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Introduction
In recent years, the thioamides are often appeared in the literature 

as intermediates in medicinal chemistry and biological [1,2], but also in 
organic synthesis for the preparation of heterocycles containing sulphur 
[3,4]. The synthesis of thioamides derivatives has attracted so much 
attention among many researchers and several synthesis methods have 
been developed which validated is the Willgerodt-Kindler’s reaction 
(WK). The Willgerodt-Kindler’s reaction is a method that is well known 
for the synthesis of thioamides [5]. It consists the condensation of the 
carbonyl compound with an amine in the presence of sulfur. This WK 
reaction has found in the past a bad reputation because of long reaction 
time, difficult conditions of reaction and formation of hydrogen sulfide 
(gas) toxic to humans and the environment. In the quest to find methods 
of catalytic synthesis responding to the new requirements of green 
chemistry, optimization conditions have made the WK reaction more 
attractive [6]. The application of the catalyst montmorillonite K-10 to 
this reaction for the synthesis of 1-morpholino-2- (naphthalen-1-yl) 
ethanethione, concluded that acid-base catalysis conditions ameliorate 
the WK’s reaction of ketone compounds [7]. Our working group are 
employed this catalyst K-10 in Willgerodt-Kindler’s reaction under 
microwave assistance of aryl aldehyde compounds. We reported 
recently a study which the synthesis by reaction of Willgerodt-Kindler 
in acid catalysis with K-10 and DMF as solvent of phenyl (morpholino) 
methanethione and dimethylaminophenyl (morpholino) methanethione 
was discussed [8]. It is noted that the use of an aprotic polar solvent 
such as DMF optimizes this reaction under microwave assistance in 
reducing the reaction time, decreased formation of hydrogen sulfide, 
reduction of secondary reactions [6] In extension of our work for a 
green synthesis of phenyl (morpholino) methanethione derivatives and 
evaluating the effect of the solid catalyst Montmorillonite K-10 in this 
reaction, we reported the synthesis and characterization of others phenyl 
(morpholino) methathione derivatives. We have sought to establish a 

relationship substrate-reactivity of this protocol for the synthesis of 
these phenyl (morpholino)methathiones derivatives.

Experimental Section
General experimental methods

The synthesis was made under microwave irradiation in a domestic 
microwave oven “Brandt type MB 18 T (940 W, 2450 MHz)” without 
any modification. The evolution of the reagents to products is assessed 
using a thin layer chromatography (TLC). This TLC was realized on the 
plates of silica (silica gel 60 F254 Merck TCL) with mobile phase which 
is a mixture of hexane and ethyl acetate in proportion (v/v, 6/4) and 
then revealed to the ultraviolet (UV) light of wavelength λ=254 nm. All 
compounds reported here were purified on column chromatography 
with mobile phase which is a mixture of hexane and ethyl acetate in 
proportion (v/v, 6/4) and phase stationary silica (Silica gel 63-160 μm). 
The melting point of synthesized and purified thioamides is made on a 
fusion meter, of type electrothermal 1A 9000, before the characterization 
and confirmation of their structure by the spectral analysis methods (MS, 
NMR-1D and 2D-NMR) The mass spectra to determine the molecular 
molar mass and the fragments that result has made by high-resolution 
mass spectrometry (HRMS) in electrospray ionization (ESI) on positive 
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Abstract
The Willgerodt-Kindler (WK) reaction of is one of most synthesis methods used to access the thioamides. The 

