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Abstract
Consecutive multicomponent reactions have been applied for the synthesis of novel pseudo-peptides bearing dithiocarbamate 
and N,X-heterocyclic groups (X = S, O) in only one structure.  The first multicomponent reaction includes the synthesis of 
dithiocarbamates using an amine or amino acid,  CS2 and an electrophile. The second MCR is synthesis of Asinger imines 
using 2-chloroisobutyraldehyde, NaXH (X = S, O), ketone and ammonia. The final MCR is Ugi reaction to afford the cor-
responding three-dimensional pseudo-peptides. Various Asinger imines, carboxylic acids and isocyanides were applied in 
this protocol to provide diversities of pseudo-peptides in high to excellent yields.
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Introduction

Peptides are one of the most interesting classes of bioactive 
molecules that represent a wide variety of biological activi-
ties such as anticancer and antimicrobial characteristics, but 
they usually cannot be used for synthesizing effective medi-
cal drugs because they are rapidly changed or degenerated in 
the body. To solve this issue, novel, stable and biologically 
active pseudo-peptides have been synthesized. These new 
derivatives can be utilized in drug design by offering a wide 
range of extremely specified and safe drugs (Nielsen 2004).

Multicomponent reactions (MCRs) are among the most 
precious processes in organic chemistry due to their power-
ful characteristics such as high atom economy, high effi-
ciency and diversity-oriented synthesis. The Ugi four-com-
ponent reaction (Ugi-4CR) is undoubtedly one of the most 
studied and used MCRs (Ugi et al. 1959; Trost 1991; Tietze 
1996; Domling 2006; Herrera and Marques-Lopez 2015; 
Zhu et al. 2015; Rotstein et al. 2014; Estevez et al. 2014; 
Brauch et al. 2013). This reaction offers a one-pot synthe-
sis of immensely functionalized  α-acylaminocarboxamide 
or pseudo-peptide, a construction found in many biologi-
cally active molecules (Keating and Armstrong 1995). In 
the recent 20 years, the application of consecutive reac-
tions, especially the Ugi reaction, has widely expanded in 
the drug industry and in research laboratories (Keating and 
Armstrong 1995; Ugi 1962; Ugi et al. 2003).

The Asinger reaction was investigated for the first time in 
1956 by Friedrich Asinger (Asinger et al. 1964; Weber et al. 
1992; Asinger and Offermans 1967). The Asinger reaction 
is a simple four-component reaction with efficient procedure 
for the synthesis of 3-thiazolines and 3-oxazolines, which 
are a group of bioactive heterocyclic compounds contain-
ing both sulfur (oxygen) and nitrogen in the ring. In recent 
years, 3-thiazolines and 3-oxazolines have attracted a lot of 
attention because the imine  bond of these compounds can 
be subjected to nucleophilic attack by various nucleophiles 
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(Martens et al. 1981; Stalling et al. 2013; Kröger et al. 
2015a, b; Stalling and Martens 2013; Franz et al. 2017).

Introduction of dithiocarbamate groups in the struc-
ture of various types of organic and inorganic compounds 
is well established for the synthesis of novel biologically 
active compounds (Csomos et al. 2006; Cao et al. 2005, 
2006; Huang et al. 2009; Bacharaju et al. 2012; Zou et al. 
2014; Jiao et al. 2016). Compounds containing the dithi-
ocarbamate functionality have shown various biological 
activities such as antitumor, anticancer, or antibacterial 
in medicine (Aboul-Fadl and El-Shorbagi 1996; Cascio 
et al. 1996; Imamura et al. 2001; Scozzafava et al. 2000; 
Hou et al. 2006), as pesticides, fungicides, or herbicides in 
agriculture (Marinovich et al. 2002; Malik and Rao 2000), 
as radiopharmaceutical agents for biological sensing and 
imaging (Berry et al. 2012), as mono- and bidentate ligands 
in coordination chemistry (Macias et al. 2002; Ziyaei Hal-
imehjani et al. 2011), as polymerization agents (Lai and 
Shea 2006; Bathfield et al. 2006), and as intermediate in 

synthetic organic chemistry (Maddani and Prabhu 2007; 
Das et al. 2008; Wong and Dolman 2007; Guillaneuf et al. 
2008; Ziyaei Halimehjani et al. 2009, 2016; McMaster et al. 
2012; Ziyaei Halimehjani and Airamlounezhad 2014; Ziyaei 
Halimehjani and Hosseinkhany 2015; Ziyaei Halimehjani 
and Lotfi Nosood 2017). Due to the extensive application 
of these compounds in various branches of science, syn-
thesis of novel dithiocarbamates with different substitution 
pattern is still interesting. Recently, we have developed a 
one-pot four-component reaction for the synthesis of dithi-
ocarbamates using carbon disulfide, cyclic imines, acid 
chlorides, and commercially available primary or second-
ary amines (Scheme 1a) (Schlüter et al. 2016). In addition, 
novel categories of pseudo-peptides containing dithiocar-
bamate motif were synthesized in our group via classical 
Ugi-4CRs (Scheme 1a) (Ziyaei Halimehjani et al. 2013). 
In continuation of these works, here we wished to combine 
our previous finding in  CS2-MCRs with our expertise using 
heterocyclic imines (3-thiazolines and 3-oxazolines) in 

(a)

(b)

Scheme 1  Published and proposed MCRs for the synthesis of dithiocarbamates
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consecutive MCRs for the synthesis of a new category of 
pseudo-peptides containing dithiocarbamate and N,X-hetero-
cyclic groups (X = S, O) in a single structure (Scheme 1b, c).

Results and discussion

To expand our research work in multicomponent reactions, 
here we report the use of the Ugi reaction for the synthe-
sis of new pseudo-peptides containing dithiocarbamate 
and N,X-heterocyclic groups in a single structure. First of 
all, multicomponent reactions were used for the synthe-
sis of two categories of acid derivatives 1 and 2 bearing a 
dithiocarbamate motif. The first category 1 was produced 
via the one-pot three-component reaction of a secondary 
amine, carbon disulfide and chloroacetic acid (Scheme 2a). 
The second category of acid derivatives 2 was prepared via 
the one-pot three-component reaction of glycine, carbon 
disulfide and benzyl bromide in the presence of sodium 
hydroxide (Scheme 2b). Then, two different types of cyclic 
imines (3-thiazolines and 3-oxazolines) were synthesized 
as precursors for the further reaction steps. As example, the 
five-membered 2,5-dihydro-1,3-thiazoles 3 and 2,5-dihydro-
1,3-oxazole 4 were prepared by modified Asinger reaction 
via reaction of an α-chloro aldehyde with a second variable 
carbonyl compound,  NH3, and NaSH or  H2O in  CH2Cl2.

