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It has been shown that when 5-phenyl- and 5-methyltetrazolo[c] - 
quinazolines and 6-pyrrolidinotetrazolo[b] pyridazine are dissolved 
in trifluoroacetic acid, they are converted into the corresponding 
azides, in the last case with measurable velocity. In the form of the 
picrate and hydrochloride, 7-piperidinotetrazolo[c] pyrimidine exists 
as the axide in the crystalline state. These cases of tetrazole-azide 
transformations evidently take place through the protonation of the 
initial compounds. 

111 a study of the properties of N-heterocyclic com- 

pounds containing fused tetrazole rings, it was noted 

that some of these compounds are capable of tauto- 

meric transformations of the tetrazole-azidoazometh- 
ine type [I]. 

r 3 "-C~N\ 

..-N-..N#t /N 

The tendency to this type of transformation depends 
on the electron-donating capacity of the hetero ring. 

The lower the electron-donating capacity of the hetero 

ring to which the tetrazole ring is fused, the weaker 
is the Nf--N l bond and the less stable is the ring- 

closed tetrazole form. If the energyofthe N(--N l bond 

is low and is close to the energy of solvation, when 

such a compound is dissolved the fused tetrazole ring 

opens forming the linear azide group (the product of 

ring-opening, containing the polar and readily polar- 

ized azide group is solvated more strongl3t than tile 

initial compound containing the fused tetrazole ring). 

A shift in the tetrazole-azidoazomethine equilibrium 

in the azide direction can take place not only through 

dissolution but also through a decrease in the electron- 

donating nature of the hereto ring to which the tetra- 

zole ring is fused. The electron-donating capacity of 

the hetero ring can be decreased: I) by the introduc- 

tion of electron-accepting substituents into the hetero- 

cyclic compound [ 2] ; and 2) by the protonation of the he- 

t e r o c y c l i c  base under the ac t ion  o fac i f l s .  Thus ,  we have  
o b s e r v e d  that  5 - s u b s t i t u t e d  t e t r a z o l o [ c ] q u i n a z o l i n e s ,  
which  ex i s t  in the t e t r a z o l e  f o r m  in the c r y s t a l l i n e  
s t a t e  and in so lu t ions ,  g ive  2 - s u b s t i t u t e d  4 - q u i n a z o -  
lones  on be ing  b o i l e d  in h y d r o c h l o r i c  ac id  [3, 4]. A l -  
though the i n t e r m e d i a t e  p r o d u c t s  w e r e  not  i so l a t ed ,  
the f o r m a t i o n  of 4 -qu inazo lones  cannot  t ake  p l ace  
o the r  than through the s t age  of the opening of the  fused  
t e t r a z o l e  r i n g  with  subsequen t  h y d r o l y t i c  sp l i t t i ng  off 
of the  az ide  group by  a nuc leoph i l i c  m e c h a n i s m .  
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R = Phenyl-, cycloalkyiamino-.  

The p ro tona t ion  of a n i t r o g e n  a tom in the r i ng  of 
t e t r a z o l o [ e ] q u i n a z o l i n e  that  t a k e s  p l a c e  in an ac id  m e -  
d ium is a c c o m p a n i e d  by  the d e l o c a l i z a t i o n  of the p o s -  
i t ive  c h a r g e  o v e r  the whole  qu inazo l ine  r ing ,  in c o n -  
s equence  of  which  the e l e c t r o n - d o n a t i n g  c a p a c i t y  of 
the qu inazo l ine  r i ng  fa l l s ,  the s t r e n g t h  of the N~--N 1 
bond d e c r e a s e s ,  and the t r a n s f o r m a t i o n  of the t e t r a -  
zo le  into the az ide  b e c o m e s  p o s s i b l e .  P ro tona t i on  
t a k e s  p l a c e  even when the s u b s t a n c e s  a r e  d i s s o l v e d  
in t r i f l u o r 0 a c e t i c  ac id  in the cold  ( s i m i l a r  c a s e s  of the  
inf luence  of t r i f l u o r o a c e t i c  ac id  on fused  t e t r a z o l e  
r i n g s  have  r e c e n t l y  been  r e p o r t e d  [5]). Thus,  we have 
found that  5 - p h e n y l -  and 5 - m e t h y l t e t r a z o l o [ c ] q u i n a -  
z o l i ne s  which,  a c c o r d i n g  to the r e s u l t s  of IR s p e c t r o -  
scopy,  e x i s t  only  in the f o r m  of the t e t r a z o l o  i s o m e r s  
in the c r y s t a l l i n e  s t a t e  and in so lu t ions ,  exhib i t  s t r o n g  
az ide  bands  in t r i f l u o r o a c e t i c  ac id  so lu t ions  a t  2172 
cm -1 for  the phenyl  d e r i v a t i v e  and 2147 em -1 fo r  the 
me thy l  d e r i v a t i v e ,  with ove r tones  at  2218 and 2210 
cm -1, r e s p e c t i v e l y .  Appa ren t ly ,  h e r e  a s  a r e s u l t  of 
p ro tona t ion  the opening  of the t e t r a z o l e  r i n g  t akes  
p l a c e  even a t  r o o m  t e m p e r a t u r e .  

