Chapter VI
Section A
Glycerol: A benign solvent for
catalyst-free synthesis of
thioamides from aldehydes
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VI.A.1. Introduction
Thioamide derivatives have been focused as the most abundant and integral scaffolds, due to
its importance in different fields like pharmaceutical, biological, industrial where they are
used as grease additives and vulcanization agents, pigments for plastics, metal deactivators in
petroleum products.1 Thiobenzamide, in particular, are fungistatic molecules,2

aldose

reductase inhibitors3 and ligands for estrogen receptors.4 It has also been explored in the
synthesis of a range of important thio-heterocycles such as thiazolinones,5 thiazolins,5,9
tetrazoles,8 thiazoles.6-8 These bioactive components have a huge range of efficacy in the field
of medicinal chemistry such as antithyroid drugs,10 inhibitor of the PSD-95-NMDA receptor
interaction like N-cyclohexylethyl-ETASV,11 polythioamide antibiotics like closthioamide,12
modulators of the ATP binding cassette transporters P-glycoprotein.13 Examples of bioactive
thioamide derivatives are depicted in Figure VI.A.1.

Figure VI.A.1. Biologically active compound having thioamide moeity
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VI.A.2. Background and Objectives
A number of synthetic routes have been designed so far for synthesis of thioamides. Starting
from amides, one of the most conventional method is use of Lawesson’s reagent.14
Furthermore, thioamides have been synthesized by oxidative coupling of primary amine with
sulphur,15 copper (II) catalyzed aerobic oxidation of thiols in presence of 1,5,7triazabicyclo[4.4.0]dec-5-ene16 or by reaction of formamide with aldehyde and sodium
sulphide in presence of water.17 But due to harsh reaction conditions, longer reaction time and
use of expensive catalyst, these protocols did not gained much attention for a long period of
time. A general route for synthesis of thioamides from various synthons is given below
(Figure VI.A.2).

Figure VI.A.2. Approaches towards the synthesis of thioamide from various substrates
VI.A.2.1. Synthesis of thioamide derivatives from various synthons
In 2013, B. Kaboudin et al. reported a direct method for conversion of carboxylic acids into
thioamides in presence of ammonium phosphorodithioates as source of sulphur and nitrogen
from aromatic and aliphatic carboxylic acids (Scheme VI.A.1).18 This thioamidation reaction
provides primary, secondary and tertiary thioamides from corresponding carboxylic acids.
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Scheme VI.A.1. Synthesis of thioamide derivatives from acid using ammonium
phosphorodithioates
H. R. Lagiakos et al. designed a method for the thionation of amides using a solid-supported
P2S5 reagent under microwave irradiation in 2011 (Scheme VI.A.2)19 with short reaction time
than conventional heating method.

Scheme VI.A.2. Thionation of amides using solid-supported P2S5 reagent
Potassium poly(heptazine imide), a carbon nitride based photocatalyst was used as a promoter
for Kindler reaction of thioamide bond formation using primary amines and elemental sulfur
as main precursor of thioamide linkage under visible light irradiation by B. Kurpil et al. in
2018 (Scheme VI.A.3).15 The mechanism of this reaction involves photo-oxidation reaction.

Scheme VI.A.3. Photocatalyst promoted synthesis of thioamides from aliphatic amine
X. -T. Cao et al. demonstrated a protocol for synthesis of thioamide derivatives from nitriles
using sodium sulphide as a source of sulphur catalyzed by ionic liquid 1,8diazabicyclo[5,4,0]undec-7-enium acetate ([DBUH][OAc]) at room temperature under
solvent-free condition. Here, ionic liquid was reused at least five times without loss of its
activity (Scheme VI.A.4).20
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Scheme VI.A.4. [DBUH][OAc]: An ionic liquid catalysed solvent-free synthesis of
thioamides from nitriles
X. Wang et al. in 2014 developed a methodology for preparation of thioamides derivatives
from thiols without use of exogenous sulfur reagents in presence of copper salt catalyst
(Scheme VI.A.5).16 This method follows the oxidation method by using 1,5,7triazabicyclo[4.4.0]dec-5-ene and slow stream of oxygen.

Scheme VI.A.5. Synthesis of thioamide derivatives from thiols
J. Noei et al. in 2008 reported a chemoselective one-pot transformation of aldoximes to their
corresponding thioamide derivatives in presence of catalytic system TiCl 3OTf and 1-butyl-3methylimidazolium bromide using ammonium sulphide as the source of sulphur (Scheme
VI.A. 6).21

Scheme VI.A.6. Chemoselective one-pot transformation of aldoximes
In 2019, J. Chen et al. developed a microwave-assisted iodine catalyzed protocol for synthesis
of thioamides via the oxidative coupling of dibenzyl/difurfuryl disulfides with amines within
a time span of 10 min (Scheme VI.A.7).22

Scheme VI.A.7. Oxidative coupling of disulphide to design thioamide
VI.A.2.2. Willgerodt-Kindler reaction for synthesis of thioamide derivatives
In general, the Willgerodt-Kindler reaction involves the synthesis of amides from aryl ketones
under the influence of a secondary amine and a thiating agent. The mechanism involves the
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formation of an enamine which undergoes thiation and the carbonyl group migrates to the end
of the chain via a cascade of thio-substituted iminium-aziridinium rearrangements.
In 2003, O. I. Zbruyev et al. introduced a microwave-assisted Kindler thioamide synthesis in
sealed vessel. The three-component reaction of aldehydes, amines and elemental sulfur were
carried out using NMP as solvent employing microwave flash heating at 110-180 °C for
synthesis of primary, secondary and tertiary thioamide (Scheme VI. A.8).23