known to thioamides have made this reaction more attractive in catalytic synthesis methods. Heterogeneous catalysis 
acid with the montmorillonite K-10 applied to this reaction under activation microwave for the synthesis of phenyl 
(morpholino) methanethiones derivatives shows that the mixture (aldehyde, sulfur, morpholine and K-10) is not only 
appropriate, but optimizes the reaction. This solid catalyst was easily separated from the reaction mixture and was 
recycled at least twice (02) without any loss of activity. Operational simplicity, short reaction times, excellent yields and 
benign environmental conditions are other advantages of this protocol, thus respecting the principles of green chemistry. 
Among the thioamides synthesized, 4-(morpholine-4-carbonothioyl)benzoic acid (h) is a novel molecule which to our 
knowledge has never before been synthesized. We obtained it with a yield of 68%. In summary, we can be concluded 
that the heterogeneous catalysis acid conditions with the montmorillonite K - 10 favourable to the Willgerodt-Kindler 
reaction for carbonyl compounds. The structures of thioamides synthesized were characterized and confirmed by high-
resolution mass spectrometry (HRMS) and nuclear magnetic resonance (NMR) 1D and 2D (COSY, HSQC, HMBC).
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mode (ES+) of system XEVO-G2QTOF#YCA210 on spectrometer 
TOF. Fragmentation is made out under a tension of the cone to 30 V. 
The domain of mass analysis extends to m/z 100 to 700 uma. The NMR 
spectra were carried out in the solvent of analysis DMSO-d6 (deuterie 
dimethylsulfoxide) at 298.16 K, using Brüker Avance 400 spectrometer. 
The spectra for the proton 1H are made at 300.132 MHz and 75.478 
MHz for the carbon 13C. It is the same for COSY; HSQC; HMBC 
spectra. All reagents were purchased from Sigma/Aldrich, PROLABO 
and Acros Organics.

Catalyst K-10: Montmorillonite K-10 also known as Terre de 
Sommières Montmorillonite K-10 is a commercial clay obtained by 
acidification of the natural Montmorillonite belonging to smectite 
group of the family of phylosilicates of the formula (Na, Ca) 0.3 (Al, 
Mg)2Si4O10 (OH)2 • nH2O [9,10]. It obtained from Sigma Chemical 
Corporation.

General procedure

The reaction mixture of methods A and B in a domestic microwave 
oven has been irradiated during 10-15 minutes at 940 W according to 
the following scheme: 10 or 15 irradiations of 1 min spaced out by 20 
seconds for agitation, eventually to cool and return to oven, in order to 
better control a boiling too marked. The method B is similar method 
described by Agnimonhan et al. [8]. The temperature of this reaction 
mixture is comprised to 138 -143°C.

 Method A: Without catalysis: In a mixture (5 mmol) aldehyde and 
morpholine (0.63 mL, 7.5 mmol) put under agitation, 15 mL of DMF 
(the solvent) are added. To the mixing under agitation, we are added 
sulphur (0.26 g, 8 mmol). The agitation continues until the obtaining a 
mixture of Brown colour which will be placed on the rotating plateau 
of microwave oven to be irradiated. After cooling to room temperature, 
the mixture is then poured in a solution of ethyl acetate for allowing 
the elimination of sulphur by simple filtration. The filtrate obtained 
is treated with 100 mL of hydrochloric acid (0.1 M) to protonate the 
amine in excess, then with 100 mL of saturated NH4Cl solution and 
finally washed with 2 × 100 ml of distilled water. The organic phase 
after drying over MgSO4 is concentrated by evaporation. The organic 
phase after drying over MgSO4 is concentrated by evaporation. The 
crystals formed were recrystallized from ethyl alcohol 95°. To eliminate 
any traces of sulfur in the product, despite the recrystallization, the 
washing of thioamide is done with hexane if this thioamide is insoluble; 
otherwise, a chromatography column is made. The mobile phase used 
is a mixture of hexane and ethyl acetate (v/v, 6/4) to afford the pure 
products in 18-26% yields.

Method B: Catalysis with K-10: To a mixture (5 mmol) aldehyde 
and morpholine (0.63 mL, 7.5 mmol) put under agitation, 15 mL of 
DMF (the solvent), Then 0.35 g of K-10 and sulphur (0.26 g, 8 mmol) 
are added. The agitation continues until the obtaining a mixture of 
Brown colour which will be placed on the rotating plateau of microwave 
oven to be irradiated. After cooling to room temperature, the mixture 
is then poured in a solution of ethyl acetate for allowing the elimination 
of sulphur and K-10 by simple filtration. The same workup procedure 
followed by purification as described in the procedure A furnished the 
pure products in 34-68% yields.

phenyl(morpholin-4-yl)methanethione (a): Aldehyde used is 
benzaldehyde (0.53 g; 5 mmol). The pure product (compound a), yellow 
solid is obtained with a final weigh 0.27 g (Yield=26%) and weigh 0.69 
g (yield=67%) following methods A and B respectively.

