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Abstract

New 4-methyl-7-ethylcoumarin derivatives bearing the azo group were synthesized through series of
sequential reactions and tested for their biological activity. Starting from 4-methyl-7-ethylcoumarin

prepared from a reaction of m-ethyl phenol and ethyl acetoacetate by pechmann condensation reaction,
nitration of 4 -methyl-7-ethyl coumarin using nitric acid was carried out in the presence of sulfuric
acid to produce one isomer from 4-methyl-7-ethyl-8-nitrocoumarin under the cold condition at (2-
5C°). Then reducