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The reaction of N4S4 with phenylacetylene (Id) 
and methyl propiolate (&) was investigated. 

The reaction with gave 3-phenyl- ( % I ,  3-amino- 

4-phenyl-1,2,5-thiadiazole (s) and [1,2,5-thia- 
diazoloJdithiatriazapentalene (5) in 15, 5 and 8% - 
yields respectively. The reaction with afforded 

the corresponding 1,2,5-thiadiazoles, 2 and 
in 7 and 5% yields respectively, together with a 
small amount of trithiadiazepine (6) and the 
adduct (7) of the fragment arising from the cleavage 
of the CaC bond of & with N3S3. 

In 1968, the reaction of N4S4 with electron deficient 

acetylenes (w) was reported2) to give 3,4-disubstituted-l,2,5- 
thiadiazoles ( g , g )  and/or the adducts (3a,b) of 1 with N2S3, to - -  - 
which was proposed the bicyclic structure shown below. However, 

no paper has been published to our knowledge up to date. 



Our i n t e r e s t s  i n  N4S4 a s  a  s y n t h e t i c  r e a g e n t  prompted us t o  

i n v e s t i g a t e  t h e  r e a c t i o n  of  N4S4 w i t h  v a r i o u s  a c e t y l e n e s  and w e  

now r e p o r t  t h e  r e a c t i o n  o f  N4S4 wi th  monosubs t i tu ted  a c e t y l e n e s ,  

I d  ( R  = Ph, R'= H )  and & (R = CH302C, R ' =  H ) ,  t o  g ive  3-amino- - 
1 , 2 , 5 - t h i a d i a z o l e s  (s and g) t o g e t h e r  w i th  o t h e r  p roduc t s .  

A mixture  of  (22 mmole) and N4S4 (11 mmole) i n  t o l u e n e  

(40 m l )  was hea t ed  a t  r e f l u x  f o r  6 h r .  A f t e r  removal of t h e  

s o l v e n t  i n  vacuo, t h e  r e s i d u e  was columnchromatographed on s i l i c a  

g e l  (Wako ge1,C-300) and and 5 w e r e  i s o l a t e d  from t h e  benzene 

e l u a t e ,  and g from CHC13 i n  16 ,  8 and 5% y i e l d s ,  r e s p e c t i v e l y .  

6  h r  
Ph 

NqS4 + Ph-CSCH 
t o l u e n e  N mH N + p h ~ y 2  N + C16H10N4S3 

r e f  l u x  's' 's' 

The compound i s  i d e n t i c a l  w i th  an  a u t h e n t i c  specimen 

p repa red  by t h e  r e a c t i o n  of  N4S4 w i t h  e thy lbenzene3) .  Although 

B e r t i n i  and Pino d i d  n o t  mention t h e  format ion  of  s, w e  i s o l a t e d  

4d i n  0.7% y i e l d  i n  a d d i t i o n  t o  g which was ob ta ined  i n  4% y i e l d .  - 

+ r e f  l u x  
N4S4 phC2H5 n e a t  - - - 2d + 4d 

(75 m o l e )  (377 m o l e )  

0 

The compound g, mp 100-102 C, was deduced t o  have t h e  

amino th i ad i azo le  s t r u c t u r e  from e l emen ta l  a n a l y s i s  and s p e c t r a l  
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data4). Of the six possible structures, 3-amino-5-phenyl- (mp 

6 )  1 3 9 ~ ~ ) ~ '  and 5-amino-3-phenyl-1,2,4-thiadiazole (mp 160 C )  , 
and 2-amino-5-phenyl-1,3,4-thiadiazole (mp 223-224'~) " are 

excluded. Two 1,2,3-thiadiazoles are also rejected from the 

4) inspection of the fragmentation of mass spectrum of g . There- 

fore, fi is determined to be 3-amino-4-phenyl-l,2,5-thiadiazole. 
The molecular formula of 5, C16H10N4S3, corresponds to the 

2:1-adduct of and N4S4 with a loss of hydrogen sulfide. Its 

structure was deduced from the spectral data8) and hydrolysis 

with ethanolic potassium hydroxide, affording fi in 64% yield 
with a trace amount of phenylacetic acid. 

