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CHAPTER 10

Synthesis and Analysis of 1,2,3-Triazol-1-yl Piperazine
Compounds from 1-(3-azidopropyl)-4-(3-chlorophenyl)
piperazine
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Abstract: A novel series of 1,2,3-triazol-1-yl piperazine derivatives was synthesized through a
copper(l)-catalyzed azide-alkyne cycloaddition (CuAAC) reaction, utilizing 1-(3-azidopropyl)-4-(3-
chlorophenyl)piperazine as the azide precursor. The azide precursor was prepared through nucleophilic
substitution of the corresponding bromopropyl intermediate. The synthesized triazoles were
characterized using NMR, FT-IR techniques. The results confirm the success of the cycloaddition
strategy and suggest promising bioactivity profiles for the synthesized compounds.
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Introduction

Piperazine is a six-membered cyclic compound made up of two nitrogen atoms positioned opposite each
other (at the 1,4-positions) in the ring'. Also known as diethanediamine, its molecular formula is
CsHioN:2, and its basic structure is shown in Fig. 1.1
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Fig. 1.1: Basic structure of piperazine

Piperazine derivatives form a broad and pharmacologically significant class of chemical compounds.
Structurally, piperazine shares similarities with piperidine, a component of the Piper nigrum (black
pepper) plant. Originally introduced in medicine, piperazine began to attract broader interest in the
1950s with the development of its first derivatives demonstrating broad-spectrum biological activity.?

Piperazine can be produced by heating diethylenetriamine in the presence of raney nickel as a
catalyst, even under atmospheric pressure.** During the process, ammonia is released, and the
formation of the piperazine ring typically occurs at around 150°C, as shown in Figure 1.2.
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Fig. 1.2: Synthesis of piperazine

What makes the piperazine ring particularly valuable is its versatility. It is found in many
medications and is linked to a variety of biological functions. Piperazine-containing drugs have been
reported to exhibit properties such as: Antihypertensive, Anti-inflammatory, Antiallergenic, Antitussive
(cough suppressant), Antibacterial, Antiserotonergic, Antipsychotic, Anti-influenza, Anticancer,
Antischizophrenic, CNS depressant.*® Figure 1.3 displays the representative structures of biologically
active piperazine derivatives.
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Fig. 1.3: Piperazine derivatives with biological activity and their structure
Importance of Triazoles and Click Chemistry:

In the realm of medicinal chemistry, heterocyclic compounds like triazoles play a central role due to
their chemical stability and biological activity. These five-membered rings, especially 1,2,3-triazoles, are
highly aromatic and show excellent resistance to hydrolysis and metabolic breakdown. This makes them
promising candidates for drug design and synthesis.’

One prominent pharmaceutical example is tazobactam, a triazole-based B-lactamase inhibitor that
enhances the efficacy of piperacillin, a broad-spectrum antibiotic. Beyond this, 1,2,3-triazoles have
demonstrated anti-allergic, antibacterial, and anti-HIV properties. They are also found in agrochemicals
like herbicides and fungicides, as well as industrial dyes.®

A major advancement in synthesizing these compounds came with the development of click
chemistry. This approach revolutionized drug discovery by providing efficient, selective, and high-
yielding reactions. The Huisgen 1,3-dipolar cycloaddition of alkynes with azides, which yields 1,4-
disubstituted 1,2,3-triazoles, is the most notable process in this field.*!°

When catalyzed by copper(I), this reaction becomes incredibly fast—up to 107 times faster than the
uncatalyzed version. Notably, this method often requires no protecting groups or complex purification
steps, making it highly attractive for pharmaceutical applications.'!

Using a click chemistry method, Ye et al. reported synthesizing a novel class of aporlogues, or
structurally modified aporphine derivatives."? Using copper(I)-catalyzed azide-alkyne cycloaddition
(CuAAC) with Cul and DIPEA present, these compounds were made from suitable aporphine precursors
and arylpiperazines at temperatures between 40°C and 45°C."* The resultant triazole-linked compounds
showed low or negligible binding at the D: and D: receptors, but good to high affinity for the dopamine
Ds receptor. Given the important role of the 5-HT:A receptor in various neuropsychological disorders,
compounds with dual Ds/5-HT:A activity are particularly promising as potential therapeutic agents for
central nervous system (CNS) disorders. Ongoing research is focused on functional assays to better
understand their pharmacological effects at these receptor sites (Figure 1.4).
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Fig. 1.4: Structure of triazole containing piperazine derivative
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In a related study, Jadhav et al. designed and synthesized a novel series of 6-(4-((substituted-1H-
1,2,3-triazol-4-yl)methyl)piperazin-1-yl)phenanthridine analogues using click chemistry. After that,
these substances' anti-tubercular properties against Mycobacterium tuberculosis were assessed. Their
work highlights the potential of triazole-linked piperazine scaffolds in the development of antimicrobial
agents, particularly against drug-resistant bacterial strains.!*

Design of triazole containing piperazine derivatives.

