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Abstract
The aim of this study is to obtain organomercury compounds containing nitro group such as
(10-nitroanthracen-2-yl)mercury(ll)  chloride and  (9-nitroanthracen-2-yl)mercury(ll)
chloride by a mercuration reaction. The paper includes the preparationof a new
organomercury compound based on nitroanthracene was prepared by mercuration reaction
to 9-nitroanthracene by mercuric acetate then lithium chloride. m-C,4HgCIHgNO, (A) and o-
C1sHgCIHgNO, (B). The prepared compounds were characterized by using FT- IR, *H NMR,
C NMR, XRD and MASS technique. The results of the chemical analysis to prepared
compounds showed that it a good agreed with the proposed chemical structures. The
purpose of this study to compare between meta and ortho organomercury derivatives for 9-
nitroanthracene according to physical and chemical properties.

Keywords: Organomercury, 9-nitroanthracene, *H NMR, mass spectra, mercuric chloride,

mercuric acetate

Introduction

Mercury is a chemical element, its chemical symbol (Hg) is located in the third transition
period of the periodic table, the atomic number is (1), it has seven stable isotopes, and it
has three oxidation states (1%,2%,4") [2]. Organic mercury compounds have a general
formula (R-Hg-X), where R is either an alkyl radical, a phenyl group, or an alkoxyl. The
first person to detect organic mercury compounds was the English scientist Edward
Frankland. In 1852 AD, who prepared the first organic compound for metal mercury,
dimethyl mercury (Me2Hg) by treating methyl iodide CHsl directly with mercury [3].
Studies conducted on this compound proved that it is soluble in fats, which indicates its
toxicity due to its bio-accumulation and rapid spread in the human body, since organic
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mercury derivatives are less volatile than elemental mercury itself [4, 5] and mercury
compounds have many industrial and medical uses such as manufacturing Mercury
batteries containing mercury oxide and other industries [6, 7], as well as antiseptics
known as (mercurochrome) [8]. Mercuric diacetate is the basis for the preparation of
organic mercury compounds, through which mercury is introduced to organic
compounds [9-17]. In this work, A new organometallic compound type organomercury
derived from 9-nitroanthracene were prepared and namely (10-nitroanthracen-2-
yl)mercury(ll) chloride A and (9-nitroanthracen-2-yl)mercury(l1) chloride B, then the x-
ray diffraction of organomercury compound (A & B) has been investigated.

Experimental Section
Materials
The chemicals used in this study included ethanol absolute (BDH), lithium chloride
(Sigma-Aldrich), mercuric acetate (Fluka).

Instrumentation
Infra-red spectra were recorded with KBr disks utilizing an FTIR spectrophotometer

Shimadzu model 8400 S in reach 4000 - 400 cm™. The mass spectra were performed using
a HAT-8200 analyzer at the ionizing potential of 70 eV (Central Laboratory, University of
Tehran, Iran). The melting point was measured using the Melting point SMP 31 model.
Nuclear Magnetic Resonance Spectroscopy 1H NMR within range (0-15) at the Basra
University/ College of Education for pure sciences, and XRD were recorded at Central
Laboratory, University of Tehran, Iran.

Procedure

Synthesis of (4-amino-[1,1'-biphenyl]-3-yl)mercury(l1) chloride (A)

Firstly 50g (0.22mol) of 9- nitroanthracene was dissolved in 50 ml of absolute ethanol,
then added to it 70g (0.22mol) of mercuric acetate dissolved in 50 ml of absolute ethanol,
and the mixture was refluxed for 12h with the follow-up of the reaction via TLC. After the
reaction was completed, 9.32g (0.22mol) of lithium chloride was added, and the reaction
rose again for 1 h then the solution was filtered. Brown crystals were formed on the filter
paper and then washed via hot ethanol several times to get rid of the remains of unwanted
materials. The weight of produced compound was 66 g, the yield was69%, and the melting
point of the compound was measured after completely drying was 187-189 °C.

FT-IR using KBr:

v(C—H) Aromatic=3055 cm*, v(C—N) Aromatic=1310 cm ™, v(C=C) Aromatic=1612 cm ™,
v(NH,) = (3327 cm™*, 3408 cm ™).

Mass spectra: The MS calculated for A C;,H;0NHgCI (404.26) was found to be as follows:
M™+1(405); MS/MS (m/z): 365, 317, 277,236, 169, 154, 144, 78.
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These data were shown in (Schemel and S1,Table3,Fig S2)

Results and discussion

In the current study, the organomercury compounds such as ArHgCI were prepared, by
two steps where Ar is the 9-nitroanthracene: the first was prepared the organomercury
acetate from the reaction between 9-nitroanthracene and mercuric acetate in ethanol with
reflux for 12 hours, the second step was the reaction between organomercury acetate
compounds with lithium chloride to produce the final compound, as shown in Scheme (1).

