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The 'H, °C, and "N NMR chemical shifts of ten 4-nitropyridine N-oxide derivatives are as-
signed. The shielding of the pyridine ring nitrogen is sensitive to ring substitution through in-
ductive effects, steric effects by ortho-substituents, and the possibility for electron delocalisa-
tion (resonance energy). In solution, 3-ethylnitrosoamino-4-nitropyridine N-oxide has two
tautomers. The proposed reason is the steric crowding between vicinal 4-nitro and 3-ethyl-
nitrosoamino groups, causing a disturbance to amino nitrogen that can delocalize its lone pair
to the oxygen atom of the nitroso group.
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It is known that the derivatives of pyridine N-oxide have raised widespread interest due to their
exceptional bioactivity as antibiotic, cancerostatic, mutagenic, anticonvulsive, and fungistatic efficacy
[ I—28 ]. The presence of a 3-alkylnitrosoamino moiety has been particularly crucial for developing the
anticancer efficacy in 4-nitropyridine N-oxide [ 2, 3 ]. In order to get a better insight into the structures
and electronic characteristics of this class of compounds we have determined 'H, *C, and ° N NMR
chemical shifts for six new 4-nitropyridine N-oxides. The 'H and *C NMR chemical shifts for four
compounds have previously been presented [ 9—13 ], but some of those results need to be corrected.

In our earlier multinuclear magnetic resonance study of 4-nitro-2-ethylnitrosoaminopyridine
N-oxide derivatives, the rotation of the bulky 2-substituent was so slow in the NMR time scale that the
'H, C, and "N NMR chemical shifts could be measured for a pair of conformers [ 14, 15]. In
2-ethylnitrosoamino-3-methyl-4-nitropyridine N-oxide, the rotations of both 2-ethylnitrosoamino sub-
stituent and its ethyl group were restricted owing to the steric crowding by 3-methyl substituent mak-
ing amino nitrogen chiral and the neighbouring methylene protons inequivalent [ 14 ]. Similar results
we obtained later in the "N NMR study of 3-ethylnitramino-4-nitropyridine N-oxide [ 15 ]. Therefore,
3-ethylnitrosoamino-4-nitropyridine N-oxide was synthesised to find out whether the similar chirality
exists in its amino group.

Experimental. Compounds. The studied compound were 2-chloro-4-nitropyridine N-oxide (1),
2-bromo-4-nitropyridine N-oxide (2), 2-iodo-4-nitropyridine N-oxide (3), 3-ethylamino-4-nitropyri-
dine N-oxide (4), 3-ethylnitrosoamino-4-nitropyridine N-oxide (5A, 5B), 3-iodo-4-nitropyridine
N-oxide (6), 2-chloro-3-methyl-4-nitropyridine N-oxide (7), 2-bromo-3-methyl-4-nitropyridine N-oxide
(8), 2-chloro-6-methyl-4-nitropyridine N-oxide (9), and 2-iodo-6-methyl-4-nitropyridine N-oxide (10).

The procedure of the synthesis of 3-ethylnitrosoamino-4-nitropyridine N-oxide (5A, 5B) is as fol-
lows: a 2.0 g (11.0 mmol) portion of 3-ethylamino-4-nitropyridine N-oxide (4) (its synthesis was de-
scribed previously [ 15 ]) was dissolved in10 ml of diluted hydrochloric acid (1:4;1 volume of HCI and
3 volumes of H,O) and then 2.0 ml of a saturated solution of NaNO, was added dropwise maintaining
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the temperature at 0 °C for 20 minutes. Then the reaction product was separated by filtering, dried in
air, and recrystallized from methanol. The synthesis of halogenated derivatives 2-Cl— (1), 2-Br— (2),
2-I— (3), and 3-I—4-NO,-pyridine N-oxide (6) have been described before [ 14 ] as well as of some
of their methyl derivatives, e.g. 2-Cl-—3-CH;— (7), 2-Br—3-CH;— (8), 2-C1—6-CH;— (9), and
2-1—6-CH3;—4-NO,-pyridine N-oxide (10) [ 10 ].

