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The tetramethoxybiaryl moiety is a common unit in natural
products.[1] Because of their high biological activities eight-
membered-ring lignans (2,2’-cyclolignans), which contain this
structural unit, are of particular interest.[2] The key step in
lignan synthesis is often an oxidative biaryl coupling reaction
in which the axial chirality is determined by the stereo-
chemical information in the backbone of the precursor. In the
oxidative cyclization reaction, most transition-metal reagents
and hypervalent-iodine derivatives give mixtures of the
desired eight-membered-ring compounds (2,2’-cyclolignans)
and of six-membered-ring derivatives (2,7’-cyclolignans).[3] Of
particular interest for the non-phenolic oxidative coupling
reaction is the dehydrodimerization of the natural product
(�)-dimethylmatairesinol (2) to (þ)-5-detigloyloxysteganolid
(3 ; Scheme 1).

Excellent selectivities favoring the 2,2’-cyclolignans are
obtained with the highly toxic thallium(iii) reagents or
complex reaction mixtures, which require a combination of
solvents and strong Lewis acids.[4] We report herein an
efficient and highly selective formation of 2,2’-cyclolignans
which employs molybdenum pentachloride as the sole re-
agent. Molybdenum pentachloride is a widely available and
inexpensive reagent that can be exploited for the oxidative
coupling reaction of electron-rich arenes.[5] The resulting

metal waste is easily removed from the reaction mixture and
can be recovered.[6]

The (�)-dimethylmatairesinol (2), which is required for the
cyclization, was synthesized according to the method of Pelter
et al.[7] The conversion with molybdenum pentachloride
proceeded without problems; even a high concentration of
starting material resulted in 50% yield of the desired 2,2’-
cyclolignan.[8] The six-membered-ring compound was not
detected in the reaction mixture. The other components
obtained were unreacted starting material 2 and oligomeric
products. The present reaction is the first application of
molybdenum pentachloride as an oxidant in the total syn-
thesis of natural products. Sim-
ilar to the thallium-mediated
coupling reaction, the high se-
lectivity for the eight-mem-
bered lignans and the lack of
benzylic coupling might be ex-
plained by the formation of a
complex that involves the ox-
ophilic Lewis acid (Scheme 2).

In the oxidative coupling re-
action, molybdenum penta-
chloride favors substrates with a 1,2-dialkoxy substitution
pattern. Most likely, the reaction is initiated by an electron
transfer from a benzene moiety to the molybdenum fragment.
A subsequent intramolecular electrophilic cyclization and

rearomatization sequence af-
fords the product.[9] Since the
substrate 2 contains many oxy-
gen atoms to coordinate the
reagent, we reasoned that two
or more clustered molybde-
num centers are involved. To
gain support for such an inter-
mediate (Scheme 2), we syn-
thesized two further 1,4-
bis(3,4-dimethoxyphenyl)bu-
tanes 4a and 4b[10] and sub-
jected both to the cyclization

reaction. The key step in the stereoselective construction of
4b is the nickel-catalyzed Grignard coupling reaction of the
meso-1,4-diiodo-2,3-dimethylbutane, which is readily made
from meso-2,3-dimethylsuccinic acid.[10] The spatial arrange-
ment of both substituents in the butanediyl bridge of the
intermediate, the conversion into 5b should be disfavored
[Eq. (1)].

Compound 4a was already converted at ice-bath temper-
ature and high concentration into 5a (76% yield). In contrast,
reflux conditions and high dilution were required for the
successful synthesis of 5b.[11] Besides the desired lignan 5b
(30% yield), we recovered mainly unreacted starting materi-
al. In both conversions the only cyclization products are the
2,2’-cyclolignans 5.

In conclusion, eight-membered-ring systems, which are of
particular interest for the total synthesis of 2,2’-cyclolignans,
are exclusively formed when using molybdenum pentachlor-
ide as the oxidant. Harsher reaction conditions are required
for the synthesis because of unfavorable steric interactions in
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Scheme 1. Undesired six-membered-ring formation (!1) and desired eight-membered-ring formation (!3) upon
oxidative coupling of (�)-dimethylmatairesinol (2).
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Scheme 2. Complexation of the
molybdenum center through
the methoxy oxygen atoms



the butanediyl moiety. Molybdenum pentachloride is an
environment-friendly alternative to the highly toxic thal-
lium(iii) reagents. Furthermore, no additional Lewis acids are
required. We are currently investigating the application of this
powerful reagent to the synthesis of other natural products.
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