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The nmr spec t ra  o f  t h e  anions o f  2-, 6-  and 8-am?nopurines, 2- and 4-amlnopynnndlnes,  

3- and 4-aminopyndazlnes,  aminopyrazine, 2 -aminopyr id ine ,  a n i l i n e  and i t s  p-methyl 

d e r i v a t i v e  i n  l i q u i d  amnonia c o n t a i n i n g  potass ium amide a t  low temperature show the 

presence o f  two geomet r i ca l  isomers, due t o  r e s t r i c t e d  r o t a t l o n  o f  t h e  deprotonated 

a m n o  group. The occurrence o f  coalescence has been observed w i t h  aminopyraz ine and 

p - m e t h y l a n i l i n e .  - 

I n t r o d u c t i o n  

The phenomenon o f  h indered  r o t a t i o n  i n  N - s u b s t i t u t e d  imlnes i s  known f a r  many years;  l t  even occurs 

1 
i n  d ipheny l  ket i rn ine,  a l t h o u g h  o n l y  a t  ve ry  low temperature . Recen t l y ,  geomet r i ca l  Isomers o f  

aromatic amines were found t o  e x i s t  a t  low temperatures2". T h l s  o b s e r v a t ~ o n  ev idences t h e  c o n t r l b u -  

t i o n  o f  mesomenc s t r u c t u r e s  i n  which t h e  ca rbon-mt rogen  bond has double bond c h a r a c t e r .  Based on 

these r e s u l t s  one has t o  expect  the occurrence o f  geometrical isomerism i n  t h e  amons o f  a romat i c  

amlnes, s i n c e  d e l o c a l ~ r a t ~ o n  of t h e  n e g a t ~ v e  charge i n  t h e  a romat i c  r i n g  w i l l  enhance t i e  double 

bond c h a r a c t e r  of t h e  ca rbon-n i t rogen  bond cons ide rab ly .  T h i s  has indeed been observed f o r  t h e  

amon of N-methyl-2,4,6-trinitroaniline i n  d ime thy l  s u l f o x l d e  ( a s  ~ n d i c a t e d  by t h e  non-equ>valence 

Y of H-3 and H-s)', t h e  an ion  o f  2- (methy lamino)  p y r i m ~ d i n e  (non-equiva lence o f  H-4 and H-6) and i n  

10 
t h e  d i a n i o n  of adenine ( i n  which two different NH p ro tons  a re  p r e s e n t )  . 

However, 'H nmr spec t ra  of a r n i n o p y r a z ~ n e ~ ~ ,  2 -a rn lnopy r id~ne1 l  and severa l  a m l l n e s 1 2  in l l g u l a  

amnonia c o n t a i n i n g  potass ium amide do n o t  i n d i c a t e  t h e  e x i s t e n c e  o f  separate isomers.  It 1 s  p o s s i b l e  

t h a t  i n  t h e  s t r o n g  b a s i c  med~urn a f a s t  i s o m e r i z a t i o n  takes  p lace ,  p r e v e n t i n g  t h e  d e t e c t i o n  of t h e  

separate geomet r i ca l  isomers.  The non-equivalence of hydrogen atoms i n  a s u b s t i t u e n t  has been found 

14 
f o r  t h e  CH: group I n  t h e  d i a n i o n  o f  6 -methy lpunne13  and i n  t h e  anions of 4 -methy lpynmid ine  , 

4-methyl -5-bromopynmid1ne~~, 2 - m e t h y l p y r i d i n e l 1  and methy lpy raz ine l1 ,  generated i n  l i q u i d  amrnonla 

c o n t a i n i n g  potass lum amide. 

