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The results of studies on 2,1, 3-thiadiazole, benzo-2, t ,  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 p r e sen t  t ime the re  i s  no s ingle  opinion on 
the quest ion of the s t ruc tu re  of benzo-2 ,  1, 3 - th in -  and 
- s e l e n a d i a z o l e s .  

The syn thes i s  of benzo-2 ,  1, 3 - t h i a -  and - s e l e n a d i -  
azo les  (I) f r om o-phenylened iamine  and su l fur  dioxide 
o r  se len ium dioxide [2], and also the high s tab i l i ty  of 
them to the act ion of oxidizing agents ,  high t e m p e r a -  
t u r e s ,  ac id ,  and a lka l i s ,  may  s e r v e  as  a proof  o f  
s t r u c t u r e  L 
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Luzzat i  [3, 4] used  X - r a y s  to de t e rmine  the i n t e r -  
a tomic  d i s t ances  in benzo-2 ,  1, 3 - t h i a -  and - s e l e n a -  
d iazo les .  It is  the au thor ' s  opinion that  the benzoic  (I) 
and quinoid (In) s t r u c t u r e s  a re  equiprobable  for  ben -  
zo-2,  1, 3 - th i ad iazo les .  Accord ing  to these  data,  b e n -  
zo-2,  1, 3 - s e l enad i azo l e  is  bes t  r e p r e s e n t e d  by the 
quinoid (In) s t ruc tu re .  Ef ros  and his a s s o c i a t e s - - r e -  
lying on the Luzzat i  data,  as  wel l  as on the i r  own 
r e s e a r c h - - c a m e  to the conclusion that  benzo-2,  1, 3-  
t h i a -  and - s e l e n a d i a z o l e s  exhibi t  the quinoid (In) s t r uc tu r e  
[5-11].  Baker  and e l l i s  [63] a lso  r e g a r d  the quinoid 
(Ia) s t r u c t u r e  as the mos t  l ike ly .  Weins toek  [16] came 
to the conclus ion that  the s t r u c t u r e  was benzoic  (I). 

Our inves t iga t ions  of benzo-2 ,  1, 3 - th iad iazo le  and 
benzo-2 ,  1, 3 - s e l enad i azo l e  and the i r  de r iva t i ve s  have 
shown that  these  h e t e r o e y e l i e  s y s t e m s  p o s s e s s  a w e l l -  
m a r k e d  a r o m a t i c  nature  which is  ful ly comparab le  
with the a r o m a t i c i t y  of naphthalene [68]. 

In e l ec t roph i l i c  subs t i tu t ion  r e a c t i o n s  the s u b s t i t -  
uent e n t e r s  pos i t ion  4 (7) p r e f e r e n t i a l l y ;  s i m i l a r l y ,  the 
a - p o s i t i o n  in naphthalene i s  more  r eac t i ve  than the 
f l -posi t ion.  On azo coupling, the azo group occupies  
pos i t ion  4 (7) and does not en te r  pos i t ion  5 if pos i t ion  
4 (7) i s  f r ee  [5, 7, 19]. However ,  as in the case  of 1 -  
hydroxy-4 -me thy lnaph tha lene  [20], if both pos i t ions  
4 and 7 a re  occupied the azo group r e p l a c e s  the hy-  
drogen  in pos i t ion  5 [21, 22]. 

*For pa r t  LV, see  [1]. 
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In a s i m i l a r  manner  to o~- and f i -n i t ronaphtha lenes ,  

4 -  and 5 -n i t robenzo-2 ,  1, 3 - th i ad i azo l e s  r e a d i l y  take 
p a r t  in nuc leophi l ic  r e p l a c e m e n t  of hydrogen by an 
imino group [18, 69] (ni t robenzene does  not take p a r t  
in this  reac t ion) .  

Like naphthalene,  benzo-2 ,  1, 3 - th iad iazo le  p o s -  
s e s s e s  some unsa tura t ion ,  which is  e x p r e s s e d  in the 
capac i ty  fo r  addit ion of ch lor ine ,  b romine ,  and ozone 
under  the usual  condit ions [64-65].  Amino-  and hy -  
d roxybenzo-2 ,  1, 3 - th iad iazoIes  take p a r t  in the Buch-  
e r e r  r e a c t i o n  [12, 13]; 4 -  and 5 -hydroxybenzo-  
2, 1, 3 - th i ad iazo le s  a r e  e s t e r i f i e d  by a lcohols  in the 
p r e s e n c e  of concen t ra ted  su l fur ic  acid  [14]; these  
r e a c t i o n s  take p lace  in the naphthalene s e r i e s ,  but 
not with anil ine and phenol.  

