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Abs t rac t  - S t e r i c  hindrance g i ves  r i s e  t o  an unusual n i t r o g e n  t o  carbon m ig ra t i on  when 

2-amino-6-methylpyridine i s  reac ted w i t h  di-iodomethane a t  140-150°C. 

I n  con t i nua t i on  o f  our  e a r l i e r  work on the f a c i l e  one-step synthes is  o f  N,N1-methylene-2,2'-aza- 

pyr idocyanines 2,3, we have f u r t h e r  exp lored the scope of t h i s  react ion .  We now wish t o  r e p o r t  

an unusual non-acidhon-base cata lyzed n i t r ogen  t o  carbon double m ig ra t i on  rearrangement. I n  

the o rd ina ry  course o f  t h i s  reac t i on ,  the  condensation of v a r i o u s l y  s u b s t i t u t e d  2-aminopyr id ines 

w i t h  di-iodomethane y i e l d s  N,N'-methylene-2,2'azapyridocyanine der i va t i ves .  The s t r u c t u r e  o f  t h e  

parent compound has been f u r t h e r  confirmed by s i n g l e  c r ys ta l  X-ray ana lys is4 .  Th is  i s  t r u e  even 

w i t h  4-aminopyrimidine and 2-aminoquinoline5,6. The on ly  except ions we have so f a r  encountered a re  

the  py r i d i nes  c a r r y i n g  e lec t ron-wi thdrawing subst i tuents .  It appears t h a t  the  r e a c t i o n  i s  ve ry  

s e n s i t i v e  t o  the  e l e t r o n i c  environment present  i n  t h e  molecule. Th is  r e p o r t  dea l s  w i t h  the  e f f e c t  

of s t e r i c  hindrance. Thus, t h e  presence of s t e r i c  hindrance i n  2-amino-6-methylpyridine has been 

Observed t o  a l t e r  the  normal course of the reac t i on  and ta  r e s u l t  i n  di-3-(2-amino-6-methyl)-pyr i -  

dylmethane. This non-acidhon-base cata lyzed n i t r ogen  to  carbon i n t ramo lecu la r  m i g r a t i o n  i s  

remin iscent  of t h e  Somelet-Hauser. t h e  Stevens, and the nitraminopyridine/phenylnitramine rea r -  

rangements. 

When a s o l u t i o n  of 2-amino-6-methylpyridine (1.08 g, 0.01 mole) and methylene i o d i d e  (3.36 g, 

0.0125 mole) i n  d r y  a c e t o n i t r i l e  (30 m l )  i s  heated i n  a pressure b o t t l e  f o r  t h ree  days a t  140- 

145'C, a golden y e l l o w  co lored s o l i d  (0.31 g, m.p. >260°C) i s  obta ined from the workup o f  the 

r e a c t i o n  m ix tu re  along w i t h  a cons iderab le  amount of t a r - l i k e  polymeric m a t e r i a l .  Both the  IH and 

13C-NMR spect ra  a r e  cons i s ten t  w i t h  s t r u c t u r e s  and 18 ( a  s i n g l e t ,  2.3 ppm, 6H, two -CH3 groups 

on t h e  aromat ic r i n g ;  a s i n g l e t ,  3.75 ppm, 2H, methylene protons; a doublet ,  6.75 ppm, lH, %-H, 

J = 9 Hz; another doublet ,  7.55 ppm, lH, r - H ,  J = 9 Hz; a s i n g l e t ,  7.45 ppm, 4H, exchangeable Hs on 

the two -NH2 groups. 13C-NMR: CH3 = 17.1; -CH2 . 29.9; c = 110.8; c = 120.7; c = 145.5; c = 144. 

9; and C = 153.3, a l l  r i n g  carbons o f  the  p y r i d i n e  system). UV: max. 304 and 215 nm (EtOH). The 

compound on TLC g i ves  o n l y  one spot. The MS (CI-NH3) ind ica tes  the  molecu lar  weight t o  be 228 

(expected 228). There a re  two major ms fragments a t  107 and 121 corresponding t o  the  i ons  



r e s u l t i n g  from t h e  expected benzy l i c  cleavage. 