Scheme VI.A.8. Microwave-assisted Kindler thioamide synthesis
K. Okamoto et al. in 2007 reported Willgerodt-Kindler reaction between anilines and
benzaldehydes in the presence of catalytic amount of Na 2S.9H2O to give thiobenzanilides in
DMF using molecular sulphur (Scheme VI.A.9).24

Scheme VI.A.9. Willgerodt-Kindler reaction in presence of catalytic amount of Na2S.9H2O
In 2013, Z. Yin et al. designed a heterogeneous and reusable sulfonic acid functionalized nano
γ-Al2O3 by the reaction of nano γ-Al2O3 with 1,3-propane sulfone. This catalyst was utilized
for the synthesis of thioamides derivatives (Scheme VI.A.10).25
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Scheme VI.A.10. Sulfonic acid functionalized nano γ-Al2O3 mediated synthesis of thioamides
Another Kindler type protocol was developed by C. K. Khatri et al. in 2017 using a sulfated
polyborate catalyst for synthesis of thioamides by the reaction of aldehydes,
amines/ammonium acetate and sulfur under solvent-free condition. The catalyst was reported
to have a good reusability (Scheme VI.A.11).26

Scheme VI.A.11. Sulfated polyborate promoted synthesis of thioamides
In 2018, Y. A. Tayade et al. modified the Kindler type reaction using recyclable
supramolecular catalyst β-cyclodextrin for synthesis of thioamide derivatives in water
(Scheme IV.12).27

Scheme VI.A.12. β-Cyclodextrin catalysed Kindler type reaction
A water mediated synthesis of thioamides through alkyl and aryl aldehydes, water-soluble
sodium sulfide as a source of sulphur and N-substituted formamides was developed by J. Wei
et al. in 2016 in present of oxidant (Scheme VI.A.13).17 N-Substituted formamides are
essential for this transformation due to the slow release of hydrogen sulfide through the
hydrolysis of formamide by sodium sulfide.

Scheme VI.A.13. Water mediated synthesis of thioamides
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VI.A.3. Present Work: Result and Discussion
So, keeping this in mind we felt the necessity to design a catalyst-free, cost-efficient and
environmentally benign protocol for synthesis of thioamide derivatives (Scheme VI.A.14).

Scheme IV.A.14. Synthesis of thioamides from aldehydes and amines
VI.A.3.1. Optimisation of reaction conditions
To begin our study, we have taken benzaldehyde, pyrrolidine and sulphur as a model reaction.
For optimization of reaction conditions, parameters such as solvent, temperature and time
were found to have influence on the reaction which was monitored by TLC. The experimental
results are summarized in Table VI.A.1. Initially, the reactions were performed in ethanol,
methanol and water in reflux condition but no product was detected (Table VI.A.1, entry 1, 2,
3). Then we examined the reactions in presence of various non-coventional solvents like
ethylene glycol, glycerol under identical reaction conditions (Table VI.A.1, entries 4, 5).
Among these ethylene glycol did not show any effectiveness and only a trace amount of
product was detected (Table VI.A.1, entries 4). Interestingly, desired product was observed
with glycerol at 120 oC (Table VI.A.1, entry 5). On decreasing the temperature to 90 oC, the
yield again remained almost the same (Table VI.A.1, entry 6). Further on decreasing the time
it was surprised to find that the yield was comparable with the previous one (Table VI.A.1,
entry 7, 8, 9). Then again we started to reduce the temperature and here also yield of the
desired product decreased (Table VI.A.1, entry 10, 11, 12). So, finally at 90 oC for 30 min
best yield of the product was observed (Table VI.A.1, entry 9). Hence, in this synthetic
methodology, glycerol was effective to dominate the reaction by performing the role of both
catalyst and solvent.
Table VI.A.1. aOptimisation of reaction condition for thioamide
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Entry

Solvent

Temperature ( oC)

Time (h)

b

1

Ethanol

Reflux

6

Nil

2

Methanol

Reflux

6

Nil

3

Water

Reflux

6

Nil

4

Ethylene glycol

120

6

trace

5

Glycerol

120

6

93

6

Glycerol

90

6

92

7

Glycerol

90

3

92

8

Glycerol

90

1

92

9

Glycerol

90

0.5

92

10

Glycerol

70

0.5

74

11

Glycerol

50

6

43

12

Glycerol

Room temperature

24

35

Yield (%)

The bold significance represents the most optimized protocol/conditions;
a

Reaction of Benzaldehyde (1 mmol), pyrrolidine (1 mmol) and sulphur (1.25 mmol);

b

Isolated yield of product by column chromatography.

Now, the amount of sulphur has been optimized. At first we have started with 0.25 mmol of
sulphur (Table VI.A.2, entry 1), the yield was only 48% but with increasing the amount of the
sulphur yield was also increased (Table VI.A.2, entry 2, 3). When 1.25 mmol and 1.5 mmol of
sulphur were used the yield was almost same (Table VI.A.2, entry 4, 5).
Table VI.A.2. aOptimization of amount of sulphur
b

Entry

Sulphur (mmol)

Time (h)

Yield (%)

1

0.25

0.5

48

2

0.5

0.5

66

3

1

0.5

84

4

1.25

0.5

92

5

1.5

0.5

93

The bold significance represents the most optimized protocol/conditions.
a

Reaction of Benzaldehyde (1 mmol), pyrrolidine (1 mmol) and sulphur in glycerol (1 mL) at 90 oC.

