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ABSTRACT 

Montmorillonite K10 catalyzed synthesis of 2,4,6 triaryl pyridine under solvent free condition is described. Montmoril- 
lonite effectively catalyzed the reaction in good to excellent yields. Using this solid catalyst, the reactions could be car- 
ried out in a short period of time with very good yield of triaryl pyridines, up to 97% under solvent free condition. This 
catalyst could be recycled very easily, which makes this methodology environmentally benign. The catalyst is active 
over three cycles. 
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1. Introduction 

One-pot multicomponent coupling reactions (MCRs), 
where several organic moieties are coupled in one step, 
for carbon-carbon and carbon-heteroatom bond forma- 
tion is an attractive synthetic strategy for the synthesis of 
small-molecule libraries with several degrees of structu- 
ral diversities [1]. Multiaryl substituted pyridine deriva- 
tives are recently reported as electron transport materials 
[2]. The highly substituted pyridine derivatives, like2- 
amino-4-aryl-3,5-dicyano-6-sulfanylpyridines have sig- 
nificant and diverse medicinal utility. Essentially, these 
compounds serve as high-potency agonists for the human 
adenosine receptors and act as potential therapeutic 
agents for the treatment of Creutzfeldt-Jacob disease, Par- 
kinson’s disease, hypoxia, asthma, cancer, kidney disease 
and prion disease [3-5]. Due to their п-stacking ability, 
some pyridines are used in supramolecular chemistry [6- 
8]. Previously, 2,4,6-triarylpyridines have been prepar- 
ed by the condensation of 1,5-diketones with forma- 
mide-formic acid [9], reaction of (aroylmethylene) iso- 
quinolinium ylide with α, β-unsaturated ketones [10,11], 
and reaction of N-phenacylpyridinium salts with α, β-un- 
saturated ketones in the presence of ammonium acetate  

[12]. More recently, many improved methods for pre- 
paration of 2,4,6-triaryl pyridines have been reported  
such as reaction of α-ketoketene dithioacetals with me- 
thyl ketones in the presence of ammonium acetate [13], 
reaction of N-phosphinylethanimines with aldehydes [14], 
addition of lithiated β-enaminophosphonates to chalcones 
[15], condensation of acetophenones, benzaldehydes and 
NH4OAc in the presence of NaOH under solvent free 
condition [16], one pot reaction of acetophenones, ben- 
zaldehydes and NH4OAc without catalyst under micro- 
wave irradiation [17] etc. Due to the non corrosive, easy 
to handle, thermally robust, inexpensive and environmen- 
tal friendly nature of clays have gained importance in or- 
ganic synthesis as solid acid catalysts. Montmorillonite 
K10 has proved to be an efficient catalyst in promoting va- 
rious organic reactions such as addition reaction [18], Kno- 
venagal condensation [19], Aza-Diels Alder reaction [20], 
Esterification [21], isomerisation reaction [22] etc. How- 
ever, the utility of this catalyst for the synthesis of trisub- 
stituted pyridines under solvent free condition has not been 
explored before. In continuation of our efforts to explore 
the catalytic activity of clays for various organic transfor- 
mations, a one-pot solvent free synthesis of 2,4,6trisub- 
stituted pyridines by condensation of various aldehydes, 
ketones and ammonium acetate have been attempted. *Corresponding author. 
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2. Experimental Procedure 

Commercial clay K10 was purchased from Sigma-Al- 
drich India. The clay was activated at 200˚C for 3 h be-
fore use. The reactants were purchased from Merck Ltd. 
India and were used as such. The products were cha- 
racterized by FT-IR, NMR spectral methods and m. p. 
FT-IR spectra were recorded by the KBr pellet method 
on a JASCO FT-IR spectrometer in the range of 400 to 
4000 cm−1. High-resolution mass spectra were obtained 
with a LC-MS (Q-TOFF) LC (Waters). 1H NMR spectra 
were recorded on a Bruker 400 MHZ instrument with te- 
tra methyl silane (TMS) as internal standard in CDCl3.  

2.1. Synthesis of 2,4,6 Triaryl Pyridines 

A mixture of aldehyde (1 mmol), acetophenone (2 mmol), 
1.3 mol% (NH4OAc) and activated K10 clay (0.2 g) was 
stirred at 120˚C. The progress of the reaction was moni- 
tored by TLC. After the completion of the reaction, hot 
ethanol was added to the mixture and the insoluble ca- 
talyst was filtered off. The pure product was obtained by 
recrystalisation from the solvent. 

