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INTRODUCTION



F o r  a n u m b e r  o f  y e a r s  work  i n  t h e s e  l a b o r a t o r i e s  h a s  

b e e n  d i r e c t e d  t o w a r d  k i n e t i c  s t u d i e s  o n  t h e  s u b s t i t u t i o n  r e ­

a c t i o n s  o f  a r e n e b o r o n i c  a c i d s .  I n  p a r t i c u l a r ,  t h e  r e a c t i o n s  

i n v o l v i n g  d i s p l a c e m e n t  o f  t h e  b o r o n i c  a c i d  g r o u p  b y  h a l o g e n ^ - 

a n d  b y  h y d r o g e n  p e r o x i d e * ^  h a v e  b e e n  g i v e n  t h e  m o s t  a t t e n t i o n

Ar-B(  OH) 2 +  X2 H2 0 ------ ► ArX + HBr -t- H^BO-j 1

A r -B (0 H )2  +■ H20 2 -------* ArOH H^BO^ 2

( r e a c t i o n s  1 an d  2 ) .  The r e s u l t s  o b t a i n e d  d e m o n s t r a t e  t h a t ,  

a t  l e a s t  f o r  t h e  h a l o d e b o r o n a t i o n  r e a c t i o n ,  s u b s t i t u t i o n  o f  

t h e  b o r o n i c  a c i d  g r o u p  r e s u l t s  f r o m  an e l e c t r o p h i l i c  a t t a c k  

b y  t h e  d i s p l a c i n g  s p e c i e s  on t h e  a r o m a t i c  c a r b o n  a tom  t o  w h i c h  

t h e  b o r o n i c  a c i d  f u n c t i o n  i s  b o n d e d .  The b r o m o d e b o r o n a t i o n  

o f  m e t a -  and  p a r a - s u b s t i t u t e d  b e n z e n e b o r o n i c  a c i d s   ̂ h a s  t h e r e ­

f o r e  o f f e r e d  some i n s i g h t  i n t o  t h e  e f f e c t  o f  s u b s t i t u e n t s  i n  

t h e  r i n g  on t h e  r e a c t i v i t y  o f  a r o m a t i c  com pounds  t o w a r d  an 

e l e c t r o p h i l e .

A i n l e y  and C h a l l e n g e r ^  h a v e  r e p o r t e d  t h a t  t h e  h y d r o l y ­

s i s  o f  b e n z e n e b o r o n i c  a c i d  i s  c a t a l y z e d  b y  c o n c e n t r a t e d  s o d iu m  

h y d r o x i d e ,  b y  z i n c  an d  cadmium b r o m i d e s ,  an d  b y  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d .  The u n c a t a l y z e d  r e a c t i o n  i n  w a t e r  a l o n e  

r e q u i r e s  a  t e m p e r a t u r e  o f  1 5 0 ° C .  The h y d r o l y s i s  c a n  be  r e p r e ­

s e n t e d  by  t h e  e q u a t i o n

X ^ Q - B ( 0H) 2 +  h 2o — h 3b o 3 3

The a c i d - c a t a l y z e d  r e a c t i o n  i s  e s p e c i a l l y  o f  i n t e r e s t  b e c a u s e
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i t  a p p e a r s  t o  r e q u i r e  an  e l e c t r o p h i l i c  s u b s t i t u t i o n  b y  a p r o -0 

t o n a t i n g  s p e c i e s .  A s s u m in g ,  t h e n ,  t h a t  t h e  m e c h a n i s m  c a n  b e  

e l u c i d a t e d ,  a s t u d y  o f  t h e  e f f e c t  o f  r i n g  s u b s t i t u e n t s  on  r e ­

a c t i v i t y  w o u ld  o f f e r  a d d i t i o n a l  i n s i g h t  i n t o  t h e  a p p l i c a b i l i t y  

t o  a r o m a t i c  e l e c t r o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  o f  H am m et t -  

t y p e  l i n e a r  f r e e  e n e r g y  r e l a t i o n s ^ -. I n  a d d i t i o n ,  s i n c e  t h e  

r e a c t i o n  c a n  b e  s t u d i e d  i n  c o n c e n t r a t e d  m i n e r a l  a c i d  s o l u t i o n s ,  

a  k n o w l e d g e  o f  i t s  m e c h a n i s m  m i g h t  a l l o w  t h e  d e t e r m i n a t i o n  o f  

t h e  k i n e t i c  b e h a v i o r  o f  a c i d  c a t a l y s t s  i n  t h e s e  s t r o n g l y  a c i d ­

i c  m e d i a .  I t  was f o r  t h e s e  r e a s o n s  t h a t  t h i s  r e s e a r c h  was u n ­

d e r t a k e n .

The k i n e t i c s  o f  t h e  a c i d - c a t a l y z e d  h y d r o l y s i s  o f  n i n e  

a r e n e b o r o n i c  a c i d s  (X = p-CH^O, p -C H ^ ,  p - F ,  H, p - B r ,  m -F ,  

m - C l ,  m-CF^ an d  m-NO^) h a v e  b e e n  s t u d i e d .  D e p e n d e n c e s  o f  r a t e  

on  t h e  Hammett a c i d i t y  f u n c t i o n ^ - *  31 ( s e e  b e lo w )  h a v e  b e e n  d e ­

t e r m i n e d  i n  t h e  m e d i a  a q u e o u s  s u l f u r i c ,  p e r c h l o r i c  and  p h o s ­

p h o r i c  a c i d s ,  a n d  i n  t h e  s o l v e n t  m i x t u r e  f o r m i c  a c i d  -  e t h y l e n e  

g l y c o l  d i m e t h y l  e t h e r  (EGDfi) -  w a t e r .  E n e r g i e s  and  e n t r o p i e s  

o f  a c t i v a t i o n  h a v e  b e e n  o b t a i n e d  f o r  t h e  r e a c t i o n s  o f  t h r e e  

a r e n e b o r o n i c  a c i d s  (X »  p-CH^Q, H, m-F) i n  a q u e o u s  s u l f u r i c  

a c i d  s o l u t i o n s .  The s o l v e n t  h y d r o g e n  i s o t o p e  e f f e c t  i n  a q u e ­

o u s  s u l f u r i c  a c i d  h a s  b e e n  d e t e r m i n e d  f o r  f o u r  o f  t h e  s u b ­

s t r a t e s  ( X *  p-CH^O, p-CH-j,  p - F  a n d  m - F ) ,  an d  t h e  e f f e c t  o f  

s o l v e n t  h y d r o g e n  i s o t o p e  c o m p o s i t i o n  o n  t h e  r a t e  h a s  b e e n  d e ­

t e r m i n e d  f o r  t h e  h y d r o l y s i s  o f  p - m e t h o x y b e n z e n e b o r o n i c  a c i d  

i n  6 . 3 1  m o l a r  a q u e o u s  s u l f u r i c  a c i d  a t  2 5 °G.
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I .  K i n e t i c  O r d e r  o f  t h e  R e a c t i o n  

E a c h  o f  t h e  a r e n e b o r o n i c  a c i d s  s t u d i e d  h a s  an u l t r a ­

v i o l e t  a b s o r p t i o n  s p e c t r u m  s u f f i c i e n t l y  d i f f e r e n t  f r o m  t h a t  

o f  i t s  h y d r o l y s i s  p r o d u c t  so  t h a t  a  s p e c t r o p h o t o m e t r i c  m e t h o d  

o f  a n a l y s i s  p r o v e d  c o n v e n i e n t  f o r  f o l l o w i n g  t h e  r a t e s .  The 

m e t h o d  i s  d e s c r i b e d  i n  d e t a i l  i n  t h e  e x p e r i m e n t a l  s e c t i o n .

E x c e p t  f o r  t h e  one  r u n  m e n t i o n e d  b e l o w ,  a l l  o f  t h e  

r a t e  e x p e r i m e n t s  r e p o r t e d  h e r e  sh o w ed  f i r s t - o r d e r  k i n e t i c s ,  

t h a t  i s ,  t h e  d a t a  f i t  t h e  r a t e  e q u a t i o n

k o b s . t  = 2 . 3 0 3  l o g  C + c o n s t a n t  (4 )

w h e r e  k  i s  t h e  p s e u d o  f i r s t - o r d e r  r a t e  c o n s t a n t  a n d  C i s  t h e  

c o n c e n t r a t i o n  o f  a r e n e b o r o n i c  a c i d  a t  t i m e  t .  F i g u r e  1 shows 

a  t y p i c a l  f i r s t - o r d e r  r a t e  p l o t  f o r  m - n i t r o b e n z e n e b o r o n i c  a c i d .

I I .  A q u eo u s  S u l f u r i c  A c i d  

R a t e s  i n  a q u e o u s  s u l f u r i c  a c i d  h a v e  b e e n  m e a s u r e d  w i t h  

a l l  n i n e  a r e n e b o r o n i c  a c i d s  a t  6 0 ° C .  T h e s e  a c i d s  v a r y  s u f f i ­

c i e n t l y  i n  r e a c t i v i t y  s o  t h a t  t h e  r e g i o n  o f  a c i d i t i e s  3-97/^  

b y  w e i g h t  H^SO^ c o u l d  be c o v e r e d .  F o r  t h r e e  o f  t h e s e  a c i d s  

(X »  p-CK-^O, H an d  m-P)  r a t e s  a t  o t h e r  t e m p e r a t u r e s  h a v e  a l s o  

b e e n  o b t a i n e d .  A l l  o f  t h e  p e r t i n e n t  d a t a  a r e  l i s t e d  i n  t a b l e  1.

A. C o u r s e  o f  t h e  r e a c t i o n

I n  a q u e o u s  s u l f u r i c  a c i d  s o l u t i o n s ,  e s p e c i a l l y  i n  t h e  

m ore  c o n c e n t r a t e d  r e g i o n s ,  s u l f o n a t i o n  i s  a  p o s s i b l e  s i d e  r e ­

a c t i o n .  G o l d  a n d  S a t c h e l l ^ ®  h a v e  m e a s u r e d  t h e  s u l f o n a t i o n  

r a t e s  o f  b e n z e n e  a n d  h a v e  r e p o r t e d  t h a t ,  i n  77 *5 > ^ S O j ^  a t  

2 5 ° c . , t h e  f i r s t - o r d e r  r a t e  c o n s t a n t  i s  2 . 6  x  1 0 “ ? s e c o n d - '*- .

I f  t h e  s u l f o n a t i o n  r a t e  o f  b e n z e n e  i s  100 t i m e s  g r e a t e r  a t



k
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A O

T a b le  1

P se u d o  f i r s t - o r d e r  r a t e  c o n s t a n t s ,  k Qb s , f o r  a q u e o u s  s u l f u r i c

a c i d

r u n ^ T e m p ., °C . c/ o  I^SOj^ -Ho lQ e  k 0b s +  7

X =  H ( I )

I g - 2 1 60 7 1 . 1 5 .6 5 3 • 81+2
22 7 0 . 9 5.61; 3 .861;
23 6 0 . 0 u . i u 2 .5 5 8
21; 6 0 . 0 U.1U 2 .5 5 8
25 67.U 5 . 1 5 2 .3 9 9
26 67 .5 5 . 1 6 3.U07
27 7 4 - 4 6 . 1 1 4 . 4 3 4
28 71;. 6 6 . 1 3 4 -4 2 7
29 6 2 . 6 1+ .1+6 2 .8 4 9
30 6 2 . 6 U.U-6 2 .6 4 3
31 5 U .7 3 . 5 9 2 . 0 7 6
32 5U .1; 3 .5 7 2 . 0 4 6
33 4 9 .8 3 . 1 5 1 .6 5 7
31; 5 0 . 3 3 . 1 9 1 . 6 7 4
35 1+1+ • 6 2 . 7 2 1 .3 8 3
36 U4.fi 2 . 7 2 1 .3 5 5
39 5 6 . 6 2 .8 7 1 . 4 6 6
40 US. 3 2 . 7 6 1 .3 0 3
i a 4 2 . 9 2 . 5 6 1 . 1 2 3
42 4 1 .0 2.1;0 0 . 9 6 7
1+3 25 7U .6 6 .3U 3 .0 6 7
i a 72 .U 6 .0 0 2 . 6 7 4
u s 7 0 .3 5 .7 0 2 . 3 1 6
1)6 k o 7 5 .0 6 .2 6 3 .6 3 2
8 7 7 2 . 6 5 .9 6 3 .3 1 0
1)8 7 0 .8 5 .7 2 3 . 0 1 4

X =* m-NOg ( I I )

I I . - 3
4
5
6
7
8
9

10
11
12
13

6o 9 2 . 1
9 1 . 6
6 9 .3
69.ii-
9 7 . 0
9 6 .7  
88.5 
8 8 .5
8 3 . 0
82 .7  
78.8

8 .3 0
8 . 2 6
8 .01;
8 .0 5
8.66
8 . 8 3
7 .9 7
7 .9 7  
7 .3 7  
7 . 3 3  
6 .71;

2 . 7 8 3
2 .7 7 2
2 . 6 0 1
2 . 6 0 1  
3 .1 3 8  
3 .1 6 2  
2 .5 1 5  
2 . 5 0 8  
1 . 8 6 7  
1.671; 
1 .4 5 8
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T a b l e  1 ( c o n t . )

r u n # /b H2 S0[j_ -H, 1 ° 6  k o b s . + 7

X =  m-N02 ( I I )  ( c o n t . )

H g - l U
3 i s  

16

6o 7 8 . 5  
7 3 .7
7 3 . 6

6 . 6 9
6 . 0 0
5 . 9 9

l . k  23 
0 .8 3 9  
O. 8 8 3

p - B r  ( I I I )

I l l s "  1OC.
3
5
6
7
8

60 71+.5 
0 9  . 1+ 
bj?. 2 
7 7 -0  
6 1 . 2  
53.1+ 
1+7.7

0 . 1 2
5.1+3
I+ .83
6.1+7 
1+ .27  
3.1+7 
2 . 9 6

3 .7 8 9
3 .0 8 5
2 .5 3 8
l + . l l l
2 . 1 2 2
1 .3 7 5
0 . 9 5 3

X »  m-F (IV)

IV 0-  1 60 8 3 . 8 7.1+8 1+.196
s 2 7 8 . 5 6 . 7 0 3.1+23

3 7l+.1 6 . 0 6 2 .7 3 9
1+ 6 8 . 5 5 .3 0 2 .0 0 7
5 6 2 . 2 k X i 1.1+03
6 5 5 . 2 3 . 61+ 0 . 8 2 1

19 69.1+ 5.1+3 2 .1 5 2
20 7 0 .3 5 . 5 5 2 .1 9 3

7
6

25 8 3 .3 7.61+ 2 .8 1 7
80 .9 7 .2 9 2 .3 1 8

■ 9 7 9 .0 7 .00 I . 9 0 O
10 1+0 61). 2 7 .67 3 .5 2 0
11 82.1+ 7 *1+2 3 . 1 8 0
12 8 0 . 1+ 7 .1 1 2.881+
13 6 9 . 1+ 61+. 9 1+.76 2 . 0 6 8
11+ 6 1 . 0 1+.23 1 .7 2 0
15 5 6 . 9 3 . 8 0 1 .3 9 9
16 79.1+ 65.1+ 1+.78 2.1+99
17 j 6 1 . 3 1+.21+ 2 .1 3 6
18

X =

57.1+

m-CF3 (V)

3 .8 3 1 .8 2 1

Vs -  6 60 55.1+ 3 .6 6 0.1+99
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T a b l e  1 ( c o n t . )

r u n ' 1

V I g-  1 
3 2

3
4

Temp •» ’c .  % h 2 s o ^

X = P - F  (V I)

60 6 4 - 7  
60 .1 
5 4 - 9  
4 9 . 5

-H,

4 - 7 6
C - 1A+- 
3.62  
3 .1 2

l o g  k o b s # + 7

3.1+55
2 . 9 3 8
2 .1+92
2 . 0 3 9

V H a -  12
3
4

X =* P-GH3 ( V I I )

60 55*5
1+9 . 6
1+0.7
2 8 . 6

3 . 6 7
3 . 1 3
2 . 3 8
1 . 5 3

3 . 6 4 1
3 .1 0 0
2 . 3 6 3
1.1+55

p-CHoO ( V I I I )

V I I I - -  1 60 2 9 . 6 1 . 6 0 3 . 7 4 8
8 2 2 0 . 3 1 . 0 0 3 . 0 6 1

3 1 0 . 1 o . 3 7 2 . 3 6 2
4 5 . 1 4 - 0 . 1 1 1 . 8 7 9
5 3 . 1 1 - 0 . 3 7 1 . 6 0 3
8 40 3 0 . 1 1 . 6 2 2 . 8 9 1
9 2 4 . 7 1 . 2 8 2 . 4 7 6

10 2 0 . 1 0 . 9 5 2 . 1 3 1
HGKC-  1* 25 1 6 . 1 0 . 6 7 1 . 0 7 3

8 2 ' 2 9 . 4 1 . 5 b 2 . 0 9 5
3 4 0 . 6 2 . 3 7 3 . 0 7 5
4 5 o . 4 3 . 2 1 3 . 9 6 9
5 5 4 . 0 3 . 6 3 4 . 4 0 3

■if- w ork  done  b y  II. G. K u i v i l a

I X - -  1 
8 2

3
1+
5
6

X 3 m -Cl ( IX)

60 5 9 . 3
6 2 . 9
6 6 .3
6 9 . 9  
71+.5
7 9 . 9

4 . 0 5
1+.51
1+.99
5 . 5 0
6.11
6 . 9 1

1.091+ 
1.1+11 
1.686  
2 . 0 7 5  
2.71+8 
3 . 5 2 3



6 0°C .»  t h e n ,  s i n c e  t h e  b o r o n i c  a c i d  g ro u p  i s  d e a c t i v a t i n g  

( (Tin a  0 . 0 0 6 , O p  -  0 t he  v a l u e  3 x  1 0 " ^  second"^-  c a n  

be  c o n s i d e r e d  a maximum f o r  t h e  s u l f o n a t i o n  r a t e  c o n s t a n t  o f  

e i t h e r  b e n z e n e  o r  b e n z e n e b o r o n i c  a c i d .  The h y d r o l y s i s  r a t e  

c o n s t a n t  o f  b e n z e n e b o r o n i c  a c i d  i n  7k»S% I^SOj^ a t  60°C .  i s  

2 . 7  x  1 0 ” 3 s e c o n d " h e n c e  t h e  h y d r o l y s i s  s h o u l d  be  a t  l e a s t  

100 t i m e s  f a s t e r  t h a n  t h e  s u l f o n a t i o n  o f  e i t h e r  b e n z e n e  o r  

b e n z e n e b o r o n i c  a c i d  i n  t h i s  medium. I n d e e d ,  t h e  s p e c t r u m  o f  

a k i n e t i c  sam ple  t a k e n  a f t e r  t w e n t y  h a l f - l i v e s  showed t h a t  

t h e  e x t e n t  o f  s u l f o n a t i o n  was l e s s  t h a n  1/i.

S u l f o n a t i o n  was f o u n d  t o  i n t e r f e r e  w i t h  t h e  k i n e t i c s  

o f  h y d r o l y s i s  i n  o n l y  o n e  e x p e r i m e n t  r e p o r t e d  h e r e :  w i t h  m-

f l u o r o b e n z e n e b o r o n i c  a c i d  i n  8 3 . 9 % H2 S0]^ a t  6 o ° C . , t h e  a b s o r ­

b a n c e s  o f  k i n e t i c  s a m p le s  t a k e n  a f t e r  a h a l f - l i f e  b e g a n  t o  

l e v e l  o f f  and  t h e n ,  a f t e r  two h a l f - l i v e s ,  b e g a n  t o  i n c r e a s e .  

B e c a u se  e v e r y  p o s i t i o n  a v a i l a b l e  f o r  s u l f o n a t i o n  i n  t h i s  b o r o ­

n i c  a c i d  i s  o r t h o -  o r  p a r a -  t o  t h e  b o r o n i c  aqj-d g ro u p  ( Op -  

o r  m e t a -  t o  t h e  f l u o r i n e  atom ( dm = 0 . 3 3 7 ) ^ ,  s u l ­

f o n a t i o n  o f  f l u o r o b e n z e n e  m ust  be t h e  s i d e  r e a c t i o n .  Hence 

t h e  I n i t i a l  s l o p e  o f  a l o g  G v e r s u s  t im e  p l o t  was assum ed  to be a 

m e a s u re  o f  t h e  h y d r o l y s i s  r a t e  o f  m - f l u o r o b e n z e n e b o r o n i c  a c i d  

u n d e r  t h e  c o n d i t i o n s  o f  t h e  e x p e r i m e n t .

T h a t  t h e  h y d r o l y s i s  o f  t h e  a r e n e b o r o n i c  a c i d s 0 i n  a q u e ­

ous  s u l f u r i c  a c i d  m e d ia  i s  q u a n t i t a t i v e  i s  i l l u s t r a t e d  I n  

f i g u r e  2 ,  xvhich shows t h e  s p e c t r a  o f  n i t r o b e n z e n e  and  m - n i t r o -  

b e n z e n e b o r o n i c  a c i d .  The c i r c l e s  r e p r e s e n t  t h e  s p e c t r u m  o f  a 

k i n e t i c  s am p le  t a k e n  a f t e r  e s s e n t i a l l y  i n f i n i t e  t i m e  f ro m  a 

r a t e  e x p e r i m e n t  i n  97/6 H2S0^ ;  t h e  c u r v e  r e p r e s e n t s  t h e  s p e c t r u m  

e x p e c t e d .



o

Figure 2

Spectra of m-‘hitrobenzeneboronic acid 
and nitrobenzene
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T a b l e  1 l i s t s  o n l y  one  r a t e  c o n s t a n t  f o r  m - ( t r i f l u o r o -  

m e t h y l )  - b e n z e n e b o r o n i c  a c i d  d e t e r m i n e d  i n  H^SO^. E x p e r ­

i m e n t s  a t  h i g h e r  a c i d i t i e s  showed e r r a t i c  k i n e t i c s .  E v o l u t i o n  

o f  h y d r o g e n  f l u o r i d e  was d e t e c t e d ,  and  f l a s k s  c o n t a i n i n g  t h e  

k i n e t i c  s o l u t i o n s  becam e e t c h e d .  The e r r a t i c  k i n e t i c s  were  

t h e r e f o r e  a t t r i b u t e d  t o  h y d r o l y s i s  o f  t h e  t r i f l u o r o m e t h y l  g r o u p  

i n  t h e  s u b s t r a t e .  W i th  t h e  one e x p e r i m e n t  r e p o r t e d ,  f i r s t -  

o r d e r  k i n e t i c s  were  o b s e r v e d  t h r o u g h  3 0^  r e a c t i o n ,  and  t h e  o b ­

s e r v e d  r a t e  c o n s t a n t  was a s su m ed  t o  be a m e a s u r e  o f  t h e  

h y d r o l y s i s  r a t e  o f  t h e  b o r o n i c  a c i d  f u n c t i o n  i n  t h e  s u b s t r a t e .

B. D epen d en ce  o f  r a t e  on a c i d i t y

The Hammett i n d i c a t o r  a c i d i t y  f u n c t  i o n ^ *  ^  i s  a q u a n ­

t i t a t i v e  m e a s u re  o f  a c i d i t y  d e r i v e d  f r o m  a c i d - b a s e  e q u i l i b r i a  

o f  t h e  t y p e

B + Hv F = i  BHV 5

w here  B i s  an  u n c h a r g e d  B r o n s t e d  b a s e  an d  BH-** i s  i t s  c o n j u g a t e  

a c i d .  The f u n c t i o n  i s  d e f i n e d  b y  t h e  e q u a t i o n

CB
Ho 1 PKBH* -  l o e  - —  (6)

BH'*’

w h ere  Cg and  Cqjj*. a r e  t h e  s p e c t r o p h o t o m e t r i c a l l y  d e t e r m i n e d  

c o n c e n t r a t i o n s  o f  B end  BII*, and  Kgjj+ i s  t h e  th e r m o d y n a m ic  

i o n i z a t i o n  c o n s t a n t  o f  t h e  a c i d  BH+ r e f e r r e u  t o  i n f i n i t e  d i l u ­

t i o n  i n  w a t e r .  S i n c e  pKgjj*. i s  d e f i n e d  b y

Cb *̂ b

PKBH* “  - l 0 g  KBH> = ' l o g 7 — ; — l o g  “H* (7 )
CBH*r BH*

( f  =s m o l a r  a c t i v i t y  c o e f f i c i e n t )  , t h e  d e f i n i t i o n  o f  HQ r e d u c e s  

t o
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f B
Hq =  - l o g  aH*  ------ (8)

BH'*’

I n  g e n e r a l  t h e  v a l u e  o f  H0 i s  i n d e p e n d e n t  o f  t h e  d i s s o l v e d  

b a s e  and  d e p e n d s  o n l y  o n  t h e  c o m p o s i t i o n  o f  t h e  a c i d i c  s o l u ­

t i o n .  Hence t h e  f u n c t i o n  H0 i s  a s su m e d  t o  m e a s u r e  t h e  a b i l i t y

o f  an  a c i d i c  medium t o  p r o t o n a t e  a d i s s o l v e d  n e u t r a l  b a s e .

The f o l l o w i n g  d i s c u s s i o n  i l l u s t r a t e s  t h e  i m p o r t a n c e  

o f  t h e  a c i d i t y  f u n c t i o n  i n  k i n e t i c  and  m e c h a n i s t i c  s t u d i e s  o f  

a c i d - c a t a l y z e d  r e a c t i o n s .  I f  a g i v e n  a c i d - c a t a l y z e  a r e a c t i o n ,  

i n  w h ich  a s i n g l e  r e a c t a n t  i s  c o n v e r t e d  i n t o  p r o d u c t s ,  h a s  a

t r a n s i t i o n  s t a t e  com posed  o f  a r e a c t a n t  m o l e c u l e  an d  a p r o t o n ,

i . e .

K* k-,
S +  h» [ s ——  H ]  *  ------- ► p r o d u c t s  9

t r a n s i t i o n  s t a t e  

t h e  o b s e r v e d  r a t e  c o n s t a n t  c a n  be  e x p r e s s e d  b y  t h e  e q u a t i o n s  

dCs
------------= k^K* a-gaft* -  k obs> Cg

d t

f S
l o g  k ol;ig> = l o g  k^K''*' + log, ajj* + l o g  -p g - (10)

S u b s t i t u t i o n  o f  e q u a t i o n  (8)  i n t o  e q u a t i o n  (10)  y i e l d s

f Sf B i r  , t
l o g  k o b s .  *  l o g  k l K ’ ‘  Ho + l o g  * 3 ^ ------- ( I 1 )

1 B

S i n c e  S an d  [ S - H ]  *  a r e  s i m i l a r  i n  c h a r g e  t o  B an d  BH*, r e ­

s p e c t i v e l y ,  t h e  a c t i v i t y  c o e f f i c i e n t  r a t i o  i n  e q u a t i o n  (11)  

c a n  be e x p e c t e d  t o  r e m a i n  c o n s t a n t  w i t h  c h a n g i n g  a c i d i t y .  I f  

t h i s  c o n d i t i o n  o b t a i n s ,  p l o t s  o f  l o g  k 0^ 3> a g a i n s t  -HQ s h o u l d  

b e  l i n e a r  w i t h  u n i t  s l o p e .



I n  f i g u r e s  3 ,  I4., 5> & and  7 t h e  l o g a r i t h m s  o f  t h e  

p s e u d o  f i r s t - o r d e r  r a t e  c o n s t a n t s ,  k 0b S .* f o r  r u n s  i n  a q u e o u s  

s u l f u r i c  a c i d  a r e  p l o t t e d  . a g a i n s t  t h e  a c i d i t y  f u n c t i o n .  The 

v a l u e s  o f  H0> show n i n  t a b l e  1 ,  a r e  f o r  t h e  i n d i c a t e d  t e m p e r a ­

t u r e s  an d  a r e  t a k e n  f ro m  t h e  d a t a  o f  G e l b s h t e i n ,  S h e g l o v a  and  

T e m k in ^ .  S u b j e c t  t o  t h e  q u a l i f i c a t i o n s  d e s c r i b e d  and  d i s ­

c u s s e d  b e l o w ,  t h e s e  p l o t s  e s t a b l i s h  t h e  c o r r e l a t i o n  o f  r a t e  

by  t h e  a c i d i t y  f u n c t i o n .

