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The kinetics of the react ion of 1 -e thy l -3 ,5 -d in i t ro - l ,2 ,4 - t r i azo le  (I) with methoxy and ethoxy 
anions in the cor responding  alcohols were  studied. The activation pa ramete r s  of the r eac -  
tion were  determined.  The existence of a l inear dependence between the logarithms of the 
rate constants and the pK values for the autoprotolysis  of water ,  methanol, and ethanol was 
demonst ra ted .  

Continuing our  investigation of nucleophilie substitution react ions in nitro derivat ives  of 1,2 ,4- t r ia -  
zole [1], we have studied the kinetics of the substitution of the nitro group in 1 -me thy l -3 ,5 -d in i t ro - l , 2 ,4 -  
t r iazole  (I) by methoxy and ethoxy groups~ 
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Pre l imina ry  experiments  demonstrated that the reactions proceed at a high ra te .  To decrease  the 
observed rate and to reduce the react ion to pseudof i r s t -o rde r ,  the measurements  were  car r ied  out in buf- 
fered alcohol solutions (absolute a l coho l -anhydrous  sodium a c e t a t e - a c e t i c  acid) at constant (throughout a 
given experiment) concentrat ions of the nucleophilic reagent .  In view of the insufficient rel iabil i ty of the 
pH measurements  in alcohols [2] and the inconvenience involved in using standard alcohol buffered solu-  
tions [21, we calculated the alkoxide anion concentrat ions f rom the Henderson formula [3], proceeding f rom 
the ion products  of the corresponding alcohol (Ks) and the dissociat ion constant of acetic acid in a given 
alcohol (KAS). 

[Ro-]= ~[ncONa] ; ]<~=tRO-J[ROH2+]; 

where [AcONa] and [AcOH] are  the analytical concentrat ions of sodium acetate and acetic acid in a given 
alcohol buffer solution. 

The following ion products  of the alcohols and dissociat ion constants of acetic acid at 25 ~ were  used 
in the calculat ions:  CH3OH , pK s 16.92 [4], PKACH3 OH 9.625 [5]; C~-IsOH , PKs 19o138 [6], PKAC2HsOH 10.34 
[7]. The Ks and KA constants at other t empera tures  were  calculated f rom the formula 

AH0 ( T--298.1_%5 
lg Kr= lgK~98.t5 + 4 . ~  x 298.15T / 

*See [1] for communicat ion :hi. 
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TABLE 1. Dependence  of the Rate Cons tan t  on the C o n c e n t r a t i o n s  

of I and the Nucleophi le  

[OGHa] �9 10 '~, [I] . 10 5, i k i .  10 a, k 2 ,  
L ~ 

mole/liter mole/liter s e c - 1  liter/mole .sec* 

0,225 
0,225 
0,251 
0,491 

24,27 
12,33 
24,48 
24,72 

31,7 
31,7 
25,1 
25,1 

i ,65 
1,72 
t ,08 
2,28 

733 
763 
440 
467 

* k2=&/[OCHa-]. 

TABLE 2. Effect  of the Ionic S t rength  on the Rate Cons tan t  for 
the Reac t ion  of I with the Methoxy Anion  at 31.7~ 

/AtONal, i [AcOH]. 10 2, [ [CH~O l' 10q k,. 10L k2, 
moleAiter I mole/liter ~ mole/liter I sec-1 liter/mole.sec 

0,1707 0,4922 
0,5121 1,485 
0,6793 1,943 

0,2269 
0,2242 
0,2273 

0,22 
0,66 
0,87 

1,72 
1,63 
1,76 

768 
735 
780 

TABLE 3. S e c o n d - O r d e r  Rate Cons t an t s  and Ac t iva t ion  P a r a -  
m e t e r s  for  the Reac t ion  of I wi th  Alkoxy Anions  

Anion T. ~ 

CHaO- 283,2 
290,6 

298,2 

304,8 
C~It50- 293,2 

297,8 

304,3 

308,3 
314,6 

k v liter/mole 
per sec 

150 
242 

450 

724 

5880 
7440 

14000 

15800 
27200 

Activation parameters 

Ex 12,8 kcal/mole 
lg A 12,1 

AH2s 12,2 kcal/mole 

ASas- 5,3 eu 
Ea 13,2 kcal/mole 
lg A 13,6 

hH2s 12,6 kcal/mole 
AS~ + 1,5 eu 

whe re  AH ~ a r e  the c o r r e s p o n d i n g  en tha lp ie s  of i on i za t i on  in c a l o r i e s  p e r  mo le ,  and T is  the e x p e r i m e n t a l  
t e m p e r a t u r e  in deg ree s  Ke lv in .  

In the au tophoto lys i s  of me thano l ,  AH ~ = 11,200 c a l / m o l e  [8], whi le  AH ~ = 11,560 c a l / m o l e  [9] for the 
au topho to lys i s  of e thano l ,  and AH ~ = 4450 c a l / m o l e  [8] for  the i on i za t ion  of ace t ic  acid in me t ha no l .  The 
AH ~ va lue  for  the ion iza t ion  of ace t ic  acid in e thanol  is a p p a r e n t l y  absen t  in  the l i t e r a t u r e  bu t ,  a c c o r d i n g  
to the da ta  in  [8], i t  can  be a s s u m e d  to be the s a m e  as in me t ha no l .  