The prepared acid derivatives 1–2 and Asinger imines 
3–4 were applied in the next multicomponent reaction 
(Schemes 3, 4). For this purpose, an equivalent of an acid, an 
Asinger imine and an isocyanide were reacted in MeOH at 
room temperature to afford the corresponding Ugi adducts 6.

Under Ugi-3CRs, various bis-amides were obtained eas-
ily with high yields. Carboxylic acids 1–2 derived from 
glycine or secondary amines were applied successfully in 
this protocol. Also, the diversities of isocyanides 5 includ-
ing cyclohexyl isocyanide, butyl isocyanide, benzyl isocya-
nide, 4-chlorophenyl isocyanide, p-toluenesulfonylmethyl 
isocyanide and methyl isocyanoacetate were used to give 
the diversities of Ugi adducts 6 with a high degree of func-
tionalization in high yields (Fig. 1).

In addition, with this protocol, both thiazolidine and 
oxazolidine heterocycles can be simply introduced in the 
skeleton of Ugi adducts to provide a novel category of three-
dimensional pseudo-peptides 6.

The structures of products 6a–n were confirmed by IR, 1H 
and 13C NMR and HRMS analysis. The IR spectra of the prod-
ucts show characteristic absorbance bands at 3200–3500 cm−1 
for the N–H bond stretching vibration and at 1650–1750 cm−1 
for the carbonyls of the amide groups. The 1H NMR spectra 
of the products show a characteristic peak at 6–7 ppm for the 
amide hydrogen and a singlet peak at 4.4–5.0 ppm for the CH 
group in the thiazolidine and oxazolidine ring. 13C peaks of 

Scheme 2  a One-pot three-
component route for synthesis 
of dithiocarbamates 1 contain-
ing a carboxylic acid group. b 
Synthesis of dithiocarbamate 
2 from glycine. c Modi-
fied Asinger reaction for the 
synthesis of 3-thiazolines 3 and 
3-oxazolines 4 

(a)

(b)

(c)

Scheme 3  Synthetic strategy 
ensembling three MCRs
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the carbons in amide moieties were observed around 166 and 
169 ppm in 13C NMR spectra. Also, the peaks at 192–198 ppm 
were assigned to the carbon of the dithiocarbamate group. In 
addition, the structure of compound 6f was confirmed by sin-
gle crystal X-ray diffraction and ORTEP representations are 
shown in Fig. 2 (CCDC 1824814); for details of the crystal 
structure data and refinement of 6f see the Supporting Infor-
mation). X-ray analysis shows planar geometry for the dithi-
ocarbamoyl moiety.

Conclusion

In conclusion, Ugi reaction was applied for the synthesis 
of a novel category of pseudo-peptides containing glycine, 
dithiocarbamate, and N,X-heterocycles via consecutive 
multicomponent reactions. This protocol provides a novel 
category of three-dimensional pseudo-peptides as potential 
biologically active compounds. The presence of various 
functional groups such as amide, dithiocarbamate and N,X-
heterocycle together in a single structure may have synergic 
effects to provide a new family of compounds with interest-
ing biological activities in the pharmaceutical industry. The 
dithiocarbamates were applied extensively for the protection 
of the amino groups in amino acids for peptide synthesis. So, 
by simple deprotection, the amino group can be furnished in 
the structure of Ugi adducts for further applications.

Experimental

Materials and methods

Column chromatographic purification was carried out 
using  SiO2 (0.040–0.060 mm, type KG 60). TLC was 

performed on Macherey–Nagel  SiO2 F254 plates on alu-
minum sheets. Melting points were obtained on a melt-
ing apparatus of Laboratory Devices and are uncorrected. 
IR spectra were recorded on a Bruker Tensor 27 spec-
trometer equipped with a “Golden Gate” diamond-ATR 
(attenuated total reflection) unit. 1H and 13C NMR spec-
tra of isolated products were recorded on a Bruker AMX 
R500 (measuring frequency: 1H NMR = 500.1  MHz, 
13C NMR = 125.8  MHz) or a Bruker Avance III 500 
(measuring frequency: 1H NMR = 499.9  MHz, 13C 
NMR = 125.7 MHz) in  CDCl3 solution. Mass spectra were 
obtained on a Waters Q-TOF Premier (ESI) spectrometer. 
Asinger or modified Asinger reaction was applied for 
the synthesis of N,X-cyclic imines according to previous 
reports (Asinger et al. 1964; Weber et al. 1992; Asinger 
and Offermans 1967).

General procedure for the synthesis of acid deriva-
tives bearing the dithiocarbamate group

(a) Using amino acid for the synthesis of acid derivatives

In a 25 mL round bottom flask equipped with a magnetic 
stir bar in an ice bath, sodium hydroxide (10 mmol), glycine 
(5 mmol) and MeOH (8 mL) were added. The mixture was 
stirred for 0.5 h. Then, carbon disulfide (6 mmol) was added 
and the mixture was stirred for 1 h. Then, benzyl chloride 
(4.5 mmol) was added to the reaction mixture at room tem-
perature and the mixture was stirred for 24 h. Finally, water 
(15–20 mL) was added to the reaction mixture and the pH 
of the reaction was adjusted to 5 by adding hydrogen chlo-
ride to the reaction. The reaction mixture was filtered and 
the precipitate was washed with water and petroleum ether.

Scheme 4  U-3CRs for the synthesis of novel pseudo-peptides 6 
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(b) Using chloroacetic acid for the synthesis of acid deriva‑
tives

In a 25 mL round bottom flask equipped with a magnetic 
stir bar in an ice bath, a secondary amine (5 mmol), DMF 
(5 mL) and carbon disulfide (6 mmol) were added. The mix-
ture was stirred for 1 h. Then chloroacetic acid (5 mmol) 
was added to reaction mixture at room temperature and the 
mixture was stirred for 12 h. Finally, water (15–20 mL) 
was added to the reaction mixture and the precipitate was 
collected and washed with petroleum ether for more puri-
fication. All acids were characterized based on their IR, 1H 
NMR and 13C NMR techniques.

General procedure for the synthesis of Ugi adducts

A solution of an acid derivative (1 mmol) and an N,X-
heterocyclic imine (1 mmol) in MeOH (5 mL) was stirred 
for 0.5 h at room temperature. Then, isocyanide (1 mmol) 
was added to the reaction mixture at the same tempera-
ture. The reaction progress was monitored by TLC. After 
24 h, the precipitate was filtered and purified by column 
chromatography using petroleum ether and ethyl acetate 
mixture as eluent  (SiO2, PE/EtOAc; 3:1 V/V). All com-
pounds were characterized using IR, 1H NMR, 13C NMR 
and HRMS analysis.

