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Abstract - The synthesis of various l ~ - l , 2 , 4 - t r i a z o l o [ 4 , 3 - ~ -  - 

[1,2,4ltriazoles has been achzeved by reaction of 4-amino-1,3 

dimethyl-5-thioxo-4,5-d1hyd1111-I,2,4~triazole with aromatic 

nitriles in the p r e s e n c e  of potassium t-butoxide. 

Our Interest in the preparation of bridgehead nitrogen heterocycles has encourag- 

ed us to look for specific routes to derivatives of lH-1,2,L-triazolo[4,3-b]- 

[1,2,4]tr1azole. In spite of many works on the synthesis of the l,2,4-tnazolo- 

[4,3-b][1,2,L]triazole ring system, no generally useful procedure for the prepa- 

ratyon of 1H-derivatives has hltherto been reported; i t  has only briefly mention- - 
ed that 1H-1,2,4-tr~azolo[4,3-~][1,2,4]triazoles - may be obtalned in 5% yield by 

1 
cyclization of trlarolylhydrazidic bromides with acetic acid . In this context we 
have reported the preparation of 6-aryl-l-methyl-3-methyIthi0-1~-1,2,4-triazolo- 

[4,3-b] [1,2,4]trlaroles from L-amino-3,5-bis(methylthio)-l ,2,4-triazole and aro- 

matic nitrlles under basic conditions2, and the preparation and character~zation 

of meso~onlc compounds derived from the 1,2,4-triazolo[L,3-b] [1,2,4]tr1acole n n g  

system3z4. 

We report here a convenient one-pot preparat~on of 6-aryl-I,3-dimethyl-lH-l,2,L- - 

triazolo[4,3-b1[1,2,L]triazoIes - 1 in synthetically useful yields. Our approach is 
based on the reaction of nitriles wlth 4-amino-1,3-dimethyl-5-thiox0-4,5-dihydro- 

1,Z.L-triazole 1, read~ly available from N-methyl thiocarbohydrazide and acetic 
5 acid . 

Wnen treated with e x c e s s  of potass~um - t-butoxide and one equivalent of nitrile I:? 

t-butanol under reflux for 68 h ,  the N-amno heterocycle 1 is directly converted - 
into the corresponding 6-aryl-1,3-dimethyl-l~-1,2,4-tria~010[4,3-b][1,2,4]tr~azo- - 

le 2 in moderate to good ylelds (50-84%). The reaction appears to be quite g e n e -  - 



r a l  f a r  a r o m a t i c  n l t r l l e s ;  however  a t t e m p t s  t o  a p p l y  t h e  method t o  a l l p h a t l c  nl- 

t r i l e s  were u n s u c c e s s f u l .  When 2-cyanofuran  o r  2 - c y a n o t h i o p h e n e  were u s e d  a mix- 

t u r e  of t h e  c o r r e s p o n d i n g  t r i a z o l o t r i a z o l e  2 and a m i d i n o t r i a z o l e  3  was o b t a l n e d  - 
i n  v e r y  low y i e l d .  

An a l t e r n a t ~ v e  r o u t e  t o  t r i a z o l o t r i a z o l e s  1 i s  b a s e d  on t h e  r e a c t l a n  of compound 

1  w l t h  a n i t r ~ l e  i n  t h e  p r e s e n c e  of o n e  e q u i v a l e n t  of p o t a s s i u m  t - b u t o x l d e  i n  - 
t - b u t a n o l  a t  r e f l u x  t e m p e r a t u r e  f o r  2  h  t o  g i v e  t h e  a m i d i n o t r i a z o l e  3 a s  a c r y s -  - 
t a l l i n e  solid i n  good y i e l d .  React  i o n  of 3 w i t h  methy l  trifluoromethanesulphonate 

i n  d r y  d i c h l o r o m e t h a n e  a t  room t e m p e r a t u r e  l e a d s  t o  t h e  a m i d i n o t r i a z o l i u m  s a l t  4 
which by h e a t i n g  i n  e t h a n o l i c  s o l u t i o n  u n d e r g o e s  c y c l i r a t i o n  t o  g i v e  - 5 ;  f u r t h e r  

t r e a t m e n t  of compound 5 w i t h  a q u e o u s  p o t a s s i u m  h y d r o x i d e  l e a d s  t o  2  i n  good - - 
yield. 