The format ion o f  lA/lB must have invo lved one of the  two a l t e r n a t e  pathways v i a  the  precursors  \ 

o r  28. If \ i s  an immediate precursor  i n  t h e  format ion o f  2 o r  g , then i t  must undergo simul-  

taneous double i n t ramo lecu la r  n i t r ogen  t o  carbon migra t ions .  Obviously, t h i s  appears t o  be a  

h igh l y  u n l i k e l y  p o s s i b i l i t y .  On t h e  o the r  hand, if 28 i s  a  p o t e n t i a l  p recursor  i n  t h e  fo rmat ion  o f  

1~ or  18, then i n  a  step-wise fash ion i t  must f i r s t  undergo migra t ion ,  f o l l owed  by r e - a l k y l a t i o n  - 
of the amino group o f  2-amino-6-picoline and a  second i n t ramo lecu la r  n i t r ogen  t o  carbon rearrange- 

ment of t h e  a l k y l a t e d  product  t o  f u r n i s h  2 o r  E. Thus, the  in termedia te  28 could,  v i a  t h e  f i r s t  

in t ramolecu lar  rearrangement, g i v e  r i s e  t o  3 which i n  t u r n  cou ld  r e a c t  w i t h  2-amino-6-methyl- 

py r i d i ne  present  i n  the  r e a c t i o n  m ix tu re  t o  g i v e  4. A second i n t ramo lecu la r  N t o  C m ig ra t i on  

could then r e s u l t  i n  ; o r  E. 



HETEROCYCLES, Vol 26, No 1 ,  1987 

The choice between 2 and i s  p r i m a r i l y  based on the accepted b e l i e f  t h a t  i n t ramo lecu la r  rear -  

rangements g e n e r a l l y  favor  the  ortho-Product and i n  p a r t  on t h e  analogy o f  the  product  formation 

i n  t h e  Stevens rearrangement7-l1 and the n i t raminopyr id ine  rearrangement 12-18. The Stevens 

rearrangement i s  knom t o  f u rn i sh  o r tho  s u b s t i t u t e d  t e r t i a r y  amines. However, t h e  Stevens rear -  

rangement requ i res  s t rong bases such as a l k a l i  metal  amides and potassium t -bu tox ide  as cata- 

l y s t s .  Un l i ke  the  Stevens rearrangement, the  m ig ra t i on  we have observed does n o t  r e q u i r e  s t rong 

bases as ca ta l ys t s .  Ne i t he r  does i t  r e q u i r e  the presence o f  benzy l i c  o r  a l l y l i c  hydrogens as 

doe5 the Stevens rearrangement. I n  t h i s  context ,  i t  must be s ta ted  t h a t  t h e  above does n o t  appear 

t o  De a r i g i d  requirement l0, lg.  Thus, the  decomposit ion of t h e  beta ine formed by  t h e  a d d i t i o n  o f  

N,N-dimethylani l ine t o  2,3,4,5-tetrafluorobenzyne i n  petroleum e t h e r  con ta in ing  N,N-dimethyl- 

a n i l i n e  y i e lded  ~-methyl-2~methyl-3,4,5,6-tetrafluoro~hen~laniline~~. 

The c l a s s i c a l  n i t r am inopy r i d i ne  rearrangement requ i res  strong ac ids ,  and t h e  product  d i s t r i b u t i o n  

under these cond i t i ons  depends on t h e  type and concentrat ion o f  t h e  acid.  The mechanism of 2- 

n i t r am inopy r i d i ne  has been repor ted t o  be s i m i l a r  t o  tha t  i nvo l ved  i n  the  rearrangement o f  phenyl- 

n i t ramine15. The i n t ramo lecu la r  rearrangement of phenylni t ramine gave 95% of t h e  o r tho -subs t i t u ted  

de r i va t i vezo .  Thermal ly induced rearrangement o f  N-methyl-N-p-nitrophenylnitramine i n  d i ch lo ro -  

methane gave t h e  ortho-compound as the  major product18. The product  format ion r a t i o  i n  the photo- 

chemical rearrangement o f  2 -n i t raminopyr id ine  favo rs  the o r tho  over para by  a margin o f  6.3 t o  lZ1. 