Resu l t s  and D iscuss ion  

A. Aminopurines 
1 The H nmr spectrum o f  a  s o l u t i o n  o f  ademne i n  l i q u ~ d  ammonia c o n t a i m n g  potass lum amide shows 

t h r e e  s e t s  o f  two s i g n a l s  (Tab le  I )  o f  which two s e t s  a re  a s s ~ g n e d  t o  a romat i c  hydrogens and t h e  



10 s e t  of two broad s i g n a l s  t o  t h e  NH- group . 
1 The assignments o f  two s e t s  of a romat i c  hydrogens a re  made by comparison o f  t h e  H nrnr spectrum 

w i t h  t h a t  o f  8-deuter ioadenine under  i d e n t i c a l  c o n d i t i o n s .  

Table I. 'H nrnr da ta  of t h e  d ian ions  o f  some amnopur ines  i n  l i q u i d  ammoma 

c o n t a i n i n g  potass ium amide a t  -5ll0Ca 

D ian ion  o f  h-2 H-6 H-8 N-H lsorner 
d i s t r i b u t i o n  

adenine (1) 7.53 7.37 4.59 65% 

7.64 7.34 4.93 35% 

a Chemical s h i f t s  i n  ppm r e l a t i v e  t o  Me4Si (6= 0 ppm) 

These assignments can a l s o  be in te rchanqed  

The spec t ra  can o n l y  be exp la ined  i f  one assumes t h e  presence o f  d i a n i o n  (ob ta ined  by deprotona-  

9 
t i o n  of bo th  the N - H and the NH2 group)  i n  two d i s t i n c t  geomet r i ca l  isomers ( s t r u c t u r e s  and 

l b ) .  Due t o  d e l o c a l i r a t i o n  o f  t h e  n e g a t i v e  charge on t h e  amino n i t r o g e n  atom over  t h e  p u r i n e  r i n g  - 

t h e  double bond c h a r a c t e r  o f  t h e  C6- N bond i s  enhanced, r e s u l t i n g  i n  r e s t r i c t e d  r o t a t i o n  and t h e  

format ion of and 2. The presence of b o t h  isomers shows t h a t  i n  t h i s  b a s i c  medium t h e  i somer i za -  

1 t i o n  and p r o t o n  exchange a re  s low (on t h e  nmr t i m e  s c a l e ) .  From t h e  H nmr da ta  i t  cou ld  be 

e s t a b l i s h e d  t h a t  t h e  two geomet r i ca l  isomers 5 and g a r e  p resen t  i n  t h e  r a t i o  65:35. Which isomer 

i s  t h e  more abundant one has n o t  been de te rm~ned .  T h i s  r a t i o  i s  found t o  be independent  o f  t h e  

Potassium amide c o n c e n t r a t i o n ,  r a n g i n g  from 1.5 t o  4 equ iva len ts .  
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The e x i s t e n c e  of t h e  two geomet r i ca l  isomers 2 and i s  confirmed by 13c nmr spectroscopy (Table 

11 ) .  I n  t h e  decoupled spectrum o f  a s o l u t l o n  o f  adenine i n  KNH2/NH3 a l l  s i g n a l s  except  t h e  ones f o r  

C-2 and C-8 appear double. A l l  s i g n a l s  can be ass igned unambiguously by comparison o f  t h e  spectrum 

w i t h  t h a t  o f  deu te r ioaden ine  and w i t h  l i t e r a t u r e  d a t a .  

Table 11. 13c nmr da ta  of t h e  d i a n i o n  o f  adenine (1) I n  l i q u i d  ammonia 

c o n t a i n i n g  potass ium a m d e  a t  -50°ca 

U ian ion  of C-2 C-4 C-5 C-6 C-8 

adenine (1) 151.6 1 5 7 . 6 ~  1 2 3 . 4 ~  165.1b 146.4 

151.6 156.2 124.3 167.7 146.4 

a Chemical s h l f t s  i n  ppm r e l a t i v e  t o  MeqSi (6- 0 ppm) 

More abundant isomer 

That t h e  doub le  s i g n a l s  f o r  C-2 as w e l l  as f o r  C-8 c o i n c i d e  i s  proven by s e l e c t i v e  decoup l ing .  

