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Abstract -- Syntheses of aromatic and azaarumatic fused 1,2,5-thia- and 

se lennd iazo las  a r e  described as  well a s  the examples of t h e i r  chemical 

r e a c t i v i t y  a r e  given. 

I. INTRODUCTION 

The present  paper, a continuation of  our review1, i s  dealing with heterocycles 
2 containing th iadiazole  o r  selenadiazole r ing condensed with aromatic system . 

These compounds a r e  i n t e r e s t i n g  f o r  t h e i r  b io logical  ac t iv i ty ;  they a m  used a s  

d r ~ g s ~ - ~ ,  herbicides7'* o r  radioprotective  agent^^"^. 
An a t t en t ion  ought t o  be paid  t o  th ia-  and selenadiazoles fused with azaaromatic, 

especia l ly  pyrimidine r ing,  these compounds being analogs of  purines and p t e r i -  

dines''-19. 

Fused thia- and selenadiazoles can be o l a s s i f i e d  i n t o  two groups, according t o  

the  incorporated ammatic o r  azaaromatic system. 

11. FUSED THIADIAZOLES 

1 Swtheses  

The parent  compound of th iadiazoles  condensed with aromatic r ing  i s  2,1,3-benzo- 

thiadiazole,  avai lable  from o-phenylenediamine i n  following reactions 20-26. 

NaE03, 1 S2C12, S2Br2. 

SO2 o r  TsNSO 
d 



I n  an analogous manner th iadiazoles  containing azaaromatic r ing  /pyridine, pyri- 

midine, pyrazine/ can be prepared and the  appropriate 0-diaminoheterocycles a r e  
n used a s  s t a r t i n g  materials  . 

I n  the react ion of  o-phenylenedidne with thionyl chloride,  t h e  M t i a l l y  formed 

2-amino-N-sulfinylaniline undergoes the  intramolecular cycl iza t ion t o  g ive  1. 
28 Rearrangement of - 1 and the  following water elimination yie lds  benzothiadiazole . 

intramolecular 
SOC12 
P 

i n  benzene 

The in te rac t ion  of Nmetyl-o-phenylenediamine ins tead of  o-phenylenediamine with 

thionyl.  chloride gives r i s e  t o  benzothiadiazolium chloride29: 

I n  the t ranssulf inyla t ion react ion of o-phenylenediamine with TsNSO, t h e  f i r s t  

s tep  r e s u l t s  in 2-amino-N-sulfinylnniline, which a t  higher temperatures nnder- 

goes a disproportionation t o  benzotiadiazole and o-phenylenediamineJO. 
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When 3,j'diaminobenzidine was t rea ted  with s u l f u r  dioxide i n  the  DMF solution,  

2 did not  form, and the  react ion resulted only i n  formation of 3.  This compound - 
24 can be used as s t a r t i n g  material  i n  syntheses of heterocyclic steroide analogs . 

Among fused thiadiazole azaaromatics the  thiadiazolopyridines should be mentio- 

ned. Harts obtained the  following chlom and hydroxy der ivat ives  of thiadiazolo- 

pyridines 16~31: 

As the synthet ic  route the  reaction of su i t ab le  o-diaminopyridines with thionyl 

chloride was used. 

An other  synthet ic  approach t o  thiadiazolopyridines, involving the pyridine r i n g  

formation, was described by MataJca and coworkers32. I n  this method, the 3 , b d i a -  

myl-1,2.5-thiadlazoles a r e  t reated with m i n e s  i n  the  presence of DWI ca ta lys t :  



4r 
RCE4?N%2 

O z C I N >  0: c .N , i n  toluene - 
/Dm/ 

k Ar DBU - 1 ,&diazabicydo 
R = CH20H, COOEt,  C6H5 Ar = C&, p-Me-C6H4 [5.4.0Jundec-7-ene 

!?used thiadiazole systems, incorporating pyrimidine r i n g  a re  in te res t ing  f o r  

t h e i r  biological activity.  These compounds a r e  available from 0-diaminopyrimi- 

dines i n  the reaction with thionyl chloride, sul fur  dioxide o r  N-sulfinylani- 

Une16,28,31. 

