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Abstract. A simple and e�cient procedure for the preparation of 3-
propyldiethylenetriaminesilica (PDTAS) by reaction of 3-chloropropylsilica with
diethylene-triamine is described. 3-propyldiethylenetriaminesilica is employed as a
recyclable base catalyst for the synthesis of 2-amino-4,6-diarylnicotininitrile from the
reaction of acetophenone derivatives, aromatic aldehydes, malononitrile, and ammonium
acetate under solvent-free conditions at 100�C. The heterogeneous solid base catalyst was
recycled for four runs upon the reaction of 4-chloroacetophenone, 4-chloroenzaldehyde,
malononitrile, and ammonium acetate without losing its catalytic activity.
c
 2013 Sharif University of Technology. All rights reserved.

1. Introduction

Pyridine and its derivatives are important motifs
present in a great number of pharmaceuticals and
natural products [1-6]. The unique structural array
and highly pronounced biological and physiological
activies [1-6] displayed by the class of pyridine moieties
have made them attractive synthetic targets. Es-
pecially, 2-amino-4,6-diarylnicotininitrile is considered
to be an important class of bio-active agent [4-6].
For example, recently 2-aminopyridine derivatives have
been identi�ed as novel GPR54 antagonists with good
brain exposure and in vivo e�cacy for plasma LH
levels in male rats [6], anti-microbial activity [7], IKK-
� inhibitors [8], potent inhibitor of HIV-1 integrase [9],
anticonvulsant activity [10] and so on. Despite the
existence of extensive literature for the synthesis of
2-amino-3-cyanopyridines, most common procedures
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need multiple steps [11], long reaction times, toxic
benzene as solvents [12], high temperatures or mi-
crowave assistance [13], resulting in unsatisfactorily
low yields. However, a straight-forward and e�cient
one-pot reaction by catalysis in mild conditions is
still limited. Recent reports use two steps synthe-
sis [14], Br�onsted acidic ionic liquid at 150�C [15],
Yb(PFO)3 in re
uxing ethanol [16], and silica-bound
N-propyltriethylenetetramine sulfamic acid [17].

Based-catalysed condensation and addition re-
actions are industrially important in the production
of drugs, fragrances and chemical intermediates [18].
One of the most important classes of these reac-
tions is the C-C coupling reaction, such as Aldol
and Knoevenagel condensations, as well as Michael
reactions [19-21]. Conventionally, almost stoichio-
metric amounts of homogeneous bases are used for
such purposes [18,22,23]. In such systems, there are
many disadvantages, including isolation of products,
the corrosive nature of the reaction mixture and the
formation of large amounts of waste materials. There-
fore, improved synthesis methods in terms of product
purity, yield, and minimal waste formation are highly
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desirable. Moreover, replacement of liquid acids and
bases with the corresponding cleaner, solid alternatives,
possessing desirable characteristics such as being non-
stoichiometric, non-corrosive and reusable, is necessary
in view of environmentally benign industries. Solid
base catalysts such as hydrotalcites and basic zeolites
have been studied and applied in numerous reactions
so far [24,25]. The potential use of microporous and
mesoporous base catalysts in �ne chemical production
is enormous [19]. These heterogeneous catalysts are
known to suppress side reactions, which include self-
condensation and oligomerization, resulting in better
selectivity and product yield. It also avoids the
complex neutralization and separation steps needed
to recover the homogeneous base catalysts from the
reaction mixture. The recovered solid catalysts can be
readily regenerated for further use.

2. Results and discussion

In continuation of our studies on the design and appli-
cation of solid acid and solid base catalysts in organic
transformations [26-34], herein, we describe the prepa-
ration of 3-propyldiethylenetriaminesilica (PDTAS)
and its application as a catalyst for the synthesis of 2-
amino-4,6-diarylnicotininitriles. PDTAS was prepared
by the reaction of 3-chloropropylsilica (3-CPS) with di-
ethylenetriamine in xylene, as illustrated in Scheme 1.
The elemental analysis showed the N content to be
4.07%; C, 11.07%; H, 2.40%.

