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of Trazodone Hydrochloride and Its Analogues

Abstract
Montmorillonite K10 clay has an extremely significant heterogeneous catalyst 
for condensation reaction with high yield of the product as compared to other 
reported reagents. 

Background: Novel green, synthetic methodology has been adopted for the 
synthesis of 2-[3-{4-(3-chlorophenyl)-1-piperazinyl}propyl]-1,2,4-triazolo[4,3-a]
pyridine-3-(2H)-one hydrochloride (5) analogues using Montmorillonite K10 
(MK10) as an effective-efficient heterogeneous catalyst. The present synthesis 
offers various significant features with numerous advantages such as outstanding 
yields, operational simplicity, recyclability and reusability of the catalyst for this 
synthetic reaction.

Methods and findings: Condensation reaction is the only exceptional tool for the 
synthesis of numerous biologically significant organic compounds. In the current 
investigation, condensation of 1-(3-chlorophenyl)-4-(3-chloropropyl) piperazine 
(3) and 1,2,4-triazolo[4,3-a]pyridine-3-(2H)-one (4) in the presence of MK10 under 
thermal condition has been carried out with afford the corresponding products 
i.e., (5) analogues with good yields (88-95%) over conventional reagents. MK10 is 
such a heterogeneous catalyst which can be completely recovered and reusable 
for a three times without potential loss in its catalytic activity.
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Heterogeneous catalyst
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Introduction
Multi component condensation reactions [1] that are performed 
in heterogeneous catalyst have gained improved interest in 
synthetic chemistry over the past decade not only for the 
advantages rendered by avoiding extensive decomposition of 
reactants, strong reaction conditions and solvents, but also for 
the development of environmentally benign methodology [2].

Furthermore, when a heterogeneous catalyst [3] is used, the 
insoluble catalyst can be separated by simple filtration and 
the catalyst can be reused. Therefore, the improvement of a 
heterogeneous catalyst in solvent appears enormously desirable.

Commercially available Montmorillonite K10 (MK10) [4] is one 
such catalyst that can fulfill these requirements. MK10 are 
environmentally friendly and economically reasonable solid acid 
catalysts that offers several advantages, such as ease of handling, 
non-corrosiveness, low cost and regeneration. Green chemistry, 
believes in replacement of toxic organic solvents [5], which are 
responsible for excessive waste of chemicals and environmental 
problems. In response catalysts such as MK10 are presently under 
dynamic research. These not only avoid the use of toxic acids, 
high temperature carrying reactions but also prompt important 
simplifications to the reaction procedures. The main contributing 
factors are the high atom economy, extensive application in 
combinatorial chemistry and diversity oriented synthesis [6-10].
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The synthetic product (5), known as “Trazodone hydrochloride” 
[11] is a well-known drug with psychoactive properties synthesized 
from piperazine and triazolopyridine classes of compounds 
having antidepressant, anxiolytic and hypnotic properties [12]. 
The pharmacological potential of Trazodone hydrochloride is due 
to inhibition of serotonin uptake and also a lower affinity for the 
serotonin transporter than other drugs which belongs to selective 
serotonin reuptake inhibitor class [13].

Recently, the Synthesis of Novel Benzofluorenone Derivatives 
and their HIV-Reverse Transcriptase Inhibitory Activity [14], 
one-pot synthesis of new N,N’-alkylidene bisamide derivatives 
under solvent free condition by montmorillonite K10 [15] and 
the synthesis of Trazodone hydrochloride by sulphamic acid are 
reported [16]. 

Thus, in the present study the green synthetic procedure for the 
synthesis of (5) analogues in the presence of MK10 as an efficient 
catalyst has been established (Scheme 1). The literature survey 
reveals that there is reported no prior synthesis of these new 
compounds using green synthetic methodology.

Methods
Materials and reagents
Required chemicals and reagents were procured from Aldrich 
(Sigma–Aldrich, St. Louis, MO, USA), Lancaster (Alfa Aesar, 
Johnson Matthey Company, Ward Hill, MA, USA) and used 

without further purification. Reaction monitoring was done 
with Thin Layer Chromatography (TLC), performed on silica glass 
plates 60 GF-254, and visualization was achieved by UV light. 
Column chromatography was performed by Merck 60–120 mesh 
silica gel. 1H spectra were recorded by Bruker UXNMR/XWIN-
NMR (300 MHz) instruments. Chemical shifts (δ) were reported 
in ppm downfield from internal TMS standard. ESI spectra were 
recorded in Micro mass; Quattro LC uses ESI+ software with 
capillary voltage 3.98 kV and ESI mode positive ion trap detector. 
Melting points were determined with an Electro thermal melting 
point apparatus, and were approximate.

