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Condensation of the disodium salt of o-mercaptophenol with 4,5-dichloro-6(1H)-pyridazinone in
N,N-dimethylformamide has been observed to lead to the formation of both possible isomeric benzoxathiino-
pyridazinones. The separation of these isomers, 1-oxo-1,2-dihydro-2,3-diazaphenoxathiin and 4-oxo0-3,4-di-
hydro-2,3-diazaphenoxathiin and their characterization by *C-nmr spectroscopy is described. Mechanisms to
account for the formation of both isomers are discussed, the most probable mechanism involving a Smiles
rearrangement of the phenolate sulfide intermediate formed by the initial displacement of the 4-chloro

substituent, providing a specie analogous to a $-halovinylogous ketone.

J. Heterocyclic Chem., 19, 1447 (1982).

Introduction.

As part of our ongoing investigation into the effects of
annular azasubstitution on the molecular geometry of
sulfur containing tricyclic compounds (3-9), we were in-
terested in synthesizing examples of the 2,3-diazaphenoxa-
thiin ring system. A convenient access to this system could
be provided by the reaction of the disodium salt of
o-mercaptophenol (4) with the readily prepared 4,5-di-
chloro-6(1 H)pyridazinone (3) (10), the oxo-moiety provid-
ing a convenient starting point for further chemical mani-
pulations.

Various phenothiazine analogs have been prepared
from 4,5-dihalogeno-6-(1 H)-pyridazinones (11-16). A unify-
ing feature of the synthesis of these compounds in the in-
termediacy of a diaryl sulfide, such as 1 (Scheme I), form-
ed by the displacement of the 4-halo substituent, this be-
ing the more reactive of the two halgen substitutents, this
accounted for by the behavior of 3-halovinyl ketones (17).
The intermediate, 1, cyclizes under basic conditions
(12-14) to give 2 via direct cyclization, or under acidic con-
ditions (16) to give 3 via a Smiles rearrangement. Indeed,
Smiles rearrangements are quite common during pheno-
thiazine syntheses.

In contrast, in so far as we are aware, there have been
no reported examples of the occurrence of a Smiles rear-
rangement during the synthesis of an azaphenoxathiin in
which sulfur was present in its divalent form (4-9, 18-22). It
was therefore of particular interest to discover whether the
use of a [(-chlorovinyl ketone analog, more specifically

SCHEME |

S
~N
AT
NH,CI

1 0
HY
/ Kgfno'?/ \ .
L

R=-H,-CgHg

([ I it

SCHEME |II
o]
s~ cl
Sl e
[ cl =N
4 l 5
s N
B
@@;aﬂ
6
,7

I
1
o
0

X
QUL QUL

1447



1448

4,5-dichloro-6(1H)-pyridazinone (3), in which the carbonyl
group could act as an electron sink would facilitate such a
rearrangement. We now report that two isomeric benzoxa-
thiino pyridazinones, 7 and 8, are formed from the reac-
tion of 4 and 5. Although we have not at this stage in-
vestigated the mechanism, the most plausible means of ac-
counting for the formation of 8 would appear to be via a
Smiles rearrangment (Scheme II).

Results and Discussion.

An equimolar mixture of 4 and 5 was stirred in
N,N-dimethylformamide (DMF) for 18 hours at room
temperature under an argon atmosphere and then heated
for 1 hour at reflux. The crude product, after removal of
the sodium chloride and DMF, consisted primarily of two
isomeric materials which were separated by gradient elu-
tion on a silica gel column using a mixture of cyclohexane
and ethyl acetate.

Each compound exhibited an intense ion (base peak) at
m/z = 218, which corresponds to the relative molecular
mass of the expected benzoxathiinopyridazinone system,
and each analyzed for the formula C,,HsN,0,S. The chro-
matographically more mobile compound melted at
295-296°, while its less mobile counterpart had a melting
point of 264-265°.

