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ABSTRACT. Dolomite minerals were collected from the Red Sea Mountains around the Sokhna region. The rock
was collected, rinsed, and crushed using a ball mailing machine and used without further purification. The dolomite
sample was characterized using FTIR, XRD, SEM/EDAX, and mapping to ensure their composition and
homogeneity. The obtained data reveal that the presence of a homogenous crystalline structure of CaMg(COs),. The
characterized rock was used as a catalyst in the eco-friendly synthesis of bis-indolyl methane derivatives by reacting
two moles of unsubstituted indole and various aromatic aldehydes in the presence of Red-Sea Dolomite mineral as
an economical, recyclable, easily obtained, and nontoxic catalyst under solvent-free conditions. The molecular
docking study explained that the bis-indolyl methane can be considered as a small molecule stimulator of HIV-1
frameshifting and inhibitor of viral replication.
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INTRODUCTION

Diindolylmethane (DIM) is a natural product formed as an active metabolite when indole-3
carbinol is metabolized inside our body. The common natural sources are cruciferous vegetables
such as broccoli, cabbage, Brussel sprouts, cabbage, and kale. All updated research studies
established that DIM has a lot of health benefits [1]. The benefits of DIM include promoting a
smooth transition to menopause, promoting hormonal balance in people with polycystic ovarian
syndrome (PCOS). PCOS women also have hormonal imbalances that cause hirsutism and acne
(unwanted growth of hair on the face and body). Research also demonstrates promising DIM anti-
tumor activity towards breast cancer [2]. Also, during the last decade, an enormous number of
other biological activities were presented as antiangiogenic [3], antimicrobial [4], antibiotic
antimetastatic [5, 6], growth-promoting [7], anti-inflammatory, and analgesic [8]. And so, a few
years ago numerous numbers of research groups [9-17] competed for innovating an efficient and
facile synthetic method for the synthesis of DIM. Even so, the effectiveness of these catalysts
have many drawbacks economically, toxicity, special reaction condition, and long reaction time.
DIM synthesis is still in need of a new catalytic reaction that overcomes all drawbacks.
Dolomite is a common rock-forming mineral with the chemical structure CaMg(CO:3)s,.
Dolomite is considered a primary component of the sedimentary rock aged about 30 million years.
Such mineral has the advantage to be used as a source of magnesia (MgO), a feed additive for
livestock, a sintering agent and flux in metal processing, and as an ingredient in the production of
glass, bricks, and ceramics. Dolomite is usually used as an acid neutralizer in many industrial,
restoration projects, and as a soil conditioner. The goal of the presented study is to implement an
environmentally and economically friendly route for catalytic BIM synthesis. As a catalyst, we
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use the Red-Sea Dolomite mineral, which has many benefits. Besides, molecular docking study
as HIV-1 Frameshift Site RNA Bound to a Small Molecule Inhibitor of Viral Replication. And
this study may consider as one of the starting theoretical points for structure-based optimization
of compounds targeting the HIV-1 frameshift site RNA.

EXPERIMENTAL

Catalyst collection and preparation

Dolomite mineral was collected from the Red Sea Mountains around the Sokhna region in the
mid of October 2020. The mineral was crushed using a ball mailing machine and used without
further purification. The region was identified by the red arrow in the Gulf of Suez region aged
about 30 million years as reported by Bosworth in his review (Figure 1) [18].
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Figure 1. Map of Red Sea Mountains around Sokhna region.
Catalyst characterization

Studied rock mineral was analyzed via XRD to identify possible present crystalline phases
precipitated within the sample and to identify their nature. The studied sample was ground to a
fine powder and tested using a Philips PW 1390 X-ray diffractometer adopting Ni-filter and Cu-
target operating at 30 kV. The obtained pattern was compared with that of dolomite mineral
standard JCPDS ASTM card NOS. 5-0586. FTIR absorption spectral data were performed on a
powdered sample using KBr route adopting Nicolet 10 spectrophotometer in the spectral range
4000-400 cm. Scanning electron microscopic (SEM) study carried out on powdered sample
coated with a thin layer of gold using JSM-7500F field emission microscope supported with
EDAX unit using accelerating voltage 30 kV, magnification up to x400,000.

