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Abstract

Background: The increase in resistance of pathogenic organisms to the available chemotherapeutic agents are criti-
cal challenges in drug design and development, motivating researchers to look for novel compounds that can com-
bat multidrug-resistant organisms. Recently, chalcones have been proved to be attractive moieties in drug discovery.

Results: Eight novel triphenylamine chalcones with different substitution patterns were successfully synthesized via
the conventional Claisen-Schmidt condensation reaction in an alkaline medium at room temperature, and recrystal-
lized using ethanol, the percentage yield of the compounds were between 30 and 92%. The structures of the synthe-
sized chalcones were successfully characterized and confirmed using FT-IR, NMR spectroscopic and GC-MS spectro-

metric techniques.

Conclusions: The results of the biological studies showed that all the synthesized chalcones possess remarkable
activities against the tested microbes, by showing a significant zone of inhibitions relative to that of the standard
drugs used. The investigation revealed that b showed highest ZOI (30 mm), lowest MIC (12.5 pg/ml) and MBC/MFC
(50 pg/ml) on Aspergillus niger. Therefore, displayed better antifungal potential as compared to the rest of the com-
pounds, and can be a potential antifungal drug candidate.
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1 Background

Synthesis and biodynamic activities of chalcones have
attracted people’s attention recently. Chalcone has
an exceptional synthon, enabling the development of
a diverse variety of novel heterocycles with interest-
ing pharmacological characteristics [39]. Due to a wide
range of structural modifications, chalcones have shown
promising therapeutic efficacy, and had been applied
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in the cure several infections [20]. In fact, few structur-
ally varied compounds display connection with such a
broad range of pharmacological actions. Chalcone and
its derivatives show varied range of outstanding biologi-
cal properties, such as anti-tumor [1, 35], antifungal [8],
antiviral [38], anti-inflammatory [2-5], anticancer [7, 10,
11], antibacterial [12—-14], antidiabetic [15, 17, 34], and
antioxidant [18, 19, 28, 40] and antihypertensive activi-
ties [6, 21]. The synthesis of chalcones and derivative has
continued to attract much interest in synthetic organic
chemistry [22, 36].
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Chalcones have been prepared using various methods,
but the most typical is the Claisen—Schmidt condensa-
tion in an acidic or basic medium, under homogeneous
circumstances [23, 25-27]. This study aimed to syn-
thesize, characterize and investigate the biological
potentials of some (E)-3-(4-diphenylamino)phenyl)-1-
(4’-fluorophenyl)prop-2-en-1-one chalcones and their
analogues.

2 Methods

2.1 General procedure for the synthesis of (1a-d and 2a-d)
To a 100 mL round bottomed flask, equipped with a
magnetic stirrer, dissolved in 25 mL ethanol, equimo-
lar quantities of 4-(diphenylamino)benzaldehyde (0.4 g,
1.5 mmol) and substituted acetophenones/propiophe-
none (0.4 g, 2 mmol) were transferred and stirred for
30 min. A solution of sodium hydroxide (10 mL, 10%)
was added dropwise while stirring. The reaction temper-
ature was maintained between 20 and 24 °C for 4-5 h. A
thin layer chromatographic method was used to examine
the progress and completion of the reaction. The reaction
mixture was refrigerated for 10 h after completion. For-
mation of precipitate was observed, which was filtered,
rinsed numerous times with water (100 ml), dried in the
open air and purified using recrystallization method from
ethanol (30 ml) to obtained a triphenylamine chalcone,
(la—d, 2a—d) Hongtian et al., [24]. Table 2 shows the
confirmed structures of the synthesized triphenylamine
chalcones and their percentage yields.

2.2 Spectral analysis

FTIR spectroscopy is the technique used to identify the
functional groups in a compound. The samples were
scanned in a range of 650 to 4000 cm ™', KBr disk method
was used to record the IR spectra of the solid product
using a PerkinElmer Spectrum 100 FTIR spectrometer.
A GC 7890B, MSD 5977A, Agilent Tech and mass detec-
tor were used to analyze the synthesized chalcones. At a
flow rate of 1 mL/min, helium was used as the carrier gas,
and 1L of the sample supernatant was fed into the GC.
The GC oven temperature was programmed to rise from
80 °C to 200 °C at a rate of 15 °C/min, then to 280 °C at a
rate of 5 °C/min, with a 5-min isothermal at 280 °C. The
temperature of the ion source was set to 230 °C, and the
ionization voltage was set to 70 eV. The National Insti-
tute of Standards and Technology’s database was used
for GC-MS interpretation (NIST). The mass spectrum
of the synthesized chalcones was compared with the
spectrum of the known components stored in the NIST
library. To confirm the structures of the synthesized chal-
cones, NMR (*H and '3C) investigations were performed.
'H and 3C-NMR spectra were obtained on a Bruker
Advance 111400 MHz Spectrometer at room temperature,
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(400 MHz for both 'H and '3C), using the TMS as ref-
erence. Chemical shift values (§) were reported in parts
per million (ppm) relative to TMS standard, and coupling
constant (/) are given in Hz. For these tests, deuterated
chloroform was used as the solvent (CDCl;-d6). Before
being transferred into an NMR tube, about 20 mg of sam-
ple was dissolved in deuterated solvent. The following are
the several types of multiplicities: singlet (s), doublet (d),
doublet of doublets (dd), triplet (t), quartet (q) and mul-
tiplet (m).

2.3 Biological studies

Generally chalcones have shown remarkable pharma-
cological applications, the antimicrobial potentials of
the synthesized compounds were tested against some
selected gram positive and gram negative bacteria and
fungi collected from the Department of Pharmaceuti-
cal Microbiology, Faculty of Pharmaceutical Sciences,
Ahmadu Bello University, Zaria, Nigeria. These include;
- Escherichia coli, Pseudomonas aeruginosa, Salmonella
typhi, Staphylococus aureus, Bacillus substilis, Can-
dida albicans, Aspergillus niger and Methicilin Resistant
Staphylococus aureus (MRSA). These organisms were
selected.

