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At&zasL - Several Nq-alkylpyrazinium N-oxide salts were prepared in 

high yields by heating the corresponding pyrazine N1-oxides in the 

presence of alkylating reagent and solvent. The proton nmr data point 

to the quinoidal nature of these compounds. Pyrarine di-N-oxides 

deoxygenated rapidly under same reaction conditions to yield a mixture 

of N-alkylpyrazinium and N-alkylpyraziniurn mono-N-oxide salts. 

Mechanism is proposed to account for these reductive deoxygenatians of 

the pyrazine nucleus. 

It is well known that pyrazine N-oxides form methiodide salt,s under relatively 

mild conditions,' but very feu efforts were directed towards deducing whether the 

products were N- o r  0-methylated derivatives. Landquist proposed two alternative 

structures (i.e. l a n d  2) for the two possible isomers and suggested that 4-  - 
methylquin~xalinium 1-oxide iodide (1) is preferred o v e r  1-methoxyquinoxalinium - 
iodide (2) since the isolated salt does not yield formaldehyde or quinoxaline upon - 
alkaline degradation.' The multicolored solutions which resulted (probably due to 

radical cation formation) discouraged further work in this field.lr2 

- 
Recently, Ohta et al. shoved that the methylation indeed occurs at the ring 

n i t r ~ g e n . ~  Feu selected Nq-methylpyrazinium iodide N1-oxides (3) were reduced - 
with sodium borohydride at room temperature to yield N1-hydroxy-Nq-methyl- 

piperazines ( 4 ) .  - 



I n  o u r  s e a r c h  f o r  s t , a b l e ,  h i g h l y  c h a r g e d  r - d e f i c i e n t  h e t e r o c y c l i c  s y s t e m s ,  we 

d e c i d e d  t o  p r e p a r e  a number  o f  p y r a z i n e  N-ox ide  m e t h i o d i d e  s a l t s  s i n c e  t h e y  a r e  

e x c e l l e n t  m o d e l s  f o r  s t u d y i n g  N-ox ide  b a ~ k d o n a t i o n . ~ - '  ( P r o t o n a t e d  d i a z i n e  N- 

o x i d e s  a r e  s u s c e p t i b l e  t o  p r o t o n  e x c h a n g e  e q u i l i b r i a  a n d  may d e p r o t o n a t e  i n  

s o l u t , i o n .  T h i s  r e n d e r s  t h e m  u s e l e s s  a s  d i c a t i o n i c  m o d e l s  f o r  1 3 c  a n d  15N nmr 

s t u d i e s  i n  s o l u t i o n ) .  A c c o r d i n g l y ,  s e v e r a l  p y r a z i n e  N-ox ides  ( 5 a - f )  were 
.- 

s u ~ ~ e s ~ f u l l y  m e t h y l a t e d  w i t h  m e t h y l  i o d i d e  i n  a c e t o n e  o r  a b s o l u t e  e t h a n o l  i n  a 

S e a l e d  t u b e  t o  y i e l d  t h e  q u a t e r n a r y  s a l t s  6a-f a s  o r a n g e  o r  b r a w n  s o l i d s  w h i c h  

Were r e c r y s t a l l i z e d  t o  g i v e  b r i g h t  y e l l o w  n e e d l e s .  

T a b l e  l a  l i s t s  t h e  p h y s i c a l  p r o p e r t i e s  a n d  e x p e r i m e n t a l  v a r i a b l e s  o f  N-ox ide  

m e t h i o d i d e  s a l t s .  I n  g e n e r a l ,  p y r a z i n e  N - o x i d e s  w e r e  c o n v e r t e d  t o  t h e  q u a t e r n a r y  

s a l t s  w i t h i n  f o u r  h o u r s  i n  e s s e n t i a l l y  q u a n t i t a t i v e  y i e l d .  T h i s  is i n  c o n t r a s t  t o  

t h e  m o d e r a t e  y i e l d s  ( 5 9 - 7 5 s )  o b t a i n e d  by O h t a  a n d  0 0 - w o r k e r s 3  a n d  may b e  d u e  t o  t h e  

p r o c e d u r a l  d i f f e r e n c e s  (8L1°c, 2 h  w i t h o u t  s o l v e n t ) .  Compounds 6 d  a n d  6 f  were 
t L.- - 

a l s o  i n c l u d e d  s i n c e  o n l y  s c a n t  i n f o r m a t i o n  (mp.6 N-CH3) was q u o t e d  i n  t h e  p r e v i o u s  

