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ABSTRACT -- 

The n a t u r a l  abundance 15N-NMFl c h e m i c a l  s h i f t s  of 

1 , l C - p h e n a n t h r o l i n e ,  p y r i d a z i n e  and 7 - a z a i n d o l e  have  

been measured  a s  a f u n c t i o n  of the n a t u r e  of  t h e  so l -  

v e n t .  Hydrogen bondin9  and p r o t o n a t i o n  r e s u l t  i n  

u p f i e l d  s h i f t  of bo th  t h e  p y r i d i n e  t y p e  n i t r o g e n s  i n  

* 
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a28 RAO ET AL. 

1 , l O - p h e n a n t h r o l i n e  and p y r i d a z i n e  where  a s  i n  7-aza- 

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

n i t r o g e n .  The c h e m i c a l  s h i f t s  due t o  p r o t o n a t i o n  f a r  

exceeded  t h o s e  f rom hy-rrogen bonding.  I n  a d d i t i o n  t o  

i d e n t i f > i n g  t h e  s i t e  of d o n a t i o n ,  t h e  ''N-NMR d a t a  e s t a -  

b l i s h e s  t h e  mechanism of c h a r g e  t r a n s f e r  and hydrogen 

bonded complex f o r c a t i o n .  

I.PITRODUC T I O N  

N i t r o g e n  - 15 NI\;A s p e c t r o s c o p ?  o f f e r s  s e v e r a l  

a d v a n t a g e s  o v e r  o t h e r  fo rms  of  r.lh4R s p e c t r o s c o p y  f o r  t h e  

s t u d y  of p rob lems  c o n n e c t i n g  n i t r o g e n  compounds of b io -  

l o g i c a l  i n t e r e s t .  Fu r the rmore  u n l i k e  c a r b o n  and hydro- 

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

complexes ,  hydrogen  bonding  e t c . ,  and n i t r o g e n  - 15 NMR 

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

p robe  f o r  t h e  s t u d y  of t h e  n a t u r e  of bonding  i n v o l v i n g  

n i t r o g e n .  

i s  p o s s i b l e  t o  o b t a i n  15PJ-N!E?IR s p e c t r a  a t  n a t u r a l  abun- 

dance  l e v e l  of t h i s  i s o t o p e  a l t h o u g h  t h e  t e c h n i q u e  i s  

somewhat complex.  

e l u c i d a t i n g  t h e  e f f e c t s  of hydrogen  bonding  and p ro tona -  

t i o n  i n  amines  , d i a ~ o l e s ~ ' ~  h a s  been c l e a r l y  demonst ra -  

t e d .  I n  t h e  c a s e  of i m i d a z o l e s  and p y r a z o l e s ,  t h e  s i t e  

of d o n a t i o n  f o r  hydrogen  bonded complexes  and p r o t o n a t i o r  

I t  h a s  r e c e n t l y  been d e m ~ n s t r a t e d l - ~  t h a t  i t  

The i m p o r t a n c e  of  ''N-NNIR d a t a  i n  

4 

i s  shown t o  be a t  t h e  p y r i d i n e  t y p e  n i t r o g e n  496 . 
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NATURAL ABUNDANCE NITROGEN-15 NMR 829 

i n  t h i s  l a b o r a t o r y  work i s  i n  p rogres s9  t o  s t u d y  

t h e  donor  p r o p e r t i e s  of t w i n - s i t e  d o n o r s  w i t l - ,  t h e  donor  

s i t e s  N,S,O under  d i f f e r e n t  chemica l  envi ronments .  

M u l t i f u n c t i o n a l i t y  p o s e s  many problems such  a s  t h e  n a t u r e  

and e x t e n t  of t h e  i n t e r a c t i o n  between s i t e s  i n  t h e  ground 

s t a t e  of t h e  donor  and t h e  e f f e c t  of t h e  complexa t ion  

a t  one s i t e  on t h e  r e a c t i v i t y  of  t h e  uncomplexed s i t e s .  

While s t u d y i n g  t h e  donor  p r o p e r t i e s  of some t w i n  s i t e  

d o n o r s  such  a s  1 , l O - p h e n a n t h r o l i n e  and p y r i d a z i n e  u s i n g  

i o d i n e ,  p h e n o l s  and a l c o h o l s  a s  a c c e p t o r s  employing UV- 

v i s i b l e  and p r o t o n  NhdR t s h n i q u e s ,  t h e  a s s ignmen t  of 

t h e  s i t e  of d o n a t i o n  was n o t  p o s s i b l e .  I t  was f e l t  

t h a t  l5N-NMFi s p e c t r a l  d a t a  would y i e l d  u s e f u l  informa- 

t i o n  on t h i s  a s p e c t .  I n  t h i s  p a p e r ,  w e  p r e s e n t  o u r  s t u d y  

of t h e  n a t u r a l  abundance N i t r o g e n  - 15 NhFi s p e c t r a l  d a t a  

of some s e l e c t e d  twin-s i  t e  donors .  

