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A Simple Synthesis of Aminopyridines: Use of Amides as Amine Source

Arumugam Kodimuthali,**Anitha Mungara,” Padala Lakshmi Prasunamba® and
Manojit Pal***

“Matrix Laboratories Ltd, New Drugs Discovery Department, Anrich Industrial Estate,
Bollaram, Jinnaram Mandal, Medak District, Andra Pradesh 502 325, India

bDepartment of Chemistry, University College of Science, Osmania University,
Hyderabad 500 007, India

A sintese de aminopiridinas foi realizada através de reacdes de formacao de ligacdes C-N
entre cloropiridina e uma variedade de amidas simples sob condig¢des de refluxo, na auséncia de
metais de transi¢@o e irradia¢@o por microondas (ou base).

A transition metal/microwave irradiation (or base) free synthesis of aminopyridines has been
accomplished via C-N bond forming reaction between chloropyridine and a variety of simple

amides under refluxing conditions.
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Introduction

2-Aminopyridine derivatives, though well known
for a long time, have attracted considerable interest
recently because of their applications in various fields
especially in pharmaceutical research. For example, the
use of 2-aminopyridines have been reported as glucokinase
activators' or selective inhibitors of neuronal nitric oxide
synthase.? Substituted or unsubstituted aminopyridines
are also useful precursors for the synthesis of a variety of
heteocyclic compounds possessing a medicinal value.*®
For example, 2-(methylamino)nicotinonitrile or 2-amino-
3-nitropyridine was used as a synthetic precursor of 1H,3H-
pyrido[2,3-d]pyrimidine-2,4-dione'® or pyrido[2,3-b]
pyrazines''and imidazo[4,5-b]pyridines'? respectively.

While a number of methods have been reported for
the synthesis of 2-aminopyridine derivatives, the most
straightforward one includes the reaction of 2-halopyridines
with substituted or unsubstituted amines. Essentially,
these reactions are carried out either by using a transition
metal catalyst e.g. palladium,'*!* or at elevated pressure.'®
Alternatively, 2-aminopyridine derivatives can also be
prepared via nitration of (un)substituted aminopyridines'®
or oxidative amination of nitropyridines.'” Recently,
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microwave assisted solvent free amination of halo pyridine
without transition metal catalyst have been reported.'®
Introduction of N,N-dimethylamino group via the reaction
of 2-chloro pyridine with DMF (N, N-dimethylformamide) in
the presence of a base such as diethanolamine'® or K,CO,*
has been reported in 1997 and 2004 respectively. More
recently, chemoselective displacement of phenylthioether
moiety of pyrazin-2(1H)-ones by N,N-dimethylamino
group using DMF under microwave irradiations has
been reported.?! In 2004, one of us was involved in the
preparation of diethylamino derivative of pyrazolopyrimidine
via the reaction of 7-chloro-1,3-dimethyl-5-phenyl-1H-
pyrazolo[4,3-d]pyrimidine with DMF in the presence
of (PPh,),Pd and Na,CO, (Scheme 1).** Very recently,
a palladium catalyzed synthesis of N,N-dimethyl[1,8]
naphthyridine-2-amines by facile incorporation of NMe,
group from DMF has been reported.”® All these methods
however require the use of a base (and/or a catalyst) and
only limited studies have been carried out with a very few
number of substrates. Due to our continuing interest* in
the use of 2-chloropyridine® as a useful synthetic precursor
we planned to study the reactions of chloropyridines with a
number of commercially available simple amides. We also
required a simple and scalable process for the preparation
of aminopyridines in order to meet the requirement of this
class of compound for our ongoing drug discovery program.
Herein we report a transition metal or microwave irradiation-
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Scheme 1. Synthesis of aminopyridines.

free practical synthesis of various aminopyridines without
employing a base (Scheme 1).

Results and Discussion

Initially, we choose 2-chloro-3-nitropyridine (1a) to
conduct our preliminary study which was reacted with a
variety of formamides (2) under refluxing conditions. The
results of these studies are summarized in Table 1.

As presented in Table 1 that the reaction of formamide
2a with 1a was completed within 15 h providing a good
yield of desired product 3a (Entry 1, Table 1). On the other
hand reaction of acetamide 2b with 1a was found to be slow
(Entries 2 and 3, Table 1) and only 69% yield of product
was isolated even after 70 h (Entry 3, Table 1). Similarly, the
monosubstituted formamide 2¢ reacted faster than acetamide
2d providing a better yield of product 3b (Entry 4 vs
5 and 6, Table 1). Simple formamide 2e also provided the
desired product when reacted with 1a (Entry 7, Table 1).

