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ABSTRACT

Efficient synthetic approaches to higher para-dihydroquinones and -quinones have been developed through zirconium/CuCl-mediated cycloaddition
reactions of two alkynes and quinone in a one-pot procedure.

Higher para-quinone units are ubiquitous components that
present a wide variety of substitution patterns in biological
systems such as vitamin K1 or K3, adriamycin, and dauno-
mycin and in functional materials such as organic photo-
conductors as well as in dyestuffs.1-3 Consequently, there
is significant interest in the development of new synthetic
methodologies to access higherpara-quinones. Although a
number of synthetic methods affording higherpara-quinones
have been reported,4,5 the most attractive one seems to be
the direct cycloaddition reaction of metallacyclopentadienes

to quinones. However, there is no precedent for the cycload-
dition reaction of metallacyclopentadienes to quinones to
form higherpara-dihydroquinones (Scheme 1), to the best
of our knowledge.

Metallacyclopentadienes are easily prepared by the reac-
tion of low-valent transition metals with alkynes. In this
regard, zirconacyclopentadienes, which can be easily pre-
pared by reductive coupling of two alkynes on a zirconoce-
ne(II) species6 and can participate in a number of organic
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reactions,7 are especially attractive. Recently, transmetalation
of zirconacyclopentadienes onto Cu8 and Ni9 has opened new
avenues in carbon-carbon bond coupling chemistry. Herein,
we would like to report the reaction of zirconacyclopenta-
dienes with quinones in the presence of copper chloride and
p-chloranil. This reaction provides a novel preparative
method for the preparation of higherpara-dihydroquinones
and -quinones (Scheme 2).

Typically, zirconacyclopentadiene1a (1 mmol), prepared
from 3-hexyne and zirconcene according to the literature,6a,b

reacts with 1,4-naphthoquinone2a in the presence of 2 equiv
of CuCl to afford dihydro-9,10-anthraquinone derivative3a
in 83% yield (Scheme 3). It is well-known that dihydro-

quinones could be converted into quinones by treatment with
p-chloranil or 2,3-dichloro-5,6-dicyano-1,4-benzoquinone

(DDQ). Therefore, when the reaction mixture was treated
with 1 equiv ofp-chloranil before workup, only the product
the 9,10-anthraquinone derivative4a was obtained in 79%
yield.

To investigate the scope of the reaction, other quinone
derivatives were used. For example, reaction of1awith 1,4-
anthraquinone2b10 at room temperature in the presence of
CuCl gave3b or 4b. Similarly, reaction of1awith compound
2c11 also gave the desired product in good yield. It is worth
noting that in this reaction dihydroquinone3c was not
obtained and that product4c was obtained directly without
addition of p-chloranil. In this case, 2 equiv of2c was
necessary to achieve a high yield of the product4c.
Moreover, reaction of zirconacyclopentadiene1a with di-
hydroquinone2d12 also gave cycloaddition product3d in
78% yield or4d in 67% yield. The results are summarized
in Table 1.

We recently reported that treatment of zirconacyclopen-
tadienes with 1,4-benzoquinone in the presence of CuCl gave
cyclooctatetraene (COT) derivatives.13a No incorporation of
benzoquinone species was observed in the product. Never-
theless, when compounds2a-2d were used, higherpara-
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Table 1. Reaction of Zirconacyclopentadiene with Quinone
Derivatives

a Isolated yield.
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dihydroquinones or -quinones were formed in this work.
These results may be attributed to different electrochemical
potentials of various quinones (E° ) -0.43 V vs VCE for
1,4-benzoquinone;E° ) -0.61 V vs VCE for 1,4-naphtho-
quinone;E° ) -0.66 V vs VCE for 1,4-anthraquinone).14

Further study involving the use of symmetrically and
unsymmetrically substituted zirconacyclopentadienes bearing
alkyl and aryl groups resulted in all cases in the formation
of higherpara-dihydroquinones and -quinones in high yields.

The results are summarized in Table 2. It is worth noting
that reactions of zirconaindenes with 1,4-naphthoquinone in
the presence of CuCl produced benzocyclobutadienes.13b No

incorporation of 1,4-naphthoquinone species was observed
in the products. This result may be attributed to a proper
tuning of the reactivity of zirconaindenes and 1,4-naphtho-
quinone.

The cycloaddition reaction similarly proceeded under
optimal conditions for bicyclic zirconacyclopentadiene1g
prepared from diynes.6a,bIt is worth noting that, in this case,
1g could react with substituted l-1,4-benzoquinone2eor 2f
to afford product4m or 4n, whereas monocyclic zircona-
cyclopentadienes did not react with2e to give the desired
product. The results are listed in Table 3.

Recently, polyacenequinones have received much attention
for the preparation of functionalized higher acenes.15 We
reacted 9,10-anthraquinone derivative4j with phenyllithium,
followed by treatment with SnCl2, to afford product5 with
yellow color in high yield (Scheme 4). The preliminary

results demonstrated that this reaction presented a novel
method for the preparation of polyphenylenes. Further
applications of these higher quinones including the study of
their optoelectronic material properties are in progress.

On the basis of the above-mentioned results, a possible
mechanism is shown in Scheme 5. First, the zirconacyclo-
pentadiene1 undergoes transmetalation with CuCl to form
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Table 2. Reaction of Zirconacyclopentadienes with Quinones

a Isolated yield.

Table 3. Reaction of Bicyclic Zirconacyclopentadiene with
Quinone Derivatives

a Isolated yield.
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the diorganocopper intermediate6. Michael addition of6 to
quinone forms intermediate7.16 A ring-closure coupling
reaction of alkenylcopper and alkylcopper moieties of7 gives
3.8c,i,17 When compound3 was treated withp-chloranil, the
higherpara-quinone was obtained.

In summary, the cycloaddition reaction of zirconacyclo-
pentadienes to various quinones has been achieved. This
reaction led to a novel method for the formation of higher
para-dihydroquinones and -quinones by one-pot intermo-

lecular cyclization of two alkynes and quinones. Further
investigation of reactions and applications is now in progress.
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