In this study, we begin with 1-(3-chlorophenyl)-4-(3-chloropropyl)piperazine and proceed to synthesize
1-(3-azidopropyl)-4-(3-chlorophenyl)piperazine. Sodium azide (NaNs) in DMF at room temperature was
used in a nucleophilic substitution procedure to accomplish the conversion, which produced the azide
intermediate in good to exceptional yield.

The Huisgen 1,3-dipolar cycloaddition reaction, a well-known example of click chemistry, was then
performed on the azide intermediate using a variety of substituted alkynes (made using a previously
documented procedure®). A copper(l) catalyst (Cul) was present during the reaction, which went
smoothly and produced the matching piperazine—triazole derivatives in extremely high yields.

Motivated by the continuous need for effective and sustainable synthetic processes for heterocyclic
compounds, we choose copper(l) iodide because of its affordability, accessibility, and ease of use. Thin-
layer chromatography was used to track the reaction's progress (TLC).

Using mass spectrometry (MS), 'H NMR, 3C NMR, and infrared (IR) spectroscopy, all produced
compounds were fully characterized. Lastly, the antibacterial and antifungal properties of the freshly
synthesized triazole—piperazine hybrids were assessed, indicating their potential as new antimicrobial
agents.
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Fig. 1.5: 1, 2, 3-triazole-1-yl piperazine derivatives
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Scheme 1: Design and synthesis of triazole containing piperazine derivatives

Reagents and conditions: (a) SOCl,, Toluene, 40-45°C, 3-4 hours; (b) m-Chloroaniline, Xylene, PTSA,
140-145°C, 42 hours; (c) 1-Bromo-3-chloropropane, aqueous NaOH, Acetone, room temperature, 24
hours; (d) Dry NaNs;, DMF, room temperature, 4-5 hours; (e) Click reaction, DMF: H,O (1:1), Na,COs3
(0.13 g, 2.2 mmol), ascorbic acid (0.210 g, 2.2 mmol), CuSO4 5H20 (0.150 g, 0.6 mmol), room
temperature, 4 to 5 hours.

Experimental data

Preparation of bis (2-chloroethyl) amine (I)

N /_/OH - /_/CI
o T

A solution of diethanolamine (1.0 g, 0.95 mmol) was meticulously prepared in toluene (2.5 mL), to
which p-toluenesulfonic acid (PTSA) (0.03 g, 3% w/w) was judiciously added as a catalyst. Thionyl
chloride (1.47 g, 1.42 mmol) was added dropwise to the mixture while being continuously stirred at 25—
30°C to start the reaction. Following the completion of the addition, the reaction mixture was
progressively heated to 40—45°C and kept there for three to four hours.
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TLC kept track of the reaction's development. After the reaction was finished, the crude product
precipitated out of the reaction mixture as it cooled to room temperature. After collecting and
recrystallizing the solid from methanol, bis(2-chloroethyl)amine (I) was obtained as a pure chemical in
87-90% yield.
1-(3-chlorophenyl) piperazine (II) preparation

Cl Cl
e OO
HN
i Cl I

P-toluenesulfonic acid (PTSA) (0.024 g, 3% w/w), m-chloroaniline (0.6 g, 0.61 mmol), and bis(2-
chloroethyl)amine (I) (0.8 g, 0.56 mmol) were mixed in 2 mL of xylene and heated to reflux at 140—
145°C for 42 hours while being constantly stirred. TLC kept track of the reaction's development.

Following completion, the reaction mixture was allowed to cool to room temperature, which caused
the crude product to precipitate and be collected using filtration. After recrystallizing the crude solid
from methanol, 80-85% of 1-(3-chlorophenyl)piperazine (II) was obtained.

1-(3-chlorophenyl)-4-(3-chloropropyl) piperazine (III) Preparation

o cl
DOm0
N __/ )\_\
cl

After adding sodium hydroxide (0.36 g, 1.15 mmol) to a solution of 1-(3-chlorophenyl)piperazine (II)
(1.0 g, 0.43 mmol) in water (5 mL) while stirring at 25 to 30°C, 1-bromo-3-chloropropane (1.1 g, 0.911
mmol) was added dropwise. TLC was used to monitor the reaction mixture's progress during a 24-hour
period of stirring at the same temperature.

After everything was finished, ethyl acetate was used to extract the reaction mixture. After
separating the organic phase and drying it over anhydrous sodium sulfate, the solvent was extracted
using lowered pressure. The result was 1-(3-chlorophenyl)-4-(3-chloropropyl)piperazine (III), a pale
yellow greasy substance.