2.3.1 Determination of zone of inhibition (ZOl)

The compounds (0.005 mg) were weighed and dissolved
in 10 mL dimethyl sulfoxide (DMSO) to obtain a con-
centration of 50 pug/mL, this was the initial concentra-
tion used to determine the microbial successibility of the
compounds. Mueller-Hinton agar was the medium used
as the growth medium for the test. The medium was pre-
pared according to the manufacturer’s instructions, steri-
lized at 121 °C for 15 min, poured into sterile petri dishes
and was left to cool and solidify. Diffusion method was
used for screening the extracts. The sterilized medium
was seeded with 0.1 mL of the standard inoculum of the
test microbes; the inoculum was spread evenly over the
surface of the medium using a sterile swab. The solution
of the compounds (0.1 mL) of 50 pug/mL was the then
introduced into each well on the inoculated medium.
Incubation was made at 37 °C for 24 h for bacteria and
48 h for fungi, after which each plate of the medium was
observed for zone of inhibition of growth. The zone was
measured with a pair of divider and a ruler and the result
recorded in millimeters (mm) [29].

2.3.2 Determination of minimum inhibitory concentration
(MIC)

The minimum inhibitory concentrations (MIC) of the

synthesized compounds were determined by using the

broth dilution method as reported by Bruton et al. [9].

Mueller-Hinton Broth (MHB) was prepared according
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to manufacturer’s instructions, 10 mL was dispensed
into test tubes and the broth was sterilized at 121 °C for
15 min, the broth was allowed to cool. Mc-Farland’s tur-
bidity standard scale number 0.5 was prepared to obtain
a turbid solution. Normal saline was also prepared,
10 mL was dispensed into sterilized test tubes, and the
test microbes were inoculated and incubated at 37 °C for
6 h. Dilution of the test microbes was done in the nor-
mal saline until the turbidity marched that of the Mc-
Farland’s scale by visual comparison, at this point the test
microbes has a concentration of about 1.5x 108 CFU/
mL. Twofold serial dilution of the test compounds in the
sterile broth was made to obtain the concentrations of
100 pg/mL, 50 ug/mL, 25 pg/mL, 12.5 pg/mL, 6.25 pg/
mL and 3.125 pug/mL, respectively. Having obtained the
different concentrations of the compounds in the sterile
broth, 0.1 mL of the test microbes in the normal saline
was then introduced (inoculated) into the different con-
centrations, and incubated at 37 °C for 24 h, after which
each test tube was observed for turbidity (growth), the
lowest concentration of the compounds in the broth
which shows no turbidity was recorded as the minimum
inhibitory concentration [9].

2.3.3 Determination of minimum bactericidal/fungicidal
concentration (MBC/MFC)

The MBC/MEC were carried out to determine whether
the test microbes were killed. Mueller—Hinton agar was
prepared, sterilized at 121 °C for 45 min, poured into
sterile petri dishes and allowed to cool and solidify. The
content of the MIC in the serial dilution was then sub-
cultured onto prepared medium, incubation was made at
37 °C for 24 h for bacteria and 48 h for fungi, after which
the plates were observed for colony growth, the MBC/
MEC were the plates with lowest concentration of the
test compounds without colony growth [9].

3 Results

3.1 Result of spectroscopic analyses
(E)-1-(4’-bromophenyl)-3-(4-(diphenylamino)phe-
nyl)prop-2-en-1-one (la) was obtained as deep yel-
low solid powder at 70% yield. Its melting point was
determined to be 145-147 °C. The IR spectrum (Addi-
tional file 1: Appendix 1) showed the following promi-
nent peaks (cm™!); 3041 (=C-H), 1684 (C=0), 1580
(C=C), 1267 (C-N) and 530 (C-Br). The GC-MS
analysis showed the molecular ion peak of 454 m/z
(Additional file 1: Appendix 2). The NMR spectral
showed the following signals; 'H-NMR (400 MHz,
CDCl;) 6 8.03 (d, 1H J=15.3 Hz, 3-H), 7.68 (d, 2H,
J=3.0 Hz, 2/,6/-H), 7.57 (d, 1H, J=12.1 Hz, 2-H), 7.43
(d, 2H, J=4.4 Hz, 3/,5'-H), 7.38 (d, 2H, J=7.8 Hz, 5,9-
H), 7.35 (d, 2H, J=6.5-2.1 Hz, 11,15,17, 21-H), 7.18
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Fig. 1 (F)-1-(4’-bromophenyl)-3-(4-(diphenylamino)phenyl)
prop-2-en-1-one
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Fig. 2 (F)-3-(4-(diphenylamino)phenyl)-1-(3/-nitrophenyl)
prop-2-en-1-one

(d, 2H, J=5.4-1.8 Hz, 12,14,18,20-H) 7.08 (d, 2H,
J=3.2-28 Hz,13,19-H) and 7.02 (d, 2H, /=8.7 Hz, 6,8-
H) (Additional file 1: Appendix 3), '*C-NMR (400 MHz,
CDCl;) 6 190.29 (C-1), 149.68 (C-3,7), 145.95 (C-10,16),
130.73 (C-3'-5"), 130 (C-2/,6'), 129.90 (C-4,12,14,18,20),
12851 (C-13,19), 126.02 (C-11,15,17,21), 125 (C-4'),
124 (C-6,8) and 119.29 (C-2) (Additional file 1: Appen-
dix 4) (Fig. 1).
(E)-3-(4-(diphenylamino)phenyl)-1-(3’-nitrophenyl)
prop-2-en-1-one (1b) was obtained as golden yellow
solid powder at 92% vyield. Its melting point was found
to be 143-145 °C. The IR spectrum (Additional file 1:
Appendix 5) showed the following prominent peaks
(cm™); 3037 (=C—H), 1684 (C=0), 1580 (C=C), 1390
(N=0) and 1285 (C-N). The GC-MS analysis showed
the molecular ion peak of 420 m/z (Additional file 1:
Appendix 6). The NMR spectral showed the following
signals; 'H-NMR (400 MHz, CDCl;) & 8.75 (s, 1H, 2'-H),
847 (d, J=3.3 Hz, 4'-H), 8.26 (d, 1H, J=4.3 Hz, 6/-H),
8.13 (d, 1H, /=14.6 Hz, 2H), 8.02 (t, 1H, J=5.6 Hz, 5'-H),
7.97 (d, 1H, J=12.3 Hz, 3-H), 7.79 (d, 2H, J=8.7 Hz,
6,8-H) and 7.60 (d, 2H, /=32 Hz, 59-H), 7.18 (d, 2H,
J=5.42.4Hz, 11,15,17,21-H), 7.13 (d, 2H, /=6.4-2.8 Hz,
12,14,18,20-H) and 7.02 () (Additional file 1: Appendix 7),
BC.NMR (400 MHz, CDCl,) § 190.46 (C-1), 149.23
(C-3'), 145.9 (C-10,16), 144.6 (C-7), 142.8 (C-3), 138.87
(C-1'), 133.82 (C-6'), 131.29 (C-5'), 129.73 (C-4'), 129.7
(C-5,9), 129.6 (C-12,14,18,20), 126.9 (C-13,19), 126.29
(C-6,8), 125.7 (C-11,15,17,21), 125.08 (C-4), 123.29 (C-2/)
and 119.08 (C-2) (Additional file 1: Appendix 8) (Fig. 2).