b

Isolated yield of product by column chromatography.
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Subsequently, the scope and efficiency of the reagents were explored under the optimized
reaction condition for the reaction of pyrrolidine with a broad range of structurally diverse
aldehydes to furnish the desired products. The structural diversity of reactants was displayed
in Table VI.A.3. The reaction was successful for phenyl groups bearing either electron
withdrawing substituents such as chloro, fluoro and nitro groups and also for those having
electron-donating substituents such as methyl, hydroxy and methoxy groups. Heterocyclic and
aliphatic aldehydes also were well tolerated under the reaction conditions affording the final
products in moderate to good yields (Table VI.A.3).
Table VI.A.3. aSynthesis of some diversified thioamides from aldehydes and pyrrolidine

2a, 90%
2b, 84%

2c, 91%
2d, 87%

2e, 79%

2f, 88%
2g, 92%

2h, 82%

2j, 76%
2i, 80%

2m, 75%
2n, 79%
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2k, 69%

2l, 67%

2o, 80%

2p, 83%

a

Reaction condition: Aldehyde (1 mmol), pyrrolidine (1 mmol) and sulphur (1.25 mmol) in glycerol (1

mL) were mixed and stirred at 90 oC for 30 min.

We have not only utilized our reaction protocols in the functionalized aldehyde but also using
vast range of amine having benzyl, pyridine, aliphatic, aromatic, alicyclic motifs and we were
successful in preparing respective thioamide derivatives in good yields as shown in Table
VI.A.4.
Table VI.A.4.a Synthesis of thioamide derivatives from various amines

Entry

Amine

1

NH4OAc

Aldehyde

Product

b

Yield (%)
77

2

89

3

83

4

72

5

66

6

62
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a

7

70

8

73

Reaction condition: Aldehyde (1 mmol), amine (1 mmol) and sulphur (1.25 mmol) in glycerol (1 mL)

were mixed and stirred at 90 oC for 1 h;
b

Isolated yield of product by column chromatography.

VI.A.3.2. Mechanism
A probable mechanism for the construction of thioamide is shown in Scheme VI.A.15.
Initially, enamine was formed by the reaction of aldehyde and amine. Then sulphur may be
activated by the glycerol which then may attack the electrophilic carbon of the enamine and
then thioamide was formed.

Scheme IV.A.15. Plausible mechanism for synthesis of thioamide derivatives
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VI.A.4. Conclusion
In conclusion, a metal-free, eco-friendly and facile strategy for synthesis of thioamide has
been developed using glycerol as a biodegradable solvent which performs the catalytic
activity required for this protocol that further enhances the advantage of the protocol.
Replacement of toxic and expensive metal catalyst by eco-friendly and economical glycerol is
the novelty of this protocol and expected to achieve wide application in natural product
synthesis and the pharmaceutical industry.
VI.A.5. Experimental Section
VI.A.5.1. General Information
All the compounds were purchased from commercial suppliers and used without further
purification. All the products were purified by column chromatography on silica gel (60-120
mesh, SRL, India). For TLC, Merck plates coated with silica gel 60, F254 were used. 1H NMR
and 13C NMR were recorded using 300 MHz, 400 MHz and 75 MHz, 100 MHz respectively
on Bruker AV 300 NMR spectrometer and Bruker AV 400 NMR spectrometer using TMS as
internal standard. Splitting patterns of protons were described as s (singlet), d (doublet), t
(triplet), br (broad) and m (multiplet).
VI.A.5.2. General procedure for the synthesis of thioamide derivatives
In our general procedure, a mixture of aldehyde (1 mmol), amine (1 mmol) and sulphur (1.25
mmol) in glycerol (1 mL) was stirred at 90 oC in a 50 mL round-bottom flask using a
magnetic stirring bar under open air for 30-60 min and the progress of reaction was monitored
on the TLC. After completion of the reaction, the reaction mixture was cooled and then the
solution was poured into 100 mL water and extract with ethyl acetate, washed several times
with water. The combined organic mixture was dried over anhydrous Na 2SO4, concentrated
and the residue was purified by column chromatography on silica gel 60-120 mesh using
petroleum ether/ethyl acetate as eluent to afford the pure product. All compounds were
characterised by NMR techniques.
VI.A.5.3. Characterization data of various thioamide derivatives
Phenyl(pyrrolidin-1-yl)methanethione (Table VI.A.3, entry 2a)
Yellow solid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 1.83-2.00 (m, 4H), 3.36 (t, J = 6.6 Hz, 2H), 3.88 (t, J =

6.6 Hz, 2H), 7.25-7.39 (m, 5H);
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13

C NMR (75 MHz, CDCl3) δ (ppm): 24.6, 26.4, 53.3, 53.7, 125.6, 128.2, 128.4, 128.6, 130.0,

144.0, 196.5.

(2-Hydroxyphenyl)(pyrrolidin-1-yl)methanethione (Table VI.A.3, entry 2b)
Brown liquid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 1.62-1.83 (m, 4H), 3.32 (t, J = 6.6 Hz, 2H), 3.69 (t, J =

6.9 Hz, 2H), 6.70 (d, J = 7.8 Hz, 1H), 6.61 (t, J = 7.8 Hz, 1H), 6.89-7.13 (m, 2H);
13

C NMR (75 MHz, CDCl3) δ (ppm): 22.5, 24.4, 53.4, 54.2, 117.8, 119.5, 126.3, 128.0, 130.8,

153.3, 192.2.

(4-Fluorophenyl)(pyrrolidin-1-yl)methanethione (Table VI.A.3, entry 2c)
Brown solid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 1.92-2.09 (m, 4H), 3.46 (t, J = 6.6 Hz, 2H), 3.91 (t, J =

6.6 Hz, 2H), 7.02 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 6.3 Hz, 2H);
13

C NMR (100 MHz, CDCl3) δ (ppm): 24.7, 26.6, 53.7, 54.0, 115.2 (d, J = 21.7 Hz, 1C),

127.9 (d, J = 8.6 Hz, 1C), 140.1 (d, J = 3 Hz, 1C), 161.5, 163.9, 195.9.