Organic synthesis procedure and structure identification

The aromatic aldehyde (10 mmol) was reacted with (20 mmol) of indole in the presence of mineral
rock catalyst (10 mg). The reaction mixture was stirred at 60-70 °C for the appropriate time. The
reaction was checked by using ultraviolet active TLC till all starting material were consumed. The
reaction mixture was dissolved in ethyl acetate then filtered and the filtrate was evaporated using
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vacuum rotatory after that the targeted product was obtained. As examples of spectral data 3,3'-
((5-Nitrofuran-2-yl)methylene)bis(1H-indole) 3e, (400 MHz for proton NMR and 100 MHz for
carbon NMR) § = 8.08-6.40 (m, 14H, 2NH + 12ArH), 5.99 (s, 1H); *C-NMR & = 179-115 (20
C), 34 (1 C) ppm. IR (KBr): v = 3404 (NH) cm’!, MS (EI) [M]" = 357.

RESULTS AND DISCUSSION

XRD experimental data

X-ray diffraction analysis of the powdered sample and their respective crystal structure is shown
in Figure 2. Distinct sharp bands originally located at 23.2, 29.4, 30.1, 36, 39.5, 40.1, 43.1, 44.8,
47.3,48.6, 51, 57.5, 60.7, and 64.7 degrees were observed and correlated to their corresponding
characteristic peaks of dolomite previously reported in JCPDS ASTM card NOS. 5-0586 [19].
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Figure 2. XRD pattern and crystal structure of dolomite sample.
SEM/EDAX/MAP analysis of studied catalyst

Figure 3 reveals SEM micrograph supported by EDAX and mapping. Obtained data reveals the
crystalline nature of the powdered sample and shows the percentage of each component in
combination with their homogenous distribution shown from the mapped images. EDX is simply
known as energy-dispersive X-ray spectroscopy representing a direct and powerful tool that
enables scientists to analyze and identify the chemical composition of studied samples depending
on the core electron ejection with high energy X-ray radiation (Moseley's Law) gives a direct
correlation between frequency of emitted radiation and the atomic number of the atom.EDX
results were represent for the studied sample and showed that the presence of both carbon and
oxygen lines originally located at 0.2774 and 0.525 keV, respectively, Figure 4. While both
calcium and magnesium are represented by lines originally located at their reported positions
(Table 1).
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Figure 3. EDX analysis of the studied sample with their mapping.

Table 1. EDX energies of the studied sample components.

Element Transition Energy (keV)
(ko) 3.6905

Ca (L) 03413

Mg (kB) 1.2536

(0) (ko) 0.525

C (ko) 0.2774

Fourier transform infrared (FTIR)

Pure dolomite reported to be formed by MgCaCOs),, the carbonates in the studied sample was
characterized through demonstrated the strong band at 2870, 2515, 1795, 1425, 710 cm™ as shown

in Figure 4.
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Figure 4. FTIR spectral data for catalyst and material used for preparation.
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Organic reaction

The phenomenon of applying catalysis in the organic reaction is endlessly fascinating and
perennially new. Our research group all time looking for discovering new catalysts and make their
characterization then using them in organic synthesis development [20-28]. Herein we presented
a new category of catalyst used to synthesis the significant class of organic compounds (BIM).
Two moles of indole (1.17 g, 10 mmol) mixed with one mole of benzaldehyde (0.5 mL, 5 mmol)
in the presence of Red-Sea Dolomite (10 mg) catalyst under solvent-free conditions (Scheme 1).
The reaction was optimized by comparing the presented catalyst “Red-Sea Dolomite catalyst”
with other diverse known catalysts. The data obtained showing that the Red-Sea Dolomite catalyst
gives better yield and less reaction time (Table 2).

@ CHO (j@ _ catalyst O ] \ O
60-70°C HN NH
Scheme 1. Synthesis of model example of BIMs.

Table 2. Reaction optimization.

Entry Catalyst Time Yield
1 Red-Sea Dolomite catalyst 10 min 90
2 Silica 35h 70
3 ZnCl/SiO2 54 min 60
4 V205/Si02 3h 80
5 Sm203/Si02 20 min 85

In Scheme 2, the proposed mechanism for the catalyzed synthesis of bisindolylmenthane (II)
by the Rock catalyst was discussed. The C=0 polarization in the aldehydic group was stimulated
by the characterized Red-Sea Dolomite catalyst, the highly polar carbonyl motivates the
nucleophilic attack from f-indole position and after dehydration formed intermediate (I). The
second mole of indole was added to the activated form of I forming the final product BIM.
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Scheme 2. The proposed reaction mechanism.

