
HETEROCYCLES, Vol 6, No. 7 7, 1977 

PROTON MAGNETIC RESONANCE SPECTRA OF SOME ALKYL?YXIDINE AND 

ALZCILPYRBZINE Ti-OXIDES 

In the PMR spectra of some 2-alkylpyridine 1-oxides 

and 2,5-dialkylpyrazine 1-oxides, except a-picoline 

1-oxide and 2,5-dimethylpyrazine 1-oxide, the signals 

of the a-protons of the side,chain at C-2 appeared in 

a lower field than those of the parent amines. It is 

concluded that this shift to the lower field is caused 

by the anisotropic effect of the N-0 group. 

1 It is already well known that signals of the methyl protons 

and H-6 of a-picoline 1-oxide appear in a higher field than those 

of the amine due to the electronic effect of the N-O group. In 

the course of an investigation on alkylpyrazines, we observed 

that N-oxidation of 2,5-diisopropylpyrazine shifts the methine 

protons to a lower field than where those of the original resonate. 

This fact was contrary to our expectation. Therefore, in an 

effort to clarify the effect of the N-0 group on the 2-alkyl 

group, PblR spectra of some 2-alkylpyridine and 2,5-dialkylpyrazine 



6-oxides were compared wi th  those  of t h e  parent  aa ines .  i ts 
7 

r e s u l t s  a r e  b r i e f l y  >resented  i n  t h i s  paper: 

I n  Pable 1, d i f f e r e n c e  i n  chemical s h i f t s  of B-6 and n-grotor~s 

of t h e  2-alkyl  group between some 2-a lkylpyr id ine  1-oxides5 and 

t h e i r  a a r e n t  =nines i s  l i s t e d .  The s i g n a l s  of H-6 i n  pyr id ine  

1-oxides appeared i n  a h i ehe r  f i e l d  t h a n  those  of t h e  parent  

an ines  by a!)o.;t O . ? j  pp-:l i n  831 cases .  This  ahenomenon may be 

due t o  t h e  e lec t ron-donat ing  e f f e c t  of the N-0 group. 

Table 1. "12 3pec t r a  of 7-9ubs t i tu ted  Pyr id ines  and t h e i r  N-Oxides 

-- --- --- 
~ - p r o t o n s  of t h e  s i d e  cha in  H-6 ---- - 
parent  F-oxides * paren t  3-oxides 
amines ,J p p n f b )  a-b anlines 8 ppm!b ! a-bP 
6 pgm' a )  ----- S PP(X) -- 

F? 8.56 8.24 + 3 . 5 ?  

iso-C43j 2 $64 2.80 -3.16 8.50 8 .  + G . S 8  ---- -- 
* + denotes  s h i f t  t o  s higher  f i e l d  and - t o  a lower  f i e l d .  

On t h e  o t h e r  hand, a-protons of t h e  s i d e  cha in  at  2-7 behaved 

i n  va r ious  ways. Although t h e  s i g n a l  of t h e  methyl pro tons  of 

a -p icol ine  1-oxide appeared i n  a s l i g h t l y  h igher  f i e l d  than  t h a t  

of a -p i co l ine ,  methylene and methine pro tons  of  o t h e r  py r id ine  

1-oxides examined resonated  i n  a lower f i e l d  than  those  of t h e  

parent  amines. A s  shown i n  Table 1, t h e  d i f f e r e n c e  i n  chemical 

s h i f t s  of  methine protons between 2-isopropylpyridine and i ts  
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1-oxide was the largest 10.77 ppm! among the observed values. 

This shift to the lower field might be attributed to the aniso- 

tropic effect of the N-0 With an increase in size of 

the alkyl group, the free rotation of the bond between C-2 and 

a-carbon of the side chain will be ristricted. As shown in 

Fig. 1, I!-3 may bisect the angle of CFI3-C-Ckl3 of the isopropyl 

group, and consequently the methine proton will be under the 

influence of the N-9 group. If the anisotropic effect the N-0 

group is similar to that of a carbongl group,4 it is reasonable 

to assume that the methine proton of 7-isopropglpyridine 1-oxide 

might appear in a relatively low field by this effect. 