(3-Nitrophenyl)(pyrrolidin-1-yl)methanethione (Table VI.A.3, entry 2d)
Brown solid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 2.01-2.15 (m, 1H), 3.50 (t, J = 6.6 Hz, 2H), 3.97 (t, J =

6.3 Hz, 2H), 7.58 (d, J = 8.1 Hz, 1H), 7.71 (t, J = 6.9 Hz, 1H), 8.17-8.22 (m, 2H);
13

C NMR (75 MHz, CDCl3) δ (ppm): 24.5, 26.5, 53.6, 53.9, 120.7, 123.3, 129.6, 131.7, 145.0,

147.8, 193.5.

145

(2-Chlorophenyl)(pyrrolidin-1-yl)methanethione (Table VI.A.3, entry 2e)
Brown solid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 1.92-2.03 (m, 4H), 3.24 (t, J = 6.6 Hz, 1H), 3.33 (t, J =

7.2 Hz, 1H), 3.89 (t, J = 6.3 Hz, 2H), 7.15-7.29 (m, 4H);
13

C NMR (75 MHz, CDCl3) δ (ppm): 24.5, 26.2, 52.3, 52.5, 127.3, 127.9, 129.3, 129.7, 142.7,

192.9.

(4-Methoxyphenyl)(pyrrolidin-1-yl)methanethione (Table VI.A.3, entry 2f)
Yellow solid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 1.92-2.11 (m, 4H), 3.52 (t, J = 6.6 Hz, 2H), 3.84 (s,

3H), 3.93 (t, J = 6.6 Hz, 2H), 6.84 (d, J = 6.9 Hz, 2H), 7.36 (d, J = 6.9 Hz, 2H);
13

C NMR (75MHz, CDCl3) δ (ppm): 24.6, 26.5, 53.7, 54.0, 55.3, 113.3, 127.7, 136.4, 160.0,

196.4.

4-(Dimethylamino)phenyl)(pyrrolidin-1-yl)methanethione (Table VI.A.3, entry 2g)
Yellow solid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 1.91-2.07 (m, 2H), 2.96 (s, 3H), 3.61 (t, J = 6.6 Hz,

2H), 3.96 (t, J = 7.2 Hz, 2H), 6.61 (d, J = 7.2 Hz, 2H), 7.38 (d, J = 7.2 Hz, 2H);
13

C NMR (75 MHz, CDCl3) δ (ppm): 24.7, 26.6, 40.2, 53.9, 54.1, 110.9, 128.1, 131.5, 150.9,

197.7.
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(Pyrrolidin-1-yl)(o-tolyl)methanethione (Table VI.A.3, entry 2h)
Brown liquid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 1.96-2.09 (m, 2H), 2.25 (s, 3H), 3.29 (t, J = 6.6 Hz,

1H), 3.29 (t, J = 6.6 Hz, 1H), 7.10-7.31 (m, 4H);
13

C NMR (75 MHz, CDCl3) δ (ppm): 18.9, 24.6, 26.2, 52.3, 52.5, 124.7, 126.2, 128.0, 130.5,

144.0, 198.1.

(Pyridin-3-yl)(pyrrolidin-1-yl)methanethione (Table VI.A.3, entry 2i)
1

H NMR (300 MHz, CDCl3) δ (ppm): 1.97-2.11 (m, 4H), 3.50 (t, J = 6.3 Hz, 2H), 3.94 (t, J =

6.3 Hz, 2H), 7.15 (t, J = 7.2 Hz, 1H), 7.43 (s, 1H), 8.58 (d, J = 3.3 Hz, 2H);
13

C NMR (75 MHz, CDCl3) δ (ppm): 24.4, 26.4, 53.5, 53.8, 123.0, 133.3, 139.6, 146.1, 149.4,

193.2.

(Pyridin-2-yl)(pyrrolidin-1-yl)methanethione (Table VI.A.3, entry 2j)
Brown liquid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 1.95-2.06 (m, 4H), 3.59 (t, J = 6.6 Hz, 2H), 3.94 (t, J =

6.3 Hz, 2H), 7.26 (d, J = 7.5 Hz, 1H), 7.72 (t, J = 7.8 Hz, 2H), 8.48 (d, J = 4.5 Hz, 1H);
13

C NMR (75 MHz, CDCl3) δ (ppm): 24.1, 26.3, 53.0, 53.4, 123.1, 123.4, 136.7, 147.6, 159.4,

193.6.

147

(1H-Indol-3-yl)(pyrrolidin-1-yl)methanethione (Table VI.A.3, entry 2k)
Brown solid;
1

H NMR (300 MHz, DMSO-d6) δ (ppm): 1.85-2.00 (m, 4H), 3.74 (t, J = 6.0 Hz, 2H ), 3.87 (t,

J = 6.0 Hz, 2H), 7.06-7.17 (m, 2H), 7.43 (d, J = 7.8 Hz, 1H), 7.71 (d, J = 7.2 Hz, 1H), 7.99
(d, J = 7.8 Hz, 1H), 11.61 (s, 1H);
13

C NMR (75 MHz, DMSO-d6) δ (ppm): 24.5, 26.5, 53.8, 112.2, 118.8, 120.3, 121.6, 122.2,

126.2, 126.4, 136.2, 189.3.

(Naphthalen-3-yl)(pyrrolidin-1-yl)methanethione (Table VI.A.3, entry 2m)
Yellow solid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 1.76-2.08 (m, 4H), 3.44 (t, J = 6.6 Hz, 2H), 3.98 (t, J =

6.9 Hz, 2H), 7.44-7.48 (m, 5H), 7.78 (t, J = 6.3 Hz, 4H);
13

C NMR (75 MHz, CDCl3) δ (ppm): 24.6, 26.0, 53.5, 53.8, 123.9, 124.6, 126.6, 126.7, 127.7,

128.1, 128.4, 132.7, 133.1, 141.2, 197.0.