Tukur et al. Beni-Suef Univ J Basic Appl Sci (2022) 11:66

(E)-1-(4’-chlorophenyl)-3-(4-diphenylamino)phe-
nyl)prop-2-en-1-one (1c) was obtained as yellow solid
powder at 57% vyield. Its melting point was determined
to be 137-139 °C. The IR spectrum (Additional file 1:
Appendix 9) showed the following prominent peaks
(cm™); 3036 (=C-H), 1684 (C=0), 1580 (C=C), 1285
(C-N) and 620 (C-Cl). The GC-MS analysis showed
the molecular ion peak of 409 m/z (Additional file 1:
Appendix 10). The NMR spectral showed the follow-
ing signals; "H-NMR (400 MHz, CDCl;) § 8.51 (d, 1H,
J=13.3 Hz, 3-H), 8.15 (d, 2H, J=4.3 Hz, 2/,6/-H), 7.68
(d, 1H, J=12.5 Hz, 2-H), 7.46 (d, 2H, J=8.4 Hz, 3,5'-
H), 7.33 (d, 2H, /=2.7 Hz, 6,8-H) 7.22 (d, 2H, /=7.3-
3.4 Hz, 12,14,18,20-H) 7.17 (d, 2H, J=2.7 Hz, 5, 9-H),
7.15 (d, 2H, J=3.3-1.8 Hz, 11,14,17,21-H) and 6.97 (d,
2H, J=4.3-2.1 Hz, 13,19-H) (Additional file 1: Appen-
dix 11). *C-NMR (400 MHz, CDCl,) & 190.46 (C-1),
149.48 (C-3,7), 145.88 (C-10,16), 142.74 (C-4'), 136.50
(C-1"), 131.30 (C-3,5"), 129.70 (C-2',6',5,9), 129.60
(C-12,14,18,20), 128.40 (C-4), 126.8 (C-13,19), 126.29
(C-6,8), 125.09 (C-11,15,17,21) and 119.30 (C-2) (Addi-
tional file 1: Appendix 12) (Fig. 3).

(E)-3-(4-diphenylamino)phenyl)-1-(4’-fluorophenyl)
prop-2-en-1-one (1d) was obtained as lemon green solid
powder at 60% yield. Its melting point was found to be
136-138 °C. The IR spectrum (Additional file 1: Appen-
dix 13) showed the following prominent peaks (cm™);
3037 (=C-H), 1684 (C=0), 1580 (C=C), 1286 (C-N)
and 1073 (C-F). The GC-MS analysis showed the molec-
ular ion peak of 393 m/z (Additional file 1: Appendix 14).
The NMR spectral showed the following signals; 'H-
NMR (400 MHz, CDCl,) § 8.44 (d, 1H, J=12.8 Hz, 3-H),
8.29 (d, 2H, /=7.8 Hz, 2/, 6/-H), 7.68 (d, 1H, /J=11.3 Hz,
2-H), 7.42 (d, 2H, J=6.3-3.1 Hz, 12,14,18,20-H), 7.35 (d,
2H, /=6.2 Hz, 3',5'-H), 7.16 (d, 2H, J=5.0 Hz, 5,9-H),
7.15 (d, 2H, J="7.0 Hz, 6,8-H), 7.09 (d, 2H, /=4.5-1.2 Hz,
11,15,17,21-H) and 6.98 (d, 2H, J=3.6-1.2, 13,19-H)
(Additional file 1: Appendix 15), 3C-NMR (400 MHz,
CDCl;) § 19049 (C-1), 168.14 (C-4'), 149.7 (C-10,16),

