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1 5 N  NMR SPECTROSCOPY OF PYRAZOLINES-2 AND THEIR SALTS 
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R .  Faure and J . L l i n a r e s  

L a b o r a t i r e  de Chimie Organique Physique, 

UniversitB d 'Aix-Marsei l le  111, 

13397 Marse i l l e  CBdex 13,  France 

KEY WORDS: Pro tona t ion ,  Q u a t e r n i s a t i o n  

1 5 N  NMR Spectroscopy is  one of t h e  most powerful 
1-3 

t o o l s  t o  s tudy  t h e  s t r u c t u r e  of o rgan ic  molecules.  
2 -py razo l ines  1 a r e  h e t e r o c y c l i c  hydrazones, which as 

a r e s u l t  of t h e i r  c y c l i c  s t r u c t u r e ,  are s t a b l e  i n  a c i d i c  

media. Thus, t h e i r  p ro tona t ion  has been s t u d i e d  by 'H 

and 1 3 C  NMR spec t roscop ies .  ' Pyrazol ines  are protona- 

t e d  and qua te rna r i zed  a t  N1, 2 and 3. I t  i s  p o s s i b l e  t o  

o b t a i n  t h e  isomeric  quaternary s a l t s  4 by C-protonation 

of A -pyrazo l ines .  3 6 
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1 2 

J 

3 4 

I t  i s  known' t h a t  p r o t o n a t i o n  of a n  s p 2  p y r i d i n e -  

t y p e  N - a t o m  i s  accompanied by a r e l a t i v e l y  l a r g e  u p f i e l d  

s h i f t  i n  t h e  1 5 N  r e s o n a n c e  of s. 100 ppm, whereas  p r o -  

t o n a t i o n  of  a n  a l i p h a t i c  amine N-atom g i v e s  a much s m a -  

l l e r  d o w n f i e l d  s h i f t  o f  z. 10 ppm. I n  order t o  compare 

t h e  c h e m i c a l  s h i f t s  o f  p y r a z o l i n e s  1 n e a t  o r  i n  DMSO-d6 

w i t h  t h o s e  i n  t r i f l u o r o a c e t i c  acid ( s a l t s  2 ) ,  it  is i m -  

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

p r o t o n a t i o n  e f f e c t ,  as happens  i n  1 3 C  NMR e x p e r i m e n t s .  5 

As a model of N 1 - a t o m  b e h a v i o u r  w e  have  selected 

- N , N - d i m e t h y l a n i l i n e ,  t o  t a k e  i n t o  a c c o u n t  t h e  c o n j u g a -  

t i o n  w i t h  t h e  d o u b l e  bond,  a n  as  a model of N 2 - a t o m ,  

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

n i t r o m e t h a n e  as a n  e x t e r n a l  r e f i r e n c e  are g i v e n  below: 

DMSO - d 

TFAA 

-338.2 -328.9 -322.5 

-332.5 -331.2 -325.0 
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Q I 1- 

DMSO- d6 -56.8 8 -173.78 

8 -175.8 8 TFAA -170.8 

T r i f l u o r o a c e t i c  a c i d  produces  s l i g h t  u p f i e l d  s h i f t s  

i n  q u a t e r n a r y  s a l t s  ( a v e r a g e d  v a l u e ,  -2.3 ppm); t h u s  it 

i s  p o s s i b l e  t o  decompose t h e  e f f e c t s  obse rved  f o r  N,N- 

d i m e t h y l a n i l i n e  and p y r i d i n e  i n t o  two terms: 

= t 8 . 0  - 2.3  s o l v  - -338.2 -332.5 = t 5 .7  = A p r o t  + A  

-56.8 *-170.1 = -113.3 = nprot +Asolv = -111.0 - 2.3 

7 i n  q u i t e  good agreement  w i t h  l i t e r a t u r e  d a t a .  

R e s u l t s  conce rn ing  t h e  p y r a z o l i n e s  and t h e i r  s a l t s  

a r e  g a t h e r e d  i n  Tab les  1 t o  4 .  The chemica l  s h i f t s  r e p o r -  

t e d  i n  T a b l e s  1 and 2 are a d d i t i v e .  The f o l l o w i n g  c o n t r i -  

b u t i o n s  can  be c a l c u l a t e d  by m u l t i p l e  r e g r e s s i o n  (Tab le  