(Furan-2-yl)(pyrrolidin-1-yl)methanethione (Table VI.A.3, entry 2n)
Brown solid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 1.91-2.01 (m, 4H), 3.91 (d, J = 6.6 Hz, 4H), 6.38 (d, J

=1.5 Hz, 1H), 7.19 (s, 1H), 7.42 (s, 1H);
13

C NMR (75 MHz, CDCl3) δ (ppm): 23.7, 26.8, 53.5, 54.8, 112.0, 118.5, 143.7, 152.9, 192.7.
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(E)-3-Phenyl-1-(pyrrolidin-1-yl)prop-2-ene-1-thione (Table VI.A.3, entry 2o)
Brown solid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 1.23-1.37 (m, 4H), 2.74 (t, J = 6.3 Hz, 2H), 3.25 (t, J =

6.3 Hz, 2H), 6.62-6.86 (m, 5H);
13

C NMR (75 MHz, CDCl3) δ (ppm): 24.0, 25.8, 52.7, 53.1, 125.0, 127.6, 128.0, 143.4, 196.5.

Benzothioamide (Table VI.A.4, entry 1)
Yellow solid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 7.45-7.38 (m, 2H), 7.54-7.47 (m, 1H), 7.88-7.90 (m,

2H), 9.50 (s, 1H), 9.87 (s, 1H);
13

C NMR (75 MHz, CDCl3) δ (ppm): 127.7, 128.3, 131.5, 139.9, 200.6.

Morpholino(phenyl)methanethione (Table VI.A.4, entry 2)
Yellow solid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 3.64-3.63 (m, 4H), 3.90 (t, J = 4.6 Hz, 2H), 4.46 (t, J =

4.8 Hz, 2H), 7.38-7.27 (m, 5H);
13

C NMR (75 MHz, DMSO-d6) δ (ppm): 49.1, 52.2, 65.6, 65.9, 125.7, 128.2, 128.4, 142.3,

161.8, 198.6.

(2-Hydroxyphenyl)(morpholino)methanethione (Table VI.A.4, entry 3)
Yellow solid;
1

H NMR (300 MHz, DMSO-d6) δ (ppm): 3.46-3.64 (m, 4H), 3.86 (t, J = 4.6 Hz, 2H), 4.31 (t,

J = 4.2 Hz, 2H), 6.83 (t, J = 6.9 Hz, 2H), 7.14 (d, J = 6.3 Hz, 2H);
13

C NMR (75 MHz, DMSO-d6) δ (ppm): 48.7, 51.5, 65.7, 65.9, 115.4, 119.0, 128.6, 129.5,

129.6, 150.5, 195.8.
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N-Benzylbenzothioamide (Table VI.A.4, entry 4)
Brown liquid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 4.85 (s, 2H), 7.20-7.33 (m, 8H), 7.61 (d, J = 7.2 Hz,

2H);
13

C NMR (75 MHz, CDCl3) δ (ppm): 50.4, 126.2, 127.6, 127.8, 128.0, 128.5, 130.6, 135.7,

141.1, 198.6.

N-Cyclohexylbenzothioamide (Table VI.A.4, entry 7)
Yellow solid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 1.16-1.28 (m, 6H), 1.38 (t, J = 8.4 Hz, 4H), 4.39 (s,

1H), 7.39-7.68 (m, 5H), 10.05 (s, 1H);
13

C NMR (75 MHz, CDCl3) δ (ppm): 25.2, 25.4, 25.6, 31.0, 55.5, 127.7, 128.2, 130.7, 142.2,

162.3, 196.4.

N-Butylbenzothioamide (Table VI.A.4, entry 8)
Yellow solid;
1

H NMR (300 MHz, CDCl3) δ (ppm): 0.96 (t, 3H), 1.42 (q, 2H), 1.65-1.75 (m, 2H), 3.73-3.80

(m, 2H), 7.31-7.69 (m, 5H);
13

C NMR (75 MHz, CDCl3) δ (ppm): 13.2, 19.7, 29.6, 46.1, 126.1, 127.9, 130.4, 141.8, 198.5.
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VI.A.5.4. Scanned copies of 1H and

13

C NMR spectra of (4-fluorophenyl)(pyrrolidin-1-

yl)methanethione

Figure VI.A.3. Scanned copy of 1H NMR of (4-fluorophenyl)

(pyrrolidin-1-yl)methanethione
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References are given in BIBLIOGRAPHY under Chapter VI A (page 181-182).
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yl)methanethione

C NMR of (4-fluorophenyl)(pyrrolidin-1-

13

Figure VI.A.4. Scanned copy of
VI.A.6. References

Section B
Glycerol assisted catalyst-free
one-pot multi-component synthesis
of thiopyran from aldehyde
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VI.B.1. Introduction
Among the sulfur containing heterocycles, thiopyran structure is worthy as a versatile scaffold
in biological and medicinal chemistry1 although it has been unexplored compared to its other
analogues. Thiopyrans are broadly found in the structure of natural product analogues with
numerous activities such as antipsychotic,2 antibacterial,3 anticancer,4 anti-hyperplasia,5
analgesic and anti-inflammatory6 activities.
VI.B.2. Background and Objectives
Thiopyran, a less explored heterocycles have recently gained much attention. This moiety can
be synthesized from aldehyde via two pathways which are discussed below (Figure IV.B.1).