19

Fig. 3 (F)-1-(4’-chlorophenyl)-3-(4-diphenylamino)phenyl)
prop-2-en-1-one
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146.10 (C-3,7), 136.36 (C-1'), 131.28 (C-2/,6"), 129.69
(C-59), 129.6 (C-4), 128.37 (C-12,14,18,20), 126.28
(C-13,19), 125.08 (C-11,15,17,21), 120.08 (C-6,8), 119.29
(C-2), and 116 (C-3',5') (Additional file 1: Appendix 16)
(Fig. 4).
(E)-4-(3-(diphenylamino)phenyl)-1-(4’-
hydroxyphenyl)-2-methylbut-3-en-1-one (2a) was
obtained as pale yellow solid powder at 55% yield. Its
melting point was determined to be 146-148 °C. The
IR spectrum (Additional file 1: Appendix 17) showed
the following prominent peaks (cm-'); 3243 (O-H),
3037 (=C-H), 1684 (C=0), 1580 (C=C), 1282 (C-N).
The GC-MS analysis showed the molecular ion peak of
419 m/z (Additional file 1: Appendix 18). The NMR spec-
tral showed the following signals; 'H-NMR (400 MHz,
CDCl,) § 9.80 (s, 1H, 12-H), 7.96 (d, 2H, J=6.5 Hz, 2/,6/-
H), 7.68 (d, 2H, J= 4.4 Hz, 6,10-H), 7.32 (d, 2H, J = 8.6 Hz,
7,9-H), 7.14 (d, 2H, J=7.2-1.2 Hz, 12,16,18,22-H),
7.08 (d, 2H, J=4.3-1.2 Hz, 13,15,19,21-H), 7.02 (d, 2H,
J=3.8-1.3 Hz, 14,20-H), 6.63 (d, 2H, J=11.2 Hz, 3',5'-
H), 6.58 (d, 1H, J=14.3 Hz, 4-H), 6.31 (d, 1H, J=12.7 Hz,
3-H), 3.81 (dd,1H, J=15.0, 7.5 Hz, 2-H) and 0.90 (d, 3H,
J=12.3 Hz, 11’-H) (Additional file 1: Appendix 19). 13C-
NMR (400 MHz, CDCl,) 8 190.44 (C-1), 162.92 (C-4'),
145.1 (C-8), 145.9 (11,17), 132.66 (C-2,6'), 131.32 (C-5),
129.8 (C-14,20), 12945 (C-4,6,10,13,19,21), 125.94
(C-12,16,18,22), 1232 (C-7,9), 124.30 (C-1'), 118.92
(C-3), 114.43 (C-3',5), 47.10 (C-2) and 17.73 C-(11)
(Additional file 1: Appendix 20) (Fig. 5).
(E)-1-(2’-bromophenyl)-4-(3-(diphenylamino)
phenyl)-2-methylbut-3-en-1-one (2b) was obtained
as brownish yellow solid powder at 30% yield. Its melt-
ing point was found to be 147-148 °C. The IR spectrum
(Additional file 1: Appendix 21) showed the following
prominent peaks (cm™!); 3037 (=C-H), 1684 (C=0),
1580 (C=C) 1285 (C-N) and 580 (C-Br). The GC-MS
analysis showed the molecular ion peak of 482 m/z (Addi-
tional file 1: Appendix 22). The NMR spectral showed
the following signals; "H-NMR (400 MHz, CDCL,) § 7.92

19

Fig. 4 (£)-3-(4-diphenylamino)phenyl)-1-(4’-fluorophenyl)
prop-2-en-1-one
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Fig.5 (£)-4-(3-(diphenylamino)phenyl)-1-(4’-hydroxyphenyl)-2-meth

ylbut-3-en-1-one

(d, 1H, J=9.5 Hz, 6/-H), 7.81 (d, 2H, J="5.7 Hz, 6,10-H),
7.42 (d, 1H, J=8.9 Hz, 3'-H), 7.39 (t, 1H, J=12.4 Hz,
5/-H), 7.32 (t, 1H, J=12.4 Hz, 4'-H), 7.24 (d, 2H, J=9.6—
5.7 Hz, 13,15,21,19-H), 7.16 (d, 2H, J=10.3 Hz, 7,9-H),
7.08 (d, 2H, J=10.3-7.4 Hz, 12,16,18,22-H), 6.60 (d,
1H, J=15.4 Hz, 4-H), 7.0 (d, 2H, J=6.3-4.1 Hz, 14,20-
H), 6.33 (d, 1H, /=14.0 Hz, 3-H), 3.75 (q, 1H, J=30.2,
12.1 Hz, 2-H) and 0.89 (d, 3H, /=15.6 Hz, 11'H) (Addi-
tional file 1: Appendix 23). *C-NMR (400 MHz, CDCl,)
§ 190.47 (C-1), 146.81 (C-11,17), 146.07 (C-8), 140.99
(C-1'), 133.62 (C-3'), 132.70 (C-4’), 131.29 (C-5), 129.7
(C-4,6,10), 129.69 (C-13,15,19,21), 126.8 (C-14,20),
126.29 (C-6'), 125.7 (C-12,16,18,22), 125.2 (C-5'), 125.09
(C-7,9), 119.30 (C-2/), 116 (C-3), 46.46 (C-2) and 17.59
(C-11') (Additional file 1: Appendix 24) (Fig. 6).
(E)-4-(3-(diphenylamino)phenyl)-1-(4’'-
methoxyphenyl)-2-methylbut-3-en-1-one (2c) was
obtained as orange yellow solid powder at 52% yield.
Its melting point was determined to be 142-144 °C.
The IR spectrum (Additional file 1: Appendix 25)
showed the following prominent peaks (cm™!); 3037
(=C—H), 1684 (C=0), 1580 (C=C), 1320 (C-O) and
1285 (C-N). The GC-MS analysis showed the molecu-
lar ion peak of 433 m/z (Additional file 1: Appendix 26).
The NMR spectral showed the following signals; 'H-
NMR (400 MHz, CDCl,) & 8.00 (d, 2H, /=13.2 Hz,

Page 5 of 11

2,6/-H), 7.73 (d, 2H J=13.2 Hz, 6,10-H), 7.24 (d, 2H,
J=9.8-3.6 Hz, 13,15,21,19-H), 7.18 (d, 2H, /=14.0 Hz,
3/,5'-H), 7.13 (d, 2H, J=7.3-1.3 Hz, 7,9-H), 7.08 (d, 2H,
J=12.5-7.6 Hz, 12,16,18,22-H), 7.00 (d, 1H, J=12.6 Hz,
4-H), 6.98 (d, 2H, J=6.3-3,2 Hz, 14,20-H), 6.30 (d,
1H, J=11.5 Hz, 3-H), 3.90 (s, 3H, 12'-H), 3.70 (g, 1H,
J=13.32, 15.23 Hz, 2-H) and 0.87 (d, 3H J=6.8 Hz,
11’-H) (Additional file 1: Appendix 27). *C-NMR
(400 MHz, CDCl) 8 190.64 (C-1), 165.20 (C-4'), 145.8
(C-11,17), 145.1 (C-8), 131.23 (C-5), 129.7 (C-4,6,10),
129.6 (C-13,15,21,19), 129.28 (C-2/,6'), 127 (C-1/), 126.8
(C-14,20), 126.46 (C-), 125.7 (C-12,16,18,22), 124.52
(C-7,9), 115.99 (C-3), 113.4 (C-3',5), 55.29 (12'), 47.04
(C-2) and 17.80 (C-11’) (Additional file 1: Appendix 28)
(Fig. 7).

