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The synthesis of the previously unreported l-nitrophenoxathiin is described. The **C-nmr spectrum of the
title compound is assigned based on chemical shift additivities and 'H-'°C spin-coupling constants. From the
observed *C-nmr chemical shift of the alpha-carbon the title compound was predicted to have a molecular
dihedral angle, @ = 143.3°, based on a recently described interrelation between the alpha-carbon *C-nmr
chemical shift and the dihedral angle. Independent measurement of the dihedral angle in a crystallographic
study has shown that there are two independent molecules contained in the assymetric unit which posess
dihedral angles, @ = 145.7 and 163.4°, the former in excellent agreement with the angle predicted by the

assigned *C-nmr data.
J. Heterocyclic Chem., 18, 431 (1981).

Since the initial synthesis of an analog of the phenoxa-
thiin ring system by Mauthner (2), various nitro
derivatives have been prepared both by direct condensa-
tion of suitable nitro-bearing precursors and by nitration
of the parent phenoxathiin ring system (3). We have
recently reported the synthesis and correction of the
substitution pattern of 1,3-dinitrophenoxathiin through
the use of **C-nmr spectroscopy (4). During the course of
this work, we observed that there was a significant inter-
action between the l-nitro group and the sulfur atom
which produced changes in the *C-nmr chemical shifts of
the molecule analogous to those observed for 9-nitro-1-
azaphenoxathiin (5). More recently, we have also reported
the interrelation between the '*C-nmr chemical shift of the
alpha carbon in a series of phenoxathiin analogs and the
molecular dihedral angles as determined by single crystal
X-ray diffraction studies (6). In an extension of this work,
we now report the synthesis of l-nitrophenoxathiin, the
assignment of the **C-nmr spectrum of this compound and
the correlation of the alpha carbon chemical shift with the
crystallographically determined dihedral angle.

The synthesis of 1-nitrophenoxathiin was conducted by
the condensation of the disodium salt of o-mercaptophenol
with chloro-2,6-dinitrobenzene to afford the desired pro-
duct as shown in equation 1. Since there have been no
observations of Smiles rearrangements in the synthesis of
numerous highly similar systems (7-10), the occurrence of
such a reaction, which would lead to the ultimate forma-
tion of 4-nitrophenoxathiin, was not considered a viable
possibility in this case.
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Calculated **C-nmr chemical shifts for 1 were obtained
by incrementation of the '*C-nmr chemical shifts of
phenoxathiin (11) for the substitution of a nitrogroup (12)
at the l-position. The interaction of the nitrogroup with
the sulfur atom and its consequent effect on the **C-nmr
spectrum of 1 was also taken into account as was previous-
ly described for 9-nitro-1-azaphenoxathiin (5). Assignment
of the spectrum was based on correlation of the calculated
vs. the observed **C-nmr spectrum.

From the outset of this study, based on previous work it
was quite logical to assume that 1, as a result of the sulfur-
nitro group interaction, would assume a pseudo-tetracyclic
character as shown by 2. A facet of this study which could
not however be predicted at the outset was the effect of the
sulfur-nitro interaction on the molecular dihedral angle.
While the 1-azaphenoxathiins are essentially planar (13),
with the dihedral angle being largely controlled by the
annular aza-substituent (6), there was no over-riding
influence to prevent the sulfur-nitro interaction from
markedly altering the shape of the system. However, based
on the observed *C-nmr chemical shift, §">Co = 120.38,
we calculate, using regression analysis and the data
previously reported (6), a dihedral angle § = 143.3° for 1,
indicating that the sulfur-nitro interaction has only a
minor effect on the dihedral angle. For comparison,
phenoxathiin (14) possesses a dihedral angle of 6 =
138.0°. Confirmation of this conclusion was provided by
an X-ray crystal structure of 1 which showed two indepen-
dent molecules in the unit cell possessing dihedral angles,
6 = 145.7° and 163.4° at —130° (15).