Fig. 1  Diversity in the synthesis of pseudo-peptides. a Isolated yield
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2‑[4‑(Cyclohexylcarbamoyl)‑2,2,5,5‑tetramethylthiazoli‑
din‑3‑yl]‑2‑oxoethyl pyrrolidine‑1‑carbodithioate (6a):

White crystalline solid (yield, 352 mg, 77%); mp: 77–78 °C; 
1H NMR (500 MHz,  CDCl3) δ 6.41 (d, J = 8.1 Hz, 1H), 
4.84 (s, 1H), 4.40 (d, J = 16.0 Hz, 1H), 3.92–3.64 (m, 6H), 
2.13–2.09 (m, 2H), 2.03 (s, 3H), 2.03–1.93 (m, 7H), 1.78 
(s, 3H), 1.74–1.68 (m, 2H), 1.44 (s, 3H), 1.43–1.22 (m, 6H) 
ppm; 13C NMR (126 MHz,  CDCl3) δ 191.3, 168.6, 166.3, 
77.9, 74.2, 55.2, 50.8, 50.2, 48.4, 41.7, 33.8, 32.8, 31.3, 
29.6, 26.1, 25.4, 24.7, 24.5, 24.3 ppm; IR (ATR): ν 3308, 
2928, 2855, 2196, 2184, 2161, 1651, 1538, 1434, 1367, 
1249, 1220, 1161, 1133, 1009, 956, 891, 874, 846, 808, 766, 
691, 655, 634, 613, 601 cm−1; HRMS (ESI-TOF) calcd for 
 C21H35N3O2S3 [M + Na]+ 480.1789; found: 480.1798.

Benzyl {2‑[4‑(cyclohexylcarbamoyl)‑2,2,5,5‑tetramethylthi‑
azolidin‑3‑yl]‑2‑oxoethyl} carbamodithioate (6b)

Brown powder (yield, 444 mg, 90%); mp 159–160  °C; 
1H NMR (500 MHz,  CDCl3) δ 8.07 (t, J = 3.9 Hz, 1H), 
7.39–7.27 (m, 5H), 6.51 (d, J = 8.2 Hz, 1H), 4.56–4.48 (m, 
3H), 4.36–4.27 (m, 2H), 3.83 (m, 1H), 2.04 (s, 3H), 2.00 (s, 
3H), 1.97–1.91 (m, 2H), 1.76–1.58 (m, 5H), 1.46 (s, 3H), 
1.44–1.19 (m, 6H) ppm. 13C NMR (126 MHz,  CDCl3) δ 
196.8, 167.5, 165.7, 136.2, 129.0, 128.5, 127.4, 76.3, 74.5, 
50.5, 48.6, 39.9, 33.8, 33.0, 32.9, 31.6, 28.9, 25.4, 24.7, 
24.6 ppm; IR (ATR) ν 3261, 3161, 2987, 2926, 2854, 1673, 
1540, 1495, 1449, 1395, 1366, 1297, 1263, 1251, 1230, 
1164, 1134, 1104, 1029, 990, 953, 891, 798, 771, 712, 

694, 665, 645, 617, 598 cm−1; HRMS (ESI-TOF) calcd for 
 C24H35N3O2S3 [M + Na]+ 516.1789; found: 516.1776.

Benzyl {2‑[3‑(cyclohexylcarbamoyl)‑2,2‑dime‑
thyl‑1‑thia‑4‑azaspiro[4.5]decan‑4‑yl)]‑2‑oxoethyl} carba‑
modithioate (6c)

White powder (yield, 320  mg, 60%); mp 185–186  °C; 
1H NMR (500 MHz,  CDCl3) δ 8.06 (t, J = 3.8 Hz, 1H), 
7.39–7.26 (m, 5H), 6.42 (d, J = 8.2 Hz, 1H), 4.53–4.47 (m, 
3H), 4.35–4.30 (m, 2H), 3.83 (m, 1H), 3.07–3.00 (m, 2H), 
2.12–1.61 (m, 13H), 1.45 (s, 3H), 1.43–1.18 (m, 8H) ppm; 
13C NMR (126 MHz,  CDCl3) δ 196.7, 167.5, 165.9, 136.1, 
129.0, 128.6, 127.5, 82.3, 76.2, 51.0, 49.6, 48.7, 39.9, 36.9, 
36.8, 34.0, 32.9, 25.7, 25.4, 24.9, 24.7, 24.4 ppm; IR (ATR) 
ν 3325, 3088, 2930, 2849, 1675, 1650, 1604, 1517, 1489, 
1454, 1396, 1367, 1336, 1311, 1276, 1243, 1226, 1202, 
1164, 1134, 1076, 1043, 983, 965, 936, 902, 865, 831, 810, 
779, 766, 721, 702, 674, 651, 630, 589 cm−1; HRMS (ESI-
TOF) calcd for  C27H39N3O2S3 [M + Na]+ 556.2102; found: 
556.2108.

2‑[3‑(Cyclohexylcarbamoyl)‑2,2‑dime‑
thyl‑1‑thia‑4‑azaspiro[4.5]decan‑4‑yl] ‑2‑oxoethyl pyrroli‑
dine‑1‑carbodithioate (6d)

White crystalline solid (yield, 328 mg, 66%); mp 86–87 °C; 
1H NMR (500 MHz,  CDCl3) δ 6.37 (d, J = 8.2 Hz, 1H), 4.76 
(s, 1H), 4.29 (d, J = 16 Hz, 1H), 3.83–3.58 (m, 6H), 3.08 
(m, 1H), 2.98 (m, 1H), 2.05–1.08 (m, 28H) ppm; 13C NMR 
(126 MHz,  CDCl3) δ 191.3, 168.6, 166.4, 82.1, 77.8, 55.2, 
50.8, 49.4, 48.5, 42.4, 37.5, 36.1, 34.0, 32.8, 32.8, 26.1, 
25.9, 25.6, 25.4, 25.4, 25.0, 24.6, 24.5, 24.3 ppm; IR (ATR) 
ν 3291, 2926, 2853, 2165, 1650, 1534, 1434, 1389, 1352, 
1250, 1219, 1184, 1158, 1132, 1042, 1008, 956, 879, 867, 
845, 803, 769, 692, 640, 623, 594, 584 cm−1; HRMS (ESI-
TOF) calcd for  C24H39N3O2S3 [M + Na]+ 520.2102; found: 
520.2090.

