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 Abstract: The current study aimed to prepare new organomercury and organotellurium 
compounds based on the condensation reaction of 1,7,7-trimethylbicyclo[2.2.1]heptan-2-
one (camphor) and p-aminophenyl mercuric(II) chloride. All the prepared compounds 
were characterized using different methods such as infrared spectroscopy, nuclear 
magnetic resonance, and CHN analysis. The analysis results concurred with the suggested 
chemical structures of the prepared compounds. Density functional theory has been 
applied with the basis set of 3-21G to investigate the molecular structure of the prepared 
organotellurium compounds. Geometrical structure, HOMO surfaces, LUMO surfaces, 
and energy gap have been produced throughout the geometry optimization. The 
molecular geometry and contours for organotellurium compounds have been investigated 
throughout the geometrical optimization. Also, the donor and acceptor have been studied 
by comparing the HOMO energies of the prepared organotellurium compounds. Finally, 
the electronegativity, electrophilicity, ionization potential, electron affinity, and lower 
case of organotellurium compounds have been calculated and discussed. 

Keywords: organotellurium; HOMO and LUMO energies; camphor and Density 
functional theory 

 
■ INTRODUCTION 

Although the first organotellurium compound was 
prepared in 1840, this field of organic chemistry had not 
been systematically studied until the middle of the present 
century [1]. The first serious attempt to systematize 
organotellurium chemistry was undertaken by 
Rheinboldt, a German chemist who introduced chemistry 
in Brazil in 1934 [1]. In the last ten years, considerable 
development of organic tellurium chemistry has been 
observed, and several review articles and books on the 
subject have been published, focusing on the general 
reactions used to prepare the organotellurium compounds 
and the useful synthetic transformations promoted or 
suffered by them [2-5]. Recently, emphasis has been given 
to the recent contributions of the related laboratory where 
they explored old reactions trying to establish their 
generality or make transformations into the 
organotellurium compounds, which can lead to applicable 
synthetic methodologies [4,6-11]. The quantum mechanical 

wave function contains all the information about the 
studied system. Then, the allowed energy states of the 
system can be determined. Some approximations must 
involve a solved problem, albeit tricky [12-13]. Density 
functional theory (DFT) is referred by computational 
codes in the Gaussian 09 program and can be used in 
applications to investigate the structural, electronic, and 
some physical properties of the molecules and materials, 
such as the binding energies of the molecules in chemistry, 
physics, and other areas [14-17]. Density functional theory 
deals with Gaussian orbitals, in which Gaussian function 
changes exponentially with the square value of the 
position [18-19]. One of the most popular 12 basis sets in 
density functional theory is the hybrid functional B3LYP 
[20]. The purpose of the present study is to prepare 
organomercury and organotellurium compounds 
derived from 1,7,7-trimethylbicyclo[2.2.1]heptan-2-one 
(camphor) and p-aminophenyl mercuric(II) chloride 
and their derivatives by a condensation reaction. 
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■ EXPERIMENTAL SECTION 

Materials 

The chemicals used included Camphor, ethanol 
absolute, glacial acetic acid, mercuric acetate, bromine, 
chloroform, dioxin, sodium metal, potassium hydroxide, 
toluene, hydrazine hydrate, methanol, petroleum ether 
(60–80 °C) (Sigma-Aldrich), Aniline (Avantor), Lithium 
chloride (VWR), Tellurium powder (Strem chemicals 
Inc.), Hydrochloric acid (HGB), and Molecular sieves 
(ACS). All were used without further purification. 

Instrumentation 
1H-NMR spectra were recorded on Bruker 500 MHz 

spectrometers with TMS as an inner reference utilizing 
soluble DMSO-d6. Elemental analysis for carbon, hydrogen, 
and nitrogen was performed using a Euro vector EA 3000A 
Elemental Analysis (Italy). Infrared spectra were recorded 
with KBr circles utilizing an FT-IR spectrophotometer 
Shimadzu model 8400 S in 4000–250 cm–1. 

