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The in t r amolecu la r  decomposi t ion  of compounds that contain a ca rboxyl  group ortho to the amide linkage 
has g rea t  p rac t i ca l  impor tance  for  the synthesis  of  heat s table  po lymer s ,  the polyimides  [1]. Consequently,  
for predict ing the reac t iv i ty  of these  compounds it is impor tan t  to e s t ab l i sh  a detai led m e c h a n i s m  for the de-  
composi t ion  of o - c a r b o x y a m i d e s  and find the re la t ion  between their  r eac t iv i ty  and the chemica l  s t ruc tu re .  

When the l i t e ra tu re  data on this p rob lem a re  analyzed,  i t c a n  be obse rved  that the ra te  of the reac t ion  
for  the in t r amolecu la r  decomposi t ion  of o -ca rboxyamides  is s t rongly dependent on the i r  s t ruc tu re  [2-7]. Thus,  
for  example ,  when the H atoms a r e  r ep laced  by methyl  groups in the anhydride component  of malamic  acids 
the i n t r amolecu la r  decomposi t ion  ra te  constant  i n c r e a s e s  by ~104 t imes  [2, 3]. 

Various authors p ropose  var ious  approaches  for  a sce r t a in ing  the quanti tat ive ru les  for the re la t ion  be -  
tween the reac t iv i ty  of o - ca rboxyam i des  and the chemical  s t ruc tu re .  A s e r i e s  of N-a ry l - subs t i t u t ed  malani l ic  
and phthalanilic acids was studied in [3, 4] and a l inear  re la t ion  was obtained between the in t r amolecu la r  de-  
composi t ion  ra t e  constants  and the pKa of the fo rmed  amine [4], as well  as co r r e l a t i on  with the Hammet t  u 
constants  [5]. However ,  s i m i l a r  cor re la t ions  a r e  not obse rved  in the hydrolys is  of the N-a lky l - subs t i tu ted  
ma lamic  and phthalamic acids [3, 6]. Besides this ,  such re la t ions  [2, 3] do not pe rmi t  compar ing  the reac t iv i ty  
of o - ca rboxyamide s  with subst i tuents  in the anhydride component.  

In our  opinion~ the app roach  proposed  in [7] is m o r e  genera l ,  s ince it is based  on the fact that the quan-  
tum chemical  calculat ions take into account  the effect  of subst i tuents  in both the amine and anhydride compo-  
nents on the re la t ive  dis t r ibut ion of the e lec t ron  density in the molecule.  To ver i fy  this a s sumpt ion  we studied 
the ra te  for  the in t r amoleeu la r  decomposi t ion of 4-nitrophtha|Anil ic  acid.  

EXPERIMENTAL 

4-Nitrophthalanilic acid was synthesized from 4-nitrophthaiie anhydride and aniline in chloroform at 
~2O~ 

The quan tum-chemica l  calculat ions w e r e  run within the f r a m e w o r k  of the s e m i e m p i r i c a l  CNO method 
as desc r ibed  in [7]. The calculat ions d isc losed  that the following i s o m e r  is energet ica l ly  more  favorable:  

CONH 

"0 
NO 2 C=0 

OH 

The pH value of 0-2 needed for the aqueous solutions was obtained by using HCI and standard buffer mix- 
tures. 

The intramoleeular decomposition rate of 4-nitrophthalanilie acid was studied spectrophotometrically [7], 
on the basis of the accumulation of aniline (k 440 nm) and consumption of 4-nitrophthalanilie acid (% 290 nm). 
The effective rate constants were calculated using the first-order equation. 
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Fig. 1. Dependence of logkef  f (rain -1) for  i n t r a -  
molecu la r  decomposi t ion  of 4-ni t rophthalani l ic  acid 
on pH of aqueous solutions (50~ 

Fig. 2. Dependence of l ogk  ~ (rain -1) on AElrb (kca l /  
mole) for  i n t r amolecu l a r  decomposi t ion  of phthalanilic 
a<~ids of var iab le  s t ruc tu re .  1) X = OH; 2) CH3; 3) H; 
4) COOH; 5) NO2; 6) Y = NO 2. 

D I S C U S S I O N  O F  R E S U L T S  

The exper imen ta l  data on the i n t r amolecu la r  decomposi t ion  of 4-ni t rophthalani l ic  acid a re  plotted in Fig. 
1. They a re  de sc r ibed  well  by the following equation: 

keff---- ]~ue/(i + Kdis•ha) 

The ca lcula ted  vaiues a r e  k~rue = 8.7.10-2" m i n ,  I, Kdiss ,= 6 . 9 2 . 1 0 " ' .  

On the basis  of the kinetic data and quan tum-chemica l  calcula t ions ,  the following mechan i sm was p ro -  
posed in [7] for the i n t r amolecu la r  decomposi t ion  of o -ea rboxyamides :  

0 "0  
j , j 

C--NH C--NH 
, ~ \ /  \ d \  ~e ,/\/ \J\ 

,,kA = k ) \  
Y C=O X Y C--OH X 

[ II 
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k t r u e  
products 

Taking into account  the fact  that the orde r of reac t iv i ty  obtained in [7] is the r e v e r s e  of that obtained 
in the hydrolys is  of  N-phenyl - subs t i tu ted  anil ides [8, 9 ] ,  it was postulated that the l imit ing step is not the de-  
composi t ion  of the amide l inkage,  but r a t he r  the fo rmat ion  of i s o m e r  (II). In ha rmony  with this,  we obtained 
the l inear  function: k~rue vs AE ~b, the d i f ference  in the s ta tes  of i s o m e r s  (I) and (II). 

