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The e x t e n t  of i n t r amo lecu la r  hydrogen-bonding o f  Pyr idoxa l  analogs 

can be determined by t he  phenoxyl H chemical s h i f t .  

I n  t he  course o f  our  i n v e s t i g a t i o n s  on Vi tamin B6 (Py r i doxa l )  model systems our  

a t t e n t i o n  has been drawn t o  s u b s t i t u e n t  e f f e c t s  i n  s t r o n g l y  i n t r amo lecu la r  hydrogen- 

bonded species.' More s p e c i f i c a l l y ,  we have s tud ied  t he  S c h i f f  bases o f  ortho - 
hydroxy p y r i d i n e  aldehydes ( I  and 11) i n  which t he  pheno l i c  hydrogen i s  s t r o n g l y  

b r idged t o  t he  azomethine CHO 
n i t r o g e n  (111, I V ) .  

I 

Because o f  the  s i m i l a r i t i e s  i n  s u b s t i t u e n t  placement i n  V i tamin  B6 and ou r  model 

compounds, we have examined t he  s u b s t i t u e n t  e f fec ts  i n  t he  f o l l ow ing  s e r i e s  o f  



compounds: 

The S c h i f f  bases were prepared by condensation of 3-hydroxypyridine-2-aldehyde 

w i t h  t he  app rop r i a te  s u b s t i t u t e d  a n i l i n e  i n  abso lu te  e thano l  ( o r  methanol) .  No 

c a t a l y s t  was requ i red  f o r  t h i s  r e a c t i o n  and t he  r e s u l t i n g  b r i g h t  orange t o  y e l l o w  

compounds were r e c r y s t a l l i z e d  f rom e thano l .  2  

The commonly employed t e ~ h n i q u e ~ - ~  o f  p ro ton  nmr spectroscopy was used t o  examine 

t he  i n t r amo lecu la r  hydrogen bonds i n  t h i s  s tudy.  The chemical s h i f t  of the  

phenoxyl hydrogen atom were c o r r e l a t e d  w i t h  t he  Hammett o constants.6 F igure  1  

i s  t he  Hammett p l o t  f o r  t he  pa ra -subs t i t u t ed  s e r i e s  ( IVa ) .  Each p o i n t  represents  

an average of a t  l e a s t  two de termina t ions .  The average d e v i a t i o n  f o r  a l l  measure- 

ments was 0.03 6 un i t s . '  The s t r a i g h t  l i n e  i n  t h e  Hammett p l o t  was determined by 

8 a  l e a s t  squares l i n e a r  r eg ress ion  a n a l y s i s  t h a t  has t he  form: 

6 = -0.858 o + 13.10 

Table I shows t he  d e v i a t i o n  o f  t he  i n d i v i d u a l  s u b s t i t u e n t s  f rom the  s t r a i g h t  l i n e  

determined by t h e  above method. A l l  spec t ra  were r u n  on a  Var ian Associates A-60 

spectrometer  a t  35'C us ing  deuteroch lo ro fo rm as s o l v e n t  and t e t r a m e t h y l s i l a n e  as 

an i n t e r n a l  r e fe rence  standard.  Al though we have p r e v i o u s l y  noted1 t h a t  t he  

chemical s h i f t  of the  i n t r a m o l e c u l a r l y  phenoxyl bonded hydrogen i s  n o t  concentra- 

t i o n  dependent, a l l  compounds s t u d i e d  were analyzed a t  a  sample concen t ra t i on  o f  

about  0.2 M, hence any i n te rmo lecu la r  hydrogen-bonding e f f e c t s  should be cons tan t  

and n e g l i g i b l e .  

As i s  shown by t he  Hammett p l o t ,  c o r r e l a t i o n  between t h e  phenoxyl hydrogen 

chemical s h i f t  and t he  para s u b s t i t u e n t ' s  e l e c t r o n - a t t r a c t i n g  a b i l i t y  i s  e x c e l l e n t  
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w i t h  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  0.993. These r e s u l t s  a re  s i m i l a r  t o  those of 

K l i cna r ,  g ,1.9'10 who used i n f r a r e d  and p ro ton  nmr techniques t o  study a  se r i es  

of a n i l s  t h a t  i nc l uded  t he  system V. 