Yield: 90%

MF/FWt: C3Ci3CLN2/ 273.20.

BP: 201-203°C.

IR (cm™) : 3000, 2850, 1650, 1600, 1350, 750.
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1-(3-azidopropyl)-4-(3-chlorophenyl) piperazine (IV) Preparation
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Sodium azide (1.2 g, 6.5 mmol) was added at room temperature to a stirred solution of 1-(3-
chlorophenyl)-4-(3-chloropropyl)piperazine (III) (4.5 g, 5.0 mmol) in DMF (30 mL). For three to four
hours, the reaction mixture was agitated, and TLC was used to track the development.

After finishing, ethyl acetate was used to extract the mixture after it had been put onto crushed ice.
After being separated, the organic phase was successively cleaned with brine and water before being
dried over anhydrous sodium sulfate. Reduced pressure caused the solvent to evaporate, producing a
yellow, oily crude product.

Using a gradient of ethyl acetate:n-hexane as the eluent, purification was accomplished by column
chromatography, yielding the pure yellow oily product known as 1-(3-azidopropyl)-4-(3-
chlorophenyl)piperazine (IV).

Yield: 88%
MF/FWt: Ci3 HisCl N5/279.13.
BP: 230-232°C.
IR (cm™): 3000, 2850, 2113 (Azido group stretching), 1650, 1600, 1350.

H NMR (300 MHz, DMSO-dg, 5 ppm): 6.85 (s, 1H, Ar-H), 6.79 (d, 1H, Ar-H), 7.14 (t, 1H, Ar-H), 6.78
(d, 1H, Ar-H), 3.17 (s, 8H, -CH2-N-CH2-), 2.43 (t, 2H, -N-CH2), 1.77 (t, 2H, -N-CH2-CH2-CH2-
N),3.34 (t, 2H,-CH,-N).

1-(3-chlorophenyl)-4-(3-(4-phenyl 1H -1, 2, 3 —triazol-1-yl) propyl) piperazine (2a) Synthesis

cl f cl
N . anY
+
N
N.

v 2a N

Phenylacetylene (0.112 g, 1.1 mmol) and 1-(3-azidopropyl)-4-(3-chlorophenyl)piperazine (IV) (0.279 g,
1.0 mmol) were dissolved in a 1:1 solution of DMF and water. The Cu(I) catalyst was created in situ by
adding sodium carbonate (Na.COs, 0.13 g, 2.2 mmol), copper(Il) sulfate pentahydrate (CuSOas-5H-0,
0.150 g, 0.6 mmol), and ascorbic acid (0.210 g, 2.2 mmol) to this solution.
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TLC was used to track the reaction mixture's progress over the six hours it was agitated at room
temperature. After it was finished, dichloromethane (CH2Cl2) and aqueous ammonium hydroxide were
added. Anhydrous magnesium sulfate (MgSO4) was used to dry the organic layer after it had been
removed and cleaned with water and brine in succession.

The crude product, which was obtained by removing the solvent under decreased pressure, was then
refined by recrystallization from ethanol to produce the pure chemical 2a.

Yield: 92 %

MF/FWt: C1H4CINs/381.17.

MP: 190-191°C.

IR (cm™): 3105, 3000, 2910, 1622, 1517, 1235, 976.

TH NMR (300 MHz, DMSO-ds, 6 ppm): 6.94 (s, 1H, Ar-H), 7.33 (d, 1H , J=6Hz, Ar-H), 6.89 (t, 1H,
Ar-H), 6.76 (d, 1H, J=9 Hz, Ar-H), 8.60 (s, 1H, triazole), 7.83 (d, 2H, J=9Hz), 7.44 (t, 2H, Ar-H), 7.19
(t, 1H, Ar-H), 3.16(s, 4H, -CH,-N-CH»-), 3.33 (s, 4H, -CH>-N-CH»-), 2.35 (t, 2H, -N-CH2), 2.07 (t,
2H, N-CH2-CH2-CH2-N), 4.45 (t, 2H, -CH-N).

MS: m/e 381.90(M+1).
1-(3-chlorophenyl)-4-(3-(4-p-tolyl-1H- 1, 2, 3—triazol-1yl) propyl) piperazine (2b) Synthesis

o ! o
N N N - - N N
v N,

In a 1:1 solution of DMF and water, 1-(3-azidopropyl)-4-(3-chlorophenyl)piperazine (IV) (0.279 g, 1.0
mmol) and p-tolylacetylene (0.127 g, 1.1 mmol) were dissolved. The Cu(l) catalyst was created in situ
by adding ascorbic acid (0.210 g, 2.2 mmol), sodium carbonate (Na2COs, 0.13 g, 2.2 mmol), and
CuS04-5H:0, 0.150 g, 0.6 mmol.