Procedure 

(E)-(4-((1,7,7-trimethylbicyclo[2.2.1]heptan-2-ylidene) 
amino)phenyl)mercury(II) chloride (A) 

1,7,7-Trimethylbicyclo[2.2.1]heptan-2-one (0.04 mol, 
6.08 g)was dissolved in 25 mL of hot ethanol. Then, 3 
drops of glacial acetic acid were added and the mixture 
was stirred for 15 min in a water bath (70 °C). The formed 
solution of 0.04 mol (13.13 g) (4-aminophenyl) mercury(II) 
chloride [21-22] was then added to 25 mL of ethanol and 
the mixture was stirred for 16 h in a water bath (70 °C), 
then filtrated and cooled at a room temperature. White 
crystals were formed with a yield of 85% and a melting 
point of 179–181 °C. CHN: theoretical %: C, 41.56; H, 
4.36; N, 3.03; practical %: C, 41.40; H, 4.95; N, 3.45; FT-IR 
using KBr: υ (C–H) Aliphatic = 2337 cm–1, υ (C–H) 
Aromatic = 3164 cm–1, υ (C =N) Aliphatic = 1612 cm–1, υ 
(C–N) Aromatic = 1249 cm–1, υ (C=C) Aromatic = 1490 
cm–1; 1H-NMR (500 MHz, DMSO-d6) δ 10CH3, 11CH3 (6H, 
s, 1.90); 1CH3 (3H, s, 2.33); 7CH2, 8CH2 (4H, m, 2.75–2.79); 
5CH2 (2H, t, 4.85); 6CH (1H, s, 5.77); Ar-H (4H, m, 8.23–
9.20). As shown in Scheme 1, Table 1 and 2, Fig. 1. 

(E)-1,7,7-trimethyl-N-(4-(tribromo-l4-tellaneyl) phenyl) 
bicyclo[2.2.1]heptan-2-imine (B) 

A solution of (E)-(4-((1,7,7-trimethylbicyclo[2.2.1] 
heptan-2-ylidene)amino)phenyl) mercury(II) chloride 
(0.008 mol., 3.69 g) and tellurium tetrabromide  
(0.008 mol., 3.57 g) in dry dioxane 60 mL was refluxed for 
14 h. The solution was filtered while hot. After cooling 
to room temperature [23], the formed brown precipitate 
was collected by filtration. Recrystallization by using 
glacial acetic acid to give reddish-brown crystals, yield 
65%, m.p. 165–166 °C, CHN: theoretical %: C, 32.37; H, 
3.40; N, 2.36; practical %: C, 31.99; H, 3.23; N, 2.76; FT-
IR using KBr: υ (C–H) Aliphatic = 2300 cm–1, υ (C–H) 
Aromatic = 3170 cm–1, υ (C =N) Aliphatic = 1629 cm–1, 
υ (C–N) Aromatic = 1224 cm–1, υ (C =C) Aromatic = 
1402 cm–1; 1H-NMR (500 MHz, DMSO-d6) δ 10CH3, 
11CH3 (6H, s, 1.91); 1CH3 (3H, s, 1.35); 7CH2, 8CH2 (4H, s, 
2.08); 5CH2 (2H, s, 5.95); 6CH (1H, s, 2.35); Ar-H (4H, m, 
7.83–9.12). As shown in Scheme 1, Table 1 and 2, Fig. 2. 

(E)-4-(dibromo(4-((1,7,7-trimethylbicyclo[2.2.1] heptan 
-2-ylidene)amino)phenyl)-l4-tellaneyl)aniline (C) 

A solution of (E)-1,7,7-trimethyl-N-(4-(tribromo-
l4-tellaneyl)phenyl)bicyclo[2.2.1]heptan-2-imine (0.0035 
mol., 2.07 g) and (4-aminophenyl)mercury(II) chloride 
(0.0035 mol., 1.14 g) in (25 mL) of dry dioxane was 
refluxed for 4 h. The hot mixture was then filtered, and 
the filtrate was cooled to room temperature, leading to 
the precipitation of white plates of 2:1 complexes of 
dioxane and mercuric bromochloride that were filtered 
off. The filtrate was poured into 100 mL of cold distilled 
water to form brown crystals [23], with a yield of 59%, 
and a melting point of 143–145 °C, CHN: theoretical %: 
C, 43.61; H, 4.33; N, 4.62; practical %: C, 43.34; H, 4.13; 
N, 4.43; FT-IR using KBr: υ (C–H) Aliphatic = 2925 cm–1, 
υ (C–H) Aromatic = 3068 cm–1, υ (C=N) Aliphatic = 
1627 cm–1, υ (C–N) Aromatic = 1280 cm–1, υ (C=C) 
Aromatic = 1460 cm–1; 1H-NMR (500 MHz, DMSO-d6) 
δ 1CH3, 10CH3, 11CH3, 5CH, 7CH2, 8CH2 (13H, m, 1.80–
2.31); 6CH (1H, s, 5.74); Ar-H (8H, m, 7.92–8.90); NH2 
(2H, s, 4.19) as shown in Scheme 2., Table 1 and 2, Fig. 
3. 
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Scheme 1. Preparation of organomercury and organyl tellurium tribromide compounds 
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Scheme 2. Preparation of organyl tellurium dibromide and diorganyl telluride 

