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VALENCE TAUTOMERISM O F  3-AZIDOPYRAZINE-1-OXIDE 

M i s a  V. Jovanovic 
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Abs t rac t  - T h e  f i r s t  azido-tetrazolo valence t a u t o m e r i s m  of a n-deficient N-oxide, 

3-anidopyraaine-I-oxide, i s  reported.  It exist. in  i t s  azido f o r m  in  CDCIJ and in  the 

t e t razo lo  f o r m  in  the  solid s ta te  o r  in  DMSO-d,. Bo:h valence tau tomers  a r e  present  

in  acetone-d,. 

T h e  azido-tetrazolo equilibrium (A*& in  a considerable number  of heterocycl ic  compounds h a s  

been scrut inized. '  The techniques used t o  study t h i s  process involve ultraviolet,  infrared,  a n d -  

proton and carbon  NMR spectroscopy, among others." 

3.4 
In polar or non-polar solvents, as well as in the  solid state, 2-azidopyridine, 2-azidopyrazine, 

3-azidopyridaeine, ' and 3-azido- 1.2. 4-triazinea exis t  almost exclusively as  t h e i r  t e t razo lo  

i somers .  However, 2-aeido-1, 3.5-triazine9 in ei ther  dimethyl sulfoxide or  chloroform solution 

exis ts  exclusively in  the  azido f o r m ,  while 2 - a ~ i d o ~ ~ r i r n i d i n e ' ~  in  DMSO i s  p resen t  t o  t h e  extent of 

only 1 0 %  in  th i s  fo rm.  It is,  however, totally in the  azido f o r m  in  chloroform. 

In con t ras t  t o  t h e  tendency of many "azido" compounds to exis t  as t e t razo lo  i s o m e r s ,  t h e  N-oxides 

behave differently. T h e  3-azidopyridaeine-1-oxide (2)' and t h e  3-azido- 1.2.4-triazine- 1- and 

2-oxidess exis t ,  both in polar  a s  well as non-polar solvents and in  the solid s tate ,  in  the aaido 

form.  



Since 3-azido-l,2,4-triazine-1-oxide &) exists  as such rather  than in the te t razolo  f o r m  and 

because it was observed that  N-2 ra ther  than N-4 in the nonoxygenated 1.2.4-triaaines is the pre-  

ferred s i te  for cyclieation,' we decided t o  prepare 

and study 3-azidopyrazine- 1-oxide (k). In th i s  instance, the possibility of cyclisation proceeding 

to one of two possible s i tes  does not exist. 

The 3-azidopyranine-1-oxide (@ was prepared f rom 3-hydrazinopyraeine-1-oxide by treatment 

with nitrous acid (see Experimental).  The infrared spectrum of this  compound in CDCll  has a 

strong azido absorption band a t  2155 cm-', Its proton NMR spectrum in CDC1, shows only one set  

of peaks: a doublet a t  6 7.77, a doublet a t  68. 19 and a quartet  a t  67.88 (Js, = 3.5 Hz, J2,&= 2.0 He 

coupling a c r o s s  the  N-oxide) typical of 3-substituted pyraeine-1-oxides ( see  Table I). Therefore,  

in CDC1, solution, 3-amidopyrazine- 1-oxide exists exclusively i n  the  asido form. However, in 

Nujol o r  potassium bromide, the infrared spec t rum shows no aziz absorption, and the compound 

thus exists  in i ts  tetrazolo f o r m  (2) in the  solid state. 

k 7 "" 

(a) in CDC13 (a)  in DMSO-db 

( b )  15 % in acetone-db (b)  85 % i n  acetone-d6 

(c)  in the solid s ta te  
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TABLE I. Some Representat ive PMR Data of 3-Substituted Pyramine-I-oxide$ 

0- 
I 

Substituent (X) H-2 H-5 H-6 Solvent Js,b** 3 2 . 6  ** Ja,i** -- -- 
-OCH, 

- OCH, 

- OCH, 

- C1 

- C1 

- C1 

- N, 

-N3(tetrazalo)  

- N, 
te t razo lo  

- N3 

CDCl, 

DMSO'~ 

TFAA 

C D C ~ , ' ~ . ' ~  

DMSO'~ 

TFAA 

CDC1, 

DMSO 

d6-acetone 

TFAA 

* Chemical  shifts a r e  in6 (ppm)  

** In Hz. 

*** The l a r g e r  %-coupling constant (6 Hz) in t he  tetrazolo compounds in comparison t o  the  amido 
s t ruc tures  (3.5-4.0 Hz) i s  noteworthy and offers confirmatory s t ruc tura l  evidence. 

The  proton NMR spec t rum of the  compound in perdeuteriodimethyl sulfoxide (DMSO-dd i s  consider-  

ably different f rom that  in  deuteriochloroform. That this difference i8 not a solvent effect i s  

easi ly demonstrated by comparing the  proton NMR spectra  of some  3-substituted pyrazine-1-oxides 

in CDCl, with those  in DMSO-d, (see Table I). Clearly, the DMSO-db solvent effect i s  much l e s s  in 

t he  3-chloro- a s  well a s  3-methoxypyrazine-1-oxides than in t he  3-azido instance. Thus, we 

suggest that i n  DMSO-d, the  3-azido compound exists  in  the te t razo lo  form z. This  conclusion i s  

confirmed by the  f ac t  that in  acetone-d6 the  proton NMR spectrum shows two ABX sys tems  (see 

.Table I). One of t he se  has s imi la r  chemical  shifts t o  those of t he  CDC1, spec t rum while the  other  

has  chemical  shifts closely akin to  those observed f o r  the comp=und i n  DMSO-db. Integration of 

the  two ABX pat terns establ ishes that in  acetone-db a mixture of 15% 3-aeido- and 85% te t razo lo  

i somer  ie present .  



