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In contras t  to nitroacetanil ides,  where ionization at the - N - H -  and - C  = O bonds is possible,  in the 
case of N-methyl -subs t i tu tedni t roani l ides ,  the ionization can be explained only by the addition of a hydroxyl 
ion to the carbonyl group 

HsC 0 H3C OH 

\N--C S + o~ ~ \N--C--/Cm 
/ \ / \ _  

NO2CdH~ CHa NO~C~H~ 0 

In this work we studied the kinetic principles of the hydrolysis  of N-methylparani t roacetani l ide  and 
N-methylmetani t roacetani l ide  to determine their  ionization constants in solutions of potassium hydroxide 
and to determine the mechanism of the limiting step of hydrolysis .  

E X P E R I M E N T A L  M E T H O D  

N-Methylparani t roacetani l ide was synthesized from methylaniline by acylation with acetic anhydride 
[1] and nitration with a nitrat ing mixture [2]. N-Methylmetanitroacetani l ide was synthesized f rom m-n i t ro -  
aniline by acylation with acetic anhydride and alkylation with methyl iodide in acetone in the p resence  of 
KOH powder [3]. The products were recrys ta l [ tzed  from a mixture of ethanol and water  and identified ac-  
cording to the melting points, which corresponded to the data of [4]. 

Solutions of alkali were  prepared  f rom cp. KOH. The solution was fil tered until a t ransparent  homo-  
geneous solution was obtained, and its concentrat ion was determined by t i trat ion with acid according to 
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Fig. 1. Dependence of the 

value of 106 .kef f /b  0 on 
b0aH O for the hydrolys is  

2 
of N-methy lmetan i t roace-  
taniIide in the interval 0.46- 
5% KOH at 25 ~ 

phenolphthalein. More dilute solutions were prepared f rom the initial 
solution by dilution with water  by weight. The kinetics of the p rocess  
was studied by a spect rophotometr ic  method, according to the change in 
the optical density at 370-410 nm, where a maximum difference of the 
mola r  absorption coefficients of the corresponding anilides and anilines 
is observed.  

The experiments  were  conducted in thermosta t ica l ly  controlled 
quartz cuvettes; the t empera tu re  was controlled with an accuracy  of •176 
the anilide concentration was ~10 -4 M, and its influence on the medium 
can be neglected. The anilide was introduced into the euvette with the 
alkali in the form of an aqueous solution with a concentrat ion ~10 -2 M. 
As a result  of the reaction, the anilides are  ent irely converted to anilines 
and the potass ium salt of acetic acid. The process  is f irst  o rder  with 
respect  to the anilide, and the kinetic curves  are  well described by the 
equation for monomolecular  react ions.  
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Fig .  2. D e p e n d e n c e  o f  t he  v a l u e  of  k e f f / b  0 on the  a l k a l i n i t y  of  t h e  m e d i u m  b 0 f o r  t he  h y d r o l y s i s  of  N -  
m e t h y l p a r a n i t r o a c e t a n i l i d e  in t he  i n t e r v a l  0 .60-1.97% KOH at 25 ~ 

F i g .  3. D e t e r m i n a t i o n  of  t h e  t r u e  r a t e  c o n s t a n t s  and e q u i l i b r i u m  c o n s t a n t s  of the  f o r m a t i o n  of the  s i ng ly  
i o n i z e d  f o r m  in t he  h y d r o l y s i s  of  N - m e t h y l m e t a n i t r o a c e t a n i l i d e  (25 ~ 

bo . bo2aH,o A-- ~ .36.t0-" + - V d F  .5,85.t0-" 

F i g .  4. D e t e r m i n a t i o n  of  the  t r u e  r a t e  c o n s t a n t s  and  e q u i l i b r i u m  c o n s t a n t s  of  t he  f o r m a t i o n  of  t he  s i ng ly  
i on i zed  f o r m  d u r i n g  t h e  h y d r o l y s i s  of N - m e t h y l p a r a n i t r o a c e t a n i l i d e  (25~ 

bo bo~aH 0 
.3.10-2-~- ~ .2.7.i0-~ 

T A B L E  1. E f f e c t i v e  Ra te  Con-  D I S C U S S I O N  
s t a n t s  of  t he  H y d r o l y s i s  o f  N -  