However ,  the unsa tu ra t ed  p r o p e r t i e s  of benzo -  
2, 1, 3 - th i ad iazo le  a r e  l imi ted .  Benzo-2,  1, 3 - t h i a -  
and - s e l e n a d i a z o l e s  do not take p a r t  in the diene 
syn thes i s  with m a l e i e  anhydr ide  [5, 15, 17]. 

Benzo-2,  1, 3 - s e l enad i azo l e  and i t s  methyl  d e r i v -  
a t ives ,  unlike the i r  thio analogs ,  do not add halogens  
[66]. The se l enad iazo le  r i ng  has cons ide rab ly  l e s s  
influence than the th iad iazole  r ing  on the r e a c t i v i t y  of 
the benzene nucleus in e l ee t roph i l i e  subs t i tu t ion  r e -  
act ions  as,  for  example ,  in n i t r a t ion  and halogenat ion 
[66]. In this  sense  i t  is  p o s s i b l e  to speak  of the m o r e  
pronounced a roma t i c  nature  of benzo-2 ,  1, 3 - s e l e n a -  
d iazole  as c o m p a r e d  with i t s  thia  analog. This can be 
expla ined  by the d i f fe rence  in the s t ruc tu re  of the 
e l e c t r o n  she l l s  of sulfur  and se len ium.  The l a t t e r  has 
a g r e a t e r  capac i ty  than sulfur  for  extending i t s  va lence  
she l l  to ten e l ec t rons  through the vacant  d - o r b i t a l s .  

An impor t an t  p iece  of evidence aga ins t  a quinoid 
s t ruc tu r e  of benzo-2 ,  1, 3 - th i ad iazo le  is  the ex i s tence  
of a t h r e e - r i n g  s y s t e m  [18]: 

N N 

The s i m i l a r i t y  in the benzo-2 ,  1, 3 - th i ad iazo le  
s e r i e s  and the s e r i e s  of condensed benzene h y d r o c a r -  
bons is  found on compar ing  anthracene  and naphtha-  
lene,  on the one hand, wit h naphtho[2, 3-d]- [2 ,  1, 3]-  
th iad iazole  (II) [23] and benzo-2 ,  1, 3 - th iad iazo le ,  on 
the other .  
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Tab le  1 

P o s i t i o n s  of  the  A b s o r p t i o n  Bands  of the C - - C  and C - - H  Bonds  
f o r  S u b s t i t u t e d  B e n z e n e s  and B e n z o - 2 ,  1, 3 - t h i a d i a z o l e s  

Type of 
vibration 

C-C stretching 

Range of frequencies, em "1 

subst~uted 
benzenes 

1620--1560 
1600--1560 
1525--1475 

substituted 
benzo-2,1,3- 
thiadiazoles 

1610--1583 
1570--1535 
1546--1506 

Type of 
vibration 

C:-H deformation 
(planar) 

Range of frequencies, cm -1 

substituted 
substituted benzo-2,1,3- 
benzenes thiadiazoles 

1,2" C6H4N2S 

Deformation 
(nonplanar) 

1470--1440 1486--1455 

1,2" C6H,N2S 

770--735 744 
755 

1,2,3" 4* 

810--750 800 
725--680 750 

1,2,4" 5* 

860--800 
750--700 
900--860 

816--802 
750 
860 

1225--1175 1230 
1125--1090 1130 
1070--1000 1043.10 
1000--960 982 

1,2,3" 4 ~ 

1175--1125 1150--1140 
1110--1070 1085--1075 
t070--1000 
1000--960 

1,2,4" 5* 

1225--1175 
1175--1125 
1125--1090 
1070--1000 
1000--960 

1250--1220 
1130 

1045--1014 
930 

*Positions of  the substituents.  
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II 