Table 1. The reaction of 2-chloro-3-nitropyridine (1a) with amides (2)*

Having prepared a number of aminopyridines (3a-c)
from 2-chloro-3-nitropyridine (1a) successfully we
decided to explore the use of other chloropyridines under
the reaction conditions studied. Accordingly, a variety of
unsubstituted and substituted aminopyridines (3d-1) were
prepared from various chloropyridine analogues (Table 2).
Various functional groups such as nitro (Entries 1, 5, 8,
11 and 14, Table 2), trifluoromethyl (Entries 2, 6, 9 and
12, Table 2) and cyano (Entries 3, 7, 10 and 13, Table 2)
present on the pyridine ring were well tolerated. Notably,
unsubstituted chloropyridine (1e) also participated in the
present amination reaction providing the desired products
albeit in low yields (Entries 4 and 15, Table 2).

We have shown that suitably substituted chloropyridines
can be converted to the corresponding amino derivatives
using simple amides as a source of amine. It was evident
from Table 2 that a chloro group present at the C-2 position
of the pyridine ring participated well in this reaction. This
can be explained by the higher reactivity of the azomethine

OoN heat O2N = |
“ 1 + RIRNCOR® ———> <

oSN "R®RN” "N
1a 2 3
Entry Amides (R'R2NHCOR?, 2) Reaction time / h Products (3) Yield / (%)®
ON._~
1 N,N-Dimethylformamide (2a) 15.0 M egNQ 78
3a
2 N,N-Dimethylacetamide (2b) 30.0 3a 35
3 2b 70.0 3a 69
ON._~
4 N-Methylformamide (2¢) 3.0 MeHNQ 71
3b
5 N-Methylacetamide (2d) 6.0 3b 15
6 2d 24.0 3b 61
ON__~
7 Formamide (2e) 7.0 HaN SN l 59
3c

All the reactions were carried out using 1a (5.0 mmol) and 2 (10 mL) under refluxing conditions. *Isolated yield.
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Table 2. The reaction of 2- or 4-chloropyridines (1) with amides (2)*
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Entry Chloropyridines (1) Amides (2)

Reaction time / h

Products (3) Yield / (%)®

CI@NO

1 \N / z 2a
1b

2 \N / ¢ 2a
1c

N

AN
3 C"?j 2a

N /
1d
Cl

4 \ 2

N % a

le

5 1b 2b
6 1c 2b
7 1d 2b
8 1b 2¢
9 1c 2¢
10 1d 2¢
11 1b 2d
12 1c 2d
13 1d 2d
14 1b 2e
15 le 2e

Me N@—No
24.0 TN 76

3d
30.0 N 74
3e
N
AN
22.0 MwNQ:/\ 73
N~
3f
NMe,
34.0 S 69
\ /
3g
82 3d 57
95 3e 54
80 3t 47

MeHNGNO
4.0 N7 ’ 78
3h
MeHNGCF
40 N/ 78

3i
Ny
4.0 MeHNQ? 75
N
3
29 3h 57
36 3i 55
28 3j 50
6.0 HZN@NOZ 61
3k
NH,
6.0 \_/ 51
3l

2All the reactions were carried out using 1 (5.0 mmol) and 2 (10 mL) under refluxing condition. *Isolated yield.

chloro group compared to that present at C-4. Moreover,
the reaction was facilitated by the presence of electron
withdrawing group present on the pyridine ring perhaps
favoring a nucleophilic attack on the chlorine bearing
carbon. Nevertheless, the reaction seemed to proceed via
the cleavage of an amidic N-C bond of the reactant amide
used thereby serving as a potential source of amine under
the condition employed (Schemes 2 and 3).2

Due to the requirement of a large quantity of N,N-
dimethyl-5-nitropyridin-2-amine (3d) for our own research
we carried out its synthesis using 50 g of 1b with DMF
according to the condition mentioned above (Entry 1,
Table 2). The desired compound was isolated in 80% yield
thereby demonstrating the potential for scalability of this
process. '"H NMR spectra of compound 3d is shown in
Figure 1.
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Scheme 2. Proposed reaction mechanism for the amination of 2-chloropyridines.
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Scheme 3. Proposed reaction mechanism for the amination of 4-chloropyridine.

