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Thus the mass - spec t rome t r i c  behavior of 5-phenyl - l ,4 -benzodiazepine-2- th iones  differs substantially 
f rom the fragmentat ion of the corresponding benzodiazepinones.  This difference is due to the fact that, in con-  
t ras t  to benzodiazepinones,  tautomerizat ion to enethione and eniminethione tautomeric  forms is charac te r i s t i c  
for the molecular  ions of the thiones. 

E X P E R I M E N T A L  

The mass  spec t ra  were obtained with an MKh-1303 spec t romete r  with a sys tem for di rect  introduction of 
the samples at an ionizing voltage of 50 V, an emiss ion  cur ren t  of 1.5 p.A, and t empera tu res  ranging from 140 
to 170 ~ Compound II was obtained by repeated refluxing of I in deuteromethanol and subsequent evaporation of 
the solvent. The mass  spec t rum showed that II contains 34% of the deuterated derivative.  
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S T R U C T U R E  A N D  P R O P E R T I E S  

O F  1 -  A N D  3 - H Y D R O X Y T R I A Z O L O [ 4 , 5 - b ] P Y R I D I N E S  

Y u .  A.  A z e v ,  G. A. M o k r u s h i n a ,  
I .  Y a .  P o s t o v s k i i ,  Yu .  N. S h e i n k e r ,  
a n d  O.  S. A n i s i m o v a  

UDC 547.821'791:543.422.4.6' .51 

It is shown that 1-hydroxytr iazolo[4,5-b]pyridine exists in alcohol solution p r imar i ly  in the N- 
oxide form,  whereas 3-hydroxytr iazolo[4,5-b]pyridine exists in the hydroxy form. 4-Methyl-  
t r iazolo[4,5-b]pyridine 1-oxide is formed in the methylation of 1-hydroxytr iazolo[4,5-b]pyridine,  
whereas 3-methoxytr iazolo[4,5-b]pyridine is formed in the methylation of 3-hydroxytr iazolo[4, -  
5-b]pyridine.  

It has previously been repor ted  [1] that two i somer ic  compounds corresponding to two tautomeric  forms - 
the N-oxide (Ia) and the N-hydroxy form (Ib) - a re  formed in the methylation of 1-hydroxybenzotr iazole.  The 
I a ~ I b  tau tomer i sm was studied by compar ison of the UV spect ra  of the s tar t ing compound and its methylation 
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Fig.  1. UV s p e c t r a  in a lcohol :  a) 1) 3 - m e t h o x y t r i a z o l o [ 4 , 5 - b ] -  
pyr id tne  IVa (R=CH3);  2) 1 - m e t h o x y b e n z o t r i a z o l e  IIa; 3) 3-  
h y d r o x y t r i a z o l o [ 4 , 5 - b ] p y r i d i n e  IVa (R = H) ; b) 1) 4 - m e t h y l t r i a -  
zo lo [4 ,5 -b ]pyr id ine  1-oxide  IIIc (1R = CH3) ; 2) 1 - m e t h y l b e n z o t r i a -  
zole  3 -ox ide  Wb;  3) t r i a zo lo [4 ,5 -b ]py r id ine  1-oxide  IIIc (R=H) .  
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Fig.  2. Mass  s p e c t r a :  a) 3 - m e t h o x y -  
t r i a z o l o [4 ,5 -b ]py r id ine ;  b) 4 - m e t h y l -  
t r  i azo lo [4 ,5 -b ]pyr  id inc. 

p roduc t s  (IIa and IIb). 
pyr id ines  III and IV. 

