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Abstract A rapid, green, and efficient one-pot, three-

component Kindler reaction was developed using a sul-

fated polyborate catalyst. The method described the

reaction of aldehydes, amines/ammonium acetate, and

sulfur for the synthesis of thioamides using sulfated

polyborate under a solvent free condition at 100 �C. The
key features of the present protocol are high yields, short

reaction time, easy workup, and recyclability of a catalyst

which gives economical as well as ecological rewards. The

present method also has an ability to tolerate a variety of

functional groups.
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Introduction

A multicomponent condensation reaction of aldehydes,

amines, and sulfur for the synthesis of thioamides was

reported by Kindler [1]. Thioamides are the most widely

used functional groups in the synthesis of sulfur-containing

molecules, including heterocycles, natural products, and

biologically active compounds [2–4]. Thioamides are an

important class of compounds with diverse pharmacologi-

cal activities such as antifungal [5], antibacterial [6],

antimycobacterial [7], antioxidant [8], anticonvulsant [9],

antithyroid [10], spasmolytic [11], antiulcerative [12],

anticancer [13], aldose reductase inhibitors [14], and inhi-

bitor of estrogens receptors [15]. In addition, thioamides

also have wide applications as intermediates in the syn-

thesis of a variety of five and six membered heterocycles

[16] and active pharmaceutical ingredients such as fato-

statin [17], fenclosic acid [18], fentiazac [19], and

febuxostate [20]. There are many thioamides containing

drugs including ethionamide and prothionamide are used as

anti-tubercular [21, 22], tolrestat is used to prevent diabetic

complications [14], and the fimasartan is an antihyperten-

sive agent [23] (Fig. 1).

There are a number of methods reported for the syn-

thesis of thioamides including thionation of amides using

reagents like P4S10 [24], Lawesson’s reagent [25], boron

sulfide [26], ethylaluminum sulfide [27], and diethylthio-

carbamoyl chloride [28]. These methods suffered from

shortcomings like toxic, corrosive, explosive, and foul

smelling reagents along with undesirable by-products and

lower yields.

Classical three components Kindler reaction of aldehy-

des, amines, and sulfur, is widely applicable because of its

high atom economy and with water as the by-product [1].

However, to the best our knowledge, only few
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improvements have been reported for the Kindler reaction

using various catalysts such as Na2S�9H2O [29],

4-methylmorpholine [30], montmorillonite K-10 [31], p-

TSA [32], sulfated tungstate [33], nano n-propyl sulfonated

c-Fe2O3 [34], and sulfonic acid functionalized nano c-
Al2O3 [35]. Despite, these catalyst protocols also suffered

from drawbacks of the use of expensive metallic catalysts,

harsh reaction conditions, low yield, prolonged reaction

time, and cumbersome product isolation. Hence, the

exploration of a mild, efficient, and eco-friendly protocol

for the synthesis of thioamides is highly desirable.

In the perpetuation green, convenient, and practical cat-

alytic methods for the current interest in organic synthesis

and commercial process; recently we have introduced sul-

fated polyborate catalyst and demonstrated its efficiency for

catalyzing the three-component Biginelli reaction [36],

Kabachnik–Fields reaction [37], two-component quinoxa-

lines [38], and Hantzsch 1,4-dihydropyridines [39], all under

solvent-free condition. Its mild acidity, easy preparation,

eco-friendliness, and reusability have encouraged us to

investigate its potential to catalyzemanyother useful organic

transformations. Therefore, inspired by our previous finding,

in this paper, we extended the application of sulfated

polyborate as a highly effective catalyst for the synthesis of

thioamides via Kindler reaction (Scheme 1).

Results and discussion

For initial screening, the study was structured to investigate

the suitability of sulfated polyborate as a catalyst at dif-

ferent reaction conditions. For the preliminary experiment,

a mixture of benzaldehyde; a representative substrate,

morpholine, and sulfur were used. The results are sum-

marized in Table 1.

The effect of the catalyst loading on time and yields

of the reaction was assessed. In the absence of a catalyst,

the reaction proceeded at 100 �C but took longer reac-

tion time with a poor yield (Table 1, entry 1). An

increase in the catalyst loading increased the product

yield with a significant reduction in the reaction time

(Table 1, entries 2–5). The catalyst loading beyond

10 wt% was not advantageous (Table 1, entries 5 and 6).