To s i m p l i f y  f u r t h e r  d i s c u s s i o n ,  v a l u e s  f o r  t h e  l o g  

k 0b S v e r s u s  -H0 s l o p e s  a r e  shown i n  t a b l e  2 .  These  s l o p e s  

a r e  g e n e r a l l y  n o n - u n i t  i n  v a l u e .  At 60°C. and f o r  m e d ia  weak­

e r  i n  a c i d i t y  t h a n  a b o u t  r(0% l^S O ^  t h e  v a l u e s  o f  t h e  s l o p e s  

a p p e a r  t o  be d e c r e a s i n g  w i t h  d e c r e a s i n g  r e a c t i v i t y  o f  t h e  s u b ­

s t r a t e  S .

O t h e r  c h a r a c t e r i s t i c s  o f  t h e  c o r r e l a t i o n  f o r  t h i s  r e ­

a c t i o n  a r e  p e r h a p s  u n i q u e  among t h o s e  s t u d i e d  t h u s  f a r .  F o r  

e x a m p l e ,  f o r  a g i v e n  s u b s t r a t e  a  ch an g e  i n  s l o p e  o c c u r s  on 

p a s s i n g  f rom  m e d i a  w e a k e r  t o  m e d ia  s t r o n g e r  t h a n  a b o u t  "]0yo 

Il2S0^_ ( - H0 = 5 . 5 ) .  T h i s  chan g e  i n  s l o p e  on p a s s i n g  f ro m  t h e  

we alee r  t o  t h e  s t r o n g e r  a c i d  r e g i o n  i s  e m p h a s i z e d  by  t h e  d e p en d  

e n c e  o f  s l o p e  on  t e m p e r a t u r e .  I n  t h e  lo w er  a c i d  r e g i o n  t h e  

s l o p e  a p p e a r s  t o  be  i n d e p e n d e n t  o f  t e m p e r a t u r e ,  w h i l e  i n  t h e  

h i g h e r  a c i d  r e g i o n  t h e  s l o p e  a p p e a r s  t o  d e c r e a s e  w i t h  i n c r e a s ­

i n g  t e m p e r a t u r e  ( f o r  ex am p le  s e e  X =■ m-F) .

The d a t a  i n  t a b l e  1 a l l o w  t h e  d e t e r m i n a t i o n  o f  t h e  

A r r h e n i u s  a c t i v a t i o n  e n e r g i e s  and  e n t r o p i e s  f o r  X = p-CH^O, H 

an d  m-F.  The v a l u e s  o f  c E * ,  a H* and a Sv  o b t a i n e d  b y  p l o t ­

t i n g  t h £  l o g a r i t h m s  o f  k 0^ g# a g a i n s t  t h e  r e c i p r o c a l  o f  tem p -



Figure 3
Log koba# versus -H0 fo r  X - P-CH3O and p-CH^



Figure U.

Log kob8# versus -H0 for benceneboronic acid



1 5

Figure 5
Log kot)8 versus -HQ for X = p-F and p-Br

1
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Figure 6

Log Yersus -H0 for m-fluorobenzen*-
boronle a d d

4

60

3

407 9 . 4

6 9 . 4

2

1

c -Ho
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Plgura 7

Log kobj|a versus -Hq f o r  X = »-C l and 1D-HO2

w
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T ab le  2

Values of log k0bg# versus -H0 slopes for aqueous sulfuric acid

X Temp., °C.
Acid region 

% HgSO^
l o <5 ko b s . 

s lo p e

p-CH^O 60 3 -3 0 1 .1 0
1*0 2 0 -3 0 1 .1 5
25 1 6 - 5 5 1 .1 5

P-CH3 60 2 9 -5 6 1 .0 3

p-p 60 5 0 -6 5 0 .8 6

H 60 1+1-75 0 .9 0
UO 7 1 -7 1 1 .1 0
25 70-71* 1 .1 6

p-Br 60 I+8 -7 0
70-81*

0 .8 7
1 .0

m-F 60 5 5 -7 0
70-81*

0 .7 2
1 .0

1*0 80-81* 1.11*
25 7 9 - 8 3 1 .3 5
69. 1* 5 7 - 6 5 0 .6 9
79.1* 5 7 - 6 5 0 .7 1

m- Cl 60 5 9 - 7 0
7 0 - 8 0

0 .6 5
1 .0

m-NOg 60 7 5 -9 7 0.81*
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e r a tu r e  are l i s t e d  in  ta b le  3* V alues o f  lo g  ko b s  ̂ were read  

from  p lo t s  o f  lo g  kob8# v e r su s  p e r ce n t H2S0^ .

There are two o u ts ta n d in g  f e a tu r e s  e v id e n t  in  th e s e  

a c t iv a t io n  d a ta . In th e w e a k e r  a c id  r e g io n  (b elow  70% H2S0^) 

th e  a c t iv a t io n  e n e r g ie s  are rem arkably Independent o f  s u b s tr a te .
o

D if fe r e n c e s  in  r e a c t i v i t y  appear to  r e s u l t  from d i f f e r e n c e s  

in  th e  a c t iv a t io n  e n t r o p ie s .  In  t h i s  regard  th e  d a ta  are sim ­

i l a r  to  r e s u l t s  o b ta in ed  from  a stu d y  o f  th e  p r o to d ed eu tera -  

t io n  o f  a lk y lb e n z e n e s  in  s u l f u r i c  a c id  -  t r i f l u o r o a c e t i c  a c id
pQ

m edia . The second  fe a tu r e  a r is e s  from a com parison o f  th e  

a c t iv a t io n  e n e r g ie s  and e n tr o p ie s  in  th e  weaker and in  the  

s tr o n g e r  (above "J0% HgSOjj.) a c id  m edia. I t  i s  e v id e n t  th a t  th e  

a c t iv a t io n  en erg y  drops rem ark ably , even fo r  a g iv e n  s u b s tr a te ,  

on p a s s in g  from  th e  weaker to  th e  s tr o n g e r  a c id  r e g io n , w h ile  

th e  a c t iv a t io n  en trop y  c o n tin u e s  to  d e c r e a s e . T h is change in  

a c t iv a t io n  e n e r g y , combined w ith  th e  change in  the v a lu e  o f  

lo g  kobs< v e r s u s  -H0 s lo p e s ,  c l e a r l y  in d ic a t e s  th a t  two k i -  

n e t i c a l l y  d is t in g u is h a b le  r e g io n s  e x i s t  in  aqueous s u l f u r i c  

a c id  m edia f o r  th e  h y d r o ly s is  o f  aren eb oron ic  a c id s .

G old and S a t c h e l l  have s tu d ie d  the k in e t i c s  o f  th e  

p r o to d e d e u te r a t io n  o f  s e v e r a l  d eu teroarom atic  compounds in  

aqueous s u l f u r i c  a c id  s o lu t io n s  a t 2 5 °C ., and have found th a t  

th e  r a te s  are c o r r e la te d  by th e  a c id i t y  fu n c t io n . Of p a r t i c ­

u la r  i n t e r e s t  are t h e i r  r e s u l t s  w ith  th e  s u b s tr a te s  d-b en zene^ ,
11 12 p -d -to lu e n e  and p - d - a n is o le  . In ord er  to  compare th e  r e la ­

t i v e  r a te s  o f  d eb oron ation  and d e d e u te r a t lo n , th e  d a ta  f o r  

d e d e u te r a t io n  have been p lo t t e d  a g a in s t  -H0 v a lu e s  from th e
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T able 3

A c t iv a t io n  e n e r g ie s  and e n tr o p ie s  f o r  aqueous s u l f u r i c

a c id  (T 60°C .)

. „ Kc&l. „ k c a l .
X % H^SQi. AE*- a H * ------------------  a S  e .u

* ^  m ole mole

p-CH-sO 20 2 1 .8  2 1 .1  -1 3 .7
* 25 2 1 .4  2 0 .7  - 1 3 .0

30 2 1 .3  2 0 .6  - 1 1 .7

a v e r a g e :  2 1 .5  2 0 .8  - 1 2 .7

m-P • 58 2 2 .8  2 2 .1  -19*7
61j. 2 2 .7  2 2 .0  - 1 7 . 6

average: 2 2 .8  2 2 .1  - 1 8 .7

81 1 8 .4  1 7 .7  - 2 0 .3
83 1 7 .1  1 6 . 4  - 2 2 .9

average: 1 7 . 8  1 7 .1  - 2 1 .6

H 72 1 8 .3  1 7 .6  - 1 9 .8
74  1 8 .1  1 7 .4  - 1 8 .7

average: 1 8 . 2  1 7 . 5  -1 9 * 3
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same sou rce  as th o se  In  ta b le  2 .  In c o n tr a s t  to  th e  non­

eq u a l s lo p e s  w hich Gold and S a t c h e l l  o b ta in e d  from  p l o t s  In  

• w h ich  o ld e r  v a l u e s ^  o f  -H0 were u s e d , th e  s lo p e s  o b ta in e d  

w ith  th e  newer v a lu e s  o f  -H0 are e s s e n t i a l l y  eq u a l and are  

shown In  ta b le  1(.. The d a ta  f o r  d e d e u te r a t lo n  summarized In  

ta b le  4  cover  th e  a c id  r e g io n  2 8 -8 3 #  I^SO^ c o n t in u o u s ly . A 

com parison o f  th e s e  s lo p e s  w ith  th o se  in  ta b le  2 i l l u s t r a t e s

T able

V alu es o f  lo g  kQkg v e r su s  -HQ s lo p e s  fo r  p r o to d e d e u te r a t lo n

A cid r e g io n  lo g  k„, v s .  -Hrt„ , . . / t t \ °  o d s . oS u b str a te  ( ”H0 ) s lo p e

d-benzene 5 . 2- 7 . 6  1 . 2 6
p -d - to lu e n e  3 « 5 - 6 , l  1 .2 7
p -d - a n is o le  1 . 5 - 3 .U 1 . 2 8

th e  d if f e r e n c e  in  th e  n a tu re  o f  th e  c o r r e la t io n  o f  r a te  by 

th e  a c id i t y  fu n c t io n  f o r  th e  two r e a c t io n s .  W hile th e  lo g  

k0b s v e rsu s  -H0 s lo p e s  f o r  d e d e u te r a t lo n  appear to  be in d e ­

p endent o f  s u b s tr a te  r e a c t i v i t y ,  b e low  65% th e  s lo p e s

f o r  d eb oron ation  d e c re a se  w ith  d e c r e a s in g  s u b s tr a te  r e a c t i v i t y ,  

In a d d it io n  th e  s lo p e s  f o r  d e d e u te r a t lo n  are g r e a te r  than  

th o se  fo r  d eb o ro n a tio n . The r a te  o f  d eb o ro n a tio n  r e l a t i v e  to  

d e d e u te r a t lo n , k(jB/ k dD, sh o u ld  th e r e fo r e  d e c re a se  w ith  in ­

c r e a s in g  a c id i t y .  V alues o f  k<jg /k (jjj are shown in  t a b le  5»
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Table 5

Comparison o f  p r o to d e d e u te r a t lo n  and p r o to d e b o r o n a tio n  r a te s

At  in  th e
s u b s tr a te  Ar-Y -H0 kdB/k dD

CfcH$ 6 .I4.O 1 5 .1
5 .6 0  1 7 .8

p-CH oO C^H j, 3 .I4.O 2 0 .0
1 . 6 0  3 6 .3

C. M ec h a n is t ic  s lg n l f l c a n c e  o f  th e  r a te  c o r r e la t io n

F o llo w in g  Zucker and H am m ett^ , th e  assum ption  has gen ­

e r a l l y  been  made th a t  c o r r e la t io n  o f  r a te  by th e  a c id i t y  fu n c ­

t io n  r e q u ir e s  a m echanism in  w h ich  an a c id -b a se  e q u il ib r iu m  

in v o lv in g  th e  s u b s tr a te  i s  fo l lo w e d  by a u n lm o le cu la r  r a t e -  

d eterm in in g  s t e p  in  w hich  th e  co n ju g a te  a c id  o f  th e  s u b s tr a te  

p r o c ee d s  to  p r o d u c ts . T h is m echanism , d e s ig n a te d  A - l ,  i s  

i l l u s t r a t e d  b y  e q u a tio n s  12 and 1 3 . The B ro n sted  r a te  e q u a tio n

S +  H*s=iSH* (e q u il ib r iu m ) 12

k -  ( A - D
SH*— ^ p r o d u c t s  +■ H* ( r a te -d e te r m in in g )  13

fo r  t h i s  m echanism  i s  e q u a tio n  (li}.) in  w hich KgĤ  i s  th e  t h e r -

k2 f s  1 dC
o b s .*  aH* “

KSH* ^  CS d t

k 2 **s
l o g  V o s .  * 1 0 8 *  108 l 0 g 7 *  (li+)

modynamic i o n iz a t io n  c o n sta n t  o f  th e  a c id  SH*. S u b s t i t u t in g  

e q u a tio n  ( 8 ) in to  e q u a tio n  (llj.) y i e l d s  e q u a tio n  ( l £ )  w h ich  i s  

s im i la r  t o  ( 1 1 ) ab ove .



R e c e n t ly ^  a t t e n t io n  has been  d ir e c t e d  tow ard th e  p o s ­

s i b i l i t y  t h a t ,  in  aqueous m in era l a c id  s o l u t i o n s ,  r e a c t io n s  

r e s u l t in g  from  a r a te -d e te r m in in g  p r o to n a t io n  o f  s u b s tr a te  

m ight a ls o  show r a te  dependence on th e  a c id i t y  f u n c t io n .  

Mechanisms in v o lv in g  r a te -d e te r m in in g  p r o to n a t io n  are d e s ig ­

n a ted  A-S£ 2 and can be r e p r e se n te d  g e n e r a l ly  by  th e  e q u a t io n s

S +■ H* ------ —̂» SH* (r a te -d e te r m in in g )  16

The k i n e t i c  e x p r e s s io n  o b ta in e d  by a p p ly in g  th e  B ro n sted  r a te  

e q u a tio n  to  t h i s  mechanism depends on how one c h o o se s  to  r ep ­

r e s e n t  th e  s o lv a t e d  p ro ton  in  aqueous s o l u t i o n .  I f  th e  s o lv a t e d  

p r o to n  i s  assumed to  be hydronium  io n ,  one o b ta in s

On th e  o th e r  hand, i f  one c h o o se s  to  a s s o c ia t e  no s t r u c t u r a l  

s i g n i f i c a n c e  to  th e  n a tu re  o f  p ro to n  s o lv a t io n  In  aqueous 

m ed ia , th e  B ro n sted  r a te  e x p r e s s io n  becom es

E q u ation  (19 ) i s  s im i la r  to  e q u a tio n s  (li|.) and (1 0 ) ab ove ,

SH* + Y
k2——♦prod ucts +■ H* ( f a s t )

(A -Se2)
17

° s  d t

(1 8 )

(19 )



and shows t h a t ,  p r o v id e d  th e  a c t i v i t y  c o e f f i c i e n t  r a t io  

changes s i m i la r l y  to  th e  r a t i o  f  g / c h a n g i n g  a c id i t y ,  

a r e a c t io n  p r o c e e d in g  b y  th e  A^Sb2 mechanism w i l l  show r a te s  

w hich p a r a l l e l  th e  a c id i t y  f u n c t io n .  However, i f  I n s te a d  th e  

a c t i v i t y  c o e f f i c i e n t  r a t io  shown in  e q u a tio n  ( 1 8 ) rem ains 

c o n sta n t w ith  ch a n g in g  a c i d i t y ,  th e  r a t e s  w i l l  be c o r r e la t e d  

by th e  m olar c o n c e n tr a t io n  o f  hydronium  io n .  Whether th e  

r a te  o f  a g iv e n  A-SE2 r e a c t io n  i s  c o r r e la t e d  by th e  a c id i t y  

fu n c t io n  or  b y  th e  c o n c e n tr a t io n  o f  hydronium  io n  th e r e fo r e  

depends on w h eth er  th e  b e h a v io r  o f  f *  w ith  ch an gin g  a c id i t y  

p a r a l l e l s  th a t  o f  fg g +  o r  o f  r e s p e c t i v e l y .  In t h i s

regard  i t  sh o u ld  be n o te d  th a t  Deno and P er izzo lo -*  have su g ­

g e s te d  th a t  th e  b e h a v io r  o f  th e  a c t i v i t y  c o e f f i c i e n t  o f  a 

c a t io n  w ith  c h a n g in g  a c id i t y  depends more on th e  d i s p o s i t io n  

o f  th e  charge in  th e  io n  th a n -o n  th e  co m p o sit io n  o f  th e  io n .

I t  i s  ap p aren t from  th e above d is c u s s io n  th a t  u n t i l  

th e  k in e t i c  r e q u ire m en ts  o f  A-̂ SE2 r e a c t io n s  in  aqueous m iner­

a l  a c id  s o lu t io n s  are d e term in ed , c o r r e la t io n  o f  r a te  by th e  

a c id i t y  fu n c t io n  a lo n e  cannot se r v e  as a means f o r  d i s t i n ­

g u is h in g  b etw een  A - l  and A-Se 2 m echanism s.

E x p er im en ta l te c h n iq u e s  w hich  a llo w  such  a d i s t i n c t i o n  

are a v a i la b le ,  h o w ev er . These o th e r  te c h n iq u e s  ta k e  advan­

ta g e  o f  an in h e r e n t  d i f f e r e n c e  in  th e  two m echanism s. In th e  

A -l mechanism th e  p r o to n a t io n  o f  th e  s u b s tr a te  o c cu rs  in  an 

e q u ilib r iu m  w h ich  p r e c e d e s  th e  r a te -d e te r m in in g  s t e p ,  w h ile  

in  th e  A-SE2 m echanism  th e  p r o to n a t io n  o f  th e  s u b s tr a te  i s  

th e  r a te -d e te r m in in g  s t e p .  An A - l mechanism sh o u ld  th e r e fo r e
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show ( 1 ) s p e c i f i c  hydrogen io n  e a t a ly s is ^ ® * ^ ,  ( 2 ) r a t e s  f a s t e r  

in  deu teriu m  o x id e  as s o lv e n t  than in  p ro tiu m  o x id e ^ * ^ ® , and 

( 3 ) a dependence o f  r a te  on th e  c o m p o sitio n  o f  D2O-H2O m ix­

t u r e s  w h ich  i s  p r e d ic ta b le  by th e  G r o ss -B u tle r  th eory^ 0 * ^ .

A r e a c t io n  p r o c e e d in g  by the A-Sg2 m echanism , how ever, sh o u ld
26show ( 1 ) g e n e r a l a c id  c a t a l y s i s  under a p p ro p r ia te  c o n d it io n s  , 

( 2 ) r a te s  in  deu teriu m  o x id e  as s o lv e n t  e i t h e r  s m a lle r  than  

or  eq u a l to  r a t e s  in  protium  o x id e ^ * ^ ® , and ( 3 ) a dependence  

o f  r a te  on th e  c o m p o sitio n  o f  D2O-H2O s o lv e n t  m ix tu r es  w hich  

i s  perhaps l i n e a r ^  but in  any ev en t i s  n o t  p r e d ic te d  by the  

G r o ss -B u tle r  th e o r y .

Each o f  t h e s e  th r ee  c r i t e r i a  have been I n v e s t ig a t e d .

The r e s u l t s  are d e sc r ib e d  and d is c u s s e d  b e low .

D. The s o lv e n t  hydrogen  is o to p e  e f f e c t

R ates o f  h y d r o ly s is  o f  fo u r  a ren eb o ro n ic  a c id s  (X 3  p -  

CH3O, p-CH^, p -F  and m-F) have been m easured in  s o lu t io n s  o f  

deuteriu m  s u l f a t e  in  deuterium  o x id e  a t  a tem perature o f  6o°C . 

V alu es o f  the s o lv e n t  hydrogen is o to p e  e f f e c t ,  kjj/kD, f o r  a 

g iv e n  p e r c e n t by w e ig h t a c id , are shown in  ta b le  6 .

In s e c t io n  C were l i s t e d  th r ee  e x p er im en ta l c r i t e r i a  

w hich would a llo w  one to  d i s t in g u is h  betw een  th e  A - l  and A-Sg2 

m echanism s. A ccord ing to th e  second c r i t e r io n ,  th e  kH/ k D r a t io  

f o r  an A -l r e a c t io n  would have a v a lu e  l e s s  than u n it y .  The 

v a lu e s  o f  kH/ k D shown in  ta b le  6 s t r o n g ly  s u g g e s t ,  th e r e fo r e ,  

th a t  th e  h y d r o ly s is  o f  aren eb oron ic  a c id s  does n o t  o ccu r  by  

th e  A -l m echanism .

An in t e r e s t i n g  fe a tu r e  i s  i l l u s t r a t e d  by th e  v a lu e s  o f  

f o r  X *  m-F. Above 68^ a c id  th e  v a lu e  o f  t h i s  r a t io
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appears t o  be in c r e a s in g  and th e n , above 72% a c id ,  l e v e l i n g  

o f f .  T h is i s  e x a c t ly  th e  r e g io n  o f  a c id i t y  in  which th e  break  

in  th e  c o r r e la t io n  o f  r a te  by th e  a c id i t y  f u n c t io n  and th e  

change in  th e  v a lu e  f o r  th e  a c t iv a t io n  en ergy  o c c u r . T here­

fo r e  th e  s o lv e n t  hydrogen is o to p e  e f f e c t  f o r  X »  m-F fu r th e r  

s u b s t a n t ia t e s  th e  e x is t e n c e  o f  two k l n e t i c a l l y  d is t in g u is h a b le  

a c id  r e g io n s  f o r  th e  h y d r o ly s is  o f  a ren eb o ro n ic  a c id s  in  aque­

ous s u l f u r i c  a c id .

T able 6

S o lv e n t  hydrogen is o to p e  e f f e c t

X % A cid ^jj/kp

p-CH-aO 2 2 .4  2 .0 2
J 3 2 .5  1 .9 3

p-CH-a* I4-O 1 .6 0
45 1 .6 I4.
50 1 .6 9
55 1.74

p-F  6 0 . 6  2 .1 6
6 5 .4  2 .2 7

m-Fb 64 2 .4 0
66 2.48
72 2.68
76 2 .9 9
80 2 .9 9

a . k ' s  in t e r p o la t e d  from  lo g  k v e r su s  HQ p lo t s

b .  k ' s  in t e r p o la t e d  from lo g  k v e r su s  p e r c e n t  a c id  p lo t s
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E. The e f f e c t  o f  s o lv e n t  hydrogen I s o to p e  c o m p o sitio n

A th e o r y  f o r  th e  e f f e c t  o f  c o m p o sitio n  o f  H2O-D2O 

s o lv e n t  m ix tu res  on r e a c t io n  r a te s  and e q u i l ib r ia  has b een  

d ev e lo p ed  by d r o ss  and B u t le r ,  and h as r e c e n t ly  been e v a lu ­

a ted  by P u r le e ^ - . The th e o r y  r e l a t e s  a c id -b a se  e q u il ib r iu m  

c o n s ta n ts  and r a t e s  o f  c e r t a in  r e a c t io n s  to  th e  a c t i v i t i e s  o f  

p ro ton s and d eu tero n s in  th e  H2O-D2O s o lv e n t  m ix tu r e s .

For r e a c t io n s  in  w hich an a c id -b a se  e q u ilib r iu m  in v o lv ­

in g  the su b s tr a te  p r e ce d e s  th e  r a te -d e te r m in g  s te p  and in  

w hich th e  r a te -d e te r m in g  s te p  does n o t show an a p p r e c ia b le  

s o lv e n t  i s o to p e  e f f e c t  ( i . e .  A -l and some A-2 r e a c t io n s ) ,  th e  

th e o ry  shows th a t  th e  e f f e c t  o f  s o lv e n t  hydrogen is o to p e  com­

p o s i t io n  i s  d e sc r ib e d  by e q u a tio n  (20 ) (page 2 8 ) .  S in ce  

feH2o )n  *  ( 1 - n ) 2 , (a D20) n -  n2 and L -  1 1 .O3^ , e q u a tio n  (20)  

red u ces to  e q u a tio n  ( 2 1 ) .

The e f f e c t  o f  s o lv e n t  hydrogen I s o to p e  c o m p o sitio n  has  

been  d eterm ined  f o r  p -m eth oxyb en zeneboron lc  a c id  in  6 .3 1  m olar  

s u l f u r i c  a c id  a t a tem p erature o f  25°C . The ob served  r a te  

c o n s ta n t s ,  kn , are ta b u la te d  in  ta b le  7* and are p lo t t e d  

a g a in s t  n in  f ig u r e  8 . The broken l i n e  d e s c r ib e s  v a lu e s  o f  

c a lc u la t e d  a cco rd in g  to  e q u a tio n  ( 2 1 ) .

That e q u a tio n  (2 1 ) does n o t  app ly  to  th e  h y d r o ly s is  

r e a c t io n  i s  c l e a r l y  dem onstrated  by f ig u r e  8 .  in s te a d  th e  d a ta  

f i t  th e  e q u a tio n s

k„ -  kH( l - n )  + kjjn (22)

■‘n * kH<aH20>n + kD(a D2o )^  (23)
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The G r o s s - B u t l e r  e q u a t i o n

1 1
( 20)

kH Q ' ( n ) kH( L) ̂

where

a »  a c t i v i t y
D

n  a  a tom f r a c t i o n  o f  d e u t e r i u m  i n  t h e  s o l v e n t  a  ----------
H +* D

kjj *  o b s e r v e d  r a t e  c o n s t a n t  when n  *  0

kj} ■* o b s e r v e d  r a t e  c o n s t a n t  when n  a  l

Q ' ( n )  i s  a  f u n c t i o n  o f  t h e  a c t i v i t i e s  o f  t h e  v a r i o u s  
i s o t o p i c  s o l v e n t  s p e c i e s .  I t s  d e f i n i t i o n  and  v a l u e s  
a t  v a r i o u s  t e m p e r a t u r e s  a r e  g i v e n  b y  P u r l e e - ^ -

Q' (n )

1
kH + n ( 2 1 )
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Table 7

The e f f e c t  o f  s o l v e n t  h y d r o g e n  I s o t o p e  c o m p o s i t i o n

r u n n x  l O ^ s e c . ” 1

v i i i h d - i

5
6
7
8 
9

10
11
12

0
1 . 0 0

.7 9 9

.5 9 8

.7 9 9

. 5 9 8  

.4 9 8  

.2 2 1  
• 443

3*45
0 . 9 4 0
1 . 4 5
2 . 0 2
1 . 5 4
1 .9D
2 . 2 0
3 . 0 2
2 . 4 2

T h i s  l a c k  o f  c o r r e l a t i o n  b y  t h e  G r o s s - B u t l e r  e q u a t i o n  s a t i s ­

f i e s  t h e  s e c o n d  c r i t e r i o n  f o r  t h e  A-Sg2 m e c h a n i s m  l i s t e d  i n  

s e c t i o n  C a b o v e ,  end  f u r t h e r  s u b s t a n t i a t e s  t h e  n o n - a p p l i c a ­

b i l i t y  o f  t h e  A - l  m e c h a n i s m .

