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(+)-Absinthin (1) was isolated by Herobiet al. as a main dimeric
guaianolide from wormwoodArtemisia absinthiuni., in 1953.
The structural elucidation of this triterpene was completed in the
1980s using NMR spectroscop@nd X-ray crystallographt@nal-
yses. The medicinally useful bitter herb, absinthium, has been used
as stomachic tonic and anthelmintfiBractitioners of traditional
Chinese medicine (TCM) have successfully applied both fresh and
dried plants of absinthium to treat acute bacillary dysentéry.
addition, Russian scientists discovered in 1977 that absinthin (10
mg/kg/day) given orally for 8 days to rats with experimental gastric
ulcers alleviated the inflammation by 57% and stimulated regenera-
tion of the stomach waf.

© 1: (+)-absinthin

(+)-Absinthin was found to give rise to artabsi2) (upon
heating’ Thus, biosynthetically, the triterpene might have been
generated from the dimerization of two identical Die/slder
partners3, which contains a cyclopentadiene system within the
guaianolide skeleton. Moreover, dieBeplausibly represents an
intermediate in the thermolytic generationfrom 1. The struc-
tural characteristics of include a unique heptacyclic framework

AcO,

Figure 1. Proposed synthesis of-j-absinthin ().

As depicted in Scheme 1, santoh{i), a commercially available
material, was photolyzed with a high-pressure Hg lamp (150 W)
in HOACc in a quatz reactor under a nitrogen atmosphere€CL&

h, 38.6%) to giveO-acetylisophotosantonic lactond) £ Shapiro
reaction (206-1000 mol % LDA, THF) of thep-toluenesulfonyl-
hydrazone of4 at —78 °C, 0 °C, or room-temperature failed to
produce dien&. Thus, reduction of the enone carbonyl was pursued.
Treatment o# with NaBH, (105 mol %) in methanol at room tem-
perature for 30 min afforded a pair of (equally useful) diastereomeric
alcohols8 in almost quantitative yield (99989.Again, transforma-
tion of 8 to the corresponding sulfonates (OMs, OTSs, or OTf) fol-
lowed by base-promoted elimination did not produce the desired
cyclopentadiene derivative. Therefore, Mitsunobu arylselenylation
of 8 with o-nitrophenyl selenocyanate (130 mol %) and tributyl-

in which 14 stereocenters are densely imbedded. To our surprise,phosphine (136 mol %) in THF at room temperature Zch pro-
no reports have appeared so far addressing the synthesis of thisluced in 72% yield selenidés exposure of which to Nalg(200

novel sesquiterpene lactone dimer.

o (e}

2 3

The structural complexity ofl along with its physiological
activity promoted us to embark on a novel, expeditious synthesis.
Our overall synthetic strategy is outlined in Figure 1. Due to its
intrinsic resemblance to artabsi?) (O-acetylisophotosantonic lac-
toné® (4, a photolysis product of santoffjnwas envisioned as an
excellent starting material leading té-)-absinthin. Lactond can
be modified to give the cyclopentadiene derivati&g, (vhich is
expected to producé via a Diels-Alder-type dimerization. The
remaining synthetic task is the inversion of the C10/Gddhfig-
uration.
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mol %) in MeOH-H,0 (2:1) at room temperature for 45 min led
to the formation of the substituted cyclopentadieb)ar{ 66% yield.
Under the reaction conditions, the potential 2,3-rearrangéfndint
not materialize.

When stored neat under a nitrogen atmosphere at room temper-
ature, dieneés slowly underwent the desired biomimetic dimeriza-
tion, a process that proceeded via a regio- and stereospecificDiels
Alder reaction. After 10 days, the heptacyclic prod@ctvith the
formation of two new bonds (C2C2 and C5-C3, in red), was
isolated in 72% vyield, while the unreacted starting material was
recycled. The two identical DietsAlder partnerss, approaching
each other from their less hindered face (in view of the cyclopen-
tadiene moieties), adopted a head-to-head orientation with regard
to the lactone carbonyl groups (s&eC12/C12, in green, Scheme
1), to minimize the steric interactions. The structure of the dimer
was unambiguously confirmed using X-ray crystallographic analy-
sis. Remarkably, the potential 1,5-H shift was not observed.