TLC was used to track the reaction mixture's progress over the six hours it was agitated at room
temperature. Dichloromethane was used to extract the reaction after it was finished, and aqueous
ammonium hydroxide was used to quench it. After being cleaned with brine and water, the organic layer
was dried on top of anhydrous magnesium sulfate.

After removing the solvent under lower pressure, a crude product was obtained. This was then
refined by recrystallization from ethanol to produce the pure chemical 2b.
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Yield: 90%

MF/FWt: C2;H6NsC1/395.19.

MP: 220-222°C.

IR (cm™): 2943, 2816, 1593, 1484, 1215.

'H NMR (300 MHz, DMSO-ds, 5 ppm): 6.94 (s, 1H, Ar-H), 6.83 (d, 1H, Ar-H), 7.26 (t, 1H, Ar-H),
6.81 (d, 1H,Ar-H), 8.62 (s, 1H (triazole), 7.77 (d, 2H, Ar-H), 7.73 (d, 2H, J= 8Hz, Ar-H), 3.18 (s, 8H,-
CH,-N-CH>-), 2.53 (t, 2H, -N-CHb-), 2.35 (t, 2H, N-CH,-CH,-CH,-N-), 4.46 (t, 2H, -CH»>-N-), 2.10 (s,
3H,Ar-CHs).

3C NMR (300 MHz, DMSO-d¢,  ppm): 152.84, 148.05, 148.00, 147.21, 129.68, 128.47, 127.96,
119.85, 119.71, 117.71, 114.92, 114.74, 77.30, 77.05, 76.79, 42.44, 42.03, 38.15, 35.41, 31.10, 31.01,
21.46.

MS: m/e 395.90 (M+1).

1-(3-chlorophenyl)-4-(3-(4-(pyridine-4-yl) 1H-1, 2, 3 —triazol-1yl) propyl) piperazine (2c¢) Synthesis
c. | C|
N/_\N . | N N/_\N
_/ ’\_\N > VA NN

N
Iv 2c N,

NS

_N

Sodium carbonate (Na.COs, 0.13 g, 2.2 mmol), copper(Il) sulfate pentahydrate (CuSO4-5H-0, 0.150 g,
0.6 mmol), and ascorbic acid (0.210 g, 2.2 mmol) were added to a solution of 1-(3-azidopropyl)-4-(3-
chlorophenyl)piperazine (IV) (0.279 g, 1.0 mmol) and 4-ethynylpyridine (0.113 g, 1.1 mmol) in a 1:1
mixture of DMF and water.

For six hours, the reaction mixture was agitated at room temperature while TLC tracked its
development. Dichloromethane (CH:Cl2) and aqueous ammonium hydroxide were added once it was
finished. After being separated, the organic layer was cleaned with brine and water and dried on top of
anhydrous magnesium sulfate (MgSOs).

After the crude product was obtained by evaporating the organic solvent at lower pressure, it was
refined by recrystallization from ethanol to produce the pure chemical 2c.

Yield: 89%

MF/FWt: C20H23N6C1/382.17.

MP: 202-204°C.

IR (cm™): 3000, 2943, 2816, 1593, 1484, 1215.
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"H NMR (300 MHz, DMSO-ds, 8 ppm): 6.94 (s, 1H, Ar-H), 6.83 (d, 1H,Ar-H), 7.47 (t, 1H, Ar-H), 6.81
(d, 1H, Ar-H), 7.85 (d, 2H, Ar-H), 7.88 (d, 2H, Ar-H), 8.62 (s, 1H, triazole), 3.19 (s, 8H, CH»-N-CH>),
2.38 (t, 2H, N-CH>»-), 2.10 (t, 2H, N-CH;-CH,-CH>-N), 4.45 (t, 2H, -CH>-N).
(1-(3-(4-(3-chlorophenyl) piperazin-1-yl) propyl -1H-1, 2, 3 triazol-4-yl) methanol (2d) Synthesis
cl cl
/N /N

+ HO X —————>
N\_/N_\_\ N ON\_/N’\_\

N N
v : 2d N,

N
OH

1-(3-azidopropyl)-4-(3-chlorophenyl)piperazine (IV) (0.279 g, 1.0 mmol) and propargyl alcohol (0.061
g, 1.1 mmol) were dissolved in 1:1 mixtures of DMF and water. For this purpose, sodium carbonate
(Na2CO03, 0.13 g, 2.2 mmol), copper (II) sulfate pentahydrate (CuSO45H20, 0.150 g, 0.6 mmol) and
ascorbic acid (0.20 g, 2.2 mmol) were added to facilitate the cycloaddition of zinc (CuAAC) catalyzed
by copper (I). The reaction mixture was heated at ambient temperature for 6 hours and monitored with
TLC. At the end of the reaction, the water-containing ammonium hydroxide was dissolved and the
product was extracted with dichloromethane (CH2CI2).

