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Abstract
In this research, choline chloride/sodium salts are employed as a green medium to produce benzyl
amines without salt by-products. In addition, choline chloride/sodium salts are being used as a green
medium in producing benzyl azide. The synthesis of 1,2,3 triazoles is followed by a formal cycloaddition
process of benzyl azide using nitro-styrene to complete the process. As a result, a component one-pot
green fundamental reaction to synthesis of 1,2,3-triazoles has been devised. Furthermore, since no
poisonous solvents or hazardous catalysts are employed, the method is environmentally friendly.

Introduction
Governments and businesses are becoming more typical to look for more e�cient materials
management systems, less environmentally harmful chemistry, and cleaner technologies as part of a
complete transition to a more sustainable economy. This is because of an immense pollution problem.
Every day, new chemical reactions that help reduce pollution are being developed. As a result of the
solvent's role in drug production, scientists in pharmaceutical corporations have spent considerable time
and effort on solvent selection. 1–4. It is well-known for its minimal environmental and health dangers
and its many applications in organic synthesis5, 6, as a deep eutectic solvent. Also, in the last several
decades, research has focused on choline derivatives and their potential uses, including choline acetate7,
choline azide8, hydroxide 9, and cyanide10. However, several attempts to produce choline amide have
failed since sodium amide is very reactive to moisture, making it extremely di�cult and highly
inapplicable (Scheme1)

In addition, benzylamines are essential building blocks in the chemical manufacturing business. They are
standard components in physiologically active chemicals11, and they serve as essential scaffolds in a
variety of popular polymers12. As a by-product of the interaction of benzyl chloride and NH3, the
stoichiometric quantity of chloride salts is produced, which is then utilized to generate benzyl amines in
the laboratory13. For many years, the development of techniques for the selective production of amines
has been signi�cant di�culty in organic chemistry. The discovery of new strategies continues to be a
priority14. The Hoffmann N-alkylation process,15 Several methods, including catalytic aminations of
alcohols16, amides, carboxyl acids 17–19, and nitrile reduction compounds20, have been used to
manufacture amines.

The azide-alkyne Huisgen cycloaddition combination 21 and the reaction among enamine and azide
regent 22 are the common synthesis routes to synthesize the 1,2,3 triazoles. Triazoles exhibit biological
activity, including anti-cancer 23, anti-HIV24, Src kinase inhibitors25, anti-microbial26, anti-allergic 27, and
antifungal 28. These are only a few bioactivities that have found use in medicinal chemistry. Among their
many uses are �uorescent whiteners, dyestuffs, polymer photo-stability enhancers, corrosion
preventatives, photographic photoreceptor cells, and optical brightening agents29–30. A three-component
reaction involving aldehydes, azide regent, and nitro-methane was used to manufacture triazoles utilizing
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a particular Huisgen cycloaddition method31, previously described. This approach is used as a sustained
free solvent system to show one-pot benzyl azide synthesis, which is a continuous manner by the Henry
reaction

for synthesizing the 1,2,3-triazoles. This article explains a method for making benzylamine that is very
e�cient. As part of our continuous efforts to develop new green chemistry synthesis techniques for
commercial chemical molecules. Although many of our attempts to manufacture choline amide have
failed (scheme1).

Results And Discussion
To carry out our procedure, it needs to mix 1 mol each of sodium amide and choline chloride 

 

