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New organotellurium compounds based on camphor, aniline and p-
toluidine: preparation, characterization, and theoretical study
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Abstract

The present study involved the preparation of organomercury and organotellurium compounds derived from camphor
and (2-amino-5-methylphenyl) mercury (11) chloride and their derivatives by a condensation reaction. Characterization of the
studied compounds was carried out using infrared spectrum (IR), proton nuclear magnetic resonance spectrum (*H NMR), and
elemental analysis (C.H.N). The molecular structure of the organotellurium compounds was investigated using the density
functional theory with hybrid functional (B3LYP) and the basis set 3-21G. Geometrical structure, HOMO surfaces, LUMO
surfaces, and energy gap have been produced throughout the geometry optimization. The molecular geometry and contours for
the organotellurium compounds were investigated throughout the geometrical optimization. The donor and acceptor properties
have been studied by comparing the highest occupied molecular orbital energies (HOMO) of organotellurium compounds. The
electronegativity, electrophilicity, lonization potential, electron affinity, Chemical Hardness, and Chemical softness for the

organotellurium compounds was calculated for the molecules under the study.
Keywords: organotellurium, camphor, mercury chloride, aniline, HOMO, LUMO, DFT, *H NMR and FT — IR.

1. Introduction:

Tellurium, classified in group 16 of the
periodic table of the elements, was discovered in 1782
by the Austrian chemist F. J. Miller von Reichenstein
[1]. Organic tellurium chemistry is a very broad and
exciting field with many opportunities for research and
application development [2]. The first organotellurium
compound was reported over 181 years ago with the
synthesis of diethyl tellurides by Wo'hler in 1840 [1].
In recent years, there has been great interest in
studying organo-tellurium compounds containing
azomethane group due to the high stability and various
applications of these compounds [3, 4]. The
applications of organotellurium compounds have been
reported in several fields [4-8]. Past research reported
using organotellurium compounds as antioxidant
agents [5, 9, 10], polymerization catalysts [11-13],
antitumor and pharmaceutical agents [5, 14, 15],
organic superconductors [3, 7], synthetic intermediate
[4], and ligands with many transition metal ions [3, 16,
17]. Also, the use of organotellurium compounds has
been reported in numerous applications for organic
synthetic purposes because of using mild conditions,
high yield, and high selectivity of the desired product
[2, 18, 19]. Organotellurium compounds have also
been used as selective reducing or oxidizing reagents
of functional groups [10, 15]. Coupling reaction based

on organotellurium compounds seems to offer an
interesting opportunity for synthetic organic chemists.
Thus, In recent years, there has been a growing interest
in studying the organotellurium compounds which
have intramolecular interaction [10, 20]. There are
many types of organotellurium compounds containing
nitro-amino and azomethane groups that exhibit such
reactions [5-7, 9, 11, 13, 21].

Density functional theory (DFT) is used to
examine the electronic properties and molecular
structure of chemical compounds [22]. The DFT deals
with the electron density rather than the wave function
[22, 23]. But, the wave function assumes spatial
variables and the rotation coordinates are the same,
where the positions of the nuclei are constant [24]. The
electronic structure and some other properties of
atoms, molecules, In several cases the consequences
of density functional theory calculations for solid-state
molecules agree completely [25-28].

