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INTRODUCTION 

I n  a pre l iminary  repor t '  i t  was shown t h a t  the  hydrogen-bond chemical 

s h i f t ,  Am, c o r r e l a t e s  w i t h  t h e  change i n  en tha lpy ,  AH, i n  t h e  i n t e r a c t i o n  

of chloroform w i t h  a series of c l o s e l y  r e l a t e d  oxygen and n i t r o g e n  bases .  

In  t h i s  communication, w e  r e p o r t  t h e  hydrogen bonding parameters  f o r  the  

i n t e r a c t i o n  i n  cyclohexane medium between 2 ,4 ,6- t r i - t -butylphenol  and 

te t rahydrofuran ,  te t rahydropyran  and pyr id ine  , and between 2,6-di-1- 

adamantyl-4-t-butylphenol and pyr id ine .  There is  c o r r e l a t i o n  between t h e  

and AE f o r  t h e  same proton donor (2,4,6-tri-t-butylphenol) and t h e  

c l o s e l y  r e l a t e d  a l i c y c l i c  bases ,  and f o r  t h e  same base  (pyr id ine)  and t h e  

two c l o s e l y  r e l a t e d  s t e r i c a l l y  h indered  phenols. The temperature  

dependence of t h e  AAB i n  these  systems i s  a l s o  repor ted .  

'AB 

EXPERIMENTAL 

The procedures  f o r  t h e  p u r i f i c a t i o n  of t h e  materials used,  t h e  

p r e p a r a t i o n  of t h e  ac id  

s h i f t  measurements, t h e  NMR spectrometer  used, and t h e  e v a l u a t i o n  of t h e  

hydrogen bonding parameters ,  K, AAB, AR and AS, have been descr ibed  

base  s o l u t i o n s  i n  cyclohexane f o r  t h e  chemical 
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previously. ' 
described. The AAB i s  the d i f fe rence  between the  chemical s h i f t  of the 

phenolic proton i n  the  acid base dimer AB and the chemical s h i f t  of the 

f r ee  phenolic proton i n  cyclohexane so lu t ion  a t  the  same temperature. 

The synthesis of 2,6-di-l-adamantyl-4-t-butylphenol has been 

3 

RESULTS AND DISCUSSION 

The highly hindered phenols are not expected t o  se l f -assoc ia te  i n  

d i l u t e  cyclohexane so lu t ion ,  but t h e  bases which can form hydrogen bonds 

of appreciable s t rength  with them a re  l imited t o  cyc l i c  Ones such as 

a l i c y c l i c  e the r s  and pyridine whose pa r t i cu la r  geometry can permit the 

e lec t ron  donor s i te  t o  gain access to  the hydroxyl proton. 

adamantyl groups o f f e r  more s t e r i c  hindrance t o  the  approach of a proton 

donor than do the t-butyl groups, as the a l i c y c l i c  e thers  show smaller 

extent of i n t e rac t ion  with the  di-ortho-adamantyl-substituted phenol. 

The Table shows the parameters obtained fo r  t h e  various hydrogen bonding 

systems. 

The ortho 

The AAB and AH values f o r  the  in t e rac t ion  of 2,4,6-tri-t-butylphenol 

with tetrahydrofuran a r e  s ign i f i can t ly  d i f f e r e n t  from those f o r  the  

in te rac t ion  with tetrahydropyran, t h e  d i f fe rence  no doubt r e f l e c t s  the  

d i f fe rences  i n  t h e  b a s i c i t y  of the oxygen donors and the s t e r i c  hindrance 

e f f ec t  of the a l i c y c l i c  chains i n  t h e  association. 

remarkable agreement i n  the  r a t i o s  of AAB t o  AH i n  these two i n t e rac t ions ,  

ind ica t ing  t h a t  the  Am cor re l a t e s  with the  AH f o r  minor s t r u c t u r a l  

changes i n  the  base. 