r e p o r t . 3  

A t t e m p t e d  m e t h y l a t i o n  o f  p y r a z i n e  1 . 4 - d i o x i d e  ( 7 )  r e s u l t e d  i n  a m i x t u r e  of  - 
p r o d u c t s .  When 7 was t r e a t e d  w i t h  a n  excess o f  m e t h y l  i o d i d e  i n  a b s o l u t e  e t h a n o l  - 
a n d  h e a t e d  i n  a s e a l e d  t u b e  o v e r  a s t e a m  b a t h  f o r  4  h ,  t h e  c r u d e  r e a c t i o n  

m i x t u r e  c o n t a i n e d  N - m e t h y l p y r a z i n i u m  i o d i d e  ( 8 a ) ,  N 4 - m e t h y l p y r a z i n i u m  i o d i d e  N1- - 
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TABLE l a ,  P h y s i c a l  P r o p e r t i e s  and E x p e r i m e n t a l  V a r i a b l e s  f o r  Some P y r a z i n e  N- 

Oxide  Me th iod ide  S a l t s .  

A n a l y s i s  

C H N 

Cpd. M o l e ~ u l a r  mpa S u b s t i t u e n t ( s )  Rxn Y i e l d  Ca l cd  Calod Ca lcd  

No. Formula OC R Timech) % (Found) (Fbund)  (Found)  

a. M e l t i n g  p o i n t s  a r e  n o t  c o r r e c t e d .  b. E l emen ta l  a n a l y s e s  w e r e  i n c l u d e d  s i n c e  

m e l t i n g  p o i n t s  d i f f e r  from those  r e p o r t e d  i n  reference 3. c. P repa red  i n  Dm. 1 3  

o x i d e  ( b a ) ,  and some s t a r t i n g  m a t e r i a l  ( 7 ) .  When t h e  same r e a c t i o n  was r e p e a t e d  - - 
and r u n  f o r  10  h ,  no  s t a r t i n g  m a t e r i a l  was r ecove red  and o n l y  & and e w e r e  

i s o l a t e d  i n  a p p r o x i m a t e l y  e q u a l  amounts. The r e d u c t i o n  of p y r a z i n e  N-oxides 

is  o f  p a r t i c u l a r  i n t e r e s t  t o  u s  s i n c e  we have  o b s e r v e d  e a r l i e r  t h a t  p y r a z i n e  and 

o t h e r  d i a z i n e  and t r i a r i n e  N-oxides a l s o  p a r t i a l l y  or c o m p l e t e l y  deoxygena t e  



during bromination,7 i o d i n a t ~ o n , ~  d i a ~ o t i r a t i o n , ~ * ~ ~  and h y d r ~ x y l a t i o n ~ ~ - ~ ~  of the 

heterocyclic six-membered ring. Failure of I and other dimethylpyrazine dioxides 

to react under reaction conditions d~scribed by 0hta3 is probably due to the lack 

of solvent. Furthermore, polar solvents. such as ethanol, promote deoxygenation 

and aprotic solvents such a s  acetone only afford the quaternized salts. It is 

po~sible that the solvent serves a dual purpose; a s  a proton source and to 

stabilize the charged transition intermediates such as %and 9b. - 

9 a 9 b  - 9 c - - 
It is unlikely that di-N-oxide would actually form the 0-methylated p r o d u c t 2  and 

it is probably protonated instead; subsequent loss of water molecule would also 

yield. At this point, it is difficult to substantiate this claim since both, 

water and methanol, uere observed a s  reaction byproducts. (Methanol could also 

be produced from the hydrolysis of methyl iodide). However, our preliminary 

results on the reduction of various heterocyclic N-oxides by hydroiodic acid 

strongly suggest that the reaction is first order with respect to HI and support 

the above argument.13 The preferred dehalogenation rather than deprotonation of 

9b was discussed elsewhere8 and will not be commented on in this communication. 
.- 

The deoxygenation reaction is general and gave consistent results with other 

substituted pyrazine dioxides. For instance, symmetrical pyrazines such as 2,5- 

dimethylpyrazine 1.4-dioxide (2 was reduced after 12 h t o 6 1  and 1,2,5- 

trimethylpyrarinium iodide (,%). On the other hand, 2-methylpyrazine l,4-dioxide 

( 1 1 )  produced a mixture of two isomeric N-oxide methiodides 6 b  and 60 and 
.- 

methiodide salts & and &. The products were not isolated; they were identified 

by comparing the proton nmr spectra with 'H chemical shifts of authentic samples 

(Tables 2 and 3). The most useful resonances for this purpose uere the signals of 

the N-methyl group ( see  NHR section). 
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The authentic N-methylpyrazinium iodides (8a-f) were prepared in nearly quanti- 
tative yields by simple alkylation procedure (see Experimental and Table lb). 