Some compounds  of the p y r i d a z i n e  s e r i e s  behave  
p e c u l i a r l y .  F o r  example ,  6 - p y r r o l i d i n o t e t r a z o l o [ b ] -  
p y r i d a z i n e  is  the t e t r a z o l e  (a) in the c r y s t a l l i n e  s t a t e  
and in so lu t ions ,  a c c o r d i n g  to the r e s u l t s  of IR s p e c -  
t r o s c o p y .  In the IR s p e c t r u m  of a f r e s h l y - p r e p a r e d  
so lu t ion  of th i s  compound in t r i f l u o r o a c e t i c  ac id  t h e r e  
a r e  b a r e l y  d e t e c t a b l e  az ide  bands  (2131 and 2154 cm -1) 
the i n t ens i t y  of which i n c r e a s e s  a f t e r  s o m e  t ime  and 
b e c o m e s  cons t an t  a f t e r  3 days .  As f a r  as  we a r e  aware ,  
th is  is the f i r s t  t ime  tha t  such a type  of s low opening  
of the t e t r a z o l e  r i n g  to f o r m  the az ide  (b) h a s  been  
o b s e r v e d .  gN, 

We m a y  men t ion  tha t  in a l l  the  c a s e s  r e f e r r e d  to, 
a f t e r  the e v a p o r a t i o n  and c o m p l e t e  e l i m i n a t i o n  of the 
t r i f l u o r o a e e t i c  a c id  the in i t i a l  t e t r a z o l e s  w e r e  r e c o v -  
e r e d .  
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Since ,  in the  c a s e s  m e n t i o n e d ,  in add i t ion  to p r o -  
t ona t i on  a d e c i s i v e  r o l e  in the  o p e n i n g  of the  t e t r a z o l e  
r i n g s  w a s  a l s o  p l a y e d  by  s o l v a t i o n ,  i t  w a s  i m p o s s i b l e  
to e x c l u d e  the r o l e  of  the  l a t t e r  c o m p l e t e l y .  In v i e w  

of th i s ,  i t  a p p e a r e d  i m p o r t a n t  to d e t e r m i n e  w h e t h e r  
p r o t o n a t i o n  (not in s o l u t i o n  bu t  in the so l i d  phase )  cou ld  
l e a d  to the  o p e n i n g  of  the  t e t r a z o l e  r i ng .  To s e t t l e  
t h i s  q u e s t i o n ,  7 - p i p e r i d i n o t e t r a z o l o [ c ] p y r i m i d i n e ,  
w h i c h  e x i s t s  in t he  c r y s t a l l i n e  s t a t e  in the f o r m  of 
the t e t r a z o l e  and in s o l u t i o n s  in the  f o r m  of the  a z i d e  

[6], w a s  c o n v e r t e d  into the  p i c r a t e .  The  IR s p e c t r u m  
of  the  c r y s t a l l i n e  p i c r a t e  w a s  found to h a v e  a s t r o n g  
a z i d e  band  a t  2135 c m  -1, w h i c h  c o n v i n c i n g l y  s h o w e d  
tha t  the  f o r m a t i o n  of  the  p i e r a t e  i s  a c c o m p a n i e d  by  
the t e t r a z o l e - - a z i d e  t r a n s f o r m a t i o n .  H o w e v e r ,  i t  i s  
p o s s i b l e  t ha t  in t h i s  c a s e  the  r e d u c t i o n  in the b a s i c i t y  
of  the h e t e r o c y c l e  i s  due  n o t  o n l y  to p r o t o n a t i o n  b u t  

a l s o  to the f o r m a t i o n  of  a d o n o r - a c c e p t o r  c o m p l e x  
b e t w e e n  the  7 - p i p e r i d i n o t e t r a z o l o [ c ] p y r i m i d i n e  and 

the  p i c r i c  ac id .  In v i e w  of th i s ,  we  p r e p a r e d  the  h y -  
drochloride of this compound and studied the IR spec- 
trum of its crystals. In complete agreement with this 
hypothesis, it was found that the hydroehloride, like 
the pierate, exhibited a strong azideband at2145 em -I, 

and the intensity of the bands assigned to the absorp- 
tion of the tetrazole ring had decreased considerably. 