EXPERIMENTAL 

T h e  t w i n - s i t e  d o n o r s  chosen  f o r  t h e  s t u d y  a r e  

a )  l , l O - p h e n a n t h r o l i n e ,  

b )  p y r i d a z i n e ,  

c )  7 -aza indo le .  

The ''N-NNIR s p e c t r a l  d a t a  of t h e s e  t h r e e  compounds 

i n  non-polar  ( c a r b o n t e t r a c h l o r i d e ) ,  hydrogen bonding 

( e t h a n o l ) ,  and p r o t o n a t i n g  ( 0 . 1 N  H C 1 )  s o l v e n t s  were 

s t u d i e d .  
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830 RAO ET AL. 

l , l O - P h e n a n t h r o l i n e l  7 - a z a i n d o l e  and  p y r i d a z i n e  

w e r e  of A l a r i c h  p u r e  g r a d e .  1 1 1 0 - P h e n a n t h r o l i n e  and 

7 - a z a i n d o l e  w e r e  r e c r y s t a l l i s e d  f rom c a r b o n t e t r a c h l o r i d e  

t h r e e  t imes l  p y r i d a z i n e  was f u r t h e r  p u r i f i e d  by d i s t i l -  

l a t i o n .  S p e c t r o g r a d e  c a r b o n t e t r a c h l o r i d e  a n d  e t h a n o l  

w e r e  d r i e d  and d i s t i l l e d .  S o l u t i o n s  of C.051.: c o n c e n t r a -  

t i o r s  w e r e  u s e d  i n  a l l  c a s e s .  

The 15h-l&R s p e c t r a  were t a k e n  w i t h  Bruker-VJh4 400 

s p e c t r o m e t e r  o p e r a t i n g  a t  40 .56  llHz. A l l  s h i f t s  r e p o r t e d  

a r e  r e l a t j v e  t o  NO- i n  amnonium n i t r a t e  d i s s o l v e d  i n  D20. 

The r e f e r e n c e  was c o n t a i n e d  i n  a 5 mm NEtR t u b e  h e l d  i n  

t h e  c e n t r e  of t h e  sample by means of a T e f l o n  p l u g .  The 

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

l o c k  s i g n a l .  The t e m D e r a t u r e  of t h e  p r o b e  was main- 

t a i n e d  a t  304'K. S e c a u s e  of  t h e  l o n g  r e l a x a t i o n  t i m e s  

and s m a l l  u n f a v o u r a b l e  n u c l e a r  O v e r h a u s e r  e f f e c t s  

( N O E )  o f  t h e  p y r i d i n e  r i n q  n i t r o ? e n s  i n  t h e  compounds 

s e l e c t e d  f o r  t h e  s t u d y ,  a p u l s e  w i d t h  of a b o u t  20-25 p 

s e c  was u s e d .  P r o t o n  n o i s e  d e c o u p l i n g  was d o n e  o n l y  

d u r i n g  d a t a  a c q u i s i t i o n  w i t h  an  a v e r a g e  of 5000 s c a n s  

a t  a sweep w i d t h  of 7 WZ. S p e c t r a  w e r e  r e c o r d e d  u s i n g  

t h e  i n v e r s e  g a t e d  d e c o u p l i n g  t e c h n i q u e  and ir. c o n d i -  

t i o n s  w h e r e  t h e  NOE was n e g a t i v e .  

3 

RESULTS -- A N D  DISCUSSION 

T h i s  i s  t h e  f i r s t  r e p o r t e d  a t t e m p t  t o  s t u d y  t h e  

d o n o r  b e h a v i o u r  of  t w i n - s i t e  d o n o r s  b a s e d  on 15N-N~R 
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NATURAL ABUNDANCE NITROGEN-15 NMR 831 

s p e c t r a l  d a t a .  