Distinction between the two isomers was made on the
basis of *C-nmr spectroscopy. Chemical shifts of the
parent 2,3-diazaphenoxathiin system were calculated (7)
by incrementation of the assigned chemical shifts of
2-azaphenoxathiin (5) for the insertion of a second
nitrogen atom at the 3-position. The calculated shifts are
shown in Figure 1.
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Figure 1. Calculated *C-nmr chemical shifts for the
2,3-diazaphenoxathiin ring system obtained by increment-
ing the observed chemical shifts of th 2-azaphenoxathiin
ring system (5) for the insertion of a second annular
nitrogen at the 3-position (7).

Calculated chemical shifts for 7 and 8 were obtained using
chemical shift additivities of 2-hydroxyl subsitiuent on a
pyridine ring (23), which gave chemical shifts shown in
Figure 2.
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Figure 2. Calculated '*C-nmr chemical shifts of

1-ox0-1,2-dihydro-2,3-diazaphenoxathiin (8) and 4-oxo-3,4-
dihydro-2,3-diazaphenoxathiin (7) obtained by incremen-
tation of the calculated 2,3-diazaphenoxathiin chemical
shifts for the inclusion of a pyridine 2-hydroxyl substituent
(23) at the 1- and 4-positions respectively.

Discrimination between 7 and 8 depends particularly on
the assignment of the easily distinguished Cl1 and C4
resonances in the pyridazinone portion of the molecule
(See Figure 3). The key features employed in the assign-
ment of the structures from the *C-nmr spectral data are
the calculated chemical shifts of the “‘carbonyl’’ carbon
atoms, C4 and CI, for 7 and 8, respectively.
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Thus, the chemical shift of the resonance observed at &
= 158.3 for the more mobile isomer agrees well with the
calculated chemical shift of & = 159.2, calculated for the
C1 resonance of 8, but is in very poor agreement with the
value of 6 = 148.2 calculated for the C4 resonance of 7. In
contrast, the observed chemical shift for C4 in the less
mobile isomer is § = 153.5, which is in better although not
close agreement. Similarly, the observed resonance at 6 =
130.5 in the spectrum of the more mobile isomer is in good
agreement with the shift of 6 = 130.2 calculated for the
C4 resonance of 8, but in very poor agreement with the
value of § = 141.2 which is calculated for the CI
resonance of 7. In contrast, once again, the observed
resonance at § = 135.0 is a more reasonable fit for the
chemical shift calculated for 7. On this basis, we assign the
structure 8, l-oxo-1,2-dihydro-2,3-diazaphenoxathiin, to
the chromatographically more mobile isomer and the
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Figure 3. 'H-Decoupled 25.158 MHz *C-nmr spectra of the aromatic region of : A) 1-0x0-1,2-dihydro-2,3-diazaphenoxa-
thiin (8); B) 4-0x0-3,4-dihydro-2,3-diazaphenoxathiin (7). Both spectra were obtained in hexadeuteriodimethylsulfoxide.

Table 1

Calculated vs. Observed *C-NMR Chemical Shifts and 'H-1>C Spin Coupling Constants for
3,4-dihydro-4-0x0-2,3-diazaphenoxathiin (7) in Hexadeuteriodimethylsulfoxide at 33°

1
9 a’ S a
8 ~N
|
7SO o NH
e B B4
5C.. 6'3C.ps Ad Jen Jen Nen
o 125.3 119.27 —-6.0 — A ZJCaH‘ =173 —
. _ 4. — — 3] =]
o 119.9 115.29 4.6 Ca'H; 8_45Ca'H“
B 136.4 145.40 +9.0 — — 3JCBH1 =74
'3 149.9 148.96 -1.0 — — (a)
1 141.2 134.99 —-6.2 ‘JclHl = 192.8 (b) — —
4 148.2 153.47 +5.3 — — —
6 117.6 118.10 +0.5 lJC5H5 = 164.3 — JJCGHB =172
7 126.9 127.61 +0.7 ‘JC7H7 = 164.2 — 3JC,H9 = 6.0
8 125.3 126.48 +1.2 lJCaHs = 164.9 — JJCBH6 =179
9 127.7 129.49 +1.8 ‘JC9H9 = 165.4 — JJC9H7 = 6.8

(a) Was not clearly resolved. (b) Verified by selective excitation.



