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The acidi ty  of a number  of n i t ro  der iva t ives  of 1 ,2 ,4- t r iazo le  has been de te rmined .  The acidity indices co r -  
r e la te  well with Hammet t ' s  a I  and Ometa constants  and somewhat l e s s  well with the ~para  constants .  The 
high values  of p show the g rea t  sens i t iv i ty  of the sys t em to the influence of subs t i tuents .  The ac idi t ies  of the 
conjugate acids of 3 - n i t r o - l , 2 , 4 - t r i a z o l e  and its C- and N-methyl  der iva t ives  have also been de te rmined .  
Hammet t ' s  postula te  is not observed  for these  compounds,  and the amide scale  of acidity,  HA, is more  su i t -  
able for ca lcula t ing  the i r  acidi ty  indices than H O. 

As is well  known, 1 ,2 ,4- t r i azo les  unsubst i tu ted  on the n i t rogens  exhibit amphoter ic  p rope r t i e s  and, depending on 
the pH of the medium, can give up or  add a proton.  

The ac id -base  p roper t i e s  of some der iva t ives  of 1 ,2 ,4- t r iazole  have been studied prev ious ly  [2-7]. Recently the 
appl icabi l i ty  of Hammet t ' s  equation to the t r iazo le  r ing  has been shown [3, 4] and a good co r re l a t ion  between the pK a 
values  of the t r i azo le s  and the ame ta  constants  of the subst i tuents  have been found. 

The p r e sen t  work was devoted to a study of the ac id -base  p rope r t i e s  of ni t ro  der iva t ives  of 1 ,2 ,4- t r iazole .  The 
ionizat ion constants  of the n i t ro t r i azo l e s  unsubst i tu ted  on the n i t rogen atoms were de te rmined  at 20~ by the potent io-  
me t r i c  method, wi th theexcept ion  of 3 , 5 - d i n i t r o - l , 2 , 4 - t r i a z o l e ,  which proved to be a s t rong acid. F o r  this compound, the 
ionizat ion constants  were de te rmined  spec t rophotomet r ica l ly  (Table 1). 

Table  1. Acidi ty of Nitro Der ivat ives  of 1 ,2 ,4 -Tr iazo le  at 20~ 

Compound Name PKA, PKA~ 

I 
II 
III 
IV 
V 
Vl 

VII 

VIII 
IX 
X 
Xl 
XlI 

XIII 

3-Nitro- 1,2,4-triazole 
5-Methyl-3-nitro- 1,2,4-triazole 
5-Ethyl-3-nitro- 1,2,4-triazole 
3-Nitro-5-n-propyl-l,2,4-triazole 
3-N itro-5-phenyl-l,2,4-triazole 
3-Nitro- 5-(4-nitrophenyl)- 1,2,4-triazoie 

3-Nitro-5-(3-nitrophenyl)- 1,2,4-triazole 

3-Nitro- 1,2,4-triazole-5-carboxylic acid 
5-Methoxycarbonyl-3-nitro- 1,2,4-triazole i 
3,5-Dinitro- 1,2,4-triazole 
Bis(3,3"- dinitro-l,2,4-triazole-5-yl) 
Bis(3,3'-dinitro-l,2,4-5-yl)methane 

1,2-Bis(3,3'-dinitro- 1,2,4-tria zol-5-yl)ethan~ 

6,05-+0,05 
6,75+0,05 
6,65•  
6,60 -+ 0,05 
5,65-+0,05 
4,20_+0,05 

4,40---+0,05 

< 2  
3,55--+ 0,05 

-0 ,66-+0,10 
3,30-+0,05 
4,15_+0,05 

5,00-+0,10 

m 

m 

m 

6,10-+0,05 

5,35~• 0,05 
6,30--+0,05 

6,60--+0,10 

*A spectroscopic  determinat ion gave pK A = 6.03. 

For  compound VII'I, which has two degrees  of ionization,  two ionizat ion va r i an t s  a re  poss ib le :  

N----NO~ 

It 

HOOC--~,..Q N 6oc- l .C)  n 

N --NO 2 VIII H O O C - - ~  

*For part III, s ee  [1]. 
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A compar i son  of the UV spec t ra  at va r ious  pH values  of the n i t ro  acid VIII (Fig. 1) and of 1 - m e t h y l - 5 - n i t r o - l , 2 , 4 -  
t r i a z o l e - 3 - c a r b o x y l i c  acid (XIV) (Fig. 2) with the spec t ra  of compound I and of the N-methyla ted  n i t ro t r i azo les  XV-XVII 
(Table 2) has shown that the spl i t t ing off of a pro ton  at tached to a hetero n i t rogen atom causes  a marked bathochromic 
shift in the UV spec t rum (by 50 nm) while d issocia t ion  at the carboxyl  group (Fig. 2) leads to only a ve ry  smal l  batho- 
chromic  shift  (by 5 nm). In compounds not containing imine hydrogen (XV-XVIII, Table 2), no changes a re  observed in 
the UV spec t ra  on pass ing  to an a lka l ine  medium.  

