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An easy synthesis of lepidopterene from 9-chloromethyl
anthracene. Evidence for a free radical mechanism

Maria-José Fernandez, Lourdes Gude and Antonio Lorente*

Departamento de Quimica Organica, Universidad de Alcala, 28871-Alcala de Henares, Madrid, Spain
Received 3 November 2000; accepted 21 November 2000

Abstract—This communication reports a novel and efficient synthesis of lepidopterene from 9-(chloromethyl)anthracene. Further-
more, the radical nature of the process is unambiguously established through the obtention of several 9-anthracenemethyl
derivatives, which are formed via a common 9-anthracenemethyl radical intermediate, derived from 9-(iodomethyl)anthracene.
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Lepidopterene 2, a tetrabenzotetracyclotetradecatetra-
ene, was first synthesized by reaction of 9-
(chloromethyl)anthracene (1) with methylmagnesium
iodide.! Through this methodology, lepidopterene 2
and 1,2-bis(9-anthracenyl)ethane (3) were obtained in
35% and 30% yield, respectively.

The authors proposed a free radical type process but no
evidence was adduced. Afterwards, Becker et al.?
described another synthesis of lepidopterene from 9-
(halomethyl)anthracenes by reaction with stannous
chloride dihydrate in dioxane at 70°C. The authors
suggested an ionic mechanism with formation of a
a,p-dimer by reaction of a 9-anthracenemethyl anion,
generated from the (9-anthracenemethyl)tin trihalide,
with 9-(halomethyl)anthracene.

In addition, lepidopterene has also been prepared
through oxidation of 9-methylanthracene with cop-
per(II)/peroxydisulphate,® via photolysis and pyrolysis
of 9-anthracenemethylsulphides and selenides* and as a
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product of photolysis from 9-(phenoxymethyl)-
anthracene.” The fact that this compound can be
obtained through a great variety of processes involving
different mechanisms, along with its relevant photo-
chemical properties,®” have aroused considerable inter-
est in the study of this compound and its derivatives.

In this communication an easy synthesis of lepidop-
terene from commercially available reagents and evi-
dence for a free radical mechanism are reported. Thus,
when a 0.08 M solution of 9-(chloromethyl)anthracene
in dry acetone with 1.1 equiv. of sodium iodide was
heated at reflux for 12 hours under an argon atmo-
sphere, lepidopterene 2 was obtained in 75% yield®
(Scheme 1), along with 1,2-bis(9-anthracenyl)ethane 3
in traces.

When this procedure was carried out at a higher con-
centration (0.5 M), 9-(chloromethyl) anthracene was

quantitatively transformed into lepidopterene (59%
yield) and 1,2-bis(9-anthracenyl)ethane (41% yield).
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Scheme 1.

The reaction does not proceed without the addition of
sodium iodide, which indicates that the formation of
the previously undescribed 9-(iodomethyl)anthracene 4
is required. The Ilatter can be obtained when 9-
(chloromethyl)anthracene is treated with sodium iodide
at room temperature for 1.5 hours.® Once this interme-
diate has been isolated, different products can be
obtained depending on experimental conditions. On the
one hand, heating at reflux a solution of 9-
(iodomethyl)anthracene in dry acetone afforded lepi-
dopterene (45% yield). On the other hand, when
9-(iodomethyl)anthracene was stirred in dry acetone at
room temperature for 2 weeks, 1,2-bis(9-anthra-
cenyl)ethane 3 was isolated in 24% yield.

A first evidence of a free radical mechanism was found
when a mixture of 9-(iodomethyl)anthracene 4 and
hydroquinone was heated at reflux in dry acetone,
affording 2-(9-anthracenemethyl)-benzene-1,4-diol'® 5
in a 32% yield (Scheme 2), along with lepidopterene

(23% yield).
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Scheme 2.

Triethylborane, a reagent widely used in synthetic radi-
cal reactions, has proved to be an efficient radical
initiator.'! In order to assess the intervention of a free
radical, the reaction of 9-(iodomethyl)anthracene with
triethylborane was performed. As a result, a mixture of
9-(hydroxymethyl)anthracene 6 and 9-propylanthracene
7 was obtained (Scheme 3).
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Scheme 3.

The formation of anthracene derivatives 6 and 7 can be
explained through the process depicted in Scheme 4.

A free radical mechanism was definitely confirmed
when a 0.01 M solution of 9-(iodomethyl)anthracene
was heated at reflux with three equivalents of the
2,2,6,6-tetramethyl-1-piperidinyloxy free radical
(TEMPO) for 15 hours, giving rise to 9-(2,2,6,6-tetra-
methyl-1-piperidinyloxymethyl)anthracene 8 in high
yield (87%).'2

From the results described so far, we conclude that the
reaction occurs through formation of 9-(iodomethyl)-
anthracene, which undergoes a homolytic cleavage
leading to the 9-anthracenemethyl radical, which by
dimerization produces 1,2-bis(9-anthracenyl)ethane 3.
Formation of lepidopterene can be explained consider-
ing two different pathways (Scheme 5). Hence, a a,p
radical coupling, or a radical addition at 10 position of
9-(chloromethyl) anthracene, with a chloro radical act-
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Scheme 5.

ing as a leaving group. In both mechanisms, the same
intermediate is generated that, after a [4+2] cycloaddi-
tion, yields lepidopterene 2.

With the aim of establishing which is the predominant
pathway, we carried out the reaction in dry acetone at
reflux but using this time only 0.5 equiv. of sodium
iodide. As a result, a total consumption of 9-
(chloromethyl)anthracene was observed and lepi-
dopterene and  1,2-bis(9-anthracenyl)ethane were
obtained in 66 and 9% yield, respectively. This fact
indicates that a total conversion of 9-(chloromethyl)
anthracene into 9-(iodomethyl)anthracene is not
required in the formation of lepidopterene and supports
the second pathway. Moreover, a catalytic amount of
sodium iodide was not enough to produce lepi-
dopterene from 9-(chloromethyl)anthracene beyond a
2% yield, which invalidates the possibility of an auto-
catalytic process.
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