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PROTON MAGNETIC RESCNANCE SPECTRA OF SOME ALKYLPYRIDINE AND
ALKYLPYRAZINE N-OXIDES

In the PME spectra of some 2-alkylpyridine l-oxides
and 2,5-~dialkylpyrazine l-oxides, except n-picoline
l-oxide and 7,5-dimethylpyrazine l-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,

It is already well knownl that signals of the methyl protons
and H-6 of a-picoline l-oxide appear in a higher field than those
of the amine due to the electronic effect of the N-0 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-O group on the 2-alkyl

group, PMR spectra of some 2-alkylpyridine and 2,5-dialkylypyrazine
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fl-oxides were compared with those of the parent amines, Its
resulis are briefly presented in this paper.?

In Table 1, difference in chemical shifts of H-6 and a-protons
of the 2-alkyl group between some Z-alkylpyridine l~oxides5 and
ﬁheir parent amines is listed. The signals of H-6 in pyridine
l-oxides appeared in a higher field than those of the pﬁrent
amines by aboust 0,25 ppa in 211 cases, This phenoamencn may be

due to the electron-donating effect of the N-C group.

Table 1, D243 3pectra of 2-3ubstituted Pyridines and their ¥-0Oxides

a-protons of the side chain H-6

parent F-oxides * parent q-oxides %

amines g pon’b}  a-b amines & ppnlb)  =2-b

S ppafa) _ § ppm{a)
H ' 8.56 8.24 +, 52
CHa 2.56 2,52 +0,04 - 8,50 8,28 +0,22
C-Hg ) 2.82 2.96 -0,14 8.50 8,24 +(,26
n-CaHz 2.76 2,92 -0.16 8.52 8,30 +0,22
iso-CaHy 3.08 3,80 -0,72 8.52 8.26  +0.26
iso-CaH; 7.64 2.80 -3.16 8,50 8,22 +0, 28

+ denotes shift to z higher field and — to a lower field,

On the other hand, o-protons of the side chain at C~2 behaved
in various ways. Although the signal of the methyl protons of
t~picoline l-oxide appeared in a slightly higher field than that
of ¢-picoline, methylene and methine protons of other pyridine
l-oxides examined resonated in a lower field than those of the
parent amines, As shown in Table 1, the difference in chemical

shifts of methine protons between 2-isopropylpyridine and its
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l-oxide was the largest (0,72 ppm) among the ovserved values,
This shift to the lower field might be attributed to the aniso-~

4,5 With an increase in size of

tropic effect of the W-0 group,
the alkyl group, the free rotation of the‘bond between ¢-2 and
a-carbon ¢f the gide chéin will be ristricted, As shown in
Fig. 1, H-3 may bisect the angle of CH3-C~CHz of the isopropyl
group, and consequently the methine proton will be under the
influence of the N-O group, If the anisotropic effect the N-0

4 it is reasonable

group is similar to that of a carbonyl group,
to assume that the methine proton of ?-iscpropylpyridine l-oxide

might appear in a relatively low field by this effect,

| o H3)
B N Y -
+ H
0] Fig, 1

PME spectra of 2,5-dialkylpyrazines and their N-—oxides6 were
alsc.examined and its results are shown in Table 2, The two
ring-protons of 2,5-dialkylpyrazine l-oxide resonated naturslly
at different chemical shifts, The signal, which appeared at the
higher field, might be ascribed to H~6, because this signal dis-
appeared more rapidly by the deuterium exchange experiment,7 in the
presence of sodium deuteroxide in heavy water,8

The a-protons of the side chains in 2,9-dialkylpyrazine 1-
oxides behaved interestingly, similar to ?-alkylpyridine l-oxides,
In the P¥R spectrum of 2,5-dimethylpyrazine l-oxide, two singlets

were observed, The one observed in a higher field disappeared

more rapidly by deuteration and is therefore due to the methyl
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protons on C~2,

Table 2. PYR Spectra of 2,4-Disubstituted Pyrazine 1-Oxides

g-protona of the side chain H-6

parent N-oxides % parent  N<oxides *

amines gppn{b) a-b amines 4 ppm(b) a-b

J vpm(a) & ponla)
H : 8,56 8,08 +0.48
CHs 2.52 2,42 +C,1 8,32 8.04 +0,26
CzHs 2,82 2.88 ~0,06 - 8,34 8,02 +C,32
n-CzHy 2,76 2.84 -(,08 8,32 8,04 +0,28
iso-Cally 3,08 %.60 -0.52 8.3%6 8.00 40,736
iso-CaHse 2.64 2.7 -(,08 8,34 7.98 +0,36

* + denotes shift to a higher field and — to a lower field,

Contrary to the case of 2,5-dimethylpyrazine l-oxide, the o-
methylene ard methine protons of the side chain at C-2 in other
dialkylpyrazine l-cxides resonated in a lower field than the ones
of the side chain at ¢-5, This fact was confirmed by the deu-
teration experiment; i,e,, the signals which appeared in a lower
field disappeared faster except in 2,5-diisopropylpyrazine l-
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-? is sur-
rounded by two methyl groups and oxygen of the N-0 group, the
proton might be hardly pulled out by the 0D anion,

In all of the 1,4~dioxides, the singlets owing to the ring protons

appeared in a higher field than those of the parent amines, while
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n-protons of the side chains at C-? appeared variocusly, On the
bagis of these data, it seems reasconable to assume that aniso-
tropy of the N-O group is predominantly effective on the chemical
shift of the methine and methylene protons in ?2,5-diisopropyl-,
diethyl~, and diisobutyl-pyrazine l-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. MR Spectra of 2,5~Dialkylpyrazine 1,4-Dicxides

a-protons of the side chain BE-6

. parent N-oxides parent  N-oxides

Alggi s amines g ppa(b) a-b’ amines 4 ppml(b) a~b’

Eroup J& ppm{a) & pomla)
oHs 2,52 2.40C +0,12 8,32 8,06 +0,26
CoHs . 2,82 2,86 -G,04 8,34 8,04 +0.,30
n-CaHy 2,76 2,76 0] 8,%2 2,04 +0,28
iso-CaHy 3,08 3.54 -0,46 8,36 8,00 +C.36
is0-CaHg 2,64 2.68 -0,04 8.34 8.04 +0,30

* + denotes shift to a higher field and — to a lower field,

In view of the above facts the most reasonable conclusion

drawn from gvailable data is that the H-0 group of pyridine and
pyrazine K-oxides has the electron-donating and anisotropic effects
on H-6 and o-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 H-6 and n-protons of the side chains at Q-2

to a higher field, whereas the anisotepic effect makes alkyl protons
- resonate in a lower field, compared with those of the parent amines,

In order %o clarify this anisotropy, it would be necessary o
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estimate the bond length of the ¥-0, its neighboring C-C, and
C-~H, Because some of the pyrazine l-coxides and 1l,4-dioxides are
conveniently sclid, this point will be examined using the X-ray

diffraction method,
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