Novel procedure for synthesis of Intermediate 
analogues
Intermediate analogues were synthesized based on practically a 
similar procedure as reported by Lambat and Deo [16]:

Step 1: General procedure for the synthesis of bis-(2-
chloroethylamine) hydrochloride (1) [16].

Step 2: General procedure for the synthesis of 1-(3-chlorophenyl)-
piperazine hydrochloride and its derivatives (2) [16].

Step 3: General procedure for the synthesis of 1-(3-chlorophenyl)-
4-(3-chloropropyl) piperazine and its derivatives (3) [16].

Step 4: General procedure for the synthesis of sodium salt of 1, 2, 
4-triazolo [4, 3-a] pyridine-3-(2H)-one (4) [16].

Step 5: Novel procedure for the synthesis of Trazodone 
hydrochloride derivative.

In a typical reaction procedure, product (3) (3.6 mmol), (4) (1.15 
mol) and Montmorillonite K10 (0.500 g) in acetonitrile (3.00 
mL). The resulting mixture was refluxed at 90°C for 5 h. After 
completion of the reaction as monitored by TLC, the reaction 
mixture was cooled to room temperature and filtered. The 
acetonitrile was removed by distillation and toluene (3 mL) 
was added to the reaction mixture and stirred for 10 min and 
filtered. Then, the catalyst was isolated by simple filtration, 
which was recovered later and the remaining supernatant was 
treated with 20% NaOH followed by 2% brine solution at 50°C. 
The toluene solution containing desired product which is base, in 
which HCl (15%) was added and pH adjusted between 2-2.5 when 
salt starts precipitating. The precipitated product was filtered; 
recrystallization of the crude product from methanol to furnished 
the pure product. All the synthesized products (5A-5G) are known 
compounds, which were characterized based on their melting 
points and spectral (FT-IR, 1H and 13C NMR) data and compared 
with the reported corresponding data.

Spectral data of synthesized product
Lead compound: IR (KBr) (νmax): 3000, 2954, 1704, 1650, 1600, 
1350.80, 750; 1H NMR(300 MHz, DMSO-d6) δ: 2.16-2.12 ppm (t, 
2H, N-CH2-CH2-CH2-N), 2.64-2.60 (t, 2H, N-CH2), 2.73 (s, 4H, -CH2-
N-CH2), 3.09 (s, 4H, CH2-N-CH2), 4.12-4.07 (t, 2H,-CH2-N), 6.51- 
6.46 (m,1H,-ArH), 7.02-6.93 (m, 2H,-ArH), 7.09-7.08 (d, 2H,-ArH), 
7.26-7.17 (m, 1H,-ArH), 7.34-7.31 (d, 1H,-ArH) 7.76-7.74 (d, 1H,-
ArH); m/z (ESI): 372 (M+).

5A: IR (KBr) (νmax): 3000, 2850, 1700, 1650, 1600, 1350, 750; 
1H 

NMR(300 MHz, DMSO-d6) δ: 2.50-2.49 (m, 2H, -CH2), 3.21-3.15 

 
Scheme 1 General protocol for the synthesis of 

2-[3-{4-(3-chlorophenyl)-1-piperazinyl} propyl]-1,2,4-
triazolo [4,3-a] pyridine-3-(2H)-one hydrochloride 
analogues.



3

ARCHIVOS DE MEDICINA
ISSN 1698-9465

2016
Vol. 1 No. 1: 3 

© Copyright iMedPub                                                   		        This article is available in http://structural-crystallography.imedpub.com/archive.php 

Synthesis and Catalysis: Open Access 

© Under License of Creative Commons Attribution 3.0 License

(m, 8H, CH2-piperazine), 3.60 (t, 2H -CH2), 4.01(t, 2H, -CH2), 6.65-
6.63 (m,1H, -ArH), 7.25-7.21(m, 3H, -ArH), 7.36-7.34 (t, 2H, -ArH), 
7.88-7.86 (d,1H, -Ar H); m/z (ESI): 406 (M+).