Table 1 Screening of the reaction

Entry  Solvent  Time Temperature  Yield *

1 Ch.Cl+ dry MeOH   1 : 2 overnight 65 28% B

2 Ch.Cl+dryTHF overnight 75 23% B

3 Ch.Cl overnight 40 23%A

4 Ch.Cl overnight 25 TraceA

5 Ch.Cl overnight 60 88% A

6 Ch.Cl overnight 80 52%A,C

7 Ch.Cl+Urea overnight 80 TraceB

8 Ch.Cl+thio-urea1 : 2 overnight 80 TraceB

9 Ch.Cl+ Ethylene glycol  1 : 2 overnight 60 TraceB

10 ChCl/boric acid 1 : 1.5 overnight 60 TraceB

11 Ch.Cl+ dry glycerol 1 : 2 overnight 80 TraceB

1mol choline chloride and 1mol Sodium amide were stirred for 45 minutes, then 1mol benzyl halides
were added *Isolated Yield   A: Inert atmosphere B: Air C: the reaction needs fractional distillation
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 for 45 minutes at 60 oC in an inert environment, then add 1 mol of benzyl chloride to the �ask and let the
reaction run overnight in the same manner (Table1-entry5) as a free solvent method. It is repeated in the
proximity of solvents, but sodium amide, which reacts with moisture and solvents, is severely reactive
(Table 1, entries 1 and 2). A novel method for producing benzylamine without producing salt by-products
has been revealed. According to many investigations, the ideal reaction temperature is 60 °C (Table 1,
entries 3-6). However, Deep eutectic solvent systems are also being studied as an alternative system. This
system is a failure to produce benzylamine (Table 1, entries 7–10). aryl bromide & aryl chloride are being
used in our experiments to evaluate how universal this approach is. Choline chloride/NH2 was used to

react with aryl halides having electron-rich and electron-de�cient units (1:1). These �ndings (table 2, 4a,

-4i) reveal that the benzylamine yields ranged from fair to extraordinary. The production of benzylamine
is simpli�ed in this article thanks to a very e�cient method described therein. Benzylamines are produced
with outstanding yields, as demonstrated in Table 2. (Table 2, entries 4a,-4i).

 

Table 2 Screening of the derivatives reaction

Entry R Yield

Of Chloride 

Yield 

Of Bromide 

Color M.P.(°C) Ref

4a, H 77% 88% yellow liquid -

4b, 4-NO2 78% 86% yellow 39-40 -1

4c, 4-F 71% 82% Colorless  liquid  

4d, 2-Cl 75% 89% Colorless liquid -

4e, 4-Cl - 90% Colorless  liquid  

4f, 2,4-Cl 88% - yellow liquid -

4g, 4-Br 89% 89% yellow 25 2

4h, 4-Me 84% 84% Colorless  liquid -

4i, 3-OMe 85% 88% colourless liquid -

As part of our ongoing interest in creating novel techniques for synthesizing heterocyclic compounds34-36

utilizing eco chemistry, ionic liquids, and DESs9,37-38this paper also offers an extremely fast methodology
for the synthesis of 1,2,3- triazoles and benzyl azides using a one-pot, three-component reactions in a
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choline chloride, as well as urea-based DES around 85 °C without employing a metal acid Lewis catalysts
or organic solvents.

 To carry out our procedure, it needs to mix 1 mol of sodium azide and choline chloride for 45 minutes at
60 oC, then add 1 mol of benzyl halides (1a)  to the �ask and let the reaction run for 2 hours and 15
minutes. Then urea and sodium acetate are added for two hours in the air condition, then aromatic
aldehyde 3a plus nitro-methane are added. The response was carried out at 85OC, as a robust system is
presented. The other conditions were probed (entries 3 and 8-11). It was discovered that the optimized
reaction temp was 85OC (Table 3, entry 1). It was discovered that choline chloride is superior to the other
cholines in terms of technical and economic performance (Table 3, items 4-7 and 1). That choline
chloride is the most cost-effective and environmentally friendly media. In addition, the model reaction
was used to test for the presence of different hydrogen bond donors. There were no effective results
without urea, and the reaction yielded a modest amount of product with thiourea and ethylene glycol
(Entries 2, 3, 11, and 12 in Table 3).
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Table 3 Screening of the reaction four-component tandem assisted

Entry HBA HBD+Base Temperature  Time 4a (%)

