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Abstract: An efficient one-pot synthesis of 2-amino-6-aryl-4-
methylsulfanylpyridines and 6-aryl-3-cyano-4-methylsulfanyl-
2(1H)-pyridinone has been illustrated through ring transformation
of 6-aryl-3-cyano-4-methylsulfanyl-2H-pyran-2-ones by urea
through different reaction conditions. Various solvents and bases
were employed to selectively prepare either 2-aminopyridines or
2-pyridinones. In case of direct fusion of 2H-pyran-2-one with
urea in solvent-free conditions, both the products were obtained in
1:1 ratio, while the reaction in pyridine at reflux temperature ex-
clusively afforded 2-aminopyridine in 80-90% yield. The reaction
of 6-aryl-3-carbomethoxy-4-methylsulfanyl-2H-pyran-2-ones
with ureaat 150 °C afforded 2-pyridinone derivativesin good yield
(70-80%).

Key words. 2-pyranone, 2-aminopyridine, 2-pyridinone, urea, ring
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Pyridines and pyridinones are basic structural motifs
found in numerous natural products having interesting
medicinal properties.? Since molecules embedded with
these scaffolds are known to exhibit molecular
recognition® through non-covalent interactions, medicinal
chemists exploited this information by simulating these
bioactive units in the design of novel biologically active
molecules. Diverse pharmacological activities*!? are as-
sociated with these heterocyclic compounds. In addition,
2-aminopyridines and 2-pyridinones are key intermedi-
atesin the synthesis of variety of heterocyclic compounds
of therapeutic importance.*®

Numerous synthetic methodol ogies for the synthesis of 2-
aminopyridines have been reported, which include the
condensation of a,B-unsaturated ketones with malononi-
trilein presence of ammonium acetate,'* nucleophilic sub-
stitution of 2-halopyridines with primary or secondary
amines,® aminolysis of 2-alkoxypyridines and [4+2] or
[3+3] type ring formation reactions.'® Recently, we have
demonstrated efficient synthesis of 2-amino-3-cyano-
pyridines through base-catalyzed ring transformation of
2-pyranones with cyanamide.!’ Katritzky et al.’® de-
scribed the benzotriazol e-assisted regiosel ective synthesis
of 2-amino-3-unsubstituted-pyridines which were previ-
ously difficult to synthesize by conventional routes.
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Literature procedures for the synthesis of 2-pyridinones
include the oxidation of N-substituted pyridinium salts,*®
the reaction of B-dicarbonyl compounds or a,B-unsaturat-
ed ketones with malononitrile or similar active methylene
compounds,*6? the reaction of a-oxoketenedithioacetals
with cyanoacetamide in presence of a base,?* the cyclo-
addition of 2-azadienes with acetylenic dienophiles,? the
reaction of lithium dienediolates and nitriles,?® and the
reaction of acyl isocyanates and trimethylsilylketene.?*
Despite numerous synthetic methodologies available in
the literature, none of them is sufficient in organic chem-
istry. Therefore, new, concise, economical, environmen-
tally benign methods are always in demand.

Herein we report one-pot regioselective synthesis of 2-
aminopyridines and 2-pyridinones through nucleophile-
induced ring transformation of 2-pyranones by urea in
good yield. As mentioned by Katritzky et al.,*® 3-unsub-
stituted-2-aminopyridines are difficult to synthesize by
commonly employed classical routes. Therefore, we have
prepared 3-unsubstituted-2-aminopyridines selectively
using ureaas asource of nucleophile, which is economical
and eco-friendly.

Due to their easy synthesis and high reactivity towards
various nucleophilesin generating molecular diversity the
chemistry of 2-pyranones has been recognized as aversa-
tile approach which deviated from their classical synthetic
procedures.?® 2-Pyranones 1, used as a parent precursor,
have been conveniently prepared by the reaction of meth-
yl 2-cyano-3,3-dimethylthioacrylate with acetophenone
as described earlier.?® The unique feature of lactone 1 is
the presence of three electrophilic centers: C,, C, and Cq
inwhich latter is highly susceptible to nucleophiles dueto
the extended conjugation and the presence of the electron-
withdrawing substituent at position 3. The reactivity of 1
towards ambident nucleophiles has been explored by pre-
paring substituted pyrazoles and isooxazoles using vari-
ous amines.?°d As urea is a good source of generating
ammonia when heated to its melting point, we exploited
the reaction of 2H-pyran-2-one with urea at elevated tem-
perature in solvent-free condition.?” Interestingly, two
products, 2-aminopyridines 2 and 2-pyridinones 3, were
formed as shown in Scheme 1. The reaction proceeded
very fast, which took few minutes for the formation of
these heterocyclic compounds. Both compounds wereiso-
lated in 1:1 ratio by silica gel column chromatography
using chloroform—hexane (1:1) asan eluent. The synthesis
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of functionalized 2-aminopyridines and 2-pyridinones in
one-pot using economical reagents may have importance
in lead identification process by generating librariesin a
short time.
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Scheme 1

Tablel Yieldsof 2-Aminopyridines (2) and 2-Pyridinones (3)