 
(E)-4-((4-((1,7,7-trimethylbicyclo[2.2.1]heptan-2-ylide 
ne)amino)phenyl)tellanyl)aniline (D) 

(E)-4-(dibromo(4-((1,7,7-trimethylbicyclo[2.2.1]hep 
tan-2-ylidene)amino)phenyl)-l4-tellaneyl)aniline (0.0032 
mol., 1.94 g) was dissolved in toluene (30 mL). To the 
refluxing solution, hydrazine hydrate (0.0032 mol, 0.16 g) 
in methanol (30 mL) was added dropwise. The resulting 
solution was poured into cold water (100 mL) and the 
brown solid that had formed was recrystallized from 

petroleum ether (60–80 °C) to give brown crystals [23], 
with a yield of 53%, and a melting point of 81–82 °C; 
CHN: theoretical %: C, 59.24; H, 5.88; N, 6.28; practical 
%: C, 59.10; H, 5.31; N, 6.44; FT-IR using KBr: υ (C–H) 
Aliphatic = 2854 cm–1, υ (C–H) Aromatic = 3205 cm–1, 
υ (C=N) Aliphatic = 1635 cm–1, υ (C–N) Aromatic = 
1280 cm–1, υ (C=C) Aromatic = 1415 cm–1; 1H-NMR 
(500 MHz, DMSO-d6) δ 10CH3, 11CH3 (6H, s, 1.90); 1CH3 
(3H, s, 2.06); 7CH2, 8CH2 (4H, s, 2.20); 5CH2 (2H, d, 2.33);  
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Table 1. 1H-NMR spectral data of selected compounds 
 Structure of the compound 1H-NMR (DMSO-d6); TMS = 0 ppm 
A 

 

10CH3, 11CH3 (6H, s, 1.90); 1CH3 (3H, s, 2.33); 
7CH2, 8CH2 (4H, m, 2.75–2.79); 5CH2 (2H, t, 
4.85); 6CH (1H, s, 5.77); Ar-H (4H, m, 8.23–
9.20). 

B 

 

10CH3, 11CH3 (6H, s, 1.91); 1CH3 (3H, s, 1.35); 
7CH2, 8CH2 (4H, s, 2.08); 5CH2 (2H, s, 5.95); 6CH 
(1H, s, 2.35); Ar-H (4H, m, 7.83–9.12). 

C 

 

1CH3, 10CH3, 11CH3, 5CH, 7CH2, 8CH2 (13H, m, 
1.80–2.31); 6CH (1H, s, 5.74); Ar-H (8H, m, 
7.92–8.90); NH2 (2H, s, 4.19) 

D 

 

10CH3, 11CH3 (6H, s, 1.90); 1CH3 (3H, s, 2.06); 
7CH2, 8CH2 (4H, s, 2.20); 5CH2 (2H, d, 2.33); 
6CH (1H, t, 5.77); Ar-H (8H, m, 8.02–9.02); 
NH2 (2H, s, 4.09) 

 
6CH (1H, t, 5.77); Ar-H (8H, m, 8.02–9.02); NH2 (2H, s, 
4.09) as shown in Scheme 2, Table 1 and 2, Fig. 4. 

■ RESULTS AND DISCUSSION 

The present study involved the preparation of 
organomercury and organotellurium compounds derived 
from 1,7,7-trimethylbicyclo[2.2.1]heptan-2-one (camphor) 
by reacting 1,7,7-trimethylbicyclo[2.2.1]heptan-2-one and 
(4-aminophenyl)mercury(II) chloride in absolute ethanol 

and adding three drops of glacial acetic acid to obtain 
(E)-(4-((1,7,7-trimethyl bicyclo[2.2.1]heptan-2-ylidene) 
amino)phenyl)mercury(II) chloride. (E)-(4-((1,7,7-
trimethyl bicyclo[2.2.1]heptan-2-ylidene)amino)phenyl) 
mercury(II) chloride then reacted with tellurium 
tetrabromide to give tellurium tribromide derivatives, 
starting materials for the remaining compounds 
prepared in this research. 