Table  2. 
the Ni t ro t r i azo les  

Maxima of the Absorpt ion  Bands and Thei r  In tens i t ies  for 

Compound Name Medium Form* )~maX,nm log e 

3-Nitro-l,2,4-triazote 

5-Methyl-3-nitro- 1,2,4-triazole 

1-Methyl- S-nitro- 1,2,4-triazolr 

1-Methyl-3-nitro- 1,2,4-triazole 

4-Methyl-3-nitro-l,2,4-triazole 

,3,5-Dinitro-1,2,4- triazole 

pH 1 
po H 13 

83,4 Yo H2SO4 
pH I 
pH 13 

76,1% H2SO4 
~H 7 

83,4 ~/o H2SO4 
pH 7 

83,4% H2SO4 
pH 7 

62,3% H2SO4 
40% ]-]2S04 

water  

NM 

SA 

NM 
SA 

NM, 
SA 

NM 
SA 

230 
290 

<220 
258 
298 
235 
270 
245 
255 
230 
260 
225 
255 
285 

XV 

XVI 

XVII 

X 

3,73 
3,81 
3,80 
3,61 
3,70 
3,80 
3,66 
3,70 
3,74 
3,75 
3,75 
3,78 
3,79 
3,90 

*NM) neu t ra l  molecule;  A) anion; CA) corijugate acid (cation). 
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Fig.  1 Fig.  2 

Fig.  1. UV spec t rum of 3 - n i t r o - l , 2 , 4 - t r i a z o l e - 5 - c a r b o x y l i c  
acid: 1) pH 1.00; 2) 3.95; 3) 4.40; 4) 6.88; 5) 9.30; 6) 13.0. 

Fig.  2. UV spec t rum of 1 - m e t h y l - 5 - n i t r o - l , 2 , 4 - t r i a z o l e - 3 - c a r -  
boxylic acid: 1) pH 1.00; 2) 3.95; 3) 4.60; 4) 9.30. 

Thus,  the changes in the UV spec t rum of compound VIII that take place on pass ing  f rom pH 4 to pH 10 a re  due to 
the spli t t ing off of the imine  hydrogen and, consequen t ly , thepKA2value  of 6.10 (Table 1) must  re la te  to d issocia t ion  at 
the imino group and thatof  PKAlto d i ssoc ia t ion  at the carboxyl  group. In this  connection,  it is an in te res t ing  fact that 
the opposite pa t t e rn  is found in d iazot r iazocarbo•  acid [8], i .e. ,  d i ssoc ia t ion  of the imino group at  the N - H  bond 
takes  place f i r s t  and then d i ssoc ia t ion  at the carboxyl  group. 

A compar i son  of the ac id i t ies  of the n i t ro t r i azo le s  I-X with the a constants  of the subst i tuents  in posi t ion 5 has 
shown that the pK a values  of the n i t ro t r i azo le s  co r re l a t e  well with the ameta constants  and with the induction constants  
a I (the co r re l a t ion  coeff icients  r a re ,  r espec t ive ly ,  0.990 and 0.993) and cor re la t e  somewhat worse  with Opara (r =0.975). 
The values  of a were  taken f rom the l i t e r a t u r e  [9]. 
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The c o r r e l a t i o n  equat ions  have the fo rm:  

,pKA = -'8,92 O'meta-~- 5,95; 
p K . =  - 10,53 a~ + 6,27; 
PKA= --7,23 apara + 5,84. 

The high va lue  of p shows the g r e a t  s ens i t i v i t y  of the  ac id  p r o p e r t i e s  of the t r i a z o l e s  to the influence of subs t i tuen ts  
the induction influence appa ren t l y  p lay ing  a somewhat  g r e a t e r  ro le .  

