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The results of studies on 2,1, 3-thiadiazole, benzo-2,1, 3-thiadiazole,
benzo-2, 1, 3-selenadiazole, and their derivatives by chemical,
physicochemical, and physical methods give no grounds for assuming
that they have a quinoid structure. These results permit the statement
that these heterocycles containing quatervalent sulfur or selenium are
typical heteroaromatic systems satisfying Hiickel's (4n + 2) rule,

At the present time there is no single opinion on
the question of the structure of benzo-2, 1, 3-thia- and
-selenadiazoles.

The synthesis of benzo-2, 1, 3~thia- and -selenadi-
azoles (I) from o-phenylenediamine and sulfur dioxide
or selenium dioxide [2], and also the high stability of
them to the action of oxidizing agents, high tempera-
tures, acid, and alkalis, may serve as a proof of
structure L.
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Luzzati [3, 4] used X-rays to determine the inter-
afomic distances in benzo-2,1, 3~thia- and -selena-
diazoles. It is the author's opinion that the benzoic (I)
and quinoid (Ia) structures are equiprobable for ben-
z0-2, 1, 3~-thiadiazoles. According to these data, ben-
z0-2, 1, 3~selenadiazole is best represented by the
quinoid (Ta) structure. Efros and his associates—re-
lying on the Luzzati data, as well as on their own
research~came to the conclusion that benzo-2,1, 3~
thia- and -gelenadiazoles exhibit the quinoid (Ia) structure
[6~11]. Baker and Ollis [63] also regard the quinoid
(Ia) structure as the most likely. Weinstock [18] came
to the conclusion that the structure was benzoic (I).

Our investigations of benzo-2, 1, 3-thiadiazole and
benzo-2, 1, 3-selenadiazole and their derivatives have
shown that these heterocyclic systems possess a well-
marked aromatic nature which is fully comparable
with the aromaticity of naphthalene {68].

In electrophilic substitution reactions the substit-
uent enters position 4 (7) preferentially; similarly, the
a-position in naphthalene is more reactive than the
B-position. On azo coupling, the azo group occupies
position 4 (7) and does not enter position 5 if position
4 (7) is free [5,7,19]. However, as in the case of 1-
hydroxy-4-methylnaphthalene [20], if both positions
4 and 7 are occupied the azo group replaces the hy-
drogen in position 5 {21, 22].

*For part LV, see [1].
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In a similar manner to a- and B-nitronaphthalenes,
4- and 5-nitrobenzo-2, 1, 3-thiadiazoles readily take
part in nucleophilic replacement of hydrogen by an
imino group [18, 69] (nitrobenzene does not take part
in this reaction).

Like naphthalene, benzo-2,1, 3-thiadiazole pos-
sesses some unsaturation, which is expressed in the
capacity for addition of chlorine, bromine, and ozone
under the usual conditions [64—65]. Amino~ and hy-
droxybenzo-2, 1, 3-thiadiazocles take part in the Buch-
erer reaction [12,13]; 4- and 5-hydroxybenzo-

2,1, 3-thiadiazoles are esterified by alcohols in the
presence of concentrated sulfuric acid [14]; these
reactions take place in the naphthalene series, but
not with aniline and phenol.

However, the unsaturated properties of benzo-
2,1, 3-thiadiazole are limited. Benzo-2,1, 3-thia—
and ~selenadiazoles do not take part in the diene
synthesis with maleic anhydride [5, 15, 17].

Benzo-2, 1, 3-selenadiazole and its methyl deriv-
atives, unlike their thio analogs, do not add halogens
[66]. The selenadiazole ring has considerably less
influence than the thiadiazole ring on the reactivity of
the benzene nucleus in electrophilic substitution re-
actions as, for example, in nitration and halogenation
[66]. In this sense it is possible to speak of the more
pronounced aromatic nature of benzo-2, 1, 3-selena~
diazole as compared with its thia analog. This can be
explained by the difference in the structure of the
electron shells of sulfur and selenium. The latter has
a greater capacity than sulfur for extending its valence
shell to ten electrons through the vacant d-orbitals.

