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Nitration of pyridines 1a—o with nitric acid in trifluoroacetic anhydride, gave the corresponding 3-nitropyridines 6a—n

in yields of 10-83%.

Introduction

Nitration of pyridine and its simple C-alkyl derivatives at a ring
carbon atom with nitric acid, nitric acid—sulfuric acid mixtures,
or other common nitrating systems, generally results in a very
low yield of nitropyridine and is of little synthetic value.! Thus,
many simple nitropyridines, which are synthetic precursors of
potential pharmaceutical and agrochemical importance,*” are
not available by conventional direct nitration of the parent
pyridine. The lack of reactivity of pyridines in electrophilic
substitution has been shown to derive from their protonation.
Picolines, lutidines and collidines,? essentially exist as completely
conjugate acids in the highly acidic conditions usually used for
nitration. On the other hand, 2,6-dichloropyridine,” which has
two inductively electron-withdrawing chlorine atoms, undergoes
nitration as the free base to give a reasonable yield of 3-nitro-
2,6-dichloropyridine.’ The relative rates of nitration of pyridine
and other heterocycles have been compared with benzenoid
compounds." Tt can be estimated that pyridine itself undergoes
nitration at least 10** times slower than benzene.!> However,
pyridine-1-oxide and its simple 2- and/or 3-alkyl derivatives,"
undergo easy nitration at C-4,° and other substituted pyridine-
1-oxides' can undergo nitration at positions C-2, C-3, or C-4
depending on the nature of the substituents and the reacting
species. Other activated pyridines, for instance pyridones,'*"
and pyridinamines,'' can be nitrated easily.

Bakke and coworkers were the first to report a remarkable
reaction of pyridines with dinitrogen pentoxide in sulfur dioxide
solution, to give N-nitropyridinium ion intermediates which,
on treatment with water, gave 3-nitropyridines in good yield.>*
They proposed that this reaction proceeds by a [1,5] sigmatropic
shift of the nitro group from the 1- to the 3- position in the
pyridine ring rather than an electrophilic aromatic substitution.
A mixture of 3-nitropyridine and 3,5-dinitropyridine was ob-
tained in low yield by Suzuki and coworkers from the reaction
of pyridine with dinitrogen pentoxide generated in situ from
nitrogen dioxide and ozone.*** A similar attempt was made
recently to generate dinitrogen pentoxide, the anhydride of nitric
acid, from nitric acid itself using phosphorus pentoxide,? for
the in situ reaction with pyridine. Some 3-nitropyridine was
obtained, but in low yield. We were interested in the production
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of nitropyridines using nitric acid, which is readily available,
cheap and overcomes the problem of handling the unstable and
difficult-to-obtain reagent, dinitrogen pentoxide. We sought to
generate dinitrogen pentoxide easily in situ, under conditions in
which it would react with pyridines immediately. An equilibrium
concentration of dinitrogen pentoxide has been proposed to exist
in the nitric acid—acetic anhydride system,*** and for benzoyl
nitrate.>?” These observations led us to select the nitric acid—
TFAA system.

Results and discussion

We wish to report the first direct nitrations of pyridine 1a,
simple mono-(1a—j, I) and di-(1m—o) substituted pyridines and
compound 1k by treatment with nitric acid in trifluoroacetic
anhydride and subsequent addition of sodium metabisulfite.
Products were isolated by extraction with dichloromethane and
purified by column chromatography. They were characterized
by 'H and "C NMR spectroscopy and by elemental analysis.}

We initially developed a procedure for the direct nitration
of pyridine itself. We optimized the relative amounts of the
reactants required for the nitration of pyridine (pyridine :
concentrated nitric acid : TFAA 1 :2.5:6.0) and the conditions
(reaction time after addition of nitric acid 12 h at 0-24 °C and
then after the addition to sodium metabisulfite solution 12 h at
24 °C). This standard protocol was then used for the nitration
of all the pyridine derivatives described in Table 1. In the case
of pyridine nitration, divergence from the standard protocol
described above in some cases led to greatly diminished yields
of 3-nitropyridine.

