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sodium nitrite in aqueous hydrochloric acid gives tetrazoles in good yields.22 We have 
investigated the reaction of 2,3-diphenylcyclopropenone with N-imidoyl-thioureas as amidine 
analogues. The reaction was interpreted as a stepwise addition to produce pyrimidin-4(3H)-
ones.23 Aly et al. have recently reported the syntheses of various naphtha-1,2,4-triazepinediones 
from the reaction of amidrazones with 1,4-dioxo-1,4-dihydronaphthalene-2,3-dicarbonitrile.24 
Amidrazones also react with 2-(1,3-dioxo-indan-2-ylidene)malononitrile to produce 1,2,4-
triazoles.25 In this paper, we describe a straightforward synthesis of benz- and naphth-annulated 
1,2,4-triazines in a single step via the reaction of amidrazones with 1,4-quinones. Also described 
are some reactions of amidrazones with electron-deficient quinones, which follow a different 
reaction path.  
 
 

Results and Discussion 
 
Amidrazones 1a-d reacted with two equivalents of 1,4-benzoquinone (2) or 1,4-naphthoquinone 
(5) in absolute ethyl acetate under a N2 atmosphere to yield compounds 3a-d (66-85%) and 6a-d 
(70-86%), respectively, after chromatographic purification and recrystallization (Scheme 1). We 
chose amidrazones 1a-d having aryl groups with either electron-donating or -withdrawing 
substitutents on the benzene ring, in order to examine their effect on the reaction. Elemental 
analyses and IR, NMR (1H and 13C) and mass spectra were in good agreement with the assigned 
product structures. For example, the IR spectrum of the benzotriazin-6-one 3a had characteristic 
triazine-C=N bands at ν = 1610 and 1600, and a carbonyl at ν = 1690 cm-1, but no NH 
absorption. The elemental analysis and mass spectrum of 3a proved its molecular formula as 
C19H13N3O. The 1H NMR spectrum of compound 3a showed the presence of benzotriazine H-5, -
7 and -8 at δ = 6.60 (d, J =1.0 Hz), 6.80 (dd, J = 8.0, 1.2 Hz) and 7.12 (d, J = 8.0 Hz), 
respectively. The 1H NMR spectrum of 3b contained a methoxy singlet at δ = 3.95 and 
benzotriazine signals at δ = 6.64 (d, J =1.2 Hz; H-5), 6.86 (dd, J = 8.0, 1.2 Hz; H-7), and 7.14 (d, 
J = 8.0 Hz; H-8). The 13C NMR spectra of 3a-d supported the 1H NMR spectral data. For 
example in 3a, the carbon signals of C-3 and C-8a appeared at δ = 158.0 and 156.4, respectively.  
 Direct one-bond attached hydrogen-carbon correlations were established by 1H, 13C- COSY 
(HETCOR), which correlated the aromatic carbons with their protons in both 3a and 6a. In 3a, 
there is a correlation between C-6 and quinonoid protons H-5, -7 and -8. In the case of 6a, the 
mass spectrum and elemental analysis established its molecular formula as C23H15N3O. The H-5 
proton in 6a resonated at δ = 6.80, and C-5 appeared in the 13C NMR spectrum at δ = 110.0. The 
13C NMR spectrum also showed C-3, -6, -6a, and -10a at δ = 158.8, 185.0, 132.0, and 134.0, 
respectively. Selected chemical shifts of compounds 3a and 6a are shown in Figure 1.  
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another mol of 2 to give 3a-d (Scheme 2). Isolation of 1,4-dihydro-benzo- and/or 
naphthoquinones supports the proposed mechanism. Spectroscopic data proved unambiguously 
the structure of compounds 3a-d and excluded any other posssibilities such the formation of 
compounds 4a-d (Scheme 1). Since amidrazones can be described as amino derivatives of N-
substituted hydrazones,26 the proposed mechanism is supported by literature precedent, which 
indicated that aromatic amines can react with 1,2- and 1,4-benzoquinones via condensation and 
elimination processes.27 
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Scheme 2. Rational formation of triazin-6(4H)-ones 3a-d. 
 
 In the light of the aforementioned results, our attention turned to the reactions of 1a-d with 
2,3,5,6-tetrachloro-1,4-benzoquinone (10) and 2,3-dichloro-1,4-naphthoquinone (15) (Scheme 3) 
in dry DMF. The reaction of each of 1a-d with 10 produced the same product, the spectroscopic 
and analytical data for which showed it to be 5,6-dichloro-3-phenyl-1H-indazole-4,7-dione (12) 
(Scheme 3). In the same manner, the reaction of 1a-d with 15 all yielded 16, which was 
identified as 3-phenyl-1H-benzo[f]indazole-4,9-dione (16) (Scheme 3). Mass spectrometric and 
elemental analysis of 12 proved the molecular formula to be C13H6Cl2N2O2. The IR spectrum of 
12 had two broad peaks at ν = 3220 and 1700-1682 cm-1 assigned to the NH and carbonyl 
groups, respectively. The 1H NMR spectrum of 12 showed a broad singlet at δ = 12.40. From 
analytical and spectroscopic data, it could be concluded that the reaction between 1a-d and 10 
was accompanied by the overall loss of one molecule of Cl2 and one of the corresponding 
aromatic amine. In the 13C NMR spectrum of 12, the two carbonyl carbons resonated at  
δ = 175.8 and 176.4; C-5 and -6 resonated at δ = 124.5 and 126.8; and C-3 and -3a appeared at  
δ = 155.8 and 132.0. One might have also expected the formation of triazines 13a-d or 14a-d 
(Scheme 1), however, this possibility is excluded by the spectroscopic data discussed above. 
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Scheme 3. Synthesis of indazoles 12 and 16. 
 
 The structure assignment of 16 is based on analytical and spectral data: its IR spectrum 
contained an NH signal at about ν = 3200 cm-1, in addition to broad carbonyl absorption at ν = 
1700-1685 cm-1. The NMR spectra of 16 are in accordance to the proposed structure (Scheme 3) 
thus the 13C NMR spectrum contained signals for C-3, -4 and -9 at δ = 156.0, 175.8 and 176.8, 
respectively (see also the Experimental Section). We suggest that formation of these products 
can be rationalized by the mechanism shown in Scheme 3: an unstable CTC is formed, in the 
case of reaction between 1a-d with 10, followed by the formation of radicals 1a-d.+ and 10.– 

(Scheme 3). Combination of the two radicals and extrusion of a chlorine molecule would form 
11 (Scheme 3). Finally, elimination of a molecule of arylamine from 11 would give the observed 
product 12 (Scheme 3). Similar reactivity between donors and acceptors (i.e. 11 and 15) has been 
recently discussed by us.28 

 In conclusion, our method is a convenient procedure to synthesize fused 1,2,4-triazines. Its 
advantages are the reasonable yields, and the ease with which the reaction can be carried out as a 
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