5B: IR (KBr) (νmax): 3050, 3100, 2862, 2947, 1704.96, 1643.24, 
1635.23, 1350.08, 750; 1H NMR(300 MHz, DMSO-d6) δ: 2.26-2.19 
(m, 2H, CH2), 3.23-3.01(m, 6H, CH2-piperazine), 3.40-3.50 (d, 2H, 
CH2-piperazine), 3.90-3.86 (d, 2H, CH2), 4.01-3.97 (t, 2H, CH2), 
6.67-6.60 (m, 1H, Ar H), 7.01-6.97 (m, 1H, -Ar H), 7.21-7.20 (m, 
3H, -Ar H), 7.40 (d,1H, -Ar H), 7.88-7.859 (d,1H, -Ar H); m/z (ESI): 
406.3 (M+).

5C: IR (KBr) (νmax): 3000, 2870, 1710, 1635, 1610, 1350, 575; 
1H 

NMR(300 MHz, DMSO-d6) δ: 2.28-2.26 (t, 2H, CH2), 3.09 (t, 2H, 
CH2-piperazine), 3.23-3.20 (d, 4H, CH2-piperazine), 3.53-3.51 
(t,2H,CH2-Piperazine), 3.87-3,84 (d, 2H, CH2), 4.02-3.98 (t, 2H, 
CH2), 6.64-6.63 (t, 1H, -ArH), 6.86-6.84 (m,1H, -Ar H), 6.96-6.95 
(d,1H, -Ar H), 7.04-7.03 (t,1H, -Ar H), 7.26-7.22 (m, 3H, -Ar H), 
7.87-7.85 (d,1H, -ArH); m/z (ESI): 415 (M+).

5D: IR (KBr) (νmax): 3050, 2850, 2950, 1720, 1650, 1500, 1325, 
1164.92; 1H NMR(300 MHz, DMSO-d6) δ: 2.31-2.24 (m, 2H, 
CH2), 3.20-3.12 (m, 6H, CH2-piperazine), 3.56-3.53 (d, 2H,CH2-
piperazine), 3.72-3.69 (d, 2H, CH2), 4.03-3.99 (t, 2H, CH2), 6.66- 
6.61(m, 1H, -Ar H), 7.13-7.00 (m, 4H, -Ar H), 7.25-7.24 (d, 2H, -Ar 
H), 7.88-7.86 (d,1H, -Ar H); m/z (ESI): 356 (M+).

5E: IR (KBr) (νmax): 3010, 2875, 1715, 1650, 1550, 1350.45, 775; 
1H NMR(300 MHz, DMSO-d6) δ: 1.94-1.88 (m, 2H, CH2), 2.38-2.28 
(m, 2H, CH2), 2.44-2.40 (s, 4H, CH2-piperazine), 3.07-3.04 (t, 4H, 
CH2-piperazine), 3.97-3.93 (t, 2H, CH2), 6.61-6.65 (m,1H, -Ar H), 
6.90-6.97 (m, 2H, -Ar H), 7.12-7.09 (s, 1H, -Ar H), 7.25-7.15 (m,1H, 
-Ar H), 7.84-7.82 (d,1H, -Ar H); m/z (ESI): 441 (M+).

5F: IR (KBr) (νmax): 3000, 2947.03, 1710, 1650, 1500, 1350; 
1H 

NMR(300 MHz, DMSO-d6) δ: 1.92-1.87 (t, 2H, CH2), 2.09-2.03 (d, 
6H, -Ar-CH3), 2.50-2.36 (m, 6H, CH2 piperazine), 2.66 (s, 4H, CH2-
piperazine), 3.98-3.94 (t, 2H, CH2), 6.62-6.58 (t, 1H, -Ar H), 6.82-
6.80 (d,1H, -Ar H), 6.93-6.90 (d, 2H, -Ar H), 7.25-7.10 (m, 2H,-Ar 
H), 7.86-7.84 (d, 1H, -Ar H); m/z (ESI): 366 (M+)

5G: IR (KBr) (νmax): 3050, 2850, 1700, 1650, 1600, 1347; 
1H 

NMR(300 MHz, DMSO-d6) δ: 1.16-1.13 (t, 3H, CH3), 1.93-1.89 (m, 
2H, CH2), 2.29 (t, 2H, CH2), 2.99-2.77 (m, 6H, CH2, CH2-piperazine), 
3.17 (t, 2H, CH2), 4.12-3.93 (m, 4H, CH2- piperazine), 5.20 (m, 1H, 
-ArH), 5.77 (m, 1H, -ArH), 6.59-6.57 (m, 2H, ArH), 6.8 (d,1H, -ArH), 
7.07 (d,1H, -ArH), 7.27-7.17 (d, 2H, -ArH); m/z (ESI): 366.53 (M+).

