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Syntheses of the previously unknown 1,7- 1,8- and 1,9-diazathianthrenes are reported. The former two sys-
tems were prepared via the condensation of the dianion of 2,3-dimercaptopyridine with 3-chloro-4-nitropyri-
dine 1-oxide while the latter employed 2-chloro-3-nitropyridine. The preparation of the 1,9-diazathianthrene
also led to the formation of the previously reported 1,6-diazathianthrene as a by-product in a 22% yield. The
new ring systems were characterized by a combination of *C nmr and 'H lanthanide-induced shifts using

Eu(fod),.

J. Heterocyclic Chem., 24, 1357 (1987).

Introduction.

Recently, the syntheses of both monoazathianthrenes
have been reported [2,3]. In addition to the 2-azathian-
threne parent system, a number of substituted derivatives
are known, including methyl isomers, the 2-oxide, and the
4-nitro derivative, which has also been characterized by
x-ray crystallography [3]. Within the 1,4-dithi-
inodipyridine family only two of the six possible isomers
are known. Thus, the 1,6-diazathianthrene system (1,4-di-
thiino[2,3-5:5,6-b ldipyridine) has been prepared and char-
acterized by several research groups [4-7], whilst the
2,7-isomer is also described in two reports [8,9].

We now wish to report the synthesis and characteriza-
tion of three of the four remaining 1,4-dithiinodipyridine
systems, wviz. 1,7-diazathianthrene (1,4-dithiino[2,3-c:
5,6-b|dipyridine), 1,8-diazathianthrene (1,4-dithiino[3,2-c:
5,6-b'Jdipyridine) and 1,9-diazathianthrene (1,4-dithiino-
[2,3-5:6,5-b ldipyridine). Only 2,8-diazathianthrene (1,4-di-
thiino[2,3-¢:6,5-¢ ldipyridine) now remains unknown within
this family of heterocycles. Interestingly, despite the close
structural similarity of the isomers that have been
prepared, it proved possible unequivocally to differentiate
the structures from one another by nmr spectroscopy.

Results and Discussion.
Preparation of 1,9-Diazathianthrene (3).

The preparation of 1,9-diazathianthrene (3) was accom-
plished by condensing the dianion of 2,3-dimercaptopyri-
dine (1) with 2-chloro-3-nitropyridine (2). The reaction was
conducted stepwise in a manner analogous to that employ-
ed in the synthesis of the corresponding 1,9-diazaphenoxa-
thiin [5,10] and 1,9-diazaphenoxaselenin {11] (Scheme I),

using sodium hydride as the base. This gave 1,9-diazathi-
anthrene in an isolated 59% yield accompanied by 22% of
a minor product which was identified as 1,6-diazathian-
threne (4) by comparison with an authentic sample. It is in-
teresting to note that 4 is the sole product when 1 is treat-
ed with triethylamine [6]. Complete characterization of 3
by 'H and *C-nmr spectroscopy is described below.
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Preparation of 1,7-diazathianthrene (8) and 1,8-diazathi-
anthrene (9).

Preparation of the 1,7- and 1,8-diazathianthrene iso-
mers, 8 and 9, respectively was accomplished by the con-
densation of the dianion of 1 with 3-chloro-4-nitropyridine
l-oxide (3) prepared according to the procedure of Talik
and Talik [12]. 1,7-Diazathianthrene 7-oxide (6) and 1,8-di-
azathianthrene 8-oxide (7) were isolated in 87% yield as
an inseparable mixture following this reaction (Scheme II).
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Reduction of this mixture of N-oxides to the parent sys-
tems was accomplished in 88% yield using phosphorus tri-
chloride in chloroform according to the method of Ochiai
[13]). The product mixture was separable by tlc, the two iso-
mers exhibiting an Rf difference of 0.05. By careful flash
column chromatography (silica, chloroform:methanol =
99.5:0.5), it was possible to obtain each isomer in pure
form (ratio 45:55). Mass spectrometry showed both isomers
to be diazathianthrenes, each exhibiting a characteristic
molecular ion at m/z = 218 (100%, M*) and fragment ions
corresponding to losses of HCN, CS and S. Ultimately, it
was possible to differentiate 8 from 9 on the basis of a
'H-nmr lanthanide induced shift (LIS) study which em-
ployed Eu(fod)s. This is discussed below.
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NMR Spectroscopy.