Figure IV.B.1. Synthesis of thiopyran molecules from two different starting materials
VI.B.2.1. Synthesis of thiopyran derivative from active methylene compound
In 1989, F. F. Abdel-Latif et al. first synthesized thiopyran moiety through the reaction of
aldehyde and two active methylene compounds named malononitrile and cyanothioacetamide
in presence of piperidine in room temperature (Scheme VI.B.1).7 Structure of the compound
was established by IR and NMR techniques.

Scheme VI.B.1. Synthesis of thiopyran derivatives using piperidine
After this various thiopyran derivative were synthesized by some chemist. 8-12 This moiety was
synthesized again in 2007 by X. Fan et al. (Scheme VI.B.2)13 where they have demonstrated a
methodology through a modified method by using ethanol under microwave irradiation
without any additional catalyst.
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Scheme VI.B.2. Microwave irradiation for synthesis of thiopyran derivatives
Ionic liquid mediated solvent-free protocol was developed in 2009 by X. Zhang et al. for
synthesis of thiopyran derivatives (Scheme VI.B.3).14 This ionic liquid performed both the
role of catalyst as well as solvent and was easily recovered and effectively reused for at least
five times.

Scheme VI.B.3. Ionic liquid promoted synthesis of thiopyrans
Another protocol was developed by using L-proline, an enantioselective and greener catalyst
for stereoselective synthesis of thiopyran moeity in ethanol by N. M. H. Elnagdi et al. in 2012
(Scheme VI.B.4).15

Scheme VI.B.4. L-proline: A green organocatalyst for synthesis of thiopyrans
In 2013, K. D. Khalil et al. synthesized a heterogeneous Chitosan-grafted-poly(4vinylpyridine) (Cs-PVP) co-polymers in presence of potassium persulfate and sodium sulfite
redox system and then applied it for synthesis of thiopyran derivatives (Scheme VI.B.5).16
This catalyst could be readily isolated from the reaction mixture and recycled several times
without significant loss of catalytic activity.
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Scheme VI.B.5. Chitosan-grafted-poly(4-vinylpyridine) catalysed synthesis of thiopyran
derivatives
VI.B.2.2. Synthesis of thiopyran via one-pot pseudo five-component method
Development of improved methods for preparation of thiopyran compounds continues to be
an interesting goal in both synthetic and medicinal chemistry. In the previous methodologies,
2-cyanothioacetamide was used as a reactant but it is very expensive. So, those processes
required modifications and were modified using primary amines with carbon disulfide as the
sulfur source. Very few examples through this route for synthesis of thiopyrans are found in
literatures which are discussed below.
In 2016, A. Mobinikhaledi et al. synthesized the thiopyran moiety by a new different
methodology through one-pot pseudo five-component synthesis by reacting aldehyde,
malononitrile, carbon disulphide and primary amine at room temperature in presence of
triethylamine as catalyst (Scheme VI.B.6).17 They were trying to synthesize 1,3-thiazine-2thione derivatives but they unexpectedly obtained only the thiopyran as a product.

Scheme VI.B.6. One-pot pseudo five-component synthesis of thiopyran derivatives
In 2017, M. A. Bodaghifard et al. designed a heterogeneous basic catalyst, bis(4pyridylamino) triazine stabilized on silica-coated nano-Fe3O4 particles and then the catalytic
activities was studied for the synthesis of thiopyran moiety in ethanol (Scheme VI.B.7).18 The
MNPs-BPAT nano-catalyst was characterized using FT-IR, XRD, TEM, FE-SEM, EDS,
VSM and TGA-DTG. Due to its magnetic property, the catalyst was reported to be easily
separated and easily recycled.
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Scheme VI.B.7. MNPs-BPAT promoted synthesis of thiopyran derivatives
In 2017, the same methodology was modified by R. Dubey et al. through electrolysis (Scheme
VI.B.8).19 Constant potential electro syntheses was carried out in an undivided cell at room
temperature in presence of lithium perchlorate as a supporting electrolyte. Use of electricity
instead of chemical reagents was observed in this case.

Scheme VI.B.8. Synthesis of thiopyran derivatives through electrolysis
VI.B.2.3. Glycerol mediated organic synthesis
Use of non-conventional reaction media in organic synthesis is a constraint for making the
mother earth green. Besides water, the most common of these solvents systems include ionic
liquids and fluorous solvents are generally considered as green, but they do not convince these
criteria and often acquire problems with high cost, unknown toxicity and poor or no
biodegradability. Herein, we focus on the organic synthesis using non-conventional
biodegradable solvents and some solvents derived from biomass viz. glycerol. Using biobased derivatives is a current paradigm of green chemistry. Solvents derived from biomass
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have enormous potential for use in medicinal and pharmaceutical industry with many
advantages over conventional organic solvents. Application of green solvents in organic
chemistry often helps with recovery of valuable transition metal catalysts. Glycerol has been
used as a medium in organic synthesis often being more efficient than conventional organic
solvents and its applications are summarized below.
R. R. N. Nagasundaram et al. described glycerol mediated eco-friendly protocol for the
expedient access of diverse array of 4,4´-(arylmethylene)bis(3-methyl-1H-pyrazol-5-ol) and
2-aryl-2,3-dihydroquinazolin-4(1H)-one motifs under catalyst-free conditions (Scheme
VI.B.9).20 For these approach, a mixture of ethyl acetoacetate, hydrazine hydrate and aromatic
aldehyde afford a corresponding 4,4´-(arylmethylene)bis(3-methyl-1H-pyrazol-5-ols) and a
mixture of aromatic aldehyde or ketone with anthranilamide in glycerol produce
dihydroquinazolin-4(1H)-one.