2‑[4‑(Cyclohexylcarbamoyl)‑2,2,5,5‑tetramethylthiazoli‑
din‑3‑yl]‑2‑oxoethyl morpholine‑4‑carbodithioate (6e)

Cream powder (yield, 284 mg, 60%); mp 138–139 °C; 1H 
NMR (500 MHz,  CDCl3) δ 6.41 (d, J = 8.2 Hz, 1H), 4.73 
(s, 1H), 4.28 (d, J = 16.2 Hz, 1H), 4.21–4.17 (brs, 2H), 
3.91–3.87 (brs, 2H), 3.80–3.66 (m, 6H), 1.93 (s, 3H), 
1.90–1.83 (m, 4H), 1.69 (s, 3H), 1.67–1.51 (m, 3H), 1.37 (s, 
3H), 1.35–1.09 (m, 6H) ppm; 13C NMR (126 MHz,  CDCl3) 
δ 196.2, 168.6, 165.9, 78.0, 74.2, 66.1, 65.8, 51.4, 50.6, 50.2, 
48.4, 41.9, 33.8, 32.8, 31.2, 29.5, 25.4, 24.7, 24.6, 24.5, 
24.5 ppm; IR (ATR) ν 3306, 2929, 2851, 1974, 1651, 1538, 
1450, 1420, 1355, 1299, 1268, 1227, 1164, 1112, 1065, 
1028, 996, 891, 867, 806, 652, 630, 613, 581 cm−1; HRMS 

Fig. 2  ORTEP representations of compound 6f with thermal ellip-
soids at 50% probability. Hydrogen atoms (exception: hydrogen 
atoms at stereogenic center and amide group) and opposite enan-
tiomer are omitted for clarity. The atom numbering does not follow 
IUPAC nomenclature



269Ensembling three multicomponent reactions for the synthesis of a novel category of…

1 3

(ESI-TOF) calcd for  C21H35N3O3S3 [M + Na]+ 496.1738; 
found: 496.1737.

2‑[4‑(Cyclohexylcarbamoyl)‑2,2,5,5‑tetramethyloxazoli‑
din‑3‑yl]‑2‑oxoethyl piperidine‑1‑carbodithioate (6f)

Cream powder (yield, 241 mg, 53%); mp 203–204 °C; 1H 
NMR (500 MHz,  CDCl3) δ 5.90 (d, J = 8.0 Hz, 1H), 4.58 (s, 
1H), 4.30 (m, 1H), 4.17 (d, J = 15.6 Hz, 1H), 4.07–3.89 (m, 
2H), 3.82–3.74 (m, 2H), 3.57 (d, J = 15.6 Hz, 1H), 1.91–1.87 
(m, 2H), 1.6 z9 (s, 3H), 1.67–1.53 (m, 12H), 1.49 (s, 3H), 
1.34–1.28 (m, 5H), 1.20–1.09 (m, 3H) ppm; 13C NMR 
(126 MHz,  CDCl3) δ 194.1, 167.9, 165.3, 96.7, 81.1, 70.7, 
53.2, 51.8, 48.5, 40.9, 32.9, 30.6, 27.7, 27.3, 25.9, 25.9, 
25.3, 25.2, 24.6, 24.0 ppm; IR (ATR) ν 3308, 3073, 2980, 
2932, 2857, 2165, 2148, 2035, 1684, 1635, 1546, 1472, 
1415, 1230, 1162, 1145, 1114, 1009, 975, 948, 894, 844, 
807, 773, 725, 683, 631 cm−1; HRMS (ESI-TOF) calcd for 
 C22H37N3O3S2 [M + Na]+ 478.2174; found: 478.2153.

Benzyl {2‑[4‑(cyclohexylcarbamoyl)‑2,2,5,5‑tetramethylox‑
azolidin‑3‑yl]‑2‑oxoethyl)}carbamodithioate (6g)

Cream powder (yield, 429 mg, 90%); mp 181 °C; 1H NMR 
(500 MHz,  CDCl3) δ 8.07 (brs, 1H), 7.32–7.21 (m, 5H), 5.97 
(d, J = 8.2 Hz, 1H), 4.48–4.45 (m, 2H), 4.35 (d, J = 17.7 Hz, 
1H), 4.09–4.05 (m, 2H), 3.79 (m, 1H), 1.94–1.86 (m, 2H), 
1.74 (s, 3H), 1.70–1.55 (m, 6H), 1.45 (s, 3H), 1.35–1.28 (m, 
5H), 1.22–1.08 (m, 3H) ppm; 13C NMR (126 MHz,  CDCl3) 
δ 197.2, 166.9, 164.5, 135.9, 129.0, 128.6, 127.5, 97.1, 81.3, 
69.3, 49.6, 48.8, 39.9, 33.0, 30.7, 27.6, 26.9, 25.3, 25.0, 
24.7 ppm; IR (ATR) ν 3269, 2983, 2935, 2853, 1659, 1645, 
1548, 1495, 1444, 1416, 1371, 1320, 1264, 1252, 1197, 
1148, 1119, 1093, 1072, 1017, 991, 945, 913, 891, 846, 770, 
702, 665, 636, 599, 581 cm−1; HRMS (ESI-TOF) calcd for 
 C24H35N3O3S2 [M + Na]+ 500.2018; found: 500.2035.

2‑[4‑(Benzylcarbamoyl)‑2,2‑dimethyl‑1‑thia‑3‑azaspiro[4.5]
decan‑3‑yl]‑2‑oxoethyl piperidine‑1‑carbodithioate (6h)

Cream powder (yield, 228 mg, 44%); mp: 186–187 °C; 
1H NMR (500 MHz,  CDCl3) δ 7.32–7.23 (m, 5H), 6.75 (t, 
J = 5.7 Hz, 1H), 4.97 (s, 1H), 4.53–4.41 (m, 2H), 4.36–4.29 
(m, 2H), 4.13–3.75 (m, 3H), 3.62 (d, J = 15.9 Hz, 1H), 2.17 
(m, 1H), 1.91 (s, 3H), 1.84–1.74 (m, 6H), 1.69–1.57 (m, 
10H), 1.28–1.21 (m, 2H) ppm; 13C NMR (126 MHz,  CDCl3) 
δ 194.3, 169.4, 166.4, 137.5, 128.8, 127.8, 127.7, 73.4, 
56.8, 53.3, 51.8, 43.8, 42.0, 40.1, 34.4, 31.6, 29.5, 25.9, 
25.9, 25.3, 24.5, 24.1, 22.7, 21.7 ppm; IR (ATR) ν 3594, 
3248, 3067, 2932, 2856, 1681, 1625, 1550, 1447, 1426, 
1400, 1362, 1309, 1284, 1256, 1227, 1170, 1136, 1112, 
1069, 1004, 981, 954, 895, 872, 855, 802, 737, 695, 638, 

610, 571 cm−1; HRMS (ESI-TOF) calcd for  C26H37N3O2S3 
[M + Na]+ 542.1946; found: 542.2019.

