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Abstract

In this study, new chalcone and epoxy chalcone synthesized by condensation of 4-acetylbiphenyl with
the appropriate aldehydes. The epoxy chalcone prepared via the reaction chalcone with alkaline hydrogen peroxide in
methanol. We characterized their mass spectra and 'H, *C-NMR, and 2D-HSQC spectra to confirm their structure and
absolute configuration. The target compounds were then screened for their potential antibacterial and antifungal activities.

Most of the tested chalcone compounds had better activity against the fungal strains Fusarium and Aspergillus niger.

Keywords: Chalcone; Epoxy Chalcone; Green Chemistry; anti-microbial activity.

Introduction

Chalcones have many biological properties due
to the enone pharmacophore in their structure and their
low molecular weight. They are easy to prepare cost-
effectively and could be developed as drug candidates
for different diseases. Chalcones showed a broad
spectrum of biological properties including anti-
inflammatory, anticancer, antibacterial, antifungal,
and antiviral [1-6]. They are also intermediates and
precursors for different cyclic compounds such
as isoxazole, pyrimidines, pyrazolines, etc. [7]. Other
applications of chalcones are in an organic solar cell
[8], liquid crystals [9], anti-corrosion effects [10], and
in polymers [11]. The Weitz-Scheffer reaction uses
hydrogen peroxide under alkaline conditions and is the
most powerful way to oxidize a chalcone into an
epoxy chalcone; it is an example of green chemistry
[12-13]. Epoxy chalcone has excellent biological and
pharmaceutical activates [14-16] and is intermediates
and precursors for a wide range of chiral compounds
and natural products [17-19]. As well as, life-
threatening infections caused by pathogenic bacteria
and fungi that are becoming increasingly general and
widely extensive epidemics in the world make many
research groups from all over the world is presently
novel antibacterial and antifungal agents to
overcome the emergence of various infectious
diseases and the increasing number of multi drug
resistant microbial organisms [20-21]. Here, in this

work  we prepared new chalcones and
epoxy  chalcones and  characterized them
spectroscopically as well as examine products with
novel central compounds as potential antibacterial and
antifungal agents.

Experimental
Chemicals and Instruments

All the chemicals ordered from Sigma-Aldrich
(Saint Louis, USA). A
mass spectrophotometer (Shimadzu, QP5050A,
Japan) used for the electron impact (EI-Mass) at
Tehran University, Iran. Nuclear magnetic resonance
measurements carried out in Turkey and Iran.
The H and *C-NMR spectrometry carried out at the
Tehran University, Iran using a Bruker (500 MHz)
spectrometer. Other 'H and **C NMR spectra
and HSQC obtained on a Bruker BioSpin GmbH-
400 MHz spectrometer at a laboratory in Turkey
using DMSO-d6 as a solvent for all compounds except
E2 compounds that used a CDCI; solvent
and tetramethylsilane (TMS) as an internal reference.
The TLC plates made of 20-cm silica gel mesh with a
thickness of 2 mm (Merck). The names of the
compounds given according to the IUPAC system.
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All the compounds in the study prepared according
to the method mentioned in the literature [22]. The
synthesis started with the condensation of 4-
acetylbiphenyl with the appropriate aldehydes to
produce the chalcone compounds.

General Procedure

A mixture of 4-acetylbiphenyl (0.0025 mol) and
the appropriate aldehydes (0.0025 mol) dissolved in
ethanol (50 mL). A catalytic amount of 10 mL of
10% NaOH added drop-wise to the solution
with vigorous stirring. The reaction mixture stirred at
room temperature. The progress of the reaction
monitored by TLC, and the spot visualized by iodine
vapour. On completion of the reaction, the mixture
poured into crushed ice and acidified with dilute acetic
acid (3% aqueous acetic acid). The resulting crude
product filtered, washed successively with distilled
water, and dried before being recrystallized from
the  appropriate  solvent to  obtain  the
corresponding chalcones. The (E)-
chalcone compounds had different colours depending
on the substituent.

Spectral analysis of the chalcones

(E)-1-([1, 1'-biphenyl]-4-yl)-3-(6-
methoxynaphthalen-2-yl) prop-2-en-1-one (CH1): This
material was prepared from 6-methoxy-2-naphthaldehyde.
Washing with ethanol was performed followed by
recrystallization from ethanol twice. The product was
separated as pale yellow powder, yield 75 %. mp 225
-227 °C. *H-NMR (500 MHz, DMSO-de): & 8.25-8.30
(m, 3H, H-7, H-7°, H-21), 8.05-8.11 (dd, 2H, J = 15
Hz, f-11-CH=C, H-20), 7.89-7.93 (m, 5H, H-6, H-6",
H-2, H-2",H-13), 7.79 (d, 2H, J = 5 Hz H-3, H-
3%),7.52 (t, 2H, J=15 Hz, a-10, H-15), 7.44 (t, 1H, J =
7.5 Hz, H-1), 7.40 (s, 1H, H-18), 77.22 (dd, 1H, J =5,
10, H-16), 3.92 (s, 3H, H-23). 3C NMR (DMSO-ds,
500 MHz) ¢ 187.96 (C-9), 158.07 (C-17), 143.86 (C-
11), 138.46 (C-8), 136.06 (C-5), 135.13 (C-4), 130.20
(C-12), 129.71 (C-19), 129.71 (C-14), 128.79 (C-7,C-
77),128.62 (C-2,C-27), 127.91 (C-13), 127.79 (C-21),
126.89 (C-1), 126.56 (C-6, C-67),126.49 (C-3, C-
37),124.61 (C-20), 120.60 (C-18), 120.60 (C-16),
118.77 (C-10), 105.82 (C-15), 54.86 (C-22). MS (m/z):
M* 364. EI-MS (m/z), H and ®C-NMR for
compound CH1 figures, 1, 16 and 31.