An important piece of evidence against a quinoid
structure of benzo-2, 1, 3-thiadiazole is the existence
of a three-ring system [18]:
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The similarity in the benzo-2, 1, 3-thiadiazole
series and the series of condensed benzene hydrocar-
bons is found on comparing anthracene and naphtha-
lene, on the one hand, with naphtho(2, 3-d]-{2,1, 3]~
thiadiazole (II) [23] and benzo-2, 1, 3-thiadiazole, on
the other.
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Table 1

Positions of the Absorption Bands of the C—C and C—H Bonds

for Substituted Benzenes and Benzo-2, 1, 3-thiadiazoles

Range of frequencies, cm™1

Range of frequencies, cm™1

Type of 5 i Type of R i
vibration substituted ;‘;l:lszt;t_;ffg_ vibration substituted ;‘;‘:;t;t_;fle:i}
benzenes thiadiazoles benzenes thiadiazoles
C—Cstretching | 1620—1560 | 1610—1583 || C--H deformation 1,2* CsHaN,S
1600—1560 | 1570—1535 (planar)
14701440 | 1386—1485 12251175 | 1230
. 1125—1090 1130
1070—1000 1043.10
Deformation 1,2% CsHalN2S 1000—960 982
(nonplanar)
770—735 744 1,2,3* 4*
755
11751125 | 1150—1140
1.2,3* 4* 1110—1070 | 1085—1075
1070—1000
1000—960
810—750 800
725—680 750
1,2,4* 5¥*
1,2,4* 5*
1225—1175 | 1250—1220
1175—1125 1130
860—800 816—802 1125—1090 | 1045—1014
750—700 750 1070—1000 930
900—860 860 1000—960

*Positions of the substituents.
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It is known that anthracene is less aromatic than
naphthalene. Analogously, the naphthothiadiazole II
is less aromatic than benzo-2, 1, 3-thiadiazole. In
contrast to the latter, which does not react withmaleic

Table 2
UV Spectra
X=5 |  X=CH-—CH
Compound Amax»> nm (log €) Amax, nm (log €)
N 311 (4.14) 313 (3.77)
@: X 305 (4.14) 306 (3.76)
N 2935 (4,95) 9392 (4.45)
f,VI
N\
1( \x 255 (3.89) 261 (3.82)
N/
HLvu
N
HOOC—T\\
T 963 (4.01) 268 (3.95)
\N/
v, Vil ‘
N
HOOC | W
hooc— / 266 (3.95) 279 (3.85)
Vv, X
NC X\
NC \N/}‘ 272 (4.0) 274 (3.8)
X, X1

anhydride, the naphthothiadiazole II does react with
it and also with phenylmaleimide under the usual con-
ditions (boiling benzene), with the formation of the
corresponding adducts. It has also been shown that
the naphthothiadiazole II is a less reactive diene in
the Diels-Alder reaction than anthracene, which
clearly shows that it has a greater aromaticity than
anthracene.

Analogously, benzo-2, 1, 3-thiadiazole is more
aromatic than naphthalene; the latter takes part in the
diene synthesis with maleic anhydride under the usual
conditions [24].

The greater aromaticity and smaller degree of
"unsaturatedness" of benzo-2, 1, 3~thiadiazole as com-
pared with naphthalene is also shown in the behavior
of these compounds under the conditions of homolytic
substitution. Benzo-2,1, 3-thiadiazole does not react
with N-bromosuccinimide in boiling carbon tetra-
chloride or in the melt (95-100° C) [25], the latter
compound being a specific reagent for allyl bromina-

Table 3
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tion under these conditions. Under the same condi-
tions, naphthalene forms 1-bromonaphthalene in 77%
yield [26, 27].

The electronic spectra of benzo-2, 1, 3-thiadiazole
and its derivatives are similar to the typical spectra
of condensed aromatic compounds [28].

The IR spectra of benzo-2,1, 3-thiadiazole and its
derivatives also show a well-marked aromatic nature.
This can be seen, for example, from a comparison of
the frequencies of the C—C and C—H bonds of the vi-
brational spectra of benzo-2, 1, 3-thiadiazole and its
4- and 5-substituted derivatives (X = CHy, Cl, Br) with
the corresponding frequencies for benzene and its der-
ivatives [29] (Table 1).

Weinstock [16] compared the electronic spectra of
benzo-2, 1, 3-thiadiazole (I), 2,1, 3-thiadiazole (III),
and 2,1, 3-thiadiazole-3-~carboxylic and ~3, 4-dicar-
boxylic acids (IV and V) with the electronic spectra
of quinoxaline (VI), pyrazine (VII), and pyrazine-2-
carboxylic and -2, 8-dicarboxylic acids (VIII and IX).
He also compared the dissociation constants of the
acids IV, V, VIII, and IX, and thus demonstrated the
great similarity of these compounds. The behavior of
compounds I, VI, III, and VII under polarographic re-
duction conditions also shows their similarity.

The electronic spectra of derivatives of benzo-
2,1, 3-thiadiazole and of quinoxaline [30~32] are also
characterized by a pronounced similarity.

Table 2 gives data on the UV spectra of compounds
I, VI, III, VII, IV, VIO, V, and IX and of the dinitriles
corresponding to the acids V and IX (X and XI).