n t h r o l i n e ,  p y r i d a z i n e  and  7 - a z a i n d o l e  i n  c s r b c n t e t r a -  

c h l o r i d e ,  e t h a n o l  and C.1M h y d r o c h l o r i c  a c i d ,  a r e  

g i v e n  i n  T a b l e  I .  9 t h  l , l G - p h e n ? n t h r o l i n e  an3 p y r i -  

d a z i n e  show o n l y  a s i n g l e  15N-resonance i n  a l l  t h e  

s o l v e n t s ,  i n d i c a t i n g  t h a t  b o t h  t h e  n i t r o g e n s  a r e  i n  

t h e  i d e n t i c a l  c h e m i c a l  e n v i r o n m e n t s  ir: a l l  the s i t u z -  

t i o n s .  The c h e m i c a l  s h i f t s  of  b o t h  t h e  n i t r o g o n s  i n  

p y r i d z x i n e  i s  92.8 :JWI : lol:.nfizld f r o -  t h a t  D f  1,1@- 

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

of e a c h  n i t r o g e n  bn t h e  o t h e r .  

r e s o n 2 n c e s  of b o t h  t h e  comoounds s h i f t  u p f i e l d  t o  3 

s m a l l e r  e x t e n t ,  whereas  i n  p r o t o n q t i n , ;  s o l v e n t s  t h t .  

s h i f t s  a r e  s i g n i f i c a n t l y  l a r g e r  ( T a b l e  11). 

15b!->!ki3 c h e m i c a l  s h i f  t r  of l , lC-ph,en;i-  

I n  e t h a n o l ,  t h e  15N-  

The n a t u r e  of t h e  b o n d i n ?  i n  t h c  two t w i n - s i t e  

d o n o r s  c a n  be of two t y p e s :  

a )  d o n a t i o n  i s  o n l y  f ro r r  one  n i t r o g e n  

b )  d o n a t i o n  i s  frorr. b o t h  t h e  n i t r o g e n s ,  >!vherein t h e  

h y d r o g e n  i s  f a s t  e x c h a n g i n g  be tween  t h e  two n i t r o G e n s  

( F i j . I a ,  b ) .  

I t i s  known 7 v 8  t h a t  b o t h  t h e  d o n o r s  form o n l y  1:l 

h y d r o g e n  bonded c o m p l e x e s  and o n l y  m o n o p r o t o n n t e d  

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

c.nc n i t r o g e n  were d o n z t i h g ,  we shoc I d  n e c e s s a r i l y  g e t  

two 153!-resonances f o r  t h e  two compounds i n  hydrogen  
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RAO ET AL. 

TABLE I 

15~-r\i;~: SPECTRAL DATA I>.J V A R I ~ S  SOLVEKTS 

15K-Chenica l  s h i f t , i n  ppn 

E t h a n o l  0.U: H C 1  C a r b o n  
Te t r a c h l o r i d e  

s.r<o. Gonor  

1 I, 1 G - P h e n a n t h r o l i n e  

2 P y r i d a z i n e  

3 7 - , 4 z a i n d o l e  

N ( P y r i d i n e  t y p e )  

N2- ( P y r  r o 1 e type ) 

1- 

-61.57 -74.43 -136.W 

+31.31 +14.C1 - 48.43 

- 117.36 -119.3C -210.15 

-237.35 -239.93 -241.68 

--- - 
&&"of A Sb of 

S.I.io. Name of t h e  2 o n o r  Hydrogen b o n d i n g  P r o t o n a t i o n  
(ppm) ( PPm ) 

1 1 , l O - P h e n a n t h r o l i n e  12.86 75.23 

2 P y r i d a z i n e  17.30 79.74 

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



NATURAL ABUNDANCE NITROGEN-15 NMR a33 

OR 

a b 

Figure I 

bonding  a n d  p r o t o n a t i n g  s o l v e n t s ,  which i s  n o t  e x p e r i -  

m e n t a l l y  o b s e r v e d .  S t r u c t u r e  I ( a , b )  c a n  be assumed t o  

e x p l a i n  t h e  e x p e r i m e n t a l  d a t a .  

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

B r o n e r t i e s  of 1 , l O - p h e n a n t h r o l i n e  a n d  p y r i d a z i n e  have  

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

arid e m p l o y i n g  UV-vis ib le  a n d  p r o t o r  NI.iF, s p e c t r a l  d a t a .  