Conclusions

In conclusion, a simple and practical synthesis of
aminopyridines has been accomplished via the reaction of
chloropyridine with a variety of commercially available
simple amides. The reactions were carried out in neat and
under refluxing conditions to afford the expected products
in good yields. The reaction is free from the use of transition
metal catalysts or microwave irradiation or any organic/
inorganic base. The methodology therefore may have
advantages over the previously reported processes. Because
of easy availability of starting materials and operational
simplicity the present method is amenable for scale up. We
expect that the present process would find wide application
in the preparation of diversity based pyridine analogues
especially for pharmaceutical research.

Experimental
General

Unless stated otherwise, reactions were monitored
by thin layer chromatography (TLC) on silica gel plates

(60 F,,,), visualizing with ultraviolet light or iodine
spray. Flash chromatography was performed on silica gel
(60-120 mesh) using distilled petroleum ether and ethyl
acetate. 'H NMR spectra were determined either in CDCI,
or DMSO-d, solution using 300 or 400 MHz spectrometers,
respectively. Proton chemical shifts (d) are relative to
tetramethylsilane (TMS, 6 = 0.0) as internal standard and
expressed in parts per million. Spin multiplicities are given
as s (singlet), d (doublet), t (triplet), and m (multiplet) as
well as b (broad). Coupling constants (/) are given in hertz.
Infrared spectra were recorded on a FTIR spectrometer.
Melting points were determined by using thermal analysis
and differential scanning calorimetry (DSC) was generated
with the help of DSC-60A detector. MS spectra were
obtained on a LC-MSD-Trap-SL mass spectrometer. All
the reagents used are commercially available.

General procedure for the preparation of amino pyridines (3)

A solution of chloropyrdine 1 (5 mmol) in an appropriate
amide 2 (10 mL) was refluxed for the time as mentioned
in Tables 1 and 2. The reaction mixture was concentrated
under vacuum, cooled to room temperature, quenched using
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Figure 1. '"H NMR spectra of compound 3d in DMSO-d,.

ice water (25 mL) with stirring and extracted with ethyl
acetate (2 x 50 mL). The organic layers were collected,
combined, washed with cold water (100 mL), dried over
anhydrous sodium sulfate and filtered. The filtrate was
concentrated under vacuum and the residue was purified
by column chromatography to yield the desired product.

N,N-Dimethyl-3-nitropyridin-2-amine?” (3a)

Colorless liquid; '"H NMR (DMSO-d,, 400 MHz) 0 8.38
(dd, 1H, J 4.4; 1.6 Hz), 8.21 (dd, 1H, J 8.0; 1.6 Hz), 6.81
(dd, 1H, J 8.0; 4.4 Hz), 2.97 (s, 6H); IR (KBr) v__/em'":
2933, 1600, 1556, 1509, 1411, 1332, 1257, 962, 755; MS
(CI method): 168 (M+1, 100%).

N-Methyl-3-nitropyridin-2-amine* (3b)

Yellow solid; mp 66.5-68 °C; 'H NMR (DMSO-d,,
400 MHz) 6 8.50 (dd, 1H, J4.4; 1.7 Hz), 8.49 (bs, 1H), 8.40
(dd, 1H, J8.3; 1.7 Hz ), 6.75 (dd, 1H, J 8.3; 4.4 Hz), 3.04
(d, 3H, J 4.8 Hz); IR (KBr) v__/cm': 3405, 1610, 1573,
1511, 1442, 1415, 1378, 1355, 1313, 1251, 1211, 1033,
877, 759; MS (CI method): 154 (M+1, 100%).

4 3 2 1 ppm

6.0573

3-Nitropyridin-2-amine® (3c)

Pale yellow solid; mp 159-162 °C; '"H NMR (DMSO-d »
300 MHz) 6 8.35-8.40 (m, 2H), 7.87 (bs, 2H), 6.75 (dd,
1H, J 8.3; 4.5 Hz); IR (KBr) v__/cm': 3464, 3273, 3093,
1638, 1566, 1514, 1438, 1354, 1336, 1240, 821, 758; MS
(CI method): 140 (M+1, 100%).

N,N-Dimethyl-5-nitropyridin-2-amine® (3d)

Yellow solid; mp 155-157 °C; 'H NMR (DMSO-dé,
400MHz)89.02(d, 1H, /2.8 Hz),8.26 (dd, 1H,79.2; 2.8 Hz),
6.80 (d, 1H, J 9.2 Hz), 3.25 (s, 6H); IR (KBr) Vmax/cm’l:
2924,2854, 1597, 1335, 1295, 1118, 810; MS (CI method):
168 (M+1, 100%).

