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ABSTRACT 
 
CuCl2-thionicotine complex has been synthesized and characterized in solid state 
by elemental analysis, FT-IR spectroscopy and ESI-MS spectrometry. Co-
ordination of Cu(II) by thionicotine molecule has also been studied in water 
solution of various pH by potentiometry and spectroscopic (VIS) methods. The 
studies showed that thionicotine ligands utilized for this purpose the pyridine 
nitrogen atom. In the Cu(II)/Thionicotine  system the ML(OH)2 type complexes 
were formed. 
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INTRODUCTION 
 
Recent studies have demonstrated that thiolactam 
analogues of bioactive compounds show important 
therapeutic activity (Imming et al., 2001). Nicotine 
thiolactam (thionicotine, TNic) has approximately 80 times 
less toxicity in comparison to (S)-nicotine. It also interacts 
with the nicotinic acetylcholine receptor (nAChR) α7 type 
(Mikołajczak et al., 2007). Our studies showed that 
thionicotine has also antioxidant properties and is also a 
good protective agent against oxidative damage in human 
red blood cell (RBC) induced by free radicals derived from 
either AAPH or t-BuOOH (Malczewska-Jaskóła et al., 2016).  

The activity of antioxidants has been attributed to 
various mechanisms such as decomposition of peroxides, 
radical scavenging or binding of transition-metal ion 
catalysis. Transition metal ions such as Fe+2 and Cu+2 play 
an important role in the generation of oxygen free radicals 
in living organisms catalyzing Fenton or HabereWeiss 
reactions. Therefore, chelating agents which chelate a 
metal ion can inhibit the metal-dependent formation of 
reactive oxygen species (Finefrock et al., 2003). For this 
reason, nicotine and its derivatives interactions with metal 
ions is of particular importance in terms of biological 
effects.  

Recently, we obtained thionicotine complex with ZnCl2 
salt (Malczewska-Jaskół, et al., 2015). Its X-ray structure 
shows that TNic ligand acts in a bidentate bridging fashion 
forming a series of 1D helical chains in the solid state. 
Herein, we report the complexation reaction of nicotine 

thiolactam with Cu(II) ions in aqueous solution. The 
potentiometric and spectroscopic methods were used to 
determine the composition, stability constants and co-
ordination mode of thionicotine complex with Cu(II). 
Moreover, the synthesis and spectroscopic properties of 
TNic-CuCl2 complex in solid state is also reported.  
 
 
MATERIALS AND METHODS 
 
(-)-Nicotine and CuCl2 were commercial products of 
Aldrich. Melting points were determined on Melt-Temp II 
apparatus (Laboratory Devices Inc.). FT-IR spectra were 
recorded on Nicolet iS5 (KBr pellets). ESI mass spectra 
were measured on a ZQ Waters Mass Spectrometer. 
Thionicotine was obtained according to the method 
described by Wojciechowska-Nowak et al. (2011). 
 
 
Synthesis of TNic-CuCl2 complex  
 
Thionicotine (192 mg, 1 mmol) and CuCl2 (134.5 mg, 1 
mmol) were dissolved in 20 ml of methanol. The solution 
was evaporated until the product started to precipitate. 
The resulting precipitate was filtered off and recrystallized 
from ethanol. The purity of all the complexes was checked 
using TLC. Elemental analysis using [(C10H12N2S)CuCl2-
2H2O] brown crystals and melting point at 98 to 100°C was  
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Figure 1: ESI-MS spectrum of thionicotine-CuCl2 complex. 

 
 
carried out by means of a Perkin-Elmer 2400 CHN 
automatic device, while the yield was 73%. Analytical 
calculation for C10H16N2SO2CuCl2: C: 33.06; H: 4.41; N: 7.71; 
S: 8.82%. C: 33.14; H: 4.36; N: 7.73; S: 8.79% was observed 
in the course of the analysis.  

The potentiometric measurements were carried out 
using Titrino 702 Metrohm equipped with an autoburette 
with a combined glass electrode – Metrohm 6.233.100. 
Prior to each series of measurements, the pH-meter 
indication was corrected with the help of two standard 
buffer solutions of pH 4.002 and pH 9.225 and electrode 
was calibrated in terms of H+ concentration (Irving et al., 
1996). All potentiometric titrations were made under 
helium atmosphere, at the constant ionic strength of μ=0.1 
M (KNO3), temperature 201°C (titration dish placed in 
thermostatic bath set at this temperature), in the pH range 
from 2.5 to 10.5, using as a titrant CO2-free NaOH at a 
concentration of 0.231 M. The protonation constant of 
thionicotine was determined at a concentration of 2·10-3 M. 
The concentration of thionicotine in binary systems was 
2·10-3 M and the metal to ligand ratios used were 1:1, 1:2 
and 1:4.  

