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Abstract  

N-(5-methylpyridin-2-ylcarbamothiol) cinnamamide ligand (L1) and dichloro (N-(5-methylpyridine-2-yl-carbamothiol) 

cinnamamide – к
2
 O,S) palladium (II) (ML1) were successfully synthesised and characterized by several typical 

spectroscopic and analytical techniques namely Infra-Red (IR) Spectroscopy, 
1
H and 

13
C Nuclear Magnetic Resonance and 

Thermogravimetric Analysis (TGA). The Infrared spectrum for  L1 shows four bands of interest namely ν(N-H), ν(C=O), 

ν(C-N), ν(C=N) and  ν(C=S) which can be observed at 3247cm
-1

, 1682cm
-1

, 1473cm
-1

, 1541cm
-1

 and 764cm
-1

 respectively 

while for the designated metal complex, ML1 the values fall at 3227cm
-1

, 1689cm
-1

, 1492cm
-1

, 1542cm
-1

 and 774cm
-1

 

respectively. In 
1
H NMR spectra for the compound L1 and ML1 show protons for N-H which can be observed at δH 

10.11ppm, 13.02ppm and δH 8.71ppm, 8.99ppm while the 
13

C NMR spectra for these compounds, the signal of C=O and C=S 

can be observed at δC 177ppm, 164ppm and δC 173ppm,166ppm. Whilst, in thermogravimetric analysis, compounds L1 and 

ML1 started to degrade at temperature 162.14°C (80% weight of sample) and 186.15°C (74 % weight of sample) 

respectively. 
 

Keywords: Thiourea, palladium complex, and spectroscopic studies. 
 

Introduction 

Thiourea and its derivatives have been introduced in early 

1873
1
. Since then, there are many findings have been reported 

on the applications of thiourea and its derivatives such as in 

pharmaceutical industry
2,3

, as catalysts
3,4 

in chemical reactions 

and for extraction of toxic metals using a solid supported liquid 

membrane system
3,5

. Thiourea is a versatile ligand which has 

unique properties as it is able to coordinate to a range of metal 

centres as neutral ligand, monoanions or dianions
6-8

. Besides 

thiocyantae, thiourea and its derivatives are also an ambidentate 

ligand which can coordinate to a metal either by the S or N 

atom
5
. Isothiocyanates is widely used as intermediates in 

organic chemistry due to their tendency to undergo nucleophilic 

additions and cycloadditions reactions
9
. In addition, these 

derivatives have been proven to have apotential as an 

antimalarial
10

, anti-HIV
11

, antibacterial
12

 agents in addition to 

pose as anticonvulsant activity
13

. Recently thiourea also been 

applied as single molecule solar cell where it is an energy 

saving technology
14-18

. 

 

Furthermore, thiourea itself play a role as catalyst after 

undergoes complexation with transition metal such as 

palladium
19

. Palladium-catalysed coupling reactions have shown 

widespread application as versatile tools for carbon-carbon bond 

forming process due to their potential in the synthesis of 

complex structure such as in Suzuki, Heck and Sonogashira 

cross-coupling reaction
21-24

. In this study, a new ligand (L1) and 

its metal complex (ML1) has been synthesised and 

characterized. The molecular structure of ligand, namely N-(5-

methylpyridin-2-ylcarbamothiol) cinnamamide(L1) and its 

palladium complex, dichloro (N-(5-methylpyridine-2-yl-

carbamothiol) cinnamamide – к
2
O,S) palladium (II) (ML1) are 

shown in figure 1. 

 

 
Figure-1 

The molecular structure of N-(5-methylpyridin-2-ylcarbamothiol) cinnamamide ligand (L1) and dichloro (N-(5-

methylpyridine-2-yl-carbamothiol) cinnamamide – к
2
 O,S) palladium (II) (ML1) 
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Material and Methods 