Benzyl {2‑[4‑(butylcarbamoyl)‑2,2,5,5‑tetramethyloxazoli‑
din‑3‑yl]‑2‑oxoethyl}carbamodithioate (6i)

Cream powder (yield, 300 mg, 66.6%); mp 126–127 °C; 
1H NMR (500 MHz,  CDCl3) δ 8.18 (t, J = 4.1 Hz, 1H), 
7.38–7.26 (m, 5H), 6.24 (t, J = 5.8 Hz, 1H), 4.61–4.40 (m, 
3H), 4.22 (s, 1H), 4.10 (dd, J = 17.6 and 3.9 Hz, 1H), 3.38 
(m, 1H), 3.27 (m, 1H), 1.79 (s, 3H), 1.75 (s, 3H), 1.57–1.44 
(m, 5H), 1.40–1.34 (m, 5H), 0.95 (t, J = 7.3 Hz, 3H) ppm; 
13C NMR (126 MHz,  CDCl3) δ 197.4, 168.0, 164.6, 135.9, 
129.0, 128.6, 127.5, 97.1, 81.4, 69.3, 49.6, 39.9, 39.7, 31.5, 
30.7, 27.6, 27.0, 25.2, 20.1, 13.6 ppm; IR (ATR) ν 3282, 
2990, 2956, 2868, 1680, 1651, 1560, 1495, 1477, 1445, 
1407, 1370, 1343, 1264, 1197, 1154, 1009, 989, 947, 919, 
879, 846, 782, 753, 712, 694, 667, 632, 602, 592, 580 cm−1; 
HRMS (ESI-TOF) calcd for  C22H33N3O3S2 [M + Na]+ 
474.1861; found: 474.1857.

2‑[4‑(Butylcarbamoyl)‑2,2,5,5‑tetramethyloxazoli‑
din‑3‑yl]‑2‑oxoethyl morpholine‑4‑carbodithioate (6j)

Cream powder (yield, 241 mg, 56%); mp 130–132 °C; 1H 
NMR (500 MHz,  CDCl3) δ 6.05 (t, J = 5.8 Hz, 1H), 4.6 (s, 
1H), 4.27–3.80 (m, 5H), 3.72–3.67 (m, 5H), 3.33 (m, 1H), 
3.21 (m, 1H), 1.68 (s, 3H), 1.67 (s, 3H), 1.50–1.44 (m, 5H), 
1.33–1.27 (m, 5H), 0.88 (t, J = 7.3 Hz, 3H) ppm; 13C NMR 
(126 MHz,  CDCl3) δ 196.1, 168.8, 164.9, 96.8, 81.2, 70.8, 
66.1, 66.0, 51.5, 50.9, 40.8, 39.4, 31.5, 30.7, 27.8, 27.3, 25.3, 
20.1, 13.6 ppm; IR (ATR) ν 3297, 2934, 2850, 1658, 1555, 
1464, 1420, 1394, 1379, 1361, 1300, 1285, 1263, 1246, 
1225, 1195, 1159, 1110, 1060, 1025, 1007, 992, 910, 878, 
864, 842, 801,723, 698, 661, 617, 597, 571 cm−1; HRMS 
(ESI-TOF) calcd for  C19H33N3O4S2[M + Na]+ 454.1810; 
found: 454.1807.

2‑[3‑(Benzylcarbamoyl)‑2,2‑dimethyl‑1‑thia‑4‑azaspiro[4.5]
decan‑4‑yl]‑2‑oxoethyl morpholine‑4‑carbodithioate (6k)

White crystalline solid (yield, 229  mg, 44%); mp 
199–200 °C; 1H NMR (500 MHz,  CDCl3) δ 7.37–7.28 (m, 
5H), 6.88 (t, J = 5.7 Hz, 1H), 4.92 (s, 1H), 4.57–4.49 (m, 
2H), 4.33 (d, J = 16.2 Hz, 1H), 4.28 (brs, 2H), 3.98 (brs, 2H), 
3.83–3.76 (m, 5H), 3.14–3.02 (m, 2H), 1.91–1.78 (m, 4H), 
1.74 (s, 3H), 1.67–1.56 (m, 2H), 1.43 (s, 3H), 1.26–1.17 
(m, 2H) ppm; 13C NMR (126 MHz,  CDCl3) δ 196.3, 169.5, 
166.0, 137.5, 128.8, 127.7, 127.7, 82.4, 76.8, 66.3, 66.1, 
51.6, 50.8, 49.5, 43.8, 42.7, 37.5, 36.2, 34.0, 25.8, 25.5, 25.1, 
24.4 ppm; IR (ATR) ν 3403, 2931, 2902, 2853, 2176, 1696, 
1650, 1508, 1451, 1430, 1390, 1358, 1290, 1269, 1227, 
1211, 1198, 1186, 1157, 1132, 1117, 1034, 1020, 998, 982, 
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913, 902, 880, 872, 865, 838, 797, 766, 732, 701, 686, 632, 
595, 580 cm−1; HRMS (ESI-TOF) calcd for  C25H35N3O3S3 
[M + Na]+ 544.1738; found: 544.1737.

2‑{3‑[(4‑Chlorophenyl)carbamoyl]‑2,2‑dime‑
thyl‑1‑thia‑4‑azaspiro[4.5]decan‑4‑yl}‑2‑oxoethyl piperi‑
dine‑1‑carbodithioate (6l)

White solid (yield, 318 mg, 59%); mp 139–140 °C; 1H NMR 
(500 MHz,  CDCl3) δ 8.55 (s, 1H), 7.52 (d, J = 8.8 Hz, 2H), 
7.26 (d, J = 8.3 Hz, 2H), 4.97 (s, 1H), 4.38 (d, J = 15.8 Hz, 
1H), 4.24 (brs, 1H), 4.12 (brs, 1H), 3.90–3.75 (m, 3H), 3.19 
(m, 1H), 3.09 (m, 1H), 2.02 (m, 1H), 1.99–1.83 (m, 3H), 
1.75 (s, 3H), 1.73–1.57 (m, 8H), 1.47 (s, 3H), 1.37–1.17 
(m, 2H) ppm; 13C NMR (126 MHz,  CDCl3) δ 194.2, 168.02, 
166.7, 135.8, 129.9, 129.2, 121.2, 82.8, 78.5, 53.5, 51.9, 
49.9, 43.1, 37.9, 36.4, 34.1, 26.1, 25.8, 25.5, 25.2, 24.6, 
24.2 ppm; IR (ATR) ν 3277, 2934, 2856, 1700, 1625, 1597, 
1535, 1491, 1430, 1398, 1352, 1244, 1130, 1009, 978, 829, 
751 cm−1; HRMS (ESI-TOF) calcd for  C25H34N3O2S3Cl 
[M + Na]+ 562.1399; found: 562.1401.

