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XIX.* KINETICS OF THE METHYLATION OF 3(5)-NITRO-1,2,4-  

TRIAZOLES WITH DIMETHYL SULFATE 

V.  M. K e r u s o v  a n d  M. S. P e v z n e r  UDC 547.792 : 541.127 

The effect of a substituent in the t r iazole  r ing  and of the composit ion of the solvent on the 
react ion rate  was established as a resu l t  of a study of the kinetics of methylation of sodium 
salts of 3 (5 ) -n i t ro - l ,2 ,4 - t r i azo les  in water  and w a t e r - d i o x a n e  mixtures.  The relat ionships 
found a re  due to the different degree of dissociat ion of intimate ion pairs  of anions of ni t ro-  
t r iazo les  with sodium and the specific cha rac te r  of the solvation of the anions by water .  

We have previously  shown that the methylation of 3 (5 ) -n i t ro - l ,2 ,4 - t r i azo les  with dimethyl sulfate pro-  
ceeds  ex t remely  se lect ively  to give exclusively 1 -me thy l -3 -n i t ro  derivat ives [2]. In the present  r e s e a r c h  
we undertook a study of the kinetics of this reac t ion  in water  (buffer solutions, pH 9.22) and w a t e r - d i o x a n e  
mixtures .  

We selected 3 -n i t r o - l , 2 , 4 - t r i a zo l e  (I), 3 - n i t r o - 5 - m e t h y l - l , 2 , 4 - t r i a z o l e  (H), 3 -n i t ro -5 -ca rbomethoxy-  
1 ,2 ,4- t r iazole  (HI), and 3 ,5 -d in i t ro - l , 2 ,4 - t r i azo le  (IV) as the objects of this investigation. The ni t ro t r iazoles  
were  introduced into the react ion in the fo rm of the i r  sodium salts.  The course  of the react ion was mon- 
i tored by spee t rophotometry  f rom the consumption of the anions of the n i t ro t r iazoles .  

The kinetic investigation was complicated by the simultaneous hydrolysis  of dimethyl sulfate,  which, 
on the one hand, led to a dec rease  in its effective concentrat ion,  and, on the other,  to a decrease  in the pH 
of the medium, even in the case  of buffer solutions. The methylation ra te  constants were therefore  ca l -  
culated for  the initial sections of the kinetic curves  until the change in the pH of the medium was small  and 
did not influence the dec rease  in the concentra t ion of the anions of the ni t rot r iazoles .  In the determinat ion 
of the reac t ion  o rde r  in each of the components we used the method of initial ra tes  [3], determining them by 
numer ica l  differentiation by means of f ive-point  formulas  [4, 5]. The experLrnents for the determination of 
the react ion o rde r  showed that the concentrat ion o rde r  in each of the components is unity, i.e., the overal l  
react ion o rder  is two. 

The methylation ra te  constants  were  calculated by the method in [6] for  paral lel  react ions with the 
aid of data [7] on the hydrolysis  of dimethyl sulfate, We modified the formula  [6] for the calculation of the 
constants :  

khl[l [NT]~ eta z 
]~e [ NT] , 

n[NT]0 (e~ ~-  1) 

where  k e is the experimental  methylat ion ra te  constant; k h is the rate  constant  for  the hydrolysis  of di-  
methyl  sulfate, [NT] 0 is the initial n i t rot r iazole  concentration, [NT] is the instantaneous ni t rot r iazole  con- 
centrat ion,  ~" is the time, and n is the rat io of the initial dimethyl sulfate and ni t rotr iazole  concentrations.  

The kinetic data a re  presented in Tables 1 and 2. 