Hence, a 10 wt% catalyst loading was chosen for further

study.

Temperature played an important role for the synthesis

thioamides. The temperature effect was examined at

ambient, 50, 80, and 100 �C using sulfated polyborate

(Table 1, entries 5 and 7–9). The reaction did not proceed

at room temperature (Table 1, entry 7). An increase in the

temperature to 100 �C resulted in significantly increased

product yield in shorter reaction time (Table 1, entries 5, 8,

and 9). Therefore, 100 �C was chosen as optimum tem-

perature for the reaction.

The effect of various solvents on time and yield of the

reaction was ascertained (Table 1, entries 5 and 10–15).

None of the solvents have shown an advantage over solvent

free condition. Hence, the solvent free condition was

regarded as best for the cost and environmental

acceptability.

There are only a few catalysts reported for the synthesis

of thioamides via Kindler reaction of benzaldehyde, mor-

pholine, and sulfur. Herein, in comparison with other

catalysts, sulfated polyborate catalyst showed an advantage

Fig. 1 Pharmaceutically active thioamide molecules

Scheme 1 
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with respect to reaction conditions, workup procedure, time

and yields (Table 2, entries 1–6).

To study the generality and scope, optimized reaction

conditions were applied to various aromatic/aliphatic

aldehydes and amines. All the substrate variants reacted

well and afforded higher yields of thioamides in shorter

reaction time (Tables 3, 4). Various electron donating or

electron withdrawing substituents at the ortho and para

position of aromatic aldehydes have been examined

(Table 3, entries 2–11). In comparison with para, the ortho

substituted aromatic aldehydes took longer reaction time

may be due to steric hindrance, hence the nature of sub-

stitutions on aromatic aldehydes have a remarkable effect

on the reaction time with good yields. However, electron

withdrawing groups did not show a significant effect but

the nitro group took less time than others. Whereas electron

donating groups also showed similar behavior, but

surprisingly less reaction time was observed with hydroxy

group presumably due to acidic nature of phenolic OH. The

protocol is also extended to heterocyclic and alicyclic

aldehyde variants to get the corresponding thioamides in

shorter reaction time with good yield (Table 3, entries

12–14).

On the other side, the applicability of this protocol

on aromatic and aliphatic amines was also examined

using butylamine, benzylamine, aniline, dibenzylamine,

piperidine, pyrrolidine, and ammonium acetate variants.

All the amine variants were reacted well and afforded

good yields of the corresponding thioamides in shorter

reaction time (Table 4, entries 1–7) except aniline

(Table 4, entry 3). However, piperidine and pyrrolidine

variants took lesser time than others. Whereas aniline

variant did not react and showed traces of desired

product on TLC.

Table 1 Results of

optimization studies
Entry Catalyst/wt% Solvent Temperature/�C Time/h Yielda/%

1 0 Solvent free 100 12 24

2 2.5 Solvent free 100 1 56

3 5.0 Solvent free 100 1 86

4 7.5 Solvent free 100 1 90

5 10.0 Solvent free 100 1 97

6 15.0 Solvent free 100 1 97

7 10.0 Solvent free rt 6 NRb

8 10.0 Solvent free 50 6 54

9 10.0 Solvent free 80 6 83

10 10.0 EtOH Reflux 2 63

11 10.0 MeCN Reflux 2 41

12 10.0 THF Reflux 2 44

13 10.0 Water Reflux 2 36

14 10.0 Toluene Reflux 2 53

15 10.0 DMF 100 2 56

a Isolated yield
b No reaction

Table 2 Efficiency of sulfated polyborate in comparison with literature reported catalysts for the Kindler reaction

Entry Catalyst Condition Time/h Yielda/% References

1 Sulfated polyborate Solvent free/100 �C 1 97 This work

2 Polyboric acid Solvent free/100 �C 2 96 This work

3 Boric acid Solvent free/100 �C 3 92 This work

4 p-Toluenesulfonic acid Solvent free/130 �C 3 98 [32]

5 Sulfonic acid functionalized nano c-Al2O3 DMF/100 �C 5 93 [35]

6 Sulfated tungstate DMF/110 �C 8 89 [33]

a Isolated yield
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The reusability of the catalyst in the model reaction of

benzaldehyde, morpholine, and sulfur under solvent-free

conditions at 100 �Cwas evaluated. After completion of each

reaction cycle, the reaction mixture was cooled, quenched

with water followed by product filtration. The filtrate was

evaporated in vacuumrotary evaporator to recover the catalyst

quantitatively. The recovered catalyst was recycled for four

times with no significant loss in a catalytic activity (Fig. 2).