1 Since t h e  H nmr s p e c t r a l  da ta  had shown t h e  isomer r a t i o  65:35, t h e  s e t  of 13c s i g n a l s  w i t h  t h e  

g r e a t e r  i n t e n s i t i e s  1 s  assigned t o  t h e  more abundant isomer. 

1 
An a t tempt  t o  conf7rm t h e  geomet r i ca l  isomerism by measuring t h e  coalescence o f  t h e  H nmr s i g n a l s  

with i n c r e a s i n g  temperature,  f a i l e d .  On a l l o w i n g  t h e  temperature o f  the s o l u t i o n  of t h e  d i a n i o n  

t o  n s e  f rom - 5 0 ' ~  up t o  1 5 ' ~  i n  a sealed tube  t h e  s i g n a l s  a r e  broadened and t h e  isomer r a t 7 0  

1 ( c a l c u l a t e d  f rom t h e  H nmr spectrum) changes from 65:35 t o  50:50. We cou ld  n o t  measure an average 

spectrum. 

We have ascer ta ined  t h a t  t h e  s i g n a l s  observed i n  t h e  nmr spec t ra  a r e  not o r i g i n a t e d  f r o m  t h e  a -  

adduct  ?, p o s s i b l y  formed by a t t a c k  of t h e  amide ,on on C-6 i n  t h e  monoamon o f  adenine. Adduct 

f o r m a t i o n  i n  pu r ine5  i s  known t o  occur  a t  p o s i t i o n  6 l D 3 l 3  and adduct f o r m a t i o n  a t  a p o s i t l o n  a l r e a d y  

occupied by an amino group cannot  be exc luded e i t h e r  ( f o r  example t h e  r i n g  t r a n s f o r m a t i o n  of 4- 

15 amino-2-bromoquinol ine i n t o  4-amino-2-methylquinazoline ) .  Therefore we reac ted  adenine w i t h  1 5 ~  

l a b e l l e d  potass ium amide. If adduct  2 shou ld  be formed, i t  would l e a d  t o  i n c o r p o r a t i o n  of 1 5 ~  i n  

recovered adenine. S ince i n  o u r  exper iment  no 1 5 ~  l a b e l  c o u l d  be found i n  t h e  recovered adenine 

(mass spec t romet ry ) ,  we exc lude t h e  in te rmed iacy  of adduct 2. 

The d l a n i o n  o f  8-ch loroadenine (3) and t h a t  o f  2-aminopur ine (!) a l s o  show t h e  presence of two 

1 isomers i n  t h e  H nmr spectrum (Tab le  I ) .  For 3 t h e  Isomer r a t l o  (65:35) IS t h e  same as f o r  ademne; 

f o r  4 a r a t i o  o f  75:25 was found. The s i g n a l  assignment o f  4 was based on comparison of t h e  s i g n a l s  

w i t h  those  o f  2-amino-8-deutenopurine. 



1 
No double s i g n a l s  a re  de tec ted  i n  t h e  H nmr spectrum of t h e  d i a n i o n  o f  8-aminopur ine (5 ) .  That 

we a r e  d e a l i n g  w i t h  a d i a n i o n  and n o t  w i t h  a monoanion was shown by i n t e g r a t i o n ,  i n d i c a t i n g  t h e  

presence of o n l y  aminohydrogen. T h i s  r e s u l t  does n o t  j u s t i f y  t h e  c o n c l u s ~ o n  t h a t  o n l y  one 

geometr ica l  isomer i s  p resen t ,  s i n c e  t h e  symmetry i n  t h e  i m i d a r o l e  p a r t  o f  t h i s  d ~ a n i o n  may lead  

t o  s p e c t r a l  co inc idence  o f  bo th  isomers. 

