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A one-pot multi-component synthesis of novel 2((1H-Indole-3yl)
(Phenyl) methyl) malononitrile derivative by utilizing recoverable
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Abstract: In this research, we have described a facile and user-friendly protocol for the formation of 2((1H-Indole-
3yl)(Phenyl)methyl)malononitrile derivatives using a recoverable and efficient TiO. nanocatalyst. This protocol is
simple and incredibly efficient for the synthesis of novel 2((1H-Indole-3yl)(Phenyl)methyl)malononitrile derivatives.
Nanoscale TiO- is used as the catalyst. Since TiO2 has more surface area easily binds with the active site of a reactive
molecule and initiates the reaction. At last, TiO also recovered as it acts as a catalyst. This multi-component reaction
involves indole, malononitrile, and active aldehyde derivatives in the presence of ethanol as solvent and TiO; as a
nanocatalyst. The synthetic methodology employed for multi-component reactions produces substituted 2((1H-Indole-
3yl)(Phenyl) methyl) malononitrile derivatives with an environmentally friendly protocol under modest reaction
conditions. This study shows that the recoverable and environmentally friendly TiO2 nanocatalyst is an effective
material for the synthesis of 2((1H-Indole-3yl) (Phenyl) methyl) malononitrile derivatives with high yields, rapid
reaction at room temperature, and effortless product isolation.

Keywords: TiO; nanocatalyst; Multicomponent Reaction; 2((1H-Indole-3yl)(Phenyl)methyl) malononitrile; One-pot

synthesis; Recoverable.

1. Introduction

A one-pot multi-component reaction is a reaction in
which we can add three to four reactants in one pot.
Laurent and Gerhardt reported the first multi-
component reaction (MCR) in 1838 . Consecutive one-
pot reactions are likely different from the systematic
multi-step reactions in which the reactants were mixed
in every stage of the reaction and give to be less
effective than MCRs 2. In recent decades MCRs have
been powerful tools for organic synthesis % The
advantages of the reaction are highly selective,
efficient, low cost, short reaction time, simple
separation steps, energy savings, and eco-friendly. This
quality inspired us to put sizable effort into designing
and implementing MCRs in both commercial and
academic for the desired product with less by-product °.
These reactions have played a vital role in organic
heterocyclic reactions such as C-C and C-hetero atom
formation using one pot technique >¢. Carbon-nitrogen
bonds form a primary synthetic phase in organic
synthesis to produce various biological active
agrochemical and industrial polymers 7. Nowadays,
indole and its derivative contain the compound having
more useful in pharmaceutical-appropriate
compounds &, agrochemical °, and biologically active
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natural products '°, etc. In the case of indole, the C-3
position plays a vital role in synthesizing active
pharmaceutical compounds 2,

Consequently, the growth of well-organized and atom-
economical approaches for synthesizing indoles from
recently presented initial materials is still exciting for
this region. We can use commercially available indole
derivatives '*'4, active methylene group compounds,
and aldehyde derivatives '°. Indole derivative
compounds exhibit anticoagulant 6, anticancer *,
antimicrobial'®, antihypertensive, and vasodilators *°.
O-containing heterocycles moiety such as furan
derivative has been shown to be the physiologically
most decorative ?° and potent heterocycles that served
as active agents such as antioxidants 2!, anticancer
agents 22, and antimicrobial agents %%, etc. Due to their
small size and high surface-to-volume ratio, which
alters their chemical and physical properties when
compared to bulk materials with similar chemical
composition, nanostructure catalysts play significant
roles in the synthesis of organic materials. These
properties of nanocatalysts also differ from bulk
material, including mechanical, biological, and superior
catalytic activity, thermal conductivity, electrical
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conductivity, optical absorption, and melting point 2.
Metal oxides are materials found in nature and used in
many things, such as pigments 2, catalysts, photo-
catalyst ?°, energy storage 2, adsorbents ?/, and
sensors %, Metal oxides nanoparticle and their
nanocomposite are synthesized as a catalyst in organic
synthesis. Some of them are ZnO %°, CuO 7, Fe304 %,
Si0O, %, TiO,, etc. In recent literature, the metal oxide is
used as a nanocatalyst *, ZnO nanocatalyst used to
synthesis of 3,4-dihydropyrimidin-2(1H)-(thio)one
derivatives %°, Fes0,@SiO,@IL nanoparticle used as
the synthesis of furans derivatives *°, SiO,@Im-
Fc[OAc] efficient nanocatalyst for synthesis of
naphthopyran derivatives !, CuFe,O. Nanoparticles as
a Catalyst for the synthesis of 2,3-Benzopyrrole and
1,3-diazole derivative 7. Among them, TiO;
nanocatalyst has versatile applications in the physical,
inorganic, and organic field. It mostly exhibits Lewis
acidic characteristics, acting as an acid catalyst for all
reactions and as a photocatalyst for strong redox
reactions occurring at low temperatures. The catalytic
performance of TiO, depends not only on the geometric
properties but also on the electronic properties *. TiO,
in Anatase and rutile form are the most studied
polymorphs of TiO; for solar-driven applications such
as photocatalysis, deoxygenation, hydrogenation *,
esterication *°, and visible light-induced organic
transformation *°. In the recent decade, TiO;
nanocatalyst used in various organic synthesis,
hydrogenation of 1,3-butadiene ** synthesis of
new Heterocycles Benzothiazole-Linked
Pyrrolidin-2-One * synthesis of benzothiazoles bearing
substituted pyrrolidine-2-ones ¢ synthesis of novel
antipyrine based a-amino phosphonates . In this work,
we synthesized anatase TiO, nanocatalyst by sol-gel