The thermogravimetric analysis (TGA) curves of
PDTAS show the mass loss of organic materials as they
decompose upon heating (Figure 1). The initial weight

Scheme 1. Preparation of 3-propyldiethylenetriamin-
esilica (PDTAS).

loss from the PDTAS up to 100�C is due to removal
of physically adsorbed solvent and surface hydroxyl
groups.

The weight loss of about 22.59% between 120 and
600�C is contributed to the thermal decomposition of
organic groups. This weight loss of organic components
is equal to 1.55 mmol per 1 g of catalyst. The
covalent chemical bonds connection made the catalyst
have high thermal stability. This discovery made it
possible for the catalyst to be used for high temperature
applications.

Figure 2 shows Fourier transform infrared (FT-
IR) spectra for PDTAS. The major peaks for silica
(SiO2) are broad anti symmetric Si-O-Si stretching
from 1300 to 1000 cm�1, and symmetric Si-O-Si
stretching near 820-780 cm�1. For the amine functional
group, the FT-IR absorption range of the stretching
mode lies in 3200-3300 cm�1, which is covered by the
silanol group. The FT-IR spectrum shows the over-
lapping asymmetric and symmetric stretching bands
of O=C-O with Si-O-Si stretching bands in the silica

Figure 1. TGA of PDTAS.
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Figure 2. FT-IR of a) 3-chloropropylsilica, b) diethylenetriamine and c) PDTAS.

functionalized alkyl-amine. In the FT-IR of PDTAS,
the bending mode of the amine group was shown in
1500-1600 cm�1.

To study the e�ect of catalyst loading on the syn-
thesis of 2-amino-4,6-diarylnicotinonitriles, the four-
component condensation of 4-chlorobenzaldehyde, 4-
chloroacetophenone, malononitrile, and ammonium ac-
etate under di�erent conditions, was selected as a
model reaction.

The result shows that PDTAS is an e�ective
catalyst for this condensation. In the absence of cata-

lyst, the condensation reaction gave the corresponding
product 1b at 41% in the re
uxing ethanol (Table 1,
entry 1). The model reaction condensed in the presence
of PDTAS in re
uxing ethanol gave 1b at 45% yield
(Table 1, entry 3).

But, when the model reaction was treated with
PDTAS under solvent-free conditions at 100�C, the
yield was increased. In addition, the result of this
condensation in the presence of bases, such as Et3N,
morpholine and diethylenetriamine, gave 68%, 66%,
and 75% yields, respectively (Table 1, entries 9-
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Table 1. Condensation reaction of 4-chloroacetophenone, 4-chlorobenzaldehyde, malononitrile, and ammonium acetate in
the presence of di�erent amounts of catalystsa.

Entry Catalyst Catalyst loading
(g)

Conditions Time
(min)

Yield
%b

1 - - EtOH, Re
ux 10 h 41c

2 PDTAS 0.05 EtOH, Re
ux 10 h 45c

3 PDTAS 0.01 Solvent-free, 100�C 45 35
4 PDTAS 0.03 Solvent-free, 100�C 45 65
5 PDTAS 0.05 Solvent-free, 100�C 25 90
6 PDTAS 0.07 Solvent-free, 100�C 25 91
7 PDTAS 0.05 Solvent-free, 90�C 35 88
8 Et3N 11.8 (0.2 mmol) Solvent-free, 100�C 60 68
9 Morpholine 17.4 (0.2 mmol) Solvent-free, 100�C 60 66
10 Diethylene triamine 51.5 (0.5 mmol) Solvent-free, 100�C 50 75

a: Reaction conditions: 4-chlorobenzaldehyde (1 mmol), 4-chloroacetophenone (1 mmol),
malononitrile (1 mmol), ammonium acetate (1.5 mmol).

b: Isolated yield.
c: Solvent (4 mL).

Scheme 2. Synthesis of 2-amino-4,6-diaryl-nicotininitriles catalyzed by PDTAS.

11). The optimized conditions were chosen as fol-
lows: acetophenone derivative (1 mmol), aldehyde (1
mmol), malononitrile (1 mmol), ammonium acetate
(1.5 mmol), and PDTAS (0.05 g) and heated under
solvent-free conditions at 100�C (Scheme 2). The lower
temperature gave the corresponding product in lower
yield and in longer reaction time (Table 1, entry 9).