5H: IR (KBr) (νmax): 3132, 3050, 2862, 1710, 1650, 1500, 1430, 
1350, 750; 1H NMR(300 MHz, DMSO-d6) δ: 1.16-1.13 (t, 3H, CH3), 
1.93-1.89 (m, 2H, CH2), 4.02-3.97 (t, 2H, CH2), 3.19-3.02 (m, 6H, 
CH2-piperazine), 3.80-3.76 (t, 2H, CH2), 3.54-3.50 (d, 2H, CH2- 
piperazine), 6.65-6.60 (m, 1H, -ArH), 7.01-6.95 (m, 1H, -ArH), 
7.18-7.17 (m, 1H, ArH), 7.25-7.19(t,2H, -ArH), 7.31-7.25(m,1H, 
-ArH), 7.88-7.85 (d, 2H, -ArH),11.08(broad s, 1H, -NH); m/z (ESI): 
358(M+).

5I: IR (KBr) (νmax): 3105, 3000, 2850, 1700, 1650, 1600, 1431, 
1350, 750; 1H NMR(400 MHz, DMSO-d6) δ: 1.40-1.20 (m, 2H, 
CH2), 1.60-1.41 (m, 2H, CH2), 2.30-2.15 (t, 2H, CH2), 3.02-2.74 
(m, 4H, CH2-piperazine), 3.26-3.08 (t, 2H, CH2), 4.17-4.05 (m, 4H, 
CH2- piperazine), 6.26-6.12 (d, 1H, -ArH), 7.05-6.74 (t, 1H, -ArH), 

7.11-7.05 (d, 1H, ArH), 7.26-7.11 (m, 1H, -ArH), 8.02-7.74 (m, 2H, 
-ArH), 8.25-8.12 (d, 1H, -ArH), 8.52-8.30(t, 1H, -ArH); m/z (ESI): 
386(M+).

5J: IR (KBr) (νmax): 3152, 3050, 2850, 2925, 1700, 1650, 1535, 
1416, 1325; 1H NMR(400 MHz, DMSO-d6) δ: 2.65-2.63 (t, 2H, 
CH2), 3.24-3.22 (m, 4H, CH2-piperazine), 3.41-3.38 (t, 2H, CH2), 
3.77-3.68 (m, 4H, CH2-piperazine), 4.21-4.18 (t, 2H, CH2), 6.55 (t, 
1H, -ArH), 7.21-7.11 (m, 6H, -ArH), 7.42 (s, 1H, ArH), 7.49-7.47 
(m,1H, -ArH), 7.63-7.62 (d,1H, -ArH), 7.78-7.76 (d, 1H, -ArH); m/z 
(ESI): 388 (M+).

Results and Discussion
Firstly, bis-(2-chloroethylamine) hydrochloride has been 
synthesized by chlorination of diethanolamine with thionyl 
chloride in CHCl3, which was condensed further with many 
a substituted anilines to develop various analogues of 
1-(3-chlorophenyl)-piperazine hydrochloride intermediate. 
Alkylation of these synthesized intermediates using 1-bromo-3-
chloropropane in alkaline aqueous acetone (50%) gave different 
analogs of 1-(3-chlorophenyl)-4-(3-chloropropyl) piperazine 
intermediate.

In product (4) is synthesized by condensation reaction followed 
by subsequent cyclization of 2-chloropyridine, semicarbazide in 
2-ethoxyethanol and sulfuric acid. Sulfuric acid is self-catalyst 
so no other catalyst is needed for this reaction, and hence the 
reaction proceeds without any hurdle. In this methodology, one 
pot synthesis of (4) was achieved in a short span of time and with 
excellent yields (95%).

Our laboratory has developed a novel Green chemistry route for 
step (5). To optimize the quantity of MK10 catalyst, (3) and (4) 
with MK10 in acetonitrile was selected as model reaction. Using 
different quantities of catalyst at 90°C for 5 h, the use of 0.500 g 
of catalyst resulted in the highest yield, 94% (Table 1 and Figures 
1-3).