mp: 137-138 °C. Rf (Hex/ AcOEt, v/v, 6/4): 0.71. HRMS (ESI/TOF-

MS ES+) m/z: [M+H]+ Calcd for C11H14NOS 208.0796; Found 208.0795. 
NMR 1H (DMSO-d6, δ ppm): 7.27 (1H, d, C2,C6 aromatic); 7.39 (1H, m, 
C3, C5aromatic); 7.37 (1H, m, C4aromatic); 4.30 (2H, t, C1’H2); 3.56 (2H, 
t, C2’H2); 3.76 (2H, t, C3’H2); 3.50 (2H, t, C4’H2). NMR 13C (DMSO-d6, δ 
ppm): 198.6 (C thioamide); 142.3 (C1 aromatic); 128.5 (C2, C6 aromatic); 
125.8 (C3, C5 aromatic); 128.2 (C4 arom); 49.2 (C1’); 65.7 (C2’); 65.9 (C3’); 
52.2 (C4’).

(3-nitrophenyl)(morpholin-4-yl) methanethione (b): 
3-nitrobenzaldehyde (0.76 g; 5 mmol) is used to obtain the compound 
b, yellow powder with a final weigh 0.29 g (Yield=23%) and weigh 0.81 
g (yield=64%) following methods A and B respectively.

mp: 150-151°C. Rf (Hex/ AcOEt, v/v, 6/4): 0.63. HRMS (ESI/
TOF-MS ES+) m/z: [M+H]+ Calcd for C11H13N2O3S 253.0647; Found 
253.0646. NMR 1H (DMSO-d6, δ ppm): 7.68 (1H, s, C2aromatic); 8.20 
(1H, m, C4aromatic); 7.73 (1H, d, C5aromatic); 8.12 (1H, d, C6aromatic); 
4.31 (2H, t, C1’H2); 3.80 (2H, t, C2’H2); 3.590 (2H, t, C3’H2); 3.54 (2H, t, 
C4’H2). NMR 13C (DMSO-d6, δ ppm): 195.1 (C thioamide); 143.4 (C1 
aromatic); 129.9 (C2aromatic); 147.4 (C3aromatic); 123.0 (C4 aromatic); 
132.0 (C5 aromatic); 120.6 (C6 aromatic); 49.1 (C1’); 65.4 (C2’); 65.7 (C3’); 
52.3 (C4’).

(4-nitrophenyl)(morpholin-4-yl)methanethione (c): 4-nitroben-
zaldehyde (0.76 g; 5 mmol) is used to obtain the compound c, yellow 
orange powder with a final weigh 0.29 g (Yield=23%) and weigh 0.82 g 
(yield=65%) following methods A and B respectively.

mp: 199 - 200°C. Rf (Hex/ AcOEt, v/v, 6/4): 0.67. HRMS (ESI/
TOF-MS ES+) m/z: [M+H]+ Calcd for C11H13N2O3S 253.0647; Found 
253.0654. NMR 1H (DMSO-d6, δ ppm): 7.53 (1H, d, C2aromatic); 8.22 
(1H, d, C3aromatic); 8.25 (1H, d, C5aromatic); 7.55 (1H, d, C6aromatic); 
4.30 (2H, t, C1’H2); 3.70 (2H, t, C2’H2); 3.590 (2H, t, C3’H2); 3.50 (2H, t, 
C4’H2). NMR 13C (DMSO-d6, δ ppm): 195.4 (C, thioamide); 146.7 (C1 
aromatic); 126.8 (C2, C6 aromatic); 123.7 (C3, C5 aromatic); 147.9 (C4 
aromatic); 48.8 (C1’); 65.5 (C2’); 65.7 (C3’); 52.2 (C4’).