T h e r e  i s  a t h i r d  p o s s i b l e  m e c h a n i s m ,  o f  t h e  A-2 t y p e ,  

w h i c h  c a n  be  d i s p o s e d  o f  a t  t h i s  t i m e .  T h i s  m e c h a n i s m  h a s  

two s t e p s :  t h e  f i r s t  a  r a p i d l y  e s t a b l i s h e d  a c i d - b a s e  e q u i ­

l i b r i u m  i n  w h ic h  t h e  c o n j u g a t e  a c i d  o f  t h e  s u b s t r a t e  i s  f o r m e d ,  

t h e  s e c o n d  a r a t e - d e t e r m i n i n g  p r o t o n  a b s t r a c t i o n  f r o m  t h e  c o n ­

j u g a t e  a c i d  i n t e r m e d i a t e ;  i t  c a n  b e  r e p r e s e n t e d  b y  t h e  e q u a t i o n s

A r  B( OH) 2 + H*

?H
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The b o ro n ic  a c i d ,  f u n c t i o n  h a s  two h y d r o g e n s  w h i c h  p r o b a b l y  

e q u i l i b r a t e  r a p i d l y  w i t h  t h e  s o l v e n t .  S i n c e  a t r a n s f e r  o f  

one o f  t h e s e  p r o t o n s  o c c u r s  i n  t h e  t r a n s i t i o n  s t a t e ,  t h i s  

mechanism d o e s  n o t  r e q u i r e  c o r r e l a t i o n  o f  t h e  s o l v e n t  h y d r o ­

gen i so to p e  c o m p o s i t i o n  e f f e c t  b y  t h e  G r o s s - B u t l e r  e q u a t i o n .  

P u r l e e ^  h a s  s h o w n  t h a t  a  m e c h a n i s m  o f  t h i s  t y p e  h a s  v a l u e s  

a t  l e a s t  as  l a r g e  a s  t h o s e  p r e d i c t e d  b y  e q u a t i o n  ( 2 0 ) .  F i g ­

ure 8 shows, h o w e v e r ,  t h a t  t h e  v a l u e s  o f  k n  a r e  s u b s t a n t i a l l y  

lower than  t h o s e  p r e d i c t e d  b y  e q u a t i o n  ( 2 0 ) .

A n o t h e r  e x p e r i m e n t a l  f a c t  a l s o  r u l e s  o u t  an A -2 t y p e  

mechanism. A c c o r d i n g  t o  t h e  H a m m e t t - Z u c k e r  h y p o t h e s i s  an  A-2 

r e a c t i o n  o c c u r r i n g  i n  a q u e o u s  m i n e r a l  a c i d  s h o u l d  show c o r r e ­

l a t i o n  of  r a t e  b y  t h e  c o n c e n t r a t i o n  o f  h y d r o n i u m  i o n .  F i g u r e  

2 shows t h a t  f o r  X *  p - C H ^ O  t h e  r a t e  o f  h y d r o l y s i s  i n  a d i a g ­

n o s t i c  r e g i o n  of* a c i d i t i e s  ( 3 ~ 30/b H2S 0lj_) i s  c o r r e l a t e d  b y  

the a c i d i t y  f u n c t i o n  a n d  t h e r e f o r e  n o t  b y  t h e  c o n c e n t r a t i o n  

of  hydronium i o n .

The l i n e a r  d e p e n d e n c e  o f  kn  o n  n  d e s e r v e s  f u r t h e r  com­

ment. To t h e  a u t h o r ’ s k n o w l e d g e  s u c h  a  l i n e a r i t y  h a s  p r e v i ­

ous ly  been o b s e r v e d  f o r  o n l y  o n e  r e a c t i o n ,  and  t h a t  i s  t h e  

a c i d - c a t a l y z e d  i n u t a r o t a t i o n  o f  g l u c o s e ^ .  Two m ec h an ism s  

might a c c o u n t  f o r  t h i s  l i n e a r  r e l a t i o n s h i p .  T h e se  a r e  a  c o n ­

c e r t e d  A-2 t y p e  m e c h a n i s m  a n d ,  o f  c o u r s e ,  t h e  A-Sg2 m echa­

nism. The c o n c e r t e d  A - 2  m e c h a n i s m  c a n  b e  r e p r e s e n t e d  b y  t h e  

equat ion
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t r a n s i t i o n  s t a t e  

SH H -base*  «--------------------1

I n  t h i s  e q u a t i o n  SH i s  a  s u b s t r a t e  c o n t a i n i n g  a  h y d r o g e n  a to m  

w h i c h  r a p i d l y  e q u i l i b r a t e s  w i t h  t h e  s o l v e n t .  T h i s  i s  a  t e r -  

m o l e c u l a r  m e c h a n i s m  i n  w h i c h  t r a n s f e r s  o f  a  h y d r o g e n  i o n  f r o m  

t h e  medium t o  t h e  s u b s t r a t e  and  f r o m  t h e  s u b s t r a t e  t o  t h e  

medium o c c u r  s i m u l t a n e o u s l y  i n  t h e  r a t e - d e t e r m i n i n g  s t e p .

Long an d  W a t s o n ^  h a v e  r e c e n t l y  c o n c l u d e d  t h a t  t h e  mag 

n i t u d e  o f  t h e  s o l v e n t  h y d r o g e n  i s o t o p e  e f f e c t ,  k j j / k D, f o r  t h e  

t r a n s f e r  o f  a p r o t o n  f ro m  t h e  medium t o  t h e  s u b s t r a t e  d e p e n d s  

on t h e  s t r e n g t h  o f  t h e  a c i d  s p e c i e s  i n v o l v e d  i n  t h e  t r a n s f e r *  

t h e  w e a k e r  a c i d  s p e c i e s  s h o w in g  t h e  g r e a t e r  i s o t o p e  e f f e c t .  

I n d e e d ,  t h e i r  s t u d y  o f  t h e  h y d r o g e n  i s o t o p e  e f f e c t  on t h e  

a c i d - c a t a l y z e d  e n o l i z a t i o n  o f  m e t h y l a c e t y l a c e t o n e  shows t h a t ,  

f o r  t h e  n e u t r a l i z a t i o n  o f  m e t h y l a c e t y l a c e t o n e  e n o l a t e  i o n  

b y  h y d r o n i u m  i o n  ( o r  s o l v a t e d  p r o t o n ) ,  t h e  s o l v e n t  h y d r o g e n  

i s o t o p e  e f f e c t  I s  s n a i l  ( k p /k p  *  1 . 1 ) .

I n  k e e p i n g  w i t h  t h e  r e s u l t s  o f  Long an d  W a t s o n ,  P u r l e e  

h a s  i n t e r p r e t e d  t h e  r e s u l t s  f o r  t h e  m u t a r o t a t i o n  o f  g l u c o s e  

i n  t e r m s  o f  t h e  c o n c e r t e d  A-2 t y p e  m e c h a n i s m  b y  a s s u m i n g  t h a t  

t h e  s o l v e n t  i s o t o p e  e f f e c t  f o r  h y d r o g e n  i o n  t r a n s f e r  f r o m  

h y d r o n i u m  i o n  t o  g l u c o s e  i s  n e g l i g i b l y  s m a l l ,  a n d  t h a t  t h e  

e x p e r i m e n t a l  v a l u e  o f  k p / k p  a r i s e s  f r o m  t h e  e f f e c t  o f  t h e  

e q u i l i b r a t e d  h y d r o g e n  a tom  i n  t h e  g l u c o s e  m o l e c u l e ;  t h a t  i s ,  

t h e  I s o t o p e  e f f e c t  r e s u l t s  f ro m  t h e  t r a n s f e r  o f  h y d r o g e n  f r o m  

g l u c o s e  t o  t h e  m ed ium .  P u r l e e  h a s  shown t h a t  t h e s e  a s su m p ­
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t i o n s  a r e  a d e q u a t e  f o r  e x p l a i n i n g  t h e  l i n e a r  d e p e n d e n c e  o f  

kn  on  n .  Of c o u r s e ,  t h e  a l t e r n a t i v e  a s s u m p t i o n  t h a t  t h e  v a l u e  

o f  k j j / k p  a r i s e s  f r o m  t h e  m e d i u m - t o - g l u c o s e  h y d r o g e n  i o n  t r a n s ­

f e r ,  a l t h o u g h  a t  f i r s t  g l a n c e  i n c o n s i s t e n t  w i t h  t h e  f i n d i n g s  

o f  Long a n d  W a t s o n ,  m i g h t  a l s o  a c c o u n t  f o r  t h e  e f f e c t  o f  s o l ­

v e n t  h y d r o g e n  i s o t o p e  c o m p o s i t i o n .  T h i s  l a t t e r  a s s u m p t i o n  

w o u l d  assum e  t h a t  an  A-Sjji2 t y p e  r e a c t i o n  w o u l d  show l i n e a r  

d e p e n d e n c e  o f  k n  on  n  a l s o *

A d i s c u s s i o n  a s  t o  w h e t h e r  t h e  A -S^2  m e c h a n i s m  o r  t h e  

c o n c e r t e d  A-2 m e c h a n i s m  i s  a  b e t t e r  d e s c r i p t i o n  f o r  t h e  c o u r s e  

o f  t h e  p r o t o d e b o r o n a t i o n  r e a c t i o n  i s  d e f e r r e d  u n t i l  l a t e r .

I I I .  F o r m i c  A c i d  S o l u t i o n s  

I n  t h e  p r e c e d i n g  s e c t i o n  we saw t h a t  t h e  r e s u l t s  o b ­

t a i n e d  f r o m  a s t u d y  o f  t h e  s o l v e n t  h y d r o g e n  i s o t o p e  c o m p o s i ­

t i o n  e f f e c t  o n  t h e  r a t e  o f  a r e n e b o r o n i c  a c i d  h y d r o l y s i s  

i n d i c a t e d  t h a t  t h e  r e a c t i o n  o c c u r r e d  b y  e i t h e r  an  A-S^ 2  o r  a  

c o n c e r t e d  A-2 m e c h a n i s m .  T h e r e f o r e ,  u n d e r  a p p r o p r i a t e  c o n d l -  

t ' o n s ,  t h e  h y d r o l y s i s  r e a c t i o n  s h o u l d  show g e n e r a l  a c i d  

c a t a l y s i s .  S i n c e  a d e m o n s t r a t i o n  o f  t h i s  p r o p e r t y  w o u l d  make 

t h e  two mechanisms s u g g e s t e d  b y  t h e  i s o t o p e  w ork  t h a t  much 

m ore  c o m p e l l i n g ,  a s t u d y  o f  t h e  c a t a l y s i s  i n  m e d i a  h a v i n g  

c o m p e t i n g  a c i d i c  ( o r  b a s i c )  s p e c i e s  was  u n d e r t a k e n .

The h y d r o l y s i s  o f  p - m e t h o x y b e n z e n e b o r o n i c  a c i d  h a s  

b e e n  s t u d i e d  a t  25° C .  i n  t h e  m ed ium  9ij-.8>o f o r m i c  a c i d  -  I4.76 

e t h y l e n e  g l y c o l  d i m e t h y l  e t h e r  (EGDE) -  1 .2 /6  w a t e r .  The EG-DE 

was  u s e d  a s  a c o s o l v e n t  so  t h a t  s o l u t i o n s  o f  t h e  b o r o n i c  a c i d  

i n  t h e  f o r m i c  a c i d  medium c o u l d  b e  p r e p a r e d  r a p i d l y .  V a l u e s



o f  t h e  a c i d i t y  f u n c t i o n  f o r  s o l u t i o n s  o f  s o d i u m  f o r m a t e  o r  s u l ­

f u r i c  a c i d  i n  t h i s  m ed ium  w e r e  d e t e r m i n e d  c o l o r i m e t r i c a l l y  b y  

u s i n g  o - n i t r o a n i l i n e  a s  t h e  i n d i c a t o r  b a s e .  The e f f e c t  o f  

s o d iu m  f o r m a t e  a n d  s u l f u r i c  a c i d  on  t h e  r a t e  o f  r e a c t i o n  h a s  

a l s o  b e e n  d e t e r m i n e d .  T h e s e  d a t a  a r e  a l l  l i s t e d  i n  t a b l e  8 ,  

a n d  f i g u r e  9 shows a  p l o t  o f  t h e  o b s e r v e d  p s e u d o  f i r s t - o r d e r  

r a t e  c o n s t a n t s  a g a i n s t  t h e  a c i d i t y  f u n c t i o n .

The d a t a  i n  t a b l e  8 q u a l i t a t i v e l y  d e m o n s t r a t e  t h a t  

t h e  h y d r o l y s i s  r e a c t i o n  i n  t h i s  medium i s  g e n e r a l  a c i d - c a t a ­

l y z e d .  T h i s  f a c t  i s  b o r n e  o u t  b y  t h e  f o l l o w i n g  o b s e r v a t i o n s .

I n  a s e r i e s  o f  s o d iu m  f o r m a t e  s o l u t i o n s  i n  w h i c h  t h e  a c i d i t y  

o f  t h e  medium c h a n g e s  b y  a  f a c t o r  o f  t e n  ( r u n s  V I l I f - 2 1 ; ,  25 

an d  26)  t h e  r a t e  i s  e s s e n t i a l l y  c o n s t a n t  ( k Ql;>a> = 1 . 8  x  10~-> 

s e c o n d ” ! ) . T h i s  f a c t  r e q u i r e s  a  r e a c t i o n  i n v o l v i n g  c a t a l y s i s  

b y  m o l e c u l a r  f o r m i c  a c i d ,  a  s p e c i e s  w h o se  c o n c e n t r a t i o n  i s  

e s s e n t i a l l y  u n a f f e c t e d  b y  a  c h a n g e  i n  t h e  a c i d i t y  o f  t h e  

m ed ium .  When t h e  a c i d i t y  o f  t h e  m ed iu m  i n c r e a s e s  t o  v a l u e s  

o f  -Hc ab o v e  0 . 2  an  i n c r e a s e  i n  r a t e  i s  o b s e r v e d .  T h i s  i n ­

c r e a s e  i n  r a t e  w i t h  i n c r e a s i n g  a c i d i t y  c o n  q u a l i t a t i v e l y  be  

a c c o u n t e d  f o r  b y  i n c u r s i o n  o f  r e a c t i o n s  i n v o l v i n g  t h e  more  

a c i d i c  l y o n i u m  i o n s ;  f o r m i c  a c i d i u m ,  (HC0GIl2+ ) ,  a n d  h y d r o n i u m ,

( h 3 o + ) .
A r i g o r o u s  q u a n t i t a t i v e  t r e a t m e n t  o f  t h e s e  d a t a  c a n ­

n o t  be  m a d e .  H o w e v e r ,  t h e r e  a r e  s u f f i c i e n t  d a t a  d e s c r i b i n g  

f o r m i c  a c i d  m e d i a  r e p o r t e d  i n  t h e  l i t e r a t u r e  s o  t h a t  a  s e m i -  

q u a n t i t a t i v e  t r e a t m e n t ,  w h i c h  w i l l  a c c o u n t  f o r  t h e  g e n e r a l  

s h a p e  o f  t h e  c u r v e  i n  f i g u r e  9 ,  c a n  b e  g i v e n .
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T a b l e  8

R a t e  c o n s t a n t s  I n  t h e  medium 9l+.8$fc f o r m i c  a c i d  -

EGDE -  1 .2%  w a t e r

r u n ^
NaCH02
m o l a r

h2so^
m o l a r

k x  
o b s e r v e d

10^ s e c . '  
c a l c u l a

V I I I f - 1 7  
1 18

1 .3 1 1+.90
1+-67

1+.76

19 1+.56
20 0 . 01+82 2 . 5 8 1 7 . 9 1 7 .8
21 0.01+13 2 . 5 1 11+.5 1 5 . 9
22 0 . 0 2 5 8 2.31+ 1 1 . 8 1 2 . 1+
23 0 . 0 1 0 3 2 2 . 0 0 7 . 8 7 8.31+
21+ 0 . 1 9 6 3 -0.81+ 1 . 8 6
25 0 . 0 9 8 2 -0.11+ 1 . 7 8
26 O.O i+91 0 . 1 7 1 . 8 9
27 0 . 0 2 9 5 0 . 3 3 2 .1 2 2.1+3
28 0 .0 0 9 8 2 0 . 7 2 3 . 0 6 3 . 1 0
29 0 . 00I+91 0 . 9 2 3 . 6 1 3 - 5 8

-1

S u l f u r i c  a c i d  b e h a v e s  a s  a  s t r o n g  m o n o p r o t i c  a c i d - ^  

i n  f o r m i c  a c i d  s o l u t i o n s ;  h e n c e  t h e r e  a r e  f o u r  p o s s i b l e  a c i d i c  

s p e c i e s  i n  t h e  s o l u t i o n s  u n d e r  d i s c u s s i o n .  T h e s e  a r e  m o l e -  

c u l a r  f o r m i c  a c i d ,  b i s u l f a t e  i o n ,  h y d r o n i u m  i o n  and  f o r m i c

a c i d i u m  i o n  ( r e p r e s e n t e d  h e r e  b y  H * ) . I n  t h e  s o l u t i o n s  c o n ­

t a i n i n g  s u l f u r i c  a c i d  t h e  c o n c e n t r a t i o n  o f  b i s u l f a t e  i o n  i s  

lo w  e n o u g h  so  t h a t  i t s  r o l e  a s  a c a t a l y s t ,  c o m p a re d  t o  t h a t  o f  

m o l e c u l a r  f o r m i c  a c i d ,  i s  s m a l l  a n d  c a n  be n e g l e c t e d .  Then  

t h e  r a t e  e q u a t i o n  f o r  t h e s e  s o l u t i o n s ,  n e g l e c t i n g  a c t i v i t y  

c o e f f i c i e n t s ,  I s

co b s .
1 dCc 

Co d t

k o b s .  = k o k H30* + k H+ (27)
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I n  a l l  o f  t h e s e  s o l u t i o n s  t h e  c o n c e n t r a t i o n  o f  w a t e r  i s  0 . 8 9 1  

m o l a r ,  t h e r e f o r e  t h e  c o n c e n t r a t i o n  o f  h y d r o n iu m  i o n  c a n  be 

e x p r e s s e d  as

0 . 8 9 1  C ^
CH30‘1'

kH30* + ch -
( 28 )

w h ere  m o l a r  c o n c e n t r a t i o n  d i s s o c i a t i o n  c o n s t a n t

f o r  h y d ro n iu m  i o n .  S u b s t i t u t i n g  i n t o  e q u a t i o n  (27) y i e l d s

k o b s . “  k o +  0.B91 %  o ’ — — ------------ +  W  (29)
Kii-,o* +  cht

The c o n s t a n t s  i n  e q u a t i o n  (29)  c a n  be e v a l u a t e d  p r o v i d e d  a 

means i s  f o u n d  f o r  d e t e r m i n i n g  i n  t h e  s o l u t i o n s  s t u d i e d .

Hammett and  D e y r u p ^  hav e  m e a s u r e d  a c i d i t y  f u n c t i o n s  

f o r  s o l u t i o n s  o f  sod ium  f o r m a t e  and  s u l f u r i c  a c i d  i n  a n h y d r o u s  

f o r m i c  a c i d .  T h i s  s t u d y  shows t h a t ,  i n  t h e s e  s o l u t i o n s ,  t h e r e  

i s  a  l i n e a r  r e l a t i o n s h i p  b e t w e e n  pH ( - l o g  ch O  and Hq , s p e c i f ­

i c a l l y

pH = H0 + i | . 8 5  (30)

I t  a p p e a r s  r e a s o n a b l e  t o  assume t h a t  s o d iu m  f o r m a t e  and  s u l ­

f u r i c  a c i d  b e h a v e  as  a o t r o n g  b a s e  and a c i d ,  r e s p e c t i v e l y ,  i n  

t h e  s o l v e n t  96>j f o r m i c  a c i d  -  U->c EGDE, j u s t  as  i n  a n h y d r o u s  

f o r m i c  a c i d .  T h i s  means t h a t  an  e q u a t i o n  o f  t h e  t y p e  (30)  

o b t a i n s  i n  t h e  b i n a r y  s o l v e n t  a l s o .  To a c r u d e  f i r s t  a p p r o x ­

i m a t i o n ,  l e t  u s  assume t h a t  e q u a t i o n  ( 3 0 ) a d e q u a t e l y  d e s c r i b e s  

t h e  r e l a t i o n s h i p  b e t w e e n  pH an d  HQ i n  t h e  b i n a r y  s o l v e n t .

Then CH+ i s  g i v e n  b y  t h e  e q u a t i o n

CH+ = a n t i l o g ( - H 0 - lp .85)  (31)



38

W i t h  e q u a t i o n  ( 3 1 )  we c a n  now e v a l u a t e  t h e  c o n s t a n t s  

^H-*" k y  u s i n g  t h e  r a t e  a n d  H0 d a t a  f o r  t h r e e  

o f  t h e  s o l u t i o n s  i n  t a b l e  8 ( V I I I ^ - 2 3 *  21; an d  t h e  a v e r a g e  o f  

V I I I f - 1 7 *  1 8  a n d  1 9 ) .  T a k i n g  k Q = 1 . 8 0  x  1 0 - 5 s e c o n d " 1 , t h e  

v a l u e s  f o r  t h e  o t h e r  c o n s t a n t s  becom e

k n ^ o *  ~ 1;.2  x  1 0 - 5  s e c o n d - 1

%  0+ = 1 # 7 x  1 0 “ ^  m o le  l i t e r - 1

kjj+ = 2 . 3  x  1 0 ” ^ s e c o n d ” 1 

U s i n g  t h e s e  c o n s t a n t s  i n  e q u a t i o n  (2 9 )  we c a n  now c a l c u l a t e  

a  v a l u e  o f  k 0^ s f o r  e a c h  o f  t h e  s o l u t i o n s  i n  t a b l e  8 .  T h e s e  

c a l c u l a t e d  v a l u e s  a r e  shown I n  t h e  l a s t  c o lu m n  o f  t h e  t a b l e .

W h i l e  Kh ^ 0 + i s  f a i r l y  i n s e n s i t i v e  t o  t h e  v a l u e  c h o s e n  

f o r  t h e  c o n s t a n t  i n  e q u a t i o n  (3 1 )  » t h e  r a t i o  l s

e x t r e m e l y  s e n s i t i v e .  S i n c e  e q u a t i o n  ( 3 1 )  r e p r e s e n t s  a  v e r y  

c r u d e  a p p r o x i m a t i o n ,  t h e  v a l u e s  o f  t h e  c o n s t a n t s  d e r i v e d  f r o m  

i t  a r e  r e g a r d e d  o n l y  a s  r e f l e c t i o n s  o n  t h e i r  r e l a t i v e  o r d e r s  

o f  m a g n i t u d e .  N e v e r t h e l e s s ,  b e c a u s e  t h e  c u r v e  i n  f i g u r e  9 i s

s o  w e l l  a p p r o x i m a t e d  t h r o u g h  t h e  u s e  o f  t h e s e  v a l u e s ,  t h e

a b o v e  t r e a t m e n t  i s  r e g a r d e d  a s  a  s e m l q u a n t i t a t i v e  d e m o n s t r a ­

t i o n  t h a t  t h e  h y d r o l y s i s  i n  t h e s e  s o l u t i o n s  i s  g e n e r a l  a c i d -  

c a t a l y z e d .

IV.  A q u eo u s  P e r c h l o r i c  a n d  P h o s p h o r i c  A c i d s

The r a t e s  o f  h y d r o l y s i s  o f  two  s u b s t i t u t e d  b e n z e n e -  

b o r o n i c  a c i d s  (X — p-CH^O a n d  p-GH^)  i n  a q u e o u s  p e r c h l o r i c  

a c i d  s o l u t i o n s  a n d  t h r e e  b e n z e n e b o r o n i c  a c i d s  (X =■ p-CH^O, 

p-OH^ a n d  H) i n  a q u e o u s  p h o s p h o r i c  a c i d  s o l u t i o n s  h a v e  b e e n
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d e t e r m i n e d ,  and  t h e  v a l u e s  o f  t h e  p s e u d o  f i r s t - o r d e r  r a t e  

c o n s t a n t s ,  k o l )g .» a r e  l i s t e d  i n  t a b l e s  9 a n d  1 0 .  The v a l u e s  

o f  Hq f o r  t h e  a q u e o u s  p h o s p h o r i c  a c i d  s o l u t i o n s  a r e  f o r  t h e  

i n d i c a t e d  t e m p e r a t u r e s  an d  a r e  t a k e n  f r o m  t h e  d a t a  o f  G e lb -  

s h t e i n ,  S h e g l o v a  an d  T e m k i n ? . T h o se  f o r  t h e  p e r c h l o r i c  a c i d  

s o l u t i o n s  a r e  f o r  25°C .  and  a r e  t a k e n  f r o m  t h e  d a t a  o f  Hammett  

and  c o - w o r k e r s ^ ^ * ^ .

The r a t e 3  i n  a q u e o u s  p e r c h l o r i c  a c i d  a r e  c o r r e l a t e d  

b p  t h e  a c i d i t y  f u n c t i o n .  I n  a q u e o u s  p h o s p h o r i c  a c i d ,  h o w e v e r ,  

t h e  r a t e s  a r e  n o t  c o r r e l a t e d  b y  t h e  a c i d i t y  f u n c t i o n ,  t h e  

a c t i v i t y  o f  m o l e c u l a r  a c i d  o r  w a t e r ^ ,  o r  b y  a c o m b i n a t i o n  o f  

t h e s e  p a r a m e t e r s .  T h e s e  f a c t s  a r e  i l l u s t r a t e d  i n  f i g u r e s  10

an d  11 i n  w h ic h  t h e  v a l u e s  o f l o C K b  s .  f o r  t h e h y d r o l y s i s  <

p - m e t h o x y b e n z e n e b o r o n i c  a c i d  i n  t h e s e  two me d i  a a n d  i n  uque

o u s  s u l f u r i c  a c i d  a r e  p l o t t e d a g a i n s t  t h e a c i d i t y  f u n c t i o n .

T a b l e  9

P se u d o  f i r s t - o r d e r  r a t e  c o n s t a n t s ,  k 0k S i n a q u e o u s

p e r  c i 11 o r  i  o ; i!' I d

X Temp. , ° G . HClOj, " n o l o C k o b s . '

P-Cilp0* 3 0 .0 1 . 3 7 1 . 8 1 5
ij.o .7 2 . 2 3 2.667
l|l+.0 2 . 5 8 2.967
5o .5  • 3 .i+8 3 . 6 7 2
5 6 . 2 l^.kO

c o o 3 3 . 8 5 1 . 6 3 3 .8 8 k
3 0 . 9 5 1.1+3 3 . 7 0 8
2 5 - 5 0 1 .1 0 3.31+7
1 8 . 5 7 0 . 7 2 2 . 9 1 5

p-CIU 25° 61+. 7 5 . 8 0 3 . 3 7 10 60.5 5 . 1 9 2 .5 8 2
5 6 . 3 ij.,1+2 1 . 8 2 7

w ork  done b y  H. G. K u i v i l a
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F i g u r e  10 a l l o w s  a q u a l i t a t i v e  c o m p a r i s o n  o f  t h e  d a t a  

d e r i v e d  f ro m  t h e  s t u d i e s  i n  a q u e o u s  p e r c h l o r i c  an d  s u l f u r i c  

a c i d s .  The l i n e  drawn t h r o u g h  t h e  two s e t s  o f  d a t a  h a s  u n i t

s l o p e .  As t h e  a c i d i t y  i n c r e a s e s ,  v a l u e s  o f  l o g  k 0^ s< f o r  t h e

two a c i d s  d e v i a t e  f ro m  t h i s  l i n e  i n  o p p o s i t e  d i r e c t i o n s .