1450

structure 7, 4-0xo-3,4-dihydro-2,3-diazaphenoxathiin, to
the less mobile isomer. As final confirmation of this struc-
tural assignment, and X-ray crystal structure determina-
tion has been carried out on the less mobile isomer (24)
which has confirmed its structure as assigned on the basis
of the *C-nmr spectral analysis presented above.

The agreement between observed and calculated
“C-nmr chemical shifts for 8 is reasonable across the en-
tire spectrum (maximum A§ = 4.7 — See Table I),
whereas the agreement for 7 is generally much poorer (See
Table II). A possible explanation for this is that in solution
7 may exist in equilibrium with a significant proportion of
its enol tautomer, which can be stabilized by hydrogen
bonding to the ether bridge. In the crystalline state,
however, 7 was found to exist exclusively in its *‘carbonyl”’
form (24) and further studies will be required to confirm
this contention.

Although we have not, at this stage, attempted a
rigorous mechanistic investigation of this reaction, the
probable mechanism can be deduced from previous
studies. Qur previous phenoxathiin and thianthrene syn-
theses (3-9, 18-22, 25) have invariably occurred via direct
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cyclization uncomplicated by rearrangement processes.
For direct cyclization, the formation of 8 would require
the initial attack of the thiolate anion at the 5-position of
the pyridazinone system, which is unlikely on the basis of
previous work (11-17), or the initial attack by the
phenolate anion at the 4-position of 5. Significantly, it has
shown that intial attack of mercaptonaniline invariably oc-
curs at the 4-position of 5 (11-16), and it is furthermore
well known that thiolate anions are much more powerfully
nucleophilic than the phenolate anion (26). Thus, the
formation of both 7 and 8 by direct cyclization pathways
would seem to be unlikely. Rather, the anticipated
primary intermediate would be 6 which would result in the
formation of 7 by a direct cyclization pathway. In contrast,
the initial formation of 6 would require that a Smiles rear-
rangement occur to account for the formation of 8
(Scheme III). Support for this contention is provided by

the results obtained when S-chloro-4-thiobenzyl-6(1 H)-
pyridazinone (11) is treated with hydroxide anion (See
Equation 1) (27). One product of this reaction, 4-hydroxy-
5-thiobenzyl-6(1 H)-pyridazinone (12), is presumably form-
ed by the initial attack of the hydroxide on the 4-position

Table I1

Calculated vs. Observed '*C-NMR Chemical Shifts and 'H-'*C Spin Coupling Constants for
1,2-dihydro-4-0x0-2,3-diazaphenoxathiin (8) in Hexadeuteriodimethylsulfoxide at 33°

9 _,
8 a

§3C. 8°C, A

o 107.7 —_ —
o 119.9 115.19 -4.7
B 154.0 149.83 +4.2
G 149.9 147.64 -23
1 159.2 158.32 -0.9
4 130.2 130.52 +0.3
6 1174 118.01 +0.6
7 126.9 128.05 +1.2
8 125.3 126.20 +0.9
9 127.7 129.45 +1.8

(a) Verified by selective excitation.
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Je,H, = 1928 (1) = =

JeH, = 1712 — Ie,H, = 52
Uc,H, = 1616 - UoH, = 12
Je,H, = 1647 - Ie,H, = 82
Je,H, = 1643 - Je,H, = 87
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to displace the thiobenzyl anion, this pathway supported
by the observed formation of 5-chloro-4-hydroxy-6(1H)-
pyridazinone (13). Subsequent reaction of 13 with the
liberated thiobenzyl anion would then result in the forma-
tion of 12, an overall process which is analogous to the
proposed Smiles rearrangement in the present report, and
which further would account for the formation of 8. The
other product formed in Equation 1, 5-hydroxy-4-thio-
benzyl-6(1 Hy-pyridazinone (14), is analogous to the forma-
tion of 7 via a direct cyclization route.