(3-hydroxyphenyl)(morpholin-4-yl)methanethione (d): The 
aldehyde reagent: 3-hydroxybenzaldehyde (0.61 g; 5 mmol) has given 
the compound d, brown powder with a final weigh 0.20 g (Yield=18%) 
and weigh 0.41 g (yield=37%) following methods A and B respectively.

mp: 162-163°C. Rf (Hex/ AcOEt, v/v, 6/4): 0.54. HRMS (ESI/TOF-
MS ES+) m/z: [M+H]+ Calcd for C11H14NO2S 224.0745; Found 224.0743. 
NMR 1H (DMSO-d6, δ ppm): 9.68 (OH); 7.17 (1H, t, C5aromatic); 6.74 
(1H, d, C4aromatic); 6.65 (2H, m, C2,C6aromatic); 4.28 (2H, t, C1’H2); 
3.55 (2H, t, C2’H2); 3.75 (2H, t, C3’H2); 3.55 (2H, t, C4’H2). RMN 13C 
(DMSO-d6, δ ppm): 198.6 (C, thioamide); 143.5 (C1 aromatic); 112.8 
(C2aromatic); 157.0 (C3aromatic); 115.4 (C4 aromatic); 129.3 (C5 
aromatic); 116.1 (C6 aromatic); 49.5 (C1’); 65.6 (C2’); 66.0 (C3’); 52.1 (C4’).

(4-hydroxyphenyl)(morpholin-4-yl)methanethione (e): 4-hydrox-
ybenzaldehyde (0.61 g; 5 mmol) is used to obtain the compound e, 
yellow orange Pink powder with a final weigh 0.22 g (Yield=20%) and 
weigh 0.44 g (yield=39%) following methods A and B respectively.

mp: 204-205°C. Rf (Hex/ AcOEt, v/v, 6/4): 0.51. HRMS (ESI/
TOF-MS ES+) m/z: [M+H]+ Calcd for C11H14NO2S 224.0745; Found 
224.0741. NMR 1H (DMSO-d6, δ ppm): 7.16 (1H, d, C2aromatic); 6.74 
(1H, d, C3aromatic); 6.74 (1H, d, C5aromatic); 7.16 (1H, d, C6aromatic); 
4.27 (2H, t, C1’H2); 3.74 (2H, t, C2’H2); 3.40 (2H, t, C3’H2); 3.40 (2H, t, 
C4’H2). NMR 13C (DMSO-d6, δ ppm): 199.9 (C, thioamide); 133.6 (C1 
aromatic); 128.8 (C2, C6 aromatic); 115.1 (C3, C5 aromatic); 158.6 (C4 
aromatic); 50.3 (C1’); 66.2 (C2’); 66.5 (C3’); 53.0 (C4’). 
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(3,4-dihydroxyphenyl)(morpholin-4-yl)methanethione (f): 
The aldehyde reagent: 3,4-dihydroxybenzaldehyde (0.69 g; 5 mmol) 
has given the compound f, yellow powder with a final weigh 0.25 g 
(Yield=21%) and weigh 0.41 g (yield=34%) following methods A and 
B respectively.

mp: 251-252°C. Rf (Hex/ AcOEt, v/v, 6/4): 0.34. HRMS (ESI/
TOF-MS ES+) m/z: [M+H]+ Calcd for C11H14NO3S 240.0694; Found 
240.0694. NMR 1H (DMSO-d6, δ ppm): 9.29 (OH, C4); 9.17 (OH,C3); 
6.75 (1H,s, C2aromatic); 6.70 (1H, d, C5aromatic); 6.58 (1H, d, 
C6aromatic); 4.25 (2H, t, C1’H2); 3.73 (2H, t, C2’H2); 3.59 (2H, t, C3’H2); 
3.60 (2H, t, C4’H2). NMR 13C (DMSO-d6, δ ppm): 199.5 (C, thioamide); 
133.4 (C1 aromatic); 114.7 (C2aromatic); 144.6 (C3aromatic); 146.3 (C4 
aromatic); 114.7 (C5 aromatic);  117.6 (C6 aromatic); 49.7 (C1’); 65.7 
(C2’); 66.1 (C3’); 52.8 (C4’).

[4-(dimethylamino)phenyl](morpholin-4-yl)methanethione (g): 
4-dimethylaminobenzaldehyde (0.74 g; 5 mmol) is used to obtain 
the compound g, yellow orange powder with a final weigh 0.27 g 
(Yield=22%) and weigh 0.54 g (yield=43%) following methods A and 
B respectively.

mp: 149-150°C. Rf (Hex/ AcOEt, v/v, 6/4): 0.60. HRMS (ESI/
TOF-MS ES+) m/z: [M+H]+ Calcd for C13H19N2OS 251.1218; Found 
251.1217. NMR 1H (DMSO-d6, δ ppm): 7.24 (1H, d, C2,C,6aromatic); 
6.64 (1H, d, C3, C5aromatic); 3.39 (8H, t, morpholino); 2.9 (6H, s, 
CH3). NMR 13C (DMSO-d6, δ ppm): 199.9 (C, thioamide); 129.3 (C1 
aromatic); 128.5 (C2, C6 aromatic); 110.7 (C3, C5 aromatic); 150.8 (C4 
aromatic); 65.9 (C1’, C4’); 65.9 (C2’,C3’); 40.0 (CH3).