I n  the preparation of chlomthiadiazolopyrimidines, a s  i n  the  case of t h e i r  

pyridine analogs, the nucleophUic subst i tu t ion of the chlorine atom can 

The use of N-sulfinylaniline in these syntheses i s  preferred over thionyl chlo- 

r ide  because of the  milder reaction conditions. I n  this way a s e r i e s  of substi- 

tuted thiadiazolopyrimidines was obtained: 33 
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C a r r y i n g  out reactions of o-diaminopyrimidines with N-sulfhylaniline deriva- 

t ives,  the influence of substituents on the i r  react ivi ty was investigated, 

I f  N-sulfinylanlline i s  substituted by electron-donating groups, the electro- 

positive character of sulfur atom, and in turn, its react ivi ty i s  decreased; 

therefore such N-sulfinylanilines can be used in the transsulfinylation reac- 

34 t ion of very reactive 0-diaminopyridines . 
I n  the syntheses carried out with N-sulfinylaniline, thiadiazolopyrimidines 

are formed i n  the disproportionation of the i n i t i a l l y  resulting 2-amino 

N - s u l f i n y l a n i l i n e ~ ~ ~ ,  e.g. : 

There were synthesized numerous thiadiazoloheterocycles, incorporating pyrimi- 

dine ring, analogs of adenine, guanine, xanthine or ,  theophylline, as well as 

hypoxanthines and r n e r c a p t o p ~ r i n e s ~ ~ * ~ ~ ;  for instance, the analog of theophylli- 

ne 4 was obtained i n  the reaction:35 

The thio-derivates of thiadiazolopyrimidines were produced i n  the following 

manner: 33 



Among so far not much studied thiadiazoles fused with polyoyclio systems there 

ought to be mentioned the indene derivative 5 . obtained by Mataka and  coworker^:^ 

Compounds of the type 6 were synthedzdby Tashiro and coworkers by the action of 
38 tetrasulf'ur tetranitride on phenylacetylene . 

Danylec and Davis have carried out We following reactions:3gs40 ' 
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Compound1 can also be obtained by the amination of  followed by reduction 

and cyclization with thlonyl chloride: 40 

Benaotristhiadiazole has been described by Komtn and ~armaok:~' 

The heptacyclio system - 9 can be obtained i n  the following condensation 

reaction:41 



The synthesis  of thiadiazoloquinolines was reported by Sharma and coworkers:'' 

S a x 2  

H2N i n  benzene 

NH2 s- 

To heterocycles containing th iadiazole  r ing  can be included a l s o  the  mesoio- 

.@ nic  compound 10 prepared by blasuda and coworkers. 

2 Chemical r e a c t i v i t y  

The redox behaviour of benzothiadiazoles has been detelmined Using mercury 

and platinum electrode. 43 

The oxidation of  aromatic fused thiadiazoles r e s u l t s  i n  the  formation of dicar- 

.44 boxylic acid,  e.g.. 



HETEROCYCLES, Yo1 20, No 1 ,  1983 

I n  the  reduction Of  fused aromatic thiadiazoles o-diamines a r e  formed; an ana- 

logous reductive cleavage was observed i n  the  case of thiadiazolopyridines and 

-pyrimidines$ the  act ion of hydrogen sulf ide  however gave r i s e  t o  the  th io  der i -  

vat ive  11. Tnese reactions a re  useful i n  We s t ructure  elucidation of condensed - 
aromatic thipdiazoles. 31 ' 33 

The in te rac t ion  of 4-bromobenzothiadiazole with chlorosulfonic acid  r e s u l t s  i n  
44 sulfochloride - 12, which undergoes hydrolysis t o  give the sul fonic  acid . 