Oz HgCH5COO
Hg(CH3COO)2 ~\
Reﬂux 12Hr OO OO
HgCH5COO
L1Cl HgCl
Reﬂux IHr OO OO

HgCl
Scheme 1 Synthesis of organomercury compounds A and B

IR spectra of the compounds under study displayed standard features in specific regions
and characteristic bands in the other areas explained in Table 2 .In all the compounds under
study, the aromatic C-H bond appeared in the range 3007 - 3058 cm* [9-17]. The clear
band in the range of 1591 and 1596 cm™ respectively was attributed to the aliphatic bond
C=C [9 -17]. while those spectra which showed bands at 1284 and 1317 cm™ are due to the
amplitude oscillation of the C—N bond [9-17]. Explained in SchemeslandS2,Table S1, and
Fig S2

Table (S1)Physical data for organotellurium compounds

Co.  Molecular formula M. Wit Color m.p. C’ Yield %
A m-C14HgCIHgNO, 459 Light brown 187 °-189 ° 69.2%
B 0-C14HsCIHgNO; 459 Dark brown ~ 130°-132°D 12.8%

D= decompostion
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Table (S2) Main absorption bands in the infrared spectra of the prepared compounds

Co. C-H c=C N=0 C-N
aromatic
3058 cm® 1591 cm? 1516 cm™ 1317 cm?
B 300;;}?’957 1596 cm? 1516 cm’® 1284 cm-1

Transmittance [%)
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Fig S2. Infrared spectrum of the compound B

The mass spectrum of compound A

The mass spectrum showed us the appearance of the molecular ion band or the parent band at
458 m/z, which represents the molecular weight of the resulting compound, as well as the
emergence of a band of high relative abundance at 202 m/z belonging to the group
(C12H12:NO,)*, which represents the main band, in addition to a group of other bands shown.
In Scheme No. (S1). The mass spectrum of the compound is shown in Figure (S3).
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Table( S3) The most important fissions of the compound A

Molecular ion m/z Molecular ion m/z

[ C14HsNO,HgCI 458.26 [C14aHoHQCI] 413.27
[C14H9N02]'+ 223.23 [ClnglNOQ]'+ 201.23
[CeH;HgCI] " 315.16 [CsH,HQCI] ™ 277.11
[C,H;HQCI] 263.09 [C1oH/NO,] " 173.17
[CgH;NO,]" 149.15 [C4H;NO,]" 101.11
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Fig S3. The mass spectrum of the compound A

The mass spectrum of compound B

The mass spectrum showed us the appearance of the molecular ion band or the parent band at
458 m/z, which represents the molecular weight of the resulting compound, as well as the
emergence of a band of high relative abundance at 202 m/z belonging to the group
(+C12H11NO2), which represents the main band, in addition to a group of other bands shown.
In Scheme No. (S2 ). The mass spectrum of the compound is shown in Figure (S4).

Table( S4) The most important fissions of the compound B

Molecular ion m/z Molecular ion m/z

[ C14HsNO,HgCI 458.26 [CsHoHQCI] i 413.27

[C14H9N02]'+ 223.23 [C]_ZH]_]_NOZ].-i_ 201.23

[CeH;HgCI] " 315.16 [CsH,HQCI] 277.11

[C,H3HgCI] ™ 263.09 [C1oH/NO,] " 173.17
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Fig S4. The mass spectrum of the compound B

Proton NMR spectra

The *H NMR magnetic resonance spectrum measurements are one of the important techniques
in diagnosing the composition by inferring the location of the protons within the compound.
Below is an interpretation of all the spectra of the compounds prepared in this study.

The spectrum of compound A

The HINMR spectrum showed different bands and multiple signals in the aromatic region
with offsets extending between (7.6 — 8.9) ppm, as well as the appearance of bundles with
different displacements because they are not chemically equivalent to the back of a bundle
mono at (8.9ppm) due to H7 (S) as well as at (8.27ppm) due to H11 (S) as wellas The
appearance of a beam at (8.20ppm) returning to H6 (dd) and the appearance of a beam at
(7.90) returning to H1(T), And another one at (7.68) due to H2 (T), as well as a package at
(7.78ppm) returning to H14 (dd),as in the Figure (S5).
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Fig S5. The 'HNMR spectrum of compound A

