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Introduction 
Currently, one of the major challenges in organic chemistry 

is the design of the most efficient approaches for the synthesis 
of biologically active molecules from simple and commercially 
available reagents under cost-effective and green conditions 
for pharmaceutical industries.1,2 In this regard, 
multicomponent reactions (MCRs), which can generate 
products from three or more reagents in a one-pot procedure, 
have drawn considerable attention to the preparation of diverse 
biologically active compounds. In line with green chemistry 
guidelines, the development of new MCRs in eco-friendly 
reaction media hold great importance across various fields, 
including drug design, membrane technology, and nano-
medicine.3-6  

Organic dithiocarbamates (DTCs) are considered as a 
promising synthetic structural motifs in many biologically 
active compounds.7,8 They have attracted great interest for their 
widespread applications in the fields of biomedicine as 
anticancer agents, agrochemicals (fungicides and herbicides), 
material science and flotation materials.9-11 Due to the 
existence of two sulfur within the structural framework of 
DTCs, their ligands exhibit a high capacity for metal binding; 
and this has been confirmed to be beneficial as enzyme 
inhibitors that finally affect their biological activities.12,13 
Dithiocarbamates are suitable ligands that enable of producing 
complexes with different transition metals and stabilize them 
in various oxidation states.14 Additionally, the further 
derivatization of DTC ligands has provided various important 
biological properties such as antibacterial,13,15,16 anticancer,13 

antioxidant,17,18 antivirus and antimalarial  activities.19 Most 
therapeutic activities shown by DTC agents have been related 
to the C-S bonds, which are highly effective in fabricating 
novel biologically active intermediates with outstanding 
medicinal characteristics.13 Hence, the synthesis of novel  

 

organic dithiocarbamate has devoted significant attention, and 
numerous articles have reported on the synthesis of these 
valuable compounds.20-23 Nevertheless, there are several 
limitations in applying toxic and hazardous organic solvents 
such as low yields, harsh reaction conditions and restricted 
substrate ranges. Furthermore, most traditional approaches for 
the DTCs synthesis are consist of employing toxic and 
expensive starting materials, like isothiocyanates, 
thiophosgene and its derivatives.24-26  

As part of our continued efforts to provide environmentally 
benign reaction media such as water and deep eutectic solvents 
for the preparation of natural biocompatible materials,23,26,27 
Herein, we have reported one-pot synthesis of 
dialkylthiocarbamate functionalized with ethyl oxalyl groups 
from secondary aliphatic amines, CS2, and ethyl oxalyl 
chloride in ethyl acetate as a green solvent. This approach 
offers a suitable, cost-effective, time-saving synthesis 
procedure for constructing different functional 
dithiocarbamates with novel properties and uses. 

In recent years researchers have synthesized various 
dithiocarbamate derivatives, and that Varma28 et al., Li9 et al., 
and our groups29 synthesized novel DTCs using different 
sulfamidates (Scheme 1). By utilizing different sulfamidates, 
Varma et al. and Li et al. were able to synthesize novel 
dithiocarbamate derivatives with unique properties and 
potential applications. This highlights the versatility of both 
dithiocarbamates and sulfamidates in organic synthesis, and 
the potential for further research in this area. 

Abstract: Dithiocarbamates and their derivatives play a crucial role in medicinal chemistry and agriculture, especially when combined with 
novel systemic fungicides to enhance their effectiveness. To address the environmental concerns associated with traditional toxic organic 
solvents, the use of environmentally friendly reaction media, such as deep eutectic solvents and ethyl acetate, has emerged as a promising 
alternative. This report presents a one-pot synthesis of novel dialkylthiocarbamate derivatives using ethyl acetate as a green solvent. The 
reaction exhibits excellent yields, short reaction times and eliminates the need for harmful solvents and laborious work-up procedures. 
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Scheme. 1. Previous works on preparing novel dithiocarbamates  

 

Experimental 
All the chemicals such as ethyl oxalyl chloride, CS2, 

secondary amines, and N, N-Dimethyltrimethylsilylamine, 
were purchased from Merck company. The structures were 
confirmed by nuclear magnetic resonance spectroscopy 
(NMR) (500 MHz 1H-NMR and 125 MHz 13C-NMR, Agilent, 
USA) using deuterated solvents. 
 