5  - - 7a 7 b - 
B. Aminapyranne,  -, aminopyr ida r ines  and aminopyr imid ines 

1 The H nrnr spec t ra  of t h e  an ion  o f  aminopyrar ine @)as w e l l  as o f  2 -aminopynd ine  ( I )  i n  l i q u i d  

arnnionia c o n t a ~ n i n g  potass ium amide were p r e v i o u s l y  r e p o r t e d  w i t h o u t  s p e c i f y i n g  t h e  temperature a t  

11  whlch t h e  spec t ra  were measured . The occurrence of geomet r i ca l  isomers was n o t  mentioned. 

We observed, however, t h a t  when t h e  'H nnr spec t ra  of t h e  amons  of these arn~no compounds a r e  

measured a t  - 5 0 " ~ .  t h e  an ion  6 e x i s t s  as a m i x t u r e  of two geomet r i ca l  isomers i n  a r a t i o  of 65:35 

Table 111. 'H nrnr da ta  o f  t h e  amans of some monocycl ic  a romat i c  amioes 

i n  l i q u i d  ammonia c o n t a ~ n i n g  potass ium amide a t  - 5 0 % ~  

Anion of H-2 H-3 11-4 H-5 H-6 isomer 
N-H distribution 

aminopyrazine (5) 

2-aminopyr id ine ( L )  

3-amno-&methy l -  
p y r i d a z i n e  (8) 
4-aminopyr idanne  (9) - 

2-amino-4-phenyl- 
p y r i m i d i n e  (10) 
4-arnlnopyrirnidine (11 )  - 7.67 

7.82 

4 -methy lan i l i ne  (11) 5.80 

2 ,4 -d imethy laml ine  (5) - 

a Chemical s h i f t s  i n  ppm r e l a t i v e  t o  Me4S?.(  A =  0 ppm) 

In t hese  cases i t  cannot be declded whlch signals belong t o  one isomer 

Symmetric molecule.  

Not observable.  
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R a i s i n g  t h e  temperature g r a d u a l l y  changes t h i s  r a t i o  t o  50:50 a t  O'C and f i n a l l y  r e s u l t s  i n  

incomplete coalescence a t  +20°c. C o o l ~ n g  t o  - 5 0 ' ~  r e s t o r e s  t h e  65:35 r a t i o ,  p r o v i n g  t h a t  t h e  

isomers a r e  i n  thermodynamic e q u i l i b r i u m .  Conpanson o f  these r e s u l t s  w i t h  those  of adenine,  

where a t  room temperature no coalescence i s  observed f o r  t h e  d i a m o n  o f  adenine (1) (see s e c t i o n  

A ) ,  ~ n d i c a t e s  t h a t  t h e  s t a b ~ l i r a t i o n  o f  t h e  n e g a t i v e  charge i n  6 1s l e s s  than  i n  1. 
0 

The an ion  o f  2 - a m ~ n o p y r i d i n e  (l) i s  a l s o  p resen t  i n  two geomet r i ca l  isomers a t  -50 C ( r a t i o  55:45). 

The r a t i o  i s  independent o f  t h e  c o n c e n t r a t i o n  o f  1 (0 .2-2mnol lml)  and of potass ium an ide  (1.5-10 

1 e q u ~ v a l e n t s ) .  As no isomer ism was r e p o r t e d  i n  t h e  l i t e r a t u r e 1 ' ,  i t  1 s  c l e a r  t h a t  t h e  H nmr spectra 

must have been measured above t h e  coalescence temperature.  The a lmost  equal  c o n c e n t r a t i o n  of b o t h  

5 
isomers shows t h a t  s t a b i l i z a t i o n  of t h e  syn- isomer 5 v ~ a  i n t r a m o l e c u l a r  hydrogen bonding and 

d e s t a b i l i z a t i o n  o f  t h e  e - l s o m e r  by r e p u l s ~ o n  between t h e  two e l e c t r o n  p a i r s 1 6  i s  un impor tan t  

1 The H nmr spectrum of t h e  an ion  o f  3-amino-6-methylpyridaiine (53) a l s o  shows t h e  presence o f  two 

geomet r i ca l  isomers i n  a r a t i o  o f  70:30; thus  t h e  p re fe rence  f o r  one isomer i s  s l i g h t l y  g r e a t e r  

(Tab le  111) than  i n  1. The methy l  group appears as a s i n g l e t  i n  each isomer and i s  t h e r e f o r e  

p robab ly  n o t  deprotonatedl l '13 '14.  