(E)-1-([1, 1'-biphenyl]-4-yI)-3-(4-methoxynaphthalen-
1-yl) prop-2-en-1-one) (CH2): This material was prepared
from 6-methoxy-2-naphthaldehyde. Wishing by ethanol
then recrystallized from ethanol twice. The product was
separated as yellow crystals, yield 72%. mp 162-164 °C.
'H NMR § 8.55 (d, 1H, J =16 Hz, B-11- CH=C), 8.26-
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8.34 (m, 5H, H-7, H-7", H-13, H-17, H-20), 7.97 (d,
1H, J =16 Hz, a-10-CH=C), 7.88 (d, 2H, J =8, H-6,
H-6%), 7.78 (d, 2H, J = 8, H-3, H-3"), 7.68 (t, 1H,J =
8, H-19), 7.58 (t, 1H, J = 8, H-18), 7.51 (t, 2H, J = 8,
H-2, H-2%), 7.45 (t, 1H, J =8, H-1), 7.12 (d, 1H, J =8,
H-14), 4.7 (s, 3H, H-23). 3C NMR (DMSO-dg, 400
MHz) 6 188.91 (C-9), 157.73 (C-15), 144.87 (C-5),
140.36 (C-11), 139.47 (C-4), 137.19 (C-8), 132.80 (C-
12), 129.72 (C-7, C-77),129.58 (C-2, C-27),128.85 (C-
21), 128.32 (C-1), 127.71 (C-16), 127.50 (C-6, C-
6°),127.46 (C-3, C-37),126.19 (C-10), 125.35 (C-13),
123.93 (C-20), 123.31 (C-17), 122.73 (C-19), 122.26
(C-18), 105.21 (C-14), 56.50 (C-22). MS (m/z): M*!
364. HSQC cross peaks: 8.30/123.31 (20),
7.70/128.32 (19), 7.60/126.20 (18), 8.27/122.73 (17),
7.13/105.21 (14), 8.32/127.72 (13), 8.57/140.34 (11-
B-8H/SC), 8/122.21 (10-a-8H/8C), 129.72/8.28
(77°),127.44/7.90(66°),7.78/127.52 (33°), 7.52/129.57
(22°), 7.44/128.85 (1), 4.03/57 (8H/3C) OCH3 (22).
EI-MS (m/z), *H and *C-NMR (DMS- ds) for
compound CH2, figures 2, 17 and 32. HSQC figures
46 and 47.

(E)-1-(f1,  1’-biphenyl]-4-yI)-3-(3-phenoxyphenyl)
prop-2-en-1-one) (CH3): This material was prepared from
3-phenoxybenzaldehyde. Washing with ethanol was
performed followed by recrystallization from ethanol:
dioxin (1:1) twice. The product was separated as yellowish
white powder, yield 75%. mp 145-147 °C. 'H NMR $§
8.26 (d, 2H, J =10, H-7, H-77), 8.02 (d, 1H, J=15
Hz, B-11-CH=C), 7.87 (d, 2H, J =5, H-6,H-6"), 7.78
(d, 2H, J =5, H-3, H-3"), 7.69-7.71 (m, 2H, H-2, H-
2%),7.72 (d, 1H, J =15 Hz, a-10-CH=C), 7.40-7.54 (
m, 6H, H-13, H-16, H-20, H-21,H-22, H-23), 7.15
(tAH, J = 5, H-19), 7.04-7.08 (m, 3H, H-1, H-17, H-
18). 3C NMR (DMSO-ds, 400 MHz) 5 188.21 (C-9),
156.52 (C-5), 156.40(C-4), 144.28 (C-8), 142.83 (C-
11), 138.57 (C-12), 135.92 (C-15), 136.55 (C-14),
129.07 (C-7, C-77), 129.79(C-19), 128.78 (C-2, C-2),
128.10 (C-1), 129, 79 (C-17), 126, 72 (C-6,C-6),
126.66 (C-3, C-37), 124.26 (C-2, C-3), 123.13 (C-10),
122.62 (C-21), 120.50 (C-22), 118.86 (C-18), 117.99
(C-20), 117.99 (C-16), 117.99 (C-13). MS (m/z): M*
376. EI-MS (m/z), 'H and ¥C-NMR (DMS-dg) for
compound CH3 figures, 3, 18 and 33.

