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Graphical Abstract

One-pot, solvent-free and efficient synthesis df@friarylpyridines catalyzed by nano-titania-sofpd sulfonic acid as a
novel heterogeneous nanocatalyst

Elham Tabrizian, Ali Amoozadeh*, Salman Rahmanhdgh Imanifar, Saeede Azhari, Masoumeh Malmir

Department of Organic Chemistry, Faculty of Chemistry, Semnan University, Semnan 35131-19111, Iran

I
R1 8m Ry
Fs I
o N >
szfj/CHo . HOS—— Nano-TiO—— SOH Ry O 7\
X
HC VAR
Do L 4
S N 8 S

Nano-titania-supported sulfonic acid as an efficiand recyclable heterogeneous nanocatalyst isrtegpdor the synthesis of 2,4,6-

triarylpyridines under solvent-free conditions. Qreav compound is reported too.
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Original article

One-pot, solvent-free and efficient synthesis df&triarylpyridines catalyzed by
nano-titania-supported sulfonic acid as a novettogieneous nanocatalyst

Elham Tabrizian, Ali AmoozadéhSalman Rahmani, Elham Imanifar, Saeede Azhargddameh Malmir

Department of Organic Chemistry, Faculty of Chemistry, Semnan University, Semnan 35131-19111, Iran

ARTICLE INFO ABSTRACT
Article history: Nano titania-supported sulfonic acid (n-TSA) hasnfd to be a highly efficient, eco-friendly
Received 26 February 2015 and recyclable heterogeneous nanocatalyst for tbkvergs-free synthesis of 2,4,6-
Received in revised form 10 April 2015 triarylpyridines through one-pot three-componergct®mn of acetophenones, aryl aldehydes
Accepted 8 June 2015 and ammonium acetate. This reported method illtedraseveral advantages such as
Available online environmental friendliness reaction conditions, [dioity, short reaction time, easy work up,
reusability of catalyst and high yields of the prots. One new compound is reported too.
Keywords: Furthermore, the catalyst could be recycled aftsinaple work-up, and reused at least six
Nano-titania-supported sulfonic acid times without substantial reduction in its catalyctivity.

Multicomponent reaction
2,4,6-Triarylpyridines
Solvent free

Heterogeneous nanocatalyst

1. Introduction

In the last two decades, multicomponent reactidSRs) have been widely used in organic syntheséstdutheir efficacy for the
generation of heterocyclic compounds in a singlettsstic step [1]. These reactions represent veryepful chemical technology
procedures from both economical and synthetic padfitview and they are one of the most influertéahniques in green chemistry,
industrial chemistry and the modern drug discoyamycess [2]. Therefore, the discovery of novel MGR&an interesting topic for
synthetic chemistry researchers.

Recently, solid-supported heterogeneous catalyste lgained considerable interest in organic syighescause of their unique
properties such as high efficiency due to moreasarfarea, more stability, reusability, low toxic#gd ease of handling [3-8]. We
have recently reported nano titania-supported midfacid (n-TSA) [9], as an effective heterogeneauglic nanocatalyst for the
promotion of a wide range of organic reactions asits Lewis and Bronsted acidity features. Eas@reparation, simple work-up
procedures and improved product yields, facileffmation, shorter reaction times, mild reaction dibions and recyclability of the
catalyst are the main superiorities of n-TSA.

Pyridine ring systems, particularly 2,4,6-triaryijgines represent an important class of heterocyadmpounds because of their
unique position in medicinal chemistry [10, 11]. Mover, they are prominent synthons in supramocéecthemistry, with their-
stacking ability along with directional H-bondinggacity [12, 13]. In addition, the excellent thetstabilities of these pyridines have
instigated a growing interest for their use as moargc building blocks in thin films and organométapolymers [14].

Since, Krohnke's original report on the synthedi?.d,6-triarylpyridines [15], there has been atlpbea of research targeting their
syntheses [16, 17]. Recently, the synthetic appraac2,4,6-triarylpyridines involves cyclo-condetisa reaction of acetophenones,
benzaldehydes and ammonium acetate in the preséndiéferent catalysts under heating condition onisation and microwave
irradiation [18-22].

Wide variety of 2,4,6-triarylpyridine chemical aptlarmacological applications, encouraged us toldpvend validate an efficient
protocol for their synthesis. Herein, we have régubnano titania-supported sulfonic acid catalyzgathesis of 2,4,6-triarylpyridines
under solvent-free conditions.