T a b l e s  1 and 2 p r e s e n t  the  e x p e r i m e n t a l  v a l u e s  of  the  e f f e c -  
M e t h y l p a r a n i t r o a c e t  an i l i de  in  

t i v e  r a t e  c o n s t a n t s  of  h y d r o l y s i s  (keff) of  N - m e t h y l p a r a n i t r o a c e -  
Aqueous  Solu t ions  of  KOH at 25 ~ 

t a n i t i d e  and N - m e t h y l m e t a n i t r o a c e t a n i l i d e  in aqueous  so lu t i ons  of 
~OHcon- p o t a s s i u m  h y d r o x i d e  at 25 ~ As can  be s een  f r o m  the  t a b l e s ,  wi th  
tent, % keff, rain -1 bo aH~O i n c r e a s i n g  a l k a l i  c o n c e n t r a t i o n  the  e f f e c t i v e  r a t e  cons t an t  kef f  i n -  
by mass c r e a s e s .  In the  h y d r o l y s i s  of  N - m e t h y l o r t h o n i t r o a c e t a n i l i d e  [8], 

the  k ine t i c  c u r v e s  a r e  d e s c r i b e d  by a s c h e m e  a c c o r d i n g  to  which  0,60 2,67.10 -3 8,3.i0-: t,0 
i , i4  5,t0.i0-~ 0,i5 l ,o the  s i n g l y  i on i zed  f o r m  does  not p o s s e s s  r e a c t i v i t y .  The  a c t i v a t e d  
1,97 9,60.i0-" 0,26 t,0 s t a t e  of  the  r e a c t i o n  is  f o r m e d  f r o m  the  doubly  i on i z e d  f o r m  of  the  3,02 t,56.t0 -'z 0,43 0,995 
5,02 2,77.t0 -~ 0,71 0,980 an i l i de  and two m o l e c u l e s  of  w a t e r .  The  s i n g l y  ion ized  f o r m  of  N -  
7 98 5,02.i0 -~ t,26 0,955 

l i , l  8,2t.i0-~ 2,11 0 , 9 3 5  m e t h y l o r t h o n i t r o a c e t a n i l i d e  i s  n o n r e a c t i v e ,  a p p a r e n t l y  on account  
t6,8 i,72. i0-1 4,5S 0,S6 of  t he  f o r m a t i o n  of  a h y d r o g e n  bond b e t w e e n  the  oxygen  of the  n i t r o  
19,9 0,24 6,92 0,82 
24,4 0,43 2,4 0,76 g roup  and the  h y d r o g e n  of  the  c a r b o x y l  g roup .  P r o b a b l y  if t h e r e  
29,7 0,775 5,2 0,66 w e r e  no h y d r o g e n  bond, the  s i n g l y  i on i z e d  f o r m  would p o s s e s s  r e a c -  
34,5 1,33 1,3 0,56 

t i v i t y .  
Note: The activities of water were taken 
from [5]. The values of b 0 for 25 ~ were It iS n a t u r a l  to a s s u m e  tha t  a s  a r e s u l t  of  the  i o n i z a t i o n  of  N -  
calculated as average ionic activities of m e t h y l - m -  and p - n i t r o a c e t a n i l i d e s  in a l k a l i n e  so lu t ion ,  s i n g l y  and 
KOH for this temperature. The activity of doub ly  i on i z e d  p a r t i c l e s  can  be  f o r m e d .  However ,  in the  c a s e  of the  
KOH was taken from [6]. The values of p - n i t r o  d e r i v a t i v e s ,  in o u r  opinion,  the  s i n g l y  i on i z e d  f o r m  should  

b0= at for diluted solutions were taken p o s s e s s  r e a c t i v i t y ,  s i n c e  no h y d r o g e n  bond can  be  f o r m e d  be tween  
from the book [7]. 

the  h y d r o g e n  of the  c a r b o x y l  g roup  and the  n i t r o  g roup .  In the  m -  
n i t r o  d e r i v a t i v e ,  t h e r e  is  a p o s s i b i l i t y  of  f o r m a t i o n  of a h y d r o g e n  
bond,  but  it  i s  w e a k e r  than  in the  o - n i t r o  d e r i v a t i v e .  

F r o m  T a b l e  2 i t  i s  ev iden t  tha t  in the  c a s e  of  N - m e t h y l m e t a n i t r o a c e t a n i l i d e ,  even  in d i lu te  s o l u t i o n s  
of a l ka l i ,  w h e r e  t he  a c t i v i t y  of  w a t e r  is  p r a c t i c a l l y  c o n s t a n t ,  t h e r e  i s  no l i n e a r  r e l a t i o n s h i p  be tween  kef  f 
and b 0. S i m i l a r l y  to  t h e  c a s e  of  N - m e t h y l o r t h o n i t r o a c e t a n i l i d e ,  a s  the  a l k a l i  c o n c e n t r a t i o n  is i n c r e a s e d ,  
kef f  i n c r e a s e s  m o r e  r a p i d l y  than  b o. C o n s t a n c y  of  k e f f / b  0 is  o b s e r v e d  on ly  in c o n c e n t r a t e d  s o l u t i o n s  o f  
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T A B L E  2. Ef fec t ive  Rate  Con-  
s tan t s  of  the  H y d r o l y s i s  of  N-  
Me thy lme tan i t r oa c e t a n i l i de  in 
Aqueous Solutions of  KOH at 25 ~ 