Table. 1. Optimization of experimental condition in the model reaction 
 

Entr

y 

Solvent (1 mL) Time 

(hours) 

Temperature 

(⁰C) 

Yield (%) 

1 Water 4 R.T 30 

2 Polyethylene 

glycol 

4 R.T 45 

3 Ethanol 4 R.T 47 

4 Methanol 4 R.T 53 

5 Urea/cholinechlo

ride 2:1 

4 R.T 36 

6 ZnCl2: Urea 2:1 4 R.T 48 

7 Glycerol 4 R.T 34 

8 Ethyl acetate 4 R.T 94 

9 Acetonitrile 4 R.T 88 

10 Tetrahydrofuran 4 R.T 73 

11 Acetone 4 R.T 60 

12 Glycerin 4 R.T 51 

13 Ethyl acetate 2 R.T 95 

14 Ethyl acetate 1 R.T 95 

15 Ethyl acetate 0.5 R.T 78 

16 Ethyl acetate 1 40 95 

17 Ethyl acetate 1 60 93 

 

General procedure for the synthesis of 
dithiocarbamate (4a-4k) 

To a 5 mL round bottom flask with a magnetic stir bar, ethyl 
acetate (1 mL), secondary amine (1mmol), CS2 (1.2 mmol) and 
triethylamine (1 mmol) were added respectively at room 
temperature and were stirred for 20 minutes. Then, ethyl oxalyl 
chloride (1 mmol) was added to the reaction mixture and stirred 
for another 1h at rt. After completion reaction (monitoring by 
TLC), water (10 mL) and ethyl acetate (10 mL) were added to 
the mixture. The organic phase was separated and evaporated 
by a rotary evaporator, and the crude product was collected. 
The crude products were purified by recrystallization in 
ethanol or diethyl ether to afford the pure dithiocarbamates. 
The products were identified by 1H and 13C NMR 
spectroscopy. 

 
Selected Data 
NMR data 
4a- (Table 2, Entry1) 1H NMR (500 MHz, CDCl3) δ: 1.28 
(t,3H, J= 7.10 Hz), 3.14 (s,3H), 3.23 (s,3H), 4.25 (q, 2H, 
J=7.10 Hz). 

4b- (Table 2, Entry2) 1H-NMR (500 MHz, CDCl3) δ: 1.00-1.34 
ppm (m,9H), 3.16-3.24 ppm (q,2H), 3.29-3.36 ppm (q,2H), 
4.18-4.30 ppm (q, 2H, J=7.15 Hz). 

4c- (Table 2, Entry3) 1H-NMR (500 MHz, CDCl3) δ: 0.79-1.03 
ppm (m,6H), 1.07-1.15 ppm (t,3H), 1.63-1.67 ppm (m,4H), 
3.15-3.36 ppm (t,2H), 3.31-3.52 ppm (t,2H), 4.15-4.20 (q,2H, 
J=7.10 Hz). 

4d- (Table 2, Entry4) 1H-NMR (500 MHz, CDCl3) δ: 0.70-0.84 
ppm (m,6H), 1.09-1.26 ppm (m,7H), 1.36-1.49 ppm (m,4H), 
3.04-3.11 ppm (t,2H)- 3.17-3.25 ppm (t,2H)- 4.13-4.22 (q,2H, 
J=7.10 Hz). 
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4e- (Table 2, Entry5) 1H-NMR (500 MHz, CDCl3) δ: 0.52-0.66 
ppm (m,6H), 0.90-1.11 ppm (m, 15H), 1.22-1.38 ppm (m,4H), 
2.87-2.96 ppm (t,2H), 3.00-3.12 ppm (t,2H), 3.95-4.08 ppm 
(q,2H, J=7.11 Hz). 

4f- (Table 2, Entry6) 1H-NMR (500 MHz, CDCl3) δ: 0.49-0.67 
ppm (m,6H), 0.94-1.55 ppm (m,27H), 2.95-3.07 (t,2H), 3.15-
3.21 (q,2H), 3.99-4.08 (q,2H, J=7.10 Hz). 

