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In the the rmal  des t ruct ion  of po lymers ,  wate r  and acid and basic substances a re  formed,  which can 
initiate react ions  of ionic dest ruct ion of the po lymer .  In view of this,  in the presen t  work we studied the 
kinetics and mechanism of the hydrolys is  of 2-phenylbenzoxazole (PBO) and o-benzamidophenol (BAP), 
which a r e  models of cycl ized and noncycl ized  f ragments  of polybenzoxazoles [1]. 

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

We used PBO (mp 101-102~ BAP (mp 169-169.5~ o-amidophenol and benzoic acid (cp grade),  the 
cha rac t e r i s t i c s  of which cor responded  to the data of [2, 3]. The acid hydrolysis  of BAP was investigated 
at 100-150 ~ and a H2SO 4 concentrat ion of 8-66% by mass .  Aqueous solutions of H2SO 4 were p repared  f rom 
grade espec ia l ly  pure  cenc. H2SO 4. At a reagent  concentrat ion of (0.5-1.5) �9 10 -4 M, the influence of the 
reagents  on the thermodynamic  p a r a m e t e r s  of the medium is prac t ica l ly  excluded. The exper iments  were  
conducted in an a tmosphere  of argon.  The kinetics of the hydrolysis  of BAP was studied spectrophoto-  
me t r i ca l ly  according to the change in the absorpt ion at 249 and 304 nm,  where the g rea tes t  differences 
a re  observed  in the absorpt ion spec t r a  of the s tar t ing  mater ia l s  and react ion products  (Fig. 1). 

When PBO is heated [4] in aqueous solutions of mineral  acids,  BAP is formed and is converted under 
the same conditions to PBO 

N N H - - C O - - ( /  ~ N H 2  C 0 0 H  
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x Y z 

We investigated the kinetics of the convers ion of BAP. The change in X, Y, and Z with t ime is descr ibed  
by the equations [5] 

er l  t __  e r:e! 
x : - -  D o r a  - -  

rg - - -  r l  

Y = - -  B o  (k  q .  r l )  e r d  - -  ( k  -}- r2) e r ' t  
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b = k * k  2 
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Fig. i. [IV spec t ra :  1) 2-phenylbenzoxazole;  2) o -benzamido-  
phenol; 3) benzoic acid; 4) o-aminophenoI.  

Fig. 2. Change in the optical densi ty  at wavelengths 249 (1) and 
304 (2) nm during the convers ion of o-benzamidophenol  in H~SO 4. 

The optical densi ty at 249 and 304 nm (see Fig. 1) can be expressed  as follows: 

D~, = Xs~0 4 + Y ~  

where  e ' ,  e w, and e~ a re  the coeff icients  of extinction of PBO, BAP, and the reac t ion  products .  As was 
establ ished by p r e l im ina ry  exper iments ,  for  the individual substances and the i r  mix tures ,  the B e e r - L a m -  
be r t  law is observed.  The values of the effective ra te  constants of all the react ions  were  fotmd by t r e a t -  
ment of the exper imenta l  data (Fig. 2) on a BI~SM-6 e lec t ronic  computer .  As a rule ,  the e r r o r  in the ca l -  
culatien did not  exceed 10% (in exper iments  with 8% H2SO 4 it r eached  20%). The constants found (Table 1) 
a re  sa t i s fac to r i ly  descr ibed  by an Arrhenius  equation. The calculated values of the effect ive activation 
energy  of the hydrolys is  of PBO and BAP m-ld the cyclizat ion of o-benzamidophenol were  p rac t i ca l ly  in- 
dependent of the concentrat ion of H2SO 4 and were  29 �9 1, 24 �9 1, and 32 �9 1 k c a l / m o l e ,  respec t ive ly .  