Yields of B-nitropyridines obtained using the standard pro-
tocol (Method A) were generally higher than those obtained
using N,0s,* and in three cases much higher, for products 6b, 6¢
and 6j (Table 1). For example, 3-chloropyridine gave 3-chloro-5-
nitropyridine in 76% yield using Method A but only a 15% yield
was obtained using N,Os.2 One exception was 3-acetylpyridine
which was obtained in somewhat lower yield (20%) compared
with the yield from N,Oj nitration (33%).> We obtained no B-
nitro product from 2-fluoropyridine by Method A. However,
treatment with a mixture of potassium nitrate, TFA and TFAA
afforded 2-fluoro-5-nitropyridine (6i) in 10% yield. In contrast
to the picolines, 2,4- and 3,4-lutidines both gave lower yields of
B-nitro products (Table 2) using Method A compared to N,Os
nitration.? Treatment of 2,5-lutidine by Method A gave a surpris-
ing result, 5-methyl-2-trinitromethylpyridine (60’) was obtained
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Table 1

Products obtained by nitration of mono-substituted pyridines 1a—11

Literature
Product R Mp/°C Yield (%)* Yield (%) Mp/°C Method Reference
6a H 40.5 83 18 38-40 b 29
68 35-36.5 ¢ 30
77 4 ¢ 2
6b 2-CH; 106.5 68 17 106-108 b 29
19 103-106 ¢ 30
106-108 ¢ 31
42 d ¢ 2
6¢ 3-CH, 102.3 62 Trace 95-96 b 29
37 4 ¢ 2
6d 4-CH; Oil 86 24 Oil ¢ 30
70 4 ¢ 2
6e 3-C,H; Oil 64 41 Oil b 29
of 4-C,H; Oil 25 — 4 Novel
6g 3-(COCH,;) 82.5 20 33 4 ‘ 32
19 d ¢ 2
6h 4-(COCH,) Oil 83 50 35-36.5 ¢ 30
75 4 ¢ 2
6i 2-F Oil 10¢ 4 d b 33
d d b 34
6j 3-Cl 72.5 76 15 4 ¢ 32
15 d ¢ 2
6k 3,4-Benzo 58.0 37 29 54-55 ¢ 31
42 4 ¢ 33
6l 4-N(CH;),—pyridine 49.5 32 81 49-50 b 18
“Method A. ® Previously prepared indirectly. ¢ Previously reported as prepared by Bakke. ¢ Data not available. ¢ Method B.
Table 2 Products obtained by nitration of di-substituted pyridines 1m—1o
Literature
Product R Mp/°C Yield (%) Yield (%) Mp/°C Method Reference
6m 2,4-Di-CH; Oil 524 66 b ¢ 32
66 b ¢ 2
6n 3,4-Di-CH; 45.7 307 58 b ¢ 32
58 b ¢ 2
60 2,5-Di-CH; 0 <3 b ¢ 32
<3 b i 2
60’ 66.5 10+ Novel

“Method A. * Data not available. < Previously reported as prepared by Bakke. ¢ Substitution of three protons at the 2-methyl group by nitro groups.

in 10% yield. The structure of 5-methyl-2-trinitromethylpyridine
(60') was confirmed by X-ray analysis (Fig. 1).1

Fig. 1

Perspective view of the X-ray structure of 60’

This product was not obtained by Bakke using the N,Os
method,”> although he obtained 2,5-dimethyl-3-nitropyridine
(60) in low yield (<3%).

1 CCDC reference number 249216. See http://www.rsc.org/suppdata/
ob/b4/b413285h/ for crystallographic data in .cif format.

The yields of B-nitro products from the nitration of pyridine,
the picolines and lutidines using our method are comparable in
most cases with those of Bakke who used isolated dinitrogen
pentoxide. Therefore, the mechanism of nitration in our case
probably follows the pathway for which Bakke has adduced
evidence,® (Schemes 1-5).
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Scheme 1

Nitration of isoquinoline (1k) by Method A gave a yield of 3-
nitroisoquinoline (37%) comparable to that observed by Bakke
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when he used N,O; as the nitrating agent in SO,~CH;NO,
(42%).2

Conclusion

A new general high yield reaction for the preparation of
nitropyridines is reported that employs cheap and readily
available nitric acid. In fourteen cases of alkyl, halo and
acetylpyridines, preparatively useful yields of the corresponding
B-nitro compound are obtained. Three nitro groups have been
introduced into the a-methyl substituent of 2,5-lutidine under
our nitration conditions.