The quaternization reactions of benzothiadiazoles were examined by Davis and 
45 coworkers using dimethyl s u l f a t e  . 

To invest igate  the  reactivity of benzothiadiazoles their e l e c t m p h i l i c  subs<$- 

tu t ion  was studied. As examples of this reaction, the  n i t r a t i o n  and halogenation 

were performed i n  the  benzene andnaphthalenethiadiazole s e r i e s  6,19,21,44,46,47. 



Posit ions of the e l e c t m p h i l i c  a t tack are: 

---r n i t r a t i o n  

. .> halogenation 

Nucleophilic subs t i tu t ion  of the  Br atom i n  bmmobenzothiadiazoles was studied 

by ~ h a r m a : ~ ~ ' * ' ~ ~ ~  

KOH i n  E t O H  

CuCN i n  DMF 

r e f l w  
X = H, NO* 

CN 

Thiadiazolopyridines undergo e l e c t m p h i l i c  subst i tu t ion i n  a s i a t l a r  way a s  

benzothiadiazoles. The th iadiazole  r ing f o r  i ts  electmn-withdrawing pmperc 

t i e s  makes t h e  e l e c t m p h i l i c  subst i tu t ion of t h e  pyridine moiety d i f f i -  

C"lt3O* 3l. 

Posit ions of the  e l e c t m p h i l i c  at tack are:  

. . r halogenation 
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The nucleophil ic subst i tu t ion of halogen i n  halogenothiadiazolopyridines i s  a 

useful synthet ic  approach t o  der ivat ives  of  thiadia~olopyridines'~'~~~~~. 

In We chlomthiadiazolo [3,4-b] pyridines the 6-C1, and i n  t h e  p.4-c] isomers 

the  7-C1 atoms do not undergo nucleophil ic subst i tu t ion,  as i s  suonnarized i n  

the following ~ c h e m e ~ " ~ ~ .  

Hydrolysis 

/ 5% &OH, Zh, loo0 / 

- no react ion + no reaction 

C i  

Ammonolysl s 

/ NH3. 15h, 75' / 

Heating of 4-chlomthiadiazolo [3,4-blpyridine with a n i l i n e  i n  pyrldine gives r i s e  

to amino- and an i l ino  



111. FUSED SELENADIAZOLSS 

Aromatic and azaaromatic selenadlazoles a re  not  so much studied a s  t h e i r  sul fur  

analogs, Benzoselenadiazoles a r e  formed i n  the  reaction of o-phenylenediamines 
50 with selenious acid o r  diselenium dichloride . 

I n  a s imilar  manner the subst i tu ted benzoselenadiazoles are  obtained a s  

follod"52. 

The reaction of 0-diamines with selenious acid, resul t ing i n  fused selenadia- 

zole systems can be useful as the  photometric method of the selenium iletenat- . . 
53 nation . 

When i n  the reaction with selenious acid, ins tead of o-phenylenediamine its 
29 N-methyl der ivat ive  i s  used, the  benzoselmadiazolium chloride i s  formed . 
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Pedersen t r ea ted  1.2-dioximes with diselenium dickloride t o  obtain i n  We f irst  

step N-oxides 14 and 15. - The N-oxide 16 undergoes themolys i s  t o  give benzosele- 

nadiazole and benzooxadiazole, whereas i n  the  photolysis  only benzooxadiazole 

i s  

&OH se,cl, 
h 14 

" ~ 0 ~  i n  D W  - + 

An other react ion of t h i s  kind proceeds as  follows:54 

0-maminopyridines reacted with selenious ac id  t o  give selenadiazolo- 

pyridines: 16.31 
X X 



12 I n  8 s imi la r  way selenadiazoloquinolines 16 and 12 were synthesized . 

The r a t e s  of  y a t e r n i z a t i o n  of benzothtadiazoles were determined using dimethyl 

45 su l fa te  . 
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