(E)-1-([1, 1'-biphenyl]-4-yl)-3-(anthracen-9-yl) prop-
2-en-1-one) (CHA4): This material was prepared from
anthracene-9-carbaldehydean. Washing with ethanol
was performed followed by recrystallization from
ethanol twice. The product was separated as yellow
crystals, yield 65%. mp 211-213 °C. 'H NMR spectrum,
3, ppm: 7.42 (t,1H, J =7.5 Hz, H-1), 7.50 (t, 2H, J =
7.5 Hz, H-16, H-22), 7.57-7.62 (m, 4H, H-2, H-2", H-
15, H-23), 7.77-7.81 (m, 3H, a-10-CH=C, H-17, H-
21), 7.88 (d, 2H, J =5 Hz, H-3, H-3"),8.16 (d, 2H, J
=10 Hz, H-6, H-6"), 8.24-8.31 (m, 4H, H-7, H-7", H-
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14, H-24), 8.66 (d, 1H, J= 15 Hz, 1H, B-11-CH=C),
8.71 (s, 1H, H-19). 3C NMR (DMSO-dg, 500 MHz)
0 144.72 (C-5), 140.31 (C-11), 138.86 (C-4), 136.10
(C-8), 131.29 (C-25), 131.29 (C-13), 130.88 (C-20),
130.88 (C-18), 129.77 (C-14), 129.77 (C-12), 129.51
(C-24), 129.14 (C-7, C-77),129.05 (C-2, C-27),128.90
(C-23), 128.90 (C-15), 128.48 (C-19), 128.31 (C-1),
127.11 (C-6, C-67),127.04 (C-3, C-37),126.85 (C-16),
126.85 (C-22), 125.65 (C-17), 125.65 (C-21), 125.09
(C-10). MS (m/z): M*! 384. EI-MS (m/z), *H and 13C-
NMR (DMS-dg) for compound CH4, figures, 4, 19 and
34.

(2E, 4E)-1-([1, 1'-biphenyl]-4-yI)-5-phenylpenta-2,4-
dien-1-one) (CH5): This material was prepared from
cinnamaldehyde. Washing with ethanol was performed
followed by recrystallization from ethanol: methanol
(9:1). The product was separated as yellow powder, yield
65%. mp 162-164 °C.'H NMR § 8.11 (d, 2H, J =5 Hz,
H-7, H-7%), 7.87 (d, 2H, J = 10 Hz, H-6, H-6"), 7.77
(d, 2H, J=10 Hz, H-3, H-3"), 7.61 (d, 2H, J =5 Hz,
H-15, H-19), 7.51-7.58 (m, 3H, B-11-CH=C, H-2, H-
2%), 7.42-7.46 (m, 4H, 0-10-CH=C, H-16, H-17, H-
18), 7.35 (t,1H, J=7.5Hz,H-1),7.29 (t, 1H, J=15
Hz 1H, p-13-CH=C), 7.23 (d, 1H, J = 15 Hz, 1H, a-
12-CH=C). 3C NMR (DMSO-ds, 500 MHz) §188.60
(C-9), 144.39 (C-5,C-11), 141.77 (C-13), 138.90 (C-
5), 136.47 (C-4), 136.03 (C-8), 129.27 (C-14), 129.12
(C-7,C-7°,C-15), 128.97 (C-2, C-2°,C-19), 128.41 (C-
1), 127.29 (C-16, C-17,C-18), 127.01 (C-6, C-6", C-3,
C-3"),125.49 (C-10, C-12). MS (m/z): M*! 310. EI-
MS (m/z), *H and *C-NMR (DMSO-dg) for compound
CHS5, figures, 5, 20 and 35.