In the case of 2-methylpyrarine (12), two isomeric methiodide salts and 8 c w e r e  + 
formed in nearly equal quantities. Similarly, 2,6-dimethylpyrazine (13) also 

produced two isomers but in this i n s t a n c e ,  the 1,3,5-trimethylpyrazinium iodide 

(Be) w i t s  formed in much higher yield 0 905 product distribution ratio) than the 

1.2.6-isomer (E). This could probably be attributed to the sterric effect which 
the two pythp-methyl groups have an the adjacent nitroxen atom. 



TABLE lb. Physical Properties and Experimental Variables for Some 

N-Methylpyrazinium Iodides. 
Analysis 

P U M 

Cpd. Molecular mpa Substituent(s) Rxn Yield Calcd Calcd Calcd 

No. Formula OC R Time(h) I (Found) (Found) (Found) 

a. Melting points are not corrected. b. Reported in literatureT5 as a mixture of 

two isomers; a crude mixture of &and $were recrystallized from methanol- 

acetone and were separated by successive recrystallization from ethanol. 

c. Isomer distribution ratios; overall yield is given in parentheses. 

d. Identified by proton nmr - not isolated. 
NMR DATA 

Quaternization of pyridine "like" nitrogen(s) in polyazabenzenes is relatively 

facile process as seen by the ease with which the protonation and alkylation of 

these systems occur.19 The ""shared electron pair of the nitrogen is orthogonal 

to the n-cloud and is not a part of the n-electron system. The charge generated 

by nitrogen quaternization is stabilized by resonance which does not affeot the 

integrity of the aromatic ring. Thus, proton chemical shifts should reflect the 

i n C r e a A  "-deficiency of the six-membered ring. Tables 2a-c show indeed this 

to be the case .  The chemical shifts of ring protons of N-methylated pyrazines and 

pyrazine N-oxides are a t  a much lover field (more deshielded) than those for the 

corresponding non-methylated camounds. Remarkably enough, the change in chemical 

ahifts caused by nitrogen quaternization seems to be constant for many hetero- 
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c y c l i c  s y s t e m s .  For i n s t a n c e ,  t h e  c h e m i c a l  s h i f t , $  o f  t h e  N1-methyl  g r o u p  o f  

t h e  2-,  3- ,  4 - s u b s t i t u t e d  N - m e t h y l p y r i d i n i u m  s a l t s  and 2- a n d  3 - s u b s t i t u t e d  N- 

m e t h y l p y r a r i n i u r n  s a l t s  a r e  a t  6 4.24 - 4.69 and 6 4.34 - 4.64 ppm, r e s p e c t i v e l y  

( e x c l u d i n g  s u b s t i t u e n t s  w h i c h  d o  o r  h a v e  a p o t e n t i a l  t o  e x i s t  i n  t a u t o m e r i c  f o r m s ;  

i . e . ,  a m i n o  o r  h y d r o x y  g r o u p s ) .  

TABLE 2.3. P r o t o n  Nt4R D a t a  f o r  Some R e f e r e n c e  P y r a z i n e  N- oxide^.^ 

0- 

I 

S u b ~ t i t u e n t s  C h e m i c a l  s h i f t s b  
Cpd - 
No. R2 a5 R6 R2 

a .  A l l  s p e c t r a  w e r e  r e c o r d e d  a s  d i l u t e  s o l u t i o n s  i n  D20 u n l e s s  i n d i c a t e d  

o t h e r w i s e .  b. 6 (ppm) d o w n f i e l d  f r o m  e x t e r n a l  TMS s t a n d a r d .  c. I n  CDC13. 

d. I n  d6-DMSO. 



S i m i l a r l y ,  t h e  N-methyl s i n g l e t  o f  N - m e t h y l p y r i d a z i n i u r n  i o d i d e  (14) and N-methyl- 

3 - b r o m o q u i n o l i n i u m  i o d i d e  ( 1 5 )  a p p e a r  a t  4 .70  a n d  4.74 ppm. A p p a r e n t l y ,  t h e  - 
p l a c e m e n t  o f  c h a r g e  o n t o  t h e  s ix-membered a z a h e t e r o c y c l e s  i n d u c e s  c h a n g e s  i n  

c h e m i c a l  s h i f t s  o f  -1 m a g n i t u d e .  It would b e  o f  i n t e r e s t  t o  s e e  w h e t h e r  t h i s  

o b s e r v a t i o n  a l s o  a p p l i e s  t o  p o l y c y c l i c  h e t e r o a r o m a t i c  compounds.  