It is characteristic that the absorption bands of 7- 
piperidinotetrazolo[c]pyrimidine picrate (in fact rep- 
resenting the 6-azido-4-piperidinopyrimidine pierate) 
and 6-ehloro-4-piperidinopyrimidine picrate (a sub- 
stance with a similar structure to the former, but 
containing a halogen instead of the pseudohalogen 
azide group) in the 1100-700 em -l region of the IR 
spectrum coincide almost completely, and this can 
serve as a convincing proof of the absence of the for- 
mation of the tetrazole ring in 6-azido-4-piperidino- 
pyrimidine picrate. The hydrochloride of the latter 
does not exhibit the strong bands at 788 and 1069 em -i 

present in the initial tetrazole [6], either. 
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EXPERIMENTAL 

7-Pipezklinoteuazolo[e]pyrimidine pierate. A solution of picric 
acid (0.25 g in 3 ml of methanol) was added to 0.2 g (~1 raM) of 
7-piperidinotetrazolo[c] pyrimidine [6], mp 77"-78 ~ C, in 3 ml of 
methanol The mixture was boiled for 5 rain and cooled. The pre- 
cipitate was filtered off and crystallized from ethanol, to give yellow 
needles with mp 136 ~ C (decomp.), weight 0.3 g (75%). Found, %: 
N 29.06. Calculated for C~H~NgO 7, %: N 29.09. 

6-Chloro-4-piperidinopyrimidine pierate. This was obtained by 
the method described above from 6-chloro-4-piperidinopyrimidine; 
mp 79" C. Yield 80%, mp 145 ~ C. Found, %: N 19,36. Calculated 
for CgHIINsCI. C~Hs(NO2)sOH, %0: N 19.69. 

q-Pil~inotetxazolo[c]I)yrimidine hydrochlo~ide. A small amount 
of dry hydrogen chloride was carefully passed through an ice-cooled 
solution of 0.2 g (~1 raM) of 7-piperidinotetrazolo[c] pyrimidine in 
100 ml of diethyl ether. The white crystalline precipitate (needles) 
that formed was filtered off and dried in the air. Weight 0.1 g(42%o), 
mp 133~ ~ C (decomp.). Found, %: C1 14.98. Calculated for 
C9H12N s " HC1, %: C1 14.73. 

6-Pyrroli~inotegazolo[b]pyridazine. A solution of 6-chlorotetra- 
zolo[blPyridazine [9] (0.01 mole) and pyrrolidine (0.02 mole) in ben- 
zene was boiled for 1 hr. The precipitate was filtered off and crys- 
tallized from ethanol in the form of colorless prisms, mp 196~ ~ 
C. Yield 83%. Found, %: N 44.31. CsH10N 6, %: N 44.21. 

The IR spectra of the substances were recorded on a IKS-14 spec- 
trometer. 
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Thus ,  the  o p e n i n g  of  a f u s e d  t e t r a z o l e  r i n g  to f o r m  
an a z i d o a z o m e t h i n e  in the  p r o d u c t i o n  of a c r y s t a l l i n e  

s a l t  ( h y d r o c h l o r i d e ,  p i c r a t e ) h a s  b e e n  o b s e r v e d  f o r  the  
f i r s t  t i m e .  S u b s e q u e n t l y  an  i n v e s t i g a t i o n  m u s t  b e  
m a d e  as  to how f a r  the  t e t r a z o l e - - a z i d o a z o m e t h i n e  
t a u t o m e r i c  e q u i l i b r i u m ,  a s  one  of the  c a s e s  of r i n g -  

c h a i n  t a u t o m e r i s m ,  c a n  be  r e g a r d e d  a s  a p e c u l i a r  
a c i d - b a s e  e q u i l i b r i u m  [7]: 

L e w i s  b a s e - - t e t r a z o l e  ~-~ L e w i s  a c i d - - a z i d e .  

4 J u l y  1966 K i r o v  U r a l s  P o l y t e c h n i c  Ins t i t u t e ,  
S v e r d l o v s k  


