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Synthesis of Dehydroisocerivanin, Isoerivanin, Ludovicin C, and
la,30-Dihydroxyarbusculin B Utilizing the Organoselenium-mediated
Reduction of Epoxy Ketone
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Short step synthesis of dehydroisocerivanin, isoerivanin,
ludovicin C, and 1a,30-dihydroxyarbusculin B have been achieved
by employing the organoselenium-mediated reduction of o, B-epoxy

ketone as the key step.

Recently we developed the organoselenium-mediated reduction of o ,B-epoxy
ketones to B-hydroxy ketones as a promising gateway to a wide variety of acyclic
(intermolecular) and cyclic (intramolecular) aldols.1) The new method has the main
advantage that it is widely applicable to complex systems containing polyfunctional
groups due to its essentially neutral conditions.1) In particular, this methodolo-
gy provides a powerful tool for the synthesis of natural products possessing R-
hydroxy ketone units or 1,3-diol structures, e.g., prostaglandins and santanolides.

We describe herein the first syntheses of some santanolides, dehydroiso-
erivanin (1), isoerivanin (2), ludovicin C (3), and la,3a-dihydroxyarbusculin B (4)
based on this strategy. Among these compounds, the formers (1 and 2) were isolated

from Balsamita major Desf. as minor sesquiterpene lactones,z) and the latters (3

and 4) were isolated from Artemisia ludoviciana Nutt. ssp. mexicana (Willd.)
Keck.3) and Schistostephium heptalobum (DC.) Olive. et Hiern.,4)
Each compound has a common functionality either a B-hydroxy ketone unit or a 1,3-

diol moiety as well as a y-lactone ring and may be derivable from a-santonin (5)

respectively.

via the corresponding epoxide 8 (Scheme 1).
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The key compound 8 was conveniently prepared as follows. a-Santonin (5) was
reduced with diisobutylaluminum hydride at -70 °C to give an inseparable mixture of
the desired oa-alcohol 6a and its B-isomer 6b in a ratio of 3:13) in 97% yield.6)
Subsequent a-bis-epoxydation of 6 was successfully carried out with 1.9 equiv. of
MCPBA at 0 °C in 65% yield (85% based on 6a) due to the directive effect of the
hydroxyl group.7'8) In turn, the crystalline epoxy alcohol 7 (mp 199 °C) was oxi-
dized with Collins reagent to produce the desired bis-epoxy ketone 8, mp 201-202 °C,
in 88% yield.

The key step in this synthesis, the organoselenium-mediated reduction, was
achieved by treatment of the bis-epoxy ketone 8 with sodium benzeneselenolate?)

(5 equiv.) in the presence of AcOH (2 equiv.) in EtOH. The reaction was complete
within 10 minutes at room temperature and, interestingly, the expected ring opening
of two epoxides was followed by concomitant dehydration of a newly formed tertiary
alcohol to give the single product, dehydroisoerivanin (1), mp 203-205 °C, [a]p
+50.1° (c, 1.0, dioxane) in 80% yield.'®) Synthetic compound was identical with

2,11) In this way, the four step synthesis

the authentic specimen in all respects.
of dehydroisocerivanin (1) was accomplished by applying the organoselenium-mediated
reduction in the crucial step.

Isoerivanin (2) and ludovicin C (3) were easily derived from 1 by simple
reduction of the ketone group at C3 and by methylenation of y-lactone ring,
respectively. Thus 1 was reduced with NaBH, in the presence of cerium (III)

chloride12) to give a readily separable 5:1 mixture of the desired a-diol 2 and
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Reagents: i) DIBAH, toluene-THF; ii) MCPBA, CH2C12; iii) Cr03—2Py,
CH,Cl,; 1iv) Na*[PhSeB(OEt)3]', AcOH, EtOH; v) NaBHy, CeCl3, MeOH

Scheme 1.
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its B-isomer 9 in 91% yield. The major product, mp 180-184 °C and [alp +82.6° (c,
1.0, dioxane), was superimposable with the authentic isoerivanin (2).2'13) On the
other hand, treatment of 1 with 3 equiv. of lithium diisopropylamide in THF at

-40 °C followed by selenenylation of the resulting trianions with diphenyldi-
selenide yielded monoselenenylated lactone (mp 203-206 °C), which was then oxidized
under the standard conditions'4) to give a-methylene lactone 3 in 50% overall yield
(94% based on the recovered 1). Again, the product, mp 189-191 °C and (alp +85.8°
(c, 0.5, CHC13), was identical with the authentic ludovicin C (3)3'15) in all
respects (Scheme 2). Finally, reduction of ludovicin C (3) with NaBH4—CeCl312) in
MeOH produced a separable mixture of 1a,3a-dihydroxyarbusculin B (4) [a]p +103.7°
(c, 0.38, CHC13) and its isomer 10 in a ratio of 5:1 in 43% yield.16) The major
product was unambiguously assigned to the structure 4 by comparison of its spectral
data with those of the authentic sample4'17) (Scheme 2).
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Reagents: i) LDA, (PhSe)Z, THF; ii) H,0,, AcOH, THF; iii) NaBHy,
CeCl3, MeOH

Scheme 2.

Thus the facile syntheses of eudesmane sesquiterpene lactones (1, 2, 3, and 4)
have been achieved by introducing the organoselenium-mediated reduction of the

epoxy ketone 8 and their proposed structures have been unambiguously established.

This work was supported by a Grant-in-Aid for Scientific Research (No.
60470029) from the Ministry of Education.
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