The an ion  of 4-aminopyr idaz ine (9) I S  a l s o  p resen t  i n  two g e o n e t n c a l  forms (Tab le  I l l ) .  The 

isomer distribution i s  50:50, b e i n g  t h e  same as f o r  t h e  sy rmmt r i ca l  a n i o n  o f  4-amlnopyr id ine.  

Thus, t h e  r a t i o  does n o t  change, when a n i t r o g e n  atom i s  i n t r o d u c e d  i n  t h e  meta p o s i t i o n  of t h e  

an ion  o f  4-aminopyr id ine.  

As a l r e a d y  i n d i c a t e d  i n  t h e  i n t r o d u c t i o n ,  geomet r i ca l  isomerism has been observed f o r  t h e  an ion  

1 of ?- (methy lamino)  p y r i m i d i n e  . I n  t h e  p resen t  s tudy  we f i n d  i n d ~ c a t i o n s  f o r  t h e  occurrence of 

two isomers f o r  t h e  a n i o n  o f  2-amino-4-phenylpynmidine ( g ) ( T a b l e  111). The spectrum shows two 

separate NH s i g n a l s ,  and t w o  d ~ f f e r e n t  s i g n a l s  f o r  H-5 ( n o t  f o r  H-6). The isomer distribution 1 s  

50:50. The r e s u l t s  i n  Table I 1 1  show f u r t h e r  t h a t  a l s o  f o r  t h e  an ion  o f  4-aminopyrirnidine (11) 
geometrical isomer ism e x i s t s ;  t h e  r a t i o  i s  70:30 

C. knilines 

The anions o f  a n i l i n e  and m e t h y l a n i l i n e s  l a c k  t h e  s t a b i l i z i n g  r i n g  m t r o g e n s ,  and t h e r e f o r e  may 

be expected t o  have a lower  r o t a t i o n  b a r r i e r ,  due t o  a decreased double bond c h a r a c t e r  of t h e  

ca rbon-n i t rogen  bond. Hence, t h e  coalescence temperature shou ld  be lower  than  i n  t h e  case of 

arninopyrazine. I n  t h e  l i t e r a t u r e  no i n d i c a t i o n  i s  a v a i l a b l e  f o r  t h e  occurrence of geomet r i ca l  

isomers i n  t h e  spec t ra  o f  a n i l i n e  and n e t h y l a n i l i n e s  i n  l i q u i d  ammonia c o n t a i n g  potass ium amide 

a t  +3i0c 12. 



However, i n  our s t u d y  we f ~ n d  t h a t  a t  - 5 0 ' ~  t h e  an ions 

of a n i l i n e  and 4 - m e t h y l a n i l i n e  (12) show t h e  presence of  

geomet r i ca l  isomers (Tab le  111) .  As b o t h  compounds a r e  

symmetric, r e s t r i c t e d  r o t a t i o n  w i l l  be r e f l e c t e d  i n  t h e  

non-equiva lence o f  H-2 and H-6 and o f  H-3 and H-5,  b u t  

n o t  i n  t h e  N-H s i g n a l .  Fo r  12 these d i f f e r e n t  s i g n a l s  f o r  

a l l  f ou r  r i n g  hydrogen atoms a r e  c l e a r l y  observed. The 

s i m p l i c i t y  of t h e  spectrum makes t h i s  compound s u i t a b l e  

f o r  an a t tempt  t o  measure coalescence.  