(E)-1-([1,1"-biphenyl]-4-yl)-3-(2,3-
dihydrobenzo[b][1,4]dioxin-6-yl)prop-2-en-1-one
(CH6): This material was prepared from 2,3-
dihydrobenzo[b][1,4]dioxine-6-carbaldehyde. Washing
with  ethanol was performed followed by
recrystallization from xylene. The product was separated
as yellow powder, yield, 64 %. mp 108-110°C.. *H NMR
5 8.24 (d, 2H, J = 10 Hz, H-7, H-7), 7.84-7.88 (m,
3H, B-11-CH=C, H-6, H-6), 7.78 (d, 2H, J = 5 Hz,
H-3,H-3"), 7.67 (d, 1H, J=15 Hz, a-10-CH=C), 7.52
(t, 2H, J=10 Hz, H-2, H-2), 7.53 ( s, 1H, H-13),
7.43(t, 1H, J = 7.5 Hz, H-1), 4.29-4.32 (g, 4H,J=5
Hz, H-15, H-157, H-16, H-16"). 1*C NMR (DMSO-ds,
500 MHz) § 188.86 (C-9), 146.36 (C-17), 144.82 (C-
8), 144.36 (C-11), 144.10 (C-12), 139.44 (C-5),
137.06 (C-4), 129.70 (C-2, C-27),129.56 (C-7, C-
77),128.83 (C-1), 128.69 (C-14), 127.49 (C-6, C-
67),127.39 (C-3, C-37),123.60 (C-10), 120.57 (C-18),
117.92 (C-13), 117.73 (C-19), 64.89 (C-15), 64.43 (C-
16). MS (m/z): M* 342, EI-MS (m/z), *H and 3C-
NMR (DMSO-dg) for compound CHBS, figures, 6, 21
and 36.
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(E)-1-([1,1"-biphenyl]-4-yl)-3-(pyridin-2-yl)prop-2-
en-1-one) (CH7): This material was prepared from 2-
pyridencarboxaldehyde. Washing with ethanol was
performed followed by recrystallization from ethanol
twice. The product was separated as yellow powder, yield
55%. mp 133-135°C. *H NMR & 8.72 (d, 1H, J = 4 Hz,
H-16), 8.19-8.23 (m, 3H, H-13, H-7, H-7"), 7.89-7.96
(m, 5H, H-1, H-3, H-3°, H-6, H-67),7.78 (t, 2H, H-2,
H-2),7.74 (d, 1H, J =16 Hz, 1H, B-11-CH=C), 7.55-
7.51 (m, 2H, H-14, a-10-CH=C), 7.45 (t, 1H, J = 8 Hz,
H-15). 33C NMR (DMSO-ds, 400 MHz) 6 189.46 (C-
9), 153.29 (C-12), 150.55 (C-13), 145.23 (C-5),
143.49 (C-11), 139.35 (C-4), 137.70 (C-15), 136.64
(C-8), 129.76 (C-7, C-7),129.60 (C-2, C-2),128.95
(C-1), 127.60 (C-6, C-67),127.51 (C-3, C-37),125.71
(C-10), 125.46 (C-16), 125.33 (C-14). MS (m/z): M*
285. EI-MS (m/z), *H and *C-NMR (DMSO-dg) for
compound CH7 figures, 7, 22 and 37.

(E)-1-([1, 1'-biphenyl]-4-yl)-3-(pyridin-3-yl) prop-2-
en-1-one) (CH8): This material was prepared from 3-
pyridencarboxaldehyde. Washing with ethanol was
performed followed by recrystallization from ethanol
twice. The product was separated as pale yellow crystals,
yield 58%. mp 150-152°C. *H NMR § 8.64 (d, 1H,J =8
Hz, H-14), 8.63 (s, 1H, H-13), 8.39 (d, 2H, J = 8 Hz,
H-16), 8.28 (d, 2H, J =8 Hz, H-7, H-7"), 8.18 (d, 1H,
J=16 Hz, B-11-CH=C), 7.89 (d, 2H, J =8 Hz, H-6, H-
6°),7.79 (dd, 3H, H-3, H-3", a-10-CH=C), 7.50-7.55
(m, 3H, H-15, H-2, H-27),7.44 (t, 1H, J = 8 Hz, H-1).
13C NMR (DMSO-ds, 400 MHz) 5 188.90 (C-9),
151.50 (C-14), 150.88 (C-13), 145.21 (C-5), 141.00
(C-11), 139.37 (C-4), 136.62 (C-8), 135.65 (C-16),
131.03 (C-17), 129.89 (C-7,C-7°), 129.58 (C-2, C-2"),
128.93 (C-1), 127.54 (C-3, C-3°), 127.50 (C-6, C-6"),
124.44 (C-10), 124.40 (C-15). MS (m/z): M*! 285. El-
MS (m/z), *H and C-NMR (DMSO-ds) for
compound CH8 figures, 8, 23 and 38.

(E)-1-([1,1"-biphenyl]-4-y1)-3-(pyridin-4-yl)prop-2-
en-1-one) (CHY9): This material was prepared from 4-
pyridencarboxaldehyde. Washing with ethanol was
performed followed by recrystallization from ethanol
twice. The product was separated as yellowish white
crystal, yield 56%. mp 160-162°C. 'H NMR § 8.69 (d,
2H, J = 4 Hz, H-14, H-15), 8.28 (d, 2H, J =8 Hz, H-
7,H-7"),8.22 (d, 1H, J =16 Hz, , B-11-CH=C), 7.88-
7.92 (m, 4H, H-3, H-3", H-6, H-67),7.80 (d, 2H, J =8
Hz, H-16, H-13), 7.71 (d, 1H, J=16 Hz, 0a-10-CH=C),
7.52 (t,2H, J=8 Hz, H-2, H-2"), 7.44 (t, 1H, J = 8 Hz,
H-1). 3C-NMR (DMSO-ds, 400MHz) 6 189.10 (C-
9), 150.85 (C-15, C-14), 145.40 (C-5), 142.31 (C-4),
141.48 (C-11), 139.32 (C-8), 136.40 (C-12), 129.99
(C-2,C-2%),129.60 (C-7, C-77), 128.98 (C-1), 127.55
(C-6, C-67, C-3, C-37), 126.92 (C-10), 123.03 (C-13,
C-16). MS (m/z): M*1 285.1. EI-MS (m/z), *H and **C-
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NMR (DMSO-dg) for compound CH9 figures 9, 24,
and 39.