4-(morpholine-4-carbonothioyl)benzoic acid (h): novel 
thiobenzamide Acid 4-formylbenzoic (0.75 g; 5 mmol) is used to obtain 
the compound h, yellow solid with a final weigh 0.59 g (Yield=47%) 
and weigh 0.86 g (yield=68%) following methods A and B respectively.

mp: 227-228°C. Rf (Hex/ AcOEt, v/v, 6/4): 0.28. HRMS (ESI/
TOF-MS ES+) m/z: [M+H]+ Calcd for C12H14NO3S 252.0694; Found 
252.0698. RMN 1H (DMSO-d6, δ ppm): 13.08 (OH, carboxylique); 
7.38 (1H, d, C4,C,6 aromatic); 7.94 (1H, d, C3, C7aromatic); 4.31 (2H, t, 
C1’H2);3,78 (2H, t, C2’H2); 3.58 (2H, t, C3’H2); 3.46 (2H, t, C4’H2). RMN 
13C (DMSO-d6, δ ppm): 197.7 (C, thioamide);  146.6 (C5 aromatic); 
126.4 (C4, C6 aromatic); 129.9 (C3, C7 aromatic); 130.9 (C2 aromatic); 
167.2 (C1); 49.5 (C1’); 66.1 (C2’); 66.4 (C3’); 52.7 (C4’).

Recycling of K-10: The solid mixture (sulfur, K-10) obtained after 
filtering, is put in a solution of cyclohexane. The choice of cyclohexane 
is justified by its low toxicity compared to hexane. The liquid-solid 
heterogeneous mixture obtained is is put under agitation for a few 
minutes. To this mixture was added a distilled water where the sulfur 
in cyclohexane floates aqueous phase, leaving the clay at the bottom of 
the recipient. The clay is colled after a decantation centrifuge. This is 
used after drying.

Results and Discussion
In this work, all thiobenzamides were synthesized by the Willgerodt-

Kindler reaction under microwave activation at a power of 940W in 
DMF. In a first step, the synthesis of a series of phenyl (morpholino) 
methanethione derivatives is carried out without a catalyst (Method A). 
The yields obtained in products vary between 18% and 26%. Secondly, 
to improve the yields and to appreciate the effect of the catalyst K-10, the 
series of derivatives was again made in acid heterogeneous catalyze with 
catalyst K-10 (Method B). The yields of the synthesized thioamides vary 
between 34% and 68% (Scheme 1). The yields of the thiobenzamides 

derivatives, according to the synthesis method described are reported 
in Table 1. Spectrometric data of the molecules synthesized confirmed 
and characterized the structures proposed (Figure 1).

Indeed, chemical shifts in 1H NMR (around δ ≈ 7 ppm) reveals 
the presence of an aromatic ring. The 13C NMR analysis indicated the 
thioamide group to a chemical shift around δ=199 ppm. Morpholino 
group has this chemical shift in 1H and 13C NMR similar to those 
indicated in the literature [11]. Furthermore, the mass molar obtained 
by high-resolution mass spectrometry HRMS (ESI/TOF-MS ES+) is 
quite close to the calculated mass. This confirms in part the structures 
of thioamides synthesized with their Rf different to that of their 
corresponding substrate. The Interpretation of different correlations 
by spectra COSY 1H-1H, the spectra HSQC and HMBC confirm the 
structure of the thioamides.

Thioamides (a-g) of our work were already reported in the literature 
[6,11,12] especially during the work of Poupaert et al. and Kapanda 
et al., where it was synthesized by the Willgerodt-Kindler reaction in 
homogeneous catalysis with as catalyst 4-methylmorpholine under 
microwave activation [6] et with p-toluenesulfonic acid in reflux [12], 
respectively.