2.2. Reusability of the Catalyst  

At the end of the reaction the catalyst was filtered, wash- 
ed with diethyl ether, dried at 130˚C for 1 h, and reused. 
The recycled catalyst was found to be active over three 
cycles without appreciable loss in catalytic activity. Re-
sults are given in Table 1. 

All the products are known compounds and were cha- 
racterized by comparing IR and 1H NMR spectral data as 
well as melting points with those reported in the litera- 
ture. All yields refer to that of isolated pure products. 

3. Results and Discussion 

The catalytic efficiency of K10 was evaluated for the syn- 
thesis of triaryl pyridines by a one pot condensation of 
aldehyde, ketone and NH4OAc under solvent free condi- 
tion (Scheme 1). High yield (97%) was obtained with 
benzaldehyde and acetophenone. To evaluate the scope 
and limitations of the methodology, reactions were car- 
ried out with various substituted benzaldehydes including 
both electron-donating and electron-withdrawing substi- 
tuents at para position of the aromatic ring (Table 2). The 
results showed that there is no adverse effect of substitu- 
ents, either electron-donating or electron-withdrawing, on 
the aromatic ring of benzaldehyde or acetophenone on 
the product yield. In the case of all the aldehydes, very 
high yields (>88%) were obtained in comparatively less 
time (2 - 6.5 h). All the products were characterized by 
comparing melting points with those of the reported 
compounds. The reaction conditions such as temperature, 
time and amount of catalyst were optimized. The effect  
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Scheme 1. K10 catalyzed one pot synthesis of triaryl pyri- 
dines. 
 

Table 1. Results of recycling studies. 

No. of recycling steps % Yield 

1 97 

2 92 

3 88 

Reaction condition: benzaldehyde (1 mmol), acetophenone (2 mmol), 
NH4OAc (1.3 mol%), 0.2 gm catalyst reaction time 4 h. Isolated yield. 

 
of catalyst loading was studied by increasing the catalyst 
concentration from 0.05 g to 0.3 g with an increment of 
0.05 g selecting benzaldehyde and acetophenone as sub- 
strates for 3 h, the formation of product was found to in- 
crease up to 0.2 g further increase did not appreciably af- 
fect the yield of the product, optimum catalyst concentra- 
tion of 0.2 g was selected for further studies, similarly 
temperature was also optimized by varying the tempera- 
ture from 40˚C - 130˚C, optimum temperature obtained 
was 120˚C. 

Spectral Data of Selected Products 

2,4,6-triphenylpyridine (Entry 1, Table 2). Mp 130˚C - 
132˚C; 1H NMR (CDCl3, 400MHZ): δ 7.2 - 8.2 (m, 17H), 
LC-MS (m/z): 308.1 (M + 1). FT-IR (KBr): 3032, 1604, 
1544, 1232, 1025 cm−1. 

4-phenyl-2,6-dip-tolylpyridine (Entry 2, Table 2) Mp 
156˚C - 158˚C 1H NMR (CDCl3, 400 MHZ): δ 7.2 - 8.2 
(m, 15H), 2.4 (s, 6H), LC-MS (m/z): 336.2 (M + 1). 
FT-IR (KBr): 3030, 1654, 1593, 1330, 1180 cm−1. 

4-(2,6-diphenylpyridin-4-yl) phenol (Entry 4, Table 2). 
Mp 197˚C; 1H NMR (CDCl3, 400 MHZ): δ 8.2 (dd, 4H, J 
= 1.2 HZ), 7.8(s, 2H), 7.68(d, 2H, J = 4.4 HZ), 7.4 - 7.6 
(m, 6H), 7 (d, 2H, J = 8.4 HZ), 5 (s, 1H) LC-MS (m/z): 
324.3 (M + 1). FT-IR (KBr): 3038, 1598, 1517, 1602, 
1207, 1109 cm−1. 

4-(4-nitrophenyl)-2,6-diphenylpyridine (Entry 5, Ta- 
ble 2). Mp 203˚C - 205˚C; 1H NMR (CDCl3, 400MHZ): 
δ 7.42 - 7.89 (m, 17H), LC-MS (m/z): 353.3 (M + 1). 
FT-IR (KBr): 3069, 1608, 1528, 1351, 1218 cm−1. 