Although t h e  mechanism o f  2-n i t raminopyr id ine  i s  n o t  wel l  understood, i t  i s  accepted t h a t  the  mech- 

anism of t h e  rearrangement u s u a l l y  i s  in t ramolecu lar .  These cons ide ra t i ons  f u r t h e r  support  our  

con ten t i on  t h a t  t h e  rearrangement we have observed y i e l d s  the  o r tho -subs t i t u ted  product.  If our 

content ion  t h a t  28 i s  an i n te rmed ia te  i s  t r ue ,  then one ought t o  be ab le  t o  i s o l a t e  the  s t i p u l a t e d  

in termedia te  g. The remaining two intermediates,  namely 3 and 4, are probab ly  unstab le  

under the  present  exper imental  cond i t ions .  This i s  supported by t h e  f a c t  t h a t  quaternanry s a l t s  

2- and 4-amino-pyridines a re  h i g h l y  react ive23.  Indeed when the r e a c t i o n  m ix tu re  i s  re f l uxed  i n  

a c e t o n i t r i l e  f o r  t h ree  days, a l i g h t  ye l l ow  co lored s o l i d  i s  obtained. The ~H-NMR o f  t h i s  product  

i s  cons i s ten t  w i t h  s t r u c t u r e  28 ( a  s i n g l e t ,  2.35 ppm, 3H, -CH3; m u l t i p l e t ,  4.45 ppm. 2H, -N- CHp; 

a m u l t i p l e t ,  6.85 ppm, 2H, 2 Hs; another m u l t i p l e t ,  7.85 ppm, lH, Y-H). 

This  unusual non-base cata lyzed double i n t ramo lecu la r  n i t rogen t o  carbon m ig ra t i on  i s  a d i r e c t  

consequence of the  s t e r i c  hindrance. S i m i l a r  observat ion regard ing t h e  r o l e  of s t e r i c  hindrance 

i n  the  me thy la t i on  of 2,2-dimethylaminopyridine has been recen t l y  reported23. When the subs t i -  

t uen ts  are present  on the Cj, Cq, and Cg carbon atoms o f  the p y r i d i n e  r i ng ,  the  r i n g  n i t r o g e n  i s  

e a s i l y  access ib le  t o  a l k y l a t i o n  l ead ing  t o  the azapyridocyanine d e r i v a t i v e s .  However, when the re  



are subs t i t uen ts  on both  C2 and Cg, the  r i n g  n i t r ogen  i s  under cons iderab le  s t e r i c  hindrance. 

Consequently, t h e  exocyc l i c  amino group gets  a l k y l a t e d  t o  g i v e  28, which then undergoes t h e  r e a r -  

rangement. 

I n  order  t o  examine the scope o f  the  n i t r o g e n  t o  carbon migra t ion ,  a s o l u t i o n  of equimolar amounts 

of 2-amino-6-picoline and e t h y l  i o d i d e  i n  a c e t o n i t r i l e  was heated under pressure a t  145-150" f o r  

two days. The usual processing of the  r e a c t i o n  m ix tu re  gave a s o l i d  con ta in ing  a m ix tu re  o f  2- 

ethylamino-6-methyl-N-ethylpyridinium i o d i d e  [5, 48%. IH-NMR: s, 2.63 ppm, CtJj; s, 8.06 ppm, NtJ; 

dq, 3.38 ppm, N-CN2, J= 7.3, 5.5 Hz; t, 1.39 ppm, N-CH2-Ct13, J = 7.3 Hz; q, 4.55 ppm, N-CH2, J = 

7.3 Hz; t, 1.51 ppm, N-CHpCi3, J = 7.3 Hz; m, 6.64 ppm, Y H ,  and m, 7.57-7.76 ppm, 2BH. 13c-NMR: 

NH-CHZ-CH~, 12.68; N-CHZ-CH~, 13.79; -@3, 20.8; NH-<HZ, 37.73; N-LH2, 45.13; C(2) 154.74; C(3) 

106.72; C(4) 141.0; C(5) 114.24 and C(6) 146.591, 2-amino-6-methyl-N-ethylpyridinium i o d i d e  [i, 

5%. IH-NMR: t, 1.48 ppm, -CH2-C&3, J= 7.3 Hz; s, 2.60 ppm, CH3; q, 4.50 ppm, -C&-CH3, J = 7.3 

Hz; m, 6.64 ppm, r H ;  and m, 7.57-7.76 ppm, 2BH, a l l  Pytls] and 2-amino-Gpico l ine  (47%). The above 

resu l t s  lead us t o  the  conclusion t h a t  t h e  observed n i t r o g e n  t o  carbon m ig ra t i on  i s  n o t  o f  a 

general nature.  N i t rogen t o  carbon m ig ra t i on  o f  N-benzylpyridnium s a l t s  ca ta lyzed by Cu-bronze 

a t  240-270°C has been repor ted t o  g i v e  benzy l -subst i tu ted pyr id ines24.  
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