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REGIOSPECIFIC ADDITIONS OF SOME SIMPLE DIENES TO HALOQUINONES

Louise Boisvert and Paul Brassard*
Département de chimie, Université Laval
Québec, Canada, GIK 7P4
Abstract - Some simple dienes have been shown to react regiospecifically with haloquinones; the
adducts can be oxidized without loss of the oxygenated function or aromatized to a variety of
natural products and useful intermediates.

In our continuing study of efficient methods for the synthesis of naturally occurring qui-
nones, we have already established that ketene acetalsl, vinylketene ac:et:alsza_g and vinylogous
ketene acetals3a_C give regiospecific products with a variety of halogenated quinones. These es-
sentially convergentzc’d methods are doubly advantageous in that the regiochemistry depends only

on the position of the halogenl’zc’g’3c

and that the latter is eliminated in the overall process.
Cycloadditions of dienes bearing a lone oxygen function (or less polar groups) to unsym—
metrical quinones, mainly juglones and methylquinones are notorious for their lack of regio-
specificity4 However this unfavorable result can be overcome in some cases by applying Lewis
acid catalysiss, specific dienes6 and dienophiles7 or substrates with functions having com-
plementary effectsa. These conditions restrict the usefulness of the process which generally
serves only particular purposes. Moreover attempts to reverse the regiochemical outcome through

5a,9 4¢,8

catalysis or functional modifications usually are either somewhat unpredictable or give

mixtures of isomers. (TABLE I)

TABLE I - THE ADDITIONS OF SOME SIMPLE DIENES TO QUINONES

Regioselectivity,A:B§

Quinone 1,3-Diene Conditions
2,6-Dimethylbenzo~ l1-Acetoxy~4-methylbuta- C6H6,1500 4:14a
5-Hydroxynaphtho- 1~Acetoxybuta- C6H6,800 ~3:14b
5~Hydroxynaphtho- 2-Methoxybuta- C6H6’ A 2.7:14e
5~Hydroxynaphtho- 1-Acetoxybuta- BF3,550 >50:15b’c
2-Methoxybenzo- 1-Methoxycyclohexa— C6H6,80o A6b
5-Ethoxy-8-hydroxynaphtho~ 1-Methoxycyclohexa- CHzclz,r.t. A8b
5-Hydroxynaphtho- 1-Methoxycyclohexa- MgIz,ZSO 1:17Sa
5-Methoxynaphtho- 2-Methoxybuta- EtOH,lOOo ~4:l4C

A is the expected regioisomer based on the polarization of reactants.
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The reactions of a number of l—acetoxybutadienes10 (1 a-d) with 2,5~ or 2,6- dichloro-
benzoquinones (2a or 2b) as well as other halogenated quinonesll have now been carried out and
been found to give only one detectable adduct (3a-j) in each case12 (SCHEME I). 1In a typical
procedure, a benzene solution (20 mL) of the quinone (2.0 mmols) and the diene (2.2 mmols) was
refluxed for 36-40 hours. The corresponding aromatized product (4 a-g) then could readily be
obtained by rapidly passing the reaction mixture several times through a column of silica gell3.
In particular, reactions with 2-chloro-5- or 6-methoxy-benzoquinones (2c-d) also demonstrated in-

dependence of electronic effects due to certain other substituents (TABLE II).
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Scheme I
TABLE II
PREPARATION OF NAPHTHOQUINONES BY AROMATIZATION OF ADDUCTS
Diene Benzoquinone Naphthoquinone m.p. Yield (%)
la 2b 4a 112-113° 92
1b 2a 4b 134.5-135.5° 79
1b 2b b4e 122-123° 65
1lc 2a be 122~123° 88
lc 2b 4b 134.5-135.5° 80
1d 2a 44 116-117° 80
1d 2b e 110-111° 90
1lc 2¢ 4f 187-188° 96
1lc 2d 4g 165° 79

The samples of quinones obtained either from 1b and 2a or lc and 2b are indistinguishable
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as are those from 1lb and 2b or lc and 2a. All adducts and naphthoquinones give n.m.r. spectra
consistent with their structure. The structures of intermediates are tentatively ascribed by
analogy with well established cycloaddition productslA. However the 2- and 3-chloro-6-methyl-
naphthoquinones (and a bromo analog) exhibit m.p.'s markedly different from those recorded in the
literaturels. Repetition of the earlier procedure provided a sample of "3-bromo-6-methylnaphtho-
quinone" comparable to the original but which, according to the n.m.r. data was obviously a mix-
ture of the two possible isomersl6.

The acetylated adducts (3a-j) could not be oxidized directly without loss of the oxygenat-
ed function. On the other hand, the corresponding trimethylsiloxy derivatives17 (5 a~-j) were
readily converted to the desired naphthoquinones. Thus, the important 2- and 3-chlorojuglones
(6a and 6b) in particular were produced in 58% and 49% yields respectively by refluxing the crude
adduct (from 2.0 mmols of 2a or 2b) with chromium trioxide (1.0 g) in acetic acid (1.5 h) (SCHEME
I11).

2-Oxygenated butadienes such as 2-acetoxypentadiene add to haloquinones (e.g. 2a or 2b)
under the same conditions and also lead to regiospecific products18 (7a or 7b). The latter could
then be oxidized to the corresponding naphthoquinones 8a (m.p. 142—14300) and 8 (m.p. 121—122°C)
as above in 437 and 45% yields (SCHEME III).
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