(E)-4-(3-(diphenylamino)phenyl)-1-(4-
fluorophenyl)-2-methylbut-3-en-1-one  (2d)  was
obtained as cotton brown solid powder at 54% vyield. Its
melting point was found to be 146—148 °C. The IR spec-
trum (Additional file 1: Appendix 29) showed the follow-
ing prominent peaks (cm™'); 3037 (= C-H), 1684 (C=0),
1580 (C=C), 1287 (C-N) and 1028 (C-F). The GC-MS
analysis showed the molecular ion peak of 421 m/z (Addi-
tional file 1: Appendix 30). The NMR spectral showed
the following signals; 'H-NMR (400 MHz, cdcl;) § 8.23
(d, 2H, J=6.5 Hz, 2/,6’-H), 7.70 (d, 2H, J=13.6 Hz, 6,10-
H), 7.37 (d, 2H, J=13.7 Hz, 3',5'-H), 7.24 (d, 2H, J=8.5—
3.6 Hz, 13,1521,19-H), 7.14 (d, 2H, J=6.2-3.2 Hz,
7,9-H), 7.08 (d, 2H, J=12.5-7.6 Hz, 12,16,18,22-H), 6.8
(d, 2H, J=3.6-3.2 Hz, 14,20-H), 6.60 (d, 1H, /=13.2 Hz,
4-H), 6.31 (d, 1H, J=12.7 Hz, 3-H), 3.71 (q, 1H, J=13.1,
6.7 Hz, 2-H) and 0.85 (d, 1H, J=6.7 Hz, 11’-H) (Addi-
tional file 1: Appendix 31). *C-NMR (400 MHz, CDCl,)
5 190.37 (C-1), 168.01 (C-4'), 146.8 (C-11,17), 146.4
(C-8), 133.89 (C-5), 131.29 (C-1/), 129.75 (C-2,6'), 126.6
(C-13,15,19,21), 129.18 (C-4,6,10) 126.09 (C-14,20), 125.2
(C-12,16,18,22), 123.37 (C-7,9), 119.07 (C-3), 114.48
(C-3',5'), 48.06 (C-2) and 17.74 (C-11') (Additional file 1:
Appendix 32) (Fig. 8).

Fig. 6 (£)-1-(2'-bromophenyl)-4-(3-(diphenylamino)phenyl)-2-methy

|but-3-en-1-one

Fig. 7 (F)-4-(3-(diphenylamino)phenyl)-1-(4’-methoxyphenyl)-2-met
hylbut-3-en-1-one
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19 21
20

Fig. 8 (£)-4-(3-(diphenylamino)phenyl)-1-(4-fluorophenyl)-2-methyl
but-3-en-1-one

3.2 Results of the biological studies
See Tables 2, 3 and 4.

4 Discussion

The target triphenylamine chalcones were prepared
using the Claisen—Schmidt condensation process of
various  substituted  acetophenone/propiophenones
and 4-(Diphenylamino) benzaldehyde, in the presence
of NaOH (10%) in ethanol. The nucleophilic enolate
attack on the electrophilic carbonyl carbon of 4-(Diphe-
nylamino) benzaldehyde resulted in the formation of
a new carbon—carbon bond, which was initiated by the
removal of a proton from the a-carbon of the acetophe-
none/propiophenones to form a resonance-stabilized
enolate ion. As a result, the a-carbon of acetophenone/
propiophenones was linked to the carbonyl carbon of
4-(Diphenylamino) benzaldehyde to form an interme-
diate, which was then protonated and deprotonated by
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hydroxide ion to form a,p-unsaturated triphenylamine
chalcone.

4.1 Spectroscopic characterization of the synthesized
triphenylamine chalcones

The carboanion from acetophenone and propiophenone
attacked the positively charged carbon of the 4(diphe-
nylamino)benzaldehyde’s carbonyl group. As a result,
aldol condensation took place, yielding aldol com-
pounds. The final products were formed by removing
the hydroxyl group and forming a double bond (crotonic
condensation). Alkaline catalyst was used, and the reac-
tions were carried out at temperatures below 25 °C to
prevent secondary reactions. Schemes 1 and 2 depict the
synthetic approach to the targeted compounds. All of the
triphenylamine chalcones that were synthesized came
out as distinct shades of yellow powders. The yields for
the compounds ranged from 30 to 92 percent (Table 1),
which is a range of poor, moderate, and good yields when
compared to chalcone compounds documented in the
literature [16]. The triphenylamine chalcones were all
synthesized in a single step, with no attempts of solid-
state reactions (without the need of a solvent). The low-
est yield was obtained with compound 2b, which could
be owing to the nature of the 2-bromo substituent on the
B-ring of (propiophenone), which may prevent proper
condensation of the reactants. The structures of the syn-
thesized compounds were validated through extensive
investigation of their FT-IR, GC-MS, and NMR spectra
(see Additional file 1: Appendix attached) as well as avail-
able literature data; additionally, recrystallization and

Ph,N

R = (Br, NO,, CI, F)

CH; 25 ml Ethanol

10 ml 10% NaOH
reflux 4 - 5 hours

O

> -
Ph,N

R = (Br, NO,, CL, F)

—R + H,O

Scheme 1 Synthesis of triphenylamine chalcone from substituted acetophenones (1a-d)

Ph,N
R = (Br, F, OH, OCH,)

o le) CH;
CH =
H | X 3 25ml Ethanol X
+ R 10ml, 10% NaOH o + HO
= reflux 4 - 5 hours Ph,N

R = (Br, F, OH, OCH,)