However, there  i s  

In the  case of pyridine in t e rac t ing  with t h e  two subs t i t u t ed  phenols, 

the AAB and AH values a re  s ign i f i can t ly  d i f f e ren t  as a r e s u l t  of the  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



HYDROGEN BONDING OF STERICAJLLY HINDERED PHENOLS 

n 
r( 

A 
0 

n n  u w  
- 0  w u  
l l -  

a 

W 
U 
0 * 

f m 

d 
0 

5 

n 
d 

m m 
\o 

0 
9 

I- 
\o 

9 
Q 
d 

u 
In 
N 

8 
0 
I 
d 
N 

rl 

* 
d 

rl 

In 
m 
0 

B 
& 
1 
v-l 
0 
&I a 

8 
Ll U 
Q w 

7 m 
I U 
I 

.r( 
Ll 
U 
I 
'0. 

5, 
hl 

00 
VI 
W 

0 
9 

en 
In 

m 

2 

u 
rl 
m 
0 

0 
I 

m 
d 

d 

9 

N 

d 
9 

\o 
m 
d 

B 
2 
N 

Ll a 
8 
Ll 
U 
0 
H 

7 
I 
U 
I .PI 
& 
U 
I 

m 

'0, 
9 
N 

m 
r- 
rl 

0 

m 
In 

OI 

W 
d 

c, 
d 
r( 

0 
I 

m 

9 

"! 
m 

m 

r4 
m 

In 
W 

0 

2 
-4 a 
.rl 
I4 
A 
P4 

7 
I 
U 
I .d 
I4 
U 
I W 

m 

-j. 
hl 

0 
W 
d 

0 

m 
In 

hl 

* 
I4 

u 
en 
I- 
0 

0 
I 
In 
In 
N 

9 

a0 
N 

N 

W * 
0 

2 
.d a 
.d 

h 
PI 

I 

l m  
d l  
l U  

-rl I 
-3- 
I 

hl 

81 

'0, 

379 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



PANG AND NG 

d i f f e r e n c e  i n  t h e  s te r ic  hindrance e f f e c t  of t h e  ortho s u b s t i t u e n t s ,  b u t  

t h e  r a t i o s  of the  experimental  AAB t o  AH are i n  good agreement, i n d i c a t i n g  

t h a t  t h e  AM a l s o  c o r r e l a t e s  with t h e  AH f o r  minor s t r u c t u r a l  changes i n  

t h e  proton donor. 

t h e  experimental ly  observed A i s  not  t h e  t r u e  hydrogen-bond chemical 

s h i f t  as i t  conta ins  a component from the aromatic  r i n g  c u r r e n t  e f f e c t  of 

the ~ y r i d i n e . ~  

case of t h e  t r i - t -bu ty lphenol ,  the  hydrogen bond must b e  s h o r t e r  s o  t h a t  

t h e  phenol ic  pro ton  i s  c l o s e r  t o  t h e  pyr id ine  r i n g  where t h e  r i n g  c u r r e n t  

e f f e c t  i s  larger . '  The c o n t r i b u t i o n  t o  t h e  experimental  AAB a r i s i n g  from 

t h e  r i n g  c u r r e n t  e f f e c t  should t h e r e f o r e  b e  l a r g e r  i n  the  case of t h e  

t r i - t -butylphenol .  It  i s  expected t h a t  i f  t h i s  component a r i s i n g  from 

the r i n g  c u r r e n t  e f f e c t  were s u b t r a c t e d  from the  e x p e r i m n t a l  AAB,  t h e  

r e s u l t i n g  A i B  v a l u e  would y i e l d  r a t i o s  of A A B  t o  AH t h a t  are mre n e a r l y  

equal  than those  shown i n  the  Table f o r  t h e  i n t e r a c t i o n  between t h e  

s u b s t i t u t e d  phenols and pyr id ine .  

on t h e  measurement of t h e  hydrogen bonding t o  pyr id ine  by NMR 

spectrometry i s  d iscussed  elsewhere. 

It i s  t o  b e  noted t h a t  i n  t h e  case of p y r i d i n e  as base ,  

AB 

As t h e  hydrogen bonding t o  p y r i d i n e  is  s t r o n g e r  i n  the  

The e f f e c t  of t h e  r i n g  c u r r e n t  e f f e c t  
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