We s tudied  the p ro tona t ion  of the neu t ra l  mo lecu le s  of the n i t r o t r i a z o l e s  in the c a s e  of 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (D, 
5 - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (1D, and al l  the i s o m e r i c  N - m e t h y l - s u b s t i t u t e d  n i t r o t r i a z o l e s :  1 - m e t h y l - 5 - n i t r o - l , 2 , 4 -  
t r i a z o l e  (XV), 1 - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (XV1), and 4 - m e t h y l - 3 - n i t r o - l , 2 , 4 - t r i a z o l e  (XVID. 

The addi t ion of a p ro ton  to the neu t r a l  molecu le  of a n i t r o t r i a z o l e  causes  a hypsoc h romic  shif t  of the abso rp t ion  
max imum in the UV s p e c t r u m  by 25-35 nm (Table 2). 

A s tudy of the deg ree  of p ro tona t ion  of compounds I, II, XV, XVI, and XVII in su l fu r ic  ac id  so lu t ions  of va r ious  
concen t r a t ions  has shown that  the n i t r o t r i a z o l e s  do not obey H a m m e t t ' s  pos tu l a t e  [10]. As can be seen  f rom Fig.  3, the 
s lopes  of the s t r a i g h t  l ines  e x p r e s s i n g  log (BH+/B) as  a function of H 0 a r e  l e s s  than 1, name ly  0.55-0.65,  for  a l l  the 
compounds s tudied.  

+!  7 2 
2" 

, v , s  i~4  8 S 6 ,,.3 

�9 0 1  / ' ~ / f / / ~  

_ , /  ~(/- 
_H ~ 

Fig .  3. Log (BH+/B) as  a function of H0: 1) I; 
2) II; 3) XVI; 4) XV; 5) XVII; 6) 1 - m e t h y l - 4 , 5 -  
d i n i t r o i m i d a z o l e  [12]; 7) 2 - m e t h y l - 4 , 5 - d i n i t r o -  
imidazo le  [12]; 8) 1 , 2 - d i m e t h y l - 4 , 5 - d i n i t r o -  
imidazo le  [12]. 

Without going into a d i s c u s s i o n  of the c a u s e s  of the devia t ion  f rom H a m m e t t ' s  pos tu l a t e  (on this  ques t ion  see ,  in 
p a r t i c u l a r ,  [10, 11]) we may mention only that  th is  c i r c u m s t a n c e  does  not enable  us to obta in  a cons tant  pKBH + by us ing 
the H 0 sca l e .  Table  3 g ives  an example  of the ca lcu la t ion  of pKBH + for  compound 1I. 

Table  3 

% H2SO4 
i 

H~ 

39,90 --2.54 
50.38 --3.45 
54,25 ~ --3.84 
57.31 -i --4.19 
62,54 -4.89 
64.84 I --5.16 
70.34 i --5.97 

E B --8 

- -  0,92 
- 0.53 
- -0 .16  
- -0 .04  
+ 0 . 2 0  
+ 0.26 
+ 0 . 9 6  

PKBH§ 

on the H o scale 

-3.46 
-3,98 
- -  4 . 0 0  

--4.23 
--4,59 
--4,90 

!. --5,01 

on the  H A scale 

-2.90 
-2.99 
-2.86 
-2.94 
-3.04 
-3.14 
-2.80 

The s ame  p a t t e r n  is o b s e r v e d  for  the o the r  n i t r o t r i a z o l e s .  The s a m e  f ac to r s  a p p a r e n t l y  expla in  the l a r g e  s c a t t e r  
of the va lues  of pKBH+ for  some  n i t r o i m i d a z o l e s  [12]. 

F i g u r e  3 g ives  log (BH+/B) as  a function of H 0 for  some n i t ro  d e r i v a t i v e s  of imidazo le  (6,7,8) p lo t ted  on the b a s i s  
of the  work  of Ep i sh ina  et  a l .  [12]. It can be seen  f rom the f igure  that  H a m m e t t ' s  pos tu l a t e  is  not o b s e r v e d  for  these  
compounds (s lopes  0.65-0.7);.. 
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In o r d e r  to have the poss ib i l i ty  of marking a quant i ta t ive  compar i son  and , n  e w l u , t i o n  of the ~cidity of the con-  
jugate acids  of the n i t r o t r i a z o l e s  not s , t i s fy ing  H a m m e t t ' s  postula te ,  we decided to use for  ca lcula t ing  the i r  acidity in- 
d ices  the amide  sca le  of ac id i t i es  HA, p roposed  by Yates et ~1. [13]. 