* See [1] fo r  communicat ion XVIII. 
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T A B L E  1. K i n e t i c s  of  t he  M e t h y l a t i o n  of N i t r o t r i a z o l e s  wi th  D i -  
m e t h y l  Sul fa te  in 90% (by vo lume )  D i o x a n e - 1 0 %  W a t e r  

Corn- 
7, K pound 

I ~98 
308 
318 
,328 

II 298 
358 
31,8 
328 

tlI ,_998 
3O8 
318 
328 

IV 298 
.398 
318 
328 

k a �9 103~ ' !E A, kcal/ 
1Rers/fiS01e "j mole 
8 4 r  

0,376 21,8 
1,23 
3,74 

10,,6 
0,185 21,I 
0,585 
1 , 7 2  
4,73 
9,64 16,7 

24,0 
56,3 

125 
i 

580 ~ 16,2 
1400 
3210 i 
6970 

Ig A 

1.2,4 

1:1,7 

10,2 

11,6 

ikcal/mole As_~, eu 

21,2 -3,5 

20,5 -7,1.  

16,1 - 13,9 

15,6 -7,6 

T A B L E  2. K i n e t i c s  of  t he  M e t h y l a t i o n  of  N i t r o t r i a z o l e s  wi th  D i -  
m e t h y l  Sul fa te  in W a t e r  (buffer  so lu t ion ,  pH 9.22) 

Com- 
pound 

II 

IV 

7, K 

298 
308 
318 
328 
298 
30B 
318 
328 
298 
308 
318 
328 

ik~ "102, 
i h'ters/rn 01e �9 
; s e e  

1,66 
5,02 

14,2 
37,5 

1,82 
5,36 

14,7 
38,1 
0,389 
1,23 
3,58 
9,83 

EA, kcal/ 
mole 

20,3 

19,8 

21,0 

lgA 

13,0 

t2,7 

12,9 

AH~, 
keal/mole 

I9,7 

19,2 

20,5 

! 

AS25, eu 

-0,9 

-2,4 

- 1 , 3  

Upon e x a m i n a t i o n  of the  e x p e r i m e n t a l  da ta ,  o n e ' s  a t t e n t i o n  is f i r s t  of a l l  d r a w n  to the  unusua l  o r d e r  
of  t h e  r e a c t i v i t y  of t he  n i t r o t r i a z o l e  when  the  m e t h y l a t i o n  is c a r r i e d  out  in 90% d ioxane .  Judging  f r o m  the 
a c i d i t i e s  of n i t r o t r i a z o l e s  [8], one  shou ld  have  e x p e c t e d  d e c r e a s e s  in the  m e t h y l a t i o n  r a t e  in the  o r d e r  
II  > I > I I I  > IV. In f ac t ,  the  r e v e r s e  d e p e n d e n c e  is  o b s e r v e d  (Table  1). A s  the  p e r c e n t a g e  of w a t e r  in the  
s y s t e m  i n c r e a s e s ,  the  r a t e  c o n s t a n t s  l e v e l  off {Table 3), and  th i s  is  fo l lowed  by  r e v e r a l  of the  o r d e r  of r e -  
a c t i v i t i e s :  in w a t e r  II > I > IV. In t h i s  c a s e ,  h o w e v e r ,  the  d i f f e r e n c e  in the  m e t h y l a t i o n  r a t e  c o n s t a n t s  of 
II and  IV is s m a l l  (a f a c t o r  of abou t  four ) ,  a l t hough  t h e  a c i d i t y  of  d i n i t r o t r i a z o l e  IV is h i g h e r  by s e v e n  o r d e r s  

of  m a g n i t u d e  t han  the  a c i d i t y  of II [8].  

A : l i n e a r  r e l a t i o n s h i p  is  o b s e r v e d  b e t w e e n  the  l o g a r i t h m  of the  m e t h y l a t i o n  r a t e  c o n s t a n t s  and the  pK A 
v a l u e s  of  the  n i t r o t r i a z o l e s  (Fig .  1), and  the  s l o p e s  in d ioxane  and w a t e r  have  o p p o s i t e  s i g n s .  