It is  known that  anthracene is  l e s s  a r o m a t i c  than 
naphthalene.  Analogously,  the naphthothiadiazole  II 
is  l e s s  a r o m a t i c  than benzo-2 ,  1, 3 - th iad iazo le .  In 
con t r a s t  to the l a t t e r ,  which does not r e a c t  w i t h m a l e i c  

Table 2 

UV Spec t r a  

Compound 

I, VI 

I ILVII  

,.D 2 
IV, VIII 

.00C---(% 
V, IX 

N C -""'~ ~ \  

X, Xl 

X = S  

~-max, nm (log s) 

a l l  (4.14) 
305 (4.14) 
223.5 (4,25) 

255 (3.89) 

263 (4.01) 

X = C H - - C H  

kmax, nm Oog e) 

313 (3.77) 
306 (3.76) 
232 (4.45) 

261 (3.82) 

268 (3.95) 

266 (3.95) 

272 (4.0) 

279 (3.85) 

274 (3.8) 

anhydr ide ,  the naphthothiadiazole  II does r e a c t  with 
i t  and also with pheny lma le imide  under  the usua l  con-  
di t ions  (boiling benzene),  with the fo rma t ion  of the 
co r r e spond ing  adducts.  It has  a l so  been  shown that  
the naphthothiadiazole  II is  a l e s s  r eac t i ve  diene in 
the D i e l s - A l d e r  r e a c t i o n  than anthracene ,  which 
c l e a r l y  shows that  i t  has  a g r e a t e r  a r o m a t i e i t y  than 
anthracene.  

Analogously,  benzo-2 ,  1, 3 - th i ad iazo le  is  more  
a r o m a t i c  than naphthalene;  the l a t t e r  t akes  pa r t  in the 
diene syn thes i s  with m a l e i c  anhydr ide  under  the usua l  
condit ions [24]. 

The g r e a t e r  a roma t i c i t y  and s m a l l e r  degree  of 
"unsa tu ra t edness"  of benzo-2 ,  1, 3 - th iad iazo le  as c o m -  
p a r e d  with naphthalene is  a l so  shown in the behav ior  
of these  compounds under  the condit ions of homolyt ie  
subst i tu t ion.  Benzo-2,  1, 3 - th i ad iazo le  does  not r e a c t  
with N - b r o m 0 s u c c i n i m i d e  in boi l ing carbon  t e t r a -  
ch lor ide  o r  in the me l t  (95-100 ~ C) [25], the l a t t e r  
compound be ing  a spec i f ic  r eagen t  for  a l ly l  b r o m i n a -  

t ion under  these  condit ions.  Under  the same  condi -  
t ions ,  naphthalene f o r m s  1-bromonaphtha lene  in 77% 
y ie ld  [26, 27]. 

The e l ec t ron i c  s p e c t r a  of benzo-2 ,  1, 3 - th i ad i azo le  
and i ts  d e r i v a t i v e s  a r e  s i m i l a r  to the typ ica l  s p e c t r a  
of condensed a r o m a t i c  compounds [28]. 

The IR s p e c t r a  of benzo-2 ,  1, 3 - th iad iazo le  and i ts  
d e r i v a t i v e s  a lso  show a w e l l - m a r k e d  a r o m a t i c  na ture .  
This  can be seen,  for  example ,  f r om a c ompa r i son  of 
the f r equenc ies  of the C--C and C--H bonds of the v i -  
b r a t i ona l  s p e c t r a  of benzo-2 ,  1, 3 - th i ad iazo le  and i t s  
4 -  and 5 - subs t i tu t ed  d e r i v a t i v e s  (X = CHa, C1, Br )wi th  
the co r re spond ing  f r equenc ies  for  benzene and i ts  d e r -  
iva t ives  [29] (Table 1). 

Weins tock  [16] c o m p a r e d  the e l ec t ron i c  s p e c t r a  of 
benzo-2 ,  1, 3 - th iad iazo le  (I), 2, 1, 3 - th iad iazo le  (Ill), 
and 2, 1, 3 - t h i a d i a z o l e - 3 - e a r b o x y l i e  and -3,  4 - d i c a r -  
boxyl ic  ac ids  (IV and V) with the e l e c t ron i c  s p e c t r a  
of quinoxaline (VI), py raz ine  (VII), and p y r a z i n e - 2 -  
ca rboxy l i c  and -2, 3 - d i c a r b o x y l i c  ac ids  (VIII and IX). 
He a lso  c o m p a r e d  the d i s soc ia t ion  cons tan ts  of the 
ac ids  IV, V, VIII, and IX, and thus d e m o n s t r a t e d  the 
g r e a t  s i m i l a r i t y  of these  compounds,  The behav io r  of 
compounds I, VI, III, and VII under  po la rog raph ic  r e -  
duct ion condit ions a lso  shows the i r  s i m i l a r i t y .  