TABLE Zb. P r o t o n  N M R  D a t a  f o r  Some N - H e t h y l p y r a z i n i u m  N-Oxide 

S u b s t i t u e n t s  C h e m i c a l  s h i f t s b  
C P ~  + 
N O .  R 3  '6 R 2  R 3  '5 '6 

N-CH 
3  

a .  A l l  s p e c t r a  were r e c o r d e d  a s  d i l u t e  s o l u t i o n s  i n  D20 u n l e s s  i n d i c a t e d  

o t h e r w i s e .  C .  I n  d6-DMSO. d. T a k e n  f r o m  r e f .  3.  

T a b l e  3  l i s t s  t h e  c h e m i c a l  s h i f t s  o f  N-methyl g r o u p  o f  a number o f  N-methyl-  

p y r i d i n i u m  a n d  N - m e t h y l p y r a z i n i u m  s a l t s .  The  d a t a  a r e  c o n s i s t e n t  w i t h  t h e  

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

g r o u p ,  e x e r t  t h e i r  i n d u c t i v e  e f f e c t  r e l a t i v e  t o  t h e  d i s t a n c e  f rom t h e  N-methyl  

s u b s t i t u e n t  so t h a t  o - 0 y a n 0 p y r i d i n e  m e t h i o d i d e  h a s  t h e  m o s t  d e s h i e l d e d  N-methyl 

s i n g l e t  ( A  z + 0 . 3 3  ppm) compared  t o 8  - a n d y  -isomers. T h e r e  i s  a p p a r e n t  a n o m a l y  
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f o r  t h e  N-methyl s i g n a l  o f  2 - f l u o r o p y r i d i n e  m e t h i o d i d e  (2) w h i c h  a p p e a r s  a t  

6  3 . 5 2  Ppm. We a r e  c u r r e n t l y  i n v e s t i g a t i n g  t h e  19F and 1 5 ~  c h e m i c a l  s h i f t s  o f  16 - 
t o  d e t e r m i n e  w h e t h e r  p o l a r i z a b l e  s t r u c t u r e s  s u c h  a s  3 a r e  r e s p o n s i b l e  f o r  s u c h  

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

T a b l e  2 c .  P r o t o n  NHR D a t a  f o r  Some R e f e r e n c e  N - M e t h y l p y r a z i n i u m  I o d i d e  

i"' 
fj 

5 3 

I - 
S u b s t i t u e n t ~  C h e m i c a l  S h i  

Cmpd 
No. R 2  R 3  R 5  R6 R 2  R 3  R 5  '6 N - C H  

3  

8 a  - H  H H H 9 . 4 5  9 .00  9 .00  9 . 4 5  4 . 5 3  

4.60' 

8b  .- C H 3  H H  H 2 . 8 2  d  d  d  4 . 4 5  

4.42' 

8 c  H  H e 2 . 8 8  e  e  4.37 - H 
C H 3  

4. 4oc 

8d H 
C H 3  

CH3 H + 8 . 8 3  2 . 8 5  2 . 8 5  8.82 4 .45  

4.32f 

8 e  - CH3 H CH3 H  2 . 8 5  8 . 7 5  2 . 7 5  9.01 4 . 4 0  

4 . ~ 2 ~  

a .  A l l  s p e c t r a  w e r e  r e c o r d e d  a s  d i l u t e  s o l u t i o n s  i n  D20. b.  6  (ppm) d o w n f i e l d  

f r o m  e x t e r n a l  TMS s t a n d a r d .  d. U n r e s o l v e d  m u l t i p l e t  a t  68.70-9.00 ppm. 

e. U n r e s o l v e d  m u l t i p l e t  a t 6 8 . 8 0 - 9 . 0 0  ppm. c.  Taken  f r o m  r e f .  15  (d6-DMSO). 

f .  From r e f .  3 (d6-DMSO). 