Methyl 2‑(2,2,5,5‑tetramethyl‑3‑(2‑((piperidine‑1‑carbono‑
thioyl)thio)acetyl)thiazolidine‑4‑carboxamido)acetate (6m)

White solid (yield, 286 mg, 62%); mp 136–137 °C; 1H 
NMR (500 MHz,  CDCl3) δ 7.00 (t, J = 5.0 Hz, 1H), 4.94 (s, 
1H), 4.34–4.25 (m, 2H), 4.10–4.05 (m, 3H), 3.93 (brs, 1H), 
3.85–3.76 (m, 2H), 3.74 (s, 3H), 2.00 (s, 3H), 1.97 (s, 3H), 
1.76 (s, 3H), 1.67 (brs, 6H), 1.43 (s, 3H) ppm; 13C NMR 
(126 MHz,  CDCl3) δ 194.5, 170.2, 169.9, 166.4, 77.8, 74.6, 
53.4, 52.6, 51.9, 50.3, 42.1, 41.4, 33.9, 31.4, 29.5, 26.1, 
25.5, 24.9, 24.2 ppm; IR (ATR) ν 3271, 2984, 2938, 2859, 
1744, 1685, 1629, 1545, 1479, 1431, 1360, 1212, 1134, 
1006, 979, 872, 752, 655 cm−1; HRMS (ESI-TOF) calcd for 
 C19H31N3O4S3 [M + Li]+ 468.1637; found: 468.1631.

2‑{2,2‑Dimethyl‑3‑[(tosylmethyl)carbamoyl]‑1‑thia‑4‑azasp
iro[4.5]decan‑4‑yl}‑2‑oxoethyl piperidine‑1‑carbodithioate 
(6n)

White crystalline solid (yield, 376  mg, 63%); mp 
200–201  °C; 1H NMR (500  MHz,  CDCl3) δ 7.78 (d, 
J = 8.2 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.22 (t, J = 6.6 Hz, 
1H), 4.93–4.88 (m, 2H), 4.65 (dd, J = 14.2 and 6.0 Hz, 1H), 
4.31 (brs, 1H), 4.16–4.05 (m, 2H), 3.93 (brs, 1H), 3.83 
(brs, 1H), 3.14–3.08 (m, 2H), 3.00 (m, 1H), 2.44 (s, 3H), 
1.88–1.53 (m, 15H), 1.29 (s, 3H), 1.25–1.17 (m, 2H) ppm. 
13C NMR (126 MHz,  CDCl3) δ 194.3, 169.6, 166.3, 145.7, 
133.9, 130.3, 129.1, 82.8, 77.5, 59.7, 53.4, 51.9, 49.4, 42.7, 
37.7, 36.2, 33.9, 26.2, 26.1, 25.7, 25.5, 24.9, 24.6, 24.2, 
21.9 ppm; IR (ATR) ν 3310, 2931, 2855, 1700, 1658, 1596, 
1519, 1478, 1430, 1390, 1351, 1320, 1284, 1244, 1227, 

1137, 1084, 1042, 1002, 978, 925, 875, 852, 813, 742, 700, 
670, 624, 609, 578 cm−1; HRMS (ESI-TOF) m/z: calcd for 
 C27H39N3O4S4 [M + Na]+ 620.1721; found: 620.1930.

Acknowledgements We are grateful to the Iran National Science Foun-
dation: INSF, Grant number 95829698, for supporting this work. We 
also thank the research council of Kharazmi University (Grant num-
ber D/2056) for supporting this work. We are thankful to the central 
analytic section of the University of Oldenburg for retrieving NMR 
and MS data.

Author contributions Conceived and designed the experiments: AZH; 
JM. Performed the experiments and analyzed the data: MK; MF. X-ray 
data: MS. Wrote the paper: AZH; JM; MK; MF.

Compliance with ethical standards 

Conflict of interest The authors declare no conflict of interest.

Ethical standard This article does not contain any studies with human 
participants or animals performed by any of the authors.

Informed consent Informed consent was obtained from all individual 
participants included in the study.

References

Aboul-Fadl T, El-Shorbagi A (1996) New prodrug approach for amino 
acids and amino-acid-like drugs. Eur J Med Chem 31:165–169

Asinger F, Offermans H (1967) Syntheses with ketones, sulfur, and 
ammonia or amines at room temperature. Angew Chem Int Ed 
Engl 6:907–919

Asinger F, Schäfer W, Halcour K, Saus A, Triem H (1964) The course 
of the Willgerodt-Kindler reaction of alkyl aryl ketones. Angew 
Chem 68:377

Bacharaju K, Jambula SR, Sivan S, Tangeda SJ, Manga V (2012) 
Design, synthesis, molecular docking and biological evaluation 
of new dithiocarbamates substituted benzimidazole and chal-
cones as possible chemotherapeutic agents. Bioorg Med Chem 
Lett 22:3274–3277

Bathfield M, D’Agosto F, Spitz R, Charreyre MT, Delair T (2006) 
Versatile precursors of functional RAFT agents. Application to 
the synthesis of bio-related end-functionalized polymers. J Am 
Chem Soc 128:2546–2547

Berry DJ, de Rosales RTM, Charoenphun P, Blower PJ (2012) Dithi-
ocarbamate complexes as radiopharmaceuticals for medical imag-
ing. Mini-Rev Med Chem 12:1174–1183

Brauch S, van Berkel SS, Westermann B (2013) Higher-order mul-
ticomponent reactions: beyond four reactants. Chem Soc Rev 
42:4948–4962

Cao SL, Feng YP, Jiang YY, Liu SY, Ding GY, Li RT (2005) Synthesis 
and in vitro antitumor activity of 4(3H)-quinazolinone deriva-
tives with dithiocarbamate side chains. Bioorg Med Chem Lett 
15:1915–1917

Cao SL, Feng YP, Zheng XL, Jiang YY, Zhang M, Wang Y, Xu M 
(2006) Synthesis of substituted benzylamino- and heterocyclyl-
methylamino carbodithioate derivatives of 4-(3H)-quinazolinone 
and their cytotoxic activity. Arch Pharm 339:250–254