The e l e c t ron i c  s p e c t r a  of d e r i v a t i v e s  of benzo-  
2, 1, 3 - th i ad iazo le  and of quinoxaline [30-32] a re  a lso  
c h a r a c t e r i z e d  by a pronounced s i m i l a r i t y .  

Table 2 gives  data  on the UV s p e c t r a  of compounds 
I, VI, III, VII, IV, VIII, V, and IX and of the d in i t r i l e s  
co r r e spond ing  to the acids  V and IX (X and XI). 

The PMR s p e c t r a  of the h e t e r o c y c l e s  III and VII 
a re  a lso  s i m i l a r :  r for  III i s  1.30 and fo r  VII 1.40 [47]. 

Benzo-2,  1, 3 - th i ad iazo le  (I) and quinoxaline (VI) 
a re  a lso  s i m i l a r  in a number  of chemica l  p r o p e r t i e s .  
F o r  example ,  the act ion of KMnO 4 on I and VI f o r m s  the 
d i ca rboxy l i c  ac ids  V and IX, r e s p e c t i v e l y  [16, 33, 34], 
which undergo deea rboxy la t ion  on heat ing,  with the 
f o r m a t i o n  of the monoea rboxy l i c  ac ids  VI and VIII and 
the h e t e r o c y c l e s  I l l  and VII [!6, 35]. 

The s i m i l a r i t y  in the p r o p e r t i e s  of 2, 1, 3 - t h i a d i a -  
zole and py raz ine  and those of benzo-2 ,  1, 3 - th i ad iazo le  
and quinoxaline,  and of the i r  de r iva t i ve s ,  is  expla ined  
by the capac i ty  of sulfur  for  i n c r e a s i n g  i ts  va lence  
she l l  to two e l e c t r o n s  through the vacan t  d - o r b i t a l s  
[36-38].  In this  case  the s ame  analogy in p r o p e r t i e s  
i s  o b s e r v e d  as for  thiophene and benzene [39-41],  for  
naphthalene and benzothiophene [42], for  naphthalene 
and thiophthene [41], and fo r  1, 3 - th iazo le  and pyr id ine  
[43]. In a l l  these  h e t e r o c y c l e s ,  the sul fur ,  p o s s e s s i n g  
the c h a r a c t e r i s t i c  f ea tu re  of the s t r u c t u r e  of i t s  e l e c -  
t ron  cloud that  has  been  mentioned,  is  capable  of r e -  

Table 3 

Molecular  S t ruc tu re  of 2, 1, 3 -Th iad iazo le  

C--C 

1.413 
1.420 

Bond length, .A 

C- -N  

1.329 
1.328 

S--N 

1.632 
1.631 

H-S--N angle 

99.4 ~ 
99.55 ~ 

Method of investigation 

Electron diffraction [ 49 ] 
Radiospectroscopy [ 50 ] 
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peat ing the p r o p e r t i e s  of the v inylene group that  depend 
on the mobi le  e l ec t rons .  

l eagues ,  s ince  the p a r a m e t e r s  de t e rmine d  by phys ica l  
methods  (e lec t ron  d i f f rac t ion  and r ad io spec t r0 scopy )  

] FI 
[ C H  f~ C H  

i S I ~  r] ; JS-:  l 
] Ctt  ~ CH 

Zahradnik  and Coutecky [44] employed  the MO LCAO 
method fo r  a compara t i ve  study of four  i s o m e r i c  t h i a -  
d i azo le s ,  us ing the Longuet-Higgins  model  and a model  
taking no account of the pa r t i c i pa t i on  of the d - o r b i t a l s .  
The authors  came to the conclus ion that  the l imi t ed  
e x p e r i m e n t a l  da ta  can be be s t  r e p r e s e n t e d  by the r e -  
su l t s  obta ined us ing  the Longuet -Higgins  model .  P l e -  
menkov [70], who ca lcu la ted  mo lecu l e s  of I and Ia in 
the MO LCAO method taking p d - h y b r i d i z a t i o n  into 
account and without i t  came to the s ame  conclusion.  
It was shown that  the mode l s  taking pd -hyb r id i za t i on  
into account c o r r e s p o n d  to the ac tual  s ta te  of the 
mo lecu l e s  I and Ia. 