NMR-spectroscopy. The 'H, °C and PFG [ 16 ] "H,"*C HMQC [ 17, 18 ] and PFG 'H, X (X = "°C
or "N) HMBC [ 19] spectra were recorded for a 0.5 M DMSO-d; solution in a 5 mm sample tube at
30 °C on a Bruker Avance DRX 500 spectrometer working at 500.13 MHz (proton), 125.77 MHz
(carbon-13), and 50.70 MHz (nitrogen-15), respectively.

In the '"H NMR experiments, the number of data points was 64 K, giving a spectral resolution of
0.05 Hz; the number of scans was 8, and the flip angle was 30°. An exponential window function of
the spectral resolution was used prior to FT. The 'H NMR chemical shifts are referenced to the signal
of residual DMSO-ds (5 = 2.50 ppm from int. TMS).

In the C experiments, the number of data points was 32 K, giving a spectral resolution of
0.5 Hz; the number of scans was 64, and the flip angle was 30°. A composite pulse decoupling (Waltz-
16) was used to remove proton couplings. An exponential window function of the spectral resolution
was used prior to FT. The ?C NMR chemical shifts are referenced to the central peak of the DMSO-d
solvent (8 =39.50 ppm from int. TMS). The number of data points in PFG 'H, *C HMQC, and
HMBC measurements were 1024(f,)x256(f1). This matrix was zero filled to 2048x512 and apodized
with a shifted sine bell window function along both axes prior to FT.

In the PFG 'H, "N HMBC experiments, the digital resolution was <0.5 ppm and a 50 ms delay
was used for evolution of long-range couplings. The number of data points were 1024(f>)x
x512/450 ppm (f; = °N). This matrix was zero filled to 1024x1024 and apodized with a shifted sine
bell window function along both axes prior to FT. The "N NMR chemical shifts are referenced to the
signal of external CH;NO, (6 = 0.0 ppm).

Results and discussion. The structure of compounds 1—10 are presented in Fig. 1 and the ' H,
C, and "N NMR chemical shifts are presented in Tables 1—3.

Although the 'H and *C NMR chemical shifts of 4-nitromethylpyridine N-oxides, which have
halogen substituents, have been studied earlier [ 9—13 ], however, there is no published data for their
N NMR chemical shifts. Moreover, in 4-nitropyridine N-oxide derivatives, the interaction between
4-nitro and N-oxide groups may be determined by monitoring the shieldings of the N-ring and the
N-nitro group when a new substituent is introduced. The highest contribution of the quinoid resonance
structure among the studied compounds is characteristic of 4-nitropyridine N-oxide and its derivatives,
which apart from the 4-nitro group, also contain electron-acceptor substituents. Effects of steric inhibi-
tion of conjugation between pyridine nitrogen and the 4-nitro group were reported previously based on
the *C NMR spectra for methyl derivatives of 4-nitropyridine N-oxide [ 20 ].

It is important that the precise determination of the influence of the methyl group at various posi-
tions of the pyridine ring on the spectra of 2-halo-4-nitropyridines can be performed by comparing the
NMR spectra of 2-halogen-4-nitropyridine N-oxides (1—3, 6) and derivatives with the added methyl
substituent in the ring (7—10).
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Table 1

'"H NMR chemical shifts (ppm from int. TMS) of 4-nitropyridine N-oxides 1—10
in 0.5 M DMSO-d; solution at 30 °C

Compound 3('H), ppm
2 3 5 6 CH, | CH; | NH/NH,

4-NO,-pyrNO* | 839 | 8.19 | 8.19 | 839 | — | — —
1 — | 871 (819|864 | — | — —

2 — | 875|820 | 862 | — | — —

3 — | 877819857 | — | — —
4 814 | — | 8.01 | 747 | 338 | 1.19 | 8.10
5A° 893 | — | 829 | 853 | 4.00 | 1.06 —
5B° 867 | — | 825 | 850 | 4.69 | 1.42 —

6 889 | — | 809|835 | — | — —

7 — | — | 804|853 | — | 258 —

8 — | — | 805|854 | — |26l —

9 — | 858|843 | — | — | 207 —

10 — | 865|841 | — | — | 250 —

*Fromref. [9].
® Compounds 5A and 5B are a couple of tautomers.