The organic layer is washed with water and salt, then dried on anhydrous magnesium sulphate
(MgS04). The solvent was removed under reduced pressure to produce a crude product, which was then
recrystallized from ethanol to obtain the pure compound 2d.

Yield: 90 %

MF/FWt: CisH22NsC1 O / 335.15.

MP: 215-217°C.

IR (cm.™): 3660, 3121, 2990, 2888, 1653, 1231, 832.

"H NMR (300 MHz, DMSO-d¢, 8 ppm): 6.92 (s, 1H, Ar-H), 6.88 (d, 1H, J=9Hz, Ar-H), 7.19 (t, 1H, Ar-

H), 6.74 (d, 1H, J=6Hz, Ar-H), 8.15 (s, 1H, triazole), 3.16(s, 4H, CH,-N-CH>-), 3.33 (s, 4H, CH,-N-

CH»-), 2.34 (t, 2H, N-CH»-), 2.07 (t, 2H, N-CH,-CH,-CH>-N), 4.44 (t, 2H,-CH>-N ), 4.93 (s, 2H,

triazole-CH»), 3.65 (s, 1H, -CH,-OH).

1-(3-(4-(bromomethyl) /H-1, 2, 3-triazol-1-yl) propyl)-4-(3-chlorophenyl) piperazine (2e) Synthesis
Cl

Cl
/M . an
N N BTN —— GN\ N
N ’\_\ _\_\
N3 2e N
v N
N

Br
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In DMF: H20 (1:1), one (three-azidopropyl)-4-(three-chlorophenyl)piperazina (IV) (0.279g,1.0mmol)
and propargyl bromide (0.129g,1.1lmmol) were added sequentially: sodium carbonate (Na2CO3,
0.13g,2.2mmol), copper (II) sulphate pentahydrate (CuSO45H20, 0.210g,2.2mmol) began the acid
cycloadyl - -ion (CuAAC). The reaction mixture was stirred for 6 hours at ambient temperature, and the
progress was monitored by TLC. After completion, the reaction mixture was treated with aqueous
ammonia hydroxide and extracted with dichloromethane (CH2CI2).

The organic layer was washed with water and salt, and dried in a water-free magnesium sulfate
(MgSO04). The raw product was obtained after evaporation of the solvent under reduced pressure. This
was purified by ethanol re-crystallization to produce the pure compound 2e.

Yield: 87%

MF/FWt: C16H,1NsCIBr/397.07.

MP: 210-213°C.

IR (cm.!): 2980, 1601, 1545, 1464, 1226, 727.

H NMR (300 MHz, DMSO-ds, 8 ppm): 6.92 (s, 1H, Ar-H), 6.88 (d, 1H, J=9Hz, Ar-H),
7.20 (t, 1H, J= 9Hz, Ar-H), 6.76 (d, 1H, J=9Hz, Ar-H), 7.81(s, 1H, triazole), 3.16 (s, 4H,

-CH>-N-CHz-), 3.33 (s, 4H, -CH>-N-CH>-), 2.34 (t, 2H, N-CH>-), 2.07 (t, 2H, N-CH>-CH,-CH»-N), 4.44
(t, 2H, -CH»>-N-), 4.93 (s, 2H, triazole-CH>-).
Synthesis of 1-(3-chlorophenyl)-4-(3-(4-(p-tolyloxymethyl) I1H-1, 2, 3-triazol-1-yl) propyl)
piperazine (2f).
J\
o]

cl

O — OO

N N

’ o
v 2f N

RN

In DMF:H20 (1:1) solution of 1-(3-azidopropyl)-4-(3-chloroethylene)piperazine (IV) (0.27g,1.0 mmol)
and 4-(p-tolyloxymethyl)acetylene (0.160g,1.1 mmol) were added as follows: sodium carbonate

(Na2CO03, 0.13g,2.2 mmol), copper (II) sulfate pentahydrate (CuSO45H20, 0.150g,0.6 mmol), and
ascorbic acid (0.210g,2.2 mmol).

The reaction mixture was stirred for 6 hours at room temperature and the progress of the reaction
was monitored by the TLC. After completion, water-soluble ammonium hydroxide was added to the
mixture and extracted with dichloromethane (CH2CI2).
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The organic layer was washed with water and salt and dried on anhydrous magnesium sulphate
(MgS04). The solvent is removed under reduced pressure and the raw product is isolated. The product
was then purified by recrystallization of ethanol to obtain the pure 2f compound.