The selection of the model and the determination of the 
stability constants of the complexes were made using the 
HYPERQUAD program which uses the non-linear method 
of least squares (Gans et al., 1996). The determined ionic 
product of water was pKw=13.89. The calculations were 
performed using 150 to 200 points for each job. The 
hydrolysis constant for copper(II) ion was taken from our 
previous publication (Jastrząb and Łomozik, 2007). The 
model assumed was verified by analysis of the standard 
deviations and the convergence of the experimental data 
with those obtained for the model was evaluated by the 
Hamilton test and chi squared test (Łomozik et al., 1991). 

Species distribution curves were determined by the 
HALTAFALL computer program (Ingri et al., 1967). 
 
 
RESULTS AND DISCUSSION  
 
The results of elemental analysis show that thionicotine 
with CuCl2 in solid state exhibit the 1:1 stoichiometry. The 
stretching vibration of the C=N of the pyridine ring 
appears at around 1520 cm–1, and on complexation a shift 
to higher frequencies is observed. Of particular interest is 
the assignment of metal-ligand stretching absorptions 
below 500 cm–1. The occurrence of the absorption bands at 
470 cm–1 have been assigned to ν(Cu-N) modes (Jasiewicz 
et al., 2014). The ESI mass spectrum of the complex 
studied shows the signals [L+H]+ (m/z = 193) and [2L+Cu]+ 
(m/z=447) relatively more abundant in comparison to that 
of the ion [2L+CuCl]+ (m/z = 482). Signal at m/z = 273 can 
be attributed to [L+Cu(H2O)]+ ion (Figure 1).  

Thionicotine protonation, determined by the 
potentiometric method indicates on one protonation 
constant H-TNic equal 3.82(3). The protonation constant 
corresponds to proton attachment to nitrogen atom of the 
pyridine ring (Taeye and Zeegers-Huyskens, 1987; Graton 
et al., 2002). In the case of nicotine, we observed two 
protonation constants corresponding to proton 
attachment to nitrogen atoms of the pyridine and 
pyrrolidine rings (Jasiewicz et al., 2014). Thus, the 
presence of sulfur atom in pyrrolidine ring of nicotine 
changes its acid-base properties which are reflected by one 
protonation constant for thionicotine. As followed from the 
TNic distribution form depending on pH (Figure 2) 
protonation form of thionicotine dominates in the system 
from  pH ~4.0,  and from pH about 6.0 deprotonation form  
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Figure 2: Thionicotine distribution diagram.  
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Figure 3: Distribution diagram for the Cu(II)/TNic system. 

 
 
of thionicotine is the only one.  

Computer analysis of potentiometric titration data for 
the system Cu(II)/TNic indicates the formation of 
CuTNic(OH)2 complex with overall stability constant logβ = 
-9.28(12). The presence of Cu(II)/TNic form was 

confirmed for all metals to ligand ratio: 1:1, 1:2, 1:3 and 
1:4. The CuTNic(OH)2 complex starts forming at pH of 
about 5, and at pH > 7 all copper(II) ions are involved in 
the formation of this species (Figure 3).  

The  results of spectroscopic analysis (Vis) indicates that 
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pyridine nitrogen atom and oxygen atoms takes part in co-
ordination of Cu(II) ions. The value of λmax= 755 at pH = 8.0 
correspond to the coordination of one nitrogen atom and 
oxygen atoms (Gampp and Sigel, 1982). Moreover, 
comparing the λmax obtained for complex with Cu(nicotine) 
form, where λmax = 728 nm, we can conclude that in both 
complexes mainly N-pyridine atom of thionicotine take 
part in the co-ordination process. In pH range 2.5 to 5.0 
there is no formation of thionicotine complexes with Cu(II) 
ions. At the higher ligand concentration (for metal to 
ligand ratio: Cu(II)/TNic, 1:1, 1:2, 1:3 and 1:4) from pH ~ 
3.5 precipitation was observed which indicates the 
formation of insoluble complexes.  
 
 
Conclusion 
 
In conclusion, our results demonstrate that insertion of 
sulfur atom to nicotine moiety changes its co-ordination 
properties as compared to parent molecule. 
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