NMR Spectra of 1,9-Diazathianthrene (3).

The ‘H-nmr spectrum of 3 showed only three signals, at
0y = 835, 7.61 and 7.09, with a clear coupling pattern
corresponding to an ABX spin system. Since the com-
pound was clearly different from the previously character-
ized 1,6-diazathianthrene [4-7] and exhibited this high de-
gree of symmetry it was evident that the compound was in-
deed 1,9-diazathianthrene. The *C-nmr spectrum showed
the expected five signals, at 6. = 156.86 (singlet in the off-
resonance decoupled spectrum, C9a/Cl10a), 148.22 (d,
C2/C8), 135.44 (d, C4/C6), 127.89 (s, C4a/C5a), and 122.27
(d, C3/C7). Although assignment of this spectrum was
straightforward, it was important for the forthcoming dif-
ferentiation of the 1,7- and 1,8-diazathianthrenes that an
accurate method be established for calculating the chemi-
cal shift values. This was approached via a logical se-
quence of steps.

C. M. Lindsay, K. Smith and G. E. Martin

Vol. 24

(i) The assigned '*C-nmr spectra of phenoxathiin [14]
and l-azaphenoxathiin [15] were used to calculate an accu-
rate set of values for the incrementation of chemical shifts
caused by aza-substituted at the 1-position of the phenoxa-
thiin system.

(ii) These incrementations were applied to the assigned
C-nmr spectrum of thianthrene [14] to provide a calcu-
lated spectrum for 1-azathianthrene which should be more
accurate than has been obtained by any previous calcula-
tions [2].

(iii) The calculated chemical shifts were compared with
those observed for 1-azathianthrene [2] in order to see if
any of the possibly permutable assignments (C6/C9,
C7/C8, and C5a/C9a) could be resolved. The results of this
comparison suggested that of the three pairs of resonances
originally designated as possibly permutable, two (C7/C8
and C5a/C9a) had been reported with the correct assign-
ments but that the third pair (C6/C9) had been reversed in
the assignment table [2].

(iv) The chemical shift assignments of thianthrene and
the revised assignments of 1-azathianthrene were then us-
ed to derive an accurate set of chemical shift additivities
for 1-aza-substitution in the thianthrene series. Since some
assignments for l-azathianthrene could still not be con-
sidered totally unequivocal, several alternative incremen-
tation values were also calculated based on the possibly
permutable assignments.

(v) The *C-nmr spectrum of 1,6-diazathianthrene (4)
was re-acquired under conditions comparable to those us-
ed in the rest of this study because of small discrepancies
in the two reported spectra of this compound [5,6].

(vi) Chemical shift values were calculated for both 3 and
4 by incrementing the observed, assigned resonances of
l-azathianthrene using the l-aza increments obtained
above, arranged appropriately. Values were also calcu-
lated for the alternative assignment possibilities.

(vii) The calculated chemical shift values were compared
with those actually observed for 3 and 4. When the incre-
mentations corresponding to the assignments indicated
above were used the calculated chemical shifts for 3 and 4
fitted the observed values extremely closely (maximum dis-
crepancy in either compound was 0.21 ppm, see Table 1).
However, some of the discrepancies were much larger (typ-
ically 0.7 ppm) when any of the alternative assignments
were used. Thus, this study confirms the revised assign-
ments for the **C-nmr spectrum of l-azathianthrene and
the following incrementation values (A&C,)) for insertion
of an annular nitrogen atom at the 1-position of a thian-
threne: C2, 20.29; C3, —5.53; C4, 7.16; C4a, —5.03; C5a,
—2.48; C6, —0.23; C7, 0.44; C8, 0.30; C9, 0.41; C9a,
—0.70; C10a, 22.14 ppm. The present work further con-
firms the validity of additivity parameters for aza-substitu-
tion incrementations, which is important for the subse-
quent characterization of 1,7- and 1,8-diazathianthrenes.
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Table 1