Thus  the  o r d e r  of n u c l e o p h i l i c  r e a c t i v i t i e s  of  t he  n i t r o t r i a z o l e s  de pe nds  to the  g r e a t e s t  d e g r e e  on the  
c h a r a c t e r  of  the  s o l v e n t  and  the  s t a t e  of the  r e a c t i n g  p a r t i c l e s  in so lu t i ons .  

I t  i s  known tha t  o p p o s i t e l y  c h a r g e d  ions  a s s o c i a t e  into i n t i m a t e  ion p a i r s  o r  even  c o v a l e n t  compounds  
in s o l v e n t s  w i t h  low d i e l e c t r i c  p e r m e a b i l i t i e s  t ha t  s o l v a t e  an ions  w e a k l y  (dioxane,  e 2.3) [9, 11]. In th i s  
connec t i on ,  i t  m i g h t  be  a s s u m e d  tha t  in d i o x a n e - w a t e r  s y s t e m s  w i t h ' a  low w a t e r  con ten t  the  an ions  of n i t r o -  
t r i a z o l e s  a r e  a s s o c i a t e d  to  a c o n s i d e r a b l e  d e g r e e  in i n t i m a t e  ion  p a i r s  w i th  a s o d i u m  ion 

% /NO2 i N NO2 1 
(1) 

The reaction rate (V) in such cases is expressed [10] as 
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TABLE 3. Relationship between the Methylation Rate Constants 
of Ni t rot r iazoles  and the Composition of the Wa te r -D ioxane  Mix- 
ture  (at 25~ 

. . . . . .  _._w.te~ to.re,t, ! 
"-- _ vol, ~ I 

"~-  ] 
Compound ~- - ._._. .... 10 

I 0,376 
II 50,185 

IV ! 

k e ' 10 a, liters/mole �9 see 

319 

0,695 
42~ '316 

45 

2,78 
21~ '26 

6{) 

6,52 
5~16 

73,5 

80 

1'2,5 
1,1,8 
q7,3 

100 

16,6 
18,2 
3,89 

- 2  -1 0 1 2 3 L, 5 6 7 8 

PKA 
Fig. 1. Dependence of log k e 
on thepK A values of n i t ro t r i -  
azoles  I-IV (at 25~ 1) in 90% 
dioxane; 2) in water .  

V=kici~ +kipCip(1-~), 

where k i and kip are  the rate  constants  with the ion and the ion pair,  
respect ively,  c i and Cip a re  the concentrat ions of the ions and ion pairs,  
and ~ is the degree of dissociation. 

As a rule,  k i >> kip in react ions involving the part icipation of 
ions [11]. On the basis of this, the o rde r  of react ivi t ies  of n i t ro t r i a -  
zoles in dioxane containing a low percentage of water  is determined 
p r imar i ly  by the concentra t ion of the f ree  anions of the n i t ro t r iazoles ,  
i.e., by the position of equilibrium (1), which is shifted to the left as 
the bas ic i ty  of the anion decreases .  The corre la t ion  between log k e 
and pK A (Fig. 1, line 1) in this case ref lects  the relat ionship between 
the ionization constants of the ni t rot r iazoles  and the dissociat ion con- 
stants of the ion pairs  in equilibrium (1). Thus the experimental  
methylation rate  constant  in sys tems  containing a smal l  amount of 
water  is a complex value that includes the constant of equilibrium (1). 
An additional fac tor  that may lead to an increase  in the react ion rate  