It should also be noted that in the crystal, the more fold-
ed molecule (8 = 145.7°) exhibits a weak sulfur-nitro
group interaction, the absence of which may account for
the relatively small difference between the dihedral angles
of 1 and the parent phenoxathiin system. In contrast, the
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more flattened molecule exhibits a much stronger sulfur-
nitro interaction. In conclusion, while the *C-nmr data is
in accord with the dihedral angle of the former, no readily
apparent explanation is available to account for the
second molecule observed in the crystal.
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Table 1

Calculated vs. **C-Nmr Chemical Shifts for
1-Nitrophenoxathiin (1) in Hexadeuteriodimethyl Sulfoxide at 33°

No,
8@’[5 g
2o

1
& *C Calculated 6 "*C Observed

Carbon Ad (a)
o 122.1 (b) 120.38 -1.7
8 152.8 151.76 -1.0
o 119.9 117.95 -19
g 1519 150.89 -1.0
1 147.4 144.98 —-24
2 119.9 121.49 +1.6
3 127.4 127.61 +0.2
4 123.3 123.10 -0.2
6 117.5 117.36 —0.1
7 126.5 126.88 +0.4
8 124.4 125.42 +1.2
9 127.4 129.11 +1.7

(a) Positive values denote a downfield shift of the observed resonance
relative to the calculated chemical shift. (b) The calculated chemical
shift of this resonance was adjusted for the sulfur-nitro interaction as
previously described (5).

EXPERIMENTAL

All “*C-nmr spectra were obtained on a Varian XL-100-15 spectro-
meter operating at 25.2 MHz in the Fourier transform mode and Equip-
ped with a Nicolet TT-100 data system, a TT-760 decoupler and an
NT-440 frequency synthesizer. Typical instrument parameters were as
follows: spectral width, 5 KHz; pulse width 8.0 useconds (38° tip angle);
interpulse delay, 4.0 seconds; acquisition time, 0.8192 seconds (4K
decoupled spectrum) or 1.6834 seconds (8K coupled spectrum). All infra
red spectra were obtained as potassium bromide pellets on a Perkin-
Elmer model 283 spectrophotometer and mass spectra were obtained by
direct probe insertion with a source temperature of 250° and an ionizing
voltage of 70 eV in a Hewlett-Packard Model 5930 GC/MS system equip-
ped with a Model 5933 data system. Melting points were obtained in
open capillaries in a Thomas-Hoover melting point apparatus and are
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uncorrected. Elemental analyses were performed by Micro-Analysis,
Atlanta, Ga.

Synthesis of 1-Nitrophenoxathiin (1).

Chloro-2,6-dinitrobenzene (1.0 g., 0.0049 mole) was dissolved in 30 ml.
of dry distilled N, N-dimethylformamide under a dry argon purge. To this
solution was then added the disodium salt of o-mercaptophenol (0.833 g.,
0.0049 mole), which was prepared by the procedure of Turley and Martin
(4). The reaction mixture was then allowed to stir at room temperature
for 4 hours after which it was brought to reflux overnight. The reaction
mixture was then quenched with distilled water and the resultant semi-
crystalline residue collected by Buchner filiration. The reddish semi-
crystalline material was then dissolved in chloroform, washed with distill-
ed water to remove any remaining DMF and dried over anhydrous
sodium sulfate. The dried solution was concentrated to yield 0.335 g.
(27.5% yield) of 1 as reddish orange crystals, m.p. 125.5-127°. The infra-
red spectrum of 1 showed absorptions (cm™'): 1610, 1590, 1515, 1475,
1440, 1335, 1300, 1290, 810, 795, 757 and 732. The mass spectrum show-
ed a parent ion, M+, at m/z = 245 (54%) and a characteristic ion for
M+ - NO; at m/z = 199 (22%). The 'H-nmr showed resonance at 6 =
8.11, dd, 1H, J = 5.9, 3.8 Hz, H2 and a complex multiplet centered at
approximately 7.4 and integrating for the remaining six protons.

Anal. Caled. for C,H,NO,S: C, 58.78; H, 2.86; N, 5.71. Found: C,
58.50; H, 2.92; N, 5.58.
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