A wide range of aromatic aldehydes was employed
and all 2-amino-3-cyanopyridines were obtained in
good to high yields. This demonstrated that this
is a general method that tolerates both electron-
withdrawing and electron-donating constituents. Aro-
matic aldehydes with electron-donating substituent,
such as MeO, MeS, and Me, were reacted with ace-
tophenone derivatives, such as 4-chloro, 4-
uoro, and 4-
methoxy acetophenone, under optimized conditions in
good to high yields (Table 2). Aromatic aldehydes with
electron-de�ciency, such as the 4-NO2, 3-NO2 group,
reacted with 4-methyl-acetophenone and malononitrile
under optimized conditions in high yield (Table 2,
entries 9-10).

Ortho-substituted as well as para-substituted aro-
matic aldehydes were reacted in this four component
condensation (Table 2, entry 7). This method not
only a�ords the products in good to high yields but
also avoids the problems associated with catalyst cost,
handling, safety, and pollution.

The possibility of recycling the catalyst was ex-
amined using the reaction of 4-chlorobenzaldehyde,

4-chloroacetophenone, malononitrile, and ammonium
acetate under optimized conditions. Upon completion,
the reaction mixture was �ltered, the solid washed with
ethanol, and the recycled catalyst saved for the next
reaction. The recycled catalyst could be reused four
times without any further treatment. No observation of
any appreciable loss in the catalytic activity of PDTAS
was observed (Figure 3).

A plausible mechanism in the presence of a base
was drawn in Scheme 3. The �-cyanocinnamonitrile
formed initially by Knoevenagel condensation in the
presence of a solid base underwent subsequent reactions

Figure 3. Recyclability of PDTAS in the reaction of
4-chloroacetophenone (1 mmol), 4-chlorobenzaldehyde (1
mmol), malononitrile (1 mmol) and ammonium acetate
(1.5 mmol) under solvent-free condition at 100�C.
Reaction time = 25 min.
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Table 2. Synthesis of various 2-amino-4,6-diarylnicotininitriles in the presence of PDTAS under solvent-free conditions at
100�Ca.

Entry R1 R2 Product Time (min) Yield (%)b mp (�C) Lit. mp (�C)
1 H 4-Cl 1a 25 89 240-242 240-241[13]

2 4-Cl 4-Cl 1b 25 90 230-231 228-229[13]

3 4-Cl 4-F 1c 25 90 204-206 219-220[13]

4 4-MeS 4-Cl 1d 30 78 202-203 202-203[17]

5 4-Me 4-Cl 1e 25 83 215-217 215-217[17]

6 4-Me 4-F 1f 33 80 203-204 203-204[17]

7 2-Cl 4-F 1g 30 74 202-203 202-203[17]

8 H 4-Me 1h 20 87 182-183 180-182[13]

9 4-O2N 4-Me 1i 18 85 201-203 201-203-[17]

10 3-O2N 4-Me 1j 17 90 188-190 188-190[17]

11 4-Me 3-Br 1k 30 80 183-184 -
12 4-Me 4-MeO 1l 25 84 132-134 -
13 4-Cl 4-MeO 1m 22 82 199-200 195-196[13]

14 4-MeO 4-MeO 1n 25 75 161-162 159-160[13]

a: Reaction conditions: aldehyde (1 mmol), acetophenone derivative (1 mmol), malonitrile (1 mmol),
ammonium acetate (1.5 mmol), PDTAS (0.05 g), solvent-free at 100�C, time was 10 minutes.

b:Isolated yield.

Scheme 3. A plausible mechanism for synthesis of pyridine derivatives.

with enamine, which was obtained by the reaction of
aromatic methyl ketones and ammonium acetate in the
presence of a solid base, followed by cyclization, to give
the desired product.