DISCUSSION OF RESULTS 

Hydrolysis of o-Benzamidophenol. The limiting step in the hydrolysis of amides is attack of the 
hydroxonium ion on the onprotonated amide bond [6]. Protonat ien of the earbonyl  oxygen atom leads to the 
format ion of a nonreac t ive  fo rm,  s ince it p revents  approach of the hydroxonium ion to the amide bond 

OH OH 

! HaO~ 
HaO ~ 

fqH--CO--~ 
( ) / ,  ~ M~ -- Pr~ ~:true 

OH 

The change in kef f of the hydrolys is  of amides in acid media is descr ibed  by the equation 

ktme Cmo+ 
keff.= I + hA/KBH+ (1) 

where  ktrue is the t rue  ra te  constant of the hydrolysis  react ion;  CH30+ is the concentrat ion of hydroxonium 
ions [7]; hA is the amide acidi ty ( -  Iog hA - HA) [8]; KBH+ is the thermodynamic  constant of the bas ie i ty  of 
the carbenyl  oxygen of the amide bond. 

This equation explains the passage  of keff of the react ion of hydrolys is  of amides through a maxi-  
mum re la t ive  to the acid concentrat ion (Fig. 3). In dilute solutions of acid,  when the concentrat ion of the 
nonprotonated fo rm of the amide is much g r ea t e r  than the concentrat ion of the protonated fo rm 

keff= ktrueCH,o+ (2) 
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TABLE i. Effec t ive  Ra te  Constants  of the Hy-  
d ro ly s i s  of 2 -Phenylbenzoxazole  (k), the Hy-  
d ro lys i s  (k 2) and Cycl izat ion (k 1) of  o - B e n z -  
amidophenol  

CH2SO~, 
% 

8 

17 

31 

57 

66 

Eonstant 
, I0 2, 

min -1 

k 

ks 
k 
k, 
ks 
k 
k, 
k2 
k 
k, 
k2 
k 
kl 
k~ 

t00 ~ 

3,0 
0,t8 
0,26 
1,9 
0,50 
0,63 

I I00 120 ~ 
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5,2 
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tt 

5,5 
25 
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8,3 
2,7 
7,9 
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63 
48 
t3 
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4,4 
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t6 
49 
12 
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32 
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TABLE 2. Effect ive  Rate Constants  
of the Hydro lys i s  of 2 -Pheny lbenzoxa ,  
zole (k), Hydrolys is  (k 2) and Cyc l i za -  
tion (k t) of o-Benzamidophenol  at  25 ~ 
and Various Concentra t ions  of Sulfuric 
Acid 

CH,S0,, k, min "1 k,,min -~ ikz, min "i % 

8 
17 
31 
57 
66 

ktrue 
KBH + - 

1,55.t0- s 
9,i5.t0- 7 
7,t.t0-7 

6,t7.t0- s 
5,13.t0- s 

6.i0-~ * 

3,54.t0- s 
8,5t.t0-s 
t,44.t0 -r 
4,9.i0-s 

3,t6.10-s 
0,6.10-8 

190 

8,0.10-7 
t,37.t0 -~ 
2,0.10- ~ 

6,03.t0-7 
3,9.10-7 
4,0.t0- 6 

2i0 

* ktrue- K BH+. 

In concent ra ted  solut ions of acid,  where  the carbonyl  oxygen of the amide  bond is subs tant ia l ly  p r o -  
tonated 

ktrueKBH+Cn'~ (3) 
keff = hA 

The thermodynamic  p a r a m e t e r s  of H2SO4 were  most re l iab ly  de termined at 25~ the re fo re  keff of 
the ra te  were  extrapolated to 25 ~ (Table 2). To dete rmine  the values of ktrue and KBH+ , le t  us r ep r e s en t  
Eq. (D in the following f o r m  

Cu.o+ = 1 t 
~- hA (4) 

keff ktrue KsH+ktrur 

In the case of graphical  solution of this equation, values of ktrue and KBH+ were  obtained (see Table 2). 