5-1 
01 - KOH-EtOH - 

ref lux - 4d + PhCH2C02H 
ph~N*ph 
N N-S 
1s' tN,S 

5-2 - 

However, it was not determined which structure 5-1 or 5-2 
is correct based on the available data. 

Although the pathway of the formation of the products is 

still unknown, was not obtained when g or was heated with 

N4S4 in toluene. 

2d or g - - 
NdS4 

5 - 
toluene reflux 



When methyl  p r o p i o l a t e  (&; R = CH302C-, R '=  H)  was al lowed 

t o  r e a c t  w i th  N4S4 under t h e  c o n d i t i o n s  mentioned above and t h e  

r e a c t i o n  mix tu re  was columnchromatographed on s i l i c a  g e l  (Wako g e l ,  

C-300), i s o l a t e d  were 1 from t h e  n-hexane e l u a t e ,  & and 5 from 

benzene,  and & from chloroform i n  1, 7 ,  1 and 5% y i e l d s ,  

r e s p e c t i v e l y .  

6 h r  c H 3 0 2 c ~ H  + 
N4S4 + CH302C-CZCH 

t o l u e n e  
N' 'N c H 3 0 2 c ~ N H 2  N' 'N 

le r e f  l u x  
's' \s' 

- 

The s t r u c t u r e s  o f  and & w e r e  deduced from t h e i r  d p e c t r a l  

d a t a  9'10) and f u r t h e r  confirmed by t h e i r  r e a c t i o n  w i t h  hydraz ine  

h y d r a t e  and conc. aqueous ammonia, a f f o r d i n g  t h e  cor responding  

hydraz ides  and amide i n  h igh  y i e l d s .  

0  
II 

H2NHNC H 
N2H4' H20 

2e L - M mp 155-7Oc 
E ~ O H - r e f l u x  N N 

\s' l i t .  mp 155-6Oc) 
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N2H4. H20 
e 

H2NHNCHNH2 / \ 
mp 2 0 8 - 9 ' ~  (d.)  

EtOH-reflux 
(lit. , I 2 )  mp 2O6(d.))  

4 e  - 

The compound 6 h a s  t h e  molecular  formula13) of  t h e  adduct  

of g w i t h  N2S3, which i s  cor responding  t o  t h e  compound 2 r e p o r t e d  

2) by Josey  . The nmr spectrum o f  6 shows a  s i n g l e t  a t  6 8.90 ppm 

which i s  a s c r i b a b l e  t o  an  azomethine p r o t o n .  The re fo re ,  t h e  

b i c y c l i c  s t r u c t u r e  proposed by Josey  f o r  3 i s  n o t  s u i t a b l e  f o r  

6 and we now propose t h e  t r i t h i a d i a z e p i n e  s t r u c t u r e  f o r  6. - 
The molecular  formula o f  7 i s  i n t e r e s t i n g l y  cor responding  

t o  t h e  adduc t  o f  a  f ragment  a r i s i n g  from t h e  c l eavage  o f  t h e  C.C 

bond o f  % and N3S3, which i s  a l s o  ob t a ined  when N4S4 i s  al lowed 

t o  r e a c t  w i t h  dimethyl  a c e t y l e n e d i c a r b o x y l a t e  o r  w i th  

methyl phenylacetylenecarbo~ylate~~) . Although t h e  s t r u c t u r e  o f  

7 could  n o t  be determined,  t h e  presence  o f  t h e  e s t e r  group was - 
confirmed by t h e  r e a c t i o n  w i t h  hyd raz ine  h y d r a t e ,  a f f o r d i n g  t h e  

cor responding  hyd raz ide  i n  h igh  y i e l d .  

S t u d i e s  on t h e  r e a c t i o n  of  N4S4 w i t h  o t h e r  a c e t y l e n e s  a r e  

i n  p rog re s s .  
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