Fig. 1 

PMK spectra of 2,5-dialkylpyrazines and their N-oxides6 were 

also examined and its results are shown in Table 2. The two 

ring-protons of 2,5-dialkylpyrazine 1-oxide resonated naturally 

at different chernlcal shifts. The signal, whlch appeared at the 

higher fleld, might be ascribed to H-6, because this signal dis- 

appeared more rapidly by the deuterium exchange e~periment,~ in the 

presence of sodium deuteroxide in heavy water. 8 

The rr-protons of the side chains in 2,5-dialkylpyrazine 1- 

oxides behaved interestingly, similar to ?-alkylpgridine 1-oxides. 

In the P'R spectrum of 2,5-dimethylpyrazine 1-oxide, two singlets 

were observed. The one observed in a higher field disappeared 

more rapidly by deuteration and is therefore due to the methyl 



protons on C-2. 

Table 2. P'IR Spectra of 7,4-Disubstituted Pyrazine 1-Oxides 

a-protons of the side chain H-6 
parent A-oxides parent W-oxi& x 
amines &ppm(b' a-b amines 8 ppmlb ! a-b 

-- 8 ppm(a) 8 ppm(a) --- 
H 8.56 8.08 +0.48 

x + denotes shift to a higher field and -to a lower field. 

Contrary to the case of 2,5-dimethylpyraeine 1-oxide, the a- 

methylene and methine protons of the side chain at C-2 in other 

dialkylpyrazine 1-oxides resonated in a lower field than the ones 

of the side chain at C-5. This fact was confirmed by the deu- 

teration experiment; i.e., the signals which appeared in a lower 

field disappeared faster except in 7,5-diisopropylpyrazine 1- 

oxide, in which the signal appearing in a higher field disappeared 

conversely faster than the other by the deuteration reaction. 

Because the methine proton of the isopropyl group at C-7 is sur- 

rounded by two methyl groups and oxygen of the N-0 group, the 

proton might be hardly pulled out by the OD anion. 

In all of the l,4-dioxides, the singlets owing to the ring protons 

appeared in a higher field than those of the parent amines, while 
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a-protons of the side chains at C-7 appeared variously. On the 

basis of these data, it seems reasonable to assume that aniso- 

tropy of the N-0 group is predominantly effective on the chemical 

shift of the methine and methylene protons in 2,5-diisopropyl-, 

diethyl-, and diisobutyl-pyraeine 1-oxides, and that the electron- 

donating effect is predominant on the chemical shifts of the 

methyl protons in 2,5-dimethylpyrazine 1,4-dioxides. 

Table 3 .  PXR Spectra of 2,5-Dialkylpyraaine 1.4-Dioxides 

- - ------- 
a-protons of the side chain H-6 

ii1ky1 parent N-oxides parent 9-oxides 
groups amines J'ppm(b) a-b amines 8 ppdb) a-bx 

6 ppm(a ,j' ppm!ai 

C i h  2.52 2.40 +0 .12 8.32 8.06 +0.26 

x + denotes shift to a higher field and - to a lower field. 
In view of the above facts the most reasonable conclusion 

drawn from available data is that the U-0 group of pyridine and 

pyrazine >:-oxides has the electron-donating and anisotropic effects 

on ti-6 and a-protons of the side chain at C-2. These two effects 

may be opposed to each other; i.e., the electron-donating effect 

shifts the signals of €I-6 and a-protons of the side chains at C-7 

to a higher field, whereas the anisotopic effect makes alkyl protons 

resonate in a lower field, compared with those of the parent amines. 

In order to clarify this anisotropy, it would be necessary to 



e s t i n a t e  the  bond l eng th  of t h e  F-0, i ts  n e i g h b o r l y  C-C,  and 

C-F. Because some of the  pyraaine 1-oxides and l.,4-dioxides a r e  

conveniently s o l i d ,  t h i s  point  w i l l  be examined using the  X-ray 

d i f f r a c t i o n  method. 
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