However thiobenzamide: 4-(morpholine-4-carbonothioyl)benzoic 
acid (h) from the 4-formylbenzoic acid, to our knowledge, is a new 
molecule which has never been synthesized. We had synthesized it by 
method B (Figure 1). Its methyl ester was obtained during the work 
of Kapanda et al. by the Willgerodt-Kindler reaction in homogeneous 
catalysis in the presence of p-toluene sulfonic acid [11]. These authors 
during this reaction with several substrates substituted including 
benzaldehyde, 3 - nitrobenzadehyde, had given a yield of 60 to 70% 
[4,13].

The reaction of benzaldehyde and derivatives with morpholine in 
the presence of sulfur under microwave irradiation, without a catalyst 
(method A) giving yields between 18%-26% (Table 1) confirm the 
importance of the catalyst in this reaction as reported in the literature 
[14,15]. Our work has shown that the WK reaction in heterogeneous 
catalysis acid with the K-10 for benzaldehyde derivatives is not only 
possible, but also optimizes the reaction compared to that in the 
conditions without a catalyst.

The use of the solid catalyst such as K-10 is to meet the principles 
of Green Chemistry [16]. The idea of its use in this reaction is not 
new because it has been used for the ketone compounds by Gbaguidi 
et al. [7]. Its extension, in our work, to benzaldehyde and derivatives 
applies to the generalization of acid catalysis in the reaction of WK to 
carbonyl compounds. The chemoselectivity observed on derivatives of 
benzaldehyde and those acetophenones during work of Aghapoor et al. 
[17] is not observed in acid catalysis conditions, with the K-10 in DMF 
solvent.

The optimization of this reaction with the K-10 acid catalyst could 
be justified by the possibility of the formation of an imine in acid 
condition before an addition with sulfur to give the sulfide evoked by 
hypotheses of mechanism’s reaction to explain migration of the carbonyl 
group along a chain of methylene units in the case of arylketones 
[18,19]. Furthermore, analysis of yields (Table 1) shows an influence of 
the substrate structure on the yield as reported in the literature whose 
the work of Lundstedt et al. on a series of acetophenones substituted 
about the study of optimization of WK reaction no catalysed [20]. 
Our work has shown that substrate-yield relationship also exists with 
the benzaldehyde derivatives, where in addition to congestion factor 
related to the position of the substituent on the phenyl group, it should 
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Figure 1: Structure and characterization of thiobenzamides synthetised.
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Scheme 1: Formation of thioamides by the WK’s reaction. Method A (whithout catalyst); Méthode B (catalyst K-10).

Compounds X Y
Yields (%)

Method A Method B
a H H 26 67
b NO2 H 23 64
c H NO2 23 65
d OH H 18 37
e H OH 20 39
f OH OH 21 34

g H N(CH3)2 22 43

h H COOH 68

Table 1: Comparative study of catalytic potential of Montmorillonite K-10. Method A: synthesis without catalyst; Method B: synthesis with catalyst K-10.
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be noted that the substituents having a mesomeric attractor effect, give 
good yield. These substituents do not establish a mesomerie with the 
carbonyl group which is more available in the nucleophilic attack of the 
amine during addition.

Thus, the substrates 3-nitrobenzadehyde, 4-nitrobenzadehyde 
whose products are respectively the compounds (b) and (c) give a better 
yield (64 to 67%) comparable to that of benzaldehyde (Compound a) in 
DMF under microwave irradiation in acid catalysis with K-10. However, 
the electron-donating substituents led to products with lower yields. 
Thioamides from hydroxybenzadehydes have a yield between 34 and 39%.

Conclusion
The catalytic synthesis methods are a quest in the research of 

bioactive molecules. These methods should reflect the new requirements 
of environmental legislation. The reaction of Willgerodt-Kindler under 
microwave irradiation with a solid acid catalyst, montmorillonite K-10 
for the synthesis of thiobenzamides from benzaldehyde derivatives 
is our contribution to this perspective to generalise this reaction to 
carbonyl compounds in heterogeneous catalysis while meeting this 
requirement of Green Chemistry. The solid catalyst K-10 has not only 
optimized this reaction, but may be recyclable at least two (02) without 
losing its reactivity.
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