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A pentacyclic condensation product from
2,4-dimethyl-7-nitro-3-oxo-3,4-dihydro-2H-1,4-
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Abstract—2,4-Dimethyl-7-nitro-3-oxo-3,4-dihydro-2H-1,4-benzoxazine-2-carboxylic acid on preparation of a mixed anhydride,
followed by reduction with sodium borohydride, affords 5,7a,13,13b-tetramethyl-2,10-dinitro-5a,7,7a,13,13a,13b-hexahydro-5H-
[1,4]benzoxazino[3 0,2 0:4,5]pyrano[3,2-b][1,4]benzoxazine (3), the structure of which was established unambiguously by X-ray
analysis.
� 2007 Elsevier Ltd. All rights reserved.
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2H-1,4-Benzoxazin-3-(4H)-ones and 3,4-dihydro-2H-
1,4-benzoxazines are widely used scaffolds in organic
and medicinal chemistry.1 In the course of our research
directed toward a novel class of antithrombotic com-
pounds with dual functions,2 2-(hydroxymethyl)-2,4-di-
methyl-7-nitro-2H-1,4-benzoxazin-3(4H)-one (2) was
required as a key intermediate. Since 2H-1,4-benzoxa-
zin-3-(4H)-ones are readily reduced to 3,4-dihydro-2H-
1,4-benzoxazines by strong reducing agents such as
lithium aluminum hydride or borane, we attempted to
synthesize 2 from the readily available 2,4-dimethyl-7-
nitro-3-oxo-3,4-dihydro-2H-1,4-benzoxazine-2-carbo-
xylic acid (1)3 through sodium borohydride reduction of
the mixed anhydride formed by reaction with isobutyl
chloroformate (Scheme 1). Reduction of mixed anhy-
drides is a convenient approach for the synthesis of alco-
hols from carboxylic acids bearing functional groups,
which would also be reduced with strong reducing
agents such as lithium aluminum hydride or borane di-
methyl sulfide complex. Thus, a mixed anhydride can
be reduced to an alcohol with sodium borohydride, even
in the presence of a nitroxide free radical moiety, which
is very sensitive to reductive conditions.4

The spectroscopic and elemental analysis of the reaction
product showed that the desired alcohol 2 was not iso-
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lated and, unexpectedly, a new pentacyclic product 3,
containing two 3,4-dihydro-2H-1,4-benzoxazine units
fused to a tetrahydropyran ring, was obtained. The
structure of compound 3 was unambiguously deter-
mined by X-ray crystallography.

The new heterocyclic skeleton 3 supplements the already
known heterocyclic scaffolds 4, 5, 6, and 7 comprising
two 1,4-benzoxazine units connected by a 2,2 0, 2,3 0, or
3,3 0 bond and possessing a central five-, six-, or seven-
membered ring. Compound 4 was prepared from o-qui-
none monoimide and 1-carboxymethoxypyrrole5 and 5
was obtained as an aldolized polymeric product from
unstable 2-(2-aminophenoxy)acetaldehyde.6 Heterocycle
NO2

Scheme 1. Reagents and conditions: (a) iBuOCOCl, Et3N, Et2O, 0 �C,
3 h; (b) NaBH4, EtOH, rt, overnight.
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Scheme 2. Proposed reaction mechanism for the formation of compound 3.

Figure 1. X-ray crystal structure of compound 3 as the hemisolvate
with chloroform.12 An additional water molecule is present with
occupancy of 0.25. The displacement ellipsoids are drawn at the 30%
probability level and H atoms are omitted for clarity.
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6 resulted from oxidative mixed condensation of a
3-hydroxy-2-nitro-4-(trifluoromethyl)benzoic acid deriv-
ative7 and 7 was a product of an intermolecular hetero-
cyclic exchange reaction.8 However, there is no report in
the literature on the formation of such pentacyclic
heterocycles from two 1,4-benzoxazin-3(4H)-one units.
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Analysis of the structure of 3 (Scheme 2) shows that
formally one of two molecules of the mixed anhydride
8 has been decarboxylated to form carbanion A,
whereas the other molecule was reduced to 2-hydroxy-
methyl derivative 2. Attack of the C-2 reactive center
of A at the lactam carbonyl group of 2 and reaction of
the hydroxy group of 2 at the lactam carbonyl group
of A resulted in the formation of intermediate B contain-
ing a new six-membered ring. Protonation, elimination
of water and reduction of imine C finally afforded com-
pound 3. However, it is also feasible that conversion of
the intermediately formed mixed anhydride 8 to 3
involves a concerted process mediated by chelation with
borohydride anions. Decarboxylation of malonic acids
and alkyl malonates is a well known approach for the
synthesis of carboxylic acid derivatives.9 Therefore,
decarboxylation of 8, comprising a substituted malonate
moiety, to carbanion A could follow a similar
mechanism.

Proton and 13C NMR spectra of 310 did not show any
duplication of resonance signals, indicating that the iso-
lated product was not a mixture of diastereomers. The
X-ray crystal structure (Fig. 1) revealed the presence
of two enantiomers with absolute configuration C5a
(S), C7a (S), C13a (R), C13b (R) and C5a (R), C7a
(R), C13a (S), C13b (S) in the crystal. Two crystals were
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analyzed by X-ray crystallography and in both cases the
same enantiomers were found in the unit cell. Other
crystals were examined by microscope and no morpho-
logical difference in structure was observed. This sug-
gests that the reaction proceeded in a diastereoselective
manner, yielding 3 as the major, if not the only diastereo-
mer. Diastereoselectivity in the formation of 3 is not
surprising, since all four chiral centers are located at ring
junctions of the tetrahydropyran ring, which defines the
conformation of the molecule. Recently, high diastere-
oselectivity was also observed in the formation of
5a,6,11a,12-tetrahydro[1,4]benzoxazino[3,2-b][1,4]ben-
zoxazine propelanes, which, in contrast to 3, comprise
condensed cyclohexane and two 1,4-benzoxazine
rings.11 The bent conformation of 3 is responsible, due
to the anisotropic effect of the benzene ring, for a
high-field shift of H-1 (6.75 ppm) as compared to the
chemical shift of H-9 (7.43 ppm). Other aromatic pro-
tons in the two benzoxazine rings have similar chemical
shifts (H-4 and H-12 differ by 0.04 ppm and H-11 and
H-3 by 0.14 ppm).

A novel pentacyclic ring system 3, containing two
3,4-dihydro-2H-1,4-benzoxazine units fused to a tetra-
hydropyran ring, was obtained from 2,4-dimethyl-
7-nitro-3-oxo-3,4-dihydro-2H-1,4-benzoxazine-2-carbo-
xylic acid. This is the first report of dimerization of two
1,4-benzoxazin-3(4H)-one derivatives with the forma-
tion of a new pentacyclic heterocyclic skeleton.
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