4g- (Table 2, Entry7) 1H-NMR (500 MHz, CDCl3) δ: 1.16-1.24 
ppm (t,3H), 1.71-1.86 ppm (m,4H), 3.31-3.46 ppm (m,4H), 
4.11-4.21 ppm (q,2H, J=7.12 Hz). 
13C-NMR (125 MHz, CDCl3) δ: 13.82, 23.74, 25.87, 46.36, 
47.64, 62.18, 158.78, 161.72, 175.75. 

4h- (Table 2, Entry8) 1H-NMR (500 MHz, CDCl3) δ: 1.18-1.28 
ppm (t,3H), 1.49-1.58 ppm (m,2H), 1.84-2.01 ppm (m,4H), 
3.29-3.51 ppm (m,4H), 4.13-4.21 ppm (q,2H, J=7.09 Hz). 

4i- (Table 2, Entry9) 1H-NMR (500 MHz, CDCl3) δ: 1.22-1.39 
ppm (t,3H), 3.36-3.48 ppm (m,2H), 3.54-3.74 ppm (m,6H), 
4.20-4.37 ppm (q,2H, J=7.10 Hz). 

4j- (Table 2, Entry10) 1H-NMR (500 MHz, CDCl3) δ: 0.89-
0.96 ppm (d,3H), 1.27-1.35 ppm (t,3H), 1.46-1.72 ppm 
(m,5H), 3.27-3.42 ppm (m,4H), 4.18-4.30 ppm (q,2H, J=7.13 
Hz). 

4k- (Table 2, Entry11) 1H-NMR (500 MHz, CDCl3) δ: 0.89-
1.01 ppm (t,3H), 1.26-1.38 ppm (m,5H), 1.47-1.54 ppm 
(m,2H), 3.15-3.28 ppm (s,3H), 3.41-3.57 ppm (t,2H), 4.21-
4.32 ppm (q,2H, J=7.11 Hz). 

 

Results and discussion 
In our progressing efforts to employ harmless solvents as an 

environmentally friendly medium for organic transformation, 
herein, we developed a facile and mild process for the 
convenient synthesis of oxalyl functionalized dithiocarbamate 
without utilizing any catalyst at room temperature with good to 
excellent yields. Firstly, to optimize reaction conditions, the 
various conditions such as reaction time, temperature and 
solvent were tested on a one-pot reaction of carbon disulfide, 
secondary aliphatic, and ethyl oxalyl chloride as the modal 
reaction.  The model reaction was performed in different 
organic solvents, including water, acetone, tetrahydrofuran, 
ethyl acetate, ethanol, methanol, and ionic liquids. As 
illustrated in Table 1, the highest yields were obtained in ethyl 
acetate, and other solvents like THF and acetone also have 
shown acceptable results. The lowest yields belonged to the 
protic solvent. After optimizing the solvent, the reaction 
temperature was optimized. Three different temperatures, from 
room temperature to 60⁰C, were tested. The highest yield was 
observed at room temperature because the exothermic reaction 
between ethyl oxalyl chloride and in-situ prepared 
dithiocarbamate produced enough heat to drive the reaction to 
the desired product. 

Based on the obtained optimum conditions on modal reaction, 
a range of reactions using secondary aliphatic amines were 
performed to evaluate the limitations and scope of the proposed 
procedure. The obtained outcomes are shown in Table 2. The 
highest yield was given from morpholine (4i) (97%), other 
aliphatic amines like dibutylamine (4d) and (4f) also have 

shown acceptable yields. The lowest yield was attributed to 
dioctylamine (4e) (78%). In addition, primary aliphatic amines 
like benzyl amine were also tested, giving the mixture of 
products. 

Table. 2. Different prepared products based on optimized conditions  

 

Entr

y 

Diamine Cod

e 

Product chemical structure Yiel

d 

(%) 

1  4a 

 

87 

2  4b  95 

3 

 

4c 

 

82 

4 

 

4d  90 

5 

 

4e  78 

6  4f  76 

7  4g  85 
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8  4h  94 

9  4i  97 

10  4j  96 

11  4k  88 

 
Conclusions 

In summary, we have reported a facile, highly effective, and 
green approach for synthesizing ethyl oxalyl functionalized 
dithiocarbamate under mild reaction conditions. The proposed 
procedure provides facile synthesis work-up, short preparation 
times, and good to high yields which employed 
environmentally friendly organic solvent, making this 
approach a cost-effective and beneficial method from an 
economic and environmental point of view.  
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