1H-NMR spectra [24, 25] of the compounds (A–D) 
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Table 2. FT-IR spectral data of selected compounds 
Compound Aliphatic C–H Aromatic C–H Aliphatic C=N Aromatic C–N Aromatic C=C 

A 2337 3164 1612 1249 1490 
B 2300 3170 1629 1224 1402 
C 2925 3068 1627 1280 1460 
D 2854 3205 1635 1280 1415 

 
Fig 1. 1H-NMR spectrum of compound A 

 
Fig 2. 1H-NMR spectrum of compound B 

 
showed all the expected peaks. All the spectra in 
deuterated DMSO are given in Table 1 and explained in 
Fig. (1–4). 

All prepared compounds' IR spectra displayed 
common features in specific regions and characteristic 
bands in the fingerprint and other regions. The suggested  
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Fig 3. 1H-NMR spectrum of compound C 

 
Fig 4. 1H-NMR spectrum of compound D 

 
structure for the prepared compounds was confirmed 
using the IR spectra [24-25], as shown in Table 2. The 
aromatic C–H [24-25] appeared at 3068–3205 cm–1 for 
organomercury and organotellurium derivatives, whereas 
the aliphatic C–H was obtained at 2925–2300 cm–1 for the 
prepared compounds. On the other hand, the aliphatic 
C=N group displayed an apparent band at 1612–1635 cm–1, 
while the band at the range of 1224–1280 cm–1 [24-25] was 

attributed to the aromatic C–N for organomercury and 
organotellurium derivatives. The C=C aromatic bond 
appeared at the range of 1402–1490 cm–1 [24-25], as 
shown in Table 2. 

Computational Study 

All the organotellurium compounds under study 
were labeled as shown in Fig. 5–16.  The accuracy of the  
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Fig 5. Molecular structure of compound B  Fig 6. Sticks Molecular model of compound B 

 

 

 
Fig 7. Molecular structure of compound C  Fig 8. Sticks Molecular model of compound C 

 

 

 
Fig 9. Molecular structure of compound D  Fig 10. Sticks Molecular model of compound D 

 

 

 
Fig 11. Molecular orbital (HOMO) of compound B  Fig 12. Molecular orbital (LUMO) of compound B 
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Fig 13. Molecular orbital (HOMO) of compound C  Fig 14. Molecular orbital (LUMO) of compound C 

 

 

 
Fig 15. Molecular orbital (HOMO) of compound D  Fig 16. Molecular orbital (LUMO) of compound D 

 
method was examined to describe the properties of the 
compound in the gas phase. The geometric structures and 
electronic properties were studied at all quantum 
calculations with the density functional theory (DFT) 
achieved at the hybrid functional B3LYP, which combines 
Becke's exchange and Lee, Yang, and Parr's correlation 
functional computational level [15,17]. This method 
described all atoms using the 3-21G basis set with 
Gaussian 09 program [19]. The reactivity and the stability 
of the compounds were evaluated using DFT-based 
descriptors that were calculated [26-27]: 

( )V r , T

E
N
∂ µ =  ∂  

 (1) 

( )

2

2
V r , T

1 E
2 N

 ∂
η =   ∂  

 (2) 

1S
2

=
η

 (3) 

2

2
µ

ω=
η

 (4) 

Where μ, η, S, and ω are the chemical potential, chemical 
hardness, chemical softness, and electrophilicity, 
respectively, while E, N, and V(r⃗) are the total electron 
energy, number of electrons, and external potential, 
respectively. Two different methods were used to 

compute the above global quantities; the first is a finite 
difference approximation, based on the differences of 
total electronic energies when an electron is removed or 
added following the neutral molecule, and the second is 
Koopman's theorem, which is based on the differences 
between the HOMO and LUMO energies of the 
molecule [26-28]. By using a finite difference 
approximation, the global quantities can be given by 
[26-28]: 

( )IP EA
2
+

χ =  (5) 

( )IP EA
2 
−

η =  (6) 

Then, using Koopman's theorem, the above 
equations are given by [28]: 

( )HOMO LUMOE E
2
+

χ =  (7) 

( )HOMO LUMOE E
2
−

η =  (8) 