S t r u c t u r a l  elucidation of  2  i s  a c c o m p l i s h e d  on t h e  b a s i s  of  s p e c t r a l  and m i c r o a -  - 
n a l y t l c a l  d a t a .  In t h e  'H-NMR s p e c t r a  of a l l  t r ~ a z o l a t r i a z o l e s  2  t h e  chemica l  - 
s h i f t s  of N-CH3 and C  -CH3 g r o u p s  a r e  c h a r a c t e r i s t ~ c s  a t  6 3 . 8 5 - 4 . 0 5  and  6 2.55-  

3  
2 .65  ppm r e s p e c t i v e l y ,  which a r e  i n  good agreement  w i t h  t h e  r e p o r t e d  v a l u e s  f o r  

6  
this t y p e  of compounds . In a d d i t i o n ,  t h e  ca rbon  a toms  of t h e  N-CH3 and C  -CH 

3 3  
methy l  g r o u p s  show up c h a r a c t e r i s t i c a l l y  a t  6 3 5 . 1 3  and 1 0 . 1 3  ppm r e s p e c t i v e l y  in 

t h e  1 3 ~ - ~ ~ ~  s p e c t r u m  of compound - 2b ,  a s  d o  t h e  q u a t e r n a r y  carbons C3. C6 and C  
7a 

a t  a 135 .8L.  1 6 9 . 5 7  and 156 .48  ppm r e s p e c t ~ v e l y h ' 7 .  
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TABLE 2 .  S p e c t r a l  Data f o r  C o m p o u n d s  2 - 

- 

Compound 1R 

No. v (crn-' 1 
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TABLE 2. Continued 

a CDCI3 as solvent; Recorded at 70 eV 

EXPERIMENTAL 

Melting points were obtained on a Kofler hot-stage apparatus and are uncorrected. 

1R spectra were run us~ng NaCl plates on a Nlcolet FT-5DX spectrophotometer in 

Nujol emulsions. 'H NMR spectra were obta~ned on a V a r i a n  EM-360A spectrometer at 

60 MHz. Mass spectra were recorded on a Hewlett-Packard 5993 C spectrometer. Ele- 

mental analyses were performed with a Perkin-Elmer 240 C instrument. 

General Procedure for the Formation of 6-Aryl-1,3-dimethyl-lH-1,2,4-tr~azolo- 

[4,3-b][l,2,4]triazoles 2 .  A mixture of 4-amino-1,3-dimethyl-5-thiox0-4,5-dihy- 
dro-1,2,4-tr1azole 1 (1.44 g ,  10 mmol), the appropr~ate aromatic nitrile (10 

mmol 1 ,  potassium - t-butoxide (2.24 g ,  20 m o l )  ~n i-butanol (50 ml was refluxed 

for L8 h. After cooling, the solvent was evaporated under reduced pressure, the 

crude product was washed with cold water (50 ml I ,  separated by filtration, dried 
and recrystall~sed from ethanol to give 2 as crystalline solids ( s e e  Table 11. 

Typical Procedure for the Formation of Amidinotriazole 3. A mixture of 4-amino- 

1 , 3 - d ~ m e t h y l - 5 - t h 1 o ~ 0 - 4 , 5 - d i h y d r o - 1 , 2 , 4 - t 1  1 (1.44 g ,  10 m o l l ,  benzonitri- 

le (1.03 g ,  10 m a 1  1 ,  potassium i-butoxide (1.12 g ,  10 m o l )  i n  i-butanol (50 ml) 

was refluxed for 2 h. After cooling, the solvent was evaporated under reduced 

pressure and the solid residue was washed with water, dried and crystallised from 

ethanol to give 3(R=C6H5) (1.97 g ,  80%) as colourless prisms, mp 220-221" ((Found 

: C ,  53.36; H, 5.32; N, 28.22. CllH13N55 requires C, 53.L2; H ,  5.30; N, 28.311; 

1R v max. (Nujoll 3313, 3216. 16L7, 1557, 13L2, 1268. 1200, 781. 690 cm-I: 'H-NMR 

6 (CDC131 8.5-7.6 (7H,m), 3.75 (3H,sI, 2.20 (3H.s); m/l(%I 247(Mi, 1001, 232(6I, 

216(13), 205(5), 204(6), 177(5), 144(221, 130(14), 129(33), 127(20), 119(24), 

104(41), 77(29). 