Cascio G, Lorenzi L, Caglio D, Manghisi E, Arcamone F, Guanti 
G, Satta G, Morandotti G, Sperning R (1996) Synthesis and 



271Ensembling three multicomponent reactions for the synthesis of a novel category of…

1 3

antibacterial activity of C-4 thio- and dithiocarbamate mono-
bactam derivatives. Farmaco 51:189–196

Csomos P, Zupko I, Rethy B, Fodor L, Falkay G, Bernath G (2006) 
Isobrassinin and its analogues: novel types of antiproliferative 
agents. Bioorg Med Chem Lett 16:6273–6276

Das P, Kumar CK, Kumar KN, Innus MD, Iqbal J, Srinivas N 
(2008) Dithiocarbamate and CuO promoted one-pot synthesis 
of 2-(N-substituted)-aminobenzimidazoles and related hetero-
cycles. Tetrahedron Lett 49:992–995

Domling AA (2006) Recent developments in isocyanide based multi-
component reactions in applied chemistry. Chem Rev 106:17–89

Estevez V, Villacampa M, Menendez JC (2014) Recent advances in 
the synthesis of pyrroles by multicomponent reactions. Chem 
Soc Rev 43:4633–4657

Franz M, Stalling T, Schaper R, Schmidtmann M, Martens J (2017) 
Facile access to amido (thio-)xanthates under eco-friendly con-
ditions by one-pot three-component reaction (3-CR). Synthesis 
49:4045–4054

Guillaneuf Y, Couturier JL, Gigmes D, Marque SRA, Tordo P, Bertin 
D (2008) Synthesis of highly labile SG1-based alkoxyamines 
under photochemical conditions. J Org Chem 73:4728–4731

Herrera RP, Marques-Lopez E (2015) Multicomponent reactions: 
concepts and applications for design and synthesis. John Wiley 
& Sons, Weinheim

Hou XL, Ge ZM, Wang TM, Guo W, Cui JR, Cheng TM, Lai CS, Li 
RT (2006) Dithiocarbamic acid esters as anticancer agent. Part 
1: 4-Substituted-piperazine-1-carbodithioic acid 3-cyano-3,3-di-
phenyl-propyl esters. Bioorg Med Chem Lett 16:4214–4219

Huang W, Ding Y, Miao Y, Liu MZ, Li Y, Yang GF (2009) Synthe-
sis and antitumor activity of novel dithiocarbamate substituted 
chromones. Eur J Med Chem 44:3687–3696

Imamura H, Ohtake N, Jona H, Shimizu A, Moriya M, Sato H, Sugi-
moto Y, Ikeura C, Kiyonaga H, Nakano M, Hagano R, Abe 
S, Yamada K, Hashizume T, Morishima H (2001) Dicationic 
dithiocarbamate carbapenems with anti-MRSA activity. Bioorg 
Med Chem 9:1571–1574

Jiao J, Wei L, Ji XM, Hu ML, Tang RY (2016) Direct introduction of 
dithiocarbamates onto imidazoheterocycles under mild condi-
tions. Adv Synth Catal 358:268–275

Keating TA, Armstrong RW (1995) Molecular diversity via a con-
vertible isocyanide in the Ugi four-component condensation. J 
Am Chem Soc 117:7842–7843

Kröger D, Franz M, Schmidtmann M, Martens J (2015a) Sequential 
multicomponent reactions and a cu-mediated rearrangement: 
diastereoselective synthesis of tricyclic ketones. Org Lett 
17:5866–5869

Kröger D, Schlüter T, Fischer G, Geibel I, Martens J (2015b) Three-
component reaction toward polyannulated quinazolinones, ben-
zoxazinones and benzothiazinones. ACS Comb Sci 17:202–207

Lai JT, Shea R (2006) Controlled radical polymerization by car-
boxyl- and hydroxyl-terminated dithiocarbamates and xanthates. 
J Polym Sci Part A Polym Chem 44:4298–4316

Macias B, Villa MV, Chicote E, Martin-Velasco S, Castineiras A, 
Borras J (2002) Copper complexes with dithiocarbamates 
derived from natural occurring amino acids. Crystal and molec-
ular structure of [Cu(en)(EtOH)(H2O)3][Cu(dtc-pro)2]. Polyhe-
dron 21:1899–1904

Maddani M, Prabhu KR (2007) A convenient method for the syn-
thesis of substituted thioureas. Tetrahedron Lett 48:7151–7154

Malik AK, Rao ALJ (2000) Spectrophotometric determination of fer-
bam [Iron(III) dimethyl dithiocarbamate] in commercial sample 
and wheat grains after extraction of its bathophenanthroline tet-
raphenylborate complex into molten naphthalene. J Agric Food 
Chem 48:4044–4047

Marinovich M, Viviani B, Capra V, Corsini E, Anselmi L, 
D’Agostino G, Nucci AD, Binaglia M, Tonini M, Galli CL 

(2002) Facilitation of acetylcholine signaling by the dithiocar-
bamate fungicide propineb. Chem Res Toxicol 15:26–32

Martens J, Offermanns H, Scherberich P (1981) Eine einfache Syn-
these von racemischem Cystein. Angew Chem 93:680–683. 
Angew Chem Int Ed Engl 20:668

McMaster C, Bream RN, Grainger RS (2012) Radical-mediated 
reduction of the dithiocarbamate group under tin-free condi-
tions. Org Biomol Chem 10:4752–4758

Nielsen PE (2004) Pseudo-peptides in drug discovery. Wiley-VCH, 
Weinheim

Rotstein BH, Zaretsky S, Rai V, Yudin VAK (2014) Small heterocy-
cles in multicomponent reactions. Chem Rev 114:8323–8359

Schlüter T, Ziyaei Halimehjani A, Wachtendorf D, Schmidtmann M, 
Martens J (2016) A four-component reaction for the synthesis 
of dithiocarbamates starting from cyclic imines. ACS Comb 
Sci 18:456–460

Scozzafava A, Mastorlorenzo A, Supuran CT (2000) Arylsulfonyl-N, 
N-diethyl-dithiocarbamates: a novel class of antitumor agents. 
Bioorg Med Chem Lett 10:1887–1891

Stalling T, Martens J (2013) Synthesis of tricyclic lactams from 
heterocyclic imines. Synthesis 45:355–364

Stalling T, Saak W, Martens J (2013) Synthesis of bicyclic thiazoli-
dinethiones and oxazolidinones by water-mediated multicom-
ponent reactions (MCR) and ring-closing metathesis (RCM). 
Eur J Org Chem 35:8022–8032

