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Abstract: An efficient and convenient synthesis of 2-amino-
6-aryl-4-methylsulfanylnicotinonitriles (2), 2-amino-6-aryl-
4-substituted-aminonicotinonitriles (4), and 2-amino-6-aryl-
4-substituted-aminopyridines (6) has been delineated and
illustrated through base-catalyzed ring transformation of
6-aryl-3-cyano-4-methylsulfanyl/substituted-amino-2H-pyran-
2-ones (1, 3, and 5) with cyanamide and ammonium carbon-
ate separately.

The pyridine ring, an integral part of various natural
products of therapeutic importance, plays a pivotal role
in catalyzing both biological and chemical reactions.
Pyridine nucleotide, the prosthetic group of many en-
zymes, is involved in various oxidation-reduction pro-
cesses in living organisms. On the other hand, from a
chemical perspective, several dialkylaminopyridines such
as 4-(dimethylamino)pyridine (DMAP), 4-pyrrolidinopy-
ridine (PPY), and their analogues have been extensively
used as catalysts in acylation and alkylation1-4 reactions
as well as efficient ligands for complexation with transi-
tion metals.5 Recently, attention has been focused to
develop new catalysts for esterification of unreactive
alcohols6 and enantioselective acyl transfer.7 Sammakia
et al.8 have developed a new strategy for the design of a
catalyst that has totally separate binding and catalytic
sites that offers greater flexibility and less constraint on
catalytic systems. Further study revealed that the pres-
ence of certain substituents in the vicinity of the ring
nitrogen of pyridine ameliorates the catalytic action.

Among various approaches to the synthesis of 4-ami-
nopyridines, the nucleophilic substitution9 of 4-halopy-

ridines with amines or condensation of R,â-unsaturated
carbonyl compounds with malononitriles in the presence
of ammonium acetate10 is prominent. Recently, Fort et
al.11 have described a convenient way to introduce
reactive functionalities at specific positions in the pyri-
dine ring of 4-DMAP through direct R-lithiation with
BuLi-LiDMAE reagent. Though use of palladium-
catalyzed amination12,13 has been shown to be of immense
value as an alternative approach for the preparation of
aminopyridines, most of these procedures suffer with
limitation of functional group intolerance due to harsh
reaction conditions, sluggish reactions, and low yields.

Herein, we report a convenient synthesis of function-
alized aminonicotinonitriles and 2,4-diaminopyridines in
a single step through ring transformation of 2H-pyran-
2-ones in moderate yields. The beauty of the procedure
lies in flexibility of introducing reactive functionalities
at position 2, 3, 4, or 6 of the pyridine ring.

Our synthetic approach to preparing 2-amino-6-aryl-
4-methylsulfanylnicotinonitriles (2a-c) is based on ring
transformation of 6-aryl-3-cyano-4-methylsulfanyl-2H-
pyran-2-ones (1) by using cyanamide as a nucleophilic
source. The 2H-pyran-2-ones (1) used as a parent precur-
sor have been prepared by the reaction of methyl 2-cyano-
3,3-dimethylthioacrylate with acetophenone as described
earlier.14 The lactones, 6-aryl-3-cyano-4-methylsulfanyl-
2H-pyran-2-ones (1) on reaction with secondary amines
were transformed to 6-aryl-3-cyano-4-substituted-amino-
2H-pyran-2-ones15,16 (3 and 5). The lactones 1, 3, and 5
were the key intermediates for the synthesis of 2-amino-
and 2,4-diaminopyridine derivatives (2, 4, and 6). Thus,
2-amino-6-aryl-4-methylsulfanylnicotinonitriles (2a-c)
were prepared by base-catalyzed ring transformation of
1 with cyanamide under an inert atmosphere (Scheme
1). The reaction is possibly initiated by the attack of the
nucleophile (NCNH-) at position C-6, a highly electro-
philic site of the pyran ring due to extended conjugation
and presence of an electron withdrawing substituent (CN
or COOMe) at position 3, followed by the formation of a
cyclic intermediate involving the nitrile functionality of
cyanamide and C-3 of the pyran ring and decarboxylation
to yield 2 (Scheme 1).
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Similarly, 2-amino-6-aryl-4-substituted-aminonicoti-
nonitriles (4a-k) were prepared in moderate yield by
ring transformation of 6-aryl-3-cyano-4-substituted-amino-
2H-pyran-2-one (3) by cyanamide under a nitrogen
atmosphere. In this reaction, the initial step is an attack
of cyanamide at position C-6 of the pyran-2-one 3,
followed by decarboxylation and ring opening. The ring-
opened intermediate thus generated in situ re-cyclizes
involving C-3 of the pyran ring and the nitrile functional-
ity of cyanamide to yield 4 as shown in Scheme 2.