(E)-1-([1, biphenyl]-4-yl)-3-(thiophen-2-yl) prop-2-
en-1-one) (CH10): This material was prepared from
thiophene-2-carbaldehyde. Washing with ethanol was
performed followed by recrystallization from ethanol
twice. The product was separated as pale yellow powder,
yield 70%. mp 153-155°C. '"H NMR & 8.19-8.21 (d, 1H,
J=8Hz, H-7, H-7"), 7.94-7.97 (d, 1H, J =16 Hz, 1H,
B-11-CH=C), 7.86-7.88 (d, 2H, J = 8 Hz, H-6, H-6"),
7.77-7.82 (m, 3H, H-15, H-3, H-3"), 7.72-7.74 (d, 1H,
J = 4 Hz, H-13), 7.61-7.65 ( d, 1H, J = 16 Hz, a-10-
CH=C), 7.51-7.55 (t, 2H, J = 8 Hz, H-2, H-2),7.43-
7.47 (t, 1H, J =8 Hz, H-14),7.21-7.23 (t,1H, J = 4 Hz,
H-1). ®*C-NMR (DMSO-ds, 400MHz) § 188.62 (C-9),
144.95 (C-5), 140.23 (C-12), 139.43 (C-4), 137.17 (C-
11), 136.83 (C-8), 133.33 (C-13), 130.99 (C-15),
129.61 (C-2,C-27), 129.59 (C-7,C-7"), 129.23 (C-14),
128.88 (C-1), 127.49 (C-6, C-6", C-3, C-37), 120.91
(C-10). MS (m/z): M** 290.1. EI-MS (m/z), *H and
BC-NMR (DMSO-dg) for compound CH10 figures,
10, 25 and 40.

Synthesis of Epoxides E1-E5 (General Procedure)
The epoxy-chalcone compounds prepared according
to the literature [23]. In general, it followed the Weitz—
Scheffer procedure.
Dissolve (0.00135 mol) of the prepared chalcone
compounds (CH1-CH10) in methanol (40 mL)
treated with 30% hydrogen peroxide (3 ml) and 5 N
solution (1.5 mL) with cooling to keep the
temperature below 5°C. The progress of the reaction
monitored by TLC. On completion of the reaction,
the mixture poured into crushed ice and then
separated using a separating funnel. It washed twice
with 30 ml of water to remove the base and catalyst.
It was then dried over anhydrous magnesium sulfate
and filtered after which the solvent evaporated under
reduced pressure. The solid residue crystallized from
a suitable solvent.

Spectral analysis of the Epoxy chalcones

[1, 1’-biphenyl]-4-yl (3-(anthracen-9-yl) oxiran-
2-yl)methanone) (E1): The material was prepared from
chalcone CH4, recrystallized twice from Hexane and
separated as yellow powder, yield 41%. mp 175-177 °C.
'H-NMR (500 MHz, DMSO-ds) 6 8.71 (s, 1H, H-
19), 8.35-8.41 (m, 4H, J =8 Hz H-6, H-6, H-7, H-7"),
8.16 (d, 2H, J =8 Hz, H-3, H-3"), 7.96 (d, 2H, J = 12
Hz, H-14, H-14),7.84 (d, 2H, J = 8 Hz, H-17, H-17"),
7.54-7.59 (m, 6H, H-2, H-2", H-15, H-15", H-16, H-
16" ), 7.46 (t, 1H, J =8 Hz, H-1),5.09 (d, 1H, J =2,
B-11), 494 (d, 1H , J = 2, 1H, 0-10). BC-NMR
(DMSO-ds, 400MHz) 6 194.25 (C-9), 146.11 (C-8),
139.15 (C-12), 134.72 (C-5), 131.15 (C-13, C-13"),
130.04 (C-7, C-7°), 129.40 (C-6, C-6), 129.95 (C-18,
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C-18%), 128.62 (C-19), 129.65 (C-2, C-2°, C-4),
129.16 (C-1), 127.66 (C-17, C-17"), 127.60 (C-3, C-
37, 126.94 (C-15, C-157), 125.92 (C-16, C-16"),
124.95 (C-14, C-14"). MS (m/z): M*!* 400. HSQC
(DMSO-ds, 400 MHz), -crosspeaks: (8H/3C):
8.71/128.61 (19), 8.40/124.95 (14,14°), 8.36/130.04
(77), 8.17/129.40 (667), 7.83/127.63 (17,17"),
7.99/127.66 (33°), 7.59/126.96 (15,15"), 7.57/125.93
(16,16%), 7.55/129.65 (22°), 7.49/129.16 (1), 5.09
/57.83 (10), 4.96/58.03 (11). EI-MS (m/z), *H and **C-
NMR (DMSO-ds) for compound E1 figures, 11, 26
and 41. HSQC figures 48 and 49.