Materials: All reactions were carried out under an ambient 

atmosphere and no special precautions were taken to exclude air 

or moisture during work-up
6
. The infrared (IR) spectra were 

recorded on a Fourier Transform-Infrared Spectrophotometer, 

Perkin Elmer Spectrum 100 in the range of 4000-400 cm
-1

 using 

potassium bromide (KBr) pellets. The 
1
H-NMR and 

13
C-NMR 

spectra were recorded in deuterated chloroform (CDCl3) and 

deuterated dimethyl sulphoxide (DMSO-d6) on a BrukerAvance 

400 MHz Spectrometer. The chemical shift values were given in 

parts per million (ppm) relative to solvent resonances as internal 

standard. Analytical thin-layer chromatography (TLC) was 

carried out on precoated plate of TLC Silica Gel 60 F254 

(Merck) with solvent system hexane:dichloromethane (4:1), and 

spots were visualized with ultraviolet light. The melting point 

was measured in the range 20°C-360°C by Stuart Scientific 

model SMP3. The CHNS-OAnalyzerFlashea 1112 series was 

used to determine the experimental percentage of C, H, N and S 

elements of the synthesized compounds. The stability of the 

compound was analysed by using Perkin-Elmer TGA Analyzer 

from 0°C to 700°C at a heating rate of 10°C/min under nitrogen 

atmosphere. 

 

Preparation of N-(5-methyl-2ylcarbamothiol) cinnamamide 

as a ligand (L1): A solution of cinnamoyl chloride (5.00g, 

1mol) in 50ml acetone was added dropwise into a solution of 

ammonium thiocyanate (2.29g, 1mol) in 50ml acetone. The 

reaction mixture was put at reflux with continuous stirring for 

ca. 2 hours in a two- necked 250ml round-bottomed flask. A 

solution of 2-amino-5-picoline (3.25g, 1mol) in 50ml acetone 

was added dropwise to the mixture. The reaction mixture was 

put at reflux with continuous stirring for ca. 5 hours. The 

progress of the reaction was monitored using Thin Layer 

Chromatography (TLC) (hexane: dichloromethane: 1:4). When 

the reaction has completed, the reaction mixture was cooled to 

room temperature after which it was filtered.The off-yellow 

precipitate was removed and the filtrate was added to three ice 

cubes, which was then filtered to obtain the light yellow 

precipitate. The precipitate was then recrystallized from hot 

acetone to afford the title compound (L1) as white crystalline 

solid.  

 

Preparation of dichloro (N-(5-methylpyridine-2-yl-

carbamothiol) cinnamamide – к
2
 O,S) palladium (II) (ML1): 

The ligand N-(5-methyl-2ylcarbamothiol) cinnamamide (L1) 

(0.1g, 0.03mmol) was dissolved in 5ml of acetonitrile in a 

100ml three necked round bottom flask. Whilst, cis-bis 

(benzonitrile) palladium (II) chloride (M1) (0.30 g, 0.79 mmol) 

was also dissolved separately in 5ml acetonitrile. Then, the 

metallic solution was added dropwise into the flask containing a 

ligand solution. The content was stirred and put at reflux under 

nitrogen atmosphere for ca.3 hours. The colour of the reaction 

mixture changed from light orange to orange colour with the 

formation of an orange precipitate. When the reaction has 

completed, the reaction mixture was cooled to room temperature 

after which it was filtered to give an orange solid of the title 

compound ML1. The general experimental procedure of 

palladium thiourea complex (ML1) is shown in scheme 1 below. 

Physical properties and analytical data of the synthesised 

compounds are shown in table 1. 

 

 
Scheme-1 

The preparation of palladium thiourea complex (ML1) 
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Results and Discussion 

Infrared Spectroscopy Analysis: IR spectra of the synthesised 

ligand (L1) and the metal complex (ML1) show five bands of 

interest namely v(N-H), v(C=O), v(C=N), v(C-N) and v(C=S). 

The IR spectrum of L1 shows two bands at 3247cm
-1

 and 

3011cm
-1

 which represent the asymmetric and symmetric 

stretching vibration in the secondary thioamide group for v(N-

H) and v(N’H) respectively. These are consistent with earlier 

studies that v(N-H) and v(N’-H) can be seen at above 3200cm
-1

 

and 3000cm
-1

 due to the existence of intramolecular hydrogen 

bonding
5,6

. The trans-cis conformation of L1 compound is 

related to the N-H stretching frequencies range which depends 

on the position -NHC(S)NHC(O)- group vibrations and 

stabilized by hydrogen bonding
5
. Meanwhile, the v(N-H) 

vibration of the ML1 spectrum was shifted to lower  

wavenumber on the formation of the metal-thiourea complex at 

3227cm
-15

. The formation of S→M bond was expected to 

increase the contribution of the highly polar structure to the 

thiourea molecule, which result in the increase of the double 

bond nature of the C-N bond and a greater single bond character 

for the carbon-to-sulphur bond
25

.  