Experimental

Melting points are uncorrected. '"H NMR (300 MHz) and "*C
NMR (75 MHz) spectra were recorded in CDCI; (with TMS
for 'H and chloroform-d for *C as the internal reference)
unless specified otherwise. X-ray data were collected at 173 K
on a Siemens SMART PLATFORM equipped with a CCD
area detector and a graphite monochromator utilizing Mo Ka
radiation (4 = 0.71073 A). Cell parameters were refined using
up to 8192 reflections. A full sphere of data (1850 frames) was
collected using the ®-scan method (0.3° frame width). The first
50 frames were re-measured at the end of data collection to
monitor instrument and crystal stability (maximum correction
on I was < 1%). Absorption corrections by integration were
applied based on measured indexed crystal faces. The X-ray
structure was solved by the Direct Methods in SHELXTL6,*
and refined using full-matrix least squares. The non-H atoms
were treated anisotropically, whereas the hydrogen atoms were
calculated in ideal positions and were riding on their respective
carbon atoms. A total of 155 parameters were refined in the final
cycle of refinement using 1656 reflections with 7 > 2o (1) to yield
R, and wR, of 3.58% and 10.20%, respectively. Refinement was
done using F2.{

Crystal data for 60’

C,H¢N,Oq, M = 242.16, monoclinic, a = 8.0407(8) A, boz
11.7673(11) A, ¢ = 11.2852(10) A, ¥V = 1012.74(16) A3,
T =1732) K, P21/¢, Z = 4, uMo Ka) = 0.141 mm~!, 6137
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reflections measured, 2287 (R, = 0.0374). The final wR(F?) was
0.1020 (1656).

General method of preparation of nitropyridines

Method A. Trifluoroacetic anhydride [10 ml, 42 mmol] was
chilled in an ice bath and the pyridine or substituted pyridines
[17 mmol] were slowly added and stirred at chilled conditions
for 2 h followed by the dropwise addition of concentrated nitric
acid [1.9 ml, 36 mmol]. After stirring for 9-10 h, the solution
was dripped slowly into a chilled aqueous solution of sodium
metabisulfite [3.2 g, 17 mmol in 25 ml of water]. After 24 h,
the solution was brought to pH 6-7 from pH 2-3 by addition
of 25% NaOH solution, extracted with methylene chloride and
the extract was dried over anhydrous sodium sulfate; the solvent
was evaporated to give the nitropyridines which were further
purified by column chromatography using hexane : ethyl acetate

(1:1).

Method B. Potassium nitrate (20 mmol) was taken in a flask,
evacuated of air and purged with nitrogen gas. TFA (20 mmol)
was then added to potassium nitrate. After stirring for 10 min,
TFAA (10 mmol) was added to the mixture, which was stirred
for a further 15 min. Pyridine (10 mmol) was added very
slowly dropwise with a syringe. After stirring for 6 h, sodium
metabisufite solution [2.0 g in 15 ml of water] was added slowly
under cooling to the mixture, which was stirred for 12 h. The
pH was then brought to 6-7 with conc. NaOH under cooling
and extracted with chloroform. The chloroform layer was dried
with anhydrous magnesium sulfate and the solvent removed to
give the nitropyridines which were further purified by column
chromatography using hexane : ethyl acetate (1 : 1).

3-Nitropyridine (6a). Yellow prisms (83%);'H NMR: Jy
(300 MHz; CDCl;; Me,Si) 7.60 (dd, J = 8.4, 4.8 Hz, 1H), 8.53
(ddd, J = 8.4, 2.6, 1.5 Hz, 1H), 8.96 (dd, J = 4.8, 1.5 Hz, 1H),
9.46(d,J =2.6 Hz, 1H); B\CNMR: 0. 123.7,130.9, 144.1, 144.9,
154.7.

Anal. (Found: C, 48.44; H, 3.10; N, 22.14. Calcd. for
C;H,;N,0,: C, 48.39; H, 3.25; N, 22.57%).