Yield

1 Ch.Cl Urea 2mmol+1mmol NaOAC 85 OC 9.30h 89%

2 Ch.Cl Thio-urea 85 OC 9.30h 51%

3 Ch. Cl - 85 OC 9.30h -

4 Ch.OH Urea*2mmol 85 OC 9.30h trace

5 Ch.OAc Urea*2mmol 85 OC 9.30h 59%

6 Ch.HCO3 Urea*2mmol 85 OC 9.30h 25%

7 Ch2.HPO3 Urea*2mmol 85 OC 9.30h 24%

8 Ch.Cl Urea 2mmol+1mmol NaOAC 25 OC 9.30h -

9 Ch.Cl Urea 2mmol+1mmol NaOAC 40 OC 9.30h 15%

10 Ch.Cl Urea 2mmol+1mmol NaOAC 60 OC 9.30h 36%

11 Ch. Cl glycerol 60 OC 9.30h 59%

12 Ch.Cl Ethylene glycol 60 OC 9.30h 57%

Following the optimization of the circumstances, we aimed to determine the range of halides and
aldehydes that were receptive to cycloaddition (Table 4). Aromatic halides and aldehydes, primarily cheap
and readily available, were excellent substrates for producing 1,2,3-triazoles in high yield. It has been
demonstrated that nitro styrenes and an array of substituted benzyl halides bearing both electron-
donating and electron-withdrawing functions may effectively interact to yield 1,2,3- triazoles. It was
discovered that aldehydes and halides might produce the necessary products in yields ranging from 64-
89% under inadequate reaction conditions (table 4, 4a-4k). The proposed mechanism can be found with
more details in supporting information.

 



Page 7/13

Table 4 Screening of the derivatives reaction

Product 4 R1 R2 Yield (%) M.P.(°C) Ref

a H H 89% 131-133 39

b 4OMe H 87% 117-119 C 3

c 4NO2 H 71% 140-141 4

d H 3-Me 84% 146 5

e 2,4 Cl H 64% 116-117 6

f H 4-OMe 87% 141-143 7

g 4-Me 4-OMe 89% 149-151 8

h 4-OMe 4-Me 88% 133-134 9

i 4-Br 4-Me 86% 202-203 4

j 4Br H 85% 150-152 4

k H 4-NO2 76% 168 10

 

Choline chloride recyclability 

 

Reusability is an essential feature of this process. Choline chloride is tested for its reusability in the
production of benzylamine and 1, 2,3-triazoles. Ethyl acetate/H2O extracts the insoluble crude product,
including choline chloride. The primitive residue is collected and re-crystallized with EtOH or acetone as
the solvent and ethyl acetate as an anti-solvent. A new study has shown that choline chloride may be
reused �ve times, albeit with decreased product output (Figure 1).

Experimental
General 
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All chemicals purchased from Merck, Aldrich, or Fluka were used without further puri�cation. The NMR
spectra were recorded on a BRUKERDRX-400AVANCE Advance spectrometer. Gas chromatography was
performed on a Trace GC ultra from the Thermo Company equipped with an FID detector and Rtx®-1
capillary column. Melting points of products were measured with an Electrothermal 9100 apparatus and
were uncorrected. The Nicolet IR100 instrument recorded IR spectra (with spectroscopic grade KBr), and
the spectra were obtained over the region of 400–4000 cm-1.

General Produce for products :

General Procedure for benzyl amines: 1 mol of choline chloride, 1 mol sodium amide was stirred at 60 ºC
for 45 minutes, then the Benzyl halides (1 mmol) were added after completion of the reaction monitored
by TLC, benzylamine was extracted with chloroform (2 × 2 ml) and water. All of the products are known
as compounds and were reported previously.

Preparation of derivatives of choline chloride: 1-mol choline chloride and 1-mol sodium salt were added
to 500 ml methanol in a 1L round bottom �ask. The �ask was re�uxed and stirred for 12h. As a result of
ion exchange, the white sodium chloride was settled as sediment. The cooled bulk �ltered off, and the
derivative choline solution evaporated under reduced pressure, and products remained.

General Procedure for Synthesis of 1, 2, 3 triazoles :

1 mol of choline chloride and 1 mol sodium azide were stirred at 60 ºC for 45 minutes. The Benzyl halide
(1 mmol) was added after completion of the reaction monitored by TLC, then Benzaldehyde (1 mmol),
nitro-methane (1.0 mmol), and urea (2mol) were added after completion of the reaction monitored by
TLC. The organic solvents were extracted with chloroform (2 × 2 ml). The organic solvents were
separated, and the pure product was obtained by recrystallization with CHCl3: n-Hexane (1:3). All of the
products are known as compounds and were reported previously.

Conclusion
Benzylamine and benzyl azide can be synthesized in a single pot movement using choline chloride as a
reusable medium, easy, eco-friendly, operative, accessible, and e�cient. This producer's green chemistry
procedures include moderate reaction settings, cost-effective processing, simple operation, adequate
yield, quick reaction times, and easy puri�cation processes. This method can bene�t the environment
from synthesis and pharmaceutical chemistry pollution (over �ve cycles).
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Figure 1

Reusability of DES for the synthesis
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