The spectrum of compound B

The HINMR spectrum showed different bands and multiple signals in the aromatic region,
with offsets extending between (7.7-9.1 PPM .(As well as the appearance of bands with
different displacements because the protons are not chemically equivalent, so a band appeared
at (9.1ppm) belonging to H7 (S) As well as the appearance of a beam at (8.30ppm) returning
to H6 (d), as well as the appearance of a beam at (8.22ppm) returning to H11 (dd), as well as
the appearance of a beam at (7.91ppm) returning to H1 (T), and the appearance of a beam at
(7.8ppm) Returning to H3 (d) as well as appearing at (7.70ppm) returning to H2 (dd) as in the
figure below(S6)
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Fig S6. The 'HNMR spectrum of compound B
x-ray diffraction

The Scherrer equation is related to the diffraction peak presented in Equation 10 where L is
the size of the nanocrystal, K is the shape factor, which is typically taken as 0.89 for ceramic
materials, A is the wavelength of radiation in nanometers (K = 1.5406 nm), 0 is the diffracted
angle of the peak and P is the full width at half maximum of the peak in radians. Additionally,
physical broadening and instrumental broadening are connected to peak broadening.

KA
- B cos @ (10)

For decreasing this error of instrument, Equation 11 can be used:

Bi =B — B! (11)

Eur. Chem. Bull. 2023,12(Special Issue 5), 7040-7058
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In this formula, B, is the measured broadening, B; is the instrumental broadening, and fd was
introduced as the corrected broadening responsible for crystal size. With the aid of the
adjustment for physical broadening, the full width half maximum (FWHM) measurement of
the sample's instrumental and physical widening can be used to calculate the crystal size using
the Scherrer equation.

The Scherrer equation only considers the impact of crystallite size on X-ray diffraction peak
broadening; It does not take into account the inherent strain that develops in nanocrystals due
to point defects, grain boundaries, triple junctions, and stacking faults. The Williamson Hall
(W-H) approach, which also calculates the crystal size and the intrinsic strain, is one of the
methods that takes the effect of strain-induced XRD peak broadening into account. The
physical line broadening of the X-ray diffraction peak indicates that it is a result of both size
and strain.

Table( S5) XRD data and average Crystal size of 1 calculated from average model in Scherrer

equation

cos6 B=rFwHM P Crystal size ~ Average
(Degree) (Degree) = FWHM , _ k21  crystalsize
(Radian) B cos® (nm)
21.5296 10.7648 0.9824 0.462 0.008085 172.6281
28.2782 14.1391 0.9697 0.3398 0.005947 237.7832
32.3629  16.18145 0.9604 2.7814 0.048675 29.33096
33.0543  16.52715 0.9587 0.3752 0.006566 217.8193
40.3404 20.1702 0.9387 0.3768 0.006594 221.5155
43.9951  21.99755 0.9272 0.5605 0.009809 150.7623 126.9366
46.4071  23.20355 0.9191 0.6962 0.012184 122.4461 '
53.0071  26.50355 0.8949 1.4758 0.025827  59.32529
58.3828 29.1914 0.873 0.5753 0.010068  156.0031
63.1637  31.58185 0.8519 1.4749 0.025811 62.35778
68.7725  34.38625 0.8252 2.2873 0.040028  41.51065
76.048 38.024 0.7877 1.9218 0.033632  51.75744

Table (S6) XRD data and average Crystal size of 2 calculated from average model in Scherrer
equation
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cos6 pB=FwHM P Crystal size ~ Average
(Degree) (Degree) =FWHM , _ K4 crystal size
(Radian) B cos® (nm)

10.837 5.4185 0.9955 0.245 0.004288 321.2436
13.0544 6.5272 0.9935 0.286 0.005005 275.7452
14.7141 7.35705 0.9917 0.2018 0.003532 391.5078
19.7603 9.88015 0.9881 4 0.07 19.82353

21.63 10.815 0.9822 0.3332 0.005831 239.407

23.143 11.5715 0.9797 0.0362 0.000634 2209.226
23.9867  11.99335 0.9782 0.2594 0.00454 308.7765
27.1863  13.59315 0.972 0.2781 0.004867 289.8509
28.3355 14.16775 0.9696 0.4636 0.008113 174.3034 369.956
31.4346 15.7173 0.9626 0.3922 0.006864 207.5336
32.9167  16.45835 0.959 1.5926 0.027871 51.2999
35.0008 17.5004 0.9537 0.5466 0.009566 150.3005
40.3103  20.15515 0.9387 1.0852 0.018991 76.91397
43.9292 21.9646 0.9274 0.3462 0.006059 244.0325
46.3751  23.18755 0.9192 0.5197 0.009095 164.0133
51.2526 25.6263 0.9016 0.076 0.00133 1143.443
52.4176 26.2088 0.8972 4 0.07 21.83195

The W-H approach changes with tan in strain considerations rather than confirming a
1/cos dependency as in the Scherrer equation. This fundamental difference combines small
crystallite size and microstrain in order to pursue a dissociation of broadening reflection.
Equation provides the distinct correlations of the impacts of size and strain broadening in the
analysis of W-H. (12).