DISCUSSION 

~ a r l i e r  studies of aeido-substituted n-deficient nitrogen heterocyclic sys tems have established 

that the azido-tetrazolo equilibrium i s  strongly affected by: (a )  the n-deficiency of the  azine 

nitrogen heterocycle, (b) the stability of the tetrazolo compound, (c) the  polarity of the solvents, 

and (d) t o  some extent, the  temperature.  The  following statements have been 

1. In tetrazolo-azines the azine pa r t  of the molecule i s  responsible for  the magnitude of 

the charge on the nitrogen a tom common to both rings. 

2. If the  electrons f rom the  azido group can be localized on more  than one nitrogen atom. 

in the  m* position with respect  t o  the amine nitrogen atom, the aaido f o r m  i s  

stabilized. ~ 

3.  In those instances where the additional nitrogen atom(s)  i s  present at  a s i te  other than 

with respect  t o  the  nitrogen atom common to both rings, the stability of the 

tetrazole must  be considered.' 

Since 2-azidopyridine exists  in the tetranole f o r m  exclusively and because nitrogen substitution of 

the carbon e i theruand/or  y t o  the  bridgehead nitrogen (N-4), C-5 and/or  C-7 in s t ruc ture  &Or does 

not cause azido formation, the  inductive effect of the additional nitrogen a tom does not significant- 

ly destabilize the tetrazolo structure.  I•’ any of these  ring nitrogens a r e  N-oxidized, the aeido 

form is  sufficiently stabilieed to become a major ,  i f  not the  exclusive, contributor to the asido- 

ae 
tetrazolo equilibrium. The substitution of C-5 (a t o  N-4) by an  N-oxide leads t o  the predominance 

of the azido form. Thus, while 3-azidopyridazine exists  as  a te t razole  i n  the  solid state, in polar 

and in nonpolar solvents, a s  well a s  i n  trifluoroacetic acid (TFAA), the  3-azidopyridasine-l- 

oxide exists i n  t h e  azido f o r m  in a l l  of these  media. Replacement of C-7 ( y  t o  N-4) by a nitrogen 

atom, t o  form 2-azidopyrazine, generates the  te t raea le  both i n  the solid s tate  and i n  DMSO. In 

CDCI,, 10 % oi  the  compound exists  in the azido f o r m  while in trifluoroacetic acid an  approximate- 

ly equal mixture of azido and tetrazolo f o r m  i s  present. When N-4 i s  oxidiaed (3-azidopyrazine- 
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1-oxide), the  compound behaves l ike  i ts  non-oxide in the solid s ta te  as well a s  in  polar  solvents. 

But, in  a non-polar solvent or  i n  trifluoroacetic acid, it ex i s t s  exclusively in  the  azido form.  

Thus, N-oxidation, in th i s  case, stabi l izes  the azido form only in  non-polar solvents and in  t r i -  

f luoroacet ic  ac id  solution. 3-Azido-1.2.4-triaaine-1-oxide exists  exclusively in  the  azido f o r m  

in  a l l  media  studies.''" 

In summary ,  in  those  cases where the  N-oxide function i s a  t o  the  bridgehead nitrogen a tom (N-4). 

the  azido f o r m  i s  the  dominant s t ruc ture .  Since, when the N-oxide ie  in  the positiony to  the  

bridgehead ni t rogen atom(N-4). (3-azido-pyrazine-I-oxide), both f o r m s  a re  present ,  i t  appears  

that  the  controlling fac tor  f o r  t h e s e  cyclieations i s  the inductive effect of the N-oxide function, a n  

effect that  i s  g r e a t e r  than that  of t h e  sp%itrogen itsell. Thus, we would predict  that  a n  N-oxide 

in  a position B t o  t h e  bridgehead nitrogen a tom (N-4). such a s  would be found in 4-azidopyrimidine- 

I-oxide, would cause  aeido-stabilization by the resonance effect of the  aeido function. 

EXPERIMENTAL 

Melting points a r e  uncorrected.  'H NMR s p e c t r a  were recorded  with a Varian HA-100 spec t ro-  

m e t e r .  IR s p e c t r a  w e r e  recorded  with a Beckman ACCuLab I instrument .  

3-Azidopyrazine-1-oxide ( 6 ) .  3-Hydrazinopyradine-1-oxide" (200 mg. 1.46 mmole) was dis- - ?r 

solved in  3 ml of conc. HC1. T o  this  solution was  added, with cooling in  a n  ice-bath, 2 ml of 

water  containing 120 m g  of sodium ni tr i te .  The resulting reac t ion  mix ture  was allowed t o  stand 

a t  ice-bath t e m p e r a t u r e  for  20 rnin. After this  t ime ,  it was slowly (20 rnin.) allowed t o  w a r m  up 

t o  15'C (during this  p rocess  a reddish-orange precipitate formed).  The mix ture  was then m a d e  

basic  with sol id sodium bicarbonate and extracted with methylene chloride (3 x 20 ml). The 

ex t rac t s  were  d r i e d  over anhydrous Na2S04, f i l tered and evaporated to  d ryness .  T h e  remaining 

l ight-sensi t ive solid (117 mg,  54%) was recrystal l ized f r o m  acetone t o  afford t ransparen t  c r y s t a l s  

( m p  139-140'C). Anal. Calcd. f o r  C,H,N,O: C. 35.04; H, 2.21; N, 51.09. Found: C. 34.88; 

H, 2.05; N, 51.72. 
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