Saponification of6 with 10% methanolic potassium hydroxide
solution (excess) at 30C overnight followed by acidification to
pH 2 with 6 M HCI smoothly furnished 1@pi10-epiabsinthin

10.1021/ja0439219 CCC: $30.25 © 2005 American Chemical Society
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Scheme 1

1) SOCI, (xs), Et;N, THF, -78 °C
2) 0504, NMO, MeCOMe, H,0, rt
3) NalO,, MeCOMe, H,O, rt

77.2% (3 steps)

MeLi (210 mol %)
THF, -78 °C

89%

(10) in good yield (80%). At this stage, the possibility of direct
configuration inversion at C10/C16f 10 was vigorously explored.
Shi and co-workefg reported a simple and practical Mitsunobu
approach to transform chiréért-alcohols to aryl ethers with com-
plete configuration inversion at elevated temperatures {80 °C).
Mukaiyama’s preparatidfiof invertedtert-alkyl carboxylates from
chiral tert-alcohols involved a new type of oxidatiemeduction
condensation using 2,6-dimethyl-1,4-benzoquinone. However, ne
ther of these methods seemed to operate on our substrate. Thu
after a three-step reaction sequence of (1) double kinetic dehydration

We are indebted to Dr. Fayang Qiu, Mountain View, California,
for enlightening discussions. We are grateful to Mr. Xingnian Fu,
Mr. Jingrui Zhao, Mr. Xiaobao Yang, Mr. Zeyang Zhuang, Mr.
Zhigiang Ma, and Ms. Yangin Liu (current or former group
members) for their assistance.

Supporting Information Available: Experimental procedures,
i_analytical data, and copies #ff and*3C NMR spectra fob, 6, 10, 11,
s;:}ndl (CIF, PDF). This material is available free of charge via the
Internet at http://pubs.acs.org.

{SOCE (2600 mol %), E4N (2400 mol %), THF—~78°C, 7 i} to

form a bis(terminal alkene), (2) selective dihydroxylation at both

terminal carbor-carbon double bond§OsQ, (6 mol %), NMO
(400 mol %), MeCOMe-H,O (8:1), rt, 3 B, and (3) double
cleavage of the two vicinal diokNalO, (400 mol %), MeCOMe-
H,O (2:3), rt, 2 1}, diol 10 was converted to dion&l {[a]?%
+404.4 ¢ 1.0, CHCB)} in 77.2% overall yield. Finally, chemo-
and stereoselective methylation Bf at the keto carbonyls (C10/
C10) {MeLi (1.7 M, in ether, 210 mol %), THF-78°C, 30 mir}
afforded in 89% vyield {)-absinthin () as colorless crystalsmp
165-166 °C (dec) (from benzene); I{€ mp 165°C (dec) (from
benzeng). The [0]?% data of1 at different concentrations were
found to be+107.0 € 1.9, CHCE) and +103.5 € 1.0, CHC}),
which was prominently different from the reported vafud o]’
+180 (€ 1.9, CHC})} .2 The structure ofl. was confirmed by X-ray
crystallographic analysis. THel and3C NMR spectroscopic data
were in accord with those disclosed in the literature.

In summary, {)-absinthin () was efficiently constructed in nine
steps and in 18.6% overall yield fro@-acetylisophotosantonic

lactone? a known intermediate available in one step from santdnin.
The present synthesis features Mitsunobu arylselenylation, oxidative
elimination of allylic arylselenides, a biomimetic dimerization via

regio- and stereospecific Diet#Alder reaction, and a four-step

stereochemical inversion of the highly sterically congested tertiary
alcohol. Completion of this synthesis has not only tackled the for-
midable synthetic challenges in assembling structurally complex
(+)-absinthin but also paved an efficient synthetic route to a series

of medicinally attractive absinthin analogues.
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