T h e se  d e v i a t i o n s  a r e  a l m o s t  c e r t a i n l y  due i n  p a r t  t o  s p e c i f i c  

e f f e c t s  o f  t h e  d i f f e r e n t  a n i o n s  i n  t h e  two a ' c i d s ^ .  The g r e a t ­

e r  i n c r e a s e  o f  l o g  k ol;)g> w i t h  i n c r e a s i n g  a c i d i t y  i n  t h e  s u l ­

f u r i c  a c i d  s o l u t i o n s  m ig h t  a l s o  be p a r t l y  due t o  c a t a l y s i s  by 

b i s u l f a t e  i o n .  The v a l u e s  o f  t h e  a c t i v a t i o n  e n e r g y  and  e n t r o p y  

i n  30/o HCIO^, d e r i v e d  f rom  t h e  d a t a  o b t a i n e d  a t  t h e  t e m p e r a ­

t u r e s  25°C.  and  6 o ° C . , a r e  a E** -  2 3 . 0  l c c a l . / m o l e  and 

- 5 . 2  e . u .  (T & 6 0 ° C . ) .  The c o r r e s p o n d i n g  v a l u e s  f o r  30/t>

H^SO^ ( t a b l e  3 ) a r e  2 1 . 3  k c a l . / m o l e  and  -  1 1 . 7  e . u . ,  r e s p e c ­

t i v e l y .  I n  v ie w  o f  t h e  s p e c i f i c  e f f e c t s  b y  t h e  two a c i d s  on

t h e  r a t e s ,  t h e s e  d i f f e r e n c e s  a r e  p e r h a p s  t o  b e  e x p e c t e d .

B oth  f i g u r e s  10 and 11 show t h a t  a t  a g i v e n  v a l u e  o f  

H0 , the r a t e  i n  aou eo u s  p h o s p h o r i c  a c i d  i s  much g r e a t e r  t h a n  

those in the other two a c i d s .  Since the reaction has a l r e a d y  

b e e n  shown to be general a c i d - c a t a l y z e d ,  ana s i n c e  i n  a d d i t i o n  

t o  h y d ro n iu m  i o n  t h e r e  i s  a l s o  a l a r g e  c o n c e n t r a t i o n  o f  mo­

l e c u l a r  H^PO^ (pKa » 2 ) i n  t h e  a q u e o u s  s o l u t i o n s  o f  t h i s  a c i d ,  

t h e  g r e a t e r  r a t e  a t  a g i v e n  v a l u e  o f  H0 i s  t o  be e x p e c t e d .

The s y s t e m  i s  s u f f i c i e n t l y  c o m p l i c a t e d  so t h a t  no q u a n t i t a ­

t i v e  t r e a t m e n t  h a s  b e e n  a t t e m p t e d .

I n  s o l u t i o n s  h a v i n g  a  h i g h  c o n c e n t r a t i o n  o f  p h o s p h o r i c  

a c i d  a k i n e t i c  c o m p l i c a t i o n  was o b s e r v e d  w h i c h  was n o t  i n v e s ­

t i g a t e d  f u r t h e r .  F o r  e x a m p l e ,  i n  8 2 . 7 #  H^PO^ a t  a  t e m p e r a t u r e



Table 10

P se u d o  f i r s t - o r d e r  r a t e  c o n s t a n t s ,  k 0b s .  » **o r  8Clu e o u s

p h o s p h o r i c  a c i d

r u n ^ T % H3 P0^ -Ho l o e  k o b s ,

I p h ' 6

O' 0 0
X =  H

7 4 - 3 2 . 3 8 3 . 5 8 7
6 5 . 7 1 . 6 9 2 . 7 0 2

7 5 2 . 9 1 . 0 1 1 . 7 3 3
9 250 8 2 . 7 s e e  f i r u r e  11

X -  P-CH3

V I I p h - i

00.0 72.k 2 . 2 2 4 . 6^1
66.6 1 . 7 6 4 . 0 %

2 . 9 9 83 5 9 . 3 1 . 1 6
4 b-2.7 0 . 6 1 1 . 9 4 5
5 2 5 ° 7 1 . 3 2 . 4 0 3 . 2 7 3
6 6 8 . 3 2 . 1 1 2 . 8 6 7
7 6 3 . 9 1 . 7 5 2 . 3 7 9
8 6 0 . 7 1 . 5 5 2 . 0 5 4
9 5 6 . 3 1 . 3 2 1 . 5 7 4

10 7 3 . 5 2 . 6 3 3 . 6 5 7
11 7 6 . 7 2 . 9 2 4 . 1 3 3

X *  P-CK3O

V H I p h - l

00vO 3 9 . 9 0 . 5 0 3 . 2 8 9
5 7 . 3 1 . 2 2 It . .66  3

3 4 9 . 2 0 . 8 2 3 . 9 6 2
4 2 7 . I 0 . 0 0 2 . 4 8 9
5 1 0 . 6 - 0 . 7 3 1 . 5 3 2

HGKph - l *
2

2 5 ° 3 6 . 0 0 . 4 0 1 . 6 1 3
4 5 . 5 0 . 8 2 2 . 3 1 0

3 5 3 . 6 1 . 1 8 3 . 0 4 6
4 6 0 . 9 1 . 5 6 3 .8 7 7
5 6 1 . 2 1 . 5 6 3 . 9 5 9
6 6 7 . 9 2 . 0 6 4 . 7 5 7

Work done  b y  H. G. K u i v i l a
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Figure 10

Log kQt)a versus -H0 for p-methoxybenzene-
* o
boronic acid: T =• 25°C*

c?s

i 0 '’



Figure 11

Log kQb8# v e r s u s  -Hc  f o r  p -xnethoxybenzene- 

b o r o n ic  a c id :  T = 6o°C*

s o
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o f  2 5 ° C . , t h e  p s e u d o  f i r s t - o r d e r  r a t e  c o n s t a n t  f o r  t h e  h y d r o l ­

y s i s  o f  b e n z e n e b o r o n i c  a c i d  i n c r e a s e d  w i t h  t i m e .  T h i s  i s  i l ­

l u s t r a t e d  b y  t h e  r a t e  p l o t  f o r  r u n  I p ^ - 9  show n i n  f i g u r e  1 2 .

T h a t  t h i s  c o m p l i c a t i o n  was  n o t  e n c o u n t e r e d  i n  s o l u t i o n s  w e a k e r  

i n  a c i d i t y  t h a n  80/o H^PO^ i s  i l l u s t r a t e d  b y  f i g u r e  1 3  w h i c h  

sh o w s  a  f i r s t - o r d e r  r a t e  p l o t  f o r  r u n  I p h " 5 .

V. The E f f e c t  o f  S u b s t i t u e n t s  on  R e a c t i v i t y

The d a t a  o b t a i n e d  i n  s u l f u r i c  a c i d  s o l u t i o n s  a t  a 

t e m p e r a t u r e  o f  6 0 ° C .  ( t a b l e  1) a l l o w  a d e t e r m i n a t i o n  o f  t h e  

a r e n e b o r o n i c  a c i d  r e a c t i v i t i e s  r e l a t i v e  t o  t h a t  o f  b e n z e n e ­

b o r o n i c  a c i d .  V a l u e s  o f  l o g  ( k ^ / k ^ m̂ ) h a v e  b e e n  d e t e r m i n e d  

f o r  two d i f f e r e n t  s o l u t i o n s .  The f i r s t  o f  t h e s e ,  35.5/fe  

( - H 0  -  3 . 6 6 ) ,  i s  b e l o w  t h e  r e g i o n  o f  a c i d i t i e s  i n  w h i c h  a 

c h a n g e  i n  t h e  n a t u r e  o f  t h e  a c i d i t y  c o r r e l a t i o n  o c c u r s  ( -H0 = 

5 - 5 . 5 )  , and t h e  o t h e r  s o l u t i o n ,  7 ( - H0  = 6 . 1 2 ) ,  i s  

a b o v e  t h e  l e g i o n .  B o t h  s e t s  o f  v a l u e s  a r e  l i s t e d  i n  t a b l e  11  

a n d ,  in f i g u r e  l i+ ,  a r e  p l o t t e d  a g a i n s t  t h e  ar* s u b s t i t u e n t  

constants of Brown and Okam oto^ .

Two r e m a r k a b l e  f a c t s  a r e  i l l u s t r a t e d  by  t h e  p l o t s  i n  

f i g u r e  1J+. The u p p e r  p l o t  sh o w s  t h a t  t h e  or* c o n s t a n t s  g i v e  

a f a i r l y  a c c u r a t e  m e a s u r e  o f  t h e  s u b s t i t u e n t  e f f e c t s  on r e ­

a c t i v i t y .  The l o w e r  p l o t ,  h o w e v e r ,  s h o w s  t h a t  w h i l e  t h e  

c o n s t a n t s  c o r r e l a t e  t h e  e f f e c t s  o n  r e a c t i v i t y  o f  t h e  r i n g -  

a c t i v a t i n g  s u b s t i t u e n t s  (X * p-CH^O, p-CH^ and p - P ) , t h e y  do 

n o t  c o r r e l a t e  t h e  e f f e c t s  o f  t h e  r i n g - d e a c t i v a t i n g  s u b s t i t u ­

e n t s .  The c o r r e l a t i o n  r e p r e s e n t e d  b y  t h e  u p p e r  p l o t  m i g h t  

a p p e a r  f o r t u i t o u s  i n a s m u c h  as  t h e  r e l a t i v e  r e a c t i v i t i e s  f o r



Figure lU

The e f f e c t  o f  s u b s t i t u e n t a

on reactivity

, i - C l

n-NO

m-CF.

cr



1*8

X * p-CH^O, p-CH^ a n d  p - P  w e re  o b t a i n e d  f r o m  e x t r a p o l a t i o n s  

o f  l o g  k obs#  v e r s u s  HQ p l o t s  t h r o u g h  t h e  r e g i o n  -H0 = 3 - ' 5 . 5 .  

T h i s  i s  t h e  r e g i o n  i n  w h i c h  t h e  l o g  k Qb s . v e r s u s  H0 p l o t s  f o r  

X s  p - B r ,  m-F an d  m -C l  show c u r v a t u r e .  H o w e v e r ,  t h e  d e g r e e  

o f  t h i s  c u r v a t u r e  d e c r e a s e s  i n  t h e  o r d e r  m - C l ,  m -F ,  p - B r ,  a n d  

i t  seem s l i k e l y  t h a t  w i t h  a  m ore  r e a c t i v e  s u b s t r a t e  ( i . e .  

p-CH-jO o r  p-CH^) s u c h  c u r v a t u r e  w o u ld  d i s a p p e a r .  T h i s  p o i n t  

i s  r a i s e d  a t  t h i s  t i m e  b e c a u s e  t h e  a s s u m p t i o n  t h a t  n e i t h e r  o f  

t h e  p l o t s  i n  f i g u r e  l l |  i s  f o r t u i t o u s  l e a d s  t o  a  m e c h a n i s t i c  

p i c t u r e  w h ic h  i s  c o n s i s t e n t  w i t h  t h e  n a t u r e  of  t h e  a c i d i t y  

f u n c t i o n  c o r r e l a t i o n s .  T h i s  p i c t u r e  i s  d e v e l o p e d  i n  t h e  f o l ­

l o w i n g  s e c t i o n .

T a b l e  11

The e f f e c t  o f  s u b s t i t u e n t s  on  r e a c t i v i t y

l o g  (k x / k X=H>

X c r + -H0 = 3 . 6 6  -H0 -  6 . 1 2

P-CH3O - . 7 7 8  3 . 0 8 *  k'kk*

P-CH3 > . 3 l l  1 . 5 1  1 . 8 2 *

P - P  - . 0 7 3  ' 0 . 3 9  0 . 3 2 *

H 0 0 0

p - B r  . 1 5 0  - 0 . 3 7  - 0 . 5 3

m-P . 3 3 2  - 1 . 2 7  - 1 . 3 0

m -Cl . 3 9 9  - 1 . 2 8 *  - 1 . 6 0

m-CF-j . 3 2 0  - 1 . 3 2

m-N02 . 6 7 I4. - 3 . 3 9

d- O b t a i n e d  by  e x t r a p o l a t i o n  o f  l o g  k Q̂  v e r s u s  HQ p l o t s ,
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V I .  The M echan ism  o f  t h e  R e a c t i o n  

The p r o t o n o l y s i s  o f  p - m e t h o x y b e n z e n e b o r o n i c  a c i d  i s  

g e n e r a l  a c i d - c a t a l y z e d  a n d ,  i n  a q u e o u s  s u l f u r i c  a c i d ,  t h e  r e ­

a c t i o n  shows a  l i n e a r  d e p e n d e n c e  o f  r a t e  on  t h e  h y d r o g e n  i s o ­

t o p e  c o m p o s i t i o n  o f  t h e  s o l v e n t .  I t  was shown ab o v e  t h a t  two 

d i f f e r e n t  m e c h a n i s m s  a r e  c o n s i s t e n t  w i t h  b o t h  o f  t h e s e  f a c t s .  

T h e s e  a r e  t h e  A-Sg2 a n d  t h e  c o n c e r t e d  A-2 ( t e r m o l e c u l a r )  mech­

a n i s m s .

E l e c t r o p h i l i c  a r o m a t i c  s u b s t i t u t i o n  r e a c t i o n s  h a v e  

b e e n  shown t o  p r o c e e d  t h r o u g h  a  o'1- c o m p l e x .  S c h u b e r t  and  

Myhre h a v e  r e c e n t l y  r e v i e w e d  t h e  e v i d e n c e  a n d  h a v e  a l s o  shown 

t h a t  t h e  p r o t o d e c a r b o n y l a t i o n  o f  s t e r i c a l l y  h i n d e r e d  a r o m a t i c  

a l d e h y d e s  i n  c o n c e n t r a t e d  s o l u t i o n s  o f  s u l f x i r i c  a c i d  p r o c e e d s  

t h r o u g h  t h e  o ' - c o m p l e x  w i t h  e i t h e r  t h e  r a t e  o f  i t s  f o r m a t i o n  

o r  i t s  d e c o m p o s i t i o n  i n t o  p r o d u c t s  b e i n g  r a t e - d e t e r m i n i n g ,  

d e p e n d i n g  on t h e  c o m p o s i t i o n  o f  t h e  a c i d  medium*

The p r o t o n o l y s i s  o f  a r e n e b o r o n i c  a c i d s  i s  j u s t  a n o t h e r  

e x a m p le  o f  e l e c t r o p h i l i c  a r o m a t i c  s u b s t i t u t i o n  i n  w h i c h  t h e  

e l e c t r o p h i l e  i s  a p r o t o n a t i n g  s p e c i e s .  I f  t h e  r e q u i r e m e n t  

t h a t  t h e  r e a c t i o n  p r o c e e d s  t h r o u g h  a < r - c o m p le x  i n t e r m e d i a t e  

I s  i n v o k e d ,  t h e n  t h e  c o n c e r t e d  A-2 m e ch an is jn  c a n  b e  e l i m i n a t e d  

a s  a p o s s i b l e  m e c h a n i s m .  The A-S^2 m e c h a n i s m  i s  t h e r e f o r e  

a d o p t e d  as  t h e  c o r r e c t  one f o r  t h e  p r o t o n o l y s i s  o f  a r e n e b o r o ­

n i c  a c i d s .  The m e c h a n i s m  f o r  c a t a l y s i s  b y  h y d r o n i u m  i o n  i s  

shown i n  t h e  f o l l o w i n g  scheme w h i c h  i n c l u d e s  a  p o s s i b l e  s t r u c ­

t u r e  f o r  t h e  t r a n s i t i o n  s t a t e .
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K”
A rB (0 H ) 2 + s o l v e n t - H *  ?

ArH + H3 BO3 + s o lv e n t - H + « ™— -t

s o l v e n t  - • • • -H.
b- , B ( 0 H ) 2

t r a n s i t i o n  s t a t e

s lo w

B( OH)

s o l v e n t  4-

O '-c o m p le x

S i n c e  t h i s  scheme r e q u i r e s  a  p r o t o n  t r a n s f e r  f r o m  a  

s o l v a t e d  p r o t o n  i n  t h e  r a t e - d e t e r m i n i n g  s t e p ,  t h e  f a c t  t h a t  

a  s u b s t a n t i a l  s o l v e n t  h y d r o g e n  i s o t o p e  e f f e c t  i s  o b s e r v e d  

m i g h t  a p p e a r  i n c o n s i s t e n t  w i t h  t h e  i n s i g n i f i c a n t  e f f e c t  f o u n d

b y  Long a n d  W a ts o n  f o r  t h e  p r o t o n a t i o n  o f  a n  e n o l a t e  i o n  b y

27s o l v a t e d  p r o t o n  . H owever  t h e  l a c k  o f  an i s o t o p e  e f f e c t  i n  

t h e  l a t t e r  r e a c t i o n  c a n  be e x p l a i n e d  b y  i n v o k i n g  t h e  Hammond 

p o s t u l a t e ^ .  B e c a u s e  t h e  n e u t r a l i z a t i o n  o f  an e n o l a t e  i o n  b y  

s o l v a t e d  p r o t o n  r e q u i r e s  a  c o l l a p s e  o f  o p p o s i t e l y  c h a r g e d  

s p e c i e s ,  one  m i g h t  a ssum e t h a t  t h e  t r a n s i t i o n  s t a t e  c l o s e l y  

r e s e m b l e s  t h e  r e a c t a n t s  i n  s t r u c t u r e ,  and  t h e r e f o r e  t h a t  t h e  

s o l v e n t  t o  p r o t o n  b o n d  i n  t h e  t r a n s i t i o n  s t a t e  i s  e s s e n t i a l l y  

i n t a c t .  I n  t h i s  r e g a r d  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  f o r  

t h e  p r o t o n a t i o n  o f  2 , Ip,6 - t r i i s o p r o p y l b e n z a l d e h y d e  i n  8 0 ^

E2S0k  t o  f o r m  t h e  ( T - c o m p le x ,  S c h u b e r t  a n d  K yhre  h a v e  r e p o r t e d  

a v a l u e  o f  k j j / k j j  = 2 . 0 .
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By u s i n g  t h e  s t r u c t u r a l  r e p r e s e n t a t i o n  f o r  t h e  t r a n ­

s i t i o n  s t a t e  i n  t h e  a b o v e  m e c h a n i s t i c  s chem e  an  a t t e m p t  w i l l  

b e  made t o  e x p l a i n  t h e  f o l l o w i n g  e x p e r i m e n t a l  f a c t s .

1 . )  The r a t e s  i n  a q u e o u s  s u l f u r i c  an d  p e r c h l o r i c  

a c i d  s o l u t i o n s  f o r  t h e  m o re  r e a c t i v e  s u b s t r a t e s  a r e  c o r r e ­

l a t e d  b y  t h e  a c i d i t y ‘f u n c t i o n .

2 . )  P l o t s  o f  l o g  v e r s u s  -H0 f o r  t h e  l e s s  r e ­

a c t i v e  s u b s t r a t e s  i n  s u l f u r i c  a c i d  s o l u t i o n s  b e l o w  70% H^SO^ 

show d i m i n i s h i n g  s l o p e s  w i t h  d e c r e a s i n g  s u b s t r a t e  r e a c t i v i t y .

3 . )  Below 70% H2 S0[j. t h e  a c t i v a t i o n  e n e r g y  i s  e s s e n ­

t i a l l y  i n d e p e n d e n t  o f  s u b s t r a t e  r e a c t i v i t y ,  w i t h  t h e  d e c r e a s e  

i n  a c t i v a t i o n  e n t r o p y  a c c o u n t i n g  f o r  t h e  d e c r e a s e  i n  s u b s t r a t e  

r e a c t i v i t y .

1;.)  F o r  t h e  l e s s  r e a c t i v e  s u b s t r a t e s  t h e r e  a r e  two 

k i n e t i c a l l y  d i s t i n g u i s h a b l e  a c i d  r e g i o n s ;  t h e s e  a r e  t h e  r e ­

g i o n  b e l o w  66^  I^ S O ^  a n d  t h e  r e g i o n  ab o v e  7 0%

5 . )  I n  7 i i - I ^ S O ^  t h e  O'* c o n s t a n t s  g i v e  an  a c c u r a t e  

m e a s u r e  o f  t h e  s u b s t i t u e n t  e f f e c t s .  I n  5 5 •b/<> t h e  l e s s

r e a c t i v e  s u b s t r a t e s  h a v e  r e a c t i v i t i e s  g r e a t e r  t h a n  t h o s e  p r e ­

d i c t e d  b y  t h e  O'* c o n s t a n t s .

I n  t h e  t r a n s i t i o n  s t a t e  two c h a n g e s  a r e  o c c u r r i n g  

w h i c h  r e s u l t  i n  t h e  f o r m a t i o n  o f  t h e  <T-complex;  t h e  s o l v e n t  

t o  p r o t o n  b o n d  ( b o n d  a )  i s  b r e a k i n g  w h i l e  t h e  p r o t o n  t o  r i n g -  

c a r b o n  b o n d  ( b o n d  b )  i s  f o r m i n g .  I t  I s  r e a s o n a b l e  t o  assum e  

t h a t  t h e  d e g r e e  o f  b o n d  b r e a k i n g  a t  a  i s  d i r e c t l y  d e p e n d e n t  

on  t h e  d e g r e e  o f  b o n d  f o r m a t i o n  a t  b .  I f  i n  t h e  t r a n s i t i o n  

s t a t e  b o n d  b i s  e s s e n t i a l l y  c o m p l e t e l y  f o r m e d ,  t h e  t r a n s i t i o n  

s t a t e  w i l l  r e s e m b l e  t h e  s y s t e m :  s o l v e n t  ■+■ ( T - c o m p le x  ( s t r u c -
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t u r e  I ) . T h i s  i s  a  s i t u a t i o n  t h a t  m i g h t  be  e x p e c t e d  t o  o b t a i n

B (0 H ) 2s o l v e n t

s t r u c t u r e  I

i f  X i s  a  s u f f i c i e n t l y  a c t i v a t i n g  ( e l e c t r o n  r e l e a s i n g )  g r o u p .  

T h e n ,  s i n c e  t h e  ( T - c o m p le x  r e p r e s e n t s  one  o f  t h e  p o s s i b l e  

c o n j u g a t e  a c i d  s p e c i e s  o f  t h e  r e a c t a n t  m o l e c u l e ,  f o r  a s u f f i ­

c i e n t l y  a c t i v a t i n g  s u b s t i t u e n t ,  X, a  c o r r e l a t i o n  o f  r a t e  b y  

t h e  a c i d i t y  f u n c t i o n  may b e  e x p e c t e d .  On t h e  o t h e r  h a n d ,  i f  

i n  t h e  t r a n s i t i o n  s t a t e  b o n d  f o r m a t i o n  a t  b  h a s  n o t  d e v e l o p e d  

t o  a  s i g n i f i c a n t  e x t e n t ,  t h a t  i s ,  t h e  b o n d  a t  a  i s  e s s e n t i a l l y  

i n t a c t ,  t h e  t r a n s i t i o n  s t a t e  w i l l  r e s e m b l e  t h e  s y s t e m :  s o l -

v e n t - H *  b o r o n i c  a c i d  ( s t r u c t u r e  I I ) .  T h i s  l a t t e r  s i t u a t i o n  

i s  t o  be e x p e c t e d - i f  t h e  s u b s t i t u e n t ,  X, i s  a  s u f f i c i e n t l y

B( OH)s o l v e n t • • • H •.

s t r u c t u r e  I I

d e a c t i v a t i n g  ( e l e c t r o n  w i t h d r a w i n g )  g r o u p ,  a n d ,  t o  t h e  e x t e n t  

t o  w h i c h  i t  p r e v a i l s ,  a  g r e a t e r  d e p e n d e n c e  o f  r a t e  o n  t h e  a c i d  

c o n c e n t r a t i o n ^ ® * * ^  r a t h e r  t h a n  on  t h e  a c i d i t y  f u n c t i o n  i s  t o  

b e  e x p e c t e d .  One way i n  w h i c h  t h i s  l a t t e r  s i t u a t i o n  w o u l d  

r e v e a l  I t s e l f  w o u ld  b e  i n  t h e  e x h i b i t i o n  o f  a b n o r m a l l y  low  

l o g  k Ql3S v e r s u s  -H Q s l o p e s .  The s l o p e s  o f  t h e  l o g  v e r -
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s u s  -H 0 p l o t s  b e l o w  70^o ^ S O ]^  s u g g e s t  t h a t  t h e  f o r m e r  s i t u a ­

t i o n  ( s t r u c t u r e  I )  p r e v a i l s  i n  t h e  c a s e  o f  t h e  m ore  r e a c t i v e  

s u b s t r a t e s  ( i . e .  X = p-CH^O a n d  p -C H - j ) , w h i l e  f o r  t h e  l e s s  

r e a c t i v e  s u b s t r a t e s  ( i . e .  X = m-F a n d  m -Cl)  a  p r e v a l e n c e  t o  

a  c e r t a i n  d e g r e e  o f  t h e  l a t t e r  s i t u a t i o n  ( s t r u c t u r e  I I )  a p ­

p e a r s  t o  be  m a k in g  i t s e l f  e v i d e n t .

T h i s  p i c t u r e  i s  c o n s i s t e n t  w i t h  t h e  d i f f e r e n c e  i n  t h e  

a c t i v a t i o n  e n t r o p i e s  o f  t h e  s u b s t r a t e s  h a v i n g  X = p-CH^O and  

m -F .*  W i th  X = p-CH^O t h e  a c t i v a t i o n  e n t r o p y  i s  e x p e c t e d  t o  

b e  h i g h e r  b e c a u s e  i n  t h e  f o r m a t i o n  o f  t h e  t r a n s i t i o n  s t a t e  

s o l v e n t  m o l e c u l e s  a r e  b e i n g  " m e l t e d  away" due t o  t h e  g r e a t e r  

d e g r e e  o f  b o n d  b r e a k i n g  a t  a  w h i c h  l e a d s  t o  g r e a t e r  d i s p e r s a l  

o f  t h e  p o s i t i v e  c h a r g e  i n t o  t h e  r i n g .  The f a c t  t h a t  t h e  a c t i ­

v a t i o n  e n e r g i e s  f o r  b o t h  s u b s t r a t e s  a p p e a r  t o  h a v e  t h e  same 

v a l u e  s u g g e s t s  t h a t  t h e  c h a n g e  i n  p o t e n t i a l  e n e r g y  accom pa­

n y i n g  t h e  f o r m a t i o n  o f  t h e  t r a n s i t i o n  s t a t e  i s  r e m a r k a b l y  i n ­

d e p e n d e n t  o f  t h e  e x t e n t  o f  b o n d  f o r m a t i o n  a t  b .  T h i s  w o u ld  

mean t h a t  a g r e a t e r  d e g r e e  o f  s o l v a t i o n  a t  a i n  t h e  t r a n s i t i o n  

s t a t e  c a n  make up t h e  i n c r e a s e  i n  e n e r g y  r e s u l t i n g  f r o m  a 

l o w e r  d e g r e e  o f  b o n d  f o r m a t i o n  a t  b .

The e x i s t e n c e  o f  two k i n e t i c a l l y  d i s t i n g u i s h a b l e  a c i d  

r e g i o n s  f o r  t h e  s u b s t r a t e s  X = m - C l ,  m-F a n d  p r o b a b l y  p - B r  

w i l l  now b e  d i s c u s s e d  b y  c o n s i d e r i n g  p o s s i b l e  s t r u c t u r a l  

c h a n g e s  i n  t h e  t r a n s i t i o n  s t a t e s  w h i c h  c a n  a c c o u n t  f o r  t h e  

k i n e t i c  c o m p l i c a t i o n .  S i n c e  t h e r e  a r e  two r e a c t a n t s  w h i c h  

com bine  t o  fo rm  t h e  t r a n s i t i o n  s t a t e ,  e i t h e r  o f  t h e s e  m i g h t  

b e  r e s p o n s i b l e  f o r  t h e  s t r u c t u r a l  c h a n g e .