2-Methyl-5-nitropyridine (6b). White prisms (68%); 'H
NMR: 64 (300 MHz; CDCl;; Me,Si) 2.71 (s, 3H), 7.36 (d, J =
8.5 Hz, 1H), 8.37 (dd, J = 8.5, 2.6 Hz, 1H), 9.33 (d, J = 2.4 Hz,
1H); *C NMR: J. 24.8, 123.3, 131.2, 142.4, 144.6, 165.4. Anal.
(Found: C, 52.38; H, 4.28; N, 20.05. Calcd. for C;H¢N,O,: C,
52.17; H, 4.38; N, 20.28%).

3-Methyl-5-nitropyridine (6¢). Yellow prisms (62%); 'H
NMR: d4 (300 MHz; CDCl;; Me,Si) 2.51 (s, 3H), 8.30 (br s,
1H), 8.75 (br s, 1H), 9.27 (d, J = 2.3 Hz, 1H); *C NMR: d
18.1, 131.0, 134.4, 142.2, 144.0, 155.4. Anal. (Found: C, 52.24;
H, 4.26; N, 20.03. Calcd. for C;gH¢N,O,: C, 52.17; H, 4.38; N,
20.28%)

4-Methyl-3-nitropyridine (6d). Yellow oil (86%); 'H NMR:
Ju (300 MHz; CDCl;; Me,Si) 2.67 (s, 3H), 7.36 (d, J = 4.9 Hz,
1H), 8.67 (d, J = 5.0 Hz, 1H), 9.15 (s, 1H); *C NMR: d. 19.9,
127.0,142.9, 145.8,147.0,152.9. Anal. (Found: C, 51.80; H, 4.28;
N, 19.98. Calcd. for C,HN,O,: C, 52.17; H, 4.38; N, 20.28%).

3-Ethyl-5-nitropyridine (6e). Yellow oil (64%); '"H NMR: dy
(300 MHz; CDCl;; Me,Si) 1.37 (t, J = 7.6 Hz, 3H), 2.87 (q, J =
7.6 Hz, 2H), 8.34 (br s, 1H), 8.79 (br s, 1H), 9.25 (d, J = 2.3 Hz,
1H); BC NMR: 6. 14.5, 25.4, 129.6, 140.2, 142.1, 144.0, 154.5.
Anal. (Found: C, 55.24; H, 5.20; N, 18.72. Calcd. for C;H3N,O,:
C, 55.26; H, 5.30; N, 18.41%).

4-Ethyl-5-nitropyridine 6f. Yellow oil (25%); '"H NMR: dy
(300 MHz; CDCl;; Me,Si) 1.34 (t, J = 7.6 Hz, 3H), 2.99 (q, J =
7.6 Hz, 2H), 7.40 (d, J = 5.1 Hz, 1H), 8.71 (d, J = 5.1 Hz,
1H), 9.09 (s, IH); "C NMR: J. 13.4, 25.2, 124.9, 145.4, 145.5,
147.6, 152.9. Anal. (Found: C, 55.37; H, 5.18; N, 18.20. Calcd.
for C;H3N,0,: C, 55.26; H, 5.30; N, 18.41%).



3-Acetyl-5-nitropyridine (6g). White prisms (20%); 'H
NMR: dy (300 MHz; CDCl;; Me,Si) 2.76 (s, 3H), 8.97 (t,
J =2.4Hz, 1H), 9.44 (d, J = 2.4 Hz, 1H), 9.60 (d, J/ = 2.4 Hz,
1H); B*C NMR: d 27.0, 130.3, 132.4, 144.3, 148.1, 154.2, 194.3.
Anal. (Found: C, 50.67; H, 3.53; N, 16.84. Calc for C;H¢N,O;:
C, 50.61; H, 3.64; N, 16.87%).

4-Acetyl-5-nitropyridine (6h). Yellow oil (83%); '"H NMR:
Jdu (300 MHz; CDCl;; Me,Si) 2.60 (s, 3H), 7.36 (dd, J = 4.9,
0.7 Hz, 1H), 8.97 (dd, J = 4.9, 0.7 Hz, 1H), 9.37 (s, 1H); *C
NMR: 6. 29.9, 120.6, 144.7, 145.7, 150.9, 155.1, 197.8. Anal.
(Found: C, 50.67; H, 3.52; N, 16.74. Calcd. for C;H¢N,O;: C,
50.61; H, 3.64; N, 16.87%).