Table 3. Chemical Shifts of the N-Methyl Group of Some N-Methylpyridinium 

and N-Methylpyrazinium 

S u b ~ t i t u t i o n  Substitution 
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a. Recorded i n  d6-DMSO u n l e s s  i n d i c a t e d  o t h e r w i s e .  b. 6(pbm) downf i e ld  from 

e x t e r n a l  TMS s t a n d a r d  (DMSO i m p u r i t y  s e r v e d  a s  a d o u b l e  r e f e r e n c e  a t 6  2 . 5 0  ppm). 

c. Conve r t ed  f rom r v a l u e s  f rom r e f .  15.  d .  ' H  (A ppm) w i t h  r e s p e c t  t o  t h e  p a r e n t  

h e t e r o c y c l e  (R=H); n e g a t i v e  s i g n  i n d i c a t e s  s h i e l d i n g .  e. S h i e l d i n g  due  t o  t h e  

p o l a r i z a b i l i t y  e f f e c t  of  t h e  a d j a c e n t  f l u o r o  s u b s t i t u e n t .  f .  N-methylpyridiniurn 

bromide  s a l t s .  g.  Measured i n  D20 ( r e f .  1 7 ) .  h. Measured i n  t r i f l u o r o a c e t i c  a c i d  

( r e f .  1 8 ) .  

S i m i l a r  e f f e c t ,  where  p o s i t i v e l y  cha rged  n i t r o g e n  atom p o l a r i z e s  t h e  sigma e l e c t r o n  

Sys tem and augments  t h e  n - c o n t r i b u t i o n  o f  t h e  h a l o g e n ,  may a l s o  be o p e r a t i v e  w i t h  

2 - ch l a ro -  and 2-bromopyr id in ium s a l t s  (Scheme 1 ) .  

Scheme 1  

Comparison of N-CH Chemical  S h i f t s  o f  Some 
3  

N-methylhalapyr id in ium S a l t s  ( A  p ~ r n ) ~ ' ~  

Halogen 2 - X  3 - X  4 - X  

F - 0.84 + 0.07 

C 1  - 0.03 + 0 .18  + 0.21 

Br + 0.01 + 0.12 + 0 . 1 8  

a .  Data  t a k e n  f rom t a b l e  3. 
+ + + 

b. A N - C H 3  = 6  N-CH s u b s t .  p y r i d i n i u m  s a l t  - 6N-CH3 u n s u b s t .  p y r i d i n i u m  s a l t .  
3  

The s econd  a n n u l a r  n i t r o g e n  atom i n  N-methylpyraz in ium s a l t s  a c t s  a s  an  

i n d e p e n d e n t  and c o n s t a n t  e l e c t r o n - w i t h d r a w i n g  g r o u p  s o  t h a t  s u b s t i t u e n t  e f f e c t s  

a p p e a r  s m a l l e r .  It r e p r e s e n t s  a good example  o f  how s u b s t i t u e n t  and a  r i n g  

compete  f o r  e l e c t r o n  d e n s i t y  and f u r t h e r  j u s t i f i e s  t h e  v a l i d i t y  of  ou r  app roach  t o  

d e v e l o p  n~ a s  a s t a n d a r d  f o r  e v a l u a t i n g  t h e  n - d e f i c i e n c y /  n -  

e x c e s s i v e n e s s  of  h e t e r o c y c l e s .  The 13p v a l u e  f o r  3 - s u b s t i t u t e d  N-methylpyraz in ium 

s a l t s  i s  l o w e r  (0 .645 )  a s  compared t o  t h e  3 - s u b s t i t u t e d  N-methylpyridiniurn s a l t s  

( 0 . 9 3 3 ) ~  and shows n i c e l y  t h e  "maskingn of t h e  s u b s t i t u e n t  e f f e c t s  by t h e  moren  - 
d e f i c i e n t  r i n g .  



M e t h y l a t i o n  of  p y r a z i n e  N-oxides s h o u l d  p roduce  a d o w n f i e l d  s h i f t  of t h e  N-methyl 

S i n g l e t  r e l a t i v e  t o  N-methylpyraz in ium s a l t s  by v i r t u e  o f  h a v i n g  a n  a d d i t i o n a l  

c h a r g e  on t h e  r i n g .  Curphey h a s  r e p o r t e d  t h e  chemica l  s h i f t s  o f  some d i q u a t e r n a r y  

s a l t s  of  d i a ~ i n e s . ~ '  The c h e m i c a l  s h i f t s  o f  N-methyl and N-ethyl  d i q u a t s  a r e  i n  

t h e  r a n g e  o f  6 5.20 ppm ( i n  t r i f l u r o a c e t i c  a c i d ) .  