The d e t e r m i n a t i o n  of the k ine t i c  o r d e r  With r e s p e c t  to the s u b s t r a t e  and nuc leophi le  d e m o n s t r a t e d  
that  the r e a c t i o n  is s e c o n d - o r d e r  o v e r a l l  - f i r s t  o r d e r  in  each of the r eagen t s  - and this  o r d e r  is r e t a ined  
up to 90-95% c o n v e r s i o n .  The ra te  cons t an t s  of the p s e u d o f i r s t - o r d e r  r e a c t i o n  and of the s e c o n d - o r d e r  r e -  
ac t ion  at v a r i o u s  c o n c e n t r a t i o n s  of I and the nuc leoph i l e  a re  p r e s e n t e d  in  Tab le  1. To a s c e r t a i n  the effect  
of ace ta te  ions and the ionic  s t r e n g t h  (I) on the r e a c t i o n  r a t e ,  we p e r f o r m e d  e x p e r i m e n t s  at v a r i o u s  s o d i u m  
ace ta te  and ace t i c  acid c o n c e n t r a t i o n s  in  buffered  so lu t ions  with a p p r o x i m a t e l y  the s a m e  c o n c e n t r a t i o n  of 
methoxy  an ions  (Table  2). The r e s u l t s  d e m o n s t r a t e  tha t ,  s t r i c t l y  speak ing ,  the ace ta te  ion c o n c e n t r a t i o n  
does not affect  the s e c o n d - o r d e r  ra te  cons t an t ,  and the r e a c t i o n  be tween  I and ace ta t e  ions c o n s e q u e n t l y  
does  not occu r .  Wi th in  the l im i t s  c o n s i d e r e d ,  the ionic  s t r e n g t h  does not  affect  the r e a c t i o n  r a t e .  It hence  
follows that  a n e u t r a l  mo lecu le  of I r e a c t s  with the alkoxide an ion  in the step that  d e t e r m i n e s  the ra te  of 
the p r o c e s s .  

F r o m  an e x a m i n a t i o n  of a c t i v a t i o n  p a r a m e t e r s  of the r e a c t i o n  (Table  3), it  follows that  the d i f f e r ence  
in  the r a t e s  of r e a c t i o n  of I with methoxy and ethoxy an ions  is  due m a i n l y  to e n t r opy  f a c t o r s ,  s ince  the e n -  
e r g i e s  of ac t iva t ion  of the two r e a c t i o n s  a r e  c lo se .  Th i s  is a p p a r e n t l y  a s soc i a t ed  with the d i f f e r en t  deg ree  
of so lva t i on  of the s t a r t i n g  m a t e r i a l  and the i n t e r m e d i a t e  complex  in me thano l  and e thano l .  The e n e r g i e s  
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of activation of the studied react ions are  considerably lower than for the substitution reactions of the nitro 
group in other  subs t ra tes  (o- and p-dinitrobenzene [9] and 2- and 4-ni t ropyr id ine- l -oxides  [10, 11]), where 
the energies  of activation are 18-25 kca l /mole .  Thus the high ra tes  of substitution of the nitro group in I 
as compared with other activated sys tems are  p r imar i ly  due to the comparat ively  low energies of ac t iva-  
tion. The ra tes  of the react ion of I with alkoxide ions are  considerably higher  than those for the reaction 
with the hydroxyl ion [1]. The relative order  of the react ivi t ies  of the investigated anions is C2H50- > 
CH30- > OH-, while the rat io of the rate constants at 25 ~ in this se r ies  is 270 : 15 : 1. This o rde r  of the 
react ivi t ies  is in agreement  with the values observed in aromat ic  nucleophilic substitution reactions [12]. 

A l inear  dependence is observed between the logari thm of the rate constants for the solvolysis of I 
and the pK values for the autoprotolysis  of wate r ,  methanol,  and ethanol, ~ which serve as a measure  of the 
basici t ies  of the corresponding anions. The slope of the line is 0.6. Similar  linear dependences were  ob- 
served by Murto [14]. This fact is apparently evidence that,  within the limits of a given homologous s e r -  
ies ,  the react ivi t ies  of the anions are  determined to a considerable degree by their  bas ic i t ies .  

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

The methanol and ethanol used for the kinetic experiments  were  rendered absolute by the method in 
[15]. Chemical ly  pure glacial acetic acid was additionally purified by two freezings out. Chemically pure 
anhydrous sodium acetate was calcined at 250 ~ before use.  All of the reagents were  checked for the ab- 
sence of the nitri te anion. The prepara t ion and purification of methyldini trotr iazole (I) were described in 
[1, 16]. The kinetic trend of the react ion was monitored by measur ing  the nitrite anion concentrat ion.  The 
method used for the investigation was presented in [1]. The experimental  e r r o r  was evaluated by the 
methods of mathemat ical  s ta t i s t ics .  The second-orde r  rate constants were  determined with an accuracy  
of ~:4% and a confidence probabil i ty (or) of 0.95. 
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*The corresponding pK values at 25 ~ [13] are  as follows: 17.49 (H20), 19.70 (CH3OH) , 21.60 (C2HsOH). 
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