 

The carbonyl band v(C=O) for both L1 and ML1 can be 

observed at 1682cm
-1

 and 1689cm
-1

respectively with medium 

intensity. There is only a small difference between the wave 

number of the L1 and the ML1 due to the resonance effect with 

the phenyl rings and the existence of intermolecular hydrogen 

bonding with thiocarbonyl and carbonyl group respectively 

which effect the experimental and calculated v(N-H) stretching 

mode
5,6

. Besides, this can be attributed to the stabilization of 

thiocarbonyl and carbonyl bond in the palladium (II) chloride 

due to the metal-to-ligand π-back bonding. The delocalization of 

thiocarbonyl and carbonyl moiety gives rise to the reduction in 

N-H bond length in the complex compared to the ligand
26

. 

 

A strong band attributed to the v(C=N) for L1 and ML1 can be 

seen at around 1541cm
-1

 and 1542cm
-1

 respectively. The 

v(C=N) band of picoline is a combination band containing 

certain contribution from the v(C-N) and v(N-H) motion which 

is connected to the thioureido band
27

. However, the v(C-N) 

modes can be observed at around 1473cm
-1

 as a medium to 

strong band. The C-N absorption occurs at higher frequency at 

around 1350cm
-1

 to 1250cm
-1

 because resonance raises the 

double bond character between the ring and the attached 

nitrogen
28

. This band was shifted to 1492cm
-1

 in IR spectrum of 

ML1 due to the intermolecular bonding between the carbon 

atom and nitrogen atom become weak to supply the electron to 

the oxygen atom and tend to form bonding with palladium 

metal.The vibration of (C=S) indicate some double bond 

character which can be observed at 764cm
-1

 and 774cm
-1

 with 

medium intensity for the L1 and ML1 spectrum. The C=S group 

is less polar than C=O group and has considerably weaker bond. 

In consequence, the bond is not intense, and it falls at lower 

frequencies, where it is much more susceptible to coupling 

effects and due to the greater mass of sulphur
29,30

. Table 2 

shows the comparison of FTIR absorption results of L1 and 

ML1. 

 

NMR Spectroscopy Analysis: The chemical shifts of methyl 

protons for L1appear at around δH 2.34ppm show a smaller 

deshielding effect as it usually can be seen at around δH 0.7. The 

large shift of methylene hydrogens are due to the 

electronegativity of the attached nitrogen in the picoline ring 

due to the increased in the π densities in the methyl 

compound
28,29

. The vinyl protons resonances for L1 can be 

observed at δH 7.94-7.86ppm and δH 6.48-6.44ppm with 

coupling constant
3 

JHH= 16Hz respectively which indicate trans 

conformation. While for cis conformation the coupling constant 

is around
3 

JHH= 5-15Hz The splitting patterns of vinyl protons 

may be complicated by the fact that they may not be equivalent 

even when located on the same carbon of the double bond
28

.  

 

 

Table-1 

The physical properties and analytical data of the synthesised compounds 

Compound 
Products colour 

and state 

Yield 

(%) 

Melting 

point (°C) 

Element (%) 

C H N S 

L1 
White crystalline 

solid 
40 

188.6-189.5 

 

64.88 

(64.95) 

4.88 

(4.87) 

14.27 

(14.54) 

16.73 

(16.03) 

ML1 
Orange powdered 

solid 
83 

252.8-253.1 

 

37.01 

(40.47) 

37.01 

(40.47) 

7.96 

(8.85) 

9.33 

(6.75) 

*In bracket: theoretical percentage of element. 