A. Roy et al. 28

method and used it in the synthesis of indole and furan
derivatives, a newly desired product investigation under
anti-microbial activity. TiO, nanocatalysts regenerate
after five cycles with near about 60% efficiency.

2. Material and method

2-Propanol (CH).CHOH, 99%) and Muriatic acid (HCI,
40%) were purchased from CDH. Titanium
tetraisopropoxide  (Ti[OCH(CHs)2]s, 98%) was
purchased from Merck. None of the compounds were
further purified before usage. The products' melting
points were determined using an open capillary's
thermal melting point instrument. On an FTIR (Bruker
Alpha Il) spectrophotometer, KBr pellets were used to
generate FT-IR spectra. JEOL Deltal1550 spectrometer
was used to measure HNMR spectra in CDCls.
Nanoparticle SEM data was carried out in the ZEISS
instrument. XRD analysis of nanoparticles is done with
the help of Bruker D8 Advance diffractometer.

2.1. Preparation of TiO2 nanoparticles

60 mL of isopropyl alcohol and 15 mL of the precursor
titanium isopropoxide (TTIP) were combined and
agitated for 45 minutes. After that, 15 mL of a 1:1
solution of deionized water and isopropyl alcohol was
carefully added to the TTIP mixture to create a colloidal
solution while vigorously stirring. After bringing the
acquired colloidal solution's pH level to 3, the TiO;
nanoparticles were dried in an oven at 110°C for three
hours, and the resulting compound was calcined at
500°C for 4hr “°,

2.1.2. Characterization of nanomaterial
2.1.2.1. X-ray diffraction
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Figure 1. XRD of TiO, Nanoparticle

The X-ray diffraction of TiO, nanoparticles was carried
out to determine structural properties (Figure 1.) The

pattern shows peaks at 25.01° (101), 36.56° (103),
37.60° (004), 47.84° (200), 53.84° (105), 54.78° (211),
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62.55° (204), 68.67° (116), 70.20° (220), and 75.03° (D=KA/BcosB), where crystallite size is D (nm), k is a
(215) display the occurrence of tetragonal anatase TiO2 constant (0.94), the wavelength of the X-ray radiation
structure [JCPDS No. 01-071-1169] and its decent is L (CuKo=1.54 A), full width at half maximum is B for
crystalline nature “%. The crystallite size (D) was most intense peaks, and Bragg’s angle is 0. The
calculated for maximum intensity peak at 26=25.01°, crystallite size for the (101) plane was 19.49 nm.

(101) Plane by using the Debye—Scherrer equation
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Figure 2. FTIR of TiO2 Nanoparticle
2.1.2.2. FTIR analyses absorption band at 542.01 cm?, 1197.60 cm?,
The FTIR analyses of TiO, nanoparticle was performed 1435.29 cm?, and 2307.24 cm™ associated with Ti-O-
(Figure 2) to determine the stretching and bending Ti bond, stretching and bending vibrations of the water
vibrations of the element present in functional groups. molecule, and surface adsorbed hydroxyl groups

As aresult, TiO, nanoparticles show the characteristic respectively #2.
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Fig. 3. FESEM and EDX analysis of TiO2 Nanoparticle

