC. (x) VO(acac), TBHP. (y) TESOTT, E5N.

was achieved using the SpEounterion (95 vs 86% eéj.
Rubottom oxidation of the silyl enol ether afforded the desired
o-hydroxy ketonel4. The ketone functionality was then reduced
via the tosylhydrazone by a three-step sequéh@ée terminal
acetylenel5 obtained upon desilylation underwent rapid and
guantitative isomerization to the thermodynamically more stable
internal alkynel6 in the presence of KB&Bu in DMSO!213
Treatment of16 with Schwartz’'s reagent under equilibrating
conditions followed by quenching of the vinylzirconium inter-
mediate with } gave the desired vinyl iodid&7.1* Installation of
the azide by §2 displacement proved difficult, as might be
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Scheme 3.Fragment Coupling and Completibn
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aConditions: (a) (1) CgZr(H)CI, THF, 0°C; (2) ZnCh, THF, 0°C;
(3) 3, Pd(PPB)4 (6.5 mol %). (b) PMg, THF, rt. (c) HO. (d) 2, HBTU,
DIPEA, CH,CN/CHCI, (5:1). (e) DBU, DMF, 1t, 60 h. (f) TBAF/HOAC,
THF, 0°C. (g) TsOH, THF/HO.

step sequence. Deprotection of the secondary alcohol permitted
efficient directed epoxidation of the exo alkene to proddces
a single isomer.

Hindered diene systems of the type found in FR901464 can
be accessed under mild conditions and in good yield by hydrozir-
conation/Negishi coupling sequencésand given the high
reactivity of Schwartz’s reagent toward terminal alkynes, we
anticipated that the epoxide functionality 4hrmight withstand
hydrozirconatior?® Indeed, the coupling of with 3 proceeded
in excellent yield to afford20 (Scheme 3). Completion of the
synthesis required azide reduction and acylation with side chain
2, as well as installation of the hemiketal group by an elimination/
hydration sequence. Experimentally, it proved preferable to effect
azide reduction prior to elimination. Thus, Staudinger reagtion
of 20 followed by coupling of the resulting amine to carboxylic
acid2 afforded21. The epoxide and primary alkyl iodide moieties
withstood reaction with trimethyl phosphine as well as the
acylation reaction without detectable decomposition. Elimination
of the iodide with DBU, although slow, proceeded to give the
desired enol in good yield. The product of the elimination reaction
was found to be quite unstable and was immediately desilated to
give alcohol22. Finally, hydration of the enol witlp-toluene-
sulfonic acid in THF/HO affordedl1 with NMR, mass spectral,
and optical rotatory data matching those reported for FR903%464.

The synthesis of the antitumor antibiotic FR901464 highlights

anticipated given the steric and conformational properties of this the successful application of asymmetric catalytic reactions to

ring system. After careful optimization, it was found that

access building blocks of varying complexity, along with the use

conversion of the alcohol to the monochloromethanesulfonate of powerful established coupling strategies for the convergent

leaving group® followed by displacement with LiNin DMPU
gave an acceptable yield df thereby completing the synthesis
of the central fragmerif

The synthesis of the right-hand fragment began with the
cycloaddition of commercially availabEO with the novel dienyne
9,7 catalyzed byl1bin 98% e€'® Rubottom oxidation 08 gave
a mixture of epimerico-hydroxy ketones which could be
equilibrated to the desired stereoisomi&in good yield using
catalytic KCO; in MeOH® Elaboration to the primary iodide
19was then effected in excellent yield by a straightforward four-

(10) The protiodesilylated analogue of aldehydenderwent cycloaddition
with similar ee’s, but its reactivity was greatly diminished. The absolute

assembly of the target structure. This strategy is readily adapted
to the preparation of analogues, and the synthesis of such
compounds and their evaluation along with FR901464 in biologi-
cal systems are now underway.
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stereochemistry of HDA adducts was assigned by analogy to assignments made Supporting Information Available: Experimental section and NMR

in ref 6.
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1999 1373-1385.

(16) Approximately 35% of the corresponding elimination product was also
obtained. Standard displacement conditions such as; MaDMF or DMSO
gave much lower yields of the desired product.

(17) Diene9 is available from trimethylsilyl propynal in three steps with
an overall yield of 50%. See Supporting Information.

(18) With the chloride catalystla the HDA adduct8 was obtained in
>99% ee. However, product yields did not exceed-30%.

spectra of synthetic and natural FR901464 (PDF). This material is
available free of charge via the Internet at http://pubs.acs.org.

JA0055357

(19) On preparative scale 3.0 mmol), the best results were obtained by
subjecting the HDA reaction mixture to quick filtration through a pad of silica
gel to remove sieves and catalyst. The crude HDA adduct was then subjected
to Rubottom oxidation and equilibration with,€0;. Using this procedure,

a 30% vyield for the three-step sequence could be obtained reproducibly.

(20) Epoxides are generally considered to be incompatible with Schwartz’s
reagent: Wipf, P.; Jahn, Heetrahedron1996 52, 12853-12909.

(21) Knapp, S.; Jaramillo, C.; Freeman,BOrg. Chem1994 59, 4800~
4804.

(22) We are currently undertaking the synthesis of diastereomefs of
derived froment2 and ent3. While this is required for the unambiguous
confirmation of the relative stereochemistry of FR901464, the fact that all
physical data ofl match those of the natural product provides compelling
support for the original, tentative stereochemical assignment (ref 4b).