To study the effect of an electron-withdrawing CN
substituent at position 3 on catalytic action of 2,4-
diaminopyridine, 2-amino-6-aryl-4-substituted-aminopy-
ridines (6) were synthesized through ring transformation
of 5 by ammonium carbonate in pyridine at reflux
temperature (Scheme 3). The plausible mechanism for
the formation of 6 is possibly initiated by attack of
ammonia, generated in situ from ammonium carbonate
at position 6 of the pyran ring followed by decarboxylation
and ring closure involving the cyano function at position
3 to yield 6-aryl-2,4-diaminopyridines (6a-i). All the
synthesized compounds were characterized by spectro-
scopic and elemental analysis. The 1H NMR of 4a showed
two sharp singlets at δ 3.26, 6.41 for dimethylamino and
methine protons, respectively. A broad singlet at δ 5.16
was assigned for amino protons. The two peaks at ν 3439
and 2195 cm-1 in the IR spectrum revealed the presence
of the amino and the cyano groups, respectively. The
molecular ion peak in the mass spectrum was at m/z 238,
which was in agreement with the proposed structure.

Some of the synthesized compounds (2a, 4a,b,d,f,g,i,
6a,c,g) were examined for their catalytic action on
acetylation of tert-butyl alcohol with acetic anhydride as
described previously,2 but none of the compounds was
found superior to DMAP.

In summary, our synthetic approach is superior to the
existing procedures in many ways such as (a) low-
temperature reaction conditions, (b) use of inexpensive
reagents, (c) versatility and compatibility of functional
groups, and (d) easy workup. The synthetic strategy
opens a new avenue for the synthesis of highly function-
alized 2,4-diaminopyridines to develop new efficient
catalysts for acylation reactions.

Experimental Section

General Procedure: Synthesis of 2-Amino-6-aryl-4-me-
thylsulfanylnicotinonitrile (2a-c). A mixture of 6-aryl-3-
cyano-4-methylsulfanyl-2H-pyran-2-ones (1 mmol), cyanamide
(0.05 g, 1.2 mmol), and powdered KOH (0.12 g, 2 mmol) in dry
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DMF (10 mL) was stirred at room temperature under inert
atmosphere for 30-50 h. After completion, the reaction mixture
was poured into ice-water with constant stirring and then
neutralized with 10% HCl. The precipitate thus obtained was
filtered and purified on silica gel column chromatography using
hexane-chloroform (1:1) as eluent.

2-Amino-4-(methylsulfanyl)-6-phenylnicotinonitrile (2a):
yield 42%; white solid; mp 149-150 °C; IR (KBr) 3422, 2195
cm-1; 1HNMR (200 MHz, CDCl3) δ 2.62 (s, 3H), 5.21 (brs, 2H),
6.71 (s, 1H), 7.45-7.48 (m, 5H); MS m/z (FAB) 242 (M+ + 1).
Anal. Calcd for C13H11N3S: C, 64.70; H, 4.59; N, 17.41. Found:
C, 64.76; H, 4.63; N, 17.52.

Synthesis of 2-Amino-6-aryl-4-dialkylaminonicotinoni-
trile (4a-k). A mixture of 6-aryl-3-cyano-4-substituted-amino-
2H-pyran-2-ones (3, 1 mmol), cyanamide (0.05 g, 1.2 mmol), and
powdered KOH (0.12 g, 2 mmol) in dry DMF (10 mL) was stirred
at room temperature under inert atmosphere for 40-50 h. After
completion, the reaction mixture was poured into ice-water with
constant stirring and then neutralized with 10% HCl. The
precipitate thus obtained was filtered and purified on silica gel
column chromatography using hexane-chloroform (1:1) as elu-
ent.

2-Amino-4-(dimethylamino)-6-phenylnicotinonitrile (4a):
yield 51%; white solid; mp 159-160 °C; IR (KBr) 3439, 2195
cm-1; 1HNMR (200 MHz, CDCl3) δ 3.26 (s, 6H), 5.16 (brs, 2H),
6.41 (s, 1H), 7.41-7.52 (m, 3H), 7.82-7.89 (m, 2H); MS m/z (EI+)
238 (M+, 63.3). Anal. Calcd for C14H14N4: C, 70.5; H, 5.92; N,
23.51. Found: C, 70.58; H, 5.95; N, 23.40.

Synthesis of 6-Aryl-4-(4-aryl-1-piperazinyl)-2-pyridi-
namine (6a-i). A mixture of 6-aryl-3-cyano-4-substituted-
amino-2H-pyran-2-ones (5, 1 mmol) and ammonium carbonate
(10 mmol) in pyridine (15 mL) was refluxed for 25-35 h. After
completion, the solvent was distilled off. The residue was diluted
with water and extracted with chloroform. The organic layer was
evaporated to dryness, and crude product obtained was purified
on silica gel column using chloroform-hexane (1:1) as eluent.

6-(4-Fluorophenyl)-4-[4-(2-methoxyphenyl)-1-piperazi-
nyl]-2-pyridinamine (6a): yield 21%; colorless oil; IR (neat)
3405 cm-1; 1HNMR (200 MHz, CDCl3) δ 3.22 (t, J ) 4.8 Hz, 4H),
3.64 (t, J ) 4.8 Hz, 4H), 3.90 (s, 3H), 6.03 (s, 1H), 6.46 (s, 1H),
6.89 (brs, 2H), 6.93-7.20 (m, 6H), 7.71-7.86 (m, 2H); MS m/z
(EI+) 378 (M+, 34.6). Anal. Calcd for C22H23FN4O: C, 69.82; H,
6.13; N, 14.80. Found: C, 70.17; H, 6.21; N, 14.93.
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