1 mM indole derivative in the solution and continue
heating and condensation for 1 hr. During the reaction,
TLC was done in 15 minutes time intervals. When all
the reactants were used up, the reaction was stopped.
After the reaction, separate the compound with ethyl
acetate and water in a separating funnel. We get two
layers: the organic layer containing our product
separating the organic layer from water which has the
nanoparticle part. As the reaction was finished, all the

2.1.2.3. FESEM and EDX analysis of nanomaterial
The FESEM was performed (Figure 3) for analysis of
the surface morphology of anatase TiO, nanoparticle.
SEM image of TiO; nanoparticle shows agglomerated
spherical shape particles “*. In addition, EDX analysis
of TiO; nanoparticles was carried out, which exhibits
elemental composition Ti (43.41%) and O (56.59%)
peaks in the prepared anatase TiO, nanoparticle.

2.2. Method of preparation, table, and spectral data synthesized compound's spectral data was gathered.
of synthesized compound After the complete synthesis of the desired compound,
Take 100 ml round bottom flask, and mix 1 mM a series of Various 2((1H-Indole-3yl)(Phenyl)methyl)
aldehyde derivative and 1 Mm of malononitrile with malononitrile analogs were produced from different

ethanol solvent; for 15 minutes at 50°C. After that, put indole and aromatic aldehydes, as shown in Table 1.
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CHO
©j\> . <CN N © NanocatalystoTiOZ .
N CN Solvent, 50 C
H

2-((1H-indol-3-yl)(phenyl)methyl)malononitrile
Scheme 1

Table 1. 2((1H-Indole-3yl) (Phenyl) methyl) malononitrile and its derivatives
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Table 2. Optimization of reaction conditions for scheme 1

31

Sr. No. Solvent Catalyst -[m;e Tf;)')d
1 EtOH TiO; 1 90
2 EtOH - 3 20
3 1,4 Dioxane TiO; 15 75
4 1,4 Dioxane - 4 60
5 MeOH TiO; 2 72
6 MeOH - 3 60
7 Acetone TiO: 2 70
8 Acetone - 4 65

2.2.1. Spectral data of synthesized compound

a) 2-((1H-Indol-3-yl)
(phenyl)methyl)malononitrile

Yield: 92 %; m.p.: 76—780C.

IR (KBr, v, cm-1): 3345, 3058, 3030, 2881, 2360, 2262.
'H NMR (CDCI3) 8H (ppm): d 4.48 (d, J=6.4 Hz, 1H,
CH), 4.95 (d, J=6.4Hz, 1H, CH), 7.10 (t, J = 7.2 Hz,
1H), 7.23-7.49 (m, 9H, ArH), 8.30 (s, 1H, NH).

MS: m/z: 271.11 (100.0%), 272.11 (20.6%), 273.12
(1.8%) Calculated analysis for CigH13N3(271.32) C
79.68, H 4.83, N 15.49; Found C 79.80, H 4.66, N 15.54

b) 2-((5-bromo-2-hydroxyphenyl)(2-phenyl-1H-
indol-3-yl) methyl) malononitrile

Yield: 90 %; m.p.: 95-97 °C;

IR (KBr, v, cm-1) 3385, 3159, 3009, 2368, 2199. H
NMR (500 MHz, CDCI3) 6H (ppm): 4.10 (d, J =6.0 Hz,
1H, CH), 4.27 (d, J = 5.6 Hz, 1H, CH), 5.53 (s J=4.5Hz,
1H) ,6.90-7.92(m, 12H, ArH), 8.38 (s, 1H, NH);

MS: (m/z) 443 (100%). m/z: 271.11 (100.0%), 272.11
(20.6%), 273.12 (1.8%) Calculated analysis for
CisH13N3(271.32) C 79.68, H 4.83, N 15.49; Found C
79.80, H 4.66, N 15.54

c) 2-((2,4-dichlorophenyl)(2-methyl-1H-indol-3-yl)
methyl) malononitrile

Yield: 89%; m.p.: 158-1610C.

IR (KBr, v, cm-1): 3411, 3059, 2899, 2256, 2219.

'H NMR (500 MHz, CDCI3): 2.39 (s J=2-3Hz 3H) 4.15
(d, J=6.0 Hz, 1H, CH), 4.28 (d, J = 5.6 Hz, 1H, CH),
7.10 (t, J = 7.2 Hz, 1H), 7.20-7.62 (m, 7H, ArH), 8.38
(s, 1H, NH) ppm.