The k i n e t i c  c o m p l i c a t i o n  o c c u r s  i n  t h e  r e g i o n  6 6 - 70/0
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I ^ S O ^ .  As t h e  a c i d i t y  i n c r e a s e s  t h e  medium  b e c o m e s  a  s t r o n g e r  

d e h y d r a t i n g  s y s t e m .  One p o s s i b l e  e x p l a n a t i o n ,  t h e n ,  i s  t h e  

c o n v e r s i o n  o f  t h e  a r e n e b o r o n i c  a c i d  t o  a  b o r o n i c  a n h y d r i d e  

s p e c i e s ,  w i t h  t h e  l a t t e r  p r e d o m i n a t i n g  a s  t h e  r e a c t a n t  e n t e r ­

i n g  t h e  t r a n s i t i o n  s t a t e  a s  t h e  a c i d i t y  i s  i n c r e a s e d .  I f  t h i s  

i s  t h e  a c t u a l  c a u s e  f o r  t h e  k i n e t i c  c o m p l i c a t i o n ,  t h e n  tw o  c o n ­

c l u s i o n s  c a n  b e  m a d e .  The r e a c t i o n  c o n t i n u e s  t o  show f i r s t -  

o r d e r  k i n e t i c s  w i t h  i n c r e a s i n g  a c i d i t y  b o t h  t h r o u g h  t h e  a c i d  

r e g i o n  i n  w h i c h  t h e  c o m p l i c a t i o n  o c c u r s  an d  i n  t h e  r e g i o n  o f  

h i g h e r  a c i d i t i e s .  T h i s  f a c t  r e q u i r e s  a n y  i n t e r v e n i n g  a n h y d r i d e  

s p e c i e s  t o  be  m o n o m e r i c .  S e c o n d l y ,  s i n c e  now we w o u l d  h a v e  

two d i f f e r e n t  s p e c i e s  f o r  o n e  o f  t h e  r e a c t a n t s ,  t h e  c o r r e l a ­

t i o n  o f  s u b s t i t u e n t  e f f e c t s  i n  7k»5?° b y  t h e  <r* c o n s t a n t s

w o u ld  I n d e e d  b e  f o r t u i t o u s .  H ow ever  t h i s  was show n t o  b e  u n ­

l i k e l y  i n  s e c t i o n  V.

The o t h e r  a l t e r n a t i v e  i s  t h a t  a d r a m a t i c  c h a n g e  i n  t h e  

n a t u r e  o f  t h e  s o l v a t e d  p r o t o n  o c c u r s  i n  t h e  r e g i o n  6 6 - 7 0 $! 

f ^ S O ^ .  A s  w i l l  b e  shown t h i s  a l t e r n a t i v e  g i v e s  a  more  p l a u ­

s i b l e  a c c o u n t  f o r  t h e  k i n e t i c  c o m p l i c a t i o n  i n  t h i s  r e g i o n ,
2 "3 7I n  r e c e n t  y e a r s  t h e r e  h a s  b e e n  an  i n c r e a s i n g

am oun t  o f  e v i d e n c e  s u p p o r t i n g  t h e  f a c t  t h a t ,  i n  a q u e o u s  s o l u ­

t i o n s ,  p r o t o n s  a r e  h y d r a t e d  b y  f o u r  w a t e r  m o l e c u l e s ,  p r o v i d e d  

t h a t  t h e s e  a r e  a v a i l a b l e  f o r  h y d r a t i o n .  I n  t h i s  r e g a r d  i t  i s  

i n t e r e s t i n g  t o  n o t e  t h a t  6k*5,° H2 S0 ]  ̂ h a s  t h e  s t o i c h i o m e t r i c  

c o m p o s i t i o n  H2 SO[|»3H20 a n d  73«1/^ H2S0 [̂  t h e  c o m p o s i t i o n  H2S0 j  ̂

• 2H2 O. T h i s  m ean s  t h a t  i n  s o l u t i o n s  h a v i n g  i n t e r m e d i a t e  com­

p o s i t i o n s  t h e  g r e a t e s t  n u m b e r  o f  p r o t o n s  may h a v e  t h e  s t r u c t u r e  

H(H2 0 ) 3  a n d  H(H2 0 ) 2 » w i t h  t h e  l a t t e r  b e c o m i n g  m o re  p r e d o m i ­
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n a n t  a s  73.1/& I^SOj^ i s  a p p r o a c h e d .  T h i s  s t r u c t u r a l  c h a n g e  i n  

t h e  n a t u r e  o f  t h e  s o l v a t e d  p r o t o n  s h o u l d  be a c c o m p a n i e d  b y  a  

c h a n g e  i n  t h e  a c i d i t y  o f  t h e  p r o t o n ,  t h a t  i s , * H ( H 2 0 ) 2  s h o u l d  

be  a  s t r o n g e r  a c i d  t h a n  H d ^ O ) ^ .

A g r e a t e r  s o l v a t e d  p r o t o n  a c i d i t y  w o u ld  be  e x p e c t e d  

t o  c a u s e  a g r e a t e r  e x t e n t  o f  b o n d  b r e a k i n g  a t  a and b o n d  f o r ­

m a t i o n  a t  b_. A l s o ,  s i n c e  t h e  r e a c t i v i t y  o f  one o f  t h e  r e a c ­

t a n t s  i s  e n h a n c e d ,  t h e  a c t i v a t i o n  e n e r g y  s h o u l d  be s m a l l e r .  

I n d e e d ,  t h e  a c t i v a t i o n  e n e r g y  f o r  X = m-F d e c r e a s e s  by  5 k c a l .  

m o l e “ l  on p a s s i n g  f r o m  b e lo w  t o  above  t h e  a c i d  r e g i o n  66-70>o 

IlgSO^ ( t a b l e  3) • T h i s  d e c r e a s e  i n  a c t i v a t i o n  e n e r g y  i s  accom­

p a n i e d  b y  an i n c r e a s e  i n  t h e  s o l v e n t  h y d r o g e n  i s o t o p e  e f f e c t  

(k H/ k D c h a n g e s  f r o m  Z.I+ t o  3 *0 ) ,  t h u s  i n d i c a t i n g  a  g r e a t e r  

d e g r e e  o f  b o n d  b r e a k i n g  a t  a  i n  t h e  h i g h e r  a c i d i t i e s .

T h e se  a r g u m e n t s  c a n  be  e x t e n d e d  t o  i n c l u d e  an  e x p l a n a ­

t i o n  f o r  t h e  c o r r e l a t i o n  b y  t h e  <r* c o n s t a n t s  o f  t h e  s u b s t i t u ­

e n t  e f f e c t s  i n  7U .5io I ^ S O ^ .  B e c a u s e  o f  t h e  e n h a n c e d  s o l v a t e d  

p r o t o n  a c i d i t y  i n  t h i s  s o l u t i o n ,  t h e  t r a n s i t i o n  s t a t e s  f o r  t h e  

l e s s  r e a c t i v e  s u b s t r a t e s  w i l l  r e s e m b l e  t h e  c o r r e s p o n d i n g -  (p*— 

c o m p le x e s  t o  a g r e a t e r  e x t e n t  t h a n  i n  l o w e r  a c i d  s o l u t i o n s  

( i . e .  55. i | /o  I^SO^)  . T h i s  m eans  t h a t  t h e  s t r u c t u r e  o f  t h e  

t r a n s i t i o n  s t a t e  w i l l  become l e s s  d e p e n d e n t  on t h e  n a t u r e  o f  

t h e  s u b s t i t u e n t ,  a n d  h e n c e  a  g r e a t e r  p r o b a b i l i t y  f o r  c o r r e l a ­

t i o n  o f  s u b s t i t u e n t  e f f e c t s  b y  t h e  T* c o n s t a n t s  w i l l  r e s u l t .  

The e x p e r i m e n t a l  f a c t s  s u g g e s t  t h a t ,  i n  '(l+,$L/b t h e

s t r u c t u r a l  n a t u r e  o f  t h e  t r a n s i t i o n  s t a t e  h a s  become e s s e n ­

t i a l l y  i n d e p e n d e n t  o f  t h e  s u b s t i t u e n t .
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The p r e p a r a t i o n s  o f  a l l  b u t  o n e  (X = m-CF^) t h e  

a r e n e b o r o n i c  a c i d s  u s e d  i n  t h i s  s t u d y  h a v e  b e e n  r e f e r r e d  t o  

p r e v i o u s l y * ^  >25 .  m - ( T r i f l u o r o m e t h y l ) - b e n z e n e b o r o n i c  a c i d  

was  p r e p a r e d  b y  t h e  m e t h o d  o f  B ean  a n d  J o h n s o n ^ .

m - ( T r i f l u o r o m e t h y l ) - b e n z e n e b o r o n i c  a c i d :  -  A on e  l i t e r

t h r e e  n e c k e d  r . b .  f l a s k  e q u i p p e d  w i t h  a  s t o p c o c k  o n  t h e  b o t t o m ,  

a  s t i r r e r ,  a c o n d e n s e r  . ana  a  d r o p p i n g  f u n n e l  was  c h a r g e d  w i t h  

6 . 0  g .  o f  m a g n e s iu m ,  100 m l .  of d i e t h y l  e t h e r  an d  5  m l . o f  m- 

b r o m o b e n z o t r i f l u o r i d e  ( M a t h e s o n ,  C o lem an  a n d  B e l l ) .  A f t e r  r e -  

f l u x i n g  h a d  s t a r t e d  m - b r o m o b e n z o t r i f l u o r i d e  was  a d d e d  d r o p w i s e  

u n t i l  a  t o t a l  o f  50  g .  ( 0 . 2 2  m o le )  h a d  b e e n  a d d e d  t o  t h e  s y s ­

t e m ,  a n d  t h e  s y s t e m  was s t i r r e d  f o r  a n  a d d i t i o n a l  t h i r t y  m i n ­

u t e s .  The f l a s k  c o n t a i n i n g  t h e  G r i g n a r d  r e a g e n t  was  t h e n  

a t t a c h e d  t o  a  o n e  l i t e r  t h r e e  n e c k e d  r . b .  f l a s k  e q u i p p e d  w i t h  

a  s t i r r e r ,  c o o l e d  i n  an  a c e t o n e  -  d r y  i c e  b a t h ,  a n d  c o n t a i n i n g  

a s o l u t i o n  o f  2 5  g .  ( 0 . 2ij. m o l e )  o f  m e t h y l  b o r a t e  i n  100  m l .  o f  

d i e t h y l  e t h e r .  The Grignard r e a g e n t  was  a d d e d  dropwise dur­
i n g  one  hour, t h e  b a t h  was t h e n  r e m o v e d ,  a n d  s t i r r i n g  was c o n ­

t i n u e d  f o r  an  a d d i t i o n a l  t e n  m i n u t e s  d u r i n g  w h i c h  50 n i l .  o f  

d i e t h y l  e t h e r  was  a d d e d  t o  t h e  s y s t e m  t o  u n c l o g  t h e  s t i r r e r .

The r e s u l t i n g  e t h e r  s o l u t i o n  was  h y d r o l y z e d  w i t h  100 m l .  o f  

2 .5 N  h y d r o c h l o r i c  a c i d .  The a q u e o u s  l a y e r  was  s e p a r a t e d  a n d  

e x t r a c t e d  t w i c e  w i t h  d i e t h y l  e t h e r .  The c o m b i n e d  e t h e r  s o l u ­

t i o n s  w e r e  e x t r a c t e d  w i t h  a  t o t a l  o f  100  m l .  o f  5 N a q u e o u s  

s o d iu m  h y d r o x i d e ,  t h e n  w i t h  ipO m l . o f  w a t e r .  The c o m b i n e d  

a q u e o u s  e x t r a c t s  s u r p r i s i n g l y  h a d  a  v o lu m e  o f  a b o u t  250 m l .



57

A c i d i f i c a t i o n  w i t h  6n h y d r o c h l o r i c  a c i d  c a u s e d  t h e  s e p a r a t i o na
o f  an o r g a n i c  l i q u i d .  The a q u e o u s  l a y e r  was e x t r a c t e d  w i t h  

e t h e r ,  t h e  c o m b in e d  o r g a n i c  l a y e r s  w e re  d r i e d  w i t h  a n h y d r o u s  

m a g n e s iu m  s u l f a t e ,  and  t h e  e t h e r  was f i n a l l y  r e m o v ed  b y  h e a t ­

i n g  o n  a  s t e a m  b a t h .  The r e s u l t i n g  gummy r e s i d u e  w e i g h e d  

2 8 .5  g .  an d  h a d  a  s t r o n g  p h e n o l i c  o d o r .

The c r u d e  p r o d u c t  m e l t e d  when a d d e d  t o  h o t  w a t e r .

A c e to n e  was a d d e d  u n t i l  t h e  o i l  d i s s o l v e d ,  an d  t h e  r e s u l t i n g  

s o l u t i o n  was t r e a t e d  w i t h  n o r i t e .  An o i l  s e p a r a t e d  o n  c o o l i n g .  

The m i x t u r e  was h e a t e d  on a  s t e a m  b a t h  t o  remove a c e t o n e ,  t h e n  

t h e  o i l  was s e p a r a t e d .  The a q u e o u s  s o l u t i o n  was e x t r a c t e d  

w i t h  d i e t h y l  e t h e r .  The c o m b in e d  o r g a n i c  l a y e r s  w e re  a g a i n  

d r i e d  w i t h  a n h y d r o u s  m ag n es iu m  s u l f a t e  an d  e v a p o r a t e d  t o  d r y ­

n e s s .  The r e s i d u e ,  a gummy s o l i d ,  w e i g h e d  21 g .

T h i s  r e s i d u e  was r e c r y s t a l l i z e d  t w i c e  f r o m  b e n z e n e  

a f t e r  t r e a t m e n t  w i t h  n o r i t e .  The r e s u l t i n g  c r y s t a l s  w e re  t h e n  

d i s s o l v e d  i n  h o t  w a t e r  and  t h e  s o l u t i o n  was t r e a t e d  w i t h  n o r i t e .  

An o i l  s e p a r a t e d  f r o m  s o l u t i o n  b u t  c r y s t a l l i z e d  when c o o l e d  

t o  room t e m p e r a t u r e .

Y i e l d  o f  m - ( t r i f l u o r o m e t h y l ) - b e n z e n e b o r o n i c  a c i d ;
1 2 . 5  g .  (30/£)

M e l t i n g  p o i n t :  s i n t e r s  when p l a c e d  i n  a  b a t h  a t
60°C .  b u t  t h e n  d r i e s  and  f i n a l l y  
m e l t s  a t  l 6 0 - l 6 2 ? C .

The b o r o n i c  a c i d  was c o n v e r t e d  t o  t h e  a n h y d r i d e  b y  

h e a t i n g  i n  an o v e n  a t  1 1 0 ° C .  f o r  t h i r t y  m i n u t e s .  R e c r y s t a l ­

l i z a t i o n  o f  t h e  a n h y d r i d e  f ro m  b e n z e n e  y i e l d e d  9 . 5  g» *of a  

c r y s t a l l i n e  s o l i d  ( m . p . l 6 0 - l 6 2 ? C . )
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A n a l y s e s :
c a l c u l  a t e d  found.

% c a r b o n  l+fJ.91 l | 9 . 0 3
% h y d r o g e n  2 . 3 5  2 . 5 9

n e u t r a l i z a t i o n  e q u i v a l e n t  171*9  1 7 1 * 8

The d e u t e r i u m  o x i d e  was o b t a i n e d  f r o m  t h e  S t u a r t  Oxy­

g e n  Company, a n d ,  a c c o r d i n g  t o  t h e  s u p p l i e r ,  c o n t a i n e d  99*5/6 

D2 O. A l l  o f  t h e  o t h e r  m a t e r i a l s  u s e d  w e re  e i t h e r  a n a l y t i c a l  

r e a g e n t  g r a d e  o r  t h e  b e s t  g r a d e  a v a i l a b l e  c o m m e r c i a l l y .

I I .  K i n e t i c  P r o c e d u r e s

A. T e m p e r a t u r e  c o n t r o l

E ach  o f  t h e  e x p e r i m e n t s  r e p o r t e d  h e r e  was done a t  one 

o f  t h e  f o l l o w i n g  t e m p e r a t u r e s :  2 5 * 0 ,  I4.O.O, 6 0 . 0 ,  6 9 .1; an d

79* i l°C .  Two c o n s t a n t  t e m p e r a t u r e  b a t h s  w e re  u s e d ,  e a c h  o f  

w h i c h  c o n t r o l l e d  t h e  t e m p e r a t u r e  t o  w i t h i n  ± 0 . 0 2 ° C .  The d i f ­

f e r e n t i a l  t h e r m o m e t e r s  i n  t h e  b a t h s  w e r e  c a l i b r a t e d  a g a i n s t  a  

t h e r m o m e t e r  s t a n d a r d i z e d  a t  t h e  N a t i o n a l  B u r e a u  o f  S t a n d a r d s .

B. Aqueous  s u l f u r i c  a c i d

Two d i f f e r e n t  p r o c e d u r e s ,  m e th o d s  A and  13, wert; u s e d  

f o r  f o l l o w i n g  t h e  r a t e  o f  r e a c t i o n .  M ethod  A was u s e d  f o r  a l l  

e x c e p t  t h e  s l o w e s t  o f  t h e  r u n s  w i t h  b e n z e n e b o r o n i c  a c i d  a t  

6 0 °C.  Method B was u s e d  i n  a l l  o f  t h e  o t h e r  e x p e r i m e n t s  e x ­

c e p t  f o r  t h e  f a s t e s t  r u n s  w i t h  p - m e t h o x y - ,  m - f l u o r o -  a n d  p -  

b r o m o b e n z e n e b o r o n i c  a c i d s  a t  6 0 °C .

The k i n e t i c  s o l u t i o n s  w e r e  p r e p a r e d  b y  d i l u t i n g  a p p r o ­

p r i a t e  a m o u n t s  o f  s u l f u r i c  a c i d  an d  an a q u e o u s  s t o c k  s o l u t i o n  

o f  t h e  a r e n e b o r o n i c  a c i d  t o  t h e  d e s i r e d  v o l u m e .  F o r  t h e  r u n s  

w i t h  m - n i t r o b e n z e n e b o r o n i c  a c i d  c o n c e n t r a t e d  s u l f u r i c  a c i d
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( 9 6 ^) was u s e d  a s  s o l v e n t  f o r  t h e  b o r o n i c  a c i d  s t o c k  s o l u t i o n s .  

The i n i t i a l  c o n c e n t r a t i o n  o f  t h e  b o r o n l c  a c i d  i n  t h e  k i n e t i c  

s o l u t i o n  d e p e n d e d  o n  t h e  a b s o r p t i v i t y  o f  t h e  b o r o n i c  a c i d  a t  

t h e  w a v e l e n g t h  u s e d  t o  f o l l o w  t h e  r a t e  o f  r e a c t i o n ,  a n d  was 

u s u a l l y  i n  t h e  r a n g e  1 0 " 3  t o  1 0 "^- m o l a r .

M ethod  A: -  A 10 m l .  a l i q u o t  o f  t h e  k i n e t i c  s o l u t i o n

was p i p e t t e d  i n t o  e a c h  o f  s e v e r a l  100 m l .  v o l u m e t r i c  f l a s k s .  

T h e s e  f l a s k s  w ere  p l a c e d  i n  t h e  b a t h  f o r  a p p r o p r i a t e  t i m e s .

The r e a c t i o n  was q u e n c h e d  b y  s i m u l t a n e o u s l y  c o o l i n g  i n  an i c e  

b a t h  and d i l u t i n g  t o  10 0  m l .  w i t h  d i s t i l l e d  w a t e r .

M ethod  B: -  A 1 2 5  m l .  g l a s s - s t o p p e r e d  K r len m .ey e r  f l a s k  

c o n t a i n i n g  t h e  k i n e t i c  s o l u t i o n  was p l a c e d  i n  t h e  b a t h  a n d ,  

a t  a p p r o p r i a t e  t i m e s ,  a l i q u o t s  w e r e  r e m o v e d  w i t h  a  10 ml. p i ­

p e t t e .  The r e a c t i o n  was q u e n c h e d  b y  a d d i n g  t h e  a l i q u o t s  t o  

100 m l .  v o l u m e t r i c  f l a s k s  c o n t a i n i n g  i c e - c o l d  w a t e r .

S i n c e  e a c h  o f  t h e  b o r o n i c  a c i d s  h a s  an  u l t r a v i o l e t  

a b s o r p t i o n  s p e c t r u m  d i f f e r e n t  f r o m  t h a t  o f  i t s  h y d r o l y s i s  p r o ­

d u c t ,  i t  was f o u n d  t h a t  t h e  r a t e  o f  t h e  r e a c t i o n  c o u l d  b e  f o l ­

l o w e d  c o n v e n i e n t l y  by  m e a s u r i n g  t h e  a b s o r b a n c e s  o f  th e  d i l u t e d  

k i n e t i c  s a m p l e s  i n  a Beckman DU s p e c t r o p h o t o m e t e r . The a b -  

s o r p t i v i t i e s  o f  e a c h  b o r o n i c  a c i d  and i t s  h y d r o l y s i s  p r o d u c t  

a t  t h e  w a v e l e n g t h  u s e d  f o r  f o l l o w i n g  t h e  r e a c t i o n  a r e  l i s t e d  

i n  t a b l e  1 2 .

F o r  a l l  b u t  one  (X = m-N02) o f  t h e  a r e n e b o r o n i c  a c i d s ,  

t h e  a b s o r p t i v i t y  o f  t h e  c o r r e s p o n d i n g  h y d r o l y s i s  p r o d u c t ,  r e ­

l a t i v e  t o  t h a t  o f  t h e  b o r o n i c  a c i d ,  i s  n e g l i g i b l y  s m a l l ;  t h e r e ­

f o r e  t h e  a b s o r b a n c e  o f  a  k i n e t i c  s a m p le  i s  e s s e n t i a l l y  a  d i r e c t
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Table 12 8

P e r t i n e n t  s p e c t r a l  d a t a  f o r  a q u e o u s  s o l u t i o n s

A b s o r p t i v i t y  (m o le “ ^ ) a

X (m>* ) XC6H[^B(0H) 2 C6H5X

H 218 8U5o 55b

m-N02 228 2206

p - B r 232 13700 5o

m-F 218 7300 23'

p - F 218 738o

p-CH^ 226 10800 30

P-CH3O 236 28200 c 600 c

238 > 1 2 0 0 0 d 7 0 d

m-Cl 228 3000 63

a .  I n  1 0 -lZ^o a q .  I^SO ^ u n l e s s  o t h e r w i s e  s t a t e d .
b .  I n  7 5 #  a q .  H2S0[p
c .  I n  w a t e r .
d .  I n  1% a q .  HCOOH.

m e a s u re  o f  t h e  b o r o n i c  a c i d  c o n c e n t r a t i o n  C, i n  t h e  sam ple*  

Consequently rate constants w ere  obtained from s l o p e s  o f  l o g  

a b s o r b a n c e  v e r s u s  t i m e  p l o t s  ( ^ 0]3S< = 2 . 3 0 3  x  s l o p e ) .

F o r  X = m-N02 , t h e  a b s o r p t i v i t i e s  o f  s u b s t r a t e  and  

p r o d u c t  a r e  o f  the same o r d e r  o f  m a g n i t u d e .  F o r  t h i s  r e a s o n ,  

v a l u e s  o f  k obg were o b t a i n e d  f ro m  s l o p e s  o f  l o g  C v e r s u s  t i m e  

p l o t s ,  w here

a b s o r b a n c e  -  e 2 C0
C = -------------------------------------

e l  ~ ©2

= a b s o r p t i v i t y  o f  t h e  s u b s t r a t e  

e 2 - a b s o r p t i v i t y  o f  t h e  p r o d u c t  

CQ = i n i t i a l  c o n c e n t r a t i o n  o f  t h e  s u b s t r a t e
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The am ount  o f  a c i d  i n  a  g i v e n  k i n e t i c  s o l u t i o n  was 

d e t e r m i n e d  a s  f o l l o w s .  A w e i g h e d  s a m p le  o f  t h e  k i n e t i c  s o l u ­

t i o n  was d i l u t e d  t o  an  a p p r o p r i a t e  v o lu m e  w i t h  w a t e r .  A l i q u o t s  

o f  t h e  r e s u l t i n g  s o l u t i o n  w e re  t h e n  t i t r a t e d  w i t h  s t a n d a r d ­

i z e d  0 .1 N  s o d iu m  h y d r o x i d e .

C. D e u t e r o s u l f u r i c  a c i d  s o l u t i o n s

S o l u t i o n s  o f  d e u t e r i u m  s u l f a t e  i n  d e u t e r i u m  o x i d e  w e r e  

p r e p a r e d  b y  t h e  m e th o d  o f  S c h u b e r t  an d  B u r k e t t - ^ .  T h i s  m e t h o d  

i n v o l v e s  t h e  e v a p o r a t i o n  o f  s u l f u r  t r i o x i d e  i n t o  d e u t e r i u m  

o x i d e  i n  a c l o s e d  s y s t e m  u n d e r  r e d u c e d  p r e s s u r e .  S u l f u r  t r i ­

o x i d e  was i n t r o d u c e d  i n t o  t h e  s y s t e m  b e f o r e  t h e  a d d i t i o n  o f  

d e u t e r i u m  o x i d e  b y  e v a p o r a t i n g  fu m in g  s u l f u r i c  a c i d  (20  w t . >  

SO3 ) . D e s p i t e  t h e  p r e c a u t i o n s  t a k e n  t o  k e e p  t r a c e s  o f  m o i s ­

t u r e  o u t  o f  t h e  s y s t e m ,  t h e  s u l f u r  t r i o x i d e  c o n d e n s e d  a s  a 

s i l k y  w h i t e  c r y s t a l l i n e  s o l i d .

The k i n e t i c  p r o c e d u r e  u s e d  f o r  t h e  r a t e  m e a s u r e m e n t s  

i n  t h e s e  s o l u t i o n s  was t h e  same a s  w i t h  a q u e o u s  s u l f u r i c  a c i d  

( m e th o d  B) e x c e p t  f o r  m i n o r  c h a n g e s .  The t o t a l  v o lu m e  o f  e a c h  

k i n e t i c  s o l u t i o n  was o n l y  10 m l . ,  t h e r e f o r e  K i n e t i c  s a m p l e s  

w e re  t a k e n  w i t h  a  1 m l .  p i p e t t e  an d  d i l u t e d  t o  10 m l .  f o r  t h e  

s p e c t r a l  m e a s u r e m e n t s .

D. S o l u t i o n s  v a r y i n g  i n  s o l v e n t  h y d r o g e n  I s o t o p e  c o m p o s i t i o n

A p r e p a r e d  s o l u t i o n  o f  d e u t e r i u m  s u l f a t e  i n  d e u t e r ­

ium  o x i d e  was f o u n d  t o  h a v e  t h e  c o m p o s i t i o n  lg3 . 65> D£S0[|..

The d e n s i t y  o f  t h i s  s o l u t i o n  was f o u n d  t o  be  l . i jJp2 a n d ,  t h e r e ­

f o r e ,  t h e  m o l a r  c o n c e n t r a t i o n  o f  a c i d  was 6 . 3 1 &K.

An a q u e o u s  s o l u t i o n  o f  s u l f u r i c  a c i d  h a v i n g  t h e  com-
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p o s i t i o n  I{5.73/o H2SOI1 was t h e n  p r e p a r e d .  S i n c e  t h e  s p e c i f i c  

g r a v i t y  o f  t h i s  s o l u t i o n  i s  1 . 35U ( i n t e r p o l a t e d ) 1 ®, t h e  m o l a r  

c o n c e n t r a t i o n  o f  a c i d  was 6 .313M . E x p e r i m e n t a l l y  i t  was f o u n d  

t h a t  t h e  c o m b i n a t i o n  o f  5  m l .  o f  t h i s  s o l u t i o n  w i t h  5  m l .  o f  

t h e  d e u t e r o a c i d  s o l u t i o n  r e s u l t e d  i n  a vo lum e c o n t r a c t i o n  

a m o u n t in g  t o  0 . 0 3 2 #  o f  t h e  e x p e c t e d  c o m b in ed  v o lu m e .  T h i s  

c o n t r a c t i o n  was r e g a r d e d  as  n e g l i g i b l y  s m a l l .