Table-2 

The comparison of FTIR absorption results of L1and ML1 

Compound  IR Absorption bands (cm
-1

) 

v(N-H) v(C=O) v(C=N) v(C-N) v(C=S) 

L1 
3247.13 

(m) 

1682.64 

(m) 

1541.08 

(s) 

1473.52 

(m) 

764.23 

(w) 

ML1 
3227.84 

(m) 

1689.82 

(m) 

1542.98 

(s) 

1492.49 

(s) 

774.95 

(m) 
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Phenyl and heteroatom peaks can be observed at around δH 8.65 

to 7.44ppm (L1). Hydrogen attached to an aromatic ring has 

large chemical shift, usually near δH 7.0ppm. They are 

deshielded by the large anisotropic produced by the electrons in 

the ring’s π system
28

. L1 shows two single peaks at δH13.01 and 

8.73ppm which refer to the NHC=O and NHC=S respectively.  

Protons on nitrogen atom of an amine salt exchange at a 

moderate rate, they are seen as a broad peak between δH 8.0 to 

6.0 ppm and they are coupled to protons on adjacent carbon 

atom
31

. The peak for NHC=O is much deshielded compared to 

the NHC=S due to the higher electronegativity of oxygen than 

sulphur atom.  

 

In 
13

C NMR analysis, the methyl groups of L1 can be found at 

δC 17.98ppm. Meanwhile, the vinyl carbons, phenyl and 

heteroatom carbon, C=S and C=O can be seen at around δC 

149.01, 115.88, 118.20-148.68, 164.99 and 177.05 ppm 

respectively. 

 

Based on 
1
H NMR spectrum of ML1, the methyl protons can be 

seen at around δH 2.30ppm. The vinyl protons for the metal 

complex can be observed at δH 7.90-7.92ppm, 6.96-7.00ppm 

with coupling constant 
3
JHH = 16Hz. At δH 7.83-7.05ppm the 

peak for phenyl and heteroatom can be observed. Meanwhile for 

the ML1, the NHC=O and NHC=S protons can be observed at 

δH 9.0 and 8.7ppm. 

 

For the 
13

C NMR analysis of ML1, the chemical shift of vinyl 

carbon of the ML1 can be found at around δC 37-44ppm. The 

chemical shift for the methyl carbon can be seen at δC 

17.17ppm. The C=O and C=S signal can be observed at δC 

173.20ppm and 166.71ppm respectively. Table 3 shows the 

chemical shift of 
1
H NMR and 

13
C NMR analysis of the ligand 

(L1) and metal complex (ML1). Figure 3 depicts the numbering 

scheme for 
1
H and 

13
C NMR spectral assignment of ligand (L1) 

and metal complex (ML1) and table 3 shows the chemical shift 

of 
1
H NMR and 

13
C NMR analysis of the ligand (L1) and metal 

complex (ML1). In addition, Figure 2 states the numbering 

scheme for 
1
H and 

13
C NMR spectral assignment of ligand (L1) 

and metal complex (ML1). 

 

 
Figure-2 

Numbering scheme for 
1
H and 

13
C NMR spectral assignment of ligand (L1) and metal complex (ML1) 

 

Table-3 

The chemical shift of 
1
H NMR and 

13
C NMR analysis of the ligand (L1) and metal complex (ML1) 

Compound 
1
H NMR / δH (ppm) 

13
C NMR / δC (ppm) 

L1 

(CDCl3) 

2.37 (s, 3H, CH3) 

6.49-6.53 (d, 
3
JHH = 16Hz, 1H, CH(b)) 

7.44-7.45 (pseudo-d, 
3
JHH= 6 Hz, 3H, C6H5+ C5H3 ) 

7.57-7.59 (pseudo-d, 
3
JHH= 6 Hz, 2H, C6H5 + C5H3) 

8.63 - 8.66 (d, 
3
JHH= 16 Hz, 1H, CH(c)) 

8.27 (s, 1H, C5H3) 

10.11(s, 1H, NH(e)) 

13.02 (s, 1H, NH(d)) 

17.98 (CH3) 

149.01, 115.88 (2x CH) 

118.20-146.81 (C6H5 + C5H3) 

148.68 (C5H3) 

164.99 (C=S) 

177.05 (C=O) 

 

 

ML1 

(DMSO-d6) 

2.30 (s, 3H, CH3), 

6.96-7.00 (d, 
3
JHH = 16Hz, 1H, CH(b)) 

7.44-7.49(pseudo-d, 
3
JHH= 9 Hz, 3H, C6H5+ C5H3 ) 