17 18 - 19  - - 
The c h e m i c a l  s h i f t s  o f  t h e  N-CH g r o u p  of  t h e  m e t h y l a t e d  p y r a z i n e  N-oxides may 3 
n o t  b e  as f a r  d o w n f i e l d  as  t h e  e q u i v a l e n t  p r o t o n  chemica l  s h i f t s  of  t h e  

d i a l k y l q u a t e r n a r y  s a l t s  12-19, because o f  t h e  N-oxide b a c k d o n a t i o n ,  b u t  s h o u l d  

c e r t a i n l y  be a t  t h e  l o w e r  f i e l d  t h a n  t h e  Cor r e spond ing  s i n g l e t  of t h e  N- 

m e t h y l p y r a z i n i u m  s a l t s .  However, t h i s  is  net t h e  c a s e  and t h e  N-methyl g r o u p  o f  

p y r a z i n e  N-oxide m e t h i o d i d e s  f a l l  U W t h e  r a n g e  S 4.50-5.20 ppm. T a b l e  4  

shows t h e  compar i son  of  N-methyl c h e m i c a l  s h i f t s  of pyraz in ium and p y r a z i n i u m  N- 

o x i d e  s a l t s  unde r  i d e n t i c a l  e x p e r i m e n t a l  c o n d i t i o n s  (D20).  I n  a l l  i n s t a n c e s ,  t h e  
+ 

e f f e c t  of  t h e  N-oxide [ A  N - C H  (N-011 i s  n e g a t i v e  imp ly ing  t h a t  d o u b l y  c h a r g e d  
3 

p y r a z i n e  N-oxides a r e  & t h e  b e s t  r e p r e s e n t a t i o n s  f o r  t h e s e  compounds. I t  i s  

more l i k e l y  t h a t  s t r u c t u r e s  such  as  20  a r e  more a p p r o p r i a t e .  
C 
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TABLE 4. Comparison of N-CH Chemical Shifts of Some N-Hethylpyrazinium and 3 
N-Methylpyrarinium N-Oxide Salts in D20 (6 ppm). 

+ 
Substituent Methiodides N-Oxide Salts A N-CH (NO) 3 

parent 4.53 4.30 -0.23 

2-methyl 4.45 4.30 -0.15 

3-methyl 4.37 4.20 -0.17 

2,6-dimethyl - 4.02 - 
3,5-dimethyl 4.45 4.27 -0.18 

2.5-dimethyl 4.40 4.16 -0.24 

+ + + 
b N-CH (N-0) = 6 N-CH (N-oxide salt) - 6 N-CH3 (pyrazinium salt). 

3 3 

I 
CH3 
20 - 

Even though 2 is only one of many of the resonance forms for these derivatives, 
it is still safe to infer from the proton nmr data that structures such a s 2  

contribute significantly to the overall ground state of these compounds. The 

slight upfield shift of the N-methyl group in$ and may be due to the "through 

space" shielding o r  the electron releasing ability of the adjacent methyl groups 

or may be due to some other sterrie factors. The same structures may be important 

for 1-methylquinoxalinium (s) and 4-methylquinoxaliniun 1-oxide iodide salts (22) 
with N-methyl chemical shifts at 6 4.62 and 4.40 ppm, respectively. 3 

More difficult task is to try and estimate quantitatively how much does the 

"quinoidal" resonance form contribute to the ground state of the methylated 

pyrazine N-oxides. We are currently doing the MO calculations on compounds 6a-f 

whioh should show the electron density sites in these molecules. In the meantime, 

we would like to consider some interesting observations. Both, N1-methyl-(4-N- 

methylimin0)-1,4-dihydropyridine (3) and N1-methyl-1,4-dihydropyridin-4-one (2) 
are isaelectronic with structure 2. The N,-methyl proton chemical shifts f o r 3  

and 24 are at 6 3.68 and 3.62 Ppm, respectively. 22,23 - 



23 - 24  - 
The c l o s e s t  model compound t o  E w i t h  t h e  c h a r g e  on  n i t r o g e n  would be t h a t  of  N - 

1  
methyl-(4-dimethylamin0)pyridinium i o d i d e  ( 2 5 ) .  Assuming t h a t  t h e  &- - 
s u b s t i t u e n t  i n  t h e  p y r i d i n e  r i n g  is r e m o t e  enough f rom t h e  a a t i o n i c  c e n t e r  (N1) 

s o  t h a t  t h e  e l e c t r o n  d e n s i t y  c a n  o n l y  be e f f e c t i v e l y  t r a n s m i t t e d  t h r o u g h  t h e  n - 
sys t em and n o t  t h r o u g h  t h e  o bonds  ( t h e  c l a s s i c a l  i n d u c t i v e  e f f e c t s  t h r o u g h  o 

