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When attempting to synthesize symmetric 2,2'-dihydroxy-4,4'-dimethyl-azobenzene from 5-methyl-2-
nitrophenol by reductive methods based on two literature procedures, an unexpected product was
isolated in 30% yield. Full analysis by mass spectrometry, NMR spectroscopy, and single-crystal X-ray
structure analysis, proved this product to be tricyclic 2-amino-4,4«-dihydro-4¢,7-dimethyl-3H-phenox-
azin-3-one. This Letter conveys a warning regarding reductive synthetic routes toward azobenzenes.
We also present a novel reductive synthetic route for phenoxazines, an important class of tricyclic

© 2015 Elsevier Ltd. All rights reserved.

Azobenzenes form an important class of compounds, which are
useful as dyes and analytical reagents,' and as key components in
photo-switchable and photo-responsive materials,” for example,
microelectromechanical systems (MEMS).> In an attempt to
synthesize 2,2’-dihydroxy-4,4’-dimethyl-azobenzene (3) via the
mild reduction of 5-methyl-2-nitrophenol (1), we unexpectedly
obtained 2-amino-4,4«-dihydro-4o,7-dimethyl-3H-phenoxazin-3-
one (2) (Scheme 1).

A wide variety of synthetic methods are available for the syn-
thesis of azobenzenes, typically using rather harsh conditions.*
Milder routes have been described in which azobenzenes are pre-
pared by reduction of nitrobenzenes. Radivoy and co-workers®
obtained symmetrical azobenzenes from (substituted) nitrobenz-
enes by reduction with nanosized iron and lithium, while Gowda
and co-workers® employed a method in which magnesium and tri-
ethylammonium formate are used. In both papers,®® the methods
were applied to a variety of differently substituted nitrobenzenes,
and the synthetic methods appeared compatible with the presence
of both hydroxyl and methyl groups.

The synthesis of 2,2’-dihydroxy-4,4'-dimethyl-azobenzene (3)
was described almost 60 years ago by White and co-workers,’
starting from 5-methyl-2-aminophenol via a Cu(I)-catalyzed
diazonium coupling after which the copper complex of the final
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product was obtained. In the search for an alternative, milder,
and less elaborate synthetic route for 3, reduction of 5-methyl-2-
nitrophenol (1) was attempted following the method described
by Gowda and co-workers®® and that reported by Radivoy and
co-workers.>®

A deep orange/red solid compound (an indicator for azobenz-
enes) was isolated as the major product (30% yield) from both syn-
thetic routes,®® with an exact mass (ESI-MS) corresponding to the
mass of the desired azobenzene 3. However, the absorption maxi-
mum (Amax) of 400 nm of the obtained product was at a higher
wavelength than that of the characteristic azobenzene band
around 360 nm (see Supplementary information S2). In addition,
the product did not show the characteristic cis-trans photoswitch-
ing expected for an azobenzene. Furthermore, the 'H NMR spec-
trum (Fig. 1) appeared too complex for the expected symmetrical
azobenzene 3.

A detailed NMR study ('H-, '3C-, COSY, HSQC, HMBC), revealed
that the isolated product was in fact 2-amino-4,4o-dihydro-4o,7-
dimethyl-3H-phenoxazin-3-one (2) (see Scheme 1). Whereas start-
ing material 1 and target product 3 would only show one methyl
group and three aromatic proton signals, for compound 2 addi-
tional resonances were observed. The three protons of the aromatic
ring of 2 are clearly recognizable in the '"H NMR spectrum (Fig. 1:
signals a, b, ¢). (Details of the NMR analysis can be found in the
Supplementary information.) The two methyl groups gave two dif-
ferent signals (Fig. 1: signals g and h), which can be assigned
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Scheme 1. Reduction of 5-methyl-2-nitrophenol (1) does not yield azobenzene 3,
but the 2-aminophenoxazin-3-one 2.
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Figure 1. 'H NMR spectrum of 2-amino-4,4c¢-dihydro-4¢,7-dimethyl-3H-phenox-
azin-3-one (2) in CDCls.

Figure 2. Displacement ellipsoid plot of 2-amino-4,4a-dihydro-4c,7-dimethyl-3H-
phenoxazin-3-one (2), in the crystal (50% probability level).'® Only one enantiomer
of the racemic compound is shown. Selected bond lengths [A], angles, and torsion
angles [°]: C1-C2 1.398(2), C2-N1 1.407(2), N1-C11 1.300(2), C11-C12 1.524(2),
C12-01 1.4469(19), 01-C1 1.3798(19), C11-C10 1.432(2); C1-01-C12 116.11(11),
C2-N1-C11 117.39(13), 01-C12-C11 111.37(13); C2-C1-01-C12-24.0(2), N1-
C11-C12-01-30.9(2), C1-01-C12-C11 37.66(18). Angle sum at N2: 359(3)°.

through COSY spectra also revealing the 4-bond couplings. An
enigmatic aliphatic signal (2H), present at 3.0 ppm in CDCls, split
into two doublets when CgDg was used as the solvent (Fig. 1: signal
f, and insert), indicating non-equivalent protons as expected for the
methylene group in the non-aromatic ring of the 4,4o-dihydro-
phenoxazine 2. The signal at 4.5 ppm can be assigned to the amino
group protons.