Calculated [a] versus Observed *C-NMR Resonance Assignments for 3
and 4 in Deuteriochloroform at 25.16 MHz

Carbon atom  Caled. 3 Observed Observed 4 Caled.
[b] fe] el

C2 148.12 148.22 148.05 148.26
Cc3 122.44 122.27 122.44 122.30
C4 135.51 135.44 136.22 136.15
Cda 127.98 127.89 129.82 129.76
Cl0a 156.95 156.86 155.16 155.17

{a] Calculated by inverting the resonance positions of 1-azathianthrene so
that they correspond to 9- or 6-azathianthrene respectively and then
incrementing for insertion of a nitrogen atom at the 1-position using the
figures given in the text. [b]For each compound there are five reso-
nances corresponding to ten carbon atoms because of symmetry. Carbon
atom numbers are listed for one ring only. [c]From the spectra record:
ed during this study.

NMR Spectra of 1,7- and 1,8-Diazathianthrenes.
Distinction of the Isomers by *C-NMR.

The *C-nmr spectrum of 2-azathianthrene has been rig-
orously assigned in the pyridine ring, though not in the
benzene ring [3]. By use of the data for the pyridine ring of
this compound and the incrementations caused in this
ring by incorporation of a 1-aza substituent in the other
ring (see above) it was possible to calculate quite accurate-
ly chemical shifts for the carbon atoms in the ‘right-hand’
rings of compounds 8 and 9. These could then be com-
pared with the observed resonances (C5a through C9a) for
the two isomers obtained from the preparation (isomer A
is the chromatographically more mobile isomer). Table 2
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gives the results of these calculations and provides a farly
convincing indication that isomer A is compound 8 and
isomer B compound 9. It is then a simple matter to assign
the remaining observed resonances for the two compounds
on chemical shift grounds alone (Table 2). In order to cal-
culate chemical shifts for these remaining carbon atoms it
is necessary to make a decision about which of the possibly
permutable assignments in 2-azathianthrene belong to
which carbon atoms. The calculated values recorded in
Table 2 assume the following assignments for 2-azathian-
threne (cf. [3]: C5a, 133.21; C6, 128.95; C7, 128.03; C8,
128.25; C9, 129.14; C9a, 133.82. As can be seen from the
data in Table 2, these assignments lead to very close
agreement between the observed and calculated chemical
shifts for the carbon atoms C2 through C4a and Cl0a in
both compounds A and B. Permutation of any assignment
in the spectrum of 2-azathianthrene would lead to inter-
change of the calculated shifts for the corresponding car-
bon atoms of 8 and 9. Except for the case of C4 (since C1
has been replaced by nitrogen) a second interchange of
the calculated values for the other resonance involved in
each permutation would also have to be carried out. This
leads to a significant deterioration of the fit for any of the
alternative permutations. Thus, we tentatively suggest
that the above assignments of the resonances of 2-azathi-
anthrene are the most likely, and this then leads to the fol-
lowing calculated **C chemical shift incrementations on
2.aza substitution in the thianthrene series: C1, 19.34; C3,
20.30; C4, —5.96; C4a, 10.86; C5a, —2.28; C6, 0.37; C7,
0.50; C8, 0.72; C9, 0.56; C9a, —1.67; C10a, —3.88 ppm.
These figures should be useful for calculation of chemical
shifts for related compounds.

Table 2

Calculated [a] versus observed spectra for 8 and 9

Carbon atom Observed for A [b] Calcd. for 8 Calcd. for 9 Observed for B[c]
c2 148.31 14832 =—— 148.54 148.51
C3 122.78 122.72 ~— 12250 122.76
C4 136.37 136.30 -— 136.11 136.10
cé 147.61 147.69 122.39 122.56
C9 122.94 123.03 > 148.33 148.24
c7 - - 148.27 148.24
c8 147.61 gz << .
Cda 128.83 12879 — 128.18 128.30
C5a - [d] 129.13 143.87 143.89
C9a 146.68 145.65 130.91 - [d
C10a 155.32 165.35 =——= 155.96 155.91

[a] See footnote a of Table 1 for method, but substitute incrementations for 2-aza insertion
rather than for 1-aza insertion. The arrows indicate which resonances are comparable in

the two calculated spectra.