[1,1'-biphenyl]-4-yl (3-(pyridin-2-yl) oxiran-2-yl)
methanone) (E2): The material was prepared from
chalcone CH7, recrystallized twice from hexane: ethanol
(8:2) and separated as white yellowish crystals, yield 31%.
mp 136-138 °C. *H NMR (500 MHz, DMSO-ds)  8.66
(d,1H, J =5 Hz, H-16), 8.13 (d, 2H, J =5 Hz, H-7, H-
7)), 7.76 (t, 1H, J = 7.5 Hz, H-15), 7.72 (d, 2H, J = 10
Hz, H-6, H-6"),7.64 (d, 2H, J =10 Hz, H-3, H-3"), 7.48
(t,2H,J=7.5Hz, H-2, H-2"),7.41-7.45 (m, 2H, H-14,
H-13), 7.33 (d, 1H, J = 7.5 Hz, H-1), 4.62 (d, 1H, J
=1.9 Hz, p-11),4.26 (d, 1H, J=1.9 Hz, 1H, 0-10). 13C—~
NMR (DMSO-ds, 400MHz) ¢ 193.01(C-9), 154.82
(C-8), 149.99 (C-16), 145.93 (C-12), 139.18 (C-5),
138.48 (C-4), 137.65 (C-15), 129.61 (C-7, C-7),
129.44 (C-2, C-27), 129.08 (C-1), 127.67 (C-6, C-6"),
127.53 (C-3, C-37), 124,59 (C-13), 122.16 (C-14),
59.18 (C-11), 59.03 (C-10). MS (m/z): M*l 301.
HSQC (DMSO-dg, 400 MHz), crosspeaks: (6H/5C):
8.63/150.00 (16), 8.13/129.46 (77°), 7.91/137.68 (15),
7.89/127.67 (66°), 7.78/127.57 (33°), 7.56/122.18
(14), 7.45/129.09 (1), 7.52/129.63 (22°), 7.45/124.61
(13), 5.01/59.04 (11), 4.23/59.19 (10). EI-MS (m/z),
'H and **C-NMR (CDCls) for compound E2 figures,
12, 27 and 42. HSQC figures 50 and 51.

[1,1'-biphenyl]-4-yl(3-(pyridin-3-yl)oxiran-2-
yl)methanone) (E3): The material was prepared from
chalcone CHS8, recrystallised twice from hexane: water
(8:2) and separated as white powder, yield, 33%; mp 138-
140°C. *H NMR (500 MHz, DMSO-ds) & 8.71 (s, 1H,
H-13). 8.60 (d, 1H, J = 5 Hz, H-14), 8.14 (d, 2H, J =
10 Hz, H-7, H-7°), 7.85-7.89 (m, 3H, H-6, H-6", H-
16), 7.76 (d, 2H, J = 10 Hz, H-3, H-3"),7.44-7.53 (m,
4H, H-1, H-2, H-2", H-15), 5.02 (d, 1H, J=1.9 Hz, -
11),4.26 (d, 1H, J=1.9 Hz, 0-10). *C-NMR (DMSO-
ds, 500MHz) ¢ 192.86 (C-9), 150.54 (C-8, C-13),
148.80 (C-12, C-14), 145.94 (C-5), 134.49 (C-16),
131.97 (C-4), 129.22 (C-2, C-2), 129.61 (C-7, C-T"),
129.09 (C-1), 127.64 (C-6, C-6"), 127.54 (C-3, C-3"),
124.08 (C-15), 59.78 (C-10), 57.16 (C-11). MS (m/z):
M* 301. EI-MS (m/z), *H and **C-NMR (DMSO -ds)
for compound E3 figures, 13, 28 and 43.
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[1, 1°-biphenyl]-4-yl  (3-(3-phenoxyphenyl)
oxiran-2-yl)methanone) (E4): The material was
prepared from chalcone CH3, recrystallized twice from
hexane, and separated as white crystals, yield 48%. mp
101-103°C. *H NMR (500 MHz, DMSO-ds) & 8.12 (d,
2H, J=8Hz, H-7, H-7"), 7.88 (d, 2H, J =10 Hz, H-6,
H-67),7.76 (d, 2H, J =10 Hz, H-3, H-3),7.51 (t, 2H, J
=6 Hz, H-2, H-27),7.40-7.47 (m, 4H, H-1, H-13, H-
17, H-20), 7.25-7.27 (d, 1H, J =8 Hz, H-23), 7.15-7.19
(m, 2H, H-21, H-22), 7.05-7.07 (m, 3H, H-16, H-18,
H-19), 7.0 (d, 1H, J = 8 Hz, H-23), 4.87 (d, 1H, J =1.9,
B-H11), 4.17 (d, 1H, J =1.9 Hz, 0-H10). ®*C-NMR
(DMSO-ds, 400MHz) 6 192.92 (C-9), 156.81 (C-12),
157.48 (C-8), 134.53 (C-15), 145.88 (C-5), 139.18 (C-
4), 138.61 (C-14), 130.76 (C-13), 129.76 (C-7, C-
77),129.49 (C-2, C-27), 129.08 (C-1), 127.64 (C-6, C-
6°), 127.54 (C-3, C-37), 130.61 (C-23), 124.17 (C-21),
119.28 (C-16, C-17, C-19, C-20 ), 121.94 (C-22),
60.33 (C-11), 58.58 (C-10). MS (m/z): M*1 392.3. ElI-
MS (m/z), *H and *¥C-NMR (DMSO -ds) for
compound E4 figures, 14, 29 and 44.