5 ) .  A l l  are as e x p e c t e d ,  e x c e p t  t h e  . f a c t  t h a t  N-methyla- 

t i o n  i n  p o s i t i o n  1 a f f e c t s  N 2  more t h a n  N1. As t h e s e  

v a l u e s  are d i f f e r e n t  f o r  p y r a z o l i n e s  1 and f o r  pyrazo-  

l i n i u m  s a l t s  2 ,  t h e  p r o t o n a t i o n  e f f e c t s  depend on t h e  

s u b s t i t u e n t s .  Taking  i n t o  accoun t  t h e  a fe remen t ioned  

a d d i t i v i t y  t h e y  can  be summarized as f o l l o w s :  
Scheme 1 

Ph -19.9 Me - 1 2 . 4  

-30.4 N*N 7 
4 

H -18.5 
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2 TABLE 1. 1 5 N  chemical s h i f t s  of A - p y r a z o l i n e s  

Comp. R1 R 3  R 5  R 5 ’  N1 N 2  

laa  H H H H - 2 5 1 . 5  - 3 4 . 6  

lba H H H - 2 5 5 . 0  - 4 9 . 6  

lca H CH3 CH3 - 2 2 8 . 2  - 4 8 . 9  

- 2 4 2 . 2  - 4 9 . 6  

H H H - 2 5 0 . 9  - 2 4 . 8  

H H - 2 5 4 . 8  -32 .2  

CH3 CH3 - 2 2 8 . 5  - 3 4 . 8  

- 2 4 4 . 3  -33.8 

CH3 

CH 3 

Ida H CH3 ‘gH5 

lea CH3 

I f a  CH3 CH3 

1 ga CH3 CH3 

lha CH3 CH 3 ‘sH5 
l i  ‘gH5 CH3 

a N e a t  ; bDMSO-d6 

H H - 2 3 1 . 6  - 5 7 . 2  b 

TABLE 2 

1 5 N  chemical s h i f t s  of A - p y r a z o l i n e s  i n  TFAA 
2 

Comp. R1 R3 R5 R 5  N1 N 2  

2 a  H H H 

H 2 b  H CH3 

2 c  H CH3 CH3 

H CH3 

CH 3 

2 f  CH3 CH3 

2 g  CH3 CH3 CH3 

2h CH3 CH3 

2 i  ‘gH5 CH3 H 

H 

H H 

H 

2 d  

2 e  

H 

H 

H 

CH3 

‘gH5 

H 

H 

CH3 

‘gH5 

H 

- 2 6 9 . 6  

- 2 7 0 . 6  

- 2 5 3 . 1  

- 2 5 7 . 8  

- 2 6 3 . 3  

- 2 6 4 . 1  

- 2 4 7 . 1  

- 2 5 4 . 2  

- 2 4 8 . 6  

- 6 7 . 8  

- 8 0 . 3  

- -80 .7  

- 8 1 . 4  

- 4 8 . 2  

- 6 3 . 2  

- 6 2 . 2  

- 6 2 . 7  

- 7 9 . 6  
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TABLE 3 

1 5 N  c h e m i c a l  s h i f t s  o f  1, l - d i s u b s t i t u t e d -  

2 -p y r  a z  o 1 i n  ium s a 1 t s 

R 3  R 5  R 5 '  N1 N2 Comp . R1 

H H -252.1 -46.6 

H H -254.3 -49.0 

3 ia 'gH5 CH3 H H -239 * 0 -48.9 

CH3 CH3 
3 f a  

3fb CH3 CH3 

a DMSO-d6; b~~~~ 

-33. ON, -29.2N. "AMe - 3 2 . 6 k r L  d y  Ph 
H 

-18.8 
dsJ Me 

H -27.9 H -15.5 

T a b l e  3 v a l u e s  show t h a t  s o l v e n t  e f f e c t s  i n  s a l t  

3f, b e a r i n g  t h e  p o s i t i v e  c h a r g e  on N1, is  a b o u t  -2 .3  

ppm. T h i s  v a l u e  c a n  be s u b s t r a c t e d ,  i f  n e c e s s a r y ,  from 

t h e  e f f e c t s  shown i n  Scheme 1 t o  c a l c u l a t e  t h e  p r o t o n a -  

t i o n  e f f e c t s ,  dProt. Comparison of  s a l t s  2 a n d  3, bea- 

r i n g  t h e  same s u b s t i t u e n t s ,  are r e p o r t e d  i n  Scheme 2.  