T y p i c a l  P r o c e d u r e  f o r  t h e  F o r m a t i o n  o f  A m i d i n o t r i a z o l i u m  S a l t  4 .  T o  a s o l u t i o n  o f  - 
a m i d i n o t r i a z o l e  3(R=C6H51 ( 0 . 5  g ,  2  m o l l  i n  d r y  d ~ c h l o r o m e t h a n e  ( 2 5  m l ) ,  methy l  

trifluoromethanesulphonate ( 0 . 4 3  g ,  2 . 6  m o l l  was a d d e d .  The r e a c t i o n  m i x t u r e  was 

s t i r r e d  a t  room t e m p e r a t u r e  f o r  24 h .  The s o l v e n t  w a s  removed u n d e r  r e d u c e d  

p r e s s u r e  a t  room temperature a n d  the c r u d e  s o l i d  was r e c r y s t a l l ~ s e d  f rom 

m e t h a n o l / e t h e r  ( 1 : l  v : v )  t o  g i v e  +(R=C6H5) ( 0 . 5  g .  60%)  a s  c o l o u r l e s s  p r ~ s m s ,  rnp 

135-137°C (Found : C. 3 7 . 8 7 ;  H, 3 . 8 1 ;  N, 16 .90 .  CI3Hl6N5F3O3S2 r e q u i r e s  C ,  3 7 . 9 5 ;  

H, 3 . 9 2 ;  N, 1 7 . 0 2 ) ;  1R v max. ( N u j a l )  3383 ,  3345 ,  3221 ,  1 6 6 3 ,  1597 ,  1 5 6 2 ,  1285 ,  

1245 ,  1 2 2 7 ,  1172 ,  1030 ,  7 5 8 ,  702 cm-l; 'H-NMR 6 (CDCI 8 . 1 - 7 . 0  ( 7 H , m ) ,  6 .20  
1 

( 3 H , s ) ,  2 .70  ( 3 H , s ) ,  2 .40 ( 3 H . s ) ;  pf/r(%) 2 6 2 ( 3 ) ,  2 1 4 ( 1 9 ) ,  2 1 3 ( 1 0 0 ) ,  2 1 2 1 2 7 ) .  

1 2 9 ( 1 1 ) ,  1 0 3 ( 7 7 1 ,  7 7 1 2 1 ) .  

T y p i c a l  P r o c e d u r e  f o r  t h e  F o r m a t i o n  of T r i a z o l o [ L , 3 - b ]  [ 1 , 2 , 4 ] t r i a z o I e  2. A s o l u -  

t l o n  of a m i d i n o t r i a r o l i u m  s a l t  4(R=C H ) ( 0 . 3 5  g .  8 . 5  m o l l  i n  e t h a n o l  ( 1 5  m l )  
- 6 5  

was r e f l u x e d  f a r  1L h .  A f t e r  c o o l ~ n g ,  t h e  s o l v e n t  was removed u n d e r  reduced  

p r e s s u r e  and t h e  s o l i d  r e s i d u e  was r e c r y s t a l l i s e d  from e t h a n o l / e t h e r  1  v  t o  

g i v e  z(R=C6H5) ( 0 . 3  g ,  97%)  a s  c o l o u r l e s s  p r i s m s ,  mp 178-180'C (Found : C ,  3 9 . 5 9 ;  

H, 3 . 2 6 ;  N, 19 .16 .  C12H12N5F303S r e q u ~ r e s  C ,  3 9 . 6 7 ;  H, 3 . 3 3 ;  N, 1 9 . 2 7 ) ;  1R u max. 

( N u j o l l  3211 ,  1 6 9 3 ,  1682 ,  1 2 9 7 ,  1 2 4 0 ,  1 2 2 3 ,  1 1 7 8 ,  1 1 4 9 ,  1 0 3 0 ,  7 1 8 ,  691 cm-l .  

When compound 5(R=C H 1 ( 0 . 3 6  g ,  1  mmoll w a s  t r e a t e d  w i t h  1N p o t a s s i u m  h y d r o x i d e  - 6 5  
( 1 5  m i l  and t h e  r e s u l t a n t  m i x t u r e  was s t i r r e d  f o r  15 m i n ,  t h e  t r i a z o l o t r ~ a z o l e  2 
was i s o l a t e d  a s  c o l o u r l e s s  p r i s m s  i n  74% y i e l d .  

The a u t h o r s  a r e  i n d e b t e d  t o  Comls i6n  A s e s o r a  d e  l n v e s t ~ g a c i 6 n  C i e n t i f i c a  y 

T e c n i c a  f o r  f i n a n c i a l  s u p p o r t .  p r o j e c t  number 2019/83 . 
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