The purpose of this study is to prepare
organomercury and organotellurium compounds
derived from camphor, (2-amino-5-methylphenyl)
mercury (1) chloride and p-aminophenyl mercury (I1)
chloride and their derivatives by condensation reaction
as well as a theoretical study of the prepared
organotellurium compounds from By calculating
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energy gap, chemical softness - hardness principle,
electron affinity, electronegativity, ionization energy
2. Experimental:
2.1 Materials:
The materials used in the present study are
as follows:
Camphor, ethanol absolute, glacial acetic acid, aniling,
mercuric acetate, lithium chloride, tellurium powder,
bromine, chloroform, dioxin, sodium metal, potassium
hydroxide, hydrochloric acid, molecular sieves,
toluene, hydrazine hydrate, methanol, p-toluidine and
petroleum ether (60 — 80 °C).
2.2 Instrumentations:
The apparatus used in this research are as
follows:
'H NMR spectra (Bruker 500 MHz spectrometers,
TMS as an inner reference DMSO-ds as a solvent),
Infra-Red spectra (recorded with KBr circles using a
FT- IR spectrophotometer, Shimadzu model 8400 S in
reach 4000- 250 cm?), Elemental analysis C.H.N.
[Euro vector EA 3000A Elemental Analysis (Italy)],
Melting point (MPS10 electrically warmed liquefying
point mechanical assembly), Theoretical study
(Gaussian 09 suite of programs). The molecular
properties of the compounds have been computed by
DFT using the standard 6-31G (d,p) basis set with
exchange functional B3LYP.
2.2 Preparation methods:
2.2.1 (E)-(5-methyl-2-((1,7,7-
trimethylbicyclo[2.2.1]heptan-2-
ylidene)amino)phenyl) mercury(ll) chloride
(A):
Three drops of glacial acetic acid was added
to (0.04 mol., 6.08 g) of camphor dissolved in (25 ml)
of hot ethanol and the mixture was stirred for 15 min
in a water bath (70 °C). Next, a solution of (0.04 mol.,
13.60 @) (2-amino-5-methylphenyl)mercury(Il)
chloride [29, 30] in (25 ml) of ethanol, was added and
the mixture was stirred for 14 hours in a water bath (80
°C) [31, 32]. The end of the reaction was determined
by TLC. This was followed by filtering the reaction
mixture while hot and cooling the filtrate at a room
temperature until the formation of white crystals with
ayield of 83%, and a melting point 186 — 187°C, CHN.
Theoretical (practical)%: C% = 42.86 (42.08), H% =
4.65 (4.66), N% = 2.94 (2.99); FT-IR using KBr: v (C
— H) Aliphatic stretching = 2893 ¢cm?, v (C - H)
Aliphatic bending = 1365 cm?, v (C — H) Aromatic =
3016 cm?, v (C =N) Aliphatic = 1597 cm™, v (C - N)
Aromatic = 1103 cm?, v (C =C) Aromatic = 1442 cn
1 1H NMR (500 MHz, DMSO-ds) & 10CH3, 1:CH3 (6H,
t, 1.26); 1CH3 (3H, d, 1.82); ;CH2 (2H, d-d, 2.42); sCH:
(2H, d, 2.46); sCH; (2H, m, 2.69 — 2.74); ¢CH (1H, m,
3.71 - 3.74); 1sCHs (3H, t, 2.94) Ar-H (3H, m, 6.46 —
7.94). As shown in Scheme 1., Table 1., Fig. 1 and 2.
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HgCl
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CHs

(E)-(5-methyl-2-((1,7,7-
trimethylbicyclo[2.2.1]heptan-2-

camphor

ylidene)amino)phenyl)mercury(ll) chloride

Scheme 1. Preparation of organomercury
compound (A)
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Figure 2. FT-IR spectrum of compound A
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2.2.2 (E)-1,7,7-trimethyl-N-(4-methyl-2-(tribromo-
A\*-tellaneyl)phenyl)bicyclo[2.2.1]heptan-2-imine
(B):

A solution of (E)-(5-methyl-2-((1,7,7-
trimethylbicyclo[2.2.1]heptan-2-
ylidene)amino)phenyl) mercury(ll) chloride (0.008
mol., 3.80 g) and tellurium tetrabromide (0.008 mol.,
3.57 g) in dry dioxin (60 ml) was refluxed for 16 hrs.
The solution was filtered while hot and the filtrate was
cooled at room temperature. After cooling to room
temperature [29, 30, 33], the formed brown precipitate
was collected by filtration. Recrystallization from
ethanol yielded reddish — brown crystals, with a yield
of 61%, and a melting point of 165 — 167 °C, CHN.
Theoretical (practical)%: C% = 33.60 (33.56), H% =
3.65 (3.44), N% = 2.30 (2.98); FT-IR using KBr: v (C
— H) Aliphatic stretching = 2920 cm?, v (C - H)
Aliphatic bending = 1333 cm™, v (C — H) Aromatic =
3103 cm?, v (C =N) Aliphatic = 1616 cm™, v (C — N)
Aromatic = 1095 cm't, v (C =C) Aromatic = 1509 cm’
1 1H NMR (500 MHz, DMSO-dg) & 10CHs, 1:CHs (6H,
s, 1.25); 1CHs (3H, d, 1.83); ;CH2 (2H, d, 2.43); sCH>
(2H, d, 2.46); 5CH; (2H, m, 2.69 — 2.75); 6CH (1H, m,
3.55-3.73); 1sCH3 (3H, t, 2.95) Ar-H (3H, m, 6.47 —
7.94), As shown in Scheme 2., Table 1., Fig. 3 and 4.
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HgCl Br.. \ Br
$N©+ TeBr, Dry Dioxin/
CH3 reﬂux 16hrs.
CHj

(E)-1,7,7-trimethyl-N-(4-methyl-2-(tribromo-14-
tellaneyl)phenyl)bicyclo[2.2.1]heptan-2-imine