Entry Ar Reaction time (min)  Yield (%)?
2 3

a CeHs 15 38 43
b 4-FCH, 8 41 46
c 4-CICeH, 10 40 47
d 4-BrCgH, 12 39 45
e 4-CH,CH, 12 41 43
f 4-OCH,CH, 13 44 43
g Furyl 11 39 46
h Thienyl 15 41 45

a All the reactions were carried out at 150 °C under solvent-free con-
ditions.
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The plausible reaction mechanisms for the formations of
2-aminopyridines and 2-pyridinones are depicted in
Scheme 1. The reaction is possibly initiated by attack of
the ammonia, generated in situ from urea to the highly
vulnerable electrophilic center C; of 2-pyranone. At this
juncture, the reaction may proceed in two different ways.
The synthesis of 2-aminopyridine implied that the amino
group present on the diene intermediate attacked at the ni-
trile functionality to form a cyclic intermediate, followed
by aromatization and decarboxylation to yield 2-amino-6-
aryl-4-methylsulfanylpyridine (2) in moderate yield
(Table1). Similarly, the reaction to form 2-pyridinone
proceeded through intramolecular cyclization involving
the amino and carbonyl functionalities of the 2-pyranone
intermediate followed by dehydration to afford 6-aryl-3-
cyano-4-methylsulfanyl-2(1H)-pyridinone (3) in moder-
ateyield.

SCH;5
AN CN A
| +  NH,CSNH, 2a + 3a
o~ o %
1a
SCH;
| % ~CN
N~ s
H
Scheme 2

There may be another mechanism for the formation of 2-
pyridinone 3. Ureamay directly attack at C, position of 2-
pyranone, followed by ring opening, decarboxylation and
recyclization involving the carbonyl group of ureaand the
C; position of 2-pyranone and subseguent elimination of
ammoniato yield 2-pyridinone. In order to prove that the
carbonyl group of 2-pyridinone came from 2-pyranone
and not from urea, an independent reaction of 2-pyranone
1a and thioureawas carried out as shown in Scheme 2. In-
terestingly, we isolated the same products (2a and 3a) as
obtained by the reaction with urea. No 2-thiopyridinone
compound was isolated from the reaction mixture. This
reaction clearly indicated that the carbony! group of 2-py-
ridinone was derived from 2-pyranone as described in
Scheme 1. The structure of 2-pyridinone, obtained by the
reaction with thiourea was unambiguously confirmed by
X-ray crystallography.?®

The conformation of the compound 3a, as determined by
X-ray crystallography, demonstrated various non-cova
lent interactions, in which NH and CO functionalities
form a dimer by strong intermolecular H-bonds
(Figure 1). The crystal-packing diagram of 3a revealed
the presence of offset parallel aromatic n-n stacking as
shown by centroid separation. Thus, the combination of
strong H-bonding and aromatic interaction stabilizes the
molecule in the crystalline state. These types of interac-
tions play a significant role in crystal engineering and su-
pramolecular chemistry.
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Figurel The part of crystal packing diagram of 3a showing dime-
rization (i and ii) by intermolecular strong H-bonding between NH
and CO functionality (N-H...0=2.0 A, < NHO = 160.4) in a same
plane and further title molecule interacted by means of offset parallel
intermolecular aromatic stacking (i and iii) shown by centroid separa-
tion (X1A...X1C or vice versa X1B...X1D =3.75 A) [symmetry
codefori): x,y, z; ii) 1-x, 2-y, 1-z; iii) =X, 2-y, 1-z].

The lack of regioselectivity under solvent-free reaction
conditions prompted us to examine the course of reaction
in different solvents using various inorganic bases. Sever-
a polar or non-polar solvents such as ethanol, DMF,
DM SO, fluorobenzene, pyridine, toluene were employed
in combination with various bases such as KOH, K,CO,,
NaH, t-BuOK and NaOEt, majority of them leads to mix-
ture of compounds with different side products. Interest-
ingly, the reaction of 1 with urea in pyridine at reflux
temperature afforded selectively 2-aminopyridine deriva-
tivesin highyield asshown in Scheme 3and Table 2. The
preference for the formation of 2-aminopyridines over 2-
pyridinones is possibly due to the solvation effect and
basic nature of the pyridine.

SCHs SCH,

XX CN pyridine =

| + NHCONH, —— —= |
A0S0 el ArTNT N,

1 2
Scheme 3

Table2 Reaction of 2-Pyranones 1 with Urea

2 Ar Reaction Mp (°C) Yield (%)?
time (h)
a CeHs 15 136-138 91
b 4-FCH, 24 142-144 87
c 4-CICsH, 24 118119 90
d 4-BrCgH, 21 126127 92
e 4-CH,CgH, 19 9899 88
f 4-OCH,CgH, 21 80-82 87
g Furyl 19 134-136 89
h Thienyl 25 Oil 82

a All the reactions were carried out in pyridine at reflux temperature
without using a base.