The k i n e t i c  p r o c e d u r e  was t h e  same as  d e s c r i b e d  i n  

s e c t i o n  C above w i t h  o n l y  one c h a n g e .  I n s t e a d  o f  u s i n g  d e u ­

t e r i u m  o x i d e ,  t h e  s o l v e n t  f o r  t h e  b o r o n i c  a c i d  s t o c k  s o l u t i o n s  

was e i t h e r  t h e  p r o t o a c i d  o r  t h e  d e u t e r o a c i d  h a v i n g  t h e  c o n c e n ­

t r a t i o n  6.31M. I n  t h i s  r e g a r d  a  m i n o r  d i f f i c u l t y  was e n c o u n ­

t e r e d ;  t h e  b o r o n i c  a c i d  d i s s o l v e d  v e r y  s l o w l y  i n  t h e s e  two 

s o l v e n t s .  T h i s  d i f f i c u l t y  was overcom e by  p i p e t t i n g  s a m p le s  

o f  t h e  s t o c k  s o l u t i o n s  w i t h  s u f f i c i e n t  c a r e  so  t h a t  n o  s o l i d  

b o r o n i c  a c i d  e n t e r e d  t h e  k i n e t i c  s o l u t i o n s .  The a b s o r b a n c e  

r e a d i n g s  f o r  t h e s e  r u n s  w ere  t h e r e f o r e  n e c e s s a r i l y  l o w e r  t h a n  

o r i g i n a l l y  d e s i r e d .

E.  9[j«fl/o F o rm ic  a c i d  -  1{.# EGDE -  1 . 2 #  w a t e r

A s i n g l e  b a t c h  o f  f o r m i c  a c i d  ( M a t h e s o n ,  Coleman and  

B e l l ,  9 8 -1 0 0 # )  was u s e d  as  t h e  m a in  s o l v e n t  c o n s t i t u e n t  t h r o u g h ­

o u t  t h i s  w o rk .  K a r l  F i s c h e r  t i t r a t i o n ^  showed t h a t  t h i s  s o l ­

v e n t  c o n t a i n e d  1 . 37#  b y  w e i g h t  w a t e r .

By d i s s o l v i n g  a known w e i g h t  o f  e i t h e r  s o d iu m  f o r m a t e  

o r  s u l f u r i c  a c i d  ( 9 7 . 0 #) i n  t h e  f o r m i c  a c i d  s o l v e n t ,  a  s t o c k  

s o l u t i o n  o f  known c o n c e n t r a t i o n  was p r e p a r e d  i m m e d i a t e l y  p r i o r  

t o  a s e r i e s  o f  r u n s .  A s t o c k  s o l u t i o n  o f  t h e  b o r o n i c  a c i d  i n
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f r e s h l y  d i s t i l l e d  EGDE ( b , p .  8 5 ° C . )  was a l s o  p r e p a r e d .  A p p r o ­

p r i a t e  a m o u n t s  o f  t h e  f o r m i c  a c i d  s t o c k  s o l u t i o n  a n d  s o l v e n t  

w e r e  a d d e d  t o  a  50 m l .  v o l u m e t r i c  f l a s k ,  2 m l .  o f  t h e  b o r o n i c  

a c i d  s t o c k  s o l u t i o n  was a d d e d ,  a n d  t h e  v o lu m e  was  r a i s e d  t o  

50  m l .  w i t h  t h e  f o r m i c  a c i d  s o l v e n t .  The k i n e t i c  s o l u t i o n  was 

t h e n  t r a n s f e r r e d  t o  a  125  m l .  g l a s s - s t o p p e r e d  Erlexumyer flask 
a n d  t h e  f l a s k  was p l a c e d  i n  t h e  c o n s t a n t  t e m p e r a t u r e  b a t h .

At a p p r o p r i a t e  t i m e s  a l i q u o t s  w e r e  r e m o v e d  w i t h  a 1 m l .  p i ­

p e t t e  a n d  d i l u t e d  t o  100 i o l . w i t h  w a t e r .

P .  A q u e o u s  p e r c h l o r i c  a n d  p h o s p h o r i c  a c i d s

The p r o c e d u r e s  u s e d  i n  t h e s e  s o l u t i o n s  w ere  i d e n t i c a l  

t o  t h o s e  d e s c r i b e d  i n  s e c t i o n  3  a b o v e .

I I I .  A c i d i t y  F u n c t i o n s  i n  t h e  F o r m i c  A c i d  S o l u t i o n s

O n ly  one  i n d i c a t o r  b a s e ,  o - n i t r o a n i l i n e  ( r e c r y s t a l -  

l i z e d  f r o m  e t h y l  a l c o h o l ,  m . p .  7 2 - 3 ° C . )  was  u s e d  i n  t h i s  w o r k .  

The r e q u i r e d  am ount  o f  a  s o l \ i t i o n  o f  t h i s  i n d i c a t o r  i n  d i ­

e t h y l  e t h e r  was p i p e t t e d  i n t o  a 10 m l .  v o l u m e t r i c *  f l a s k .  The 

f l a s k  was t h e n  h e a t e d  on a s t e a m  b a t h  t o  r emove  t h e  a i e t h y l  

e t h e r .  The s o l u t i o n  w hose  a c i d i t y  f u n c t i o n  was d e s i r e d  was 

a d d e d  t o  t h e  f l a s k .  The r e s u l t i n g  s o l u t i o n  was t r a n s f e r r e d  

t o  a  c o l o r i m e t e r  t u b e ,  t h e  t u b e  was p l a c e d  i n  a  B a u s c h  a n d  

Lomb S p e c t r o n i c  C o l o r i m e t e r ,  a n d  t h e  p e r c e n t  t r a n s m i s s i o n  a t  

t h e  w a v e l e n g t h  380mjk. w a s  r e c o r d e d .  The p e r c e n t  t r a n s m i s s i o n  

o f  s o l u t i o n s  h a v i n g  a v a l u e  o f  H0 l e s s  t h a n  0 . 3 6  d e c r e a s e d  

w i t h  t i m e ,  t h e  r a t e  o f  d e c r e a s e  i n c r e a s i n g ,  w i t h  i n c r e a s i n g  

a c i d i t y  o f  t h e  s o l u t i o n .  F o r  t h e s e  s o l u t i o n s  t i m e d  r e a d i n g s  

o f  p e r c e n t  t r a n s m i s s i o n  w e re  e x t r a p o l a t e d  t o  z e r o  t i m e ,  a n d
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t h e  z e r o - t i n e  p e r c e n t  t r a n s m i s s i o n  was  u s e d  t o  c a l c u l a t e  a 

v a l u e  f o r  t h e  a c i d i t y  f u n c t i o n .  The v a l u e  - 0 . 2 9 - ^  was u s e d  

f o r  t h e  pKa  o f  o - n i t r o a n i l i n e •

I t  i s  i n t e r e s t i n g  t o  n o t e  a t  t h i s  t i m e  t h a t  Ham m ett  

a n d  D e y r u p ^ ,  a n d  P l a t t n e r ,  H e i l b r o n n e r  a n d  W e b e r^ ^  r e p o r t e d  

no  d i f f i c u l t y  xdien o - n i t r o a n i l i n e  was u s e d  a s  a n  i n d i c a t o r  

i n  a n h y d r o u s  f o r m i c  a c i d  s o l u t i o n s .  I n  t h e  p r e s e n t  w o rk  b o t h  

o - n i t r o a n i l i n e  an d  p - n i t r o a n i l e  w e r e  f o u n d  t o  b e  u n s t a b l e  i n  

9 8 . 6 5  a q u e o u s  f o r m i c  a c i d .  I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  t h e  

c a u s e  o f  t h e  c o m p l i c a t i o n  wa3 t h e  p r e s e n c e  o f  w a t e r  i n  t h e  

s o l v e n t .

I n  f o r m i c  a c i d  s o l u t i o n  t h e  a b s o r p t i v i t i e s  a t  t h e  

w a v e l e n g t h  380m)*. o f  o - n i t r o a n i l i n e  and I t s  c o n j u g a t e  a c i d  w e r e  

f o u n d  t o  b e  300?' m o l e " ^  a n d  5 6  m o l e - ^ ,  r e s p e c t i v e l y .  To c h e c k  

t h e  a b s o r p t i v i t y  o f  t h e  c o n j u g a t e  a c i d  a  s o l u t i o n  o f  t h e  i n ­

d i c a t o r  I n  7 5 5  a q u e o u s  s u l f u r i c  a c i d  was  p r e p a r e d  a n d  t h e  

a b s o r p t i v i t y  o f  t h e  i n d i c a t o r  i n  t h i s  s o l u t i o n  was f o u n d  t o  

be  i|8  m o l e - ^-.

V a l u e s  o f  t h e  a c i d i t y  f u n c t i o n  f o r  s o l u t i o n s  o f  s o d iu m  

f o r m a t e  an d  o f  s u l f u r i c  a c i d  i n  91 | . 8 5  f o r m i c  a c i d  -  h’G-Dh 

-  1 . 2 5  w a t e r  a r e  l i s t e d *  i n  t a b l e s  13 a n d  l t | , r e s p e c t i v e l y .

The v a l u e  f o r  0 . 1 9 6 3 K  s o d iu m  f o r m a t e  was o b t a i n e d  b y  e x t r a ­

p o l a t i o n  o f  a n  H0 v e r s u s  l o g  c o n c e n t r a t i o n  p l o t .

o



T a b l e  13

A c i d i t y  f u n c t i o n s  f o r  s o l u t i o n s  o f  s o d iu m  f o r m a t e  

[NaCHOg] [ i n d i c a t o r ]
m o l a r  m o l a r  % T -H 0

0 . 0 0 0 4 6 6  7 1 . if 1 . 3 1
0 7 2 . 5  1.3i|-

.0 0 5 0 8  5 1 . 5  0 . 8 2

.0 0 5 0 8  5 3 . 1  0 . 9 4

.0 1 0 1 6  l |0 . 1  0 . 7 2

.0 2 0 3 2  2 6 . 5  0 . 4 7

.0 3 0 4 8  .0 0 0 0 9 3 1  7 4 .0  0 . 3 6

.0 5 0 8  . 72.ii .  0 . 3 1

.1 0 1 6  6 1 . 1  - 0 . 2 1

.1 9 6 3  *  - 0 . 8 1

e x t r a p o l a t e d ,  s e e  p a g e  64

T a b l e  14

A c i d i t y  f u n c t i o n s  f o r  s o l u t i o n s  o f  s u l f u r i c  a c i d  

[H2 SOJ1 ] [ i n d i c a t o r ]
m o l a r  m o l a r  % T -H Q

0 .0 0 0 9 3 1  4 9 . 5  1 . 2 9
.0 0 5 0 2  6 9 . i1. 1 . 6 8
.0 1 0 0 4  7 8 . 9  2 . 0 1
.0 1 0 0 4  7 7 . 9  1 . 9 7
.0 2 0 0 8  .0 0 4 6 6  3 7 . 1  2 .2 0
.0 3 0 1 2  4 3 . 8  2 . 4 3
.0 5 0 2  4 6 . 9  2 .5 8
.1 4 9 6  5 1 . 8  3 . 0 6
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Benzeneboronic acid

Rian I s -2 1

7 1 .1 /0  H2 S0^; 6 o °

t i m e  ( m i n u t e s )  a b s o r b a n c e  l o g

13 2 .2 0  
18 1 . 8 7 5
23 1 . 5 9 2
30 1 .1 0 5
ho . 7 5 1
5o .1+60
60 .3 1 8
66 .2 5 3

k o b s . 6 . 9 5  x  10"^- s e c . " 1

Run 1 - 2 2

7 0 .97b H2S0j+; 6 0 °

6 1 . 3 9 6
10 1 . 1 5 9
15 .915
22 .685
30 .580
50 .2 9 5
5 5  .1 6 3

k 0 b s . : 7*31 x  1 0 *  s e c . - 1

Run I g - 2 3

6 0 .O/J h 2s o ^ ;  6 0 0

10 . 1 .6 2 0
110 1 .3 1 2
205 1 .0 7 8
3 75  .7 3 9
520 .537
885  . 2 5 5

cob s. * 3.61 x 10"^ s e c . -1

a b s o r b a n c e

.3 5 2

.2 7 3

. 2 0 2

. 0 5 3
- . 1 2 5
- . 3 3 7  
- . 5 9 8  
-  . 6 l 5

. 1 5 5.060
- . 0 3 9
- .165
- . 3 1 9
- . 5 3 2
- . 7 8 8

.210

.1 1 8

.0 3 3
- . 1 3 1
- . 2 7 0
-.611
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Benzeneboronic acid

Run I g - 2 l |

6 0 . 0 #  H2 S0^ ;  6 0 ° 

t i m e  ( m i n u t e s )  a b s o r b a n c e  l o g

10 1 . 5 5 6
120 1 .2 5 6
260 .9 5 6
393 .6 8 8
1+70 .5 9 8
720 .3 3 9
965  .211,

1205  . 111+

Lobs  . ’ 3 . 6 l  x 1 0 - 5 s e c . ' - l

5
20
bo
60
90

130
160

Run I s - 2 5  

6 7 .6 9  H2 S0^ ;  60

1 . 7 1 3
1 .  L+02 
1 . 0 5 1  

.7 6 1  

. 6 9 8

. 265 

.1 2  3

o

k o b s , 2 . 5 l  x 1 0 " 6  s e c . -1

9
15
30
65
70

105
166
175

Run 1 - , o

07 o , j  l^SO^ ; o 0 (

I .0 7 1  
1 .  Li 82 
1 . 1 9 9

• 955 
.6 7 7
• 396 
. 2 1 5  
.1 2 9

ko b s . : 6 .55 x 10“6 s e c . - l

a b s o r b a n c e

. 1 9 1

.0 9 9
- . 0 1 9
- . 1 6 2
- . 2 2 3
- . 6 7 0
-  .6 7 0
- . 9 6 3

.2 36

.1 6 7  

.0 2 2  
- . 1 1 9  
- . 3 0 3  
- . 5 7 7  
-  .910

.2 2 3

.1 7 1  

.0 7 9  -.020 
- . 1 6 9  
- .6 0 2  
- .  668 
- . 8 8 9
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Benzeneboronic acid

Run I s - 2 7

7 k M  H2S0^ ;  6 0 °

t i m e  ( m i n u t e s )  a b s o r b a n c e  lop, a b s o r b a n c e

k 2 . 0 9  .3 2 0
7 1 . 3 9 7  . 1 ^ 5
9 1 . 1 0 5  .0 4 3

12 . 6 8 3  - . 1 6 6
15 .3 8 1  - . 4 1 9
18 . 2 0 5  - . 6 8 8
21 .1 3 2  - . 8 7 9

k 0b s . : 2 . 7 2  x 10"3  s e c . " l

Run I s - 2 8  

7 4 . 6jb H2S0i+; 6 0 °

5 1 . 7 5 1  .2 4 3
7 1 . 3 4 5  .129

10 .8 4 o  - . 0 7 6
13 .5 3 0  - . 2 7 6
15 .3 8 0  - . 4 2 0
17 .2 4 6  - . 6 0 9
19 . 1 9 5  - . 7 1 0
21 .1 3 6  ‘ - . 8 6 7

k 0b s , : 2 . 6 7  x  1 0 “ 3 s e c . - 1

Run I s - 2 9  

6 2 . 6 >o II2S0 4 ; 6 0 0

10 1 .7 4 8  .2 4 3
70 1 . 3 9 7  .145

130 1 . 0 6 8  .0 2 9
180 .8 7 8  - . 0 5 7
315 .4 8 2  - . 3 1 7
480 .2 4 1  - . 6 1 8
530 . 1 9 3  - . 7 1 4
570 .1 4 5  - . 8 3 9

ko b s . : 7.06  x 10“5 s e c . - l

®



Benzeneboronic acid

Run I s - 3 0  

6 2 . 6£  H2S0^j 60°  

t i m e  ( m i n u t e s )  a b s o r b a n c e  l o g

10 1 . 7 3 8
6o

120 1 .1 3 2
180 .8 5 8
270 . 5 9 8
355 .lt-30
1|95 • 226
560 . 16I4.

k 0b s : 6 . 9 7  x ICT* s e c . _1

Run I s - 3 l

Bk*7% H2 S0^ ;  6 0 0

0 1 . 5 8 3
300 1 .3 2 1

1090 .7 6 0
114-19 .6 1 7
2039  .3 9 2
2638 .2 3 7

k o b s . : 1 *1<̂  x  1 0 " ^  s e c . " 1

Run I s - 3 2  

5k.bc  H2S 0^ ;  6 0 °

0 1 .6 1 3
73k 1 . 0 0 5

1 0 2 I4. .8 3 8
1368 . 6I4.1
2193  .390
2 5 06 .3 0 5
3127 .1 9 3
3730 .1 3 5

ko b s . : 1 ,11  * 10’  ̂ s e c *_1

a b s o r b a n c e

. 2I1.O 

.160  
• 051|

- .067
- . 2 2 3  
- . 3 6 7  
- .  6L6 
- .7 6 5

.200

.121
- . 1 1 9
- . 2 1 0
- 4 0 7
- . 6 2 5

.2 0 8

. 0 0 2
- . 0 7 7
- . 1 9 3
-.1+09
- . 5 1 6
-.711+
- .8 70



Benzeneboronic acid

Run I s - 3 3  

Ij. 9 . 8 #  H2 S 0 ^ j 6o °  

t i m e  ( m i n u t e s )  a b s o r b a n c e  l o g  a b s o r b a n c e

0 1 . 6 7 1  .2 2 3
1034  1 . 2 6 9  . l o i .
21+99 . 8 5 8  - . 0 6 7
3 7 1 6  . 6 0 2  - . 2 2 0
6680  . 2 7 2  - . 5 6 5
7211 .238  - .6 2 3
7 9 4 0  - 1 9 0 - . 7 2 1

k o b s . : ^ *5^  x  1 0 - 6 s e c . ” 3-

Run Ig-3 i+

5 0 .3 %  H2 S 0 ^ ;  6 0 0

0 1 . 6 7 5  .221+
1033  1 .2 6 9  .101+
21)96 . 8 5 2  - . 0 7 0
3 7 1 5  . 5 9 5  - . 2 2 6
6 6 8 1  .2 6 0  - . 5 8 5
7 2 0 8  . 2 2 3  - . 6 5 2
7 9 3 6  .1 7 0  - . 7 7 0

k o b s . : ^ * 7 2  x  1 0 - 6 s e c . ’ 1

Run I s —3 5 

1+5.6^ H2 S0^ ;  6 0 0

0 1 . 2 1 3  . 081).
17 2 2  .9 6 7  - . 0 1 5
28 7 8  . 8 1 6  - . 0 8 8
5 6 8 3  . 5 3 7  - . 2 7 0
6379  .1)72 - . 3 2 6
7 1 7 9  -1+30 - . 3 6 7

ko b s . : 2.1).2 x 10"6 s e c . -1
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Benzeneboronic acid

Run I s - 3 6

2*4 . 8^  H2SOi+; 6 0 °

tim e (m inutes) absorbance lop:

0 1 . 2 1 3
1720 .9 6 8
2878  . 8 3 5
5 6 8 3  .5 6 5
6379  .520
7180  .14-57

Lo b s , 2 .2 7  x  1 0 " ^  s e c . " ^ -

Run Ig-39

U 6. 6 ^  H2S 0 ^ ;  6 0 °

0 1 .8 0 6
I I 4 I O  1.141-5
2188  1.2514
29I48 1.109
661j.8 .593
8702  ■ . 1+01
9226 . 31+6

11000  .2 6 9

k Qb s  : 2 . 9 2  x  1 0 - 6 s ec ." ^ -

Run I a “ 2|-0

2+5. 3>o H2 S01+; 6 0 °

0 1 .8 0 3
I I 4 I O  1 . 5 5 0
2188 1.1+28
29I48 1 . 3 1 1
661 .̂8 .8 3 1
9226  . 5 9 5

10752  .5 1 0

k0bs '  2 .01 x IQ'6 s e c . ’ 1

ab sorb an ce

, 0 8 k
- . 0 1 4
- . 0 7 8  
- .  2i+8 
- .  281+
- . 3 I 4 O

• 257 
.1 6 0  
.098  
.0145 

- . 2 2 7  
- . 3 9 7  
-  . i+6l 
- . 5 7 0

.256

.190

. 1 5 5

.1 1 8
- . 0 8 0-.226
- . 2 9 2

e



Benzeneboronic acid

72

Run

4 2 . 9 $  H2S0^;  6 0 °  

t i m e  ( m i n u t e s )  a b s o r b a n c e  l o g

0 1 . 7 9 5
l l i lO  1 .6 2 9
6648  1 .0 6 3
9226 .866

10980 .7 6 4
16690 . 1+77

“ 6 o . n  *1
:o b s . : 1<33 x  10 s e c ‘

Run I g- 4 2  

4 l . 0 $  H2S0^ ;  6 0 0

0 1 .8 1 0
l k l O  1 . 6 6 2
6 bl|8  1 .2 3 8
9226  1 . 0 7 5

10980  .9 8 1
16690 .6 8 1

ico b s . : x 1 0 ” ^ s e c *_1

Run I g- 4 3

7 1 ' .8 5  HpSOiL; 2 5 °

39 .7 9 2
106 .5 0 7
176 . 3 1 4
243 . 1 8 5
315  .0 9 3

k oba  : 1 . 1 7  x  1 0 - 4  s e e . " - 1-

a b s o r b a n c e

. 2 5 4  .212 

.027  
- . 0 6  3 
- . 1 1 7  
- .3 22

.258

.221

. 0 9 3

.032
- . 0 0 8
- .167

- . 1 0 1  * 

- . 2 9 5  
- . 5 0 3  
- . 7 3 3  
1 . 0 3 2
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Benzeneboronic acid

Run I a - 4 4  

7 2 . 1 $  H2 S0i+; 2 5 °

t i m e  ( m i n u t e s )  a b s o r b a n c e  • l o g

1)3 .9 3 7
21+6 .3 6 2
319  . l ) - 6 l
1+89 .2 8 3
597 .1 8 6

k o b s . : 1)*72 x 1 0 - 5  s e c . " 1

Run I s - i | 5

7 0 . h 2 S0^ ;  2 5 °

4 5  1 -0 3 1
3 23  .7 4 7
5 95  .5 2 0
701). .1+65
820 .3 9 5
91+5 .3 3 0

k o b s . : 2 . 0 7  x  1 0 " 5  s e c . - l

Run Ig-lt-6

73'.0>o H2S0| ; ; 1+0°

5  1 • 61+6 
1 0 . 5  1.1+55
15 1 .2 9 6
24  1 . 01)4
3 0 .2 5  .8 8 0
3 8 .2 5  .7 1 1

Lobs , 1+.29 x  1 0 “ 4  s e c . - ^ -

©

a b s o r b a n c e

- . 0 2 8  
- .2 5 0  •

- . 3 3 6
- . 5 4 8
- . 7 3 1

.0 1 3
- . 1 2 7
- .284
- . 3 3 2
- . 4 0 3
- .482

.2 1 6

.103

. 1 1 3
. 0 1 9

- . 0 5 6
- .148



I k

Benzeneboronic a c id

Run I a-i+7 

7 2 .6 ^  H2S0^; I4.O0

tim e  (m in u te s )  a b so rb a n ce  l o g  ab sorb an ce

12 I.I+3I4- -157
29  I . I 69 .0 6 6
50 .9 0 6  -.014-3
72  . 7 0 6  - . 1 5 1
96  . 5 1 2  - . 2 9 1

1 2 3  .3514- ' - .1+51

k QbS . : 2 . Oh. x 1 0 ^  s e c . ’ -'-

Run I s —lj.8

7 0 . 8 ^  H2 S 0 ^ ; 1+0°

8 1.61+6 .2 1 6
33 1.1+26 .151+
68  1 . 1 3 9  .0 5 7

138 .71+3 - . 1 2 9
163  . 6 3 1  - . 2 0 0

k0b s . : 1«03 x  10-1* g e e . " 1
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m -N itrobenzeneboronic ac id

Run I I s - 3

0 o : 1 . 0 2 1  x  1 0 “ % ; 9 2 . 1 #  H 2 S 0 ^ ;  6 0 0

t i m e  ( m i n u t e s ) a b s o r b a n c e lOK C

15 .429 - 3 . 9 8 8

53 • 4 0 0 - 4 . 0 5 5
95 .384 - 4 . 0 7 0

145 .358 - 4 . 1 7 4
2 5 0 .315 - 4 . 3 4 4

. 2 8 4 - 4 . 5 2 7
5 6 4 .274 - 4 . 8 8 3

% b s . : 6 . 0 7  x  10"5 s e c . " 1

R un I I S-U.