(E)-1-(/1, 1’-biphenyl]-4-yl)-3-(3-phenyloxiran-2-
yl) prop-2-en-1-one) (E5): The material was prepared
from chalcone CHS5, recrystallized twice from hexane, and
separated as white powder, yield 37%. mp 125-127°C. *H
NMR (500 MHz, DMSO-dg) 8 3.79 (m, 1H, a-H13),
4.79 (d, 1H, J =2 Hz, B-H12), 6.20 (m,1H, B-H11),
7.00 (d,1H, J=16 Hz, 0a-H10 ), 7.30 (t, 1H, J = 8 Hz,
H-17), 7.37 (t, 2H, J = 8 Hz, H-16, H-18), 7.50-7.55
(m, 4H, H- 2, H-2°, H-15, H-19 ), 7.76 (d, 2H, J =8
Hz, H-3, H-3%),7.89 (d, 2H, J = 8 Hz, H-6, H-6"), 8.13
(d, 2H, J = 8 Hz, H-7, H-7). 3C-NMR (DMSO-dj,
400MHz) ¢ 193.53 (C-9), 145.83 (C-5), 136.35 (C-8,
C-11), 134.61 (C-14), 134.61 (C-4), 129.61 (C-15, C-
19), 129.35 (C-7, C-7°), 129.06 (C-17), 129.25 (C-2,
C-2%), 128.29 (C-1), 127.64 (C-6, C-67), 126.18 (C-
10), 127.54 (C-3, C-37), 59.57 (C-13), 58.57 (C-12).
MS (m/z): M*! 326.3. EI-MS (m/z), *H and *C-NMR
(DMSO -dg) for compound E5, figures, 15, 30 and 45

In vitro antibacterial and antifungal activities
study

In vitro antibacterial and antifungal activity
measured at different concentrations (0.5, 1.0, and 2.0)
mg/ml using a disk diffusion method [24] of
the chalcone compounds CH1-CH10 against two types
of bacteria and two fungus strains studied in
Department of Zoology, Faculty of Life Sciences,
Government College University, Faisalabad, Pakistan.

Results and Discussion

The synthesis of chalcone and
epoxy chalcone compounds performed by
the Classian and Weitz—Scheffer reactions,
respectively (Scheme 1 and 2). The physical properties
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and structures of the synthesized compounds
showed in Table 1. The structure of the products
was identified by mass (El-Mass) as well as H, 3C-
NMR, and 2D-HSQC spectra. The structure of the
compounds proposed by referring to the literature [25-
30]. The MS of all compounds exhibited a peak of the
molecular ion [M]+ with high intensity; the molecular
ion agrees well with the suggested formula.
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Scheme 1. Synthetic pathway to chalcone compounds.
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Scheme 2. Synthetic pathway to epoxy chalcone
compounds.

Chalcone compounds CH1-CH10

The *H-NMR spectra for the chalcone compounds
showed that there were two
possible chalcone structures for the two isomers: trans
and cis. Our study and the literature confirmed that the
trans isomer is in the majority of chalcone structures.
The chalcone compounds characterized by three
regions of chemical shifts, i.e., aromatic regions A (4-
acetyal biphenyl) and B (R= different aromatic
aldehyde) along with vinylic protons a-H and B-H.
The protons of Ha and Hp overlapped with the
aromatic protons A and B. In all cases, the
two olefinic protons characterized by two doublet
signals with a coupling constant of J =15 -16 Hz
thereby confirming the trans configuration. In
contrast, the aromatic ring protons commonly had
overlapping signals such as the biphenyl protons,
which appeared as multiples in the range of 7.34 - 8.05
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ppm for all the compounds. Other peaks attributed to
R-B different in their chemical shift and depended on
R, which overlapped with the aromatic proton A and
the vinylic protons Ho and HP. This caused some
difficulties in distinguishing between the J-coupling
of vinylic protons, Ha and Hp, due to the strong
overlap between these protons and the ring protons
that resonated in close frequencies. The spectra
were similar with minor differences in some cases
depending on the different R groups. Most spectra had
signaled for the aromatic ring  protons
and  biphenyl  protons  overlapping  with
the vinylic protons. The one proton of
the olefinic protons distinguished via J-coupling while
another proton was difficult to distinguish due to the
overlap. In the 1C NMR  spectra,
all chalcones characterized by four regions. The
carbonyl carbon signals appeared at 187-193 ppm due
to their conjugation with the double bonds causing
low-filled compression with the starting material
(ketone). Meanwhile, a-C and p-C appeared in the
region of 120-145 ppm. In some cases, his signal
overlapped with another signal. Besides, the aromatic
carbon signals appeared at 105-158 ppm while the
aliphatic signals appeared at 55-65 ppm. In all the
compounds, there were more symmetrical atoms in
some spectra, which were possible
to determine despite the symmetry. In other spectra,
they were difficult to determine due to the strong
overlap. The full structural determination done by 2D-
HSQC for compound CH2 provided other evidence for
the formation compound and shows correlation peaks
for the most important remote H-C couplings. All
spectra indicated that the chalcones were trans.