Btotal = Psize T Bstrain (12)

Equation (13) was generated by the UDM approach to represent the strain connected to

the nanocrystals:

. B __ Pz cosB (13)
" 4tanf  4sin6
Where £, is the broadening of the width of the peaks due to strain, while the broadening

due to nanocrystal size 8, comes from the Scherrer equation.
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KA sin @
'8_'81+ﬁ2_ic050+48c050 (14)
ﬁcostKT+4e sinf (15)
From equation of straight line:
KA

x =4sinf, y = cos@,slope = g,intercept = T

When Plotting 4 sin & on the x-axis and § cos 8 on the y-axis (Table S8), we get the

intercept representing KTA from which we extract the crystal size.

L=—X2_ (16)

intercept
Table( S7) XRD data of 1 calculated from Williamson-Hall equation.

Crystal size
X=4sin 0 (Degree) Slope = strain, € [ —_ K2

» Intercept
0.7472 0.007943
0.9772 0.005767
1.1148 0.046747
1.138 0.006295
1.3792 0.00619
1.498 0.009095

0.0088 415.5

1.576 0.011198
1.7848 0.023113
1.9508 0.008789
2.0948 0.021988
2.2708 0.033031
2.464 0.026492

Table( S8) XRD data of 2 calculated from Williamson-Hall equation.
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Crystal size
X=4sin 0 (Degree) Slope = strain, € [ —_ K2
Intercept
0.3776 0.004269
0.4548 0.004972
0.5124 0.003503
0.6864 0.069167
0.7504 0.005727
0.8024 0.000621
0.0092 285.65

0.8312 0.004441

0.94 0.004731
0.9788 0.007866
1.0836 0.006607
1.1332 0.026728
1.2028 0.009123

1.378 0.017827

1.496 0.005619
1.5748 0.00836

1.73 0.001199
1.7664 0.062804
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Antioxidants

Oxidative stress plays a major pivotal role in the etiology of many diseases of aging and many
degenerative diseases, such as atherosclerosis, cardiovascular disease, type Il diabetes and
cancer [18]. In order to deal with the excess of free radicals producing oxidative stress,

endogenous and exogenous mechanisms have been put in place in order to maintain redox
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balance. Free radical scavenging is one of the best known mechanisms for evaluating
antioxidant activity. The DPPH (short for Diphenyl-picrylhydrazyl organic compound) test A
standardized test in an activity study Antioxidants It provides a rapid technique for screening
the free radical scavenging process of specific compounds or extracts. A standard DPPH
solution of purple color is prepared with a maximum absorbance at 517 nm. Antioxidant
molecules deal with radicals in DPPH by providing hydrogen atoms or electrons through a
free radical attack on the DPPH molecule and transforming it from purple to yellow as in

Figure (S11).) leading to lower absorbance than 517 nm [19].

B nth. "-ﬁ‘nA.&_l Rt s _C.A-V R RN S E A A S
Figure (S11) DPPH changes color from purple to yellow
s o | G SR o | SO g

°2N<E'/Noz °2N<j'/”°2

NOL NOL

IDPPH (ox) IDPFPH (redd)
purple vellow

Figure (S12) shows the mechanism of hydrogen acquisition by the compound
DPPH from other compounds [20,21].
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Thus, the lower the rate of absorption more quickly, the greater the antioxidant activity in the
compound, and the antioxidant activity was determined in the laboratory
spectrophotometrically by DPPH radicals. On opposing oxidative challenges, the effectiveness
of the compounds was calculated by applying the relationship (8-4) [22,23] , (8-4) .......... % for
DPPH to scavenge free radicals = (1-At) /A0 * 100 where:-

At = represents the absorbance of the remaining part of DPPH after adding the compound

Ao = is the absorbance of a standard DPPH solution .

Table (S8) values of the compounds towards DPPH and its comparison with standard ascorbic

acid
DPPH Concentration Ascorbic
inhibition acide
0.001 M 0.002 M 0.003 M 0.004 M
A 78.43 69.32 62.47 50.01 32.16
B 79.29 70.01 63.49 51.88 34.09
Conclusion

In the present study, compounds A and B were obtained in a 69 and 12.8% vyield. All
the prepared compounds were characterized by the mass spectrum, proton NMR, XRD and
FTIR. Findings from this study were in concordance with previous research findings,
confirming the correctness of the proposed structures for all the prepared compounds.
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