Bull. Chem. Soc. Ethiop. 2021, 35(3)



Red-Sea dolomite as a sustainable catalyst in the synthesis of bis-indolyl methanes 653

To clarify the potential of this catalytic reaction for the preparation of BIMs, the reaction was
extended by aromatic aldehydes derivatives and the data obtained were summarized in (Table 3
and Scheme 3).

A“l' 7 Ar
\ CHO /\/@ _ catalyst
[ :EN> LA N solvent free, HN ! \ NH
H H 60‘700C 3a-3h

Scheme 3. Synthesis of BIMs.

Table 3. Synthesis of BIMs using various aldehydes.

Ar Product Yield (%) M.p. (°C) Time Ref.
Found/reported (min)

1 Phenyl 3a 85 145/149-150 10 [30]
2 p-Nitrophenyl 3b 80 210/217-220 5 [30]
3 p-Chlorophenyl 3c 95 73/76-77 6 [31]
4 m-Tolyl 3d 80 90/98-99 15 [32]
6 S-Nitrofurfuryl 3e 90 83 10 [33]
7 p-Fluorophenyl 3f 70 78/80-82 4 [34]
8 m-Chlorophenyl 3g 70 83/83-85 5 [35]
9 0-Chlorophenyl 3h 95 105/108-109 4 [36]

*Melting points are uncorrected.

The data in Table 3 described that the aromatic aldehyde substituted by electron withdrawing
groups like (NO,, Cl, F) requires less reaction times and give high yields. And the aromatic
aldehydes substituted by electron releasing groups need long reaction times and give low yields.

Figure 5. 3D structure of 3b with HIV-1 frameshift site RNA.
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Molecular docking study

More than a quarter-century after its initial detection human immunodeficiency virus (HIV), the
primary cause fiction, of AIDS, continues to be a major health concern. The latest figures suggest
33 million people infected worldwide with HIV, with more than 25 million have died as a result
of complications resulting from AIDS [37]. The affinity and efficacy of the drug can be expected
using Molecular docking software (Figure 5), explains the interaction between HIV-1 RNA and
prepared compound 3b.

®

Figure 6. 2D structure for 3b and HIV-1 frameshift site RNA.

rd

Figure 7. The 3D structure of bond length between 3b and HIV-1 frameshift site RNA.

The energy score in kcal/mol (E-score) calculation reflects the primary information for the
binding process between the ligand and enzyme. The validation calculation of E-score between
bis[N-(3-dimethylaminopropyl)amidino]|benzene tetrahydrochloride (DB213) as reference ligand
molecules [38] and the bisindolylmetahnes 3a-3h in the cationic form as prepared ligands 3a-3h.
The compounds targeting the HIV-1 frameshift site RNA (the viral RNA in PDB format
downloaded from PDB website cod number 2194). The E-score for reference ligand is -6.38 and
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for the prepared ligand are -5.92, -6.61, 5.98, -6.03, -5.87, -5.65, -5.60 and -6.09 kcal/mol,
respectively. Figure 6 showed the 2D interaction diagrams for drug ligand interaction with HIV-
1 frameshift site RNA.

The bond distance also can consider an important factor and help in interpreted the type of
interaction between ligand and targeted biomolecules the following Figure 7 explained that the
RNA residues Adenine 27, Guanine 25, and Guanine 26 linked with compound 3b with bond
angle 2.23, 1.98,2.30 and 1.94 A.

CONCLUSIONS

Dolomite mineral was collected from the Red Sea Mountains around the Sokhna region and then
it was successfully used as a catalyst in the synthesis of Bis-indolyl methane derivatives after
ensuring their structure and composition. The studied catalyst was approved to be consist of
crystalline homogenous magnesium carbonate mineral. Bis-indolyl methane derivatives were
prepared using the characterized catalysis. And this catalytic reaction was a proved to be an
efficient, green, and facile catalyst organic reaction. In addition, the molecular docking study
explained that the bis-indolyl methane can be considered as a small molecule stimulator of HIV-
1 frameshifting and inhibitor of viral replication.
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