7.61-7.68(pseudo-d, 
3
JHH= 9 Hz, 2H, C6H5+ C5H3) 

7.79-7.83 (d, 
3
JHH= 16 Hz, 1H, CH(c)) 

7.92 (s, 1H, C5H3)  

8.71 (s, 1H, NH(e)) 

8.99 (s, 1H, NH(d)) 

17.17 (CH3) 

104.70, 152.61 (2x CH) 

118.79-146.77 (C6H5 + C5H3) 

146.77 (C5H3) 

166.71 (C=S) 

173.20 (C=O) 
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Thermogravimetric Analysis: The degradation process of L1 

is illustrated in figure 4 which shows the stages of degradation 

process. The decomposition of L1 starts around 210°C which 

shows that the compound was stable until at that temperature 

and produces sharp weight loss of 10.07% which is followed by 

another weight loss at about 69.89% at 285°C. Table 4 shows 

the thermalgravimetry analysis data for L1 and ML1. Based on 

the thermogram data above, there is no weight loss under 

210°C, therefore it is confirm that the crystal does not contains 

water in it
30,32-34

. Meanwhile, the degradation process of ML1 

shows three stages of decomposition. Initially, the compound 

was stable up to 230°C with 38.36% of weight loss. While at the 

second stage, ML1 was degraded at around 275°C (14.13% 

weight loss) and lastly for ML1 the weight loss of about 21.69% 

at around 335°C.When the heating rate is increase, the weight 

loss and temperature of decomposition also increases
35

.The 

thermal stability of the compound rises as the temperature of 

degradation increases due to the increase in molecular weight.  

Therefore, it can be concluded that, the synthesised compounds 

show high thermal stability at high temperature and they have 

great potential to act as catalyst. Figure 4 shows the thermogram 

of L1 and ML1 and in detail, Table 4 explains the 

thermalgravimetric analysis data for L1 and ML1. 

 

 
L1 

 
ML1 

Figure-4 

The thermogram of L1 (a) and ML1 (b) 

b) 
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Table-4 

Thermalgravimetry analysis data for L1 and ML1 

Compound 
Onset 

temperature(°C) 

Offset temperature 

(°C) 

Temperature (°C), 

Weight loss (%) 
Moiety 

L1 235 345 

Stage 1: 

210°C, 10.07% 

 

Stage 2: 

285°C, 69.89% 

 

 

2x N-H 

 

 

2-amino-5-picoline, 

benzene, S 

ML1 200 345 

Stage 1: 

230°C, 38.36% 

 

Stage 2: 

275°C, 14.13% 

 

Stage 3: 

335°C, 21.69% 

 

 

benzene, 2x N-H, 2x Cl 

 

 

C=O, S, N-H 

 

 

C=S, C=O, 2x N-H 

 

Conclusion 

In conclusion, N-(5-methyl-2ylcarbamothiol) cinnamamide (L1) 

and and its palladium complex, dichloro (N-(5-methylpyridine-

2-yl-carbamothiol) cinnamamide – к
2 

O,S) palladium (II) (ML1) 

have been successfully synthesised and characterized via FT-IR, 
1
H and 

13
C NMR, TGA and CHNS Elemental Analysis. The 

Infrared spectra show several important functional groups in L1 

namely v(N-H), v(C=O), v(C=N), v(C-N) and v(C=S) which can 

be seen at 3247 cm
-1

, 1682 cm
-1

, 1541 cm
-1

, 1473 cm
-1

 and 764 

cm
-1

 respectively. While, ML1 shows the largest shifted at NH 

moiety which can be seen at 3227.84 cm
-1

 compared to L1 due 

to the nitrogen atom is believed to donate certain amount of 

electrons to the oxygen and sulphur atoms and it contributes 

electrons to the palladium (II) chloride. Besides, in the NMR 

spectroscopy, the N-H-C=O moiety shows the most shifted 

atom in the metal complex spectrum compared to the ligand 

spectrum. This is due to the formation of bond between the C=O 

and the palladium as palladium is an electropositive atom as it 

attract electron from C=O moiety. Thus, it is confirmed that the 

molecular structure for the ligand and its metal complex. 
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