The appropr i a t e  quan tum-chemica l  calculat ions were  made for  4-ni t rophthalani l ic  acid,  and the quantity 
AE=b = 10.34 k c a l / m o l e .  F r o m  Fig. 2 it can  be seen  that the ra te  constant  for  the i n t r amolecu l a r  decomposi t ion 
of 4-ni t rophthalani l ic  acid c o r r e l a t e s  well  with this value. 

As a resu l t ,  it can be sa id  that this approach  makes  it poss ib le  to predic t  the reac t iv i ty  of o - c a r b o x y -  
amides  with var ious  subst i tuents  in both the anhydr ide  and amine components.  

CONCLUSIONS 

1. A study was made of the intramolecular decomposition rate of 4-nitrophthalanilic acid and quantum- 
chemical calculations of the molecule were made within the framework of the s emiempirical CNO method. 

2. A comparison of the kinetic data and the results of the quantum-chemical calculations makes it pos- 
sible to predict the reactivity of o-carboxyamides of variable structure. 
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The hypothesis  given in [1] that the sulfonic pe rac id  (RSO4H) is fo rmed  as the p r i m a r y  molecu la r  product  
in the chain suifooxidation of s a tu ra t ed  hydrocarbons ,  the subsequent  t r ans fo rma t ions  of which lead to the fo r -  
mat ion of the end reac t ion  product ,  the sutfonie acid (RS02H), has found wide acceptance ,  although e x p e r i m e n -  
tal da ta  that -suppor t  it a r e  p rac t ica l ly  lacking. 

We studied the sequence of forming the indicated products  on4~he example  of the photoinit iated decompo-  
si t ion of~cyelohexanesulfonyl chior ide  (RS02CI) in eyclohexane (RH) i n t h e  p re sence  of 02. 

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

The exper imen t s  w e r e  run in a the rmos ta t t ed  quar t z  r e a c t o r  at [RS02C1] = 1 m o l e / l i t e r ,  the volume ~f  
the reac t ion  mixture  was 20 ml,  and the 02 feed ra te  was 6 t i t e r s / h .  The bubbling conditions of the reac t ion  
a s s u r e d  the accumula t ion  of the n e c e s s a r y  concent ra t ion  of the reac t ion  products  and the r emova l  of HC1 f r o m  
the reac t ion  mixture .  The O 2 absorp t ion  was followed using a manomet r i c  a s s emb ly  with automat ic  s t ab i l i za -  
tion of the p r e s s u r e  [2]. It was es tab l i shed  that at  a par t ia l  02 p r e s s u r e  of p02 -> 100 m m  of Hg in the 0 2 - A r  
gas mixture  the 02 absorp t ion  ra t e  is independent of pO 2 and the ra te  of s t i r r ing  the reac t ion  mixtwre. The 
exper imen t s  w e r e  run  at  p02 = 760 mm.  The light source  was a DRT-200 lamp without a light f i l ter .  The 
RS02CI was analyzed polarographica l ly  [3]. The total amount of  RSO4H and RS02H was de te rmined  by potentio-  
me t r i c  t i t ra t ion  [4]. The RSO4H was de te rmined- iedomet r ica l ly  [5]. The RS02H concent ra t ion  was ca lcula ted  
f r o m  the di f ference in the r e su l t s  of these a~_alyses. The HC1 was de te rmined  by the Volhard method [6], and 
the amount of  wa t e r  was de te rmined  by the F i sche r  method [5]. The eyclohexanol  (ROH) and cyctohexanone 
(R'O) were  analyzed by GLC [7]. The RS02CI was obtained by the photochemical  sulfochlorinat ion of RH [8]. 
The RH was f reed  of impur i t i es  by t rea t ing  it r epea ted ly  with a 10% solution of o leum in H2SO 4 and subsequent 
distil lation. 

D I S C U S S I O N  O F  R E S U L T S  

The photoinit iated decomposi t ion  of RS02Ct in the p re sence  of O 2 gives RS02H, H20 , HCI, ROH, R 'O,  and 
a lso  a hydroperoxide ,  which exhibits acid p rope r t i e s  and t i t r a tes  along with the RSO3H. We identified this hy- 
droperoxide  to be RSO4H , s ince reduct ion Of-the hydroperexide  with KI, and a lso  its t he rma l  decomposi t ion,  
lead to RSO3H. The c rys ta t lohydra te  C6HllS02H. H20 WaS i so la ted  f r o m  the reac t ion  products ,  which was c h a r -  
ac t e r i zed  by the IR spec t rum:  SO 2 {1100-1250 cm-1),  S= O (1045 c m - 5 ,  C - S  (700-800 cm-1),  and by e lementa l  
analysis .  Found: C 39.0; H 7.5; S 17.2%. C6H14SO4. Calculated: C 39.5; H 7.7; S 17.6%. 
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