Hydrolysis of 2-Phenylbenzoxazole and Cyclization of o-Benzamidophenol, As can be seen from Fig. 
3, the effect ive ra te  constant  of the hydrolysis  of PBO dec reases  with increasing acid concentrat ion,  whne 
the cycl izat ion of BAP p a s s e s  through a max imum.  In the es tab l i shment  of the mechan i sm of the two p r o -  
c e s s e s ,  it is advisable  to cons ider  them jointly,  s ince according to the pr inc ip le  of detai led equi l ibr ium, 
the in te rmedia te  compounds in these  reac t ions  should have the s a m e  s t ruc tu re .  Since reac t ions  both at the 
C =N bond and a t  the C - O  bond can occur  during hydro lys i s  of PBO, two react ion  pathways a r e  poss ib le .  
In the investigation of the synthes is  of polybenzoxazoles  it was postula ted that  the format ion  of the benzo-  
xazole  r ing  in the vacuum h e a t - t r e a t m e n t o f p o l y o x y a m i d e s  should p roceed  through an amidol compound 
[9-11]. The poss ib i l i ty  of amide -amido l  t a u t o m e r i s m  was a s sumed  Ln [12-14]. In a number  of studies on 
the hydro lys i s  of Schiff 's  ba s e s ,  benz imida tes  [15, 16], and 2-methyloxazol ine  [17], it was a s sumed  that 
the p r o c e s s  occurs  through the fo rmat ion  of a carb inolamine .  

On the bas i s  of  the l i t e r a t u r e  data,  l e t  us a s s u m e  that  the acid ca ta ly t ic  hydro lys i s  of PBO and the 
cycl iza t ien  of BAP can p roceed  through the format ion  of an amidol  compound or a cyclic ca rb ino lamine  

N N=C--(f'-~/ NH--CO-- O 

F II c - ( /  ~ - I  II on L II 
0 OH OH 

H 

N N OH NH--CO-- 

0 0 OH 

An ana lys i s  of the expe r imen ta l  data  and the equations desc r ib ing  individual s teps  of the react ion  show 
that  r e g a r d l e s s  of the pathway of the p r o c e s s ,  the slow s tep in the hydro lys i s  of  PBO and in the eycl izat ion 
of BAP is the format ion  of an amidol  compound or  a cycl ic  ca rb ino lamine .  
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Fig. 3. Dependence of the effective rate constant of the 
hydrolysis of 2-phenylbenzoxazole (1), the hydrolysis 
(2), and cyelization (3) of o-benzamidophenol on the 
acidity of the medium at 25 ~ 

Fig. 4. Dependence of CH30+/kef f on HA for the hy- 
drolysis of 2~phenylbenzoxazole at 25 ~ 

The dependence of keff of the cyclization of BAP on the acid concentration is satisfactorily described 
by Eq. (1). The values of the thermodynamic constant of the basicity of the carbonyl oxygen of the amide 
bond, calculated from the data on the hydrolysis and cyelization of BAP, proved close (see Table 2). 

The dependence of keff of the hydrolysis of PBO on the acid concentration is described by Eq. (3) 
(Fig. 4); consequently, the nonprotonated form of PBO is reactive, while the protonation of PBO occurs 
chiefly at the oxygen and is accompanied by the formation of a nonreactive form. It can be assumed that 
the hydrolysis of PBO proceeds analogously to the hydrolysis of amides, but in relatively dilute solutions 
of acid, PBO is already substantially protonated. At the present time it does not seem possible to deter-  
mine the pathway of the hydrolysis of PBO and cyclization of BAP: through the formation of an amidol 
compound or a cyclic carbinolamine, since the two pathways are kinetically indistinguishable. 

CONCL USION S 

1. The kinetics of the hydrolysis of 2-phenylbenzoxazole, the hydrolysis and cycl[zation of o-benz- 
amidophenol were studied spectrophotometrically. 

2. The effective rate constant of the hydrolysis of 2-phenylbenzoxazole decreases with increasing 
H2SO ~ concentration, while the effective rate constants of the hydrolysis and eyclization of o-benzamido- 
phenol have maxima. 

3. The dependence of the effective rate constants of the hydrolysis of 2-phenylbenzoxazole and the 
cycltzation of o-benzamidophenol on the acid concentration is described by the same equations as the hy- 
drolysis of amides, but in contrast to amides, in relatively weak solutions of acids 2-phenylbenzoxazole 
is already appreciably protonated. 
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