Yield: 91%

MF/FWt: C23H2sNsC10/425.20.

MP: 250-252°C.

IR (cm.™): 3001, 2929, 1623, 1588, 1430,1265, 1233, 797.

'"H NMR (300 MHz, DMSO-de, & ppm): 6.98 (s, 1H, Ar-H), 6.88 (d, 1H, J=9Hz, Ar-H),

7.20 (t, 1H, J/=9Hz, Ar-H), 6.76 (d, 1H, J=9Hz, Ar-H), 6.65 (d, 2H, Ar-H), 7.12 (d, 2H, Ar-H), 7.81(s,
1H, triazole), 3.16 (s, 4H, -CH>-N-CHx»-), 3.33 (s, 4H, -CH>-N-CH>-), 2.34 (t, 2H, -N-CH>»-), 2.07 (t, 2H,
-N-CH,-CH>-CHx-N-), 4.44 (t, 2H, -CH2-N-), 4.93 (s, 2H,-CH-O-), 2.56 (s, 3H, Ar-CH3).
1-(3-chlorophenyl)-4-(3-(4-(m-tolyloxymethyl) 1H-1, 2, 3 —triazol-1-yl) propyl) piperazine (2g)
Synthesis
JI
O

cl

o e OO

N3 N

i\
vV 2g N\‘Nj\\
O

Ascorbic acid (0.210 g, 2.2 mmol), copper(Il) sulfate pentahydrate (CuSOa4-5H-0, 0.150 g, 0.6 mmol),
and sodium carbonate (Na2COs, 0.13 g, 2.2 mmol) were added to a solution of 1-(3- azidopropyl)-4-(3-

chlorophenyl)piperazine (IV) (0.279 g, 1.0 mmol) and 4-(m-toly loxymethyl)acetylene (0.160 g, 1.1
mmol) in DMF:H2O (1:1).

For six hours, the reaction mixture was agitated at room temperature, and TLC was used to track the
reaction's development. Following completion, dichloromethane (CH2Clz) was used for extraction after
the mixture had been treated with aqueous ammonium hydroxide. Anhydrous magnesium sulfate
(MgS04) was used to dry the organic layer after it had been cleaned with water and brine.

Two grams of pure chemical were obtained by recrystallizing the crude product from ethanol after
the solvent evaporated under low pressure.

Yield: 89 %
MF/FWt: C23H2sNsC10/425.20.

Sustainable Chemistry and Advanced Materials: Challenges and Opportunities (Vol. I) - Sharad K. Pasale,
Arjun S. Chavan (Eds.) ISBN: 978-93-95369-47-3 (electronic) 978-93-95369-45-9 (paperback) | © 2025 160
Advent Publishing. All rights reserved.



Synthesis and Analysis of 1,2,3-Triazol-1-yl Piperazine Compounds from 1-(3-azidopropyl)-4-(3-chlorophenyl) piperazine

MP: 220-224°C.
IR (cm.™"): 3005, 2930, 1623, 1588, 1430, 1265, 1233, 797.
TH NMR (300 MHz, DMSO-d, & ppm): 6.96 (s, 1H, Ar-H), 6.88 (d, 1H, J=9Hz, Ar-H),

7.20 (t, 1H, J=9Hz, Ar-H), 6.76 (d, 1H, J=9Hz, Ar-H), 6.65 (d, 2H,Ar-H), 7.12 (d, 2H,Ar-H), 8.01 (s,
1H, triazole), 3.16 (s, 4H,-CH,-N-CH.-), 3.33 (s, 4H,-CH,-N-CH,-), 2.34 (t, 2H,-N-CH2-), 2.07 (t, 2H, -
N-CH,-CH,-CH,-N-), 4.4 (t, 2H, -CH,-N-), 4.93 (s, 2H,-CH,-0), 2.56 (s, 3H, Ar-CHs).

1-(3-chlorophenyl)-4-(3-(4-nitrobenzyloxy) methyl)-7H-1, 2, 3-triazol-1-yl) propyl) piperazine
methyl) 1H-1, 2, 3-triazol-1-yl) propyl)-4-(3-chlorophenyl) piperazine (2h) Synthesis

~
O
Cl
N N + — > N N
N N
Na NO, N

\
v 2h N\\N\)\\

0]

Cl

Ascorbic acid (0.210 g, 2.2 mmol), copper(Il) sulfate pentahydrate (CuSO4-5H-0) (0.150 g, 0.6
mmol), and sodium carbonate (Na.COs) (0.13 g, 2.2 mmol) were added to a solution of 1-(3-
azidopropyl)-4-(3-chlorophenyl)piperazine (IV) (0.279 g, 1.0 mmol) and 4-nitrobenzyloxymethyl alkyne
(0.128 g, 1.1 mmol) in DMF:H-0 (1:1).

