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VIA A HETERO DIELS-ALDER REACTION 
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Laboratoire de Chimie Organique, Institut des Sciences Pharmaceutiques et 

Biologiques, 8 avenue Rockefeller 69373 LYON Cedex 08, FRANCE. 

Summary : Azaanthraquinone derivatives with various substituents in the 
benzene and pyridine rings are prepared by cycloadditions of l- 
(dimethylamino)-3-ethoxy-4-methyl-l-azabuta-l,3-diene with 5-substituted 
naphthoquinones. 

As part of research on new azaanthraquinones with potential antitumoral 
or antifungal activities, the Diels-Alder reaction between naphthoquinones 

1 and azadiene 2 (R'=H) has been investigated.' Aromatization of the 

adducts has afforded a facile and regioselective procedure for the 

synthesis of 4-methyl-5- or 8-hydroxy (or methoxy) azaanthraquinones. In 

order to introduce functionalization in the pyridine ring, we have now 

examined the ability of azadiene 2 (R*= OEt) to provide through modulated 

techniques, azaanthraquinone derivatives with various substituents in the 
benzene and the pyridine rings. For this purpose, the cycloadditions with 

5-substituted naphthoquinones 

procedures : 

1 were performed according to the following 

4 6 
3a, 5a : R = S-OH ; 5c : R = 8-DMe ; 36, 4e, 5e, Ce : R = 8-OAc 

ld, 6d : R = 5-OMe ; 3f, 4t, 5f, 61 : R = 5-OAc 
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In path A, the cycloadditions were carried out in the presence of acetic 
anhydride in order to avoid a nucleophilic attack of the liberated amine1 

upon the naphthoquinones 1 or the 1,4-dihydro azaanthraquinones 3. In the 
cycloaddition with naphthoquinone 1 (R = OAc), addition of silicagel was 

necessary to accelerate the formation of the regioisomeric acetates 3e 

and 3f. 

In path B, addition of activated manganese dioxide to the reaction mixture 

led to the N-dimethylamino derivatives Id, 4e and If. These structures are 

stable enough to be isolated and identified. 

The regiochemistry of the cycloadditions is indicated in Table I. 

TABLE I(a) 

Naphtho- Path Azadiene Time(b) Adducts 
quinones 1 2 (R'=OEt) Ytpfp * reg?ZZm%(d) 

1,8- : 1,5- 

R = OH A 1.5 eq 15 min 3a 90 100 : 0 
R = OAc A 1.5 eq 45 min 3e + 3f 45 45 : 55 
R = OMe 2.5 eq 4h 0 : 100 
R = OAc ! 2.5 eq 4h t: + rf(e) :: 45 : 55 

(a) All the reactions were run in freshly distilled chloroform at O'C, 
under a nitrogen atmosphere 
see notes.3r4 

and in the dark. For typical procedures 

(b) The evolution of the reaction was followed by TLC. 
(c) Yields were calculated from the isolated pure products. 
(d) The isomeric pyrity and the ratio of regioisomers were evaluated frgm 

their 300 MHz Ii-NWR spectra. Representatrve data are given in note. 
(e) The acetyl derivatives are isolated as a mixture of regioisomers. 

We have found that azadiene 2 (R t = OEt) is very reactive towards 5-hydroxy 

naphthoquinone. Moreover, it reacts faster than 2 (R* = Ii) and under milder 

conditions (Table I). It is also apparent from Table I that its cyclo- 

additions with 1 (R = OH, OHe) are regiospecific. The structure of 3a is in 

agreement with the known directing effect of the 5-hydroxy group in juglone 

in analogous Diels-Alder reactions.6 The opposite regiochemistry in 4d is 

also in good agreement with that given by similar azadienes.lt7 On the 

contrary, 5-acetoxy naphthoquinone gave a poor regioselectivity. Assignment 

of the structure of 3e and 3f was made after their oxidation8 into 5e and 

5f and comparison of their lH-BNR spectral data with those of a sample of 

5e.g 

Aromatizationlo of the N-dimethylamino derivatives 4 into 6 was accompanied 

with a nucleophilic displacement of the ethoxy group by dimethy1amine.l' 
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The yields and melting points of compounds 5 and 6 are given in Table II. 

Representative lIi-WWR data are given in note.12 

TABLE II 

Compound m.p. ['Cl Yield % 

5a 274 (dec) 68 

5cl2 232 (dec) 82 

5eg 260 (dec) 74 

6d 187 (dec) 70 

6e* 174 (dec) 65 

6f* 

* Isolated as a mixture of regioisomers. 

Thus, the cycloadditions described above can provide through modulated 

oxidative techniques an attractive route to azaanthraquinone 

with various substituents in the benzene and pyridine rings. 

Satisfactory analytical and spectral data have been obtained 

compounds reported in this work. 
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