Scheme 2 Synthesis of triphenylamine chalcone from substituted propiophenones (2a-d)
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Table 1 Physical data of the synthesized triphenylamine chalcones
Sample B-ring M.F M.W (g) Color R¢ M.P range Yield (%)
1a 4-Bromoacetophenone C,;H,0BrNO 454 Deep yellow 0.67 145-147 70
1b 3-Nitroacetophenone Cy7Hy0N,05 420 Golden yellow 0.76 143-145 92
1c 4-Chloroacetophenone C,,H,,CINO 409 Yellow 0.69 137-139 57
1d 4-Fluoroacetophenone Cy7Hy0FNO 393 Lemon green 083 136-138 60
2a 4-Hydroxypropiophenone CyoHysNO, 419 Pale yellow 0.72 146-148 55
2b 2-Bromopropiophenone CyoH5,BrNO 482 Brownish yellow 045 147-148 30
2c 4-methoxypropiophenone C31H,,NO, 433 Orange yellow 0.75 142-144 52
2d 4-Flouropropiophenone CyoH,,FNO 421 Cotton brown 0.64 146-148 54
M.F: molecular formula, M.W: molecular weight, M.P: melting point, R: retention factor
Table 2 Zone of inhibition (mm)
Test organisms Triphenylamine chalcones

1a 1b 1c 1d 2a 2b 2c 2d Cip Flu
E. coli 14 16 15 20 13 18 19 16 30 -
P aeruginosa 15 18 18 18 16 18 20 19 40 -
S. typhi 16 14 17 16 16 13 15 18 26 -
S.aureus 13 15 14 18 13 13 15 15 28 -
B. subtilis 16 17 20 17 18 20 20 18 25 -
MRSA 14 16 19 15 16 17 16 19 30 -
C. albicans 17 13 20 13 16 20 20 18 - 20
A. niger 25 30 23 20 20 22 21 23 - 22
-: Not determined, Cip: ciprofloxacin, Flu: Fluconazole
Table 3 Minimum inhibitory concentrations (MIC) of the synthesized compounds (ug/ml)
Test organisms Triphenylamine chalcones

1a 1b 1c 1d 2a 2b 2c 2d

E. coli 100 100 100 25 100 50 25 100
P aeruginosa 100 50 50 50 100 25 25 25
S. typhi 100 100 50 100 100 100 100 50
S.aureus 100 100 100 50 100 100 100 100
B. subtilis 100 50 25 25 25 25 25 50
MRSA 100 50 25 50 100 50 50 25
C. albicans 50 25 25 50 50 25 25 50
A. niger 12.5 125 125 125 25 25 25 12.5

TLC were used to establish their purity. The characteri-
zation of produced triphenylamine chalcones is briefly
appraised here;

The bands ranged from 1684 to 1686 cm™' for C=0
stretching, 2996 to 3037 cm™! for aromatic C—H stretch-
ing, and 2914 to 2933 cm™" for aliphatic C—H stretching
in the FT-IR spectra of the synthesized triphenylamine
chalcones. The FT-IR spectra of all the synthesized
triphenylamine chalcones revealed a similar band at

1267-1286 cm™! due to C—N bending from the amino
group. In the FT-IR spectra of the synthesized chal-
cones, a band between 1580 and 1584 cm™' was seen,
which is attributable to C=C stretching of the chromo-
phores, confirming the production of a new C=C and
the formation of the intended products. Different bands
were observed due to the presence of different substitu-
tions in the B-rings of the chalcones, which correspond
to the type of substituents present, as follows: 1a showed
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Table 4 Minimum bactericidal/fungicidal concentrations (MBC/MFC) of the synthesized compounds (ug/ml)
Test organisms Triphenylamine chalcones

1a 1b 1c 1d 2a 2b 2c 2d
E. coli - - - 50 - 100 100 -
P aeruginosa - 100 100 100 - 100 50 100
S. typhi - - 100 - - - - 100
S.aureus - - - 100 - - - -
B. subtilis - 100 100 50 100 50 50 100
MRSA - - 100 100 - 100 - 100
C. albicans 100 100 50 100 100 50 50 100
A. niger 50 50 50 50 50 50 50 50
~:No MBC/MFC

a band at 530 cm ™, which corresponds to C—Br bending,
1b showed a band at 1390 cm™?, which is due to N=0O
bending, 1c showed a band at 620 cm™!, which is due to
C-Cl bending. Due to C-F bending, 1d showed a band at
1073 cm™!, whereas 2a showed a broadband with inten-
sity at 3243 cm ™! due to C—OH in the B-ring.

Compounds 2b and 2c showed a band at 580 cm™
owing to C—Br bending, 1320 cm™! due to C-O bending
of the methoxy moiety in the B-ring, and 1028 cm™" due
to C-F bending. While compound 2d showed a band at
1028 cm™! due to C—F bending. All of the bands detected
in the FT-IR spectra of the synthesized chalcones agreed
with the values given in the literature. Thus, (C=0;
1684 cm™!, C=C; 1577 cm™!, C=N; 1286 cm™', C-Br;
530 cm™}, —OH; 3230 cm™},= C-H; 3037 cm™!) (C=0;
1684 cm™!, C=C; 1577 cm™, C=N; 1286 cm™’, C=N;
1286 cm™!, C=N; 1286 cm™!, C=N; 1286 cm™' [31,
32]. The GC-MS spectra of the synthesized chalcones
revealed that all of the compounds’ m/z values are equal
to their respective theoretical molecular weights, indicat-
ing that the products were formed.

The effect of different electron releasing groups bonded
to the B-ring at different positions of the synthesized
chalcones structures can be clearly seen in their 'H-NMR
spectra, which showed the expected specific signal peaks
of the new olefinic bond and the effect of different elec-
tron donation groups bonded to the B-ring at different
positions of the synthesized chalcones structures. Signal
shape, chemical shifts and coupling constants can all be
used to easily select these signal systems. The presence
of doublets for a-C and B-C with coupling constants (J)
ranging from 11.3 to 15.3 Hz revealed that, the conju-
gated chromophores a-H and -H are trans (E configura-
tion of the double bond). All synthesized triphenylamine
chalcones were geometrically pure and entirely trans (E)
isomers, as indicated by the higher coupling constant val-
ues [31].