Electronic Properties 

The equilibrium geometries for all the study 
compounds were fully optimized at the DFT level of 
theory using a B3LYP functional along with the standard 
3-21G basis set in the gaseous phase, see Fig. 5–16. 
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HOMO (High Occupied Molecular Orbital) and 
LUMO (Low Unoccupied Molecular Orbital) energies are 
the electronic states, referring to certain places of the 
existence of the electrons with quantized energies, where 
the molecular orbitals are in linear combination to the 
atomic orbitals. The difference between HOMO gives 
energy bandgap (Eg) as the relation [7]. The energy gap is 
a fundamental property in solids because it allows the 
prediction of the material, whether it is a conductor or 
insulator, or semiconductor. It stands for the energy 
difference between the lower virtual energy level and the 
higher full energy level [29], see Fig. (5–16) and Table 3. 

LUMO HOMOEg E E= −  (9) 

Electronegativity and electrophilicity 
We can define electronegativity as the measure of 

the tendency of an atom to attract a shared pair of 
electrons (or electron density) towards itself. In contrast, 
relative rate constants measure electrophilicity for 
reactions of different electrophilic reagents towards a 
common substrate (usually involving an attack at a 
carbon atom). Electronegativity and electrophilicity can 
be calculated from the relations 10 and 11 [15,20], see 
Table 4. 

HOMO LUMOE E
x  

2
+

=  (10) 

2x 
2

ω=
η

 (11) 

Ionization potential and electron affinity 
Ionization potential measures the binding force 

between the electron and the atom. It is equivalent to the 
required energy to remove one electron from a neutral 
atom in the gas state. Electron affinity can be defined as 
the energy released when an atom gains an electron. It is 
equivalent to the required energy that can remove an 
electron from a negative ion. According to Koopman's 
theory [15], as shown in Table 5. 

HOMOI.P E= −  (12) 

LUMOE.A E= −  (13) 

Hardness softness acid base (HSAB principle) 
This principle describes the behavior of molecules 

or atoms as the acids and bases in chemistry. First, it is 
necessary to  show that the  soft and hard  bases represent  

Table 3. Demonstrates electronic states of the 
organotellurium compounds 
Compound HOMO (eV) LUMO (eV) Eg (eV) 

B -6.0017 -5.6591 0.3426 
C -5.1209 -4.6333 0.4876 
D -5.1312 -4.8507 0.2805 

Table 4. Electronegativity and electrophilicity of the 
organotellurium compounds 

Compound 
Electronegativity (eV) 

(X) 
Electrophilicity (eV) 

(w) 
B -5.8304 -99.2223 
C -7.7923 -124.5281 
D -4.9909 -88.8341 

Table 5. Ionization potential and electron affinity of the 
organotellurium compounds 

Compound 
Ionization potential (eV) 

(I.P) 
Electron affinity (eV) 

(E.A) 
B 6.0017 5.6591 
C 5.1209 4.6333 
D 5.1312 4.8507 

donors, but soft and hard acids stand for acceptors. The 
following equations [28,30-32] can express hardness and 
softness: 

I.P E.A 
2
−

η =  (14) 

1 
2

σ =
η

 (15) 

η refers to chemical hardness, and σ refers to chemical 
softness. As explained in Table 6. 

■ CONCLUSION 

The present work describes the efficient routes to 
synthesis some novel unsymmetrical organotellurium 
compounds by a simple and convenient method. 
Compounds A, B, C, and D were obtained with a yield 
of 53–85%. Findings from the present study on the CHN 
elemental analysis, FT-IR, and 1H-NMR concur with 
previous research, confirming the correctness of the 
proposed structures for all the prepared compounds. As 
for the theoretical study, it can be concluded that the 
density functional theory used in this study is a powerful 
method, and B3LYP functional is a suitable and efficient 
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function for studying the electronic properties of these 
structures. The geometrical parameters of 6-31G (d,p) 
concurred with the experimental data. Therefore, the 
density functional theory method has been used in this 
work to study geometry optimization and the electronic 
properties of naphthalene and di-amino naphthalene by 
using B3LYP functional. 

The geometric structures and total energies donor-
acceptor system show that this structure is highly stable. 
Furthermore, the donor-acceptor system has large 
average polarizability compared with donor and acceptor 
and this system has higher reactivity than others. The 
results obtained in this work help us to select a type of 
bridge to interact with the donor and acceptor to calculate 
the physical properties of the donor-bridge-acceptor. 
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