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

a toms a r e  r e a l  pnLy o v e r  one o r  two bond l e n g t h s ) 2 1  and d i s r e g a r d  any o t h e r  

e f f e c t s  (1 . e .  f i e l d ,  e t c ) ,  we can r o u g h l y  e s t i m a t e  t h e  p e r c e n t  c o n t r i b u t i o n  of  t h e  

q u i n o i d a l  r e s o n a n c e  fo rms ,  s u c h  a s  ,ZO, t o  t h e  o v e r a l l  m e s m e r i c  i n t e r a c t i o n s  i n  

t h e  g i v e n  mo lecu l e .  For  i n s t a n c e ,  4-d imethylamino g r o u p  i n  25  i s  c a p a b l e  of - 
mesomeric e l e c t r o n i c  c o n t r i b u t i o n  t o  N , ( a s  i n  e) u n l i k e  t h e  3 -d ime thy l amino  

g r o u p  i n  N1-methyl-(3-dimethylamina)pyridinium i o d i d e  (26)." The d i f f e r e n c e  - 
between 23  and g r e p r e s e n t  100  and 0% o f  t h i s  c o n t r i b u t i o n  w i t h  2 5  i nbe tween  t h e  - - 

1 two models.  ( H nmr d a t a  from T a b l e  3 ) .  

2 %  - 26 - 
The N1-methyl c h e m i c a l  s h i f t  of 2 is  a b o u t  ha l fway  inbe tween  6 3 .68  and 4 . 2 9  

ppm s o  t h a t z a  may c o n t r i b u t e  U P  t o  501 t o  t h e  o v e r a l l  mesomeric i n t e r a c t i o n s  i n  

25. I n  a s i m i l a r  manner,  we can  e s t i m a t e  t h a t  s t r u c t u r e  % c o n t r i b u t e s  a b o u t  751  .- 

( 10% t o  a c c o u n t  f o r  s o l v e n t  e f f e c t )  t o  t h e  o v e r a l l  s t a b i l i z a t i o n  of  6 a  p r o v i d e d  
F 
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t h a t  t h e  N-methyl c h e m i c a l  s h i f t s  of  t h e  p r o t o n a t e d  5 (1) a r e  r o u g h l y  e q u i v a l e n t  

t o  t h e  N-a lkyl  c h e m i c a l  s h i f t s  o f  d i q u a t . 2  and  u s i n g  %a a s  t h e  o t h e r  r e f e r e n c e .  

27 - 
EXPERIMENTAL 

Haterials - A l l  p y r a r i n e  mono- and d i -N-oxides  w e r e  p r e p a r e d  from 

c o m m e r c i a l l y  a v a i l a b l e  compounds by methods  d e s c r i b e d  i n  r e f .  1  and r e f e r e n c e s  

c i t e d  t h e r e i n .  T h e i r  i d e n t i t i e s  vere e s t a b l i s h e d  by c o r r e c t  m e l t i n g  p o i n t s ,  mass  

s p e c t r o s c o p y  and p r o t o n  nmr s p e c t r a  ( T a b l e  2a ) .  

w ~ r o c e d u r e f p ~ m e ~ ~ f ~ ~ ~ ~ ~ & ~ i i i f d w L z i i & .  Ins 

t y p i c a l  e x p e r i m e n t ,  1.0 mmol of  a g i v e n  p y r a r i n e  N-oxide was d i s s o l v e d  i n  5 m l  o f  

s p e c t r ~ ~ o o p i c  g r a d e  a c e t o n e .  To t h i s  s o l u t i o n  was added  f o u r  f o l d  e x c e s s  

( 4 . 0  mmol) of  me thy l  i o d i d e  and t h e  r e s u l t i n g  m i x t u r e  h e a t e d  i n  a  s e a l e d  t u b e  f o r  4h 

aver  a s t e a m  b a t h .  On c o o l i n g ,  orange-brown n e e d l e s  p r e c i p i t a t e d  o u t .  They 

w e r e  f i l t e r e d  and  r e c r y s t a l l i z e d  from a b s o l u t e  e t h a n o l  t o  g i v e  b r i g h t  y e l l o w  

n e e d l e s  i n  q u a n t i t a t i v e  y i e l d s  ( >  9 0 0 .  ( S e e  T a b l e  l a  f o r  a n a l y t i c a l  d a t a ,  

p h y s i c a l  p r o p e r t i e s  and e x p e r i m e n t a l  v a r i a b l e s .  T a b l e  2b c o n t a i n s  ' H  nmr d a t a ) .  