Indeed, on r a l s l n g  t h e  temperature f rom - 5 0 ' ~  t o  - 2 7 ' ~  

coalescence takes p lace ,  and a t  - 1 5 ' ~  t h e  spectrum 

c o n s i s t s  o f  two doub le ts ,  r e p r e s e n t i n g  b o t h  e q u i v a l e n t  

a r t h o  and meta hydrogens ( F i g u r e ) .  

- 1s-c fi The aromat i c  s i g n a l s  i n  t h e  spect rum o f  t h e  an ion  of 

a n i l i n e  a t  -50°c cannot  be s i m p l y  i n t e r p r e t e d ,  b u t  t h e i r  

c o m p l e x i t y  suggests non-equiva lence o f  b o t h  t h e  o r t h o  

and t h e  meta-hydrogen atoms, and hence r e s t r i c t e d  r o t a -  

6,s 6,o 5,s ppm 
t i o n  o f  t h e  ca rbon-n i t rogen  bond. 

The an ion  o f  2 , 4 - d i m e t h y l a n i l i n e  (2) t o o  i s  found t o  

Figure. P a r t  o f  t h e  IH nnr spect rum 
of  11 a t  d i f f e r e n t  temperatures e x i s t  i n  two isomers, i n  a  r a t i o  o f  85:15. T h i s  i n d i c a t e s  

t h a t  i n t r o d u c t i o n  of  a  me thy l  group o r t h o  t o  t h e  amino 

f u n c t i o n  has a s t r o n g  i n f l u e n c e  on t h e  isomer r a t i o .  

These data show t h a t  even i n  aniline anions,  in w h ~ c h  no s t a b ~ l ~ z ~ n g  s u b s t i t u e n t s  o r  r i n g  n i t r o g e n  

atoms a r e  p resen t ,  geomet r i ca l  isomer ism can be observed a t  -50°c 

Exper imenta l  S e c t i o n  

1 13c and H nmr s p e c t r a  idere o b t a i n e d  w i t h  a  Var ian  XL-100-15 spec t romete r ,  e q u ~ p p e d  w i t h  a  Var ian  

oLOIL16K computer. When measur ing i n  CDC13, i n t e r n a l  Me S i  was used as s tandard .  When measur ing 
4 

i n  l i q u i d  ammonia t h e  sample tempera tu re  was ca . -50 '~ .  Some samples were a l s o  measured a t  h i g h e r  

1 temperature i n  sea led  tubes. Fo r  H  nmr spec t ra  NH was used as s tandard.  The s p e c t r a  were c o n v e r t -  3  

ed t o  t h e  MeqSi s c a l e  by add ing  0.95 ppm. For  13c nmr spec t ra  Me3N was used as i n t e r n a l  s tandard .  

Adding 47.5 ppm c o n v e r t s  these s p e c t r a  t o  t h e  MeqSi s c a l e  

T y p i c a l  13c nmr s p e c t r a l  parameters  were as f o l l o w s  : s p e c t r a l  w i d t h  5120 Hz, a c q u i s i t i o n  t i m e  

0 . 8  s, p u l s e  d e l a y  0-1.2 s, pu l se  w i d t h  10 us. 

1  
Both H and 13c nmr s p e c t r a  were u s u a l l y  measured on s o l u t i o n s  o f  0.4-0.6 mmol/rnl w i t h  4  e q u i v a l e n t s  



of potassium amide. Isomer ratlos were determned by integrat~on of appropriate signals. Mass 

spectra and 1 5 ~  contents were determined on an AEI MS-902 mass spectrometer. 
20 

6 - ~ m i n o - 8 - c h l o r o p u ~ 1 n e ~ ~ ,  8-aminopurinei8, 3-amino-b-methylpy~1da~1ne19, Gaminopyridaz~ne . 
~ - a m l n o - 4 - ~ h e n y l p y r i m i d i n e ~ ~  and 4-arnin0p~rlm1d1ne~~ were prepared according to the literature 

All other compounds were purchased 
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