MS: (m/z) 354 (100%) 355(81%), 353(20%).
Calculated analysis for C19H13CI2N3(354.23) C 64.42,
H 3.70, C1 20.02, N 11.86 Found C 64.45, H 3.77, CI
20.06, N 11.87.

d) 2-((4-bromo-1H-indol-3-yl)(4-
nitrophenyl)methyl)malononitrile

Yield:85%; M.p.: 82-840C;

IR (KBr, v, cm-1) 3385, 3059, 2880, 2258, 2220.

'H NMR (500 MHz, CDCI3) 8H (ppm) d 4.36 (d, J =
6.4 Hz, 1H, CH), 4.94 (d, J= 6.4Hz,1H, CH), 7.12(t, ) =
7.2 Hz, 1H), 7.06-8.25 (m, 8H, ArH), 9.91 (s, 1H, NH);
MS: (m/z) 394 (100%).

Calculated analysis for C1sH11BrN40O2(394.01) C
54,70, H 2.81, Br 20.22, N 14.18, 0 8.10

Found C 54.71, N 14.18, H 2.85, Br 20.26, O 8.10.

e) 2-((5-bromo-1H-indol-3-yl)(5-chloro-2-
hydroxyphenyl)methyl)malononitrile

Yield: 83%; m.p.:94-97 °C;

IR (KBr, v, cm-1) 3385, 3159, 3009, 2258, 2210.

'H NMR (500 MHz, CDCI3) 8H (ppm): d 4.16 (d, J =
6.4 Hz, 1H, CH), 4.29 (d, J = 6.4 Hz, 1H, CH), 5.03 (s
J=4.5Hz, 1H) 7.03-8.90 (m, 8H, ArH), 10.01 (s, 1H,
NH); MS: (m/z) (%) 398.9 (100%). Calculated
analysis for C1gH11BrCIN;O (398.98) C 53.96, H 2.77,
Br 19.94, CI 8.85, N 10.49, O 3.99

Found C 53.96, H 2.87, Br 19.98, CI 8.87 N 10.50, O
3.96

3. Result and Discussion

TiO2 nanoparticles were synthesized by the reported
protocol with some modifications. All the characteristic
data of TiO, nanoparticles show the high purity of
synthesized nanoparticles, and the size of the
nanoparticle was determined with the help of FESEM,
which shows the nanoscale production of TiO;
nanoparticles. The EDX spectra show the Ti and O
FTIR and XRD spectra confirming the production of
TiO, nanoparticles. This synthesized TiO, was used for

the catalysis purpose for the synthesis of 2((1H-Indole-
3yl) (Phenyl)methyl) malononitrile derivative as these

particles have more surface area they act as efficient
catalysts. The reaction time was less than conventional
synthesis methods, and the catalysts were recoverable.
The catalyst was quickly removed from the reaction
mixture and reused again after a simple purification
process.
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Figure 4. Reusability of TiO, Nanocatalyst
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Figure 5. Time with and without TiO, Nanocatalyst

In order to prove the reusability of the catalyst, a
separation test was performed. The catalyst was
separated from the reaction mixture using a separating
funnel. The progress of the reaction was monitored after
the removal of the catalyst and without the catalyst
indicating that the catalyst was stable under the reaction
conditions and could be reused without significant loss
of its activity. We check the reusability of the catalyst
in five consecutive runs and observe only 20% loss in
yield percent. Figures 4 and 5 show the reusability of
the catalyst and without it.

4. Conclusion

Here we have successfully synthesized 2((1H-Indole-
3yl) (Phenyl)methyl)malononitrile derivative by

utilizing TiO, nanomaterial. Since the reaction
conditions were not harsh and the use of less hazardous
solvents, thus, this reaction may be classified as a green
chemical reaction. The overall enhanced efficacy,
higher yield, fast reaction completion, and effortless
product isolation reported in this work were all achieved
using TiO; nanoparticles. TiO2 nanoparticles used in the
reaction have more surface area, helping them to
interact with the active site of reagents to accelerate
reaction initiation and faster reaction completion. This
TiO, nano-catalyst can be quickly recovered and reused
for future reactions. The characterization of different
malononitrile derivatives in this work, done with the
help of FT-IR, 1H-NMR, and MS spectroscopy,
strongly supports the methodology used and validates
the efficacy of vindicated organic synthesis
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