"H NMR shifts. The introduction of a halogen atom in position 2 (1—3) of 4-nitropyridine
N-oxide results in a deshielding effect on H-3 (0.52—0.58 ppm, Table 1), whereas the chemical shifts
of H-5 remain unchanged. This fact may be explained by a negative inductive effect of halogen. It can
be expected that the back donation in 4-nitropyridine N-oxide is increased under halogen substitution
in C-2 and a part of the quinoid form is also increased in resonance structures. The quality of halogen
has not much influence on the H-3 chemical shifts, which vary from 8.71 ppm to 8.77 ppm. A com-
parison of the 'H NMR chemical shifts of 2-halogen-4-nitropyridine N-oxides (1, 2) and their
3-methyl analogues (7, 8) does not show a great difference in the H-5 chemical shifts and even less in
the H-6 chemical shifts. The deshielding effect on H-5 is 0.15 ppm for both pairs of compounds and
the shielding effect for H-6 is just 0.11 ppm and 0.08 ppm). The methyl group in H-6 (9, 10) increases
the shielding in H-3 (0.12 ppm and 0.13 ppm) and deshielding in H-5 (0.24 ppm and 0.22 ppm) re-
spectively. When an iodine atom is brought to position 3 (6), the effect is the greatest on the H-2
chemical shift where the deshielding effect is 0.50 ppm.

Compound 5 exists in one conformer that, however, possesses two tautomeric forms. The prox-
imity of the nitro group and its electronegative oxygen help to push the sterically close amino nitrogen
lone pair to nitroso nitrogen and forward to oxygen. The CH, protons are equivalent in the ethyl group.

BC NMR shifts. The assignment of the °C NMR chemical shift is based on the literature data
and substituent-induced chemical shifts [ 9—15, 21—25 ] (Table 2). In the *C NMR spectra, the ef-
fect of halogen on the chemical shifts of 4-nitropyridine N-oxide is stronger than its effect on the 'H
NMR chemical shifts and the quality of halogen is also obvious. The heavy atom effects are seen in
C-2 (1—3, 7—8, and 9—10) [ 26 ]. It is also obvious in C-3 of compound 6. Only CI has deshielding
effects; other halogens are shielding for C-2. The heavy atom effect caused by iodine in C-2 is
27.39 ppm in 3 and 6, and in C-3 it is 32.41 ppm. The effect and quality of halogen can also be ob-
served in the chemical shift of methyl groups situated in positions 3 and 6 in the pyridine ring. These
effects oscillate from 16.86 ppm to 19.70 ppm. This shielding effect of the large iodine substituent on
C-3 (ipso carbon in 6) is 32.41 ppm [ 23 ].
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Table 2

C NMR chemical shifts (ppm from int. TMS) of 4-nitropyridine N-oxides 1—10
in 0.5 M DMSO-d, solution at 30 °C

Compound 8(°C). ppm

C-2 C-3 C-4 C-5 C-6 CH, | CH;

4-NO,-pyr NO* [ 140.20 | 121.24 | 142.03 | 121.24 | 140.20 | — —
1 141.74 | 121.89 | 141.63 | 119.09 | 141.03 | — —

2 132.96 | 125.22 | 141.49 | 119.62 | 140.75 | — —

3 112.81 | 130.88 | 140.98 | 120.25 | 139.10 | — —
4 125.79 | 141.99 | 125.95 | 122.27 | 127.13 | 37.13 | 13.75
5A° 137.82 | 132.95 | 138.61 | 122.97 | 139.98 | 41.76 | 10.77
5B° 138.09 | 129.11 | 139.59 | 122.34 | 140.73 | 48.73 | 13.28

6 147.80 | 88.83 [ 146.42|121.99 | 139.16 | — —
7 143.32 1 130.80 | 143.75 | 119.30 | 138.14| — | 16.86
8 137.77 | 133.01 | 143.60 | 119.83 [ 138.05| — [ 19.70
9 141.46 | 119.15 | 140.44 | 118.73 | 151.25| — | 18.00
10 112.59 | 128.33 | 140.31 | 119.90 | 149.27 | — | 18.75

*Fromref. [9].
® Compounds 5A and 5B are a couple of tautomers.