KOH con-] _ ! 
tent, % Ikef f, rain 
by mass bo 

aH~O 

0,46 
0,95 
2,94 
2,95 
5,00 

t0,i 
t5,4 
19,1 
24,7 
30,4 

2,6-t0-~ 
5,8.i0-~ 
2,12.10 -3 
2,23.10-a 
4,60.t0 -3 
t, 58.i0 -2 
4,00.~0 -2 
7,05.10-~ 
0,'158 
0,342 

0,065 
0,i3 
0,37 
0,37 
0,64 
t,82 
3,7i 
6,24 

t2,8 
28,2 

l,o 
1,0 
0,99 
0,99 
0,98 
0,93 
0,89 
0,83 
0,76 
0,66 

KOH (15.4-30.4% KOH). To explain such a dependence  of kef f on bo, 
let  us a s s u m e  that  in so lu t ions  of  alkali ,  the s ingly  and doubly ion-  
ized f o r m s  p o s s e s s  r eac t iv i t y  

B + O [ i ~ B O H  K I =  CBbo 
CBo~ 

OBOH b0 
BOH -t- OH ~ BOO= ~- H20 K2 = 

6'BOO= aH~O 

K 1 is the equ i l ib r ium cons tant  of  f o r m a t i o n  of the s ingly  ionized form;  
K 2 is the equ i l ib r ium cons tan t  of  f o rma t ion  of the doubly ionized 
f o r m  f r o m  the s ingly  ionized form;  CB, CBO ~, CBO O = a re  the con-  
cen t r a t i ons  of the nonionized,  s ingly  ionized,  and doubly ionized 
f o r m s ,  r e spec t ive ly ;  b 0 is the a lka l in i ty  of  the med ium.  

Let us a s s u m e  a lso  that  the  s ingly  ionized f o r m  unde rgoes  
m o n o m o l e c u l a r  decompos i t i on  to the r e a c t i o n  p roduc t s ,  while the 

doubly ionized f o r m  f o r m s  an ac t iva ted  c om plex  with two wa te r  mo lecu le s ,  and that  in the  kinet ic  equation,  
the ra t io  of  the  ac t iv i ty  coef f ic ien t s  does not depend on the compos i t i on  ~f !:he med ium [9]. Then the r e a c -  
t ion  r a t e  is e x p r e s s e d  as 

a 2 
W k'tm e C~o ~ ~ k"true CBoo= H~o, 

w h e r e  k~rue and k~'ru e a r e  the  t r u e  r a t e  cons tan t s  of conve r s ion  of the  s ingly and doubly ionized f o r m s ,  r e s -  
pec t ive ly .  

If the d e g r e e  of  ioniza t ion  is negl igible  (C B ~ Co) 

ktrue ]C~me , 2 

o r  

keff k~rue , k~rue . 
b0 = - -k~-  -t- --KI-~--~ ou'a~,o. (1) 

Equat ion  (1) d e s c r i b e s  the data  up to 5% KOH (Fig. 1). In a plot of  k e f f / b  0 v e r s u s  b0aH20, a s t r a igh t  l ine 
is obtained,  and the va lues  k~rue/K~ = 3 . 6 . 1 0  -3 and k~'rue/K1K2 = 5.8" 10 -3 w e r e  d e t e r m i n e d  by a g raph ica l  
method.  F o r  N - m e t h y l p a r a n i t r o a c e t a n i l i d e ,  Eq. (1) d e s c r i b e s  the  data  up to 2% KOH (Fig. 2): k~ rue /K  1 
= 3.0 �9 10 -2 and k~'rue/K1K 2 = 2 . 7 . 1 0  "2. In concen t r a t ed  solut ions  of  alkali ,  the r e l a t i ve  concen t r a t i on  of  the 
s ing ly  ionized  f o r m  should i n c r e a s e ,  and C o = C B + CBO ~ .  Cons ide r ing  ionizat ion,  the fol lowing e x p r e s s i o n  
is obta ined for  the  e f fec t ive  r a t e  cons tant  

ktrue, b__A0 _~ ktrue b0~an~o t b 0 + t o (2) 
K1 k, eff K~K, kef f K1 

Since the va lues  of k ~ r u e / K  1 and k~r u /K1K 2 a r e  known f r o m  dilute solut ions ,  t h e r e  is a poss ib i l i t y  of g r a p h -  
ical  ca lcu la t ion  of the values  of  K 1 an~ k~rue (Figs .  3 and 4). 

