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Abstract: Complex diazaazulenones compounds were obtained
from ortho-naphthoquinones by reaction with ammonium acetate.
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Heterocycles are an important class of compounds with
diverse medicinal applications.1–3 Lately, new heterocy-
cles obtained from naphthoquinoidal compounds were de-
veloped,4 starting from naturally occurring quinoidal
compounds, such as lapachol (1) and b-lapachone (2), re-
sulting in macrolactones, oxazoles, and other important
compounds5 (Scheme 1). In addition, some of these het-
erocyclic compounds showed activity against cancer cell
lines,6 the etiological agents of Chagas’ disease,2 malaria
(Plasmodium falciparum)3 and also against agents of oth-

er severe diseases7 and emerge as important chemothera-
peutic prototypes.

In one of our publications employing quinoidal com-
pounds, it was reported that the reaction of b-lapachone
(2) and nor-b-lapachone (3) with ammonium acetate
yielded complex reaction mixtures of products in both
cases.5b

In a preliminary study, it was possible to identify fluores-
cent symmetric phenazines 4 and 5 from nor-b-lapachone
(3), and compounds 6 and 7 from b-lapachone (2), respec-
tively. The phenazines in each reaction were present in the
more apolar fractions eluted from chromatographic col-
umns (Scheme 2).5b These phenazinic compounds present
very important photophysical properties.8a However, the
more polar products from these reactions have not been
studied until now. What follows is the first report of the

Scheme 1 Heterocycles obtained from lapachol (1) via several reactions types
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structure of more the polar products from these two reac-
tions.

The reactions of b-lapachone (2) and nor-b-lapachone (3)
with ammonium acetate were carried out in acetic acid so-
lution at reflux temperature. After vacuum evaporation of
the solvent, the crude extract was eluted in a silica gel
chromatographic column with a gradual increase of sol-
vent polarity. In both reactions a bright yellow phenazinic
fluorescent product was isolated.

In proceeding with elution, at the corresponding polarity
of 2.5–3.5% (EtOAc–hexane) of the solvent system, com-
pounds 8 and 9 were obtained from 3. From the reaction
of 2, only 10 was isolated in the polarity corresponding to
3.5% of ethyl acetate in hexane (Scheme 3).

Only one diazaazulenic isomer was obtained from com-
pound 2, the transoid isomer. As a hypothesis, we suggest
that the larger pyran cycles in the intermediate favors this
diasteromer in relation to the cisoid one, with two pyran
groups on the same side.

The proposed structures of all compounds are in agree-
ment with their respective spectral data, such as 1H NMR,
13C NMR, IR, UV/vis, and MS data. Compound 9, the
transoid isomer, was reconfirmed by X-ray crystallogra-
phy (Figure 1).9–11

Figure 1 An ORTEP-3 projection, showing the atomic labelling
and the 50% probability ellipsoids of compound 9

Notably, the MS of 8 and 9 showed the same fragmenta-
tion pattern and similar m/e values for the molecular ions
(m/e = 436) indicating an isomeric relationship between
these two structures. The MS of 10 suggests that this com-
pound is the next superior homologue of 9 (m/e = 464).

The structural correlation between 8, 9, and 10 are corro-
borated by IR spectra and these compounds have almost
the same absorption band for the carbonyl groups, at
1665, 1663, and 1667 cm–1, respectively.

Scheme 2 Fluorescent symmetric phenazines from b-lapachone (2) and nor-b-lapachone (3)
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Scheme 3 Diazaazulenones obtained from b-lapachone (2) and nor-b-lapachone (3)
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The 13C NMR spectra of 8, 9, and 10 showed similar
chemical shifts for the carbonyls, at d = 160.8, 161.3, and
162.2 ppm, respectively, being compatible with carbonyl
lactams from what would be expected for the proposed di-
azaazulenone compounds. In the 1H NMR spectra for the
transoid diazaazulenone 9 it was observed that the meth-
ylenic hydrogens H3 and H3¢ at d = 3.4 or 3.6 ppm and
H11 and H11¢ at d = 3.4 or 3.6 ppm have similar chemical
shifts. In comparison with the one cisoid isomer, com-
pound 8, the methylenic hydrogens H3 and H3¢ at d = 3.3
or 3.8 ppm and H5 and H5¢ at d = 3.3 or 3.8 ppm, indicat-
ing that the carbonyl group deshields the latter methylenic
hydrogens in the furanic ring, supporting the interpreta-
tion of a cisoid structure.

In compound 10, the furanic methylenes showed very
similar shifts in the NMR spectra, at d = 3.1 and 3.3 ppm
for H2, H3, H11, and H10, respectively. The signals of the
furanic methylenes and the aromatic hydrogen being quite
comparable to the ones of 9 suggests that 10 is also a tran-
soid diazaazulene.

For the formation of these compounds the mechanism
proposed is shown in Scheme 4.8b The formation of diaz-
aazulenones from naphthoquinones 3 must go on from the
initial formation of intermediate 11 that then rearranges to

the diazaazulenone structures. Intermediate 12 can ex-
plain the formation of cisoid and transoid derivatives for
nor-b-lapachone (3).

In conclusion, we have described a new chemical reaction
path of quinoidal compounds for the formation of diazaa-
zulenone structures.12 The easy preparation of the com-
plex heterocycles in one step using simple substrates and
reagents clearly demonstrates the importance of this line
of attack.
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solvent.13a b-lapachone (2) was obtained by acid cyclization 
from lapachol (1) by Hooker’s methodology.13b
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8–10
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Orange crystals; mp 244–245 °C; yield 11.2%. IR (KBr): 
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28.2. UV (EtOH): lmax (log e) = 373.0 (4.09), 328.5 (4.29), 
315.5 (4.27), 264.5 (4.36), 228.0 (4.49), 205.5 (4.40) nm. 
MS (70 eV): m/z (%) = 437 (33), 436 (100), 421 (15), 393 
(8,0), 341 (8,0), 325 (20), 297 (6), 218 (5).
Spectroscopic Data of Compound 9
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45.3, 41.8, 28.4, 28.2. UV (EtOH): lmax (log e) = 373.0 
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41 (22).
Spectroscopic Data of Compound 10
Orange crystals; mp 243–245 °C; yield 10%. IR (KBr): 
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d = 9.0 (d, 1 H), 8.3 (d, 1 H), 8.1 (m, 2 H), 7.6 (m, 4 H), 3.3 
(t, 2 H), 3.1 (t, 2 H), 2.0 (m, 4 H), 1.6 (s, 12 H). 13C NMR (50 
MHz, CDCl3): d = 168.2, 155.2, 147.8, 147.2, 141.5, 130.7, 
129.6, 129.6, 126.5, 125.8, 125.4, 125.0, 123.9, 123.0, 
122.8, 121.7, 121.3, 109.5, 106.9, 76.8, 74.7, 32.2, 31.7, 
26.6, 26.3, 22.8, 18.4. UV (EtOH): lmax (log e) = 364 (4.01), 
306 (4.62), 230 (4.67) nm. MS (70 eV): m/z (%) = 464 (5), 
408 (2), 352 (2), 44 (13), 40 (100).
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