[b] A is the faster-running isomer on tic. The assignments listed are obtained by comparison

with the calculated values on the assumption that this is the 1,7-isomer (8).

[c] The slower-running isomer ( ¢f. footnote [b]), presumably 9.
[d] The expected resonances were not observed.
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The assignments of the structures 8 and 9 to isomers A
and B, respectively, were still not considered to be unequi-
vocal. Thus, in order to obtain further support for these
structural assignments, lanthanide-shifted proton nmr
spectra were also recorded.

Distinction of the Isomers by Eu-Shifted 'H-NMR Spectro-
scopy.

The 100 MHz 'H nmr spectra of isomers A, and B were
almost indistinguishable, showing resonances at ca. 8y =
7.2(1H, dd,J = 5 Hz, 8 Hz, H2), 7.35 (1H, broadened dou-
blet,] = ca. 5 Hz, H9 or H6), 7.7 (1H, dd, ] = 8 Hz, 2 Hz,
H4), 8.4 (1H, dd, J] = 5 Hz, 2 Hz, H2), and 8.5 (2H, very
broad, H6 and H8 or H7 and H9). A series of spectra was
then measured (deuteriochloroform) with serial additions
of Eu(fod),, after which the observed chemical shift of
each resonance was plotted against the amount of shift
reagent added. Figures 1 and 2 show the least squares fit-
ted curves obtained [16). (The line representing the great-
est shifts of isomer A corresponds to two protons.)

18 Isomer A

Chemicol shift(ppm)
=

El 0 [ 20 29 30 35 40
mg. of Eu(FOD)a odded

Figure 1. Effect of added shift reagent on the proton nmr chemical shifts
of isomer A.

isomer B

Chemicol shift(ppm)

! El 10 IE 20 25 300 35 4d
mg. of El.:(FOD)‘3 added

Figure 2. Effect of added shift reagent on the proton nmr chemical shifts
of isomer B.

As is evident from Figures 1 and 2, complexation occurs
predominantly at N7 or N8 rather than at N1. Further-
more, at higher concentrations of shift reagent, the ini-
tially almost linear relationships develop increased curva-
ture which probably reflects an approach to saturation at
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N7 or N8 accompanied by increasing complexation at N1.
Thus, relative europium-induced shifts for the different
protons in each molecule were determined from the slopes
of the lines over the early linear part of the range. All
values were normalized to be relative to the shift induced
in H3, which moved least in both isomers. The results are
shown in Table 3.

Table 3
Calculated and Observed Eu-Induced Relative Shifts [a]

Proton Observed shifts Calculated shifts
Isomer A Isomer B 8 9
H2 1.32 1.03 1.47 1.17
H3 1.00 1.00 1.00 1.00
H4 1.49 1.70 1.44 1.55
H6/H9 [b) 17.8 15.6 17.1 14.2
H8/H7 [b] 17.8 13.3 16.1 14.2
H9/H6 [b} 6.35 4.92 6.40 5.72

[a] Calculated as described in the text, all values normalized on H3.
[b] The first member of the pair if the structure is 8 and the second if the
structure is 9.

It was then necessary to calculate relative shifts ex-
pected for the two isomers. In order to be able to do so a
full geometrical structure of each molecule was generated
by using typical bond lengths and angles from thianthrene
[17] and monoazathianthrene [3,17] crystal structures. The
actual bond distances and angles used are shown in Figure
3. In order to accomodate these geometrical parameters,
the central dithiin ring in each case must adopt a dihedral
angle (folding angle) of 132°. Europium was placed at po-
sition 7 or 8 as indicated in Figure 3, the principle mag-
netic axis was assumed to lie along the N-Eu bond. All
Eu-H distances (r) and N-Eu-H angles (f) were calculated
and a series of relative shifts for the various hydrogen
atoms in each molecule was calculated using the McCon-
nell-Robertson equation [18):

= Kr33 cos? 6-1).

e [ 2AZE 122 “9120"9N""§

2, 1.