in dioxane is bonding of the water  molecules  by dioxane, which hinders solvation of the anion by water  [12]. 
Equil ibrium (1) is shifted to favor dissociat ion as the percentage of water  in the sys tem and the dielectr ic 
permeabi l i ty  increase;  this should increase  the react ion rate  [11]. At the same time, another f a c t o r -  
specific solvation of the anions of the n i t ro t r iazoles  by w a t e r -  begins to come into play, and the degree of 
their  solvation depends on the size of the anion and the magnitude of delocalization of the negative charge.  
Solvation, by hindering the approach  of the attacking reagent,  natural ly reduces the react ion rate .  These 
fac tors  have different effects on the react iv i t ies  of mononi t ro-  (I, II) and dini t rotr iazoles  (IV). The increase  
in the methylat ion rate  on passing f rom dioxane to water  for  I and II is associa ted with a shift to the left of 
equilibrium (1) and an increase  in the concentrat ion of the free anions I and II, although their  solvation also 
increases  in this case.  The sodium salt of IV is apparent ly a l ready sufficiently dissociated in solutions 
with low water  content; the decrease  in the methylation rate of IV as the water  content increases  is the re -  
fore  induced p r imar i ly  by the increase  in the specific solvation of the anion of IV. 

However, it should be noted that, despite the decrease  in the methylation rate of IV in water ,  it r e -  
mains anomalously  high as compared  with the ra te  that might have been expected f rom the a c i d - b a s e  
proper t ies  of IV. In our  opinion, this is explained by the fact  that, as  a consequence of g r ea t e r  delocal iza-  
tion of the negative charge  in the anion of IV than in the anions of I and II, the lat ter  a re  solvated to a 
g r ea t e r  degree than IV. The l e s se r  specific solvation of the anion of IV also leads to an unusually high 
methylat ion rate  in water ,  although, in conformity  with the effect of the substituents,  it never theless  r e -  
mains lower than for the anions of I and II. A s imi la r  phenomenon also occurs  in a number of polyni tro-  
alkanes,  for which anomalously  high react iv i ty  of the anion of t r ini t romethane as compared with the anions 
of gem-din i t ro  compounds is noted; this anomalously  high react iv i ty  is due to its low capaci ty  for solvation 
by water  [13]. 

The assumptions  expressed  above a re  confirmed by an examination of the activation pa ramete r s  of 
the react ion (Tables 1 and 2). The activation entropies for  methylation a re  l a rge r  in water  than in di-  
oxanes for  al l  of the compounds; this is probably assoc ia ted  with disruption of the order l iness  during des-  
t ruct ion of the hydrate shell on passing to less  polar  final products.  

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

Starting I-IV were  synthesized by the method in [2, 14] and were  additionally purified by three r e -  
crysta l l izat ions  f rom alcohol. The dimethyl sulfate was f resh ly  vacuum distilled p r io r  to use. Double- 
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dis t i l led w a t e r  and co l um n- r ec t i f i ed  dioxane w e r e  used for  the p r epa ra t i on  of the solutions.  Analyt ical ly  
pure  g r a d e  sodium hydroxide and bor ic  ac id  w e r e  used. 

Compounds I - I I I  w e r e  c o n v e r t e d t o  the i r  sa l t s  by the addit ion of an equivalent  amount of sodium hy- 
droxide  to solut ions of them; dioxane containing 10% (by volume) of w a t e r  was used. 

The change in the concent ra t ion  of the anions of the n i t r o t r i a z o l e s  was followed f r o m  the d e c r e a s e  in 
the opt ical  dens i ty  a t  280-320 nm with an SF-4A spec t ropho tome te r .  

At I-IV working concent ra t ions  of 0.5-1 �9 10 -4 M the reac t ion  mix tu re  was studied in the the rmos ta t t ed  
cuvet tes  of the spec t ropho tome te r .  When r eac t ions  w e r e  c a r r i e d  out with I - IV concentra t ions  above 1 �9 10 -4 
M, the r eac t ion  solut ions were  studied in v e s s e l s  in an u l t r a t h e r m o s t a t ,  f r o m  which s a m p l e s  were  se lec ted  
and diluted to the concent ra t ions  n e c e s s a r y  fo r  the spec t ropho tome t r i c  m e a s u r e m e n t s .  

The e r r o r  in the m e a s u r e m e n t s ,  de t e rmined  by the methods  of ma thema t i ca l  s t a t i s t i c s ,  was 570. 
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