Hinsberg  [2] a lso  turned  his  a t tent ion to the s i m i -  
l a r i t y  of many of the p r o p e r t i e s  of benzo-2 ,  1, 3 - t h i a -  
d iazole  and quinoxaline,  including the fo rma t ion  of 
r e a d i l y  hydro lyzab le  s a l t s  and of complex compounds,  
and even the s i m i l a r  s m e l l s  of these  compounds.  
Point ing out the s i m i l a r i t y  in the syn thes i s  of the 
compounds,  th is  author sugges ted  that  sul fur  and the 

~---CH--CH~ chain were  equivalent  fo r  these  subs tances :  

N H 2 O V N 

~ ' ~  N H~ ' O / C t t  

The b r o a d  chemica l  inves t iga t ions  of 2, 1, 3 - t h i a -  
d iazo le  d e r i v a t i v e s  c a r r i e d  out by C a r m a c k  et al. 
[16, 17, 45-47 ,  71] have shown that  this  h e t e r o e y e l e  
p o s s e s s e s  a w e l l - m a r k e d  a r o m a t i c  na ture  and does  
not exhibi t  the p r o p e r t i e s  c h a r a c t e r i s t i c  fo r  d ienes ;  
in p a r t i c u l a r ,  i t  does not add b romine  o r  m a l e i e  an -  
hydr ide  [16-17].  

E l e c t r o n  d i f f rac t ion  and r a d i o s p e c t r o s c o p i c  i n v e s -  
t iga t ions  of the m o l e c u l a r  s t r u c t u r e  of 2, 1, 3 - t h i a d i a -  
zole [48-50] have shown that the molecu le  is  p l a n a r  
with the lengths of the C--C, C--N, and S--N bonds 
having va lues  i n t e r m e d i a t e  be tween those of the c o r -  
r e spond ing  double and s ingle  bonds (Table 3). 

A c o m p a r i s o n  of the m o l e c u l a r  p a r a m e t e r s  of 
thiophene and 1, 2, 5 - th i ad iazo le  led the authors  to the 
conclus ion  that  the r e p l a c e m e n t  of the two ca rbon  
a toms  in pos i t ions  2 and 5 of thiophene by n i t rogen  
had l i t t le  effect  on the total  a roma t i c i t y .  The authors  
[501 cons ide r  that  " s t r u c t u r e  (IIIa) m o r e  nea r ly  r e p -  
r e s e n t s  the m o l e c u l a r  p a r a m e t e r s  [given in the table]  
and the p r inc ipa l  r e s o n a n c e  s t ruc tu r e  of th is  molecule ."  

/ 

I l ia  

However ,  in the i r  opinion, this  conclus ion does  
not con t rad ic t  the r e s u l t s  of C a r m a c k  and his co l -  

Table 4 

Double -Bondedness  of the Bonds in the 
Molecules  of the Th iad iazo les  

Compound 

2,1,3-Thiadiazole 
Benzol2,1,3-thiadiazole 
Benzo-2,1,3.selenadiazoie 

X--N, 
X=S, Se 

0.35 
0.54 
0.08 

Bond 

C--N 

0.51 
0.46 
0.85 

c - c  

0,40 
0.35 
0.17 

r e l a t e  to the gound s ta te  of the molecule .  C a r m a e k  
et  al~ s tudied p r o p e r t i e s  depending on the n-mbile e l e c -  
t rons ,  and the i r  conclus ion i s  consequent ly  based  on 
the r e s u l t s  of e x p e r i m e n t s  in which, in addit ion to 
the ground s ta te ,  an impor t an t  ro le  was p layed  by an 
exc i t ed  e l e c t ron i c  s ta te .  