The PMR spectra of the heterocycles III and VII
are also similar: 7 for IIT is 1.30 and for VII 1.40[47].
Benzo-2, 1, 3-thiadiazole (I) and quinoxaline (VI)
are also similar in a number of chemical properties.
For example, the action of KMnO, on Tand VI forms the
dicarboxylic acids V and IX, respectively [16, 33, 34],

which undergo decarboxylation on heating, with the
formation of the monocarboxylic acids VI and VIII and
the heterocycles I and VII [16, 35].

The similarity in the properties of 2,1, 3-thiadia-
zole and pyrazine and those of benzo-2, 1, 3-thiadiazole
and quinoxaline, and of their derivatives, is explained
by the capacity of sulfur for increasing its valence
shell to two electrons through the vacant d-orbitals
[36~38]. In this case the same analogy in properties
is observed as for thiophene and benzene [39—41], for
naphthalene and benzothiophene {42], for naphthalene
and thiophthene [41], and for 1, 3-thiazole and pyridine
[43]. In all these heterocycles, the sulfur, possessing
the characteristic feature of the structure of its elec-
tron cloud that has been mentioned, is capable of re-

Molecular Structure of 2,1, 3-Thiadiazole

Bond length, 1& l i L
H-S—N angle Method of investigation
c<c | o~ | sN
1.413 l 1.329 ’ 1.632 99.4° Electron diffraction {491}
1.420 , 1.328 , 1.631 99.55° Radiospectroscopy [50]
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peating the properties of the vinylene group that depend
on the mobile electrons.

Zahradnik and Coutecky [44] employedthe MO LCAO
method for a comparative study of four isomeric thia-
diazoles, using the Longuet-Higgins model and a model
taking no account of the participation of the d-orbitals.
The authors came to the conclusion that the limited
experimental data can be best represented by the re-
sults obtained using the Longuet-Higgins model. Ple-
menkov [70], who calculated molecules of I and Ia in
the MO LCAO method taking pd-hybridization into
account and without it came to the same conclusion.

It was shown that the models taking pd-hybridization
into account correspond to the actual state of the
molecules I and Ia.

Hinsherg [2] also turned his attention to the simi~
larity of many of the properties of benzo-2,1, 3~thia-
diazole and quinoxaline, including the formation of
readily hydrolyzable salts and of complex compounds,
and even the similar smells of these compounds.
Pointing out the similarity in the synthesis of the
compounds, this author suggested that sulfur and the
=CH—CH== chain were equivalentfor these substances:

NH, O N
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The broad chemical investigations of 2, 1, 3~thia-
diazole derivatives carried out by Carmack et al.
[16,17,45—47,71] have shown that this heterocycle
possesses a well-marked aromatic nature and does
not exhibit the properties characteristic for dienes;
in particular, it does not add bromine or maleic an-
hydride [16-17].

Electron diffraction and radiospectroscopic inves-
tigations of the molecular structure of 2, 1, 3-thiadia-
zole [48-50] have shown that the molecule is planar
with the lengths of the C—C, C—N, and S—N bonds
having values intermediate between those of the cor-
responding double and single bonds (Table 3).

A comparison of the molecular parameters of
thiophene and 1, 2, 5-thiadiazole led the authors to the
conclusion that the replacement of the two carbon
atoms in positions 2 and 5 of thiophene by nitrogen
had little effect on the total aromaticity. The authors
[50] consider that "structure {IIla) more nearly rep-
resents the molecular parameters [given in the table]
and the principal resonance structure of this molecule."
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However, in their opinion, this conclusion does
not contradict the results of Carmack and his col-
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leagues, since the parameters determined by physical
methods (electron diffraction and radiospectroscopy)

Table 4

Double-Bondedness of the Bonds in the
Molecules of the Thiadiazoles

| Bond
Compound — r
x=s, Se | C-N | CC
2,1,3-Thiadiazole R 0.35 l 0.51 | 040
Benzo-2,1,3-thiadiazole 054 | 046 | 035
Benzo-2,1,3-selenadiazole 0.08 g 085 | 017

relate to the gound state of the molecule. Carmack
etal. studied properties depending on the mobile elec-
trons, and their conclusion is consequently based on
the results of experiments in which, in addition to
the ground state, an important role was played by an
excited electronic state.

Table 4 gives the degrees of double-bondedness of
the 8—N, Se—N, C—N, and C—C bonds obtained by
comparing the results of X-ray structural studies with
the corresponding values for the bonds according to
Pauling [51]. .

Consequently, the structural data agree with the
aromatic properties of 2, 1, 3-thiadiazole and benzo-
2,1, 3-thiadiazole.

Thus, the results of investigations of 1, 2, 5-thia-
diazole and benzo-2, 1, 3-thia- and -selenadiazoles
and their derivatives by chemical, physicochemical,
and physical methods give no grounds for assuming
that they possess a quinoid structure. These results
permit the statement that the heterocycles containing
quatervalent sulfur or selenium are typical hetero-
aromatic systems satisfying Hiickel's (4n + 2) rule
[52,53, 68].

