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While conformationally favourable thiocarbamates bearing
an aromatic methoxy group undergo intramolecular ipso-
substitution of the methoxy group by treatment with
tris(trimethylsilyl)silane (TTMSS) and AIBN, either con-
formationally flexible or favourable ketones easily cyclise
into a five- or six-membered rings by treatment with SmI2.

Radical cyclisation is one of the most useful methodologies for
formation of a wide variety of carbon skeletons.1 Particularly,
the intramolecular reaction of the radical with an aryl group
would provide an efficient synthetic route for constructing
polycyclic systems containing an aromatic ring. During the

course of our program directed toward the synthesis of
macrocarpals,2 we observed an unusual ipso-substitution of an
aromatic methoxy group by treatment of the thiocarbamate 1
with TTMSS3 and AIBN, yielding a cyclised product 2 (Scheme
1). A search of the literature revealed that there is no report
describing the successful radical aromatic ipso-substitution of a
methoxy group.4 Accordingly, we undertook an investigation to
identify the essential factor for the progress of this unusual
cyclisation.5

First, we prepared racemic thiocarbamates 3–6 bearing the
substituted phenyl group, and exposed them to the radical
cyclisation conditions described above. As shown in Scheme 2,
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we observed no cyclisation by treatment of 3 or 4 with TTMSS–
AIBN. However, conformationally more restricted thiocarba-
mates 5 and 6 gave the desired cyclised products 7 and 8,
respectively. In sharp contrast, the respective epimers of 5 and
6 at the benzylic position led to undesired reduction (deoxygen-
ation or removal of thiocarbamate) under identical reaction
conditions.

Based on these results, it is apparent that TTMSS-induced
ipso-substitution is highly dependent on the steric nature of the
starting thiocarbamates. Although the ground state and the
reactive conformer are not necessarily the same, the conforma-
tion of radical intermediates, because of their low activation
energy, is understood to have a significant effect on the course
of the reaction. According to calculations,6 the location of the
alkyl radical generated from 5 and 6 is close to the reaction site
(3.46 and 3.49 Å, respectively) in the most stable conformer.

This novel cyclisation is expected to be applicable to a wide
range of substrates if the distance between the radical and aryl
methoxy group could be shortened in some way. We then turned
our attention to the strong chelating ability of samarium.7 Since
no information was available as to whether the aromatic
methoxy group could be appropriately replaced by a ketyl
radical, we initially explored SmI2-induced cyclisation of the
conformationally favoured ketones 9 and 10. As shown in
Scheme 3, these ketones were treated with 3.5 equivalents of
SmI2 in THF at room temperature, affording cyclised products
11 and 12, respectively. Next, it was found that sterically more
flexible ketones 13 and 14 could also be cyclised into 15 and 16
by exposure to SmI2, as we expected. It should be clearly noted
that in the TTMSS-induced reaction, we could obtain no
cyclised products using the thiocarbamates 3 or 4 derived from
the ketones 13 and 14 (Scheme 2). Interestingly, while 17a gave
the cyclised product 18a in 50% yield, the ketone 17b led to
recovery of the unchanged starting material (64%) along with
isolation of a small amount of the alcohol as a reduction product
(22%).

Based on these observations, we propose the mechanism of
chelation-induced cyclisation, as shown in Fig. 1. The ketyl
radical intermediate A, generated by the reaction of the ketone
17a with SmI2, would be folded like B by the chelation of
Sm(III) with the oxygen of both the methoxy and the ester group.
Such chelation might attract the ketyl radical close to the
reaction site, which enables the ketyl radical to attack the
aromatic carbon. The resulting dienyl radical C was then
reduced to the anionic species D by single electron transfer by
SmI2, followed by elimination of methoxide and hydrolysis to
give 18a.

In conclusion, we have developed a novel cyclisation
reaction by radical ipso-substitution of an aromatic methoxy
group. While TTMSS-induced cyclisation is highly dependent
on the structure of the starting materials, SmI2-mediated
cyclisation was found to be applicable to conformationally
flexible substrates. The scope and limitation of this novel
cyclisation, and application to the synthesis of natural products
are now being investigated in this laboratory.
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