2. Experimental

OCorresponding author.
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Chemicals were purchased from the Merck chemicalpamies. Thin-Layer Chromatography (TLC) on comna¢naates of silica
gel 60 F254 was used to monitor the progress afiess. The products were characterized by FT-I&sp,"H NMR and**C NMR.
FT-IR spectra were recorded on Shimadzu FT-IR 848Bument™H NMR and**C NMR spectra were recorded on Bruker Advance
Spectrometer 300 MHz and 75 MHz respectively, uSifCk as solvent. The chemical shifts are expressediits per million (ppm)
and tetramethylsilane (TMS) was used as an inteefarence. Melting points were recorded on a THERBICIENTIFIC 9100
apparatus.

2.1. General procedure for the synthesis of catalyst (n-TSA)

Chlorosulfonic acid (1 mL, 15 mmol) was added driganto a suspension of powdered nano,{#Og) in dry CHCI, (20 mL) over
a period of 30 min while the mixture was stirredvdly in an ice bath. The mixture was stirred forr@h at room temperature until
HCI evolution was seized. Then, the £y was removed under reduced pressure and the smlidgy was washed with ethanol (10
mL) and dried at 70 °C. n-TSA was obtained as denuvlid powder [9].

The mmol of H per gram of catalyst was also evaluated. Forpghipose, the surface acidic protons of nano,730sH (100 mg)
were ion-exchanged with a saturated solution ofINA@ mL) by sonicating. This process was repeatgce more, yielding 30 mL of
proton-exchanged brine solution. Therefore, to rieitee the loading of acid sites on the synthesizat@dlyst the obtained solution
titrated with NaOH (0.1 mol/L) solution in the peese of phenol red indicator solution or pH metdre amounts of acidic protons
found to be 4.5 mmol:fof n-TSA. This finding means the effective densityhe acid sites.

The catalyst was characterized in our previouslylipbed paper by the X-ray diffraction (XRD), scamnelectron microscopy
(SEM), FT-IR spectroscopy, thermal gravimetric gee (TGA) and the acid strength of n-TSA was deteed by the Hammett
acidic function too [9].

2.2. General procedure for the synthesis of 2,4,6-triarylpyridine derivatives

A mixture of acetophenones (2 mmol), aromatic aydels (1 mmol), ammonium acetate (1.5 mmol) and DHo®f n-TSA was
stirred at 110 °C under solvent-free condition &or appropriate time. After completion of the react{monitored by TLC), the
reaction mixture was cooled, eluted with hot etthg@anL) and was centrifuged to separate the cstalyhe title compounds were
obtained in their crystalline forms by recrystadlibn of ethanol solution.

2,6-Bis(4-bromophenyl)-4pttolyl)pyridine (5¢): Light green crystal; mp: 236-240 °C; IR (KBr, &wmas 3028, 1601, 1577, 1516,
1489;'H NMR (300 MHz, CDC3): §2.46 (s, 3H), 7.33 (d, 2H,= 8.12 Hz), 7.60 (m, 6H), 7.80 (m, 2H), 8.05 (dH, 4 = 7.66, 4.02
Hz); °C NMR (75 MHz, CDCJ): 6 21.3, 116.8, 123.6, 126.9, 128.6, 129.9, 131.8,6,3.38.2, 139.3, 150.3, 156.3.

3. Results and discussion

Considering our researches toward evaluating tkeyti activity of n-TSA for the synthesis of orga compounds [9, 23], we
have investigated the synthesis of 2,4,6-triarytfiges @-7) via one-pot, three-component cyclo-condensation reactf

acetophenonedy, aldehydes3) and ammonium acetat8)(under solvent-free conditions (Scheme 1).
2
Ri N
CHO _

o
n-TSA
CHy X (0.009 g)
+ ‘ + - = N
RY Zé = Solvent free |
laR=H ", 3 110%C O O
1b: R'=Br RY R!
lc: R=Cl 4,5,6,7
1d: R'=NO,

Scheme 1. Synthesis of 2,4,6-triarylpyridine derivatives iyl SA.

To choose the most appropriate condition in thigtien and to understand the influence of differariables, several experiments
were studied. Initially, we optimized the amountafalyst in order to find the required catalystdoThe obtained results are listed in
Table 1.

