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A short stereoselective synthesis of the fusarium toxin equisetin, an N-methylserine-derived acyl tetramic acid and potent inhibitor of HIV-1
integrase enzyme, is described using as the key step a stereoselective lithium perchlorate mediated intramolecular Diels—Alder reaction of a
fully conjugated E,E,E-triene with a trisubstituted y,0-unsaturated f-ketothioester.

The fusarium toxin equisetid, a fungal metabolite first
isolated in 1974 from the white molBusarium equisefi
exhibits an impressive range of biological properfies,
including antibiotic and HIV inhibitory activity, cytotoxicity,
and mammalian DNA binding. Equisetin falls into the acyl
tetramic acifl class of natural products by virtue of its

The synthetic plan relied on a late stage Lewis acid
mediated intramolecular DietsAlder (IMDA) reaction of
2 in which all carbons barring those of tiNemethylserine
component would be brought together to yield the ap-
propriately decorated octalin skeletor,suitably poised for
transformation to the target compound. More specifically, it

N-methylserine-derived heterocycle which in turn is fused was believed that the fully conjugated &ltriene would
to a quaternary stereogenic center of a trans octalin skeletorundergo a stereoselective cycloaddifiavith the attached

additionally substituted with two methyl and one propenyl

trisubstitutedy,d-unsaturateb-ketothioester in which the

groups. This exquisite three-dimensional structuring, com- configurations of the four newly formed stereogenic centers
bined with the diverse biological profile and the potential to would be controlled by the methyl substituent adopting a
exploit and develop methodology within our group, made pseudoequatorial position during the transition state. It was
this natural product an ideal synthetic tar§dtlere we envisaged that this cycloaddition precursor would be readily
describe a short and stereoselective synthesis of equisetingsynthesized through sequential manipulation of the hydroxyl
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and alkene functionality of commercially available R)-
citronellol, 3 (Scheme 1). Scheme 2
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The synthetic route began with a simple acetylatior3 of —78°C, then MeOH, NaBl 0 °C: (c) TBSC, Im. THF. rt: (d)

using acetic anhydride and pyridine in dichloromethane at \jeoH, K,CO,, (cat.) rt; (6) DMSO, (COCH Et:N, CH,Cl,, —78
room temperature. This was followed by a standard reductive °C to rt; (f) 6, BuLi, THF, —78 °C to rt; (g) TBAF, THF, rt; (h)

ozonolysis and subsequent hydroxyl protection wigh- DMSO, (COCI}, Et;N, CH,Cly, =78 °C to rt; (i) 9, BulLi, THF,
butyldimethylsilyl chloride and imidazole in dimethylfor- HMPA, —=78°C to rt.
mamide at room temperature to afford the differentially
protected diol4 in good yield over the three steps. This
material was then quantitatively deacetylated under the Emmons reaction of this aldehyde and the dilithio anion of
Zemplin conditions, and the resulting alcohol was oxidized tert-butyl f-keto+-diethylphosphonothiolat@'* produced a
using the Swern protocol to give the desired aldehyiie 5:1 mixture of isomers in favor of the isomer. Surprisingly,
83% vyield (Scheme 2). these isomers were readily separated by silica gel chroma-
A number of olefination reactions on aldehy8ewvere ~ tography and the desired Dield\lder precursor2 was
attempted, with the ultimate goal being the production of isolated isomerically pure in 56% yield over two steps.
the fully conjugated alE triene required for the key With subst_anual guantities .of |somer|cally pure polyene
intramolecular Diels-Alder step. However, the best condi- N hand, the intramolecular DietsAlder reaction was then
tions relied on the sequential treatment of a THF solution of Studied. Whereas initial investigations using some aluminum-
isomerically pure diethyl,E)-2,4-hexadienyl phosphonate derived Lewis acids led to decomposition, it was found that
6 with butyllithium at —78 °C, followed by addition of dissolution of2 in a 5 M ethereal solution of lithium
aldehyde5 and warming the reaction mixture from78 °C perchlorate at room temperature for 17 h smoothly effected
to room temperature. Using this method, a 17:1 mixture of the cyclization proces$,producing10in 70% yield and in
inseparableE:Z isomers was produced in 60% yield. ~90% de. The .notable Ievels. of diastereocontrol in the
Considering that all other attempts by us at producing this mtramolecular. Diels-Alder reaction pr_esumably arise from .
particular double bond resulted in podtZ ratios, a  the stereogenic methyl group adopting a pseudoequatorial
reproducible selectivity of 17:1 was very gratifying. disposition in a well-organized chairlike transition state.
Conversion of trien@ to the Diels-Alder precurso@ was Additionally, the lithium cation activated dieneophile must
achieved with minimal effort. First, standard TBS removal @dopt anendoapproach to the “diene” of the conjugated
with TBAF in THF at 0°C overnight gave the respective E.EE-triene (Figure 1). _
alcohol as a crystalline solid in quantitative yield. This was ~ Conversion of this suitably decorated octalin skeleton to
especially convenient as a single recrystallization from €duisetin was possible by following three established trans-
pentane removed the undesii&#,E-triene isomer produced :
in the previous step. Second, oxidation of alcoBidb the /. s Y e, e o pa aae e 20 L&Y' S:
respective aldehyde using the Swern protocol proceeded (12) For recent examples of the use of lithium perchlorate (5 M in diethyl