S t r u c t u r e  I ( a , b )  have  been  assumed t o  e x p l a i n  t h e  h i g h  

e q u i l i b r i u m  c o n s t a n t  v a l u e s  compared t o  2 , 2 ' - b i v y r i d i n e ,  

p y r a z i n c  e t c . ,  and a l s o  t o  e x p l a i n  b r o a d  Lewis  acid-OH 

p e a k s  a p p Q a r e d  i n  $ r o t o n  NLR s p e c t r a  of hydrogen  bonded 

c o m p l e x e s  be tween t h e s e  two d o n o r s  and Lewis  a c i d s .  

r h u s ,  i t  c a n  be assumed t h a t  t h e  two n i t r o g e n s  a r e  

p a r t i c i p a t i n g  i n  d o n a t i o n  i n  t h e s e  two d o n o r s .  F u T t h e r ,  

1 5 ~ - ~ ~ ~ ~  s p e c t r a l  s t u d i e s  a t  low t e m p e r a t u r e s  may c o n f i r m  

t h i s  mechanism. 

I n  c o n t r a s t ,  t h e  15N-Ntv'Z? s p e c t r u m  of 7 - a z a i n d o l e ,  

i n  c a r b o n t e t r a c h l o r i d e  ( T a b l e  I )  i n d i c a t e s  t h a t  t h e  

n i t r o g e n s  ( p y r r o l e  and p y r i d i n e  t y p e s )  a r e  e x p e r i e n -  

c i n g  l a r g e  d o w n f i e l d  s h i f t s  f r o m  t h e i r  n o r m a l  p o s i -  
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a34 RAO ET AL. 

a 

H3 - N  0 

m 
' H  * * 
I 8 

H-0 
I 
'ZH5 

b 

H H  
C 

t i o n s .  T h i s  b e h a v i o u r  c a n  be  e x p l a i n e d  on t l -e  b a s i s  

of t h e  p r o p e r t y  of  d i m e r  f o r m a t i o n  o f  t h i s  compound 

a s  s u 2 g e r t e d  by f l u o r e s c r n c e  s t u d i e s  ( F i g . I I a ) .  

F u r t h e r ,  ti. u d i E f e r i n c e  i n  t h e  c h e m i c a l  s i - : i f t q  of b o t h  

t h e  n i t r o g e n s  of  7 - 2 z a i n d o l e  i n  c 9 r b o n t e t r a c h l o r i d e  

and  a l c o h o l  i s  s m a l l ,  w h i c h  cocild be a t t r i b u t e d  t o  t h e  

f o l l o w i n , ?  two p o s  s i  b i  li t i e s  . 
a )  The d i m e r  fo r r r ed  r c r n a i n s  u n d i s t u r b e d .  

b )  The h y d r c g e n  bonded ccrnplex of e t h a n o l  and  7 - s z a -  

i n d o l e  i s  v e r y  s i m i l a r  t o  t h c  dimer s t r u c t u r e  ( F i g . I I b ) .  

1 G  

I n  t h e  c a s e  of  p r o t o n z ' i o n ,  t h e  p y r i d i n e  n i t r o g e n  

i s  p r o t o n a t e d  a s  i s  e v i d e n t  f rom t h e  l a r g e  up f i e l d  

s h i f t  of t h e  p y r i a i n a  n i t r o g e n  and  t h e r e  i s  l i t t l e  

e f f e c t  on p y r r o l e  t y p e  n i t r o g e n ,  w h i c h  c s n  be e x p l a i n e d  

by a s s u m i n g  t h a t  t h e  uncomplexed  p y r r o l e  t y p e  d o n o r  
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s i t e  vkould s t a b i l i z e  t i e  d a c i v e  form o f  t h e  complex  

fo rmed  t h r o u q h  d o n a t i o n  of  t h e  p y r i d i n e  n i t r o g e n .  

The 15N-Nh:R s p e c t r a l  dat; of  7 - a z a i n d o l e  n h i c h  i s  s i m i -  

l a r  t o  r e p o r t e d  d a t a  of h ! -me thy l imidazo le  and N-methyl 

D y r a z o l c  f u r t h c r  c o n f i r x  t i I i s ( F i g . 1 I c ) .  

I n  t h i s  l a b o r a t o r y ,  w r k  h a s  beer! dor i e l '  on t h a  

d o n o r  p r o p e r t i e s  of 7 - a z a i n d o l e  with, a c c e p t o r s  l i k e  

i o d i n e ,  c h l o r a n i l  e t c . ,  and some Lewis a c i d s  emplo- 

y i n g  W - v i s i b l e  and p r o t o n  Nh!k stucii.tis. The d a t a  now 

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

r i n q  n i t r o g e n  i s  t h e  d o n a t i n g  s i t e .  
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Germany f o r  t h e  15N-I\:h~R s p e c t r a  and P r o f  .fw.N. S a s t r i  

€ o r  h i s  e n c o u r a g e m e n t .  F i n a n c i a l  a s s i s t a n c e  f r o m  KiC, 
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