Tietze LF (1996) Domino reactions in organic synthesis. Chem Rev 
96:115–136

Trost BM (1991) The atom economy—a search for synthetic effi-
ciency. Science 254:1471–1477

Ugi I (1962) The α-addition of immonium ions and anions to isoni-
triles accompanied by secondary reactions. Angew Chem Int 
Ed 4:8–21

Ugi I, Meyr R, Fetzer U, Steinbrückner C (1959) Versuche mit isoni-
trilen. Angew Chem 71:386

Ugi I, Werner B, Dömling A (2003) The chemistry of isocyanides, 
their multicomponent reactions and their libraries. Molecules 
8:53–66

Weber M, Jakob J, Martens J (1992) Synthese und Reaktivität von 
3-Oxazolinen. Liebigs Ann Chem 1992:1–6

Wong R, Dolman SJ (2007) Isothiocyanates from tosyl chloride 
mediated decomposition of in situ generated dithiocarbamic 
acid salts. J Org Chem 72:3969–3971

Zhu J, Wang Q, Wang MX (2015) Multicomponent reactions in 
organic synthesis. Wiley-VCH, Weinheim

Ziyaei Halimehjani A, Airamlounezhad S (2014) ZrCl4/TMSCl as an 
efficient catalyst for synthesis of 4,6-substituted 2-alkylthio-6 H 
-1,3-thiazines. J Heterocycl Chem 51:1147–1150

Ziyaei Halimehjani A, Hosseinkhany S (2015) One-pot three-com-
ponent route for the synthesis of rhodanine derivatives in water. 
Synthesis 47:3147–3152

Ziyaei Halimehjani A, Lotfi Nosood Y (2017) Investigation of the 
reaction of dithiocarbamic acid salts with aromatic aldehydes. 
Org Lett 19:6748–6751

Ziyaei Halimehjani A, Maleki H, Saidi MR (2009) Regiospecific 
iodocyclization of S-allyl dithiocarbamates: synthesis of 
2-imino-1,3-dithiolane and 2-iminium-1,3-dithiolane deriva-
tives. Tetrahedron Lett 50:2747–2750 (And references therein)

Ziyaei Halimehjani A, Marjani K, Ashouri A, Amani V (2011) 
Synthesis and characterization of transition metal dithiocar-
bamate derivatives of 1-aminoadamantane: crystal structure 
of (N-adamantyldithiocarbamato)nickel(II). Inorg Chim Acta 
373:282–285

Ziyaei Halimehjani A, Ranjbari MA, Zanussi HP (2013) Synthesis 
of a new series of dithiocarbamate-linked peptidomimetics and 
their application in Ugi reactions. RSC Adv 3:22904–22908



272 M. Khalesi et al.

1 3

Ziyaei Halimehjani A, Hasani L, Alaei MA, Saidi MR (2016) Dithi-
ocarbamates as an efficient intermediate for the synthesis of 
2-(alkylsulfanyl)thiazoles in water. Tetrahedron Lett 57:883–
886 (And references therein)

Zou Y, Yu SC, Li RW, Zhao QJ, Li X, Wu MC, Huang T, Chai XX, Hu 
HG, Wu QY (2014) Synthesis, antifungal activities and molecular 

docking studies of novel 2-(2,4-difluorophenyl)-2-hydroxy-
3-(1H-1,2,4-triazol-1-yl)propyl dithiocarbamates. Eur J Med 
Chem 74:366–374


	Ensembling three multicomponent reactions for the synthesis of a novel category of pseudo-peptides containing dithiocarbamate and N,X-heterocylic groups
	Abstract
	Introduction
	Results and discussion
	Conclusion
	Experimental
	Materials and methods
	General procedure for the synthesis of acid derivatives bearing the dithiocarbamate group
	(a) Using amino acid for the synthesis of acid derivatives
	(b) Using chloroacetic acid for the synthesis of acid derivatives

	General procedure for the synthesis of Ugi adducts
	2-[4-(Cyclohexylcarbamoyl)-2,2,5,5-tetramethylthiazolidin-3-yl]-2-oxoethyl pyrrolidine-1-carbodithioate (6a):
	Benzyl {2-[4-(cyclohexylcarbamoyl)-2,2,5,5-tetramethylthiazolidin-3-yl]-2-oxoethyl} carbamodithioate (6b)
	Benzyl {2-[3-(cyclohexylcarbamoyl)-2,2-dimethyl-1-thia-4-azaspiro[4.5]decan-4-yl)]-2-oxoethyl} carbamodithioate (6c)
	2-[3-(Cyclohexylcarbamoyl)-2,2-dimethyl-1-thia-4-azaspiro[4.5]decan-4-yl] -2-oxoethyl pyrrolidine-1-carbodithioate (6d)
	2-[4-(Cyclohexylcarbamoyl)-2,2,5,5-tetramethylthiazolidin-3-yl]-2-oxoethyl morpholine-4-carbodithioate (6e)
	2-[4-(Cyclohexylcarbamoyl)-2,2,5,5-tetramethyloxazolidin-3-yl]-2-oxoethyl piperidine-1-carbodithioate (6f)
	Benzyl {2-[4-(cyclohexylcarbamoyl)-2,2,5,5-tetramethyloxazolidin-3-yl]-2-oxoethyl)}carbamodithioate (6g)
	2-[4-(Benzylcarbamoyl)-2,2-dimethyl-1-thia-3-azaspiro[4.5]decan-3-yl]-2-oxoethyl piperidine-1-carbodithioate (6h)
	Benzyl {2-[4-(butylcarbamoyl)-2,2,5,5-tetramethyloxazolidin-3-yl]-2-oxoethyl}carbamodithioate (6i)
	2-[4-(Butylcarbamoyl)-2,2,5,5-tetramethyloxazolidin-3-yl]-2-oxoethyl morpholine-4-carbodithioate (6j)
	2-[3-(Benzylcarbamoyl)-2,2-dimethyl-1-thia-4-azaspiro[4.5]decan-4-yl]-2-oxoethyl morpholine-4-carbodithioate (6k)
	2-{3-[(4-Chlorophenyl)carbamoyl]-2,2-dimethyl-1-thia-4-azaspiro[4.5]decan-4-yl}-2-oxoethyl piperidine-1-carbodithioate (6l)
	Methyl 2-(2,2,5,5-tetramethyl-3-(2-((piperidine-1-carbonothioyl)thio)acetyl)thiazolidine-4-carboxamido)acetate (6m)
	2-{2,2-Dimethyl-3-[(tosylmethyl)carbamoyl]-1-thia-4-azaspiro[4.5]decan-4-yl}-2-oxoethyl piperidine-1-carbodithioate (6n)


	Acknowledgements 
	References