N )28\11 25 \3“0\5
]

Figure 3. Bond lengths and angles used to generate calculated structures
for 1,7- and 1,8-diazanthianthrenes for purposes of calculation of
Eu(fod)s-shifted spectra.
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This treatment produced a series of relative proton
shifts which fitted better for the assignment of isomers al-
ready indicated by the *C-nmr study than for the alterna-
tive assignment, but the errors when compared with the
observed were still relatively large even for the favored as-
signments. Thus, the values were recalculated on the as-
sumption that a small amount of coordination of the euro-
pium atom to position N1 of each molecule was occurring.
Optimal fit of the data was obtained for approximately
2.5% of the coordination occurring at N1. The results of
this calculation are presented alongside the observed
values in Table 3.

As can be seen from the table, the fit is much more ac-
ceptable if isomer A is the 1,7-isomer 8 and isomer B the
1,8-isomer 9 than for the alternative assignments. Thus,
the magnitude of the shift of H4 relative to H3 is calculat-
ed to be greater for 9 than for 8 and the observed relative
shift for isomer B is greater than that for A. Also, the cal-
culated shifts, relative to H3, for H2, H6, H8 and H9 in 8
are all calculated to be greater than the comparable values
for H2, H6, H7 and H8 in 9. In each case the observed
shifts are indeed greater for isomer A than for B. The ab-
solute values of the calculated shifts could almost certainly
have been brought even closer to the observed values by
small modifications of the assumed geometries of the mol-
ecules, but since the results already provided adequate
support for the assignments indicated by **C-nmr further
refinement was deemed unnecessary.

Conclusion.

All four 1,n-diazathianthrenes withn = 6, 7, 8 or 9 have
now been obtained. The structures of the isomers have
been confirmed by **C-nmr and, in the case of the 1,7- and
1,8-isomers, europium-shifted proton nmr studies. Two
geries of '*C-nmr incrementation parameters, for l-aza
and 2-aza annular substitution in a thianthrene, have been
derived, and these should prove extremely useful for ac-
curate calculations of chemical shift values for related aza-
thianthrenes.

EXPERIMENTAL

Melting points were obtained using a Gallenkamp hot-stage apparatus
and are reported uncorrected. The ir spectra were obtained as potassium
bromide discs on a Pye-Unicam SP1050 spectrophotometer. ‘H- and
13C.nmr spectra were recorded in deuteriochloroform on Varian HA-100
(proton) or Varian XL-100 (carbon) spectrometers operating at observa-
tion frequencies of 100.06 and 25.16 MHz, respectively. Chemical shifts
for diazathianthrenes are recorded in Tables 1 and 2 and in the text.
Mass spectra were recorded under electron impact using a modified
Kratos MS9 instrument.

Preparaton of 1,9-Diazathianthrene (3) and 1,6-Diazathianthrene (4).

A 100 ml, two-necked, round-bottomed flask was charged rapidly with
oil-free sodium hydride (0.5 g, excess, obtained by washing an 80%
dispersion in oil with pentane). It was then fitted with a septum on the
side arm and a septum-capped reflux condenser, cooled in ice and flush-
ed with dry nitrogen. Dry N,N-dimethylformamide (DMF, 5 ml) was add-
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ed and the suspension was stirred during addition of 1 (1.00 g, 7.0
mmoles) in 10 ml of DMF. To the stirred mixture was added, slowly over
20 minutes, a solution of 2 (1.11 g, 7.0 mmoles) in 15 ml DMF. The stir-
red mixture was allowed to warm to ambient temperature overnight and
was then brought to reflux for 5 hours. The reaction mixture was allowed
to cool then poured into distilled water (150 ml) and extraced with chloro-
form (8 X 15 ml). The combined extracts were washed with aqueous
sodium carbonate (2 X 20 ml of 0.5M) and distilled water (2 X 20 ml)
and then dried over magnesium sulfate. Concentration under reduced
pressure gave an oily solid which was purified by flash-column chromato-
graphy on silica (methanol:chloroform, 5:95). This produced 3 (0.90 g,
51% after recrystallization), and 4 (0.34 g, 22% after recrystallization
from chlroform). The latter compound was identical to samples of 4 pre-
pared previously, mp 183-185° (lit 183-185° [4], 186-188° [S]). The former
was recrystallized from chloroform to give 3 as off-white crystals, mp
184-186°; ms: m/z (% relative intensity) = 219 (14), 218 (100, M*), 186
(21), 174 (38), 109 (11), 82 (17), 69 (14), 39 (26).