Scheme VI.B.9. Glycerol mediated synthesis of 4,4´-(arylmethylene)bis(3-methyl-1Hpyrazol-5-ols) and dihydroquinazolin-4(1H)-ones
One-pot, three-component condensation reaction between aromatic aldehydes, α-naphthol and
(phenylsulfonyl)acetonitrile

for

synthesis

of

4-(aryl)-3-(phenylsulfonyl)-4H-

benzo[h]chromen-2-amine derivatives has been developed in greener solvent glycerol by A.
Morshedi et al. (Scheme VI.B.10).21 The method involves domino Knoevenagel
condensation-Michael addition and cyclization cascade.
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Scheme VI.B.10. Catalyst-free synthesis of 4-(aryl)-3-(phenylsulfonyl)-4Hbenzo[h]chromen-2-amine derivatives using glycerol
VI.B. 3. Present Work: Result and Discussion
Environment friendly catalyst-free methods for synthesis of thiopyran are rarely known in
literature till date, so herein we have reported a greener, catalyst-free, robust and inexpensive
multi-component route for synthesis of diverse array of thiopyran having different functional
groups on phenyl ring as well as heterocyclic, aliphatic and naphthyl moiety (Scheme
VI.B.11).

Scheme IV.B.11. One-pot multi-component synthesis of 4H-thiopyran
VI.B.3.1. Optimisation of reaction conditions
We began our study taking aldehyde, malononitrile, carbon disulphide and butyl amine.
Monitoring the reactions by TLC it was found that the reaction did not furnish any product
with methanol or water even when the reaction was carried out for 12 hours under reflux
condition (Table VI.B.1, entry 1, 2). Similarly no products were detected when the reaction
was carried out under neat condition or in presence of DMF (Table VI.B.1, entry 3, 4). Only a
trace amount of product was detected in ethylene glycol (Table VI.B.1, entry 5), when the
reaction was carried out at 100 oC for 12 h. But a huge improvement in the yield of the
product was observed in glycerol (Table VI.B.1, entry 6). Keeping the temperature constant at
100 oC, we reduce time for the reaction (Table VI.B.1, entry 7, 8, 9). It was observed that 1 h
was sufficient to carry out the reaction to give the comparable result (Table VI.B.1, entry 10).
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Further increase of the temperature did not show any increase in the product (Table VI.B.1,
entry 14) however decrease in the temperature decreased the yield of the product (Table
VI.B.1, entry 12, 13). Hence we finally concluded that the optimal condition of the reaction to
be 100 oC for 1 h in presence of glycerol.
Table VI.B.1.

a

Screening of reaction condition for 2,6-diamino-4-substituted-4H-

thiopyran-3,5-dicarbonitrile

Entry

Solvent

Temperature ( oC)

Time (h)

b

1

Methanol

Reflux

12

Nil

2

water

Reflux

12

Nil

3

Neat

100

24

Nil

4

DMF

100

12

Nil

5

Ethylene glycol

100

12

Trace

6

Glycerol

100

12

80

7

Glycerol

100

6

80

8

Glycerol

100

4

79

9

Glycerol

100

2

78

10

Glycerol

100

1

78

c

11

Glycerol

100

1

34

12

Glycerol

50

8

66

13

Glycerol

rt

24

45

14

Glycerol

140

1

78

Yield (%)

The bold significance represents the most optimized protocol/conditions;
a

Reaction of Benzaldehyde (1 mmol), malononitrile (2 mmol), butylamine (1 mmol) and carbon

disulphide (1 mmol);
b

Isolated yield of product by column chromatography;

c

Reaction was carried out using 0.5 mmol CS2.
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Under the optimal conditions, the scope of aldehydes was investigated. As shown in Table
VI.B. 2, the reaction demonstrated good compatibility with various aldehydes. Reactions with
aromatic aldehydes containing electron-withdrawing (3-NO2, 4-F) groups proceeded smoothly
to afford the corresponding products in good to excellent yields. To our delight, other
representative heterocyclic and aliphatic aldehydes such as thiophene and heptaldehyde were
also found to be suitable for this transformation and the desired products were obtained in
satisfactory yields. In addition, 2-chloro substituent also participates in the reaction well
although it has steric interaction.
Table

VI.B.2.

a

Synthesis

of

some

functionalized 2,6-diamino-4-substituted-4H-

thiopyran-3,5-dicarbonitriles

a

6a, 78%

6b, 74%

6c, 72%

6d, 62%

6g, 71%

6h, 66%

6i, 73%

6j, 71%

6f, 68%

6k, 67%

Reaction condition: Aldehyde (1 mmol), malononitrile (2 mmol), butylamine (1 mmol) and carbon

disulphide (1 mmol) in 1 mL glycerol were mixed and stirred at 100 oC for 1 h.

162

VI.B.3.2. Mechanism
A probable mechanism for the construction of 2,6-diamino-4-substituted-4H-thiopyran-3,5dicarbonitrile is proposed in Scheme VI.B.12. Initially, Knoevenagal condensation of
substituted aldehyde 1 with malononitrile 2 in presence of glycerol takes place to form an
intermediate A. Then adduct B is furnished through Michael addition of another molecule of
malononitrile on intermediate A. Then C is formed via the reaction of amine with carbon
disulphide. Subsequently a nucleophilic attack of C on B afford the adduct D. A hydrogen
transfer and carbon-sulphur bond disconnection leads to formation of isothiocyanate and
intermediate E. Another hydrogen shift, followed by attack on CN of E and cyclisation leads
to F. Finally the hydrogen shift in F gives the desired products.