To explore the scope of our methodology, a wide variety of novel 
Trazodone analogues have been synthesized. The investigation 
results of which are summarized in (Table 2). Overall data 
indicated that, all products give admirable yields (88-95%) (Figure 4).

Several substituents such as chloro, fluoro, bromo, methoxy and 
ethoxy group were used to carry out the reactions. There was 

Entry Amount of Catalyst (g)
Timeb,c

(min)
Yield (%)a

1 0.350 90 68
2 0.400 90 73
3 0.450 90 84
4 0.500 90 94
5 0.550 90 90
6 0.600 90 82
7 0.800 90 69

Table 1 Optimization of Montmorillonite K10 catalyst for synthesis of 
model product (lead compound). aIsolated yield; bReaction carried out at 
90°C; cModel reaction- 1-(3-chlorophenyl)-4-(3-chloropropyl) piperazine (3) 
(0.0036 mol), 1,2,4-triazolo[4,3-a]pyridine-3-(2H)-one (4) (0.0115 mol).
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little or no effect of substituents as observed in compound 5F 
(Table 2) as far as the yield of product is concerned. It is because 
two electron donating methoxy groups were present on R1 and R4 
of product (3) which makes the aromatic ring more electron rich. 
During the condensation reaction the chloro group present on 
the side chain of (3) was removed via SN2 displacement process 
and hence inversion products were expected in the reaction. The 
possible role of MK10 is depicted in the proposed mechanism 
(Scheme 2).

The recyclability potential of the MK10 catalyst was examined 
for the model reaction product of lead compound. The recycling 
procedure involved the separation of the catalyst from the 
reaction mixture simply by usual filtration. The recovered catalyst 
was purified by washing with ethyl acetate followed by drying 

Figure 1 IR spectra of compound lead compound.

 
Figure 2 1H NMR spectra of lead compound.

Figure 3 Mass spectra of lead compound.
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Figure 5 Recycling of Montmorillonite K10 for the synthesis of 
2-[3-{4-(3-chlorophenyl)-1-piperazinyl} propyl]-1,2,4-
triazolo[4,3-a]pyridine-3-(2H)-one hydrochloride (lead 
compound-5).
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Scheme 2 Possible mechanism for the synthesis of 
Trazodone hydrochloride analogues [16].

Entry Product R1 R2 R3 R4 R5 n Yield (%)x Melting Point (°C)

1 Lead (5) -H -Cl -H -H -H 3 94 222 [223]a

2 5A -Cl -Cl -H -H -H 3 92 253 [>250]a

3 5B -H -Cl -Cl -H -H 3 91 251[>250]a

4 5C -H -Br -H -H -H 3 92 211 [211-213]a

5 5D -H -H -F -H -H 3 90 243 [240-242]a

6 5E -Cl -H -Cl -Cl -H 3 89 252 [>250]a

8 5F 0 -H -H 0 -H 3 95 232 [230-232]a

9 5G -C2H5 -H -H -H -H 3 93 207 [204-206]a

10 5H -H -Cl -H -H -H 2 91 219 [218-220]a

11 5I -H -Cl -H -H -H 4 90 227 [227-230]a

12 5J Naphthyl -H -H -H 3 92 226 [225-227]a

Table 2 Synthesis of 2-[3-{4-(3-chlorophenyl)-1-piperazinyl} propyl]-1,2,4-triazolo[4,3-a]pyridine-3-(2H)-one hydrochloride (5) analogues. xYields refer 
to those of pure isolated products characterized by IR, 1H NMR and Mass spectra; aLambat and Deo [16].

Sr. no. Cycle Yield (%)x

1 Fresh 94
2 1st 91
3 2nd 90
4 3rd 87

Table 3 Recycling of MK 10 for the synthesis of model product (lead 
compound). XIsolated yields.

in an oven. The results summarized in (Table 3) reveals that the 
catalyst has to be used for three successive times without loss of 
its activity. The reliability of the recovered catalyst was detected 
and proved to be as active as the new catalyst (Figure 5).

Conclusion
We have synthesized a novel extremely significant 
pharmacologically active scaffold by using MK10 catalyst, which 
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proficiently activates the two component condensation for the 
production of (5) derivatives. The main advantages of the present 
synthetic methodologies are efficiency, versatility, good yield, 
short reaction times, cleaner reaction profile, convenient work-up, 
easy catalytic recyclability, and reusability with no loss of catalytic 
activity, which makes this protocol valuable and attractive in the 
improving of benign chemical processes and products.
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