Anal. Caled. for CoH,N,S,: C, 55.04; H, 2.75: N, 12.84. Found: C,
55.14; H, 2.61; N, 12.71.

Preparation of a Mixture of 1,7-Diazathianthrene 7-Oxide (6) and 1,8-Di-
azathianthrene 8-Oxide (7).

The dianion of 1 (7.0 mmoles) was generated as above from 1 and sodi-
um hydride in DMF (30 ml). A solution of 3-chloro-4-nitropyridine
l-oxide (3, 1.22 g, 7.0 mmoles), prepared according to the procedure of
Talik and Talik [12], in DMF (25 ml) was added and the mixture was stir-
red at ambient temperature overnight, then brought to reflux for 7.5
hours. The mixture was cooled and distilled water (150 ml) was added
slowly. The resulting solution was extracted with dichloromethane (6 x
50 ml) and the combined extracts were washed with 10% sodium carbon-
ate solution (2 X 30 ml) followed by water (5 X 15 ml) and then dried
over magnesium sulfate. Concentration under reduced pressure gave a
crude product (87%) which was purified by flash-column chromatogra-
phy over silica (methanol:chloroform, 7.5:92.5). Chromatography yielded
a mixture of 6 and 7 (1.20 g, 73%) which was free of other components.
The mixture was recrystallized from cyclohexane-ethyl acetate without
separation of the mixture, mp - partial melting at 219° and melting pro-
perly at 240-241°; 'H-nmr: 8y = 8.5 (m), 7.9-8.2 (m), 7.5 (m), *C-nmr: 4,
= 154.7, 153.9, 148.0, 138.1, 137.3, 136.8, 133.7, 132.0, 131.2, 129.6,
128.3, 127.1, 124.8, 124.6, 123.4 (some superimposed resonances); ms:
m/z (% relative intensity) 234 (100, M*), 218 (37), 217 (20), 204 (25), 191
(41), 178 (19), 82 (32), 69 (55).

Anal. Caled. for C,,H,N,0S,: C, 51.28; H, 2.56; N, 11.96. Found: C,
51.55; H, 2.45; N, 11.76.

Preparation of 1,7-Diazathianthrene (8) and 1,8-Diazathianthrene (9).

A mixture of 6 and 7 obtained as above (0.304 g, 1.3 mmoles) was dis-
solved in chloroform (20 ml). Phosphorus trichloride (0.55 g, excess) was
added slowly and the mixture was then refluxed for 7 hours [13]. The mix-
ture was cooled and carefully added to water (50 ml). The solution was
neutralized to pH 7 with 5M sodium hydroxide and then extracted with
chloroform (3 x 15 ml). The combined chloroform extracts were dried
over anhydrous magnesium sulfate and concentrated under reduced
pressure to give an off-white solid (0.25 g, 88% yield). Flash column chro-
matography on silica (methanol:chloroform = 0.5:99.5) allowed separa-
tion of the isomers to give 8 (0.11 g) and 9 (0.13 g). The nmr characteri-
zation of these components is discussed in detail in the text. Other ana-
lytical data are given below.

Compound 8.

This compound had mp 120-121°; ms: m/z (% relative intensity) = 218
(100, M*), 191 (29), 174 (16), 96 (21), 82 (15), 39 (13).

Anal. Caled. for C,,H,N,S,: C, 55.04; H, 2.75; N, 12.84. Found: C,
55.35; H, 2.50; N, 12.79.

Compound 9.

This compound had mp 119-120°; ms: m/z (% relative intensity) = 218
(100, M*), 191 (36), 185 (17), 174 (24), 96 (13), 82 (28), 69 (19), 39 (20).
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Anal. Caled. for C,,HN,S;: C, 55.04; H, 2.75; N, 12.84. Found: C,
55.35; H, 2.62; N, 12.76.
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