N,N-Dimethyl-5-(trifluoromethyl)pyridine-2-amine’’ (3e)

Off-white solid; mp 43-45 °C; '"H NMR (CDC13,
400 MHz) 6 8.38 (s, 1H), 7.60 (dd, 1H, J9.2; 2.4 Hz), 6.50
(d, 1H, J 9.2 Hz), 3.14 (s, 6H); IR (KBr) v_ /cm: 2925,
1619, 1562, 1535, 1409, 1330, 813; MS (CI method): 191
(M+1, 100%).
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2-(Dimethylamino )nicotinonitrile’ (3f)

Colorless liquid; '"HNMR (DMSO-d,, 400 MHz) 6 8.34
(dd, 1H, J 4.8; 1.8 Hz), 7.97 (dd, 1H, J 7.6; 1.8 Hz), 6.76
(dd, 1H, J 7.6; 4.8 Hz), 3.20 (s, 6H); IR (KBr) v_/em"
2927,2211, 1589, 1552, 1511, 1409, 1245, 960, 759; MS
(CI method): 148 (M+1, 100%).

N,N-Dimethylpyridine-4-amine* (3g)

White solid; mp 109-111 °C; '"H NMR (DMSO-d,,
400 MHz) 6 8.10 (dd, 2H, J 5.2; 1.5 Hz), 6.58 (dd, 2H, J
5.1; 1.3 Hz), 2.94 (s, 6H); IR (KBr) v /cm': 2902, 2825,
1604, 1536, 1445, 1377, 1223, 1104, 1068, 988, 808, 749;
MS (CI method): 145 (M+Na, 100%).

N-Methyl-5-nitropyridin-2-amine* (3h)

Yellow solid; mp 180-182.3 °C; '"H NMR (DMSO-d,,
400 MHz) 6 8.92 (s, 1H), 8.09 (m, 2H), 6.53 (d, 1H, J 9.2
Hz), 2.90 (bs, 3H); IR (KBr) v__/cm™: 3370, 1619, 1600,
1542, 1481, 1463, 1419, 1394, 1324, 1265, 831; MS (CI
method): 154 (M+1, 100%).

N-Methyl-5-(trifluoromethyl)pyridine-2-amine® (3i)

Off-white solid; mp 50-53 °C; '"H NMR (DMSO-d,,
400 MHz) 6 8.35 (s, 1H), 7.66 (d, 1H, J 7.2 Hz), 7.32 (bs,
1H), 6.60 (d, 1H, J 8.8 Hz), 2.86 (d, 3H, J 4.8 Hz); IR (KBr)
v Jem': 3276, 1625, 1540, 1394, 1328, 1106, 939, 825;
MS (CI method): 177 (M+1, 100%).

2-(Methylamino)nicotinonitrile®® (3j)

Yellow solid; mp 86.3-88.4 °C; 'H NMR (DMSO-d,,
300 MHz) 6 8.28 (dd, 1H, 7 4.9 & 1.9 Hz), 7.87 (dd, 1H,
J7.6;1.9 Hz), 7.06 (bs, 1H), 6.62 (dd, 1H, J 7.6; 4.9 Hz),
2.85 (d, 3H, J 4.6 Hz); IR (KBr) v, /cm': 3378, 2220,
1599, 1583, 1527, 1471, 1400, 1347, 1276, 1256, 1157,
861, 760; MS (CI method): 134 (M+1, 100%).

5-Nitropyridin-2-amine’” (3k)

Pale yellow solid; mp 182-185 °C; 'H NMR (DMSO-d,,
300 MHz) 6 8.83 (d, 1H, J 2.8 Hz), 8.11 (dd, 1H, J 9.2;
2.8 Hz), 7.51 (bs, 2H), 6.49 (d, 1H, J 9.2 Hz); IR (KBr)
v Jem': 3495, 3366, 1648, 1633, 1593, 1571, 1495, 1473,
1334, 1315, 1298, 1285, 1130, 842; MS (CI method): 140
(M+1, 100%).

Pyridine-4-amine’® (31)

White solid; mp 154-156 °C; '"H NMR (DMSO-d
400 MHz) 6 7.95 (dd, 2H, J 5.1; 1.4 Hz), 6.44 (dd, 2H, J
5.1; 1.4 Hz), 5.96 (bs, 2H); IR (KBr) v /cm': 3436, 3301,
1648, 1601, 1557, 1507, 1435, 1333, 1269, 1217, 991, 822;
MS (CI method): 117 (M+Na, 100%).
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