Tablel
Optimum amount of catalyst on the synthesis ofe2tdphenylpyridine’

CHO

0 ®
CHs n-TSA
+ + NH,0Ac ————— X
Solvent free \

Pz

110°C O N O
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Entry Catalyst (g) Yield (98) TON° TOF (hh)
0 65

1 N N
2 0.002 73 58.4 29.2
3 0.004 85 34 17

4 0.009 93 16.53 8.26
5 0.012 92 12.27 6.13
6 0.016 91 9.1 4.55
7 0.020 91 7.28 3.64

#Reaction conditions: acetophenone (2 mmol), belehgide (1 mmol), NFDAc (1.5 mmol) at 110 °C under solvent-free comdii, reaction
time: 2 h.

b |solated yields.

°TON= mmol of product per mmol of catalyst.

4 TOF= TON/time.

As indicated in Table 1, the best yield was obtaiirethe presence of 0.009 g catalyst, which isughao carry out the reaction

efficiently (Table 1, entry 4).
In the next step, the effect of temperature, sdle@ma ammonia source was examined over the reaatidrithe obtained results are

shown in Table 2.

Table 2
Optimum condition on the synthesis of 2,4,6-tripfipyridine

o CHO O
n-TSA

CH3 Ammonia 0.009g

+ + source —————> ‘ N

~

Q)

Entry Temp {C) Solvent Ammonia source  Yield (%)
1 60 - NHOAc 0
2 70 - NHOAc 20
3 80 - NHOAc 51
4 90 - NHOAc 75
5 100 - NHOAc 82
6 110 - NHOAc 93
7 120 - NHOAc 90
8 110 CHCl, NH,OAc 10
9 110 CHCN NH,OAc 22
10 110 CHJ NH4OAc 31
11 110 HO NH,OAc 15
12 110 EtOH NHOACc 70
13 110 PEG-400 NiDAC 81
14 110 - NHCI 10
15 110 - NHBr 20
16 110 - NHI 15
17 110 - (NH)zSO, 0
18 110 - (NH),COs 50

ZReaction conditions: acetophenone (2 mmol), beietgide (1 mmol), ammonia source (1.5 mmol), n-TSAE9 g), reaction time: 2 h.
Isolated yields.

As can be seen in Table 2, the product yield irsgdas the reaction temperature was raised atd &@d the product was obtained
in high yield which was considered as the optimempgerature (Table 2, entry 6), but at higher tewipee the yield was decreased
(Table 2, entry 7) due to side reactions monitdngd LC. On the other hand, neither polar nor notapsolvents are suitable for this
reaction (Table 2, entries 8-13) and the best wedd obtained under solvent-free condition (Tablerzry 6), which is due to the
appropriate interaction between the catalyst atvkat Eventually, the effect of various ammoniarees on yield of the product was
shown that the maximum yield was obtained for,8Hc (Table 2, entry 6), while other ammonia sounasguired longer reaction
times and produced lower yields (Table 2, entre48).

To develop the scope of the reaction, a wide rafigéddehydes and acetophenones was subjected EArca@talyzed reaction under
the optimized conditions (Table 3).

Table3
Synthesis of 2,4,6-triarylpyridine derivatives hetpresence of nano-TiGO;H.?
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O CHO | P>

n-TSA
CHg X (0.009 g)
+ |l + NH,0Ac ———> N
RY zé = Solvent free | _
R 110°C O N O
RY R!

Entry R R? Time (min) Product Yield (%) Melting point (°C)
1 H 4-H 120 4a 93 135-138
2 H 4-Cl 100 4b 95 123-124
3 H 4-Br 90 4c 94 165-166
4 H 4-OH 140 4ad 84 196-198
5 H 4- NQ 80 de 87 194-195
6 H 4-CH 135 Af 88 127-129
7 H 4-OCH 150 49 82 100-101
8 H 2-Cl 105 4h 94 115-117
9 H 4-N(CHy); 130 4 87 135-137
10 Br - 100 5a 95 104-106
11 Br 4-Cl 110 5b 96 >200
12 Br 4-CH; 120 5c° 92 236-240
13 Br 3-NQ 80 5d 93 >200
14 Cl 4-H 120 6a 88 123-125
15 Cl 2-Cl 110 6b 89 169-171
16 Cl 4-CH 125 6c 87 202-204
17 Cl 4-OCH 130 6d 83 187-188
18 cl 4-N(CH), 120 6e 84 140-142
19 NG 4-H 100 Ta 90 316-318
20 NG 4-CH; 110 7b 88 312-313
21 NGO, 4-OCH; 115 7c 87 143-145

#Reaction conditions: acetophenone (2 mmol), aldelfg mmol), ammonium acetate (1.5 mmol), n-TSAE.g) at 110 °C under solvent-
free conditions.

b Isolated yields.

