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---The 15N coupl ing constants t o  I 3 c  and t o  'H are repor ted fo r  2-hydroxy- 

methyl-5-methoxy-1-phenyl-4-pyridone ( I ) .  The one-bond 1 5 ~ - 1 3 ~  coupl ing constants - 
a r e  cons is ten t  w i t h  sp2 hyb r id i zed  n i t rogen .  The chemical s h i f t s  do no t  change 

much on pro tona t ion ,  b u t  t h e  I5N chemical s h i f t  undergoes a l a r g e  change. The nmr 

data are discussed w i t h  regard t o  the  quest ion o f  t he  a r o m a t i c i t y  of 4-pyridones. 

An improved synthes is  o f  1 i s  repor ted.  

I5N w i l l  undoubtedly become one o f  t he  mast impor tant  methods f a r  s tudy o f  n i t r o g e n  hetero: 

c y i l e s ,  p a r t i c u l a r l y  f o r  molecules having severa l  n i t rogens,  e.g. t r i a z a l e s . l  Since the  t r a i l -  

b l a z i n g  work of Roberts and co-workers,' an i nc reas ing ly  l a r g e  number o f  heterocyc les have been 

s tud ied  by I5N nmr. These s tud ies  were r e c e n t l y  reviewed by Levy and ~ i c h t e r . ~  

AS i n  many malecules o f  t he  pyr idone class, some quest ion e x i s t s  as t o  the degree o f  

a ~ o r n a t i c i t y . ~  Beak, F l y g a r e  and co-workers sumnarize the  data on a r e l a t e d  c lass  o f  molecules, 

the pyrones, b u t  conclude from t h e i r  magnetic s u s c e p t i b i l i t y  measurements t h a t  pyrones have no 

w o r m t i c  ~ h a r a c t e r . ~  Furthermore, t he  "on- loca l ized c o n t r i b u t i o n  t o  the  magnetic s u s c e p t i b i l i t y  

o f  1-methyl-4-pyridane i s  s i m i l a r  t o  o the r  molecules considered by these workers t o  be non- 

. .aromatic. 

I?. The present  work concerns the nmr parameters o f  a s u b s t i t u t e d  4-pyridone ( I ) ,  der ived from 
, 
; k o j i c  ac id .  The 1 5 ~  nmr chemical s h i f t  o f  1 i s  149 ppm downfield from amnonia,6 compared t o  - 
I 

184 ppm f o r  the  protonated form 1 ' .  The protonated form has a g rea te r  p r o b a b i l i t y  of a r o m a t ~ c  -- 
1 ~ h a r a c t e r . ~  The d i f f e r e n c e  i s  s u r p r i s i n g l y  large,  as the  13C and H resonances d i d  no t  change 

. s u b s t a n t i a l l y  upon p r a t d a t i o n  ( c f .  Chart I) . '  The na tu ra l  abundance 15N spectrum o f  l -phenyl -  

' 2.6-dimethyl-4-pyridone ( 5 )  a lso  e x h i b i t e d  a subs tan t ia l  downfield s h i f t  on p ro tona t ion  (A6 t 

. 29 ppm). The change i n  chemical s h i f t  an p ro tona t ion  i s  about the  same as f o r  methylamine 
< 

(+  25 pprn). b u t  l a r g e r  and o f  opposi te  s i g n  than fo; a n i l i n e  (- 9 pprn).3'6 i t  has been sug- 

;' gested t h a t  t he  l a r g e  change i n  n i t r o g e n  chemical s h i f t  ( b u t  no t  I 3 C  a r  'H) r e f l e c t s  the  

/ importance of  resonance forms w i t h  a p o s i t i v e  charge an n i t r o g e n  i n  the  ca t i on .  8 

The chemical s h i f t  of 1 (a l so  2, ca.  166 pprn) are roughly  s i m i l a r  t o  the  1 4 ~  chemical - 
f s h i f t  o f  t he  parent  molecule, 4-pyridone (ca .  179 ppm).6 The l a t t e r  i s  considered by 



Chart  1 l i s t s  the 13c chemical s h i f t s  and t h e  coup l ing  constants  observed between "N 

and I 3 c  ( o r  'HI i n  the enr iched subs t ra te .  The carbonyl i n  1 i s  c e r t a i n l y  n o t  s i m i l a r  t o  - 
o ther  ketones or even t o  molecules i n  which a,B-unsaturat ion p lus  an e l e c t r o n  donat ing sub- 

s t i t u e n t  i n  the B-pos i t i on  a re  present ,  e.g. 4-oxo-2-penten-2-01 (6C0 = 191 p p r n ~ . ~  On pro- 

tona t ion ,  t h e  carbonyl s h i f t s  upfield t o  a va lue s i m i l a r  t o  a pheno l i c  & carbon. The chem- 

i c a l  s h i f t s  o f  the phenyl group i n  1 are not i n d i c a t i v e  o f  n i t r o g e n  lone p a i r  d e l o c a l i z a t i o n  

i n t o  phenyl ( i f  such d e l o c a l i r a t i o n  d i d  occur, t h e  o r t h o  and para carbons would ex!, ibi t  chem- 

i c a l  s h i f t s  i n  the 116-119 ppm  range^.^ The lone p a i r  must the re fo re  be de loca l i zed  i n  the 

h e t e r o c y c l i c  r i n g .  