F o r  N - m e t h y l m e t a n i t r o a c e t a n i l i d e ,  K 1 = 3.38, k~rue = 1 .22 .10  -2 rain-l ;  N - m e t h y l p a r a n i t r o a c e t a n f l i d e ,  
K 1 = 1.8, k~rue = 5.33 �9 10 -2 rain -1. However ,  the  expe r imen ta l  da ta  on the h y d r o l y s i s  of  N - m e t h y t p a r a n i t r o -  
ace tan i l ide  in aqueous  solut ions  of  alkali  a r e  a lso  d e s c r i b e d  a c c o r d i n g  to ano the r  s cheme .  As can  be seen  
f r o m  Table  1, in the c a s e  of N - m e t h y l p a r a n i t r o a c e t a n i l i d e ,  up to 20% KOH, a l i nea r  r e l a t ionsh ip  is ob-  
s e r v e d  between the ef fec t ive  r a t e  cons tan t  and the a lka l in i ty  b 0. This  can a lso  be explained as fol lows:  in 
this  reg ion  of p o t a s s i u m  hydrox ide  concen t r a t ions ,  the deg ree  of  ioniza t ion  is negl igible ,  while  the  ra t io  of  
the ac t iv i ty  coef f ic ien t s  of  the ionized f o r m  and of  the ac t iva ted  complex  is cons tan t .  In m o r e  concen t r a t ed  
solut ions ,  kef f i n c r e a s e s  m o r e  s lowly than b 0. If we cons ide r  that  in this  r eg ion  the  subs t ance  is s u b s t a n -  
t i a l ly  ionized,  then a c c o r d i n g  to the equat ion  

keff : k'tme be~K1 -t- be (3) 

we can d e t e r m i n e  the  va lues  K 1 = 104, k~rue = 4.0 rain -1. 

1129 



It should be mentioned that  the exper imenta l  data on the hydro lys i s  of N-methy lmetan i t roace tan i l ide  
in aqueous solutions of po tass ium hydroxide a r e  not descr ibed  by Eq. (3). 

Thus,  on the bas i s  of the kinetic data on the f i r s t  and second mechan i sms  of the hydro lys i s  of N- 
methylparan i t roace tan i l ide ,  the value of the ionization constant obtained is equal to 1.8 and 104, respec t ive ly .  

Since d i rec t  methods of de te rmin ing  the equi l ibr ium constant of ionization a re  unavailable in this 
case  on account of the low solubil i ty of the reagents ,  on the bas is  of the avai lable  data it is not yet poss ib le  
to es tabl i sh  p r e c i s e l y  which of the proposed mechan i sms  of the hydro lys i s  of N-methy lparan i t roace tan i l ide  
is actual ly  rea l i zed  in aqueous solutions of alkali .  

C O N C L U S I O N S  

1. The kinetic p r inc ip les  of the hydro lys i s  of N-methy lmetan i t roace tan i l ide  and N-me thy lpa r an i t r o -  
acetani l ide in aqueous solutions of po ta s s ium hydroxide were  studied by a spec t ropho tomet r i c  method at 25 ~ 

2. The invest igated anil ides exis t  in aqueous solutions of po tass ium hydroxide in three  fo rms:  non- 
ionized, singly ionized, and doubly ionized. The effect ive ra te  constant  is de te rmined  by the re la t ive  con-  
cent ra t ions  of the singly and doubly ionized fo rms .  

3. The t rue  ra te  constants  of hydro lys i s  and the equi l ibr ium constants  of the format ion  of the singly 
ionized fo rm of N-methy lmetan i t roace tan i l ide  and N-methy lparan i t roace tan i l ide  were  calculated.  

I. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

LITERATURE CITED 

R. S to rmer ,  B e r . ,  31, 2529 (1898). 
Yu. K. Yur ' ev ,  P rac t i ca l  Studies in Organic  Chemis t ry  [in Russian],  MGU, III (1961), p. 42. 
I. J. P a c h t e r  and M. Kloe t re r ,  J,  Amer .  Chem. Soc. ,  74, 1321 (1952). 
Dict ionary of Organic  Compounds [in Russian],  Moscow (1949). 
E. Shibata, J.  Kobayachi,  and S. Fukinawa, J. Chem. Soc. Japan, 52, 404 (1931). 
R. A. Robinson and R. M. Stokes, Trans .  Fa raday  Soc. ,  45, 612 (19~9). 
R. Robinson and R, Stokes, Solutions of E lec t ro ly tes  [Russian t rans la t ion] ,  IL (1963), p. 575, 
M. I. Vinnik and A. Kh. Pochikyan,  Izv. Akad. Nauk SSSR, Set .  Khim. ,  1213 (1971). 
M. I. Vinnik and Y. V. Moiseyev, Te t rahedron ,  19, 1441 (1963). 

1130 