Scheme VI.B.12. Plausible mechanism for synthesis of thiopyran derivatives
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VI.B.4. Conclusion
In conclusion, we have established a metal-free, eco-friendly and facile strategy for synthesis
of 4H-thiopyran using glycerol as a biodegradable solvent. The catalytic activity and the role
of solvent are properly satisfied by glycerol that further enhances the benefit of the protocol.
Replacement of toxic and expensive metal catalyst by environment friendly and inexpensive
glycerol is the novelty of this protocol.
VI.B.5. Experimental Section
VI.B.5.1. General Information
All the compounds were purchased from commercial suppliers and used without further
purification. All the products were purified by column chromatography on silica gel (60-120
mesh, SRL, India). For TLC, Merck plates coated with silica gel 60, F254 were used. 1H NMR
and

13

C NMR were recorded using 300 MHz and 75 MHz respectively on Bruker AV 300

NMR spectrometer using TMS as internal standard. Splitting patterns of protons were
described as s (singlet), d (doublet), t (triplet), br (broad) and m (multiplet).
VI.B.5.2. General procedure for the synthesis of 4H-thiopyran
In our general procedure, aldehyde (1 mmol), malononitrile (2 mmol), primary amine (1
mmol) and carbon disulfide (1 mmol) were mixed in glycerol (1 mL) and stirred at 100 oC in
a 50 mL round-bottom flask using a magnetic stirring bar under open air for 1 h and the
progress of the reaction was monitored on the TLC. After completion of the reaction, the
reaction mass was cooled, the solution was poured into 100 mL water and extract with ethyl
acetate, washed several times with water. The combined organic mixture was dried over
anhydrous Na2SO4, concentrated and the residue was purified by column chromatography on
silica gel 60-120 mesh using petroleum ether/ethyl acetate as eluent to afford the pure solid
product. All compounds were analyzed by 1H and 13C NMR techniques.
VI.B.5.3. Characterization data of various thiopyran derivatives
2,6-Diamino-4-phenyl-4H-thiopyran-3,5-dicarbonitrile (Table VI.B.2, entry 6a)
1

H NMR (300 MHz, DMSO-d6) δ (ppm): 4.27 (s, 1H), 6.93 (s, 4H), 7.24 (d, J = 7.2 Hz, 3H),

7.34 (d, J = 7.2 Hz, 2H);
13

C NMR (75MHz, DMSO-d6) δ (ppm): 43.7, 72.4, 119.3, 127.1, 127.6, 129.1, 143.9, 151.6.
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2,6-Diamino-4-(3-nitrophenyl)-4H-thiopyran-3,5-dicarbonitrile (Table VI.B.2, entry 6b)
1

H NMR (300 MHz, DMSO-d6) δ (ppm): 4.52 (s, 1H), 7.04 (s, 4H), 7.73-7.64 (m, 2H), 8.14-

8.09 (m, 2H);
13

C NMR (75MHz, DMSO-d6) δ (ppm): 42.8, 71.3, 119.0, 121.4, 122.7, 130.9, 133.9, 146.2,

148.4, 152.4.

2,6-Diamino-4-(4-fluorophenyl)-4H-thiopyran-3,5-dicarbonitrile (Table VI.B.2, entry 6c)
1

H NMR (300 MHz, DMSO-d6) δ (ppm): 4.52 (s, 1H), 7.04 (s, 4H), 7.73-7.64 (m, 2H), 8.14-

8.09 (m, 2H);
13

C NMR (75MHz, DMSO-d6) δ (ppm): 42.4, 71.9, 115.2, 115.5, 118.7, 128.5, 139.5, 151.1.

2,6-Diamino-4-(4-hydroxyphenyl)-4H-thiopyran-3,5-dicarbonitrile (Table VI.B.2, entry
6f)
1

H NMR (300 MHz, DMSO-d6) δ (ppm): 4.03 (s, 1H), 6.93 (d, J = 8.6 Hz, 2H), 7.27 (s, 4H),

7.86 (d, J = 8.6 Hz, 2H), 8.07 (s, 1H);
13

C NMR (75 MHz, DMSO-d6) δ (ppm): 43.4, 71.9, 116.2, 118.9, 129.9, 135.0, 151.3, 156.1.

165

2,6-Diamino-4-p-tolyl-4H-thiopyran-3,5-dicarbonitrile (Table VI.B.2, entry 6g)
1

H NMR (300 MHz, DMSO-d6) δ (ppm): 2.54 (s, 3H), 4.2 (s, 1H), 6.93 (s, 4H), 7.28 (d, J =

8.6 Hz, 2H), 7.41 (d, J = 8.2 Hz, 2H);
13

C NMR (75 MHz, DMSO-d6) δ (ppm): 20.8, 42.8, 70.9, 119.1, 126.6, 130.1, 136.0, 141.1,

151.7.

2,6-Diamino-4-(4-(dimethylamino)phenyl)-4H-thiopyran-3,5-dicarbonitrile

(Table

VI.B.2, entry 6h)
1

H NMR (300 MHz, DMSO-d6) δ (ppm): 2.9 (s, 6H), 4.08 (s, 1H), 6.72 (d, J = 8.6 Hz, 2H),

6.8 (s, 4H), 7.10 (d, J = 8.6 Hz, 2H);
13

C NMR (75 MHz, DMSO-d6) δ (ppm): 41.8, 42.9, 72.6, 112.2, 118.7, 127.9, 131.4, 149.2,

150.8.
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VI.B.5.4. Scanned copies of 1H and

13

C NMR spectra of 2,6-diamino-4-phenyl-4H-

thiopyran-3,5-dicarbonitrile

Figure VI.B.2. Scanned copy of 1H NMR of 2,6-diamino-4-phenyl-4H-thiopyran-3,5-

dicarbonitrile
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VI.B.6. References

References are given in BIBLIOGRAPHY under Chapter VI B (page 182-183).
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Figure VI.B.3. Scanned copy of

dicarbonitrile

C NMR of 2,6-diamino-4-phenyl-4H-thiopyran-3,5-

13