Table  4 gives  the d e g r e e s  of double -bondedness  of 
the S--N, Se--N,  C--N, and C--C bonds obtained by 
compar ing  the r e s u l t s  of X - r a y  s t r u c t u r a l  s tud ies  with 
the co r r e spond ing  va lues  for  the bonds accord ing  to 
Paul ing [51]o 

Consequently,  the s t r u c t u r a l  da ta  ag ree  with the 
a r o m a t i c  p r o p e r t i e s  of 2, 1, 3 - th i ad iazo le  and benzo-  
2, 1, 3 - th iad iazo le .  

Thus, the r e s u l t s  of inves t iga t ions  of 1, 2, 5 - t h i a -  
d iazole  and benzo-2 ,  1, 3 - t h i a -  and - s e l e n a d i a z o l e s  
and the i r  de r iva t ives  by chemica l ,  phys i cochemica l ,  
and phys i ca l  methods  give no grounds  for  assuming  
that  they p o s s e s s  a quinoid s t ruc tu re .  These  r e s u l t s  
p e r m i t  the s t a t emen t  that the h e t e r o c y e l e s  containing 
qua te rva len t  sul fur  o r  se len ium are  typ ica l  h e t e r o -  
a r o m a t i c  s y s t e m s  sa t i s fy ing  H~ickel's (4n + 2) ru le  
[52, 53,681. 

Benzo-2,  1, 3 - th i ad iazo le  n i t r a t e s  as r e a d i l y  as  
benzene (0 ~ C, HNO a with d 1.35). The influence of the 
th iad iazo le  r i ng  is shown only in the d i r ec t ion  of sub-  
s t i tut ion:  the n i t ro  group e n t e r s  pos i t ion  4 (7). How- 
eve r ,  even this  influence i s  cons ide rab ly  weakened in 
4 - m e t h y l -  and 4 -methoxybenzo-2 ,  1, 3 - th i ad iazo les  and 
is not shown at all  in 4 -hydroxybenzo-2 ,  1, 3 - t h i a d i a -  
zole [54]. The ch lor ina t ion  and ch lo romethy la t ion  of 
benzo-2 ,  1, 3 - th iad iazo le  fo rm p redominan t ly  the 4, 7-  
d i subs t i tu ted  d e r i v a t i v e s ;  when these  r e a c t i o n s  a re  
c a r r i e d  out with 5, 6 -d imethy lbenzo-2 ,  1, 3 - th iad iazo le ,  
the 4, 7 -d i subs t i tu ted  de r iva t ives  a r e  f o r m e d  e x c l u -  
s ive ly  [52, 53, 67]. 

Thus, the th iad iazole  r ing,  as an e l e c t r o n - a c c e p -  
t ing s t r u c t u r a l  e lement ,  e x e r t s  an e x t r e m e l y  weak 
influence on the r e a c t i v i t y  of the benzene r ing  in r e -  
ac t ions  with s t rong  e l ec t roph i l i c  r eagen t s .  

The fac t s  p r e s e n t e d  can be expla ined  if it i s  a s -  
sumed that in the benzo-2 ,  1, 3 - th i ad iazo le  molecu le  
and the s e l e n a  analog,  the sul fur  or  se len ium and the 
n i t rogen  a toms a re  a r r a n g e d  s y m m e t r i c a l l y  with 
r e s p e c t  to one another .  In this  case ,  the re  mus t  be 
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a s y m m e t r i c a l  a t t r ac t ion  of the e l e c t r o n  cloud in the 
d i r ec t ion  of the th iadiazole  (or se lenad iazo le )  r ing  
and, as a consequence,  a s i m i l a r  i m p o v e r i s h m e n t  of 
the e l e c t r o n s  in pos i t ions  5 and 6 and an en r i chmen t  
of those in pos i t ions  4 and 7 of the benzene nucleus.  
This explanat ion  is  in ag reemen t  with the behavior  
of the i s o m e r i c  benzo-1,  2, 3 - th iad iazo le  (XII) under  
n i t ra t ion  condit ions.  TMs he t e rocyc le  does not n i t r a te  
below 100 ~ C [55]. When it  i s  heated with po t a s s ium 
n i t ra te  in concen t ra ted  su l fu r ic  acid at 100 ~ C, a m i x -  
ture  of 5 -  and 7 -n i t robenzo-1 ,  2, 3 - th i ad iazo le s  (XIII) 
and (XIV) i s  f o rmed  [56]. 