Pf Prrarine Qiu idsa l&& lW&l &dUs. 1 . 0  mmol o f  a g i v e n  p y r a z i n e  

1 , 4 - d i o x i d e  was d i s s o l v e d  i n  5 m 1  o f  a b s o l u t e  e t h a n o l .  To t h i s  s o l u t i o n  was added 

f o u r  t o  f i v e  f o l d  e x c e s s  o f  me thy l  i o d i d e  and t h e  wha l e  m i x t u r e  h e a t e d  as  

d e s c r i b e d  f o r  p y r a r i n e  mono-N-oxides. Upon workup,  t h e  i s o l a t e d  s o l i d  m a t e r i a l  

c o n t a i n e d  a m i x t u r e  o f  N1-methylpyraz in ium ( 8 )  and N4-methylpyraz in ium N1-oxide - 
(5) i o d i d e  s a l t s ,  i d e n t i f i e d  by t h e i r  p r o t o n  nmr ( T a b l e  Za-c ) .  No f u r t h e r  

a t t e m p t s  we re  made t o  i s o l a t e  and p u r i f y  b a n d  A. E v a p o r a t i o n  o f  m o t h e r  l i q u o r  

y i e l d e d ,  i n  a d d i t i o n  t o d a n d ? ,  some s t a r t i n g  m a t e r i a l .  When t h e  same r e a c t i o n  

was r e p e a t e d  and  r u n  f o r  1 0  h ,  no  s t a r t i n g  m a t e r i a l  was r e c o v e r e d  and o n l y ~ a n d ~  

w e r e  i s o l a t e d  i n  n e a r l y  e q u a l  amounts.  



PreDaration pf N-nethvlDvralinium L?Akk,%. I n  a  t y p i c a l  e x p e r i m e n t ,  1.0 mmol of  a 

s e l e c t e d  p y r a z i n e  was d i s s o l v e d  i n  5  m l  o f  s p e c t r o s c o p i c  g r a d e  a c e t o n e  and t o  t h i s  

s o l u t i o n  was  added 2.1 mmol of m e t h y l  i o d i d e .  T h i s  m i x t u r e  was r e f l u x e d  f o r  2-4 

h ,  t h e  orange-brown p r e c i p i t a t e  was c o l l e c t e d  and r e c r y s t a l l i z e d  f rom 50:50  

e t h a n o l - a c e t o n e  s o l v e n t  m i x t u r e .  The  m e t h i o d i d e  s a l t s  were t h e n  c h a r a c t e r i z e d  by 

ma tch ing  t h e i r  p h y s i c a l  p r o p e r t i e s  w i t h  t h o s e  o f  t h e  known compounds a r  w e r e  

i d e n t i f i e d  an t h e  b a s i s  of  t h e i r  e l e m e n t a l  a n a l y s i s ,  mass  s p e c t r u m  and ' H  nmr. 

( T a b l e s  l b  and 2c ) .  

W.L.7. A number o f  N-methylpyr id in iurn  s a l t s  w e r e  p r e p a r e d  a s  

r e f e r e n c e  compounds by t h e  f o l l o w i n g  p r o c e d u r e .  G iven  p y r i d i n e  was d i s s o l v e d  i n  

minimal  volume o f  m e t h y l e n e  c h l o r i d e ,  a c e t o n e ,  a c e t o n i t r i l e  o r  a  m i x t u r e  o f  t h e s e  

t h r e e  s o l v e n t s .  To t h i s  s o l u t i o n  was added a  t h r e e  f o l d  excess o f  me thy l  i o d i d e ,  

whole  s t i r r e d  f o r  2  h  a t  room t e m p e r a t u r e  and  l e f t  s t a n d i n g  f o r  2-48 h  w i t h i n  

which  t i m e ,  t h e  m e t h i o d i d e  s a l t  p r e c i p i t a t e d  o u t .  I n  most  c a s e s ,  t h e  p r o d u c t  was 

o f  h i g h  p u r i t y  and was r i n s e d  w i t h  a d d i t i o n a l  s o l v e n t  ar was r e c r y s t a l l i z e d  f rom 

b e n z e n e - e t h a n o l  o r  a b s o l u t e  e t h a n o l  P r i o r  t o  t h e  ' H  nmr r u n s  ( T a b l e  3 ) .  
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