In summary, we are inclined to the belief that 8 is ob-
tained by a Smiles rearrangement of 6. If this contention
is ultimately supported by a rigorous mechanistic study,
the formation of 8 would represent the first example of a
Smiles rearrangement during the synthesis of a phenoxa-
thiin in which the sulfur is in its divalent state. It is pre-
sumed that this reaction is facilitated by the electron with-
drawing properties of the carbonyl and its ability to serve
as an electron sink which presumably stabilizes 9 (Scheme
I11) thus allowing the rearrangement to occur via the col-
lapse of this intermediate to form 10. Further studies in

Table III

Observed *C-NMR Chemical Shifts and 'H-'*C Spin Coupling Constants
for 4,5-dichloro-6(1 H)-pyridazinone (3) in Hexadeuteriodimethylsulfoxide
at 33°

1H-13C Spin Coupling Constants (Hz)

Position 813C en Jen Jen
3 136.65 IJC,H; =1990 — o
4 136.79 - Uy, =50 -
5 133.42 = — ey, =77
6 157.02 — — —

1-Oxo0-1,2- and 4-0x0-3,4-dihydro-2,3-diazaphenoxathiin
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this area are at present underway an aim to use this obser-
vation to facilitate induced Smiles rearrangements to pro-
vide synthetic means of access to otherwise difficultly ac-
cessable ring systems.

EXPERIMENTAL

All melting points were obtained in open capillaries using a Thomas-
Hoover melting point apparatus and are reported uncorrected. All
solvents were reagent grade or better and were freshly distilled prior to
use. The N,N-dimethylformamide employed as the cyclization solvent
was freshly distilled from calcium hydride and stored over 3A Linde
molecular sieves prior to use.

Infrared spectra were obtained as potassium bromide pellets on a
Perkin-Elmer Model 283 spectrophotometer. Mass spectra were obtained
on a Hewlett-Packard Model 5930 GC/MC system equipped with a Model
5933A data system. Spectra were obtained by direct probe insertion at a
source temperature of 250° and an ionizing energy of 70eV. The **C-nmr
spectra were obtained on a Varian XL-100-15 spectrometer operating at
25.158 MHz in the Fourier transform mode. The spectrometer was equip-
ped with a Nicolet TT-100 data system, an NT-440 frequency synthesizer
and a TT-760 decoupler operating at a power of 20 watts, with irradiation
centered at 8 = 7.0 in the 'H-spectral window and yH,/27 = 2.9 KHz.
The 'H-decoupled spectra were obtained using the following instrument
parameters: pulse width 6ps (30° tip angle); interpulse delay = 4s; spec-
tral width 5KHz digitized with 8K data points at an acquisition time =
0.82s, providing 4K data points after Fourier transformation. The 'H-*C
spin-coupled spectra were obtained using the gated decoupling techni-
que, the parameters employed differing only in that 16K data points
were employed for an acquisition time = 1.64s. Selective excitation ex-
periments were employed using the modifications previously reported
(28), with excitation generated by the application of a train of 50 X 4 us
pulses (attenuated 15dB using a Kay Variable Attenuator) applied to the
sample at the precession time of the resonance to be excited. All spectra
were obtained in hexadeuteriodimethylsulfoxide, the spectrometer inter-
nally locked to the deuterium resonance of the solvent. All chemical
shifts are reported in ppm () downfield of tetramethylsilane, which was
taken as 36.9 ppm upfield of the residual center line of the solvent
resonance.