it s eemed  of in te res t  to us to s tudy the t a u t o m e r i s m  of 1-  and 3 - h y d r o x y t r i a z o l o [ 4 , 5 - b ] -  
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T a u t o m e r i c  f o r m s  b, c,  and d a r e  poss ib le  for  1 - h y d r o x y t r i a z o l o [ 4 , 5 - b ] p y r i d i n e  (IIIa, IR = H) and 3 - h y d r o x y -  
t r i a z o l o [ 4 , 5 - b ] p y r i d i n e  (YVa, R = H) : 
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It was  found tha t  only  one  p r o d u c t  is  f o r m e d  on the  m e t h y l a t i o n  of h y d r o x y t h i a z o l e s  III and IV unde r  c o n -  
d i t ions  s i m i l a r  to t h o s e  used  fo r  b e n z 0 t r i a z o l e .  The  s t r u c t u r e s  of the  me thy l  d e r i v a t i v e s  and s t a r t i n g  III and 
IV could  be  a s c e r t a i n e d  by c o m p a r i s o n  of the  UV s p e c t r a  of t h e s e  s u b s t a n c e s  with the  s p e c t r a  of the  c o r r e s p o n d -  
ing benzo  d e r i v a t i v e s  IIa and IIb and a l so  by m a s s - s p e c t r a l  s t ud i e s  of both the  m e t h y l a t i o n  p r o d u c t s  and the  
s t a r t i n g  1 -  and 3-  h y d r o x y t r  i azo lo  [4,5-b] p y r i d  ines .  

The  c h a r a c t e r  of the  c u r v e s  and the p o s i t i o n  of the  a b s o r p t i o n  m a x i m a  in the  UV s p e c t r a  of the  p r o d u c t  of 
m e t h y l a t i o n  of 3 - h y d r o x y t r i a z o l o [ 4 , 5 - b ] p y r i d i n e  c o i n c i d e  with the  c h a r a c t e r  and p o s i t i o n  of the  a b s o r p t i o n  m a x -  
i m a  in the  s p e c t r a  of  O - m e t h y l  d e r i v a t i v e  IIa (F ig .  1). Th i s  m a k e s  i t  p o s s i b l e  to a s s i g n  to it the  3 - m e t h o x y -  
t r i a z o l o [ 4 , 5 - b ] p y r i d i n e  (IVa, 1R = CH~) s t r u c t u r e .  The  d a t a  f r o m  the  m a s s - s p e c t r o s c o p i c  f r a g m e n t a t i o n  of IVa 
(R = CH 3) (F ig .  2), the  f r a g m e n t a t i o n  of which  can  be  r e p r e s e n t e d  by the  fo l lowing s c h e m e ,  a r e  a l so  in a g r e e m e n t  
wi th  th is  c o n c l u s i o n :  

OCH 3 

role 150 role 122 ~ C4H2N 

role 91 m]e 64 

The  UV s p e c t r u m  of the  p r o d u c t  of m e t h y l a t i o n  of 1 - h y d r o x y t r i a z o l o [ 4 , 5 - b ] p y r i d i n e  ( I I Ia ,  1~ = H) does  not 
c o i n c i d e  with  r e s p e c t  to the  f o r m  of the  c u r v e  and the p o s i t i o n  of the m a x i m a  with the  s p e c t r a  of the  O-  and N- 
m e t h y l  d e r i v a t i v e s  (IIa and tlb) of  b e n z o t r i a z o l e  (F ig .  lb)~ In o t h e r  w o r d s ,  i t  does  not c o r r e s p o n d  to IIIa o r  IIIb 
(R = CH3). We ob ta ined  the g r e a t e s t  amount  of i n f o r m a t i o n  r e g a r d i n g  s t r u c t u r e  of th is  compound  d u r i n g  a s tudy  
of i ts  m a s s  s p e c t r u m ,  in which  ions wi th  m a s s e s  of  150, 108, and 80 a r e  o b s e r v e d  (F ig .  2b). The  f o r m a t i o n  of 
an ion with m a s s  108 c o r r e s p o n d s  to d e t a c h m e n t  of 42 m a s s  uni ts  f r om the m o l e c u l a r  ion and can  be r e p r e s e n t e d  
by  the  s c h e m e  

+. 
o ? 

N/ +L____a~N / + ~ 4 2 

1 m[e ~OS m'e 811 CH~ 

lPt C 15n 

The  f r a g m e n t a t i o n  of the  ion with m a s s  108 with e j e c t i o n  of a n i t r o g e n  m o l e c u l e  is c o n f i r m e d  by the  
p r e s e n c e  in the s p e c t r u m  of a m e t a s t a b l e  ion with m/e  59.5.  