Scheme 2. Preparation of organyl tellurium
tribromide compound (B)

Figure 3. 'H NMR spectrum of compound B
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Figure 4. FT-IR spectrum of compound B

2.2.3 ((E)-4-(dibromo(5-methyl-2-((1,7,7-
trimethylbicyclo[2.2.1]heptan-2-
ylidene)amino)phenyl)- 2*-tellaneyl)aniline (C) and
(E)-4-((5-methyl-2-((1,7,7-
trimethylbicyclo[2.2.1]heptan-2-
ylidene)amino)phenyl)tellanyl)aniline (D):

A solution of (E)-1,7,7-trimethyl-N-(4-
methyl-2-(tribromo- A4
tellaneyl)phenyl)bicyclo[2.2.1]heptan-2-imine
(0.0035 mol., 2.12 g) and (4-aminophenyl)mercury(1l)
chloride (0.0035 mol., 1.14 g) in (25 ml) of dry dioxin
was refluxed for 8 hours. The hot mixture was then
filtered, and the filtrate was cooled to room
temperature, Then, the filtrate was poured into (100
ml) of cold distilled water [34, 35], to give reddish —
brown crystals with a yield of 55%, and a melting
point of 155 — 157 °C, CHN. Theoretical
(practical)%: C% = 44.56 (44.19), H% = 4.55 (4.32),
N% = 4.52 (4.78); FT-IR using KBr: v (C — H)
Aliphatic stretching = 2854 cm, v (C — H) Aliphatic
bending = 1381 cm™, v (C — H) Aromatic = 3008 cm
1 v (C =N) Aliphatic = 1658 cm™, v (C — N) Aromatic
= 1149 cm?, v (C =C) Aromatic = 1612 cm™?, v(N —
H) = 3240 cm®; 'H NMR (500 MHz, DMSO-ds) &
10CHs, 11CHs, 1CH3 (9H, t, 2.89); sCHa, 7CH,, sCH>
(6H, s, 2.92); 6CH (1H, s, 4.00); 1sCH3 (3H, s, 2.98);
Ar-H (7H, m, 6.50 — 7.24); 26NH2 (2H, s, 4.99), As
shown in Scheme 3., Table 1., Fig. 5 and 6.
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NH; l Dry Dioxin/

reflux 8 hrs.

(E)-4-(dibromo(5-methyl-2-((1,7,7-
trimethylbicyclo[2.2.1]heptan-2-
ylidene)amino)phenyl)-14-
tellaneyl)aniline

Scheme 3. Preparation of organyl tellurium
dibromide (C)
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Figure 6. FT-IR spectrum of compound C

This residue (0.0032 mol., 1.98 g) was
dissolved in dry methanol (30 ml). To the refluxing
solution, hydrazine hydrate (0.0032 mol., 0.16 g) in
methanol (30 ml) was added dropwise until formation
of nitrogen had ceased. The resulting solution was
poured into cold water (250 ml). The brown solid [34,
35] that had formed was recrystallized from ethanol to
give brown crystals with a yield of 33%, and a melting
point of 104 - 107 °C., CHN. Theoretical (practical)%:
C% = 60.04 (60.33), H% = 6.13 (6.11), N% = 6.09
(6.59); FT-IR using KBr: v (C — H) Aliphatic
stretching = 2854 cm, v (C — H) Aliphatic bending
= 1442 cm’, v (C — H) Aromatic = 3005 cm™, v (C
=N) Aliphatic = 1658 cm, v (C — N) Aromatic = 1149
cm, v (C =C) Aromatic = 1612 cm™, (N — H) = 3240
cml; IH NMR (500 MHz, DMSO-dg) 8 10CHs, 11CHs,
1CH3(9H, t, 2.90);5CH>, 7CH,, sCH,(6H, s, 2.92); sCH
(1H, s, 4.00); 18CH3 (3H, s, 2.98); Ar-H (7H, m, 6.50
—7.24); 26NH2 (2H, s, 4.99). As shown in Scheme 4.,
Table 1., Fig. 7 and 8.
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/ ethanol under conditions shown in Scheme (1) yielded

SN Br a new substitute of organomercury compound (white
Ta Red/NzW H20 solid) in a good yield, Scheme 1. This was followed
@ér “in methanol ©/ @\ by the preparation of organyl tellurium tribromide
NH derivative, unsymmetrical tellurium dibromide and

()4 ((5-methyb2-(1.7.7- telluride as shown in Scheme 2, 3, and 4 respectively.

trimethylbicyclo[2.2.1]heptan-2- The elemental analysis (CHN) of all the prepared

ylidene)amino)phenyljtellanylaniine compounds concurred with the calculated values.
Some representations of the IR spectra of the new
) ) ) organomercury and organotellurium compounds A - D
Scheme 4. Preparation of unsymmetrical telluride are given in Figures 2, 4, 6 and 8.