; " ; ether) in accelerating or promoting the intramolecular Diélkler reaction,
without incident. Finally, a HornerWadsworth- see- (a) Saito, N.: Grieco, P. A. Synth. Org. Chen2000 58, 39. (b)
May, S. A.; Grieco, P. A.; Lee, H. HSynlett1997 493 (c) Grieco, P. A;

(10) Kodama, M.; Matsushita, M.; Terada, Y.; Takeuchi, A.; Yoshio, NunesJ.J.; Gaul, M. Dl. Am. Chem. S0499Q 112 4595 and references
S.; Fukuyama, YChem. Lett1997 2, 117. therein.
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Figure 1. H 10
formations. First, direct aminolysis of thert-butyl thioester b\BO%
moiety with O-tert-butyldimethylsilylN-methylserine methyl
ester mediated by silver trifluoroacetate following the OTBSOMe
protocol introduced by our grodipaffordeds-keto amide / S/&
11 in excellent yield. Then, by following closely the two- Oy-N_AH 0 N ©
step method of Danishefsky and co-worKeirs the first HORJ od N
synthesis of equisetin, a near quantitative removal ofdhe H = \0\ = 82% over H B o
butyldimethyl silyl protecting group with hydrofluoric acid (:Q ~7 2 steps ‘ N
in acetonitrile at room temperature for 15 min gave the 1~ I~

intermediate hydroxy compound. Treatment with excess
sodium hydride in dichloromethane at @ to room aReagents and conditions: (a) LIGICELO, rt, 17 h; (b) ©-
temperature over 30 min afforded, after purification by N-methyl-O-tert-butyldimethylsilyl serine methyl ester, GEO,Ag,
preparative TLC (silica gel eluting with 5% methanol in THF, E&N, 0 °C; (c) HF, CHCN, rt; (d) NaH, CHCl,.
benzene), equisetid, as a colorless oil in 85% vyield. The
IH NMR, IR, LRMS, and HRMS spectra and the specific the ideally decorated cycloaddition product was easily
rotation jo]?%, —262 (€ 0.038, CHCYJ) [lit. ¢ [o]?%5 —253 (€ converted to the natural product in three subsequent steps.
0.038, CHCJ)] of synthetic equisetin were in excellent
agreement with the data reported for the natural product ACcknowledgment. We thank the EPSRC (to D.J.D.), the
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has been achieved using as the key step a lithium perchloratdinancial support.
mediated intramolecular DietsAlder reaction of a fully
conjugatedE,E,E-triene with a trisubstituteg,6-unsaturated
[B-ketothioester. This DietsAlder precursor in turn was
readily obtained through manipulation @&)¢citronellol, and
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