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A short total synthesis of ( +)-trans- kumausyne is reported. Key steps include a tandem ring-opening —ting-closing metathesis and the effective
introduction of the pentenyl side chain by allylation ~ —cross metathesis.

Red algae of the genusaurencia, growing in the coastal groups, as well as a number of reports describing subunit
waters around Japan, have proven to be prolific producersand formal syntheseés.
of halogenated secondary metabolites. Representative ex- As part of our program to explore the strategic potential
amples of these metabolites include the kumaus¥hes, of tandem ring-opening—ring-closing (ROM—RCM) and
kumausallené and laurefucif(Figure 1). These compounds  ring-opening-ring-closing-cross metathesis (ROMRCM—

CM) of simple ring systems, we describe in this Letter a

I cotal synthesis of ()-trans-kumausyne employing this

strategy?
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Our synthesis begins with known esfemwhich is readily
available by Diels-Alder reaction of furan and methyl
acrylate (Scheme Z1).Reduction to the aldehyde with
diisobutylaluminum hydride, followed by addition of vinyl-

allyltrimethylsilane in the presence of BBEL to give
homoallylic alcohol7 in 64% yield after chromatography.
Subsequent protection of the alcohol with TBSCI and
imidazole in DMF at 40°C provided8 in 93% yield.

magnesium bromide and subsequent oxidation of the crude The remaining carbons of the pentenyl side chain were

mixture of allylic alcohols with DessMartin periodinane,
provided enone2 in 59% vyield over the three steps.
Subjecting this material to 5 mol % Grubbs catal@sin

CH,CI, under an atmosphere of ethylene resulted in smooth

tandem ROM—RCM to give furaB in 83% yield®° Enone
reduction with Stryker’'s reagent and Phgilfbllowing
Lipshutz's protocdP afforded ketonet in 63% yield and
set the stage for the introduction of the third oxygen
substituent on the tetrahydrofuran ring by Baey¥illiger
oxidation. When ketond was subjected tan-CPBA in the
presence of scandium triflaté Baeyer—Villiger oxidation
occurred smoothly to give bicyclic lactoBdn 71% yield?!?
Ozonolysis of the olefin proceeded in 86% yield to give
sensitive aldehydé, which was immediately reacted with
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setting, see: (a) Blechert, S.; Stapper,Elr. J. Org. Chem.2002, 16,
2855. (b) Stapper, C.; Blechert, 5.0rg. Chem2002 67, 6456. (c) Stragies,
R.; Blechert, SJ. Am. Chem. SoQ000, 122, 9584. (d) Wrobleski, A
Sahasrabudhe, K.; Aube, J. Am. Chem. So002,124, 9974.

(9) This sequence could also be carried out without purification of
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permutation was 49%.
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S0c.1988,110, 291. (b) Lipshutz, B. H.; Keith, J.; Papa, P.; Vivian, R.
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conveniently installed by a cross metathesis (Scheme 2). To

Scheme 2
E/IZ_A\/\/ 10 mol% 10 ?/IZ_A\/\/\/
H CH2C]2
OTBS 96% OTBS
8 11

this end, a CHCI; solution of8 was exposed to 20 equiv of
trans-3-hexene in the presence of 10 mol % carbEh&o
give the desired alkengl in 96% vyield?!3

The synthesis was completed as shown in Scheme 3.
Lactone opening with lithiotrimethylsilylacetyleng&l—12)
and subsequent acetylation of the secondary alcohol provided

(13) In all other syntheses of kumausyne and kumausallene, the pentenyl
side chain was installed by a variation on Overman’s original solution (see
ref 3a), which consists of Sakurai allylation of a related aldehyde with
3-trimethylsilyl-1-pentene or 3-triethylsilyl-1-pentene. Although these
reagents are prepared in a straightforward manner by the scheme shown
below, they are low-boiling and difficult to handle. The protocol described
here has the advantage of employing commercially available materials and
should, in principle, be quite general provided that the alkene required for
the subsequent cross-metathesis is readily available.
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trans-kumausyne

alkynyl ketonel3in 85% yield over the two steps. Although
reduction of the ketone was readily achieved with Ligbl

In conclusion, we have described a concise 19-step
synthesis of (£)-trans-kumausyne. Noteworthy features of

give 14, elimination of the propargylic alcohol proved to be the synthesis include a tandem RGMIRCM reaction that
remarkably difficult. After a number of common procedures converts a structure readily available by Dieldder reaction

failed, we resorted to elimination via the Nicholas reactibn.
Treatment ofL4 with Co(CO)s, followed by triflic anhydride-

into an advanced intermediate for the synthesis of ku-
mausyne, a highly selective Baeyeilliger reaction, and

mediated elimination, and decomplexation with ceric am- the use of cross metathesis for the elaboration of a homo-

monium nitrate provided enyrb in 48% overall yield for

the three steps. Desilylation with TBAF in THF gave alcohol
16in quantitative yield and set the stage for the conversion
of the secondary alcohol to a bromide. Following Overman’s

proceduré?alcohol16 was treated with freshly purified B
and CBy in the presence of 2,6-dert-butylpyridine in
benzene at 40C. After workup, (4)-trans-kumausyne was

obtained by preparative TLC in 30% yield. The synthetic
material had spectral properties fully consistent with those

reported in the literature and wifl and*3C NMR spectra
that were provided by Professor Larry Overman.

(14) (a) Nicholas, K. M.; Pettit, Rl. Organomet. Cheni972,44, C21.
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allylic alcohol into the pentenyl side-chain.
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