Epoxy chalcone E1-E5
The reaction  between chalcone and
the H,O, formation of epoxy chalcone confirmed by
the H, BC-NMR, and 2D-HSQC spectra in this
reaction. A double bond converted to the epoxy ring
thereby causing an up-field shift in all the signals
belonging to the protons of the epoxy ring
and consequently converting the olefinic protons to
aliphatic protons. Also, the structure of the
epoxy chalcone could be trans or cis with a J-coupling
(cis = 3-5 Hz and trans =1-3 Hz). The literature
confirms that the trans isomer is in the majority of the
epoxy chalcone structures. This ring contraction
affects the splitting profile of these protons. In general,
all spectra for the epoxy chalcones exhibited a minor J
value, which is characteristic of the trans-
stereochemistry (J = 1.9 - 2 Hz) of rigid three-
membered ring systems (epoxy chalcone) [31-32].
Compound E5 showed two trans vinylic protons
and a trans epoxy ring assigned to the
downfield epoxide proton. Compound E5 exhibited
two signals for the epoxy ring: The first is a doublet
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signal at & 4.79-4.80 ppm (J= 2 Hz) attributed to one
proton B-H13, and the second signal is multiple in the
range of 8 3.79-3.81 ppm attributed for proton a-H12.
This proton suffered long-range coupling with three
protons B-H13, B-H11l, and a-H10. Two signal
had seen for the vinylic protons in chalcone. The first
signal is a doublet at & 7.00-7.04 ppm (1H, J=16 Hz)
attributed to proton a-H10 while the second signal is a
multiple at & 6.20-6.26 ppm attributed to proton -
H11, which suffers long-range coupling with three
protons f-H13, p-H11, and a-H12 causing splitting the
essential signal to multiples with J=16 Hz for one
proton confirming the trans configuration of
the chalcone. The ®C NMR spectra of epoxy-
chalcone had three regions. The first region was at
55.5- 60 ppm at the high field for the aliphatic carbons
of the epoxy ring. The second region at 120-160 ppm
attributed to the aromatic carbons. The third region is
at 190-195 ppm and attributed to carbonyl carbons at
the low field due to the lack of conjugation
with olefinic carbons and consequently a ring epoxy
formation. All spectra showed a strong overlap
between the signals due to sturdy symmetry especially
in aromatic carbons including biphenyl and aromatic.
Besides, the assignments of chemical shifts for the
protons and carbon nuclei were further confirmed
via 2D-HSQC for the E2 and E4 compounds. In
conclusion, all chemical shifts in
the *H, ®°CNMRm and 2D-HSQC spectra as shown in
the expected regions and confirmed the structure. The
data elucidated the trans configuration of
the chalcones and epoxy chalcones. See supporting
information in the supplementary materials file
(Figures 1-51).

Anti-microbial activity

Ten chalcone compounds were then selected and
screened for their antibacterial and antifungal
activities against a Gram-positive strain S. aureus and
a Gram-negative strain of E. coli as well as Fusarium
and  Aspergillus  niger. These experiments
used gentamicin as control, and the zone of inhibition
in millimeters as shown in Table 2. For both the Gram-
positive strains of s. aureus and Gram-negative strains
of E. coli, the compounds had no inhibitory activity.
However, there was significant antifungal activity
against  the Fusarium strain especially
compounds CH5 and CH7. These two had an increase
in the N and O atoms in the structure, which might
affect activity. Other compounds, particularly
the CH3 compound, showed excellent high potency
against the Aspergillus niger strain. The CH1, CHS5,
and CH6 compounds similarly had good activity [33-
34].
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Conclusion.

New chalcones and epoxy chalcones compounds
synthesized and characterized by their mass spectra as
well as H, ¥C- NMR, and 2D-HSQC experiments,
which confirmed their structures. The data proved that
this compound has a trans orientation based on a
coupling constant between two protons: 3J oH-BH (15
-16 Hz) for chalcone and epoxy chalcone 3J H-H (1.9
- 2 Hz). The chalcones consider a significant inhibition
effect against the fungal strains Fusarium and
Aspergillus niger with no significant inhibition
activity against bacteria.
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