4-(4-chlorophenyl)-2,6-diphenylpyridine (Entry 7, Ta- 
ble 2). Mp 118˚C - 119˚C; 1H NMR (CDCl3, 400 MHZ): 
δ 7.4 - 8.2 (m, 16H) LC-MS (m/z): 342.8 (M + 1). FT-IR 
(KBr): 3023, 1656, 1600, 1334, 1222 cm−1. 

The effect of various ammonia sources was studied. Ef- 
fect of the different ammonia derivatives on yield of the 
product were checked, maximum, yield was obtained for 
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NH4OAc. Results are summarized in Table 3.  
The mechanism of triaryl pyridine synthesis is as 

shown in Scheme 2 [25]. First step involves the conden-  
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Scheme 2. Mechanism of formation of triaryl pyridines. 
 
Table 2. Montmorillonite K10 clay catalyzed synthesis of tri- 
aryl pyridinesa

. 

Entry R1 R2 Time (h) Yield (%)b M.p (˚C) (lit.) 

1 H H 4 97 133 - 136(135)[23] 

2 H 4-CH3 6 93 156 - 158(157 - 158)[25]

3 H 4-Br 5 92 194 - 196(192 - 194)[26]

4 4-OH H 5 97 197 - 198(197 - 198)[23]

5 4-NO2 H 6 91 203 - 205(202 - 203)[23]

6 2-Cl H 4.5 93 113 - 114(109 - 111)[26]

7 4-Cl H 4 94 126 - 127(129 - 130)[23]

8 4-OCH3 H 7 96 101 - 102(98)[25] 

9 4-CH3 H 6.5 95 116 - 118(116)[24] 

10 4-CH3 4-CH3 5 90 177 - 178(178 - 180)[26]

11 3-NO2 4-Br 5 89 >200 

12 4-Cl 4-CH3 4 96 199 - 201(200 - 202)[25]

13 4-Cl 4-Br 5 94 >200 

14 Thio H 4 91 168 - 170(68 - 170)[25]

15 Thio 4-CH3 3.5 88 162 - 163(164 - 165)[25]

aReaction conditions: Temperature 120˚C, Catalyst 0.2 g, aldehyde:NH4OAc: 
ketone:1:1.3:2 mmol. bIsolated yield of product. 

 
Table 3. Effect of various ammonia sources on the yield of 
producta. 

Ammonia source Time (h) Yield %b 

NH4OAc 4 97 

NH2CONH2 6 40 

NH2COCH3 5 65 

NH2CSNH2 4.5 36 

aReaction conditions: Temperature 120˚C, Catalyst 0.2 g, aldehyde:NH4OAc: 
ketone:1:1.3:2 mmol. bIsolated yield of product. 

sation of ammonia with a molecule of chalcone and Mi- 
chel addition of ammonia to the second molecule of chal- 
cone leads to the formation of 2,4-diaryl-1-azadiene 3 and 
the 1:1 adduct 4 probably undergoes a formal [4 + 2] cy- 
cloaddition to form tetrahydro pyridine intermediate 5. 
Dehydration to dihydropyridine intermediate 6 and then 
oxidative aromatization with removal of the benzyl side 
chain would yield 2,4,6-triarylpyridine. According the me- 
chanism, the role of NH4OAc is as nitrogen source and 
acetic acid is formed as by-product, the reaction is cata- 
lysed by acid, the presence of acetic acid increases the 
acidity of the medium. 

The main advantages of the present method in the syn- 
thesis of triarylpyridines are that they are clean reactions 
without any side product under solvent free condition 
and workup does not require column chromatography. 
The catalyst could be recycled efficiently for three cycles 
without any appreciable loss in the yield. 

4. Conclusion  

A mild, efficient and environmentally friendly approach 
for the synthesis of 2,4,6-trisubstituted pyridines via cy- 
clo condensation of aromatic ketones with aromatic alde- 
hydes and ammonium acetate in the presence of Montmo- 
rillonite K10 clay as a recyclable solid acid catalyst has 
been developed. The trisubstituted pyridines were pro- 
duced with 100% selectivity without formation of any 
other side product. The green context of the reaction is 
the use of non corrosive catalyst under solvent free reac- 
tion condition and workup procedure does not require co- 
lumn chromatography. 
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