XI| XIII g l Y  

Such a s t rong  deac t iva t ion  of the whole benzene nu-  
c leus  and of pos i t ions  5 and 7 to a s m a l l e r  extent  can 
be expla ined  by the u n s y m m e t r i c a l  s t r uc tu r e  of the 
1, 2, 3 - th i ad iazo le  r ing,  which leads  to a d i sp l acemen t  
of the e l e c t r o n  cloud in one d i rec t ion .  A s i m i l a r  effect  
is  c h a r a c t e r i s t i c  for  the ni t ro  group in n i t robenzene.  
This inf luence of the s t ruc tu r e  of the th iad iazole  r ing  
on the r e a c t i v i t y  of the nucleus adjacent  to it  on n i t r a -  
t ion i s  o b s e r v e d  a lso  in another  e l ee t roph i l i c  s u b s t i -  
tution reac t ion .  6 - A m i n o - 4 - m e t h y l p y r i m i d o - 2 ,  1, 3 -  
th iad iazole  XV r ead i l y  couples  with p - n i t r o b e n z e n e -  
d iazonium ch lor ide  even in an acid medium;  the 
i s o m e r i c  6 - a m i n o - 4 - m e t h y l p y r i m i d o - 1 ,  2, 3 - th iad iazo le  
(XVI) does not take p a r t  in th is  r e a c t i o n  [57]. 

s I /  

I I 
xv CH~ XVl cH s 

It i s  c l e a r  that the lower  nucleophi l ic i ty  of the c a r -  
bon of the methyl  group in compound XVI i s  due to the 
o n e - s i d e d  and, consequently,  s t r o n g e r  e l e c t r o n - a t -  
t r ac t ing  influence of the 1, 2, 3 - th iad iazo le  r ing  as  
c o m p a r e d  with the 2, 1, 3 - th iad iazo le  r ing  in compound 
XV. 

A compar i son  of the dipole moments  of benzo-  
2, 1, 3 - th i ad iazo le  (1.73) [58] and n i t robenzene  (3.97) 
[59, 60] a lso  shows the r e l a t i v e l y  weak e l e c t r o n - a c -  
cept ing na ture  of the 2, 1, 3 - th i ad iazo le  r ing  as  a 
subs t i tuent  of two ortho hydrogen a toms in the benzene 
r ing.  

The opinion put fo rward  on the na ture  of the shif t  
in the e l e c t r o n  cloud in benzo-2 ,  1, 3 - th i ad iazo le  and 
i t s  s e l ena  analog (I) does not con t rad ic t  the r e s u l t s  of 
s t r u c t u r a l  inves t iga t ions  [3, 4, 48], acco rd ing  to which 
compounds I and III a r e  s y m m e t r i c a l  r e l a t i v e  to the 
plane pa s s ing  through the sul fur  (or se len ium)  a tom 
and p e r p e n d i c u l a r  to the plane of the molecu le .  So fa r  
as  concerns  the d i s t r ibu t ion  of the e l e c t r o n  dens i ty  in 
the th iad iazole  r ing,  e x p e r i m e n t a l  da ta  a r e  in  a g r e e -  
ment  with the hypothes is  of a shif t  in the e l e c t r o n  

cloud in the d i r ec t ion  of the n i t rogen  with the f o r m a -  
t ion of the m e s o m e r i c  ion Ib with onium sulfur  (or 
se lenium).  Thus, for  example ,  benzo-2 ,  1 , 3 - s e l e n a -  

Q 
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diazole  is  a s t r o n g e r  base  than i t s  thin analog; i t  f o r m s  
sa l t s  more  r ead i ly ,  and these  a r e  more  s table  [52]; 
it  is  a lky la ted  at  the n i t rogen  a tom more  r ead i ly ,  and 
the co r r e spond ing  q u a t e r n a r y  s a l t s  a r e  m o r e  s table  
[61, 62]. It is  poss ib l e  to a r r i v e  at  the a s sumpt ion  
that  I is  capable  of r e a c t i n g  in the f o r m  of the b ipo la r  
compound Ib by cons ide r ing  i t s  poss ib le  l imi t ing  
s t r u c t u r e s .  

Of the six l imi t ing  s t r u c t u r e s ,  the mos t  f avorab le  
e n e r g e t i c a l l y  a r e  I and Ib. 
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