We s t a r t ed  f r o m  the ex i s t ence  of some s t ruc tu ra l  analogy between t r i a z o l e s  and amides :  

O + H* HO" 
R II ~ II 

--C~N/ ~ R--C\N/ 

~" + H. H~l +-- 
R--CxN / ~ R--C. .N/  

I I 

This analogy probably  explains  the s i m i l a r  so lvat ion  in te rac t ions  of the two c l a s se s  of compounds with sul fur ic  , c id  and 
this ,  in its turn,  leads  to s i m i l a r  va lues  of the s lopes  of the s t ra igh t  l ines exp re s s ing  log (BH+/B) as a function of H 0. 
F o r  amides  the slope is 0.7 [13]. The use  of the H A sca le  led to a far  g r e a t e r  constancy of the PKBH + va lues  at va r ious  
concent ra t ions  of acid (Table 3). 

It is an in te res t ing  fact  that  the H A function has also been success fu l ly  used to ca lcula te  the PKBH + values  of con-  
jugated carbonyl  compounds [14]. 

Table  4 shows that the int roduct ion of a methyl  group into posi t ion 1 or  2 of the t r i a zo l e  r ing  has l i t t le  effect  on 
its bas ic i ty :  the pKBH + va lues  of compounds I, XV, and XVI a re  s i m i l a r  to one another .  At the same t ime,  the in t roduc-  
t ion of a methyl  group into posi t ion 4 (compound XVII) leads  to a marked  r i s e  in basic i ty .  This phenomenon is due to 
the fact  that in compounds I, XV, and XVI the addition of a proton takes p lace  at the N~ he te roa tom,  and in XVII at the 
N t he te roa tom.  The ra t io  of the poss ib le  1 H and 4 H t au tomers  of 3 - n i t r o - l , 2 , 4 - t r i a z o l e  can be evaluated f rom a c o m -  
pa r i son  of the PKBH+ va lues  of compounds XVI and XVII; this is equal to the ra t io  K1-Me/K4_Me [15] and is about 180, 
i .e . ,  the p redominan t  i s o m e r  is 3 - n i t r o - l - H - 1 , 2 , 4 - t r i a z o l e * .  

CH 

H N ~ _ ~  NO2 HN- -~  H N-------~--NO 2 N ~-~- -  NO 2 

H I i H 
I XV CH~ CH 3 XVI XVII 

The introduct ion of a ni tro group i n c r e a s e s  this t au tomer i c  ra t io  by a fac to r  of 20-40 as compared  with the unsub-  
s t i tu ted 1 ,2 ,4 - t r i azo le  [3]. 

Table  4. Ionization Constants  (pKBH +) of the Conjugate Acids of the 
N i t r o t r i a z o l e s  at  20~ on the Amide  Scale 

Compound ~. nm PKBH * Concentration of H2SO 4 
at the half-ionization point 

I 
II 

xv 
XV! 

xvIII 

250 
260 
270 
255 
260 

-3,70_+0,15 
-2,93_+0.20 
-3.88+0,20 
-3.56_+0,13 
- 1.31 _+0,10 

69.6 
57.6 
71.8 
67.7 
26.7 

It can be seen f rom a compar i son  of the PKBH + values  of compounds I and II that the introduction of a methyl group 
into posi t ion 5 (adjacent to the r eac t ion  center)  leads  to a cons iderab le  inc rease  in bas icity (a r i s e  in PKBH+ by ~ 0.8 
unit). This  conf i rms  the hypothesis  of the ex i s t ence  of an influence of the inductive effect  of the subst i tuent  on the r e -  
ac t ion  cen te r  in p ro to t rop ic  r eac t ions  of the n i t ro t r iazoleso  

E X P  E R IM E N T A L (with the pa r t i c ipa t ion  of N. I. Sheludyakova). 

All the ni tro compounds used in the work w e r e  obtained by published methods [17, 18] and were  addit ional ly r e -  
c ry s t a l l i z ed ,  The po ten t iome t r i c  m e a s u r e m e n t s  were  c a r r i e d  out on a LPM-60M po ten t iome te r  by the Standard method [19]. 

*The pos i t ion  of  the proton on the N 1 he te roa tom and not on N 2 was shown by m e a s u r i n g  the dipole moment  of compound 
I by the method of Ha lve r s t ad t  and Kumle r  [16]. The de te rmina t ion  was c a r r i e d  out by I. N. Shokhor and E. Ya. Fedorova ,  
fo r  which the authors  exp re s s  the i r  thanks to them.  
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The ultraviolet spectra were taken on an SF-4A instrument. The conditions for recording the spectra are  given 
in Table 2. 
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