1

The 'H-NMR spectrum of la revealed doublets
with a chemical shift of 8.03-7.35 ppm and a J value
of 12-15.3 Hz at the 2-H and 3-H positions, confirm-
ing the formation of a new C=C bond. H-3’ and H-6'
of the B-ring are both ortho to bromine and appear
as a doublet with a chemical shift of 7.68 ppm and
7.34 ppm, respectively, while H-3’ and H-5' are also
ortho to bromine and appear as a doublet with a chemi-
cal shift of 7.43 ppm. Shift values of 8.13-7.97 ppm
with a higher (J) value of 12.3-14.0 Hz at H-2 and H-3
in the 'H-NMR spectrum of 1b confirm the forma-
tion of a new C=C double bond and the target prod-
uct. Because the protons in the B-ring of 1b are not
equivalent, chemical shift values of 8.75 ppm and
8.47 ppm were assigned to the protons ortho to the
nitro substituent at 2’-H and 4’-H, respectively. These
two protons are more deshielded due to the electron-
egativity of the nitrogen atom in the B-ring, and 2’-H
appears as a singlet, while 4/-H appears as a doublet.
Signal peaks at 8.02 ppm were ascribed to meta pro-
tons at 5'-H, which experience less electronegative
influence of the nitro group, while chemical shift val-
ues at 8.26 ppm were assigned to 6-H’, which seem
closer to the carbonyl carbon of the chalcone. The 'H-
NMR spectrum of 1c revealed a doublets signal peak
with a chemical shift of 8.51-7.68 ppm and a higher (J)
value of 13-14 Hz, confirming the formation of a new
unsaturated C=C bond. The 'H-NMR spectrum of 2a
showed a singlet peak and a substantially deshielded
chemical shift value of 9.8 ppm, confirming the pres-
ence of an OH group in the B-ring chalcone. Because of
the nature of the position of substitution in the B-ring
(2-bromo) of 2b, which is ortho to the carbonyl car-
bon, the protons in the B-ring appear non-equivalent
in the 'H-NMR spectrum of 2a, where 3’-H, which is
ortho to the bromine, coupled with 4’-H and appear as
doublet at a chemical shift of 7.42 ppm, while a shift at
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7.94 ppm, which appears as doublet, was assigned to
6’-H which is ortho to the alpha carbon, and is more
downfield due to the electronegativity of the carbonyl
oxygen. Both 5-H and 4/-H of 2b, on the other hand,
are non-equivalent and appear as triplet at 7.39 ppm
and 7.32 ppm, respectively. The ortho (12,16,18,22-H),
meta (H-13,15,19,21), and para (14,20-H) positions of
the protons of the diphenyl rings connected to nitrogen
of the amino group are all equivalent in respect to posi-
tion of nitrogen, because there is no electron releas-
ing or withdrawing group attached to any ring carbon.
The 'H-NMR spectra of all the propiophenone derived
triphenylamine chalcones (2a—d) showed a chemical
shift range of 0.85-0.90 ppm, which is due to a methyl
group on C-11’ position, and each appear as a doublet
due to the (n+ 1) rule, while a shift between 3.70 and
3.81 ppm was also observed in (2a-d), which is due to a
single proton (methine proton) on C-2, which showed a
multiplicity of quartet, due to the 3 neighboring methyl
protons on 11’-H (Chavran et al., 2019).

The BC-NMR spectra of the synthesized triph-
enylamine chalcones showed highly deshielded car-
bon resonance in the range of 190.29-190.64 ppm for
the carbonyl carbon, the carbon resonance in the range
of 115.9-119.9 ppm represent the a-C and 120.7-
149.68 ppm represent the 3-C of the conjugated chromo-
phores. The ">*C-NMR spectrum of 2c¢ showed highly
deshielded carbon resonance at 168.14 ppm which
was assigned to C-F of the B-ring at C-4/, while shift at
165.20 was shown by >*C-NMR spectrum of 2c which
confirm the C-OCH, of the B-ring at C-4’ position, and
a signal at 162.92 ppm, as shown by the '>*C-NMR spec-
trum of 2a, was assigned to (C—OH) of the B-ring at C-4/
[31]. Because the carbon atoms in 1b are not equivalent
in the B-ring, the signal at 149.29 ppm was attributed to
C-3/, the carbon carrying the nitro substituent, which
appears further downfield than the remaining carbon
atoms in the B-ring. C-6’ carbon, which appears closer to
the carbonyl carbon and will be further downfield than
the remaining carbon atoms in the B-ring, was likewise
assigned to the signal at 133.82 ppm of 1b. C-5/, which
is meta to the nitro substituent, has a chemical shift of
131.29 ppm in the carbon spectra of 1b, while C-4’ and
C-2/, which are ortho and non-equivalent, have chemi-
cal shifts of 129.73 and 123.29 ppm, respectively. The
chemical shift range of all the derived propiophenone
triphenylamine chalcones (2a-d) was 17.73-17.80 ppm,
which is due to a methyl group on C-11/, while a shift
between 46.46 and 48.06 ppm was also found due to the
methine carbon on C-2. The carbon atoms of the diphe-
nyl rings connected to the nitrogen of the amino group
are ortho (C-12,16,18,22), meta (C-13,15,19,21), and
para (C-14,20). The 3C-NMR spectrum of compound
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2c¢ showed a chemical shift value of 55.29 ppm at (C-12’),
which is ascribed to the presence of methoxy carbon
(O-CHs) in the B-ring [31].

4.2 Biological results

The presence of a reactive, o,p-unsaturated keto func-
tionality in chalcones was discovered to undergo con-
jugate addition with a nucleophilic group, leading to
their antibacterial activity, which can vary depending
on the type and position of substituents on the aro-
matic rings. [31]. The nature, number, and position of
the substituent(s) on both benzene rings of the chalcone
have shown a wide range of pharmacological activities.
For example, pyrimidinyl substitution on chalcone has
potent anti-tumor properties (Jin et al. 2013), quinolone
substitution on chalcone has potent antimalarial activity
and thiophenol substitution on chalcone has potent anti-
breast cancer properties. All of the synthesized triph-
enylamine chalcones were found to possess outstanding
antimicrobial activity against the investigated microor-
ganisms, with a considerable zone of inhibition com-
pared to the conventional medicines utilized. Compound
1b with a 3-Nitro substitution on the B-ring inhibited
Aspergillus niger the most, with a 30 mm zone of inhibi-
tion. Compounds 1a, 2d, 1c, 2b, and 2c¢ with 4-bromo,
4-flouro, 4-chloro, 2-bromo, and 4-methoxy substitutions
inhibited Aspergillus niger with a zones of inhibition of
25 mm, 23 mm, 22 mm, and 21 mm, respectively. Against
Bacillus subtilis, Candida albicans, Aspergillus niger and
Pseudomonas aeruginosa compounds 1c¢, 1d, 2a, 2b, and
2c¢ each demonstrated a 20-mm zone of inhibition. Com-
pounds 1a, 1b, and 2a containing 4-bromo, 3-nitro, and
4-hydroxy substituents, had the smallest zone of inhibi-
tion against Staphylococcus aureus, Candida albicans
and Escherichia coli.