(D) The IR spectra of the compounds A - D
showed a weak band in the range 3005 - 3103 cm
due to the aromatic C-H stretching [36-39]. Two
medium-strong bands in the range 1442-1612 cm™*
referred to the stretching of aromatic (C=C) [36-39].
Furthermore, strong bands between 1333 - 1442 cm*
and 2854 — 2920 cm™ were also observed in the IR
spectra of the compounds A - D due to the stretching
and bending of the aliphatic (C-H) respectively [36-
= = e : = 39]. The IR spectra of compounds 1-4 showed strong
Flgure 7. 1H NMR spectrum of compound D bands at the range 1597 — 1658 cm'%, attributed to the

C=N bond [36-39]. Moreover, the stretching of
/ \’M \ aromatic C-N bond appeared at 1095 — 1149 cm™ as a
;‘.; \ strong band [36-39]. The IR spectra of compounds 3
N and 4 showed a strong band at 3240 cm due to v(N-
g || H) [36-39] as shown in Figure 2, 4, 6, and 8.
| The *H NMR spectra of compounds A - D
73868 "Sa0s T Ee6E T H068 1806 066 7667508 have been recorded in DMSO-ds solvent (Figure 1, 3,
Figure 8. FT-IR spectrum of compound D 5and 7), Table 1. The *H NMR signals (detailed in the
table below) concurred with the expected signals,

3. Results and discussion: according to the sources [36-39].
Reaction of camphor with equal moles of (2-

amino-5-methylphenyl)  mercury(Il) chloride in
Table 1. *H NMR data of the new organomercury and organotellurium compounds

CHj;

”’\ /\\ AV R e e

g \

U~

Structure of the compound 'H NMR (DMSO-ds); TMS =0 ppm
HaC
2 ) T . 3. ) 10CH3, 11CH3 (6H, t, 1.26); 1CH3 (3H, d, 1.82);
A b i ] 7CHz (2H, d-d, 2.42); sCH2 (2H, d, 2.46); sCH2
HET\ s AT T (2H, m, 2.69 — 2.74); ¢CH (1H, m, 3.71 — 3.74);
: 'fw L 16CHs (3H, t, 2.94); Ar-H (3H, m, 6.46 — 7.94)
|
| S
H;C
|
N, N 10CH3, 11CHs (6H, s, 1.25); 1CH3(3H, d, 1.83);
B MO ] \ w 7CH2 (2H, d, 2.43); sCH (2H, d, 2.46); sCH;
HGT\ E T (2H, m, 2.69 — 2.75); sCH (1H, m, 3.55 — 3.73);
o /o E 18CH3 (3H, t, 2.95) Ar-H (3H, m, 6.47 — 7.94).
22 Br 2.:"
CHy
e T ) 10CH3, 11CH3, 1CH3 (9H, t, 2.89); 5CHy, 7CHy,
c M e e sCH2 (6H, s, 2.92); 6CH (1H, s, 4.00); 18CH3
P (3H, s, 2.98): Ar-H (7H, m, 6.50 — 7.24); 26NH2
, (2H, s, 4.99).
N
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ch,

10CH3, 11CHs, 1CH3 (9H, t, 2.90); sCHa, 7CH,,
8CH2 (6H, s, 2.92); 6CH (1H, s, 4.00); 1sCH3
(3H, s, 2.98); Ar-H (7H, m, 6.50 — 7.24); 26NH:

4. Computational Details

HOMO and LUMO energies are electronic
states, referring to certain places of existence of the
electrons with quantized energies. HOMO energy
indicates the high occupied molecular orbital, while
LUMO energy refer to the low unoccupied molecular
orbital, where the molecular orbitals are the linear
combination to the atomic orbitals [40]. The difference
between HOMO and LUMO gives energy band gap
(Egap) as the relation [41]:

Egap = Eruymo — Enomo Y

Table 2. The electronic states of the
organotellurium compounds

@)

(2H, s, 4.99).
EHomo ELumo Egap
Compound (eV) (eV) (eV)
B -4.976 -2.514 2.46
C -4.224 -2.874 1.35
D -4.752 -0.778 3.97

In the present study, A comparison of the
HOMO energies is presented in Table (2) to find out
that HOMO energy of C compound is a greater than D
compound and the lowest in HOMO energy was C
compound, and the arrangement of energy average
[42] in LUMO energy as the following:

C >B >D

Therefore, energy gap has the highest value
at D while the lowest value at C compound [42]. As
shown in Table 2, Figure (9 - 11).