Synthesis and separation of 4-0x0-3,4-dihydro-2,3-diazaphenoxathiin (Y]
and 1-Oxo-1,2-dihydro-2,3-diazaphenoxathiin (8).

To 20 ml of freshly distilled DMF in a 100 ml flame dried three neck
flask was added 0.50 g (0.02 mole) of sodium hydride (99% dry powder).
The resultant suspension was stirred under an argon atmosphere for one
hour after which was added 1.26 g (0.01 mole) of o-mercaptophenol in an
additional 25 ml of DMF, the addition conducted over a period of 25
minutes, to provide the dianion as in the previously reported procedure
of Elliott and co-workers (29). After five hours stirring at room
temperature, the solution was cooled to -15°, after which was added 1.65
g (0.01 mole) of 4,5-dichloro-6(1H)-pyridazinone which was prepared
according to the procedure of Mowry (10) (**C-nmr chemical shift
assignments are shown in Table III), the material added in 10 ml of DMF
over a period of 15 minutes. The stirred reaction mixture was then allow-
ed to return to room temperature at which it was maintained for eighteen
hours. The reaction mixture was then brought to reflux for one hour, dur-
ing which it rapidly darkened to a reddish brown color. The reaction was

then allowed to cool to room temperature and monitored by tlc (silica;
developed by cyclohexane:ethyl acetate (2:1) which separated two highly
fluorescent spots (R, 0.19 and 0.10) visible under long wave length uv
light. The precipitated sodium chloride was removed by Buchner filtra-
tion after which the DMF was removed in vacuo to give the product mix-
ture as a crude yellow solid.

After drying at 45° in a vacuum oven overnight, the isomers were sepa-
rated by gradient elution on a silica gel column. The solvent was varied
from pure cyclohexane to a final composition of 1:1 cyclohexane:ethyl
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acetate, after which all remaining traces of the second isomer were col-
lected with pure ethyl acetate.

The first isomer eluted from the column, 0.588 g (26% yield), mp
295-296°, gave a mass spectrum containing the following ions, m/z (%
relative intensity): 220 (5), 219 (12), 218 (100), 189 (8), 176 (3), 162 (3), 161
(11). The infrared spectrum contained the foliowing prominent absor-
bances, v (cm™*): 3450 (broad), 1645, 1600, 1550, 1465, 1245, 1195, 800,
750.

Anal Caled. for C,HsN,0,S: C, 55.03; H, 2.77; N, 12.84. Found: C,
54.98; H, 2.82; N, 12.79.

The '*C-nmr assignment showed the structure of this isomer to be
1-0x0-1,2-dihydro-2,3-diazaphenoxathiin (8). (The 'H-decoupled *C-nmr
spectrum is shown in Figure 3A; calculated vs. observed '*C-nmr
chemical shifts and 'H-'*C spin-coupling constants are shown in Table
IL)

The second isomer eluted from the column, 0.472 g (21.6% yield), mp
264.5-266°, gave a mass spectrum containing the following ions, m/z (%
relative intensity): 220 (5), 219 (12), 218 (100), 176 (1), 162 (5), 161 (14).
The infrared spectrum contained the following prominent absorbances, »
(em™'): 3450 (broad), 1655, 1615, 1585, 1550, 1475, 1470, 1440, 1295,
1275, 1250, 1200, 975, 875, 755.

Anal. Caled. for C,0HeN,0,S: C, 55.03; H, 2.77; N, 12.84. Found: C,
54.95; H, 2.82; N, 12.82.

The *C-nmr assignment showed the structure of this isomer to be
4-0x0-3,4-dihydro-2,3-diazaphenoxathiin (7). (*H-decoupled **C-nmr spec-
trum is shown in Figure 3B; calculated vs. observed '*C-nmr chemical
shifts and 'H-'*C spin-coupling constants are shown in Table 1) Confir-
mation of the assignment of the structure of 7 was independently provid-
ed by a single crystal X-ray diffraction study which was in agreement
with the spectroscopically determined structure (24).
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