F r o m  t h e s e  da t a  i t  c an  be conc luded  that  the  m e t h y l a t i o n  p r o d u c t  has the  IIIc (R=CH3) s t r u c t u r e ,  in which  
the me thy l  g roup  is  a t t a c h e d  to  the  n i t r o g e n  a tom of  the p y r i d i n e  po r t i on  of the  m o l e c u l e .  If, however ,  it  is 
a s s u m e d  that  the  m e t h y l  g roup  is in the t r i a z o l e  r i n g ,  it  b e c o m e s  i m p o s s i b l e  to exp la in  d e t a c h m e n t  of a f r a g -  
men t  wi th  a m a s s  of 42 uni ts  and subsequen t  s p l i t t i n g  out of a n i t r o g e n  m o l e c u l e .  

A j u d g m e n t  r e g a r d i n g  the  s t r u c t u r e s  of the  s t a r t i n g  nonme thy l a t e d  III  and IV can  be f o r m e d  by c o m p a r i n g  
the  UV s p e c t r a  of t h e s e  compounds  with the  s p e c t r a  of the  m e t h y l a t e d  p r o d u c t s .  It was found tha t  in a l coho l  
so lu t ions  the  s p e c t r a  of t h e s e  and o t h e r  compounds  c o i n c i d e  both with r e s p e c t  to the  pos i t i on  of the  m a x i m a  and 
the  o v e r a l l  f o r m  of the  c u r v e  (Fig .  1). On the  b a s i s  of th is  it can  be conc luded  that  III (1R = H) e x i s t s  in a l coho l  
so lu t i on  p r i m a r i l y  in the  f o r m  of N - o x i d e  IIIe and tha t  IV e x i s t s  p r i m a r i l y  in hydroxy  f o r m  IVa (R = H). 

We ob ta ined  i n t e r e s t i n g  i n f o r m a t i o n  r e g a r d i n g  the  p r o p e r t i e s  of III and IV dur ing  a s tudy  of the  e l e c t r o n i c  
s p e c t r a  of aqueous  so lu t i ons  of t h e s e  compounds  at  v a r i o u s  pH v a l u e s .  A m a x i m u m  at 330 nm tha t  is  absen t  in 
the  s p e c t r a  of a l coho l  so lu t i ons  is  o b s e r v e d  in the  s p e c t r a  of t h e s e  c ompounds .  When the  pH of the  so lu t ions  is  
i n c r e a s e d ,  the  i n t e n s i t y  of th i s  m a x i m u m  i n c r e a s e s ,  and the c u r v e s  ob ta ined  at  v a r i o u s  pH v a l u e s  p a s s  t h rough  
an i s o p i e s t i c  poin t  a t  300 nm. F r o m  th i s  it  c an  be conc luded  tha t  the  a p p e a r a n c e  of a m a x i m u m  at  330 nm is due 
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to the p r e s e n c e  of the ionized form,  and this indica tes  the acid c h a r a c t e r  of 1- and 3 -hydroxy t r i azo lo [4 )5 -b ] -  
py r id ine s .  The i r  ionizat ion cons tants  a r e ,  r e s p e c t i v e l y ,  3.02 and 3.28, whereas  the pK a value of 1-hydroxyben-  
zo t r i azo l e  is 4.60. 

The I~ s p e c t r a  of c r y s t a l l i n e  s amp le s  of III and IV (R = H) contain continuous absorp t ion  at 2200-2700 

cm -1, the in tens i ty  of which d e c r e a s e s  a f te r  deutera t ion .  This  d e p r e s s e d  absorp t ion  makes  it poss ib le  to 
a s s u m e  the p r e s e n c e  in the c r y s t a l l i n e  s ta te  of III and IV (R = H) of a cons ide rab l e  contr ibut ion  of a polar  sa l t  
s t r u c t u r e .  

The m a s s - s p e c t r o s c o p i c  study of III and IV (R = H) indica tes  the exis tence  of these  compounds in the form 
of two poss ib l e  t au tomer i c  fo rms  under the condit ions of r e c o r d i n g  of the mass  s p e c t r a .  The pr inc ipa l  peaks in 
the spec t rum of IV (R = H) can be explained by a scheme  co r r e spond ing  to f ragmenta t ion  of the hydroxy fo rm:  

+.  +. 