Table 3 Synthesis of thioamides using a variety of aldehydes

Entry Aldehydes/R1 Product Time/h Yielda/% Melting point/�C

Obs Literature

1 C6H5 4a 1 97 136–137 137–139 [40]

2 4-O2N-C6H4 4b 0.5 93 190–192 194–195 [41]

3 4-Br-C6H4 4c 2 96 134–135 135–137 [42]

4 4-Cl-C6H4 4d 2 94 138–139 138–140 [40]

5 4-F-C6H4 4e 2 96 91–92 93–96 [32]

6 4-CH3-C6H4 4f 2 94 124–125 126–128 [40]

7 4-CH3O-C6H4 4g 4 95 98–99 100–101 [43]

8 4-HO-C6H4 4h 0.5 95 206–207 204–205 [44]

9 2-Cl-C6H4 4i 4 90 114–115 115–116 [45]

10 2-CH3O-C6H4 4j 4 92 78–79 80–82 [46]

11 2-HO-C6H4 4k 0.75 94 168–169 167–168 [47]

12 4-Pyridine-carboxaldehyde 4l 1 91 150–151 151 [48]

13 5-Methylfurfural 4m 1 93 62–63 –

14 Cyclohexane-carboxaldehyde 4n 1 92 122–123 124–125 [42]

a Isolated yields

Table 4 Synthesis of thioamides using various amines

Entry Amines Product Time/h Yielda/% Melting point/�C

R2 R3 Obs Literature

1 C4H9 H 4o 2 88 Liq –

2 C6H5CH2 H 4p 4 87 76–77 77–78 [49]

3 C6H5 H 4q 6 Traces – 97–98 [33]

4 C6H5CH2 C6H5CH2 4r 4 89 95–97 NR

5 –(CH2)5– 4s 0.5 96 59–60 60–61 [35]

6 –(CH2)4– 4t 0.5 95 73–74 72–74 [50]

7 H H 4u 6 77 111–112 113–115 [35]

a Isolated yields. Ammonium acetate used as an ammonia source
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Conclusion

In conclusion, the present procedure is a rapid, efficient,

and eco-friendly protocol for the Kindler reaction of vari-

ous aldehydes, amines, and sulfur under optimized

conditions. High yields, shorter reaction time, mild reaction

conditions, easy of workup procedure, and recyclability of

the catalyst are the key features of this protocol. Moreover,

the present method has the ability to tolerate a wide variety

of substituents along with enhanced product purity which

promises economical as well as ecological rewards.

Experimental

Melting points of all the compounds were recorded by

Analab ThermoCal melting point apparatus in the open

capillary tube. The FT-IR spectra (KBr) were recorded on

Shimadzu FTIR Affinity-1 Fourier Transform Infrared

spectrophotometer. 1H NMR spectra were recorded on

MR400 Agilent Technology NMR spectrometer using

tetramethylsilane (TMS) as an internal standard and

DMSO-d6 or CDCl3 as a solvent. Chemicals and solvents

used were of LR grade and purchased from SD fine, Avra

Synthesis, and Spectrochem and used without purification.

The purity determination of the starting materials and

reaction monitoring was accomplished by thin layer chro-

matography (TLC) on Merck silica gel G F254 plates. The

sulfated polyborate catalyst was prepared following the

procedure reported in the literature [36].

General procedure for the Kindler reaction

To a mixture of an aldehyde (2 mmol), amine (2.4 mmol),

and sulfur (2.4 mmol) was added sulfated polyborate

(10 wt%). The mixture was heated at 100 �C in an oil bath.

The reaction was monitored by thin layer chromatography.

After completion of the reaction, the mixture was cooled to

room temperature and quenched with 5 cm3 water. Solid

was filtered at vacuum pump, washed with water

(3 9 5 cm3), dried under vacuum to get the products in

pure form or recrystallized from ethanol. The products

obtained were known compounds and were identified by

melting point, FT-IR, and 1H NMR spectroscopy. The

spectral data were compared with those in the literature.
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