Single crystal X-ray diffraction analysis corroborated the molec-
ular structure (Fig. 2). The compound crystallizes as a racemate in
the centrosymmetric space group P2;/c. As expected from the MS
and NMR analyses, the structure of 2 is a condensation product
from two molecules of the starting compound resulting in a
three-ring structure. One ring is similar to the starting material,
viz. an aromatic ring, while the other has lost its aromaticity, and
the central ring is the typical phenoxazine six-membered ring with
the oxygen and nitrogen atoms linking the other two rings. The
extended conjugation over the two nitrogens and the carbonyl
group explains the deep orange color of the molecule. Both nitro-
gen atoms have a planar geometry. The hydrogen atoms at N2
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Figure 3. The intermediates that are formed upon reduction of 5-methyl-2-
nitrophenol (1) and oxidation of 5-methyl-2-aminophenol (4).

are involved in intra- and intermolecular hydrogen bonding form-
ing a 2-dimensional network in the crystallographic b,c-plane. The
amino group at N2 acts as donor of hydrogen bonds, with the car-
bonyl oxygen O2 and the ring nitrogen N1 as acceptors (for details
see Supplementary information S10).

2-Aminophenoxazin-3-ones have a wide range of pharmaceuti-
cal properties and constitute the base skeleton of actinomycin, cin-
nabarinic acid, and questiomycin A. These compounds are usually
prepared by enzymatic oxidation of o-aminophenols using lac-
cases,'! peroxidases, or hemolysates. Chemical synthesis also
involves oxidation of o-aminophenols catalyzed by, for example,
Co(salen)'? or Mn-porphyrin complexes.'® These known oxidative
synthetic methods have an average yield of around 50%.

The 2-aminophenoxazin-3-one 2 has been actively investigated
for its antitumor, antiviral, antibacterial, and antidiabetic effects,
often under its code name Phx-1."* Only a few non-enzymatic
methods for the synthesis of 2 are described. They all involve
oxidative condensation of 5-methyl-2-aminophenol.'*'>'° To our
knowledge, for the synthesis of 2-aminophenoxazin-3-one com-
pounds, no synthetic methods involving reduction of nitrophenols
have been published.

There are different mechanisms proposed for the enzymatic and
non-enzymatic oxidative synthetic routes toward 2 and related
2-aminophenoxazin-3-ones starting from (substituted) aminophe-
nols.'>!718 The proposed non-radical enzymatic oxidative mecha-
nisms involve the formation of the quinone imine (6) from the
oxidation of the aminophenol and subsequent coupling to amino-
phenol.!” This intermediate is then converted into the final product
by successive oxidation steps. As under the described reductive
reaction conditions>® radicals will be quenched and oxidation is
not expected, we propose another mechanism for the synthesis
of the final product 2. Reduction of the o-nitrophenol eventually
produces o-aminophenol, but also other reduced species will be
formed: o-nitrosophenol (5) and o-quinoimine (6),'° as presented
in Figure 3.

In theory, similar to the oxidative reaction mechanism dis-
cussed above, the reaction between the o-aminophenol and the
o-quinone imine could still be possible in the reductive reaction
mixture, but then the first intermediate cannot be oxidized to
the final product, because of the reductive environment. Another
reactive species that can react with the o-aminophenol is the
o-nitrosophenol 5. It is known that o-nitrosophenol 5 can chelate
different metal ions*?! increasing its stability in solution.
We therefore speculate that a double Michael addition from a fully
reduced aminophenol 4, present in solution, to the nitroso inter-
mediate 5 gives the final tricyclic product 2 without the need of
an oxidation step (Scheme 2).

In conclusion, the characterization of tricyclic 2-amino-4,4u-
dihydro-4«,7-dimethyl-3H-phenoxazin-3-one (2) is described,
which was obtained as an unexpected product, while using reduc-
tive synthesis methods starting from 5-methyl-o-nitrophenol. The
results presented here indicate that reductive methods>® for
preparing azobenzenes from nitrobenzenes are not generally
applicable for all types of (substituted) nitrobenzenes. On the other
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Scheme 2. Proposed reaction mechanism from the o-nitrosophenol (5) and 2-
aminophenol producing 2-amino-4o,7-dimethyl-4,4x-dihydro-3H-phenoxazin-3-
one (2).

hand, a possible new reductive synthetic route toward the pharma-
ceutically interesting class of 2-aminophenoxazin-3-ones from
nitrobenzenes has been elaborated, which is less laborious than
the commonly used enzymatic methods of preparation.

Supplementary data

Supplementary data (these data include extensive spectral anal-
ysis (NMR ('H-, 3C-, COSY, HSQC, HMBC), exact mass, UV-vis,
melting point) of 2-amino-4,4x-dihydro-4«,7-dimethyl-3H-phen-
oxazin-3-one (2)) associated with this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.tetlet.2015.01.089.
These data include MOL files and InChiKeys of the most important
compounds described in this article.
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