C0 : 1 .0 2 1  x  1 0 ” % ;  9 1 .6 #  II2 S 0 ^ ; 6 0 °

18 .24-13 - 4 . 0 2 4
5 5  . 3 8 5  - 4 . 0 9 4
97 .3 7 0  - 4 - 1 3 7

148  .3 5 0  - 4 . 2 0 1
252  . 3 0 1  - 4 . 4 1 7
3 43  .2 8 7  - 4 . 5 0 6
5 8 6  .2 7 3  - 4 . 9 0 0

k 0b s . : 5 . 9 2  x  1 0 - 5  s e c . - 1

Run I I g -5

C0 : 1 . 0 2 1  x 1 0 - % ;  8 9 .3 #  H2 S0)+; 6o °

20 . 4 2 4  - 3 . 9 9 9
5 8  . 3 9 6  - 4 . 0 6 5

150  . 3 6 4  - 4 . 1 5 5
255  . 3 4 1  - 4 . 2 3 4
3 4 5  . 3 1 5  - 4 . 3 4 4
5 89  . 2 9 6  - 4 . 6 0 8

1 0 6 9  . 2 5 7  - 5 . 0 9 4

% b s  * 5 .9 9  x 10-5  s e c . ” l

o
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• m-Nitrobenzeneboronic acid

Run I I s -6

CQ: 1 .0 2 1  x  1 0 8 9 . 4 #  H2S 0 ^ ;  600

t i m e  ( m i n u t e s )  a b s o r b a n c e  lop: C

22  .I4.22 - 4 . 0 0 4
60 .3 9 8  - I4..060

15 2  .3 6 2  - 4 . 1 6 1
257 .3 3 9  - 4 - 2 4 1
31+7 .3 3 4  - 4 . 3 4 9
59 1  .289  - 4 -5 8 2

1071 .251|- - 5 . 0 9 4

k Qb s , : 3 . 9 9  x  1 0 - 5  s e c . - 1

Run I I s -7

CG: 1 . 3 7 6  x  1 0 ” ^M; 97.0)6' H2 S0^;  6 0 °

27 .5 5 1  - 3 . 9 0 7
lj-7 .5 3 4  - 3 . 9 7 6
69  .14-76 - 4 . 0 6 3

116 .4 2 2  - 4 .2 2 6
166  .3 8 4  - 4 .3 9 5
217 .3 5 2  - 4 . 6 1 7
263  .3 3 6  - 4 . 7 9 3
327 .3 2 5  - 4 . 9 7 6

k 0 b s . : 1 *37 x  1 0 " ^  ^ c . " 1

Run I I 3 - 0

CQ: 1 . 3 7 6  x  1 0 - 4 m; 96 .7 )6  H2 S0^;  6 0 °

29 .5 4 3  - 3 .9 2 0
49  .5 0 9  - 3 . 9 8 4
71 . 4 7 4  - 4 . 0 6 8

119 .4 1 7  - 4 . 2 4 5
168 .3 8 2  - 4 .4 0 0
222  .3 4 9  - 4 . 6 4 5
265  .3 3 3  - 4 . 8 3 6
329 .3 2 2  - 5 . 0 4 3

ko b s . : 1*45 x 10"4 s e c . -1
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m-Nitrobenzeneboronic acid

Run I I g - 9

0o : 1 .3 7 6  x  1 o 4 m ; 8 8 .5 #  K2S0k'* 6 0 °

t i m e  ( m i n u t e s ) a b s o r b a n c e lO *  C

32 . 5 7 0 - 3 . 8 7 3
169 . 5 0 9 - 3 . 9 8 6
330 4 5 2 4 . 1 2 8
5^9 4 0 7 4 . 2 8 5
721 . 3 7 ^ 4 4 5 3
857 • 35k 4 . 5 9 9

4 6 3 • 3 1 9 - 5 .1 2 2

k o b s . : 3 .2 7  x  i o - 5 s e c . - 1

Run I I S-1 0  

CQ: 1 .3 7 6  x  1 o 4 m j  8 8 .5 ^  H2 S 0 ^ ; 6 o °

3k . 5 7 4 - 3 . 8 6 7
171 .5 0 6 - 3 . 9 9 3
3 3 2 4 5 9 4 . 1 0 8
5 5 1 4 o 6 4 . 2 4
72 3 . 3 7 4 4 4 5 3
860 . 3 5 9 4 . 5 5 8

4 6 6 . 3 2 3 • - 5 . 0 1 9

k o b s . *  3 * 2 2  x  10 5 s e c . ” 1

Rian I I S- 1 1

1 .2 5 8 x 1 o 4 k ; 8 3 .0> H2S0[t ; 6 0 °

21 .5 3 5 - 3 . 8 8 6
198 .5 1 6  - 3 .9 2 0
lj.85 .I4-81 - 3 . 9 8 6

1 0 1 5  4 3 9  -2+. 080
1211 .1+25 4 . 1 2 8
l k l 5  .i+13 4 . 4 5
1661^ .3 9 9  4 . 2 1 2

k0b S . ; 7 . 7 1  x  1 0 - 6 s e c . - 1
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m - N I t r o b e n z e n e b o r o n i c  a c i d  

Run I I a -1 2  

C0 : 1 .2 5 8  x  10-^M ; 8 2 .7 #  H2 S 0 ^ ; 6 0 °

t i m e  ( m i n u t e s )  a b s o r b a n c e  l o g  C

2 3  .53k  - 3.888
200 .511  - 3.929
147 . W >  - 3.972

1017 . l i -39 4 . 0 8 9
1213  .ii-26 4 . 1 2 5
11+17 4 l 6  4 - 1 5 5
1666  .I4.OI -1 |. 205

lco b s . : 7 .l+O x 1 0 - 6 s e c . " 1

Run I I S- 1 3

C0 : 1 . 2 5 8  x  10-^M ; 7 0 . 8 #  E2S0^i  6 o °

25  . 5 3 7  - 3 . 8 8 3
14-89 . 5 1 3  - 3 . 9 2 5

1 0 3 5  4 9 2  - 3 . 9 6 6
1 2 1 5  .I4.85 - 3 . 9 8 0
1671  .I4.69 4 . 0 1 5
1897  . 14.62 -J4..031
2 7 4 2  .1+39 - 14. .  089

k 0b s , : 2 .8 7  x  I Q '6  s e c , " 1

Run I l g - l U  

C0 : 1 . 2 5 6  x  1 0 " 4 I; 7 0 . 5 ^  I!2 3 0 j l ; 0 O0

27 .5 2 9  - 3 .6 9 7
1+91 -5 1 1  - 3 .9 2 9

1037 .14-95 - 3 .9 6 0
1217 4 8 9  - 3 .9 7 2
1673 4 7 0  - I t . .0 1 2
1899 ' 4 6 9  4 . 0 1 5
2 7 4  * * 4 4  4 . 0 7 5
1*165 4 0 7  - 1+. 181+

ko b s . : 2*^5 x 10~^ s e c . ” 1

m
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m - N i t r o b e n z e n e b o r o n i c  a c i d  

Run I I 3 - l 5  

CQ: 1 . 2 5 8  x lO-^M; 7 3 .7%  H2 SO|4-; 6 o °

t im e  ( m in u te s ) a b s o r b a n c e lo R  C

30
500

1 2 2 5
1 9 0 5
2690
5 6 3 0
7360

.5 3 2  

.5 2 9  

.5 2 2  

.5 iU  
,5 0  b
• U83
• klh

- 3 .8 9 2
- 3 .8 9 7
- 3 .9 0 9
- 3 .9 2 3
- 3 .9 3 8
-3 .9 8 U
-ii- .o o ij

^ o b s . : 6 . 9 0  x 1 0 “ 7 s e c . “ l

Run I I S- 1 6

0 o : 1 .2 5 8  x  10 -^1% 7 3 . 6 >b H2 S0 ^ ; 60 0

30
5 0 0

1 2 2 5
1 9 0 5
2690
5 6 3 0
7360

.5 3 5

.5 2 7

.5 2 1

.5 1 4

.5 0 2

.k7k

.ii-58

- 3 .8 8 6
- 3 .9 0 0
- 3 .9 1 1
- 3 .9 2 3
- 3 . 9 IJ.6
-Ij-.OOli-
-ii.Olj-O

^ o b s . : 7 . 6 I |  x  10"?  s e c . ' - * 1

•

0



8o

p-Bromobenzeneboronic acid

Run I I I S-1

74-5/° HgSO^; 6 0 0

t i m e  ( m i n u t e s )  a b s o r b a n c e  I or a b s o r b a n c e

5  .6 3 0  - . 2 0 1
10 .5 3 3  - . 2 7 3
17 . i+ l i - i  - .383
26 .300 - .5 2 3
1+0 .1 6 7  - . 7 7 3
33  .1 0 0  - 1 .0 0 0 .

fcobs 6 . 1 3  x  1 0 ”^  s e c . “ I

Run I I I g - 2

6 9 .4 ^  I^ S O ^ ; 60 o

13 . 703  - . 1 5 3
36 . 391  - . 2 2 8
67 -1+59 - . 3 3 8

115 .343 - .4 6 3
160  .207  - . 6 8 4

k 0b s . : 1 * 2 2  x  1 0~h s e c .* ^ -

Run I I I 3-3

6 5 . 2^  I^ S O ^ ; 6 0 0

19 . 710  - . i; 19
182  . 3 0 1  - . 3 0 0
366 . 338  - . 4 7 1
1| 68 .2 9 0  - . 5 3 8
870 .1 7 5  - . 7 5 7

k o b s . : 3.44 x 1 0 " 4  s e c . - 1
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p - B r o m o b e n z e n e b o r o n i c  a c i d  

Run I I I g - 5  

7 7 .0 #  H2SO]4_; 6 0 °  

t im e  ( m i n u t e s )  a b s o r b a n c e  l o #  a b s o r b a n c e

k  .7 2 7  - .1 3 9
5 .8 6 1  - . 1 8 0
6 .6 1 1  - .2 1 1 ;
8 .533  - . 2 7 3

10 Jj-61j. - , 33k
12 .3 9 2  -  .14-07
lb  . 322 -  .1+92
16 . 281;  - .  3b7
20 .2 0 9  - . 6 8 0

Lo b s . * 1 . 2 9  x  10“ 3 s e c . - -*-

Run I I I g- 6

6 1 . 2#  H2 S 0^ ; 6 o ° ‘

15 .879 -.036
1 5 3  . 6 0 1  - . 0 9 6
U85 .6 2 1  - .2 0 7

1155 . . 391;  -  . i |-05
1365 .317 -  . 2+99
1530 .288 - , 3 k l
1 7 2 5  .226  - .  6I4.6
2530 . 1 1 1  -.955

k obs : 1 . 3 2  x 1 0 -5  s e c . “ 3
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m -F lu o ro b en se n e b o r o n ic  a c id  

Run IVS- 1  

8 3 . 8#  H2S0^; 6 0 °

tim e  (m in u te s) ab sorb an ce lo ff  ab sorb an oe

3 .6 8 1 - .1 6 7
6 .5 2 2 - . 2 8 2
9 .3 9 0 -.1*09

12 .3 0 9 - .5 1 0
15 .2 7 5 - .5 6 1
18 .2 3 8 - .6 2 3
21 . 214.2 - . 6 1 6
214. .2 5 9 - .5 8 7

From th e  i n i t i a l s lo p e ;  k ob a> : 1 .5 7  x  1 0 -3  s e c . ’ 1

Run IVs - 2

7 8 . 5 #  H2S0^; 6o °

11 1 .1 0 6  .Oljk.
25 .9 3 8  - . 0 2 8
liO .7 0 0  - . 1 5 5
6^  . 14.81 - . 3 1 8
90 .3 3 0  - . l j .8 2

127 . I 8I4. - . 7 3 5
150 .12k  - .9 0 7

^ o b s .* 2*63 x  10 ^  s e c .  ^

&6
130
189
239
299
k!3
535

Run IVs - 3

714-. 1% H2S0^; 6 0 (

1 .2 6 2
1 .0 6 8

.8 2 2

.721

.6 0 2

.14.92

.314.7.222
coba. * 5 .14.8 x 10"£ sec.”1

.101 

.0 2 9  
- . 0 8 5  
- . 114.2 
-.220  
- .308  
-  .Ll6o
- .Z sk

9



Run IV - 1



81*
m-Fluorobenzeneboronic acid

Run IVa-l*

6 8 .5 #  H2S0^ i 6 0°

time (minutes) absorbance log absorbance
16 1 .2 L 3  .091*

132 1 .1 8 9  .0 7 5
25.0 1 .1 0 3  .01*3
1*15 . 981 - . 0 0 8
538 .921* -.031*
723 .8 1 0  - . 0 9 2

koba.: 3..02 x 10"^ sec.**1

Run IV8- 5

6 2 . 2#  H2S0j ;̂ 6 0 °

0 1 .6 9 2  .228
1120 1 . 1*67 .1 6 7
2570 1.171* .0 7 0
5175  .7 9 5  - . 1 0 0

10890 . 323 -.1*91
12570  . 255 -.591*

kobs.: 2*£3 x 10"6 sec.**1

Run IY8-6
5 5 . 2#  H2S0^; 60°

0 1 .6 3 9  .2 1 5
1120 1 .591  .212
5 i7 5  1 .3 8 0  . 11*0

10890 1 .0 8 9  .0 3 7
3.2570 1 .0 2 5  .0 1 1
15660 .8 9 1  - .0 5 0
3.9750 .7 5 5  - . 1 2 2

kObS.: X 8SC."1
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m-Fluorobenzeneboronic acid

^ Run IVa-19
69 .4 #  H2S0ij.j 60 °

time (minutes! absorbance log absorbance
9 1 .1 1 5  .Oltf

120 1 .0 3 0  .0 1 3
250 .9 3 0  - .0 3 2
4 4 1  .71*4 - .1 2 8
617 .6 7 9  - . 1 6 8

11*07 .3 4 5  - . 4 6 2

k 0b s . :  1*42 x  10“5  s e c . ' l

Run IV,-20
7 0 .3 #  H2S0^; 6 0 0

11 1 .0 5 9  .0 2 5
121 .9 7 6  - .0 1 1
252 .8 1 2  - . 0 9 0
443  .6 6 0  - . 1 8 1
619 .5 6 4  - .2 4 9

1409 .2 1 2  - . 6 7 4

k0b a . : 1«56  x  1 0 - 5  s e c . “^

Run I V ,-7

8 3 .3 #  HgSO^j 2 5 °

25 .7 5 1  - .1 2 4
168  .4 3 8  - . 3 5 9
305 .2 5 3  - .5 9 7
479  .1 3 6  - .8 6 7

k0b s . : 6 .5 6  x  10“5 s e c . “ ^



86
m-Fluorobenxaneboronic aclJ

Run IYs-8
8 0 .9 #  H2S0^; 25 °

time I minutes) abaorbance log abaorbaqoa
27 .9 0 1  -.01^5

310 .61|.2 - .1 9 3
-b$$ - .3 1 ^2

655 .11-20 - .377
715 .381 - . £ 1 9

k0b s.; 2 . 0 8  x  10-5 aec.-^-

Run IV8- 9

7 9 . 0 #  H2S0^; 2 5 °

31 .9 6 1  - .0 1 7
588  .7 1 2  - .1 L 8
710 .6 6 0  - .1 8 1
830 .6 2 0  - . 2 0 8
950 .5 8 1  - .2 3 6

ko b s . ! 9 *12  x  10"6 s e c * ” 1

Run IV ,-1 0

8I4. . 2#  H2S0^; U0 °

10 .9 1 8  - . 0 3 7
23 .69 8  - .1 5 6
37 .537 - .2 7 0
5-7 .1 * 1  - .3 5 6
68 .3 0 0  - . 5 2 3
91 .2 2 1  - .6 5 6

kob a• : 5 .3 1  x  1 0 -^  s e c . ” 1



m-Fluorobensenaboronic acid

Run IVB-11 
dZ.ltf  H2 S 0 ^ ;  k0°

time (mlnutea) absorbance log abaorbanoa
34  .9 9 2  - . 0 0 4
4 3  -7 5 2  - . 1 2 4
73  .5 6 1  - . 2 5 1

118  .3 7 7  - . 4 2 4
153 .2 6 6  - . 5 7 5
1 95  .2 0 1  - .6 9 7

ko b a . : 1 -5 1  *  10 *4  s e c . - 1

Run IVa-1 2

8 0 . 4 #  H230^j 4 0 °

18 1 .0 9 1  .0 3 8
77 .8 2 4  - . 0 8 4

123  .6 7 2  - . 1 7 3
199  *480 - . 3 1 9
3 0 6  .286 -.544
369 .2 1 3  - . 6 7 2

coba« 7 .6 6  x  10*-> s e c . - 1

Run IVS-1 3

6 4 . 9#  H2S 0^; 6 9 . 4 °

17 1 .1 4 4  .0 5 8
180 1 .0 2 5  .0 1 1
371 .9 4 1  - .0 2 6
540  .8 0 0  - .0 9 7
690 .7 1 0

1065  .5 4 9
- .1 4 9
- .2 6 0

o b a . * 1 .1 7  x  10*S s a c . - 1



m-Fluorobenzeneboronic add

Run IVs - l 4

6l . 0#  H2SO^; 6 9 . 4 °

tim e (m in u tes) absorbance l o e  absorbance

21 1 .1 2 7 .0 5 2
375 1 .0 1 1 .0 0 5
693 .9 1 3 - .0 4 0

1069 .850 - .0 7 1
1315 .781 - .1 0 7
2455 .5 5 1 - .2 5 9

k0b s . : 5 .2 5  x  1 0 -6 s e c ." 1

Run IVa- l 5

5 6 .9 #  H2S0^; 6 9 . 14.0

26 I . I 67 .067
380 1 .0 9 8 .0 4 1
698 1 .0 4 6 .020

1072 .999 .0 0 0
1319 .959 - . 0 1 8
2k 60 .807 - .0 9 3

ko b a .: 2 *^1 x  10~^ ®®c.“1

Run IVa- l 6

H2S0^j 7 9 .4 °

4 1 .1 9 5 .077
138 .979 - .0 0 9
263 .765 - .1 1 6
372 .628 - .2 0 2
500 .483 - .3 1 6
613 .3 8 4 - . 4 1 6

k0b 8 . : 3 .1 6  x  1 0 -*  a c c ." 1



ra-Fluorobenzeneboronlc acid

Run IVa-1 7

6 1 . 3% HgSO^; 79.1*° 

tim e  (m in u te s )  ab sorb an ce  l o g

17 1 .2 3 5
200 1 .0 6 0
376  .9 1 7
510 .8 3 6
616 .7 5 7
728 .6 8 5

ko b s . : *«37 x  1 0 -*  s e c . - 1

Run IVa-l8
5 7 .  U# H2S0^; 7 9 .U(

20 1 .238
268 1 .1 1 5
501; 1 .0 1 7
730 .9 3 9

135k .7 3 0

co b s . 6 .6 2  x  10*^ s e c . - 1

ab sorb an ce

.092

.0 2 5
- .0 3 8
- .0 7 8
-.121
- . I 6I4.

.0 9 3  

. 0J+7 

.0 0 7  
- .0 2 7  
- .1 3 7



m-(Trif luorome thyl)-benzeneboronic acid

Run Vs-6
55. H2S0i,; 60°

t in e  (m inutes)

01120
5175

10890
12570
15660
19750

^ o b s . :

absorbance

1 .6 3 9
1 .5 9 1
1.380
1 .0 8 9
1 .0 2 5

.8 9 1

.7 5 5

3.16  x 10“7 sec.

log absorbance
.2 1 5  
. 2 0 2  
• U4JO 
.0 3 7  
.0 1 1  

- .0 5 0  -.122



91
p-Fluorobenzeneboronlc acid

Run VIB-1
H ^ O ^ j  6 0 °

time (minutes) absorbanoe log absorbanca
5  .7 6 9  - . 1 1 4

11 .714-9 - .1 2 6
21 . 63 5  - .1 9 7
30 .5 2 6  - .2 7 9
42  .4 2 2  - .3 7 5
62 .3 0 9  - .5 1 0
81 .2 3 4  - .6 7 0

107 .0 8 9  - 1 .0 5 1

kobs.: 2*8* x 10’^ s»c.-1

Run VIs-2
6 0 . 1#  H230^j 600

14 .7 8 1  - .1 0 7
32 .6 9 1  - .1 6 1
57 .6 0 8  - . 2 1 6
79 .5 6 1  - .2 5 1

109 .4 5 7  - . 3I4.O
135 .4 2 0  - .3 7 7
181 .328  -.484

kQb s . : 8 .6 7  x  1 0 -*  s e c . ” 1

Run V Is -3

5 4 .9 #  H2S0^; 6o°

18 .7 9 1  - .1 0 2
71 .7 0 8  - .1 5 0

137 .6 2 4  - .2 0 5
192 .6 0 0  - .2 2 2
254 . 539  - .2 6 8
327 .4 4 2  - .3 5 5
412 .4 0 7  - .3 9 0
556 .2 8 3  - .5 4 8►

k0ba.s 3.11 x  10“* sec.”1



9 2

p-Fluorobenzeneboronlc acid

Run VI#-1*
1*9.5* H2S0^; 6 0°

time tmlnutea^ abaorbance log abaorbanoe
21* .789 -.103

181* .681* -.165
366 .6 1 1 -.211*
560 .579 -.237
780 .501 - .3 0 0

1360 .313 -.505
1625 .279 -.551*

obs. 1.09 x 10“5 8ec.“l

6̂



m

p-Tolylboronic acid
93

Run VIIa-l
$5.5%  H2S0^; 6 0 °

time (mlnuteal abaorbance log abaorbance
15  .761* - .1 1 7
22 .6 6 1  - . 1 8 0
30 .5 lk  - . 2 8 9
1*1 .1*02 - . 3 9 6
50 .3 1 4  - .5 0 3
59 .2 2 5  -.61*8
68 .1 6 9  - . 7 7 2
79 .11*2 -.81*8

koba.: U«38 x 10-^ see."-1-

Run V I Ia- 2

1*9. (>% HgSO^; 6 0 °

18 . .9 0 0  -.01*6
1*3 .714-0 - . 1 3 1
55  .667  - . 1 7 6
71  .6 1 5  - . 2 1 1
90 .5 3 8  - . 2 6 9

111 .1*1*0 - .3 5 7
130 .3 9 7  - 4 o i
151 .3 2 1  -.1*91*

koba.: 1*26 x 10-* pec.”1

Run V IIa- 3  

1*0.1% H2S0^; 6 0°

25 .9 9 6  * - .0 0 2
75  .9 1 8  - .0 3 7

138 .8 3 8  - .0 7 7
201 .7 9 2  - . 1 0 1
291* .7 0 9  -.11*9
375 .6 2 2  - . 2 0 6
509  .5 2 5  - .  280
686 . 1*31 - . 3 6 6

kCba.: 2.31 x 10-5 sec.”1

e



p-Tolylboronic acid

Run V II .- l*  ":

2 8 . 6#  H230^; 60°

time (minutes) ' abaorbance log abaorbance.
3k  .9 9 7  - .0 0 1

1314-  .956  - .0 2 0
299 .9 3 3  - .0 3 0
513 .9 2 2  - .0 3 5
690 .8 9 8  -.O ltf

1320 .7 8 1  - .1 0 7
1580 .7 6 8  - .1 1 5

kobs#S 2*6^ X IQ"6 86C.-1



p-Methoxybenaeneboronic acid
95

2 9 .6 #  H2S0^; 6 0 °  

tim e  (m in u tea ) abaorbance lo g  abaorbance

*
1 .3 5 3  .1 3 1
1.271* .1 0 5

9 1 . 161* .066
11 1 .0 9 1  .0 3 8
15 .9 3 1  - .0 3 1
18 . 8I4.3 - . 071*
22 .7 3 5  -.131*
27 .6 3 0  - . 2 0 1

k0b a . ; 5 .6 0  x  1 0 -*  s e c . ” 1

- . 01*6
- . 0 6 0

Run V I I I g -2

2 0 . 3#  H2 S0^; 60°

15 .8 9 9
22 .871
35  .7 7 0  -.111*
1*7 . 727 - .1 3 9
57 • .6 9 5  - .1 5 8
67 .6 2 8  - . 2 0 2
86 .5 5 3  - .2 5 7

101* . 1*81 - . 3 1 8

ko b s . : 1*15 x 1 0 s e c .**1

Run V I I I s -3  

1 0 .1 #  H2S0^; 6o °

18 .9 3 8  - . 0 2 8
1*9 .9 0 8  - . 01*2
81* .8 6 3  - . 061*

120 ,8 2 6  - .0 8 3
197 .71*1 - .1 3 0
300 ,61*0 -.191*
1*30 .5 3 1  - .2 7 5
51*2 • .1*51* -.31*3

koba.: 2*30 x 10-5 sec.”1



96
p-Methoxybenaeneboronlc acid

Run V I I I a- 4  

5 .1 4 #  H2S01!_; 6 0 °

tim e  (m in u te s)  absorb an ce locr abaorbance

20 .9 0 5 - .0 4 3
80 .8 8 0 - .0 5 6

182 .8 3 1 - . 0 8 0
313 .7 9 6 - .0 9 9
U32 .71+3 - .1 2 9
544 .7 0 9 - .1 4 9

123k
1326

.5 2 2 - . 2 8 2

.5 0 0

ko b . . ! 7 .5 7  *  1 0 -6

Run V I I I a- 5  

3 .1 1 #  H2S0^; 6 0 °

sec."*
- .3 0 1

19 .9 6 9 - . 0 1 4
180 .9 3 2 - .0 3 1
49  5 .8 5 2 - .0 7 0

1196 .7 3 9 - .1 3 1
1806 .6 2 0 - . 2 0 8
26o8 .5 2 9 - .2 7 7
4350 .3 3 4 - .4 7 6
51+05 .2 6 7

k o b s . ! ^ 01 *  1 0 -6

Run V I I I a- 8  

3 0 .1 #  H2S0^; 1+0°

8 6 0 .“*

- .5 7 4

16 1 .5 0 6 .1 7 8
66 1 .2 0 2 • .0 8 0

128 .9 0 1 • -.°45
- . 2 8 3250 .5 2 1

306 .3 9 6 - . 4 0 2
1+15 .2 3 2

k o b . . ! 7 ‘ 78 *  10' 5 s e c ." *

- .6 3 5

0



p-Methoxybenzeneboronlc acid.
97

Run V I IIa-9

2l+.7$ H2S0^J 1;0°

time fminutes) abaorbance log abaorbance
20 1.51*9 .1 9 0
70 1 .IH 0 .H*9

2$k 1 .0 1 2  .0 0 5
377 .8 1 9  - .0 8 7
531 .615  - . 2 1 1

ko b a .: 2 ,9 9  *  10' 5  s e ®*'1

Run V I I I 8-1 0

2 0 . 1$  h2so ^ ; ko°

22 1 .581; . 200
262 1 .3 H  .1 1 8
535 1 .01*0 .017

k0ba .J 1 .3 5  x  10“^ s e c . ”1

0



m-Chlorobenseneboronic acid
98

Run D C .-l  

5 9 .3 #  H2S0^; 6 0 °

tim e  (m in u te s) a b so rb a n ce

11 .9 0 5
2094 .7 9 1
4050 .6 7 0
5542 .6 1 0
6390 .5 6 4
7290 .5 3 1

^ o b s ,* 1 . 2 4  x  1 0 ”'

lo g  abaorbance

- .0 4 3
-.101
- . 1 7 4
- . 2 1 4
- .2 4 9
- .2 7 5

Run DCa- 2

6 2 .9 /6  H2S0^J 6 0 °

13 .9 1 6  - .0 3 8
732 .8 2 4  - .0 8 4

2100 .6 7 5  - .1 7 1
2770 .6 0 7  - .2 1 7
3305 .5 5 1  - .2 5 9
4518  .4 6 2  - .3 3 5
7115  -3 3 5  - .4 7 5

lco b s . : 2 .5 8  x  1 0 - 6 s e c . ”*

Run IX g-3

6 6 .3 #  H2S0^; 6 0 °

15 .9 0 6  - .0 4 3
737 .7 6 1  - .1 1 9

1312 .6 6 0  - . 1 8 1
2101 .4 8 9  - .3 1 1
2775 .3 9 6  - . 4 0 2
3306 .3 5 1  - .4 5 5

obs • * 4.85 x 10“^ sec.”*



99

m-Chlorobenzeneboronic acid

Run IXa- 4

6 9 .9 *  H ^O ^; 6 0 °

t im e  (m ln u tea ) abaorbance lo g  abaorbance

17 .9 1 1  - .O k l
1 72  .8 1 9  - . 0 6 7
491  .6 7 5  - . 1 7 1
737 .5 5 1  - .2 5 9

1312  .3 7 7  - . 4 2 4
2101 .1 9 0  - . 7 2 1

co b s . * 1 .1 9  x  10“ 5  s e c . " 1

Run IXa- 5

7 4 .5 #  H2S0^; 6 0 °

14 .3 5 7  - .4 4 7
4 6  .3 1 1  - .5 0 7
94  .2 7 1  - .5 6 7

162 .226 - .6 4 6
209 .1 8 2  - . 7 4 0
269 .1 5 2  - . 8 1 8
386 .1 0 3  - .9 8 7

k0b s . : 5 .6 0  x  1 0 -5  s e c . " 1

Run DC8 - 6

79 .9 /o  H2 S0^; 6 0 0

5  .3 4 5  - .4 6 2
10 .3 3 1  - . 4 8 0
21 .2 6 8  - .5 7 2
30 .2 1 3  - .6 7 2
4o .1 8 2  - . 7 4 0
51 .1 4 8  - . 8 3 0
63 .1 0 7  - .9 7 1

‘oba. : 3.33 x 10-^ sec."1



100

p-Tolylboronic acid

Run V IIpe - l  

6k.7fi H C 1 0 25°  

t i n e  (m in u tes) absorb ance lo g  ab sorb an ce

- .0 6 5  
- .1 3 0  
- .1 9 3  
- .246  
- .3 1 0  
- .3 8 0  
- .4 4 7

* ' * - .4 9 1

10"^ s e c . ” -̂

5 .8 6 1
16 .7 4 1
26 •641
35 .5 6 8
45 .4 9 1
55 .417
66 .3 5 8
75 .3 2 3

ko b s . : 2 *35 x

Run V IIp ^ -2

6 o .5 #  HCIO^; 25°

7 1 .2 0 2  .0 8 0
39 1 .1 0 5  .0 4 3
6k 1 .0 4 5  .0 1 9
98 . 955 - . 0 2 0

iii-3 .8 7 2  - . 0 6 0
171 .8 2 0  - . 0 8 6
203 .7 5 8  - .1 2 0
230 .7 1 8  -.11+4

k0b a . : 3 .8 2  x  1 0 -5  s e c . ”1

Run V IIpe- 3

5 6 .3 #  HCIO^; 25°

11+ 1 .1 9 6  .0 7 8
64 1 .1 6 9  .0 6 8

154 1 .1 4 5  .0 5 9
213 1 .1 1 1  .0 4 6
265 1 .0 7 8  .0 3 3
413  1 .0 2 2  .0 0 9
520  .9 7 8  - . 0 0 8

koba.: 6*71 x 10"6 a*6*"1



101
p-Methoxybenzeneboronic acid o

Run V I I I p e - l  

3 3 .9 #  HCIO^; 6 0 °  

time (wii^ntaa) abaorbance log abaorbance
10 .7 2 0  - . I I 4.3
19 .5 0 0  - .3 0 1
30 .2 8 5  - .5 k 5
51 . .1 0 9  - .9 6 3

k0b8 . : 7 .6 6  x  1 0 *  s e c . * 1

Run V IIIp e - 2

31,0% HCIO^J 6 0 °

13 .6 9 8  - .1 5 6
33 . 3 8 0  -.1+20
53  ' .1 9 5  - .7 1 0
71 .1 1 7  - .9 3 2

ko b a . ; 5 *11 x  ^  8 # c *“1

Run V IIIp e- 3

2 5 .5 ^  HGIO^J 6 0 °

10 .7 7 5  - .1 1 1
19 .7 0 1  -.151 |.
30 .5 7 0  - . 2 1|4
UO .5 3 3  - .2 7 3
60 .3 9 9  - .3 9 9
80 .2 9 5  - .5 3 0

100 . 2lf 0 - . 6 2 0

kob».! 2.22 x lO’^ sec.-*



102
p-Methoxybenzenoboronic acid

O

Run VIIIp^-lj- 

1 8 . 6#  HClO^J 6 0 °  

tlmft (m inu t e s )  abaorbance l o g  abaorbance

12 .7 8 0  - .1 0 8
21 . . 71+1+ - .1 2 8
32 .711+ -.11+6
k 2 .6 7 1  - .1 7 3
62 .6 0 2  - .2 2 0
82 .5 6 2  - .2 5 0

102 .5 0 0  - .3 0 1
119 .1+61 - .3 3 6

ko b a . ; 8 .2 2  x  10 -^  s e c ." ^



1 0 3

Benzeneboronic add

tim e (m lnutea)

10
1520
25
35
45
55
65
70
75
8o
85
90
95

100

Run V 5
7 4 . 3#  H3P0^; 6o (

abaorbance

1.256  
1.178  
1 . 0 2 2

.943

.757

.6 1 4

.471

.375

.259

.2 3 4

.192

.177

.160

lo g  abaorbance

.0 9 9

.0 7 1

.0 0 9
- .0 2 6
-.121-.212
- .3 2 7
- .4 2 6
- .4 6 7
- .5 4 1
- .5 8 7
- .6 3 1
- .7 1 7
- .7 5 2
- .7 9 6

oba. * 3 .8 6  x  10“ -̂ s e c . ”-1-

Run

25
60
85

142
214
295
35o
55o
715

6 5 .7 #  H3 P0^; 6o (

1 .6 4 4
1 .5 0 9
1 .3 8 7
1 .1 7 0

.9 6 2

.7 5 3

.6 2 2

.339

.1 9 5

oba, 5 .0 4  x  10*2 aec."-*-

.216
.1 7 9
.lk2
.0 6 6

- .0 1 7
- .1 2 3
- .2 0 6
- .4 7 0
- .7 1 0

o



time (minutest
30

1 k5 
I4.20 
720  

114-25 
1750  
2795

11
26
50
79

111
171
200
226

IOI4.