The 3-nitrosoamino group (5) exerts on ipso carbon 7.87 ppm and 11.71 ppm deshielding effects
depending on the tautomer structure. The steric proximity of the nitro group to amino nitrogen can
make the lone pair of amino nitrogen move to nitroso nitrogen and further to nitroso oxygen.

SN NMR shifts. The ’N NMR chemical shifts for compounds 1—10 are presented in Table 3.
In the studied compounds there occur four different nitrogen atoms, namely aromatic pyridine-N*—O,
CN*0, (nitro), N*C,Hs NO (amino), and NN*O (nitroso). They have different ranges of ’N NMR
chemical shifts and thus their assignments were straightforward.

In 4-nitropyridine N-oxide derivatives, the interaction between 4-nitro and N-oxide groups can be
estimated by monitoring the shieldings of Nyiw, and Nyn,. Among the derivatives with halogen sub-
stituent at C-2, the most significant effect on the "N shift of pyridine ring nitrogen is caused by Cl,
and the effect is shielding (Table 3). The presence of a methyl group in the ortho-position to the
4-nitro group (7, 8) forces the nitro group out of the plane of the pyridine ring, and the deshielding
effect is increased. On passing from 2-chloro- and 2-bromo-4-nitropyridine (1, 2) to their 3-methyl
derivatives (7, 8), the shielding on the nitro group decreases from —18.1 ppm and —18.4 ppm to
—13.7 ppm and —13.3 ppm respectively. If the methyl group is introduced to C-6 in 2-chloro- and
2-bromo-4-nitropyridines (9, 10) the shift of the nitro group changes from —18.1 ppm to —17.2 ppm
due to lack of the ortho-effect and inductive effect of the methyl group. In 2-chloro-, 2-bromo-,
2-iodo-4-nitropyridine N-oxide, the "N shifts of pyridine nitrogen are —80.1 ppm, —78.2 ppm,
—73.9 ppm and the "°N chemical shifts are not much dependent on the nature of the halogen. The pro-
ximity of the iodine substituent to the 4-nitro group in 3-iodo-4-nitropyridine N-oxide results in a de-
creasing chemical shift of the nitro group to —15.3 ppm.

Conclusions. The complete 'H, °C, and > N NMR chemical shift assignments for ten 4-nitro-
pyridine N-oxides were reported in this paper. The NMR spectral characterization of these compounds
is valuable concerning 3-ethylnitrosoamino-4-nitropyridine because this compound possesses special
biological activity. In contrast with our findings on 2-ethylnitrosoamino-3-methyl-4-nitropyridine and
3-ethylnitramino-4-nitropyridine, 3-ethylnitrosoamino-4-nitropyridine N-oxide has no chiral amino
nitrogen. However, its ethylnitrosoamino group shows prototropic tautomerism.
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Table 3

"N NMR shifis (ppm firom ext. CHsNO,) of 4-nitropyridine N-oxides 1—10
in 0.5 M DMSO-d; solution at 30 °C

Compound =5 (°N), ppm
PyrNO | AINO, | NHR | NRNO | J(N,H)

4-NO,-pyr NO* 73.4 16.6 — — —
1 80.1 18.1 — — —

2 78.2 18.4 — — —

3 73.9 18.3 — — —

4 72.0 14.0 | 293.0 — 92.3
5A° 74.9 18.0 — 128.5 —
5B° 72.0 18.0 — 137.6 —

6 75.2 153 — — —

7 83.4 13.7 — — —

8 81.4 13.3 — — —

9 82.6 17.2 — — —

10 76.7 17.4 — — —

*Fromref. [9].
® Compounds 5A and 5B are a couple of tautomers.
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