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Abstract: A new ring closure to tetrasubstituted tetrahydrofurans
from the intramolecular attack of an OMOM ether onto a benzylic
mesylate proceeds through a quinonoid intermediate or by direct
SN2 displacement. The synthesis of diastereomeric biologically ac-
tive natural lignans is described utilizing this general methodology.
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Among the multitude of natural products produced by
secondary plant metabolites are the lignans.1 The growing
interest in this class of substituted tetrahydrofurans stems
from their potent activities against a variety of therapeuti-
cally relevant areas such as cancer, infection, inflamma-
tion, immunosuppression and their unique antioxidant
properties.2

Figure 1 Structures and proposed absolute configurations of repre-
sentative 2,5-diaryl-3,4-dimethyltetrahydrofurans (lignans).

2,5-Diaryl-3,4-dimethyl-substituted tetrahydrofurans are
an important subclass of lignans, with several configura-
tionally distinct members, often varying in the nature of
the aromatic ether substituents. They are particularly dif-
ferent with regard to the relative orientations of substitu-
ents as illustrated in the proposed structures of fragransin
A2,

3 galbelgin4 and talaumidin5 for one group (anti/anti/
anti), saucernetin6 (syn/anti/syn), and verrucosin3a,7 (anti/
anti/syn) for another group (Figure 1).

Lignans are biologically derived from two phenylpro-
panoid units by oxidative dimerization, and they may be
found in either enantiomeric form in nature. Although
their biological role in plants is not clear, they may be in-
volved in specific defense mechanisms under hostile
stress. In spite of their relatively modest level of structural
complexity, lignans are endowed with a host of biological
activities. As such they are ideal ‘small molecule’ natural
products for the development of potential chemotherapeu-
tic agents. For example (+)-fragransin A2 and (–)-galbel-
gin are inhibitors of NO production,8 while (–)-talaumidin
exhibits neuroprotective activity in the rat.9

In most instances only relative configurations have been
determined and further studies have relied on spectro-
scopic and correlation data to assign absolute configura-
tions.3–7,10 Efforts in enantioselective synthesis of these
lignans have been sparse.11 Often, racemic (or meso) mix-
tures resulting from oxidative coupling of diaryl 1,4-ke-
tones have been obtained,12 and separated by chiral
HPLC.13 The first enantioselective synthesis of (–)-talau-
midin (3) was reported only recently.9

We report herein a general strategy for the stereocon-
trolled total synthesis of a series of known lignans or their
enantiomers as illustrated in Figure 2. The strategy capi-
talizes on the utilization of a common intermediate, from
which different stereochemical variants can be obtained
by varying the nature of a directing p-substituent on one
of the aromatic moieties, in conjunction with the stereo-
chemistry of the benzylic ether group.

Intermediate 6 is readily available in enantiomerically
pure form as recently reported in the total synthesis of
manassantin A, B and B1 (Scheme 1).14 Treatment with 4-
benzyloxy-3-methoxyphenylmagnesium bromide in the
presence of CeCl3 as an additive15 gave an epimeric mix-
ture of alcohols, which could be separated into major (8)
and minor (9) compounds as MOM ethers, after removal
of the TBS and allyl groups. Oxidation of the mixture of
alcohols 7a and 7b under Dess–Martin conditions to the
ketone, followed by reduction with NaBH4 in the presence
of CeCl3

16 gave the R-alcohol 7b as the major product
(90:10, Scheme 2). Protection of 7b as the MOM ether,
followed by de-O-silylation gave 10. Mesylation, resulted
in cyclization to the protected lignan 11 in 90% yield,
most likely proceeding through a quinonoid intermediate.
Deprotection of the allyl and benzyl ethers afforded (+)-
fragransin A2 (1),17 which upon O-methylation led to (+)-
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galbelgin (2).18 The assigned structures and configura-
tions were confirmed by a single crystal X-ray analysis of
synthetic (+)-fragransin A2 (1). Although the optical rota-
tion of 1 is in accord with the reported value, the absolute
configuration should be revised. Thus, our synthetic se-
quence establishes the correct absolute configuration of
(+)-fragransin A2 (1) as shown in Scheme 2 and relates it

to (+)-galbelgin (2; rather than to its enantiomer as origi-
nally assumed,3 Scheme 1).

The synthesis of (+)-talaumidin was completed in the
same manner from the 3,4-methylenedioxyaryl intermedi-
ate 12, obtained from 6 as described in Scheme 1 and
Scheme 2. Intramolecular displacement of the mesylate
also took place in a highly face selective attack on a

Scheme 1 Synthesis of compound 8 and 9.
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quinonid intermediate to give, after allyl deprotection,
(+)-talaumidin (3) in excellent overall yield (16 steps,
12.7% overall yield, Scheme 3).19

The authors of the recent paper,9 describing the synthesis
of natural (–)-talaumidin, utilize Evans aldol chemistry20

to set up an anti-aldol intermediate, which is followed by
a series of functional group adjustments and extensions
that comprise three oxidations, a Tebbe olefination, and a
Brown hydroboration leading to a lactone intermediate,
before the second aryl group is introduced. Nevertheless,
(–)-talaumidin was obtained in 16 steps and 10.7% overall
yield.9

The synthesis of (–)-verrucosin (4) was initiated with the
epimeric benzylic alcohol 13, available as the major iso-

mer in the original Grignard addition (Scheme 4). Again
mesylation led directly to the tetrahydrofuran 14 which
upon deprotection gave (–)-verrucosin (4).21 The intra-
molecular cyclization of 13 to 14 was less efficient (51%
yield compared to 90% for 10 to 11), although only one
diastereomer was formed. Presumably, the trajectory of
attack on the quinonoid oxonium ion intermediate in the
case of 11 (oxonium ion A), is more favorable compared
to that leading to 14 (oxonium ion B) as illustrated in
Figure 3.

Applying the same strategy to a p-nitrobenzoyl sub-
stituent, readily available from 8, resulted in the direct
formation of the syn/anti/syn-tetrahydrofuran 16 through
an SN2-type reaction (Scheme 4).

Scheme 3 Total synthesis of (+)-talaumidin (3).
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Deprotection of the ester and benzyl ether groups gave 17
which was O-methylated to (–)-saucernetin (5).22 Our
synthesis confirms the proposed structure (Figure 1),
however, the reported6c sign of optical rotation should be
reversed.

Figure 3 Favored (A) and less favored (B) transition states of 
quinonoid oxonium ions.

In conclusion, we have described a general method for the
intramolecular cyclization of suitably disposed and func-
tionally differentiated 1,4-benzylic alcohols as a 1,4-diar-
yl-2,4-dimethyl acyclic framework, to the corresponding
tetrasubstituted tetrahydrofurans. A p-O-allyl ether group
assists in the facile departure of a benzylic mesylate
through the formation of quinonoid oxonium ion interme-
diate which in turn is attacked in an intramolecular face
selective fashion by the ether oxygen of a MOM ether.
When an ester group (p-NB) replaces the allyl group, tet-
rahydrofuran formation proceeds in an SN2-type manner.
Thus, by selecting the aromatic substituents, and the con-
figuration of the OMOM-substituted benzylic carbon, it is
possible to access a diverse set of configurationally dis-
tinct 2,5-diaryl-3,4-dimethyl-substituted tetrahydrofuran
lignans of natural origins, as well as their enantiomers.
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