Compounds 1a, 1b, 1¢, and 1d had a zone of inhibition
(25 mm, 30 mm, and 23 mm) against Aspergillus niger
that was greater than the standard drugs (fluconozole
and ciprofloxacin) (Table 2). Minimum inhibitory con-
centrations, as well as minimum bactericidal and fungi-
cidal concentrations, were examined for the compounds
that demonstrated significant activity. Antifungal activ-
ity was enhanced by chalcones with halogen substituents
such as bromine and chlorine [37].

The MIC data (Table 3) revealed that compounds
1a, 1b, 1c, 1d, and 2d had the lowest MIC and inhibit
Aspergillus niger growth at 12.5 pg/mL. Candida albi-
cans, Bacillus subtilis, MRSA, Escherichia coli, Pseu-
domonas aeruginosa and Aspergillus niger are all
inhibited by compounds 1b, 1c, 1d, 2a, 2b, 2¢, and 2d
at 25 pg/mL. Compounds 1a, 1b, 1c, 1d, 2a, 2b, 2¢, and
2d inhibited the growth of Pseudomonas aeruginosa,
Bacillus subtilis, Candida albicans, MRSA, Salmonella
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typhi, Staphylococcus aureus, and Escherichia coli at
50 pg/mL. At a concentration of 100 pg/mL, com-
pounds 1a, 1b, 1c, 1d, 2a, 2b, 2¢, and 2d inhibit the
development of Escherichia coli, Pseudomonas aerugi-
nosa, Salmonella typhi, Staphylococcus aureus, Bacillus
subtilis, and MRSA.

MBC/MEC results revealed that at 50 pg/mL, com-
pounds 1a, 1b, 1c, 1d, 2a, 2b, 2¢, and 2d completely
killed Escherichia coli, Pseudomonas aeruginosa, Bacil-
lus subtilis, Candida albicans, and Aspergillus niger,
whereas compounds 1a, 1b, 1c, 1d, 2a, 2b, 2¢, and 2d,
required a concentration of 100 pg/mL to totally kill
Pseudomonas aeruginosa, Escherichia coli, Salmonella
typhi, Staphylococcus aureus, Bacillus subtilis, MRSA
and Candida albicans, as indicated in Table 4 3-[1-oxo0-
3-(2,4,5-trimethoxyphenyl)-2-propenyl] was synthesized
by Prasad et al. which was tested at a concentration of
100 pg/mL, -2H-1-benzopyran-2-ones demonstrated
substantial antibacterial action against Bacillus subtilis,
Bacillus pumilis, and Escherichia coli. The role of elec-
tron-releasing substituents such as nitro, hydroxyl, and
methoxyl groups in increasing activity was discovered in
the study.

On the observed zone of inhibition, which spanned
between (13—-30 mm) as indicated in Table 2, the synthe-
sized chalcones demonstrated varying degrees of anti-
bacterial activity against the tested microorganisms. The
activities of the synthesized chalcones (1a, 1c, 1d, 2a,
2b, 2¢, and 2d) were found to be lower than those of the
standard drugs (Ciprofloxacin and Fluconazole), though
compound 1b with a NO, substituent on the B-ring
showed a higher zone of inhibition (30 mm) against
Aspergillus niger than Fluconazole (22 mm).

At a concentration of 12.5 pg/mL, compounds with
4-bromo, 4-chloro, and 4-flouro substituents inhib-
ited the growth of Aspergillus niger, according to the
MIC results. The electronic effects of substituents on
the B-ring have contributed to these properties, while
1b with NO, substituent on the B-ring showed the best
activity against tested fungal strains. The electronic effect
of substituents on the ring-B in the compounds could
explain the disparities in activity results. It has been
reported that substituents on a compound’s benzene ring
have a negative inductive effect on its antimicrobial activ-
ity [33].

Karthikeyan et al. [30] used the Claisen—Schimdt con-
densation method to synthesize 3-aryl-1-(2,4-dichloro-
5-fluorophenyl)-2-propen-1-one, which had antifungal
activity against Aspergillus niger. Compound 1b had the
highest zone of inhibition of 30 mm against Aspergillus
niger, as well as the lowest MIC of 12.5 pg/mL and MBC/
MEC of 50 pg/mL against Aspergillus niger. As a result,
1b had a higher antifungal potential.
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5 Conclusion

Eight novel triphenylamine chalcones with different substi-
tution patterns were successfully synthesized via the con-
ventional Claisen—Schmidt condensation reaction in an
alkaline medium. The percentage yield of the synthesized
triphenylamine chalcones ranged from 30 to 92%. Thin
layer chromatography (TLC) was used to monitor the pro-
gress and completion of the reaction. The synthesized tri-
phenylamine chalcones were purified by recrystallization
method from ethanol. The synthesis of the target chalcones
involves a nucleophilic enolate attack on the electrophilic
carbonyl carbon of 4-(diphenylamino)benzaldehyde result-
ing in the formation of a new carbon—carbon bond. The
structures of the triphenylamine chalcones were successfully
characterized and confirmed by FT-IR, GC-MS and NMR
spectroscopic and spectrometric techniques. The antimi-
crobial investigation revealed that (E)-3-(4-(diphenylamino)
phenyl)-1-(3’-nitrophenyl)prop-2-en-1-one  (1b) showed
highest ZOI (30 mm), lowest MIC (12.5 pg/mL) and MBC/
MEC (50 pg/mL) on Aspergillus niger.
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