Tothe best of our efforts, we could not selectively prepare
2-pyridinones 3 using 2-pyranone 1 and urea. Through the
reaction mechanism described in Scheme 1, wefound that
the nitrile functionality present on 2-pyranone 1 isplaying
aleading rolein the preparation of 2-aminopyridine 2. We
thought that the replacement of the nitrile group with a
methoxycarbonyl functionality should analogously yield
2-pyridinone exclusively.

SCH; SCH;
L ~COOMe N S
| +  NH,CONH, |
Ar [ ¢] Ar N° ~0O
H
4
SCH, 5

Xy COOH/COOMe

\
N
H
6

Ar o

Scheme 4

Table3 Reaction of 6-Aryl-3-carbomethoxy-4-methylsulfanyl-2H-
pyran-2-one (4) with Urea

5 Ar Reaction Mp (°C) Yield (%)
time (min)

a CeHs 13 133-134 70

b 4-FCgH, 10 182-183 72

c 4-CHyCgH, 15 133-134 78

d 2-Thienyl 10 220-221 80

e 2-Pyridyl 12 160-162 76

a All the reactions were carried out at 150 °C under solvent-free
conditions.

To explore this possibility the reaction of 6-aryl-3-car-
bomethoxy-4-methylsulfanyl-2H-pyran-2-one (4) with
urea at 150 °C in solvent-free condition was carried out
(Scheme 4). It wasinteresting to note that under the same
reaction conditions as described in Scheme 1, the reaction
afforded only 6-aryl-4-methylsulfanyl-1H-pyridin-2-one
(5) in good yield (Table 3). No product with 3-carboxylic
or carbomethoxy-pyridinone 6 was formed. The plausible
mechanism for the formation of pyridinone 5 may be sim-
ilar to the mechanism proposed for the formation of 2-
aminopyridine 2 shown in Scheme 1. All the synthesized
derivatives were characterized by elemental and spectro-
scopic analyses.®

In conclusion, our procedure for the preparation of 2-ami-
nopyridines and 2-pyridinones from the reaction of 2-pyr-
anones and ureais very simple and economical. We have
regioselectively prepared 2-aminopyridines through nu-
cleophile-induced ring transformation of 6-aryl-3-cyano-
4-methylsulfanyl-2H-pyran-2-ones by urea using pyri-
dine as a reaction solvent. The 2-pyridinone derivatives
were obtained in good yields by direct fusion of 6-aryl-3-
carbomethoxy-4-methylsulfanyl-2H-pyran-2-ones  and
urea.
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Synthesis of 2-Amino-6-aryl-4-methylsulfanyl-pyridines
(2a-h) and 6-Aryl-3-cyano-4-methylsulfanyl-2 (1H)-
pyridinones (3a—h), General Procedure.

A mixture of 6-aryl-3-cyano-4-methylsulfanyl-2H-pyran-2-
ones (1, 1 mmol) and urea (2.3 mmol) was fused at 150 °C
for 5-15 min. After completion, the reaction was cooled to
r.t. and H,O wasadded (10 mL) to give the crude compound.
The pure compounds were isolated on silicagel column,
using CHCl;—hexane (1:1) as eluent.

Spectroscopic and Elemental Analyses Data of Selected
Compounds.

Compound 2a: yellow solid; mp 136-138 °C. *H NMR (200
MHz, CDCl;): 6 =2.50(s, 3H, SCH;), 4.23 (br s,2H, NH,),
6.30 (s, 1 H, PyH), 6.90 (s, 1 H, PyH), 7.41-7.44 (m, 3 H,
ArH), 7.87-7.90 (m, 2 H, ArH). IR (KBr): 3430 cm™ (NH,).
MS (FAB): 217 [M* + 1]. Anal. Calcd for C;,H;,N,S: C,
66.63; H, 5.59; N, 12.95. Found: C, 66.69; H, 5.61; N, 12.83.
Compound 3a: CCDC No. 238556; white solid; mp

>250 °C. *H NMR (200 MHz, DMSO-dg): 6 =2.73 (s, 3 H,
SCH,), 6.61 (s, 1 H, CH), 7.56-7.59 (m, 3H, ArH), 7.83—
7.87 (m, 2H, ArH), 12.50 (br s, 1 H, NH). IR (KBr): 1645
(CO), 2214 (CN), 3444 cm™ (NH). MS (FAB): 243 [M* +
1]. Anal. Calcdfor C,;3H,N,OS: C, 64.44; H, 4.16; N, 11.56.
Found: C, 64.66; H, 4.28; N, 11.62.

Compound 5c: white solid; mp 133-134 °C. *H NMR (200
MHz, DMSO-dg): 8 =2.44 (s, 3H, CH;), 2.56 (s, 3H,
SCH,), 6.12 (s, 1H, CH), 6.47 (s, 1H, CH), 7.31(d,J=8.0
Hz, 2H, ArH), 7.62 (d, J=8.0Hz, 2 H, ArH), 11.50 (br s, 1
H, NH). IR (KBr): 1628 (CO), 3383 cm™ (NH). MS (FAB):
232[M*+1]. Anal. Calcdfor C;3H,3NOS: C, 67.50; H, 5.66;
N, 6.06. Found: C, 67.62; H, 5.69; N, 6.18.
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