For six hours, the reaction mixture was agitated at room temperature, and TLC was used to track the
reaction's development. Following the completion of the reaction, aqueous ammonium hydroxide
(NH4OH) was added to the mixture, and dichloromethane was then used for extraction. After being
cleaned with water and brine, the organic layer was dried over anhydrous (MgSO.).

The crude product was produced and refined by recrystallization from ethanol to yield the pure
chemical 2h after the solvent evaporated under decreased pressure.

Yield: 92 %

MF/FWt: C23HyCINgO3/470.18.

MP: 220-223°C.

IR (cm.™): 3010, 2929, 1623, 1588, 1430, 1265, 1233, 797.

'H NMR (300 MHz, DMSO-d6, § ppm): 6.94 (s, 1H, Ar-H), 6.88 (d, 1H, J=9Hz, Ar-H),
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7.20 (t, 1H, J=9Hz, Ar-H), 6.76 (d, 1H, J=9Hz, Ar-H), 6.65 (d, 2H, Ar-H), 7.12 (d, 2H, Ar-H), 7.81(s,
1H, triazole), 3.16 (s, 3H, -CH,-N-CH,-), 3.33 (s, 4H, -CH,-N-CH>-), 2.34 (t, 2H, -N-CH>-), 2.07 (t, 2H,
N-CH,-CH,-CH,-N-), 4.44 (t, 2H, -CH»-N-), 4.93 (s, 2H,-CH,-0-), 4.56 (s, 2H, -O-CH.-).

1-(3-(4-benzoloxymethyl)-/H-1, 2, 3-triazol-1-yl) propyl)-4-(3-chlorophenyl) pieprazine (2i)
Synthesis

Cl [¢]]

Ascorbic acid (0.210 g, 2.2 mmol), copper(Il) sulfate pentahydrate (CuSOa4-5H20) (0.150 g, 0.6 mmol),
and sodium carbonate (Na:COs) (0.13 g, 2.2 mmol) were added to a solution of 1-(3-azidopropyl)-4-(3-
chlorophenyl)piperazine (IV) (0.279 g, 1.0 mmol) and 4-benzylmethoxy alkyne (0.160 g, 1.1 mmol) in
DMF:H:0 (1:1).

For six hours, the reaction mixture was agitated at room temperature, and TLC was used to track the
reaction's development. Aqueous NH4OH and CH:Cl. were added to the mixture for extraction once the
reaction was finished. Anhydrous MgSOs was used to dry the organic layer after it had been cleaned
with water and brine solution.

The crude product was obtained after the solvent evaporated under lower pressure. The pure
chemical 2i was then obtained by recrystallizing the crude product from ethanol.

Yield: 80 %

MF/FWt: Cy3H23NsC10/425.20.

MP: 205-207°C.

IR (cm.™) : 3009, 2829, 1623, 1588, 1430,1265, 1233, 797.

'H NMR (300 MHz, DMSO-d6, 8 ppm): 6.92 (s, 1H, Ar-H), 7.38 (d,1H, Ar-H), 7.20 (t,1H, J =9Hz, Ar-
H), 6.76 (d, 1H, J = 9Hz, Ar-H), 6.65 (d, 2H,Ar-H), 7.12 (d, 2H, Ar-H), 6.91 (t, IH, Ar-H), 7.83 (s, 1H,
triazole), 3.16 (s, 4H, -CH,-N-CH,-), 3.33 (s, 4H, -CH,-N-CHa- ), 2.34 (t, 2H,-N-CH,-), 2.07 (t, 2H, -
N-CH2-CH2-CH2-N- ), 4.4 (t, 2H, -CH2-N-), 4.93 (s, 2H,-CH,-0-), 4.50 (s, 2H, -O-CH.-).
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Discussion of Spectra
IR Spectroscopy:

Azide Group: The Ns group is represented by a distinctive stretching vibration seen in the IR spectra of
the azide molecule (IV) at about 2113 cm™. Before the reaction forms the 1,2,3-triazole ring, this
crucial characteristic helps verify the presence of the azide functional group.

Absence of Alkyne and Azide Peaks: The alkyne peaks (about 2100 cm™ for C=C stretch) and the
azide stretching vibration (2113 cm™) vanish from the IR spectra of compounds 2a—2i, which is a clear
sign that the 1,2,3-triazole synthesis has taken place. When these peaks are absent, it indicates that the
"click reaction" between the alkyne and azide groups was successful and that the triazole ring was
formed.

1H NMR Spectroscopy

Triazole Proton: The triazole ring's proton may be seen clearly in the 1H NMR spectra at & 8.62—-7.81
ppm. The electrical environment surrounding the triazole ring, which is normally deshielded by its
nitrogen atoms, causes this proton to appear as a noticeable peak.

