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A NEW STEREO- AND REGIOSELECTIVE SYNTHESIS OF (+)-SESAMIN
INVOLVING A B-SCISSION OF ALKOXYL RADICALS AS THE KEY STEP!

Kazuhiko Orito, Kaoru Yorita, and Hiroshi Suginome*

Organic Synthesis Division, Faculty of Engineering, Hokkaido University,
Sapporo 060, Japan

Abstract: A new stereo- and regioselective synthesis of (%)-sesamin (a
representative lignan) based on our general method for the transformation of a
cyclopentanone ring into 4 tetrahydrofuran ring involving a regioselective B-scission
of the alkoxyl radicals 1s reported

The 2,6-diaryl-3,7-dioxabicyclo[3 3 Oloctanes comprise the largest group of
lignans? to which many biologically-active natural products belong > Sesamin? 1s one
of the representative lignans which have been known for many years The first
synthesis of this 1interesting molecule was achieved by Beroza® and by
FreudenbergS, an enantio-controlled synthesis of (-)-sesamin has recently been
reported °

In this paper we report on a new stereo- and regioselective synthesis of (t)-
sesamin 11 A method for the transformation of a cyclopentanone ring into a
tetrahydrofuran rning 1nvolving a regioselective B-scission of the alkoxyl radicals
(previously reported by us’) was applied to the key step i this synthesis The
sequence 1s outhned in Schemes 1 and 2

The Iithiation of 4-bromo-1,2-methylenedioxybenzene 1 with butyllithium
followed by a reaction of the resulting lithio denvative with tributylun chloride
(according to the procedure by Locksley and collaborators®) gave 3,4-methylene-
dioxytributyltinbenzene 2 in 52% yield Treatment of the tributyltinbenzene 2 with
lead tetraacetate® mn dichloromethane for 25 h at 46°C under ultrasonication 1 an
ultrasonic cleaner gave crystalline 3,4-methylenedioxyphenyllead triacetate 310 m
94% yield (Scheme 1)

According to the procedure modified the method!! developed by Pinhey and
collaborators, 3,4-methylenedioxyphenyliead triacetate 3 and dibenzyl 3,7-
dioxobicyclo[3 3 OJoctane-2,6-dicarbonate  5'? (prepared in 72% yield by heating
dimethyl 3,7-dioxabicyclo[3 3 OJoctane-2,6-dicarbonate  4'2 and excess benzyl
alcohol 1n dry toluene containing a catalytic amount of 4-dimethylammopyndine (4-
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Scheme 2. Reagents and conditions & -0
1, CgHsCH,OH - 4-DMAP - toluene, reflux 1, - “ D
3,4-OCH,0C¢H4Pb(OAc); - pyridine - CH,Cl,, 492 370
reflux 1, 10% Pd-C - H, - MeOH, 25°C v, H }{'H
MCPBA - CH,Cl,, 25°C v, DIBAL - CH,Cl,, o g8
-78°C vi1, HgO - I, - benzene, 25°C vi, hv > < :©\ o
300 nm v, NaBH, - MeOH, reflux o)
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DMAP) under reflux for 16 h according to the method by Taber and collaborators'?)
in dry dichloromethane were heated under reflux in an atmosphere of mitrogen for
24 h under ultrasonication 1n an ultrasonic cleaner to give dibenzyl [2,5-b1s(3,4-
methylene-dioxyphenyl)]-3,7-dioxobicyclo[3 3 0}-octane-2,6-dicarbonate 6% 1n 72%
yteld Hydrogenolysis of the dibenzyl dicarbonate 6 in the presence of a 10%
palladium on carbon 1n methanol 1n an atmosphere of hydrogen for 20 h resulted 1n
a spontaneous loss of COzto give 2,6-[bis(3,4-methylenedioxyphenyl)]-3,7-droxo-
bicyclo[3 3 OJoctane 716 1n 74% yield Irradiation of the signal at 3 311 (la-H and
Sa-H) in the 'H NMR spectrum resulted 1n an enhancement of the areas of the
signals at & 272 (4u-H), 661 (6'-H) and 663 (2'-H) This NOE measurement
established the cis disposition of the two methylenedioxyphenyl groups as well as
the angular hydrogens, as outlined in Scheme 2

The Baeyer-Villiger oxidation of 2,6-diaryl-3,7-dioxabicyclooctane 7 with
MCPBA (meta-chloroperbenzoic acid) in dichloromethane at room temperature for
10 days gave 2,7-bis(3,4-methylenedioxyphenyl)-3,8-dioxabicyclo[4 4 O]decane-
4,9-dione 8'7 n 28% yield !®

The reduction of dilactone 8 with DIBAL in dichloromethane at -78°C for 35 h
gave 2,7-bis(3,4-methylenedioxyphenyl)-3,8-dioxabicyclo[4 4 Oldecane-4,9-diol 91'°
1n 44% yield '® The dilactol 9 1n benzene was first treated with mercury(Il) oxide
and 10dine (each 3 equivalents) in benzene, the resuling hypoiodite in benzene was
then irradiated with a 100-W high pressure Hg arc through a Pyrex-filter for 12 h
at room temperature (according to a procedure of Suginome and Yamada’) to give
an oily iodo-formate 10 The 'H NMR of the formate 10 exhibited formyl protons at
8 813 The crude 1odo-formate 10, obtained by the uswal work-up, was
mmmediately dissolved in methanol contaimng NaBH, The solution was then heated
under reflux for 12 h to give (x)-sesamin? (28% from dilactol 9 Its 'H and !3C NMR
spectra were 1 agreement with those published n the literature 21-23

The present method may be generally applicable to the synthesis of a variety
of 2,6-diaryl-3,7-droxabicyclo[3 3 OlJoctane lignans with the geometry of the natural
series and with their two 2,6-diaryl groups substituted symmetrically by alkoxyl
and/or hydroxyl groups %4
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