Figure 9. Molecular structure of (a) compound B (b) compound C (¢) compound D

@)
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(b) (©)
Figure 10. HOMO surfaces of (a) compound B (b) compound C (c) compound D
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@)

This principle describes the behavior of
molecules or atoms as acids and bases in chemistry.
Throughout this principle, one can distinguish the
donors and acceptors [43, 44]. It is necessary to show
that the soft base and hard base represent donors,
whereas the soft acid and hard acid stand for acceptors
[43, 44]. The following equations 2 and 3 can express
hardness and softness:
I.P—E.A

. . ()

7’:

(b) (©)
Figure 11. LUMO surfaces of (a) compound B (b) compound C (c) compound D

2n NE)

The symbol 7 refers to hardness, whereas the symbol
o refers to softness.

The comparison between B, C, and D shows that
the hardness of D was larger than the hardness of B
and C, hence D will behave as a hard base. The
softness of C was larger than B and D, indicating that
C will behave as a soft base [44, 45]. According to
Table (3), the behavior of organotellurium compounds
can be classified as donors or acceptors.

Table 3. Chemical hardness and chemical softness of the organotellurium compounds

Chemical Hardness

Chemical Softness

comp. () (0)
B 1.23 0.41
C 0.68 0.74
D 1.98 0.25

We can define electronegativity as a measure
of the tendency of an atom to attract bonding pair of
electrons [23, 24, 42, 44], it describes the escaping
tendency of the electrons from a balance system such
as molecules. Electronegativity and electrophilicity
[44] calculated by the relations:

« — Enomo + Erymo

(4)
w= "= .. (5)

Where x and [ refer to the electronegativity
and electrophilicity respectively, as explain in Table 4

In Table (4), the electronegativity of D was
larger than the electronegativity of C and B. C
compound was the larger electrophilic molecule,
whereas D has the least electrophilicity among all
prepared compounds [24, 44].

Table 4. Electronegativity and electrophilicity of the organotellurium compounds

Compound Electronegativity (eV) Electrophilicity (eV)
(X) (w)
B -3.74 5.73
C -3.55 9.32
D -2.76 1.90

lonization potential measures the binding
force between an electron and atom and equivalent to
the required energy to remove one electron from a
neutral atom in the gas state. In hydrogen atom, there
is one ionization energy in the outer shell. The atoms

Egypt. J. Chem. 65, No. 2 (2022)

which have over one electron in the outer shell will
have one ionization energy for every electron [45, 46].

Electron affinity may be defined as the
energy released when an atom gains an electron.
Sometimes electron affinity is named zero ionization
energy. The atoms that have seven electrons in the
outer shell have high electron affinity, whereas the
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atoms that have closed shells have small electron
affinity [45]. According to Koopman's theory [36, 44-
46]:
I.P = —Eyomo .. (6)
E.A=—Eymo w (7)

Table (7) showed the values of ionization
potential and electron affinity in (eV) for B, C and D
compounds. lonization potential and electron affinity
results depends on the energies in the valence band and
conduction band according to Koopman's theorem.

One can see from the table the arrangement of the
prepared compounds according to the increase of the
ionization potential:
B > D > C
This means that the electrons will need less
energy to escape from the surfaces, which is very
advantageous. On the other hand, the electron affinity
increased as follows:
cC > B > D

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

Comp lonization potential (eV) Electron affinity (eV)

' (1.P) (E.A)

B 4.97 2.51

C 4.22 2.87

D 4.75 0.77
acetylenes. Organometallics, 10 (4), 1095-1098,

Conclusions: (1991).

The present work described the efficient 4. Haiduc, l; Zukerman-Schpector, J.,

routes of synthesizing some novel organomercury and
organotellurium compounds by a simple and
convenient method. Compounds A, B, C and D were
obtained at a 33 — 83% yield.

All the obtained results (i.e., CHN, FT-IR,
and *H NMR) concurred with previous findings and
confirmed the correctness of the proposed structures
for all the prepared compounds. As for the theoretical
study, the density functional theory used in this study
is a powerful method and B3LYP functional is a
suitable and efficient function for studying the
electronic properties of these structures. 6-31G (d, p)
gives good agreement results for geometrical
parameters with experimental data. The density
functional theory method has been used in this work to
study the geometry optimization and the electronic
properties of organometallic by using B3LYP
functional.

The total energies donor-acceptor system
showed that the proposed structures are more stable.
The donor-acceptor system has large average
polarizability comparing with donor and acceptor and
this system has high reactivity than others. The results
got in this work help us 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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