Benzo-2, 1, 3-thiadiazole nitrates as readily as
benzene (0° C, HNOy with d 1.35). The influence of the
thiadiazole ring is shown only in the direction of sub-

stitution: the nitro group enters position 4 (7). How-
ever, even this influence is considerably weak=ned in

4-methyl- and 4-methoxybenzo-2, 1, 3-thiadiazoles and
is not shown at all in 4-hydroxybenzo-2,1, 3~-thiadia-
zole [54]. The chlorination and chloromethylation of
benzo-2, 1, 3-thiadiazole form predominantly the 4, 7-
disubstituted derivatives; when these reactions are
carried out with 5, 6-dimethylbenzo-2, 1, 3-thiadiazole,
the 4, 7-disubstituted derivatives are formed exclu-
sively [52,53,67].

Thus, the thiadiazole ring, as an electron-accep-
ting structural element, exerts an extremely weak
influence on the reactivity of the benzene ring in re-
actions with strong electrophilic reagents.

The facts presented can be explained if it is as-
sumed that in the benzo-2, 1, 3-thiadiazole molecule
and the selena analog, the sulfur or selenium and the
nitrogen atoms are arranged symmetrically with
respect to one another. In this case, there must be
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a symmetrical attraction of the electron cloud in the
direction of the thiadiazole (or selenadiazole) ring
and, as a consequence, a similar impoverishment of
the electrons in positions 5 and 6 and an enrichment
of those in positions 4 and 7 of the benzene nucleus.
This explanation is in agreement with the behavior

of the isomeric benzo-1, 2, 3-thiadiazole (XII) under
nitration conditions. This heterocycle does not nitrate
below 100° C [565]. When it is heated with potassium
nitrate in concentrated sulfuric acid at 100°C, a mix-
ture of 5- and 7-nitrobenzo-1, 2, 3-thiadiazoles (XIII)
and (XIV) is formed [56].
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Such a strong deactivation of the whole benzene nu-
cleus and of positions 5 and 7 to a smaller extent can
be explained by the unsymmetrical structure of the
1,2, 3-thiadiazole ring, which leads to a displacement
of the electron cloud in one direction. A similar effect
is characteristic for the nitro group in nitrobenzene,
This influence of the structure of the thiadiazole ring
on the reactivity of the nucleus adjacent to it on nitra-
tion is observed also in another electrophilic substi-
tution reaction. 6-Amino-4-methylpyrimido-2,1, 3-
thiadiazole XV readily couples with p-nitrobenzene~
diazonium chloride even in an acid medium; the
isomeric 6-amino-4-methylpyrimido-1, 2, 3-thiadiazole
(XVI) does not take part in this reaction [57].

N< S N
~y—NH / N Nl'l2
| 2 N
~N \N ~N

XV CH; XVI CH,

It is clear that the lower nucleophilicity of the car-
bon of the methyl group in compound XVI is due to the
one-sided and, consequently, stronger electron-at-
tracting influence of the 1, 2, 3-thiadiazole ring as
compared with the 2, 1, 3-thiadiazole ring in compound
XV,

A comparison of the dipole moments of benzo-

2,1, 3-thiadiazole (1.73) [58] and nitrobenzene (3.97)
[59, 60] also shows the relatively weak electron-ac-
cepting nature of the 2, 1, 3-thiadiazole ring as a
substituent of two ortho hydrogen atoms in the benzene
ring.

The opinion put forward on the nature of the shift
in the electron cloud in benzo-2, 1, 3-thiadiazole and
its selena analog (I) does not contradict the results of
structural investigations [3, 4, 48], according to which
compounds I and III are symmetrical relative to the
plane passing through the sulfur (or selenium) atom
and perpendicular to the plane of the molecule. So far
as concerns the distribution of the electron density in
the thiadiazole ring, experimental data are in agree-
ment with the hypothesis of a shift in the electron
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cloud in the direction of the nitrogen with the forma-
tion of the mesomeric ion Ib with onium sulfur (or
selenium). Thus, for example, benzo-2, 1, 3-selena-

S]

N N, N
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i IS(Se). = @: IS(Se) ~— @[ 1S(Se)
gﬁ’ 4 NP

v - - Ip 3

diazole is a stronger base than its thia analog; it forms
salts more readily, and these are more stable [52];
it is alkylated at the nitrogen atom more readily, and
the corresponding quaternary salts are more stable
[61, 62]. It is possible to arrive at the assumption
that Iis capable of reacting in the form of the bipolar
compound Tb by considering its possible limiting
structures.

Of the six limiting structures, the most favorable
energetically are I and Ib.
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