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Radical annulation route to the synthesis of lignans: An account
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Abstract

Due to the widespread occurrence in nature and broad range of biological activities, lignans have attracted considerable
interest over the years. Although several elegant synthetic methods have been developed for their synthesis, the radical
annulation route remained unexplored until 1989. In this account, the synthesis of different types of natural lignans using
radical cyclization reaction with various radical sources has been presented. Most of the cyclizations are highly regio- and
stereoselective.
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1. Introduction

Due to the widespread occurrence in nattisnd broad range of biological activitieBgnans

have attracted considerable interest over the years. Some lignans are known to exhibit antitumour
activity, while others function as growth inhibitors and antifungal agents. Recent isolation of
lignans from animals led to a suggestion that such compounds may be examples of a new type of
hormone-controlling cell growtfs The many varied types of structures that lignans can possess
have presented a considerable challenge to organic chemists over the years and indeed many
elegant syntheses have been repéitedepending upon a limited number of key reactions to
construct the basic 18-carbon skeleton. Two major subgroups of lignans comprise substituted tri-
or tetrasubstituted tetrahydrofurans and substituted 3,7-dioxabicyclo [3.3.0] octanes, whose mem-
bers show a variety of biological activities and their synthesis poses interesting and often un-
solved problems of stereocontrol. Although interesting syntheses have been achieved providing
these natural products, the tin hydride-mediated intramolecular radical cyclization strategy to-
wards lignans was unexplored. The radical cyclization reaction witnessed a renaissance recen-
tly15-19 leading to the synthesis of complex natural products. This is an account of tin hydride-
mediated radical cyclization towards naturally occurring lignans which include mainly the work
done in our laboratory along with the works reported by others.

2. Synthesis of furano lignans

In 1989, Belletire and Mahmood utilized the radical cyclization rea€fiothe total synthesis of
deoxypodorhizon1) (Scheme 1). In continuation of our study in radical reactions using tin
hydride as the radical source, we could successfully achieve the stereoselective total synthesis of
bioactive furano lignan)-dihydrosesamin in good overall yield. Dihydrosesamin is one of the
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representative biologically active furano lignans which was isolateddagphne tanguticdaxim

and has been used in the treatment of rheumatism and tooth@hbhs.radical cyclization of the
bromohydrin2 in the presence of BBnH afforded dihydrosesam&(60%)along with another
compound (could not be separated in pure form) in a ratio of 7:1 (Scheme 2). In a similar
sequence, total synthesis sif{ariciresinol §) was achieved as shown in Scheme 3. Lariciresinol
was isolated fronDirca occidentalisandWikstroemia ellipticand is significantly active against

the P-388 lymphocytic leukaenfalariciresinol ) was obtained by hydrogenolysis of the
cyclized producy.z3-24
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3. Synthesis of furofuran lignans

We have successfully demonstrated in our laboratory the total synthesis of a few furofurano lignans
using radical cyclization reaction as the key step. We have repcftit total synthesis of two
naturally occurring furofuran lignans, paulownin and isogmelinol (Scheme 4). Tin hydride-medi-
ated radical cyclization of the bromoetbefforded the tetrahydrofuratfrom which the synthe-

sis of paulownin 4a) and isogmelinolgb) could be achieved in a stereoselective manner. We
have also successfully demonstrateéithe stereoselective synthesis of sarh@a and the
dimethoxy analogu&0b using the radical cyclization strategy in good overall yield (Scheme 5).
Samin, being a natural lignan, has been shvterbe a suitable precursor for both symmetrical

and unsymmetrical types of lignans such as acuminatolide, sesamolin, sesamin, etc.; the dimethoxy
analogue could also be a versatile precursor for Eudesmin, methyl piperitol and many other
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furofuran lignans. Thus, using the alcot®hbs the precursor, we could synthesize these
compounds by routine experiments.

Although we could achieve various lignans through tin hydride-mediated radical cyclization
reaction, the separation of tin compounds from the products is very laborious. Moreover, tin
compounds are toxic and the choice of radical precursor is limited. We were exploring for a better
method to avoid tin compounds and isolate pure products easily. We found that RajanBabu and
Nugent develope&fla method of preparing radical from epoxides using Ti(lll) species as the
radical source. This methodology was applied in our laboratory to synthesize a furofuran lignan,
sesamin12). Sesamifi-32is one of the representative biologically active furofuran lignans which
was isolated from hydrocotyle plants. Total synthesis of sesamin has been &liexeackry
short and stereoselective route by radical cyclization of the epkidging a Ti(lll) species as
the radical source (Scheme 6). The reagenTiCpwas generateth situ from commercially
available titanocene dichloride and zinc dust in THF. Applying this radical methodology, the
synthesis of various lignans is in progress in our laboratory and will be reported elsewhere.
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4. Conclusion

Considering the mild reaction condition and its stereoselective nature, intramolecular radical
cyclization reaction has appeared to be a valuable tool to synthetic organic chemists for the
preparation of natural compounds. This unigue methodology has been successfully utilized
towards the total synthesis of various active natural lignans and related compounds. Most of the
cyclizations were highly stereo- and regioselective. A few syntheses have been done in very short
routes. Moreover, the novel method of generating radicals from epoxides has added a tremendous
boost to this field which will provide the organic chemists a new tool toward the synthesis of
various natural products.
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