2-Fluoro-5-nitropyridine (6i). Yellow oil (10%); '"H NMR: dy
(300 MHz; CDCl;; Me,Si) 7.14 (ddd, J = 8.9, 3.2, 0.6 Hz, 1H),
8.62 (ddd, J = 8.9, 6.4, 2.9 Hz, 1H), 9.15 (ddd, J = 2.9, 1.1,
0.6 Hz, 1H); "C NMR: d. 110.5 (Jor = 16.6 Hz), 136.8 (Jor =
10.6 Hz), 142.6, 144.8 (Jo = 17.4 Hz), 165.7 (J o = 249.7 Hz).

3-Chloro-5-nitropyridine (6j). White prisms (76%); 'H
NMR: 64 (300 MHz; CDCl;; Me,Si) 8.50 (t, J = 1.7 Hz, 1H),
8.89 (d, J = 1.7 Hz, 1H), 9.34 (d, J = 1.7 Hz, 1H); "C NMR:
dc 130.8, 132.5, 142.7, 144.2, 154.0. Anal. (Found: C, 38.33; H,
1.87; N, 17.39. Calcd. for CsH;CIN,O,: C, 37.89; H, 1.91; N,
17.68%).

4-Nitroisoquinoline (6k). Orange needles (37%); 'H NMR:
Ju (300 MHz; CDCl;; Me,Si) 7.79 (ddd, J = 8.1, 7.8, 1.0 Hz,
1H), 7.96 (ddd, J = 8.1, 8.1, 1.4 Hz, 1H), 8.13 (dddd, J = 8.1,
1.4,0.7,0.5 Hz, 1H), 8.62 (ddd, J = 8.7, 1.0, 0.7 Hz, 1H), 9.26
(s, 1H), 9.43 (d, J = 0.8 Hz, 1H); *C NMR: . 122.5, 127.8,
128.4,128.9, 129.0, 134.0, 141.1, 158.0. Anal. (Found: C, 62.03;
H, 3.41; N, 15.96. Calcd. for C,H,N,O,: C, 62.05; H, 3.47; N,
16.08%).

3-Nitro-4-(N,N-dimethylamino)pyridine (61). Yellow micro-
crystals (32%); '"H NMR: d4 (300 MHz; CDCl;; Me,Si) 3.00 (s,
6H), 6.79 (d, J = 6.2 Hz, 1H), 8.27 (d, J = 6.2 Hz, 1H), 8.77 (s,
1H). ®.C NMR:d. 41.5, 110.6, 148.0, 149.1, 151.3, 153.0. Anal.
(Found: C, 50.25; H, 5.40; N, 24.95. Calcd. for C;H,N;0,: C,
50.28; H, 5.43; N, 25.14%).

2,4-Dimethyl-5-nitropyridine (6m). Yellow oil (52%); 'H
NMR: 6, (300 MHz; CDCl;; Me,Si) 2.61 (s, 3H), 2.63 (s, 3H),
7.26 (br s, 1H), 9.10 (s, 1H); ®C NMR: d. 20.2, 24.3, 126.6,
143.2, 143.8, 145.7, 163.3. Anal. (Found: C, 55.46; H, 5.35; N,
18.24. Calcd. for C,HgN,O,: C, 55.24; H, 5.30; N, 18.41%).

3,4-Dimethyl-5-nitropyridine (6n). Yellow prisms (30%); 'H
NMR: 64 (300 MHz; CDCl;; Me,Si) 2.39 (s, 3H), 2.47 (s, 3H),
8.54 (s, 1H), 8.87 (s, 1H); B*C NMR: d. 15.0, 17.0, 134.2, 140.2,
143.1, 153.1, 166.7. Anal. (Found C, 55.54; H, 5.34; N, 18.29.
Calcd. for C;HgN,O,: C, 55.24; H, 5.30; N, 18.41%).

5-Methyl-2-(trinitromethyl)pyridine (60’). White prisms
(10%); '"H NMR: Jy (300 MHz; CDCl;; Me,Si) 2.50 (s, 3H),
7.78 (dd, J = 8.2, 1.4 Hz, 1H), 7.89 (d, J = 8.2 Hz, 1H), 8.59
(brs, IH); "C NMR: J. 18.6, 124.5, 127.8, 138.0, 139.1, 139.8,
150.8. The structure of 60’ was determined by X-ray analysis.
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