Carbon Next to Triazole: The carbons next to the triazole ring are visible in the area 6 129.68-127.86
ppm of the 13C NMR spectrum. The triazole functionality of the produced compounds is confirmed by
these values, which are in line with the anticipated chemical shifts for the sp2 hybridized carbons
connected to the triazole ring.

These results validate the successful inclusion of the triazole ring in the piperazine derivatives and
are in line with data from the literature on related triazole-based drugs.

Mass Spectrometry (MS)

The molecular weights of compounds 2a—2i are represented by molecular ion peaks in their mass
spectra, which were found to be in agreement with the predicted molecular formulas. The identity of the
produced compounds is confirmed by the molecular ion (M*) peaks, which show good agreement with
the estimated values.

These compounds' EI-MS (Electron Impact Mass Spectrometry) data demonstrates the anticipated
fragmentation patterns, enabling additional chemical structure confirmation.
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Summary of Synthesized Compounds (2a—21)

Compound Expected IR (cm™)

Expected NMR (ppm)

Expected MS
(m/z)

C-H Stretch (2900-3000), C=N

IH NMR: 7.2-8.5 (Ar-H), 3.0-4.0 (CH>),

Molecular Ion

2a Stretch (1600-1650), N-H Stretch  4.2—4.5 (Triazole H), 13C NMR: 150-170 (M"): ~400-420
(3300-3500) (C=N), 50-70 (CH) :

- gt'rfeltfﬁr(elt‘g%g?gggog?ﬁ (Sjt:rgch 1H NMR: 2.3 (CHs), 7.2-8.5 (Ar-H), 3.0 Molecular Ion
(3300-3500) 4.0 (CH2), 4.2-4.5 (Triazole H) (M*): ~410-430
C-H Stretch (2900-3000), C-N  THNMR: 74-8.5 (Ar-H), 3.0-40 (CH), o0

2c Stretch (1600-1650), N-H Stretch ~ 4.2-4.5 (Triazole H), 13C NMR: Pyridine (M"): ~420-440
(3300-3500) signals (150-170 ppm) :

- g{rljtcsﬁr(elt%%glgggéi 01(31(-)1)i S;gch IH NMR: 2.4 (p-Tolyl CHs), 7.2-8.5 (Ar-  Molecular Ion
(3300.3500) H), 3.0-4.0 (CH), 4.2-4.5 (Triazole H) (M*): ~420-440

" g{rljtcsﬁr(ef‘é%&ggs%i 01(\)1% (Sjtzrl;ch IH NMR: 4.5 (CHBr), 7.2-8.5 (Ar-H), Molecular Ton
(3300.3500) 3.0-4.0 (CHa), 4.2-4.5 (Triazole H) (M"): ~430-450

o S{;Itcs’ﬁrg%%glgggg 01(\)% (S:t:rltich IH NMR: 2.4 (p-Tolyl CHs), 7.2-8.5 (Ar-  Molecular Ion
(33003500, H), 3.0-4.0 (CHa), 4.2—4.5 (Triazole H) (M*): ~430-450

2 S{;Itcs’ﬁrg%%glgggg 01(\)% (S:t:rltich IH NMR: 2.4 (m-Tolyl CHs), 7.2-8.5 (Ar-  Molecular Ton
(33003500, H), 3.0-4.0 (CHa), 4.2-4.5 (Triazole H) (M*): ~430-450
C-H Stretch (2900-3000), C-N  THNMR: 7.0-8.5 (Ar-H), 3.0-40 (CHa), /0o

2h Stretch (1600-1650), N-H Stretch  4.2—4.5 (Triazole H), 13C NMR: Nitro (M"): ~450-470
(3300-3500) group resonance '

. Stﬁtfﬁrff?é (giggso(')i 01(\)1(-)1){’ (S:;gch IH NMR: 5.0 (Benzyl OCHz), 7.2-8.5 (Ar-  Molecular Ion
(3300.3500) H), 3.0-4.0 (CHa), 4.2—4.5 (Triazole H) (M*): ~450-470

Conclusions

IR Spectroscopy provides strong evidence for the successful formation of the 1,2,3-triazole ring, as
seen by the disappearance of the azide and alkyne peaks. 1H NMR and 13C NMR spectra confirm the

incorporation of the triazole ring, with the observed chemical shifts corresponding well with the
literature values. Mass Spectrometry provides the molecular weight data that aligns with the expected

molecular formulas for all compounds. These findings are consistent with the synthesis of the 1,2,3-

triazole-based piperazine derivatives (2a-2i), demonstrating the successful use of the copper-

catalyzed azide-alkyne cycloaddition reaction.
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