°New compound.

In all cases, aromatic aldehydes with substituer@gying either electron-donating or electron-withding groups reacted
successfully and gave the products in good yi€l@ddle 3). It was found that aromatic aldehydes witctron-withdrawing groups
(Table 3, entries 2, 3, 5, 8, 11, 13, 15) reactstef than those with electron-donating groups|€rapentries 4, 6, 7, 9, 12, 16-18, 20,
21), as would be expected [24, 25]. These requstifipd one more time the efficiency of n-TSA.

The proposed mechanism for the formation of 2,dg®yipyridines is depicted in Scheme 2. The reactinvolves four major
stages: Aldol condensation, Michael addition, aatiion, and oxidation. Initially, acetophenorig ifi the presence of nano-TiO
SO;H is converted into its enol form which gives nughilic addition to the arylaldehydél}, which is activated by the catalyst, to
afford aldol condensation productl(). Then, a molecule of acetophenone is condenstidariammonia sourc€\y) and enamine\)
is formed. SGH group of n-TSA enhances the electron deficientgarbonyl group ofl (1) which easily could be attacked by (V) in
a Michael addition reaction to afford intermedigiél). The following cyclisation provides dihydropyndi (/I11). Finally, air
oxidation gives the final productX). As indicated in Scheme 2, the $Dgroups of n-TSA plays principal role in the cgtel
activity of the catalyst and promotion of the réactrate.
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Scheme 2. Plausible mechanism for the synthesis of 2,4 #thpyridines by n-TSA.

In order to exhibit the merit of the present wavldr results are compared with some other previaegigrted studies in the Table 4.

Table4

Comparison n-TSA with other reported catalystthesynthesis of 2,4,6-triphenylpyridine.

Entry  Catalyst (amount mol%) Condition Time (h) Mi€%) TON TOF (b9 Reference
1 MgAILO, (7) 120 °C, solvent-free 3 85 12.14 4.05 [26]
2 AIPO, (10) 120 °C, solvent-free 4 87 8.70 2.17 [27]
3 TBAHS? (30) 120 °C, solvent-free 5! 70 2.33 0.47 [28]
4 [HOsS(CH,)sMIM][HSO 4] (20) 120 °C, solvent-free 3 88 4.40 1.47 [24]
5 ZrOCk (15) 100 °C, solvent-free 4 91 6.07 1.52 [19]
6 n-TSA (5.62) 110 °C, solvent-free 2 93 16.53 8.26 This work

& Trichloroisocyanuric acid.
5TON= mmol of product per mmol of catalyst.
¢ TOF= TON/time.

As shown in Table 4, n-TSA can act as an effeataalyst with respect to the reaction time, yieldhe product, TON (turnover
number) and TOF (turnover frequency). Moreovetait be recovered and reused for several times.

The principle advantage of the use of heterogeneataysts in organic transformations is their adility. For this purpose, after
completion of the reaction, the reaction mixtureswgaoled, eluted with hot ethanol (2 mL) and wagtridfieiged to filter the catalyst.
The catalyst was then washed with ethanol, dricg®D£tC and used directly for the synthesis of 2tdghenylpyridine. The recovered
n-TSA was reused for 6 consecutive reactions atairadd the yield 90%-93%. This indicates that n-Td®&s not lose its activity and
can be recyclable (Fig. 1).

93 92 91 91 91 90
100 1
z 80 1
L=
= 60 1
z
w40
20 1
o] T T T T T
1 2 5 6

Number of cycle

Fig. 1. Reusability of n-TSA for the synthesis of 2,4,penylpyridine.

The particle size of the recovered catalyst wadicoad by the scanning electron microscopy of tixetisne reused catalyst, which
clearly demonstrated the same particle size (spddgowder with average size of 35-60 nm) and kighility of the nano Ti@based
solid acid catalyst (Fig. 2).
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28 KV 2000 KX 1um K'YKY-EMEZO[I- SM:1053 25 KV 200 KX 1um KYKY-EM3200 SN:1081
Fig. 2. SEM images of n-TSA before use (a) and after reasémes (b).

4. Conclusion

In summary, an efficient and rapid route for thenthesis of 2,4,6-triarylpyridines under solventslesonditions is reported.
Operational simplicity, short reaction time, simmerk-up without column chromatographic purificatjaeusability of the catalyst,
tolerance of various functional groups, excellei@ds of products and solvent free conditions &e dadvantages of this protocol.
Moreover, one new compound is reported.
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