1 15 13 The s i g n i f i c a n c e  o f  J (  N- C l ,  v i s - a ' - v i s  h y b r i d i z a t i o n  o f  these nuc le i ,  has been the 

Source o f  considerable controversy.1° However. i n  1 and 1 ' .  the magnitude o f  the coupl ing - -. 
constant  (presumed t o  be negat ive)  i s  s i m i l a r  t o  a group of molecules having unquestioned sp 2 

h y b r i d i z a t i o n  a t  n i t r o g e n  and a t  carbon, e.g. p y r r o l e  [ 1 ~ ( 1 5 ~ - 1 3 ~ )  = -10.3 Hz]  OP nitrobenzene 

1 5  H z  The s i m i l a r i t y  of the 'J values f a r  a l l  t h ree  bonds t o  n i t r o g e n  i s  suggestive o f  

10 S i m i l a r  h y b r i d i z a t i o n  and probable p l a n a r i t y  a t  n i t r o g e n  (c f .  Wasylishen 1. 
15 13 3 .  P ro tona t ion  has l i t t l e  e f f e c t  an 'J( N- C), except fo r  t h e  J ~ n v o l v i n g  carbonyl ,  which 

i s  enhanced upon protonat ion,  s i m i l a r  t o  l i t e r a t u r e   example^.^ N i t rogen  compounds t h a t  l a c k  

2 15 13 
lone p a i r s  o r  have de loca l i zed  lone p a i r s  o f t e n  show very  small  J (  N- C ) ,  and 1 i s  no ex- 

2 15 1 cept ion.  S i m i l a r l y ,  J (  N- H )  i s  small  and s i m i l a r  t o  p y r i d i n i u m  s a l t s  (ca. -2Hz). 

I n  conclus ion,  t h e  1 5 ~  chemical s h i f t s  a re  i n t e r p r e t a b l e  i n  terms of a h i g h  charge dens i t y  

on n i t r o g e n  i n  1 ' .  b u t  n o t  i n  1.1' However, the s i t u a t i o n  i s  complex and r e q u i r e s  f u r t h e r ,  -- - 
study.' ' I n  o the r  respects, t h e  molecule resembles a h y b r i d  between an .aromatic system aod an 

u,B-unsaturated ketone, a l though i n  our opin ion,  a d e f i n i t e  b ias  toward aromat ic  charac te r  

1 15 13 e x i s t s .  I n  p a r t i c u l a r ,  the l a c k  o f  change o f  J( N- C) on p r o t o n a t i o n  (and the re fo re  a smal l  

change i n  bond order)' ', t h e  general s i m i l a r i t y  of the 1 5 ~  chemical s h i f t  t o  n i t r o g e n  heterocyc les 

o f  unquestioned a romat i c i t y ,  t h e  l a c k  o f  lone p a i r  d e l o c a l i r a t i o n  i n  phenyl,  and the h i g h l y  

anomalous 13c=0 would suggest e i t h e r  subs tan t ia l  aromatic character ,  or a t  minimum, an exten- 

s i v e  resonance involvement o f  n i t rogen .  No way seems ev iden t  t o  r e c o n c i l e  these data w i t h  t h e  

magnetic s u s c e p t i b i l ~ t y  data. 5 

Compound ! was prepared by p l a c i n g  k o j i c  a c i d  monomethyl e ther13 (1.2 g )  i n . 2 5  ml o f  water 

and adding 1 g o f  a n i l i n i u m  c h l ~ r i d e - l ~ ~ . ~ ~  The m i x t u r e  was heated under r e f l u x  f o r  24 h, 

cooled, b a s i f i e d  w i t h  K2C03 u n t i l  near neu t ra l ,  and evaporated t o  dryness. A d d i t i o n  of methanol, 

removal of i no rgan ic  s a l t s ,  and evaporat ion t o  dryness gave t h e  crude pyr idone,  !, which was 

r e c r y s t a l l i z e d  f rom e t h y l  acetate-methanol (5:1), rnp 227-228'; y i e l d  0.520 g. 
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Witanowski and Webb t o  l i e  on t h e  h i g h  end of t h e  amide sca le  i n  chemical s h i f t .  Most N-ary l  

amides show chemical s h i f t s  i n  t h e  125-140 ppm range.3 However, a more d i r e c t  comparison would 

e x i s t  between 1 and 2 and enaminoketones. I n  t h e  l a t t e r ,  t h e  "N chemical s h i f t s  occur a t  - - 
81-110 ppm, which i s  s u b s t a n t i a l l y  l e s s  than ! or  2 ,  even a l l o w i n g  f o r  t h e  presence o f  phenyl.  3 

The chemical s h i f t s  of and 2 are  roughly  s i m i l a r  t o  aromatic n i t r o g e n  heterocyc les ( s p e c i f i -  

c a l l y ,  t o  p y r r o l e - l i k e  cases, i n  which t h e  n i t r o g e n  lone p a i r  i s  h i g h l y  de loca l i red ,  e.9. 

p y r r o l e  i t s e l f ,  149 ~ p r n ) . ~  S i m i l a r l y ,  1 '  and 2 '  a re  comparable t o  N-rnethylpyridinium s a l t s  -- -- 
(ca. 179 ppm), a l though an al lowance f o r  t h e  e f fec t  of phenyl i n  1 '  and 2 '  must be made. -. -. 
Var ia t ions  i n  1 5 ~  chemical s h i f t  from compound t o  compound a re  l a r g e r  than i n  nmr, r e -  

f l e c t i n g  t h e  l a r g e r  overa l  I range (ca. 900 ppm) i n  1 5 ~ . 6  

Char t  I 
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