~ N j  ~ .  - N  2 ~ C~H 3 
I rifle 5 I 

O H  

I - N :  

-O1|~ N ~ -HCP~. C~H~N 

tn ' e  b 

m ~C ~J I 

In addit ion,  an ion peak with a mass  of 120 ([M - O] +') is observed  in the mass  s p e c t r a  of III and IV, and 
this cons t i tu tes  evidence for the p r e s e n c e  of the N-oxide  form.  The r e l a t i v e  in tens i t i es  of the peaks with m/e 
108, 91, and 64 in the s p e c t r u m  of III is cons id e r a b l y  l ess  than in the spec t rum of IV. The concent ra t ion  of the 
hydroxy form ih III is p robab ly  app rec i ab ly  lower than in the ca se  of IV. 

The mass  s p e c t r u m  of 1 -hyd roxybenzo t r i a zo l e  contains peaks with m/e 135, 107, 90, and 77, which c o r -  
respond  to s i m i l a r  f ragmenta t ion  of the hydroxy form,  and an ion peak with m/e 119, which indicates  de tachment  
of oxygen f rom the t au tomer i c  form of the N-oxide .  

EXPERIMENTA L 

The electronic spectra were recorded with a Specord UV-vis spectrophotometer. The mass spectra were 

obtained with an MKh-1303 s p e c t r o m e t e r  equipped with a s y s t e m  for introduction of the s a m p l e s  d i r ec t ly  into the 
ion sou rce  near  the ionizing chambe r  at an ionizing vol tage of 30-40 V and an ionizat ion chamber  t e m p e r a t u r e  of 
125 ~ The IR s p e c t r a  were  r e c o r d e d  with a UR-20 s p e c t r o m e t e r .  

1 - H y d r o z y b e n z o t r i a z o l e  and its methyl  de r iva t i ve s  were  obtained by the method in [2|, and the i r  phys i ca l  
c h a r a c t e r i s t i c s  were  in comple te  ag reemen t  with the p rev ious ly  de sc r ibed  compounds.  

T r i azo lo [4 ,5 -b ]py r id ine  1-Oxide IIIc (R = H). This compound was obtained by ref luxing 2 - h y d r a z i n o - 3 -  
n i t ropy r id ine  [3] in 50% alcohol ic  hydraz ine  hydra te  for 1 h, a f te r  which the alcohol  was r emoved ,  and the r e s i -  
due was acidif ied to pH 3-4.  The r e su l t i ng  p r ec ip i t a t e  was r emoved  by f i l t ra t ion  to give a product  with mp 
220-222 ~ (from water)  in 90% yie ld .  Found: C 44.1; H 3.1; N 41.2%. ChH4N~O. Ca lcu la ted :  C 44.2; H 2.9; 
N 41 ~ 

3 -Hydroxy t r i azo lo [4 ,5 -b ]py r id ine  IVa (R=H). This compound, with 215-217 ~ (from water) ,  was s i m i l a r l y  
obtained in 70% yie ld  f rom 2 - h y d r a z i n o - 3 - n i t r o p y r i d i n e  [4]. Found: C 44.4; H 3.3; N 41.0%. ChH~N40. Calcu-  
lated:  C 44.2; H 2.9; N 41.2%. 

4 -Me thy l t r i a zo lo [4 ,5 -b ]py r id ine  1-Oxide IIIc (R=CH~). This compound was obtained f rom IfIc (R=H) by 
the method used to methyla te  1 -hydroxybenzoth iazo le  [2]. The r eac t ion  mix ture  was made a lkal ine  to pH 8-9 
and ex t rac ted  with ch lo ro fo rm.  The solvent  was then evapora ted  to give IIIc, with mp 136-138 ~ (from water) ,  in 
80% yie ld .  Found:  C 48.1; H 4.1; N37.1%. C6H6N40. Ca lcu la ted :  C 48.0; H 4 . 0 ;  N 37.3%. 

3 -Methoxy t r i azo lo [4 ,5 -b ]pyr id ine  IVa (R = CH~). This compound, with mp 92-93 ~ (from aqueous alcohol),  
was obtained in 80% yie ld  f rom IVa (R=H) by the method used to p r e p a r e  Ic. Found: C 48.0; H 4.3; N 37.5%. 
C6H6N40. Ca lcu la ted :  C 48.0; N 4.0; H 37.3%. 
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