Scheme 2 

i 

H+k Me 
3f -2f 3i-2i 
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TABLE 4 

l 5 N  chemica l  s h i f t s  of  1 , 2 - d i s u b s t i t u t e d -  
2 A - p y r a z o l i n i u m  s a l t s  

Comp . R1 R3 R5 R 5  ' N1 N2 

4 f a  CH3 . CH3 H H -243.4 -151.5 

4ga CH3 CH3 CH3 CH 3 
4gb CH3 CH3 CH3 CH3 

-232 - 2  -153.2 

-232.7 -153.6 

-233.1 -153 - 7 CH 3 CH 3 H 'sH5 4ha 

aDMSO-d6 ; bTFAA 

The fact t h a -  m e t h y l a t i o n  e f f e c t s  on N2 are so 

d i f f e r e n t  ( 1 4 . 2  and 30.7 ppm) can  be due t o  an i n t e r a c -  

t i o n  between t h e  N 2  l o n e  p a i r  and t h e  s te r ic  c o n g e s t i o n  

i n  3 i .  

There are no s o l v e n t  e f f e c t s  i n  s a l t s  4 ( T a b l e  4 )  

and b o t h  chemica l  s h i f t s  are r a t h e r  i n s e n s i t i v e  t o  subs -  

t i t u e n t  e f f e c t s .  

Although t h e  r e s u l t  h e r e  r e p o r t e d  c l e a r l y  a g r e e  
2 w i t h  t h e  f a c t  t h a t  p r o t o n a t i o n  of  - p y r a z o l i n e s  1 ta-  

k e s  p l a c e  a t  N1, w i t h  fo rma t ion  o f  sa l t s  2, t h e  s i t u a -  

t i o n  i s  complex due t o  t h e  f o l l o w i n g  f a c t s :  

i )  owing t o  t h e  con juga ted  aza-enamine s t r u c t u r e ,  

p r o t o n a t i o n  on N1 a f f e c t s  b o t h  n i t r o g e n  chemica l  s h i f t s .  

ii) t h e  effects of p r o t o n a t i o n  and q u a t e r n i s a t i o n  
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TABLE 5 

S u b s t i t u e n t  c o n t r i b u t i o n s  t o  t h e  1 5 N  c h e m i c a l  s h i f t s  

N1 of 1 N 2 0 f  1 N1 of 2 N 2  of  2 

Cons t a n t a  -250.8 -36.8 -269 .3  -67.2 

1 -Methyl  -0 .5  1 4 . 3  5 .6  18 .5  

1 -P h e n y l  23.0 -9.2 21.6 1 .4  

3-Methyl  -3.9 -11.2 -0.9 -13.8 

5,5-Dimet  h y l  26.6 -0.9 1 7 . 2  0 . 3  

5 -Phen y l  11 .6  -0 .8  1 1 . 3  -3.0 

a t  p o s i t i o n  1 are r a t h e r  c o m p l i c a t e d  a n d  d e p e n d  on t h e  

s u b s t i t u e n t s .  

iii) t h e  p r e s e n c e  i n  t r i f l u o r o a c e t i c  s o l u t i o n  of 

a s m a l l  amount of d i p r o t o n a t e d  c a t i o n  c a n n o t  be e x c l u -  

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

ned .  9 

EXPERIMENTAL PART 

Na tu ra l  abundance  1 5 N  NMR spectra w e r e  r e c o r d e d  

a t  20 .28  MHz o n  a B r u k e r  AM-200 spectrometer ( C e n t r e  

I n t e r u n i v e r s i t a i r e  de RMN de Marseil le).  N i t r o m e t h a n e  

w a s  u s e d  as e x t e r n a l  s t a n d a r d  a n d  n o  c o r r e c t i o n s  for 

b u l k y  d i f f e r e n c e s  w e r e  a p p l i e d .  The 1 5 N  s p e c t r a  were 

o b t a i n e d  u s i n g  the  INEPT p u l s e  s e q u e n c e . ”  The w i d t h  

of a n i t r o g e n  90° p u l s e  w a s  26 ps a n d  t h e  w i d t h  of a 
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p r o t o n  90° p u l s e  w a s  28 p. The d e l a y  t i m e  Z between t h e  

p u l s e s  w a s  se t  e q u a l  t o  0 .125 s which co r re sponds  t o  

J N H / 4  mean v a l u e  f o r  l o n g  r ange  NH coup l ings . ’  The 

1 5 N  s p e c t r a  of l b  w e r e  o b t a i n e d  u s i n g  t h e  conven t io -  

n a l  a c q u i s i t i o n  mode. I n  t h i s  l as t  c a s e ,  traces of 

Cr(acacI3 w e r e  added t o  s h o r t e n  t h e  T I  r e l a x a t i o n  t i- 

m e s ;  t h e  d e l a y  between p u l s e s  and t h e  p u l s e  a n g l e  were 

5 s and 70°, z. 20 s ,  r e s p e c t i v e l y .  Y 
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