These i n v e s t i g a t o r s  ob ta ined a  c o r r e l a t i o n  f o r  t h i s  system t h a t  can be repre-  

sented by t he  equat ion:  6 = -1.29 o- + 9.22. A comparison of t h e  r e s u l t s  f o r  

t he  two systems revea l s  a  remarkable s i m i l a r i t y  and demonstrates t he  dependence 

o f  the  i n t r amo lecu la r  hydrogen-bond s t r eng th  upon the  e l e c t r o n i c  f ac to r s  w i t h i n  

t he  amine moiety.  

I n  r ecen t  work, El-Bayoumi 11'12 has proposed t h a t  i n  S c h i f f  bases such as 

benzy l idenean i l ines  t he  two aromat ic  r i n g s  a re  non-coplanar. Th i s  i s  suggested 

by t he  f a c t  t h a t  the  uv spectrum o f  benzy l i denean i l i ne  does n o t  resemble t h a t  

of t he  coplanar compound s t i l b e n e ,  b u t  r a t h e r  t h a t  of a combinat ion o f  spec t ra  

of benzaldehyde and a n i l i n e .  Moreover, t h i s  suggests t h a t  t he  non-bonded l one  

p a i r  e l ec t rons  o f  t he  azomethine n i t r o g e n  a re  i n  s t r ong  con juga t i on  w i t h  t he  n 

e l e c t r o n  system o f  t he  a n i l i n e  r i n g .  Therefore,  t he  e l e c t r o n  wi thdrawing a b i l i t y  

of t h e  s u b s t i t u t e d  a n i l i n e  i n f l uences  t h e  b a s i c i t y  of t he  azomethine n i t r o g e n  

which, i n  t u rn ,  a f f e c t s  t h e  s t r eng th  o f  the  i n t r amo lecu la r  hydrogen bond. Hence, 

s t r ong  e l e c t r o n  a t t r a c t i n g  groups on t he  a n i l i n e  w i l l  reduce t he  e l e c t r o n  

dens i t y  a t  t he  S c h i f f  base n i t r o g e n  l ead ing  t o  a  r e l a t i v e l y  weak hydrogen b r i dge .  

That t h i s  i s  indeed t he  case, can be seen where X = NO2 and t h e  phenoxyl hydrogen 

i s  most s t r o n g l y  i n f l uenced  b y  oxygen's e l e c t r o n  d e n s i t y  r e s u l t i n g  i n  a  chemical 

s h i f t  u p f i e l d  r e l a t i v e  t o  where X = H. 7,10,13 

Our data a re  e n t i r e l y  c o n s i s t e n t  w i t h  t h e  above i n t e r p r e t a t i o n .  Moreover, our  



Table I 

OH Chemical S h i f t  ( 6 )  
X - Determi nat ion  

1 2 
Ave . Dev. - 

12.42 0.08 

12.78 0.00 

12.84 0.01 

12.85 0.02 

13.15 0.02 

13.31 0.06 

13.36 0.04 

13.76 0.01 

Dev ia t ion  from 
s t r a i q h t  l i n e  

average dev ia t i on  = 0.03 6  

a Hine, Physical  Organic Chemistry, McGraw-Hill, Inc . ,  New York, 1956, p.  87. 
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r e s u l t s  a re  an i n t e r e s t i n g  and f o r c e f u l  demonstrat ion of t he  s t r i k i n g  sensi -  

t i v i t y  of t h e  chemical s h i f t  o f  t he  phenoxyl p ro ton  i n  t he  para s u b s t i t u t e d  

a n i l i n e  S c h i f f  bases o f  these v i t a m i n  B6 analogs. 
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