Benzeneboronic aold

Bun lp h -7  

5 2 .9 *  HjPO^; 60°

absorbance log  absorbance

1 .5 3 9  .1 6 7
1 . 14-914. . m
1 .3 8 9  -Hi-3
1.251+ .0 9 8
1 .0 1 7  .0 0 7

.9 1 4  - .0 3 9

o b a ,

.6 2 2  - .2 0 6  

5 »lj-l x  10”^ s e c . ' l

Run I p h - ’

8 2 .7 #  H3 f0^5 25C

I .I 421 .1 5 3
1 .2 5 6  .1 0 0
1 .0 0 8  .0 0 3

.71+0 - .1 3 1
- .2 7 3  
-.585
- .7 9 9

.1 0 2  - .9 9 1

.260

.1 5 9  - .7 9 9



p-Tolylboronlc acid

&

105

time

2
5
8

11

Run VIIph- l

7 2 . 1*# h 3 p o ^ ; 6 0 °

abaorbance

.5 3 0

.2 5 2

.110

.0 2 6

log  abaorbanoc

-.276
- .5 9 9
- .9 5 9

- 1 .5 6 9

co b a . • 1*.38 x 1 0 “3 s e c . - 1

10
18
25
?k
t 150

Run V IIph -2  

6 6 . 6#  H3P0^; 6 0 °

.7 9 0

. 4.80

.325

.1 7 7

.0 9 8

.01*5

oba, 1 .1 1  x  1 0 -3

-.102
- .3 1 9
- . 1*88
- . 7 5 2

- 1 .0 1 1
-1.31*7

see . - 1

15

%
128

s s
237
328

Run VIIpfc-3

5 6 . 3 #  H3 P 0 ^ ;  6 0 °

1 .0 0 5
. 8I4-2
.6 7 1
.5 2 0
. 1*61
.388
.270
. 11*1*

.002
- . 0 7 5

- . 1*11
- .5 6 9-.81*2

oba, 9.95 x 10~£ see."1

O



p-Tolylboronic acid
106

Run V IIph-l+

1*2 . 7% H3P0^; 6 0 °

tlma (minutes) abaorbanca log abaorbanca
20 1 .0 3 0  .0 1 3

700 .7 3 0  - .1 3 7
101+5 .6 1 2  - .2 1 3
1495  .14-70 - .3 2 7
2155 .3 3 0  - .5 .8 2

lco b s . : x  1 0 “^ s® c. -1

Run V IIph- 5  

7 1 .3 #  H3 P0J+; 25 o

7 1 .0 7 4  .0 3 1
12 1 .0 0 7  .0 0 3
20 .9 3 3  - .0 3 0
30 .8 2 5  -.081+
1+0 .7314- - . 1 3 4
50 .6 6 0  - .1 8 1
6 2  . 5 8 2  - . 2 3 5
71  .5 1 7  - .2 8 7

k0b s . : 1*68  *  W *  s e c . ” 1

Run VIIph-6
6 8 .3 #  H3P0^; 25 °

9 1 .1 1 0  .o i+5
28 1 .0 2 8  .0 1 2
1+9 .9 1 1  -.01+1
69 .8 3 7  - .0 7 7
98 • .7 4 3  - .1 2 9

130 .6 2 7  - .2 0 3
161 .51+9 - .2 6 0
181+ .491+ . - .3 0 6

oba. * 7.71 x  10”£ sec.”1



p-Tolylboronic acid
e

Run V IIph-7  

6 3 .9 *  H3PO^; 25°  

tim e (m in u tes) abaorbance lo g

10 1.138
68 1 . 01 6̂

133 .9 5 5
195 .868
250 .8 1 3
319 .7 4 3
372 .668
430 .636

ko b . . : 2 -39  x  10' S ” c *"1

Run VIIph-8
6 0 . 7*  H3P0^; 25°

8 1 . 16L
2 l$  .988
415 .8 7 8
610 .7 7 2
8k0 .650

1480 .430

obs< 1 .1 3  x  10- £ s e c . -1

Run V IIph-9

5 6 .3% H3P0^; 25°

15 1 .1 7 7
425 1 .0 5 6

1005 .937
1430 .855
1865 .7 6 6

• 2485 .6 7 4

koba.! 3.75-x 10-6 sec.-1

abaorbance

.0 5 6

.020
- .0 2 0
- .0 6 2
- . 0 9 0
- .1 2 9
- .1 7 5
- .1 9 7

• 066  
- .0 0 5  
- .0 5 7  
-.112  
- .1 8 7  
- .3 6 7

.071

.0 2 4
- .0 2 8
- .0 6 8
- .1 1 6
1.171



o

p-Tolylboronic acid

108

Run VIIph-10 
73.556 HjPOj^ 2 5 °  

time (minutes) abaorbance log abaorbanca
9 .792 -.101

17 .628  - .2 0 2
25 .5 1 8  - .2 8 6
38.5 .360 -.1+1+1+
1+7 .2 6 5  - .5 7 7
55  .2 1 6  - . 6 6 6
65 .1 5 8  - .8 0 1

cobs, 1+ .51+ x  10"^ s e c . - 1

Run VIIph-ll
7 6 .7 #  H3P0^; 25°

5  .5 1 6  - .2 8 7
9 .391+ -.1+05

13 .2 9 2  - . 5 3 5
18 .1 7 6  - . 7 5 5
22 .1 2 5  - . 9 0 3

cobs. I .3 6  x  10“3 s e c . - 1

0

O



p-Methoxybenzeneboronic acid
109

Run V IIIph- l  

3 9 .9 #  H3P0^j 60°

time (minutes) abaorbance log abaorbance
11 1 .2 9 3  .1 1 2
18 1 .2 2 7  .0 8 9
23 1 .1 5 b  .0 6 3
28 1 .1 0 5  .OI4J4
38 .9 3 9  - .0 2 7
58 .7 8 0  - .1 0 8
98 . 14.68 - .3 3 0

kob a*: 1#9^ x  1°"^ s e c . ”1

I

-.23Jj.
- . 3 0 6

Run V IIIph- 2  

5 7 . 5 ^ H3P0^; 60°

2 .5814
3 .14914
14 .3 2 5  - . I 488
5  .2 9 6  - .5 2 9
7 .1 3 7  - .8 6 3

10 .0 8 1  - 1 .0 9 2

k©b8 . s 14.60 x  10*3 s e c . ”1

Run V IIIph-3

149.2^ H3P0^; 600

.9 8 4  - .0 0 7

.789  - .1 0 3
12  .6 3 1  - .2 0 0
16 .527  - .2 7 8
20 .I4I I  - .3 8 6
214 .3 3 0  - .lj .82
2j& .2 8 3  -.5148
32  .2 1 1  - .6 7 6

k0b8.: 9.16 x 10”̂  aec.”1



p-Methoxybenzeneboronic acid

Run VIIIpk-1*
2 7 .1 #  H3PO^; 6o °  

time f minutes) abaorbance log abaorbanca
17 1 .0 8 9  .0 3 7
60 . 9 - . 0 2 6

II4.8 .8 6 2  - . 0 6 5
212 .714.9 - . 1 2 6
325  .6 1 3  - . 2 1 3
1+50 .14-93 - .3 0 7
6814. .3 0 6  - . 5 H4.

k 0b s . : 3 .0 8  x  1 0 -5  s e c , ” 1

Run VIIIph-5 
10.656 H3 P 0 ^ ;  6 0 °

20 1 .1 5 7  .0 6 3
705  1 .0 1 1  .0 0 5

1050 .9 2 3  - . 0 3 5
11+95 .81|.5 - .0 7 3
2155 .7 5 1  -.1214-

k o b a . : 3 . 1+0 x  IQ"6 s e c . " 1



Ill
m-Fluorobenzeneboronic acid

Run IVD-1  

7 2 .9% DgSO^; 60°  

tim e (m in u tes) absorbanoe lo g

6 ’ 1 .0 8 5
124 .9 8 8
199 .9 3 6
349 .8 3 5
k90 .8 2 0
660 .6 5 0

k0ba . : 1 .3 0  x  1 0 -5  s e c ." *

Run IVD- 2

6 6 . 9#  D2S0^; 60°

8 1 .2 0 6
200 1.176
910 1 .0 5 0

1535 .9 4 1
2285 .8 0 3
3025 .7 2 9

k0b s . { 2 .8 1  x  IQ’ 6 s e c ." *

Run IVD- 3

7 6 .4 ^  D2S0^j 600

15 1 .3 8 6
74  1 .1 8 2

13© 1 .0 2 8
197 .8 4 0
255 .7 2 8
312 .6 3 9

k0bs.: 4.42 x 10*5 sec."*

abaorbance

.0 3 6
- .0 0 5
- .0 2 9
- .0 7 8
- .0 8 6
- .1 8 7

.081

.0 7 1

.021
- . 0 2 6
- .0 9 5
- .1 3 7

.1 4 2

.0 7 3.012
- .0 7 6
- .138
- .1 9 5

e



m-Fluorobenzeneboronlc acid

Run IVD-ij.
6 9 . 0#  D2 S0^; 60°

time (minutes) abaorbance log abaorbance
20

315
757

3455

1 .4 1 9
1 .3 0 k
l . l l j .2

.9 2 0

.1 5 2

.1 1 5

.0 5 8
- .0 3 6

k o b « . ! 5 .0 6  X 1 0 - 6 86C.-3-

Run IVd- 5

8 0 . 1$  D2S0|^; 60°

8
29

it?
91

110

1 .3 6 9
1 .1 1 1

.9 2 0

.7 7 0

.6 3 6

.5 7 0

•

.1 3 6  
• OJ4.6 

- .0 3 6  
- . l i i i .
- .1 9 7
- . 2 i 4

kob».: 1 *6 3 * 10“4 a e c . - l

Run IVd-8 •

*>k.5% D2S0^; 6 0 °

30
l61j.O
2890
i;395

1 .2 3 8
1 .0 5 2

.8 8 5

.7 7 1

.0 9 3

.0 2 2
- .0 5 3
- .1 1 3

0 ^ o b a . s 3.*91 X

Run IVD- 9  

6 3 . 1#  D2S0^;

10"6

6 0 °

860 .-3 -

35
l 6if0
3120
1400

1.201*. 
1 .1 0 5  

• 99U 
.9 0 2

.0 8 1
♦0I4.3

- .0 0 3
- . 01*5

k o b a . : 1 -1 4  x 1 0 -6 86C.-3-



p-Fluorobenzeneboronic acid
113

Run VID-1
65.4# D230j,; 60°

time (minutes) absorbance loc abaorbance
10 1.213 .0 8 4
33 1 .0 5 0 .0 2 1

.875 - .0 5 8
So .655 - .1 8 4

108 .507 -.295
145 .358 -.446

kobs.: 1*55 X 10 ^ s e c ." l

Run VId-2
6 0.6# D2S0^j 60°

13 1.213 .084
1.114 .047

m 1.000 .000
i k j .858 - .0 6 7
206 .730 -.137
259 .629 -.201

kob..: ^-39*10-5 sec.“*

o

o
o



p-Tolylboronic acid

Run V IID- 2

lU+
©

3 9 . 8 £  DgSOj^; 6 o °

tim e (m in u te s) ab sorb an ce  lo g  absorbanoe

71+0 
900  

101+0 
1230  
H4.6O

li+0
2L.0
369
1+78

1188

1+80
l l L O
1580
2000
2590

1 .2 0 3 .0 8 0
1 .0 6 0 .0 2 5

.9 6 2 - .0 1 7

.8 5 8 - .0 6 7

.6 9 5 - .1 5 8

ko b s . : 1 .2 2  x  1 0 -5 s e c . “ l

Run V IID- 3  

1+3.5# DgSO^; 60°

1 .0 2 2 .0 0 9
.9 2 3 - .0 3 5
.7 9 7 - .0 9 9
.6 9 0 - .1 6 1
.2 7 2 - .5 6 5

ko b s . : 2 ' 10 x  1 ( r * s e c . - l

Run V IID-1+ 

36.1+# D2S0^; 6 o°

.9 6 6 - .0 1 6

.7 8 1 - .1 0 7

.61p. - .1 9 3

.51+0 - .2 6 8

. 1+23 -.371+

ko b . . ! 6 ' 6? *  10"6 a e c . - l



p-Tolylboronlc acid
115

Run VIId-5 
55•3# d230^; 60° 

time (minutes) absorbance log abaorbance
20 1.202 .0 8 0
k0 .900 -.0k6
60 .6 7 8 -.169
80 .I4.90 - .3 1 0

103 .3k9 -.k57121 .27k -.562
kobs.: 2 »k& x  1 0 -^  s e c ." 1



116

p-Methoxybenzeneboronic acid

Run V IIIjj-1  

3 2 . 5*  D2S0^j 60°  

tim e (m lnutea) absorbance lo g  absorbanoe

12 1 .2 0 k  .0 8 1
27 -7l*-o - .1 2 6
56 .3 0 3  - .5 1 9
88 .096  - 1.018

k Qb s  • k . 6 5  x  w k  s e c . ' l

Run V IIId- 2  

22 .1^  D2S0^j 600

15 1 .5 3 3  .1 8 5
83 .967  - .0 1 5

211 .1^20 - . 3 7 7
3214. .2 0 5  - .6 8 8

koba : x  s e c .* 1



117
p-Methoxybenzeneboronic acid

Run V I I I jjjj- 1

6 .31M  s u l f u r i c  a c id ;  n : 0 ; 2 5 °

time (minutest absorbance log absorbance
k  .2 7 6  - . $ 5 9

1 3 .7 5  .2 0 1  - .6 9 7
2 k .2 $  .1 7 7  - . 7 5 2
3 5 .2 5  .1 3 0  - . 8 8 6
lj.6 .1 1 5  - . 9 3 9
5 8 .2 5  .0 8 0  - 1 .0 9 5

lCn? 3»45  x  10"^ s e c . ” 1

Rian VIIIhd-5 
6.31M  s u l f u r i c  a c id ;  n : 1 ; 2 5 °

6 .2 5  .3 7 0  — .i+33
2 0 .2 5  .3 3 9  - -U70
3 9 .7 5  .2 9 9  - .5 2 l f
57.75 .280 -.553
8 0 .2 5  . 2ll3 - .6 1 5 .
9 6  .2 1 8  - . 6 6 2

1 1 3 .5  .2 0 9  - .6 8 0
1 2 5 .7 5  .1 8 8  - . 7 2 6

kjjS 9.1|-0 x  10” £  s e c . " 1

Run V I I I hd- 6

6.31M  s u l f u r i c  a c id ;  n: .7 9 9 ;  25 °

9 .2 5 .3 3 0
2 3 .2 5 .3 1 1
3 3 .5 .2 8 5
5 2 .5 .2 2 5
7 3 .2 5 .2 0 5
9 2 .5 .1 7 0

1 0 6 .2 5 .1 3 8
1 2 2 .7 5 .1 3 8

- . 14.82
- .5 0 7
-.51f5
- ,6k8
-.688
- . 7 7 0
- . 8 6 0
- . 8 6 0

1^: I.I4.5 x 10”^ sec.”1
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p-Methoxybenzeneboronic acid

Run V lIIjjp -7  

6.31M  s u l f u r i c  a c id ;  n : .5 9 8 ;  25°

t in e  (m in u te s)  ab sorb an ce lo g  absorb ance

1 2 .5  .3 2 1  —
2 6 .2 5  .2 6 5  - .5 7 7
3 6 .5  .2 5 0  - .6 0 2
119.25 . 208 - .6 8 2
6 9 .5  .151; - .8 1 3
8 6 .7 5  . 15.9 - .8 2 7
9 9 .5  .1 1 5  - .9 3 9

110 .0 9 9  - 1 .0 0 5

k„:  2 . 0 2  x  1 0 “^  s e c . " 1

Run VIIIjjjj-■ 8
6.31M  s u l f u r i c  a c id ; n: .7 9 9 ; 25°

k * l j
H4..5 .3 6 8 -

2 5 .7 5 .3314- -
36 .3 1 5 -

k ? .5 .2 7 5 —

* £ •5 .2 5 5 •
6 3 .2 5 . 21+8 tm
7 1 .7 5 .2 1 6 -

kjjj 1.514- x  10"'1+ s e c . - 1

Run VIIIh d -•9
6.31M  s u l f u r i c  a c id ; n: .5 9 8 ; 25°

7 .5 .3 7 5
1 7 .5 .3 3 6 -
29 .2 8 2 mm

39 .2 5 1 mm

kB .2 3 5 •

5 7 .5 .1 9 6
6 5 .7 5 .1 8 1
7 8 .7 5 .1 6 6 -

kjji 1 .9 6  x  10" s e c . ”1

372

&502
561
5914-
606
666



H 9
p-Msthoxybenzeneboronic acid

®

Run V IIIh d -10  

6 . 31M s u l f u r i c  a c id ;  n: •I4.9 8 ; 25°

tim e (m in u tes)

1 0 .5
2 1 .2 5  
32
1*2.25
51
6 0 .2 5  
6 8 .7 5
8 3 .2 5

absorbanco lotz absorbance

.31*5 - . 1*62

.2 9 8 - .5 2 6

.2 6 7

.227 -.61*6

.2 0 0 - .6 9 9

.1 8 6 - .7 3 1

.151* - . 811*

.1 3 0 - .8 8 6

kjjt 2.20 x 10"̂ - sec.'l

Run VIIIjjd-11 
6.31M  s u l f u r i c  a c id ;  n: .2 2 1 ; 25c

5 .5 .6 7 0
13 .5 9 0
21 .1*99
2 8 .7 5 .1*1*2
3 6 .7 5 .3 7 7
1*6.5 .3 1 3
58 .2 6 5
6 9 .5 .2 1 2

-.171*
- .2 2 9
- .3 0 2
- .3 5 5
- 4 2 k
-.501*
- .5 7 7
-.671*

kjjj 3.02 x 10“^ sec.-l

Run VIIIhd-12
6.31M  s u l f u r i c  a c id ;  n: .1*1*3; 25°

8 .7 5 .677
16 .6 1 8
2 5 .2 5 .5 3 5
3 3 .7 5 .1*70
k 3 .2 5 .1*29
55 .31*9
73 .2 6 1
8 9 .2 5 .2 0 6

- .1 6 9
- .2 0 9
- . 2 7 2
- .328
- .3 6 8
-.1*57
- .5 8 3
- .686

kjji 2.1*2 x 10"̂ - sec.“l



p-Mathoxybenseneboronic acid
120

Run V I I I j -1 7  

25 °

t in e  (m in u tes) absorbance I ok absorbance

27 .7 1 1 -.11*8
82 .5 9 6 - .2 2 5

150 . 1*80 - .3 1 9
191 .1*21* - .3 7 3
21*8 .3 7 2 -.1*30
298 .3 2 5

00GO-S*e1

ko b s . ; ***90 x  10“5 s e c .~ ^

Run V I I I f - l 8

25 °

29 .691* - .1 5 9
% .581* -.231* ‘

152 .1*71 - .3 2 7
193 .1*10 - .3 8 7
250 .363 -.1*1*0
300 .3 1 5

CM•LAe1

ko b a .! ^ -67 x  1 0 -5 s e c ." ^

Run V I II f -1 9

25 °

30 .711 -.11*8
1*6 .6 7 2 - .1 7 3
65 .6 1 3 - .2 1 3
90 .5 8 2 - .2 3 5

121 .51*0 - .2 6 8
17k . 1*60 - .3 3 7
230 .3 7 5 - . 1*26
308 .3 3 2 - 4 7 9
ltf>5 .2k 6 - .6 0 9
507 .187 - .7 2 8
612 .151* - .8 1 3

ko b s . : 1**58 x  10“5 s e c . - l



121

p-Methoxybenzeneboronic acid

Run V I I I f -2 0  

k»86 x  10“2M a u l f u r i c  a c id ;  25°

(/flln u te s )  abaorbanca lo g  abaorbanca

8 .7 2 2  -.12*2
1 1 .2 5  .7 0 1  -.151*.
Ik  .6 6 1  - .1 8 0
18 . 6I4.O - . 1 9 i
23 .6 1 1  - .2 1 k
3 3 .5  *5k 2 - .2 6 6
k 6 .5  .k oo  - .3 1 9
5 8 .7 5  .k l 2  - .3 8 5
9 3 .5  .2 9 5  - .5 3 1

cob a . 1 .7 9  x  10“k s e c ." 1

Run V I II f -2 1

k .1 3  x  10"2M s u l f u r i c  a c id ;  25°

23 .5 6 8  - .2 k 6
k3 .k 9 2  - .3 0 8
53 .1*1*1 - .3 5 6
6k . k i i  - . 3 8 6
87 .3 3 5  - .k 7 5

103 .2 7 7  - .5 5 8
121 .2 5 6  - .5 9 2
l k l  .2 0 5  - .6 8 8

k0b8 . : l»k5  x  1 0 -k  sec.**1

Run V III f -2 2  

2 .5 8  x  10" 2M s u l f u r i c  a c id ;  25°

2k .5 9 3  - .2 2 7
k5 .5 i 6  - .2 8 7
65  -k37 - .3 6 0
88 .3 6 1  - .k k 3

105 .3 3 k  - .k 7 6
lk 3  .2 5 3  - .5 9 7
177 .1 9 0  - .7 2 1
220 .1 5 k  - .8 1 3

kobs.1 1.18 x 10-k aec."1



p-Methoxybenzeneboronic acid
122

Run V I I I f -2 3

1 .0 3 2  x  10“ ^M s u l f u r i c  a c id ; 2f>°

tipw (m^nutes^ absorbance log absorbance
26 .631  - .2 0 0
67 .4 9 0  - .3 1 0
106 422 -.375
11*4 .357 -.447
179 .296  - .5 2 9
222 .2 4 6  - .6 0 9
252 .207  - .6 8 4
278 .189  - .7 2 4

kQbg : 7 .8 7  x  10“-* sec."-*-



p-Methoxybenzeneboronic acid
123

Run VIIIf-21*
1.963 x 10" *M sodium formate; 25°

time (minutes) absorbance log absorbance
29 .14-01 - .3 9 7
90 .3 5 3  - .4 5 2

U4.8 .31*8 - .U 5 8
218 .3 0 7  - .5 1 3
295 .2 7 3  -.561*.
390 .267  - .5 7 l i
5^0 .2 2 6  - . 6I4.6
680 .1 8 8  - .7 2 6

cobs. • 1.86 x 10“^ sec."*

Run V I II f - 2 5  

9 .8 2  x 10"^M sodium formate; 25°

30 .7 0 0  - .1 5 5
91 .61*0 -.1914-

114-9 .5 9 9  - .2 2 3
219 .5 6 0  - .2 5 2
296 .5 1 3  - .2 9 0
392 .I4.60 - .3 3 7
551  .1 0 5  - .3 8 2
681 .3 5 9  -.141*5

k0ba.: 1.78 x 10-5 sec."*

Run V I II f -2 6  

1*.91 x  10"2M sodium formate; 25°

31 .7 0 6  - .1 5 1
92 .6 3 2  - .1 9 9

150 .5 9 0  - .2 2 9
220 .5 5 0  - .2 6 0
297 .5 0 0  - .3 0 1
552  .3 9 5  -.1*03
651 .31*6 - . I 4 62

kCba ‘ 1.89 x 10“5 sec."*



p-Methoxybenzeneboronic acid
1 2 k

Run V I I I f -2 7  

2 .9 5  x 10” 2M 8odium  fo rm a te ; 2 5 °  

tim e (m in u te s )  abaorbanca l o g  abaorbanoe

32 .6 6 8  - . 1 7 5
9I4- .6 0 0  - .2 2 2

151 .5 5 2  - .2 5 8
221 .510  - .2 9 2
298 .I4I49 -  .31+8
550  .3 3 2  -.14-79
653 .3 0 5  - .5 1 8

k0b a . : 2 ,1 2  x  1 0 -5  s e c ." 1

Run V IIIjf-2 8  

9 .8 2  x  10“ 3m sodium  fo rm a te ; 25°

20 .714-9 - .1 2 6
93 .6 3 0  - .2 0 1

161 .5 6 9  -.214.5
211 .5 0 9  - .2 9 3
256 .14-65 - .3 3 3
301 .1^51 -.314-8
361 .I4.07 - .3 9 0
14.06 .3 6 5  -  . 1^38

k0b s . : 3 .0 6  x  10“5  s e c . ” -̂

Run V I II f -2 9  

U .9 1  x  10”^M sodium  fo rm a te ; 25°

21 .7 1 7  - . 1 4 5
914- .5 9 8  - .2 2 3

162 .5 1 0  - .2 9 2
212  . W  - .3 5 0
257 .14-214- - .3 7 3
302  .3 8 2  - .l j j .8
362  .3 3 3  -.1478
14.07 .3 1 3  - . 5 0 5

k0ba.: 3.8l x 10“5 sec.”1
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