3. Conclusion

In conclusion, we have shown that 3-propyldiethyl-

enetriaminesilica (PDTAS), which can be prepared
from commercially available and cheap starting ma-
terials, e�ciently catalyzed this four component con-
densation reaction for the synthesis of 2-amino-4,6-
diarylnicotinonitriles. The simplicity of the proce-
dure, its eco-friendliness, non-volatility, easy handling,
safety, and the reusability of the catalyst, are the
advantages of this method.
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4. Experimental section

4.1. Chemical and reagents
Chemicals were purchased from Fluka, Merck and
Aldrich Chemical Companies. All the products were
characterized by comparison of their IR, 1H NMR
and 13C NMR spectroscopic data, and their melting
points, with the reported values [7-17]. Chloropropyl
silica was prepared by a known procedure as previously
reported [32].

4.2. Catalyst preparation
4.2.1. Synthesis of 3-propyldiethylenetriaminesilica

(PDTAS)
To a mixture of 3-chloropropyl silica (25 g) in anhy-
drous xylene (250 mL), an excess of diethylenetriamine
(25 mL) was added and the mixture was re
uxed with
stirring for 24 h. After re
uxing, the reaction was
stopped and the modi�ed silica was cooled to room
temperature, transferred to a vacuum glass �lter, and
washed with xylene and a large excess of ethanol in
turn. The silica that chemically bonded with propyl-
diethylenetriamine was dried under vacuum overnight
at 80�C, and 26.23 g were obtained [32]. Elemental
analysis showed the N content to be 4.07%; C, 11.07%;
H, 2.40%. The pH of PDTAS was determined by pH-
ISE conductivity titration (Denver Instrument Model
270) and found to be pH = 8.7 at 25�C.

4.3. General procedure for the synthesis of
2-amino-4,6-diarylnicotinonitriles

To a mixture of acetophenone derivative (1 mmol),
aromatic aldehyde (1 mmol), malononitrile (1 mmol)
and ammonium acetate (1.5 mmol), PDTAS (0.05 g,
equal to 2:5 � 10�7 mmol of OH�) was added and
heated at 100�C under solvent-free conditions. When
the reaction was complete, as judged by TLC, ethanol
(5 mL) was added, the reaction mixture was �ltered
and the remaining solid was washed with warm ethanol
(3�5 mL) in order to separate the catalyst. The prod-
ucts were recrystallized from ethanol. The recovered
catalyst was dried and reused for subsequent runs.

2-Amino-6-(3-bromophenyl)-4-p-tolyl-
nicotinonitrile (1k): IR (KBr): 3440, 3321,
2920, 2207, 1641, 1555, 1442, 1357, 1254, 1186, 782
cm�1. 1H NMR (400 MHz, CDCl3): � 2.47 (s, 3H),
5.38 (s, 2H), 7.19 (s, 1H), 7.35-7.42 (m, 3H), 7.56-7.62
(m, 3H), 7.94 (d, 1H, J = 7:6 Hz), 8.20 (s, 1H).
13C NMR (100 MHz, CDCl3): � 21.4, 111.1, 123.0,
125.8, 128.0, 129.7, 130.2, 130.4, 133.0, 133.8, 140.0,
140.3, 155.4, 157.9, 160.1. Elemental analysis: for
C19H14BrN3: C, 62.65; H, 3.87; Br, 21.94; N, 11.54;
Found: C, 62.43; H, 3.85; N, 11.31.

2-Amino-6-(4-methoxyphenyl)-4-p-tolyl-
nicotinonitrile (1l): IR (KBr): 3455, 3363, 2924,

2205, 1621, 1565, 1508, 1440, 1369, 1304, 1241, 1173,
1114, 10294, 818 cm�1. 1H NMR (400 MHz, CDCl3):
� 2.46 (s, 3H), 3.90 (s, 3H), 5.36 (s, 2H), 7.01 (d, 2H,
J = 8:8 Hz), 7.17 (s, 1H), 7.35 (d, 2H, J = 7:6 Hz),
7.56 (d, 2H, J = 7:6 Hz), 8.01 (d, 2H, J = 8:8 Hz).
13C NMR (100 MHz, CDCl3): � 21.4, 55.4, 110.3,
114.1, 117.5, 128.0, 128.8, 129.6, 130.4, 134.4, 140.0,
154.9, 159.2, 160.2, 161.4. Elemental analysis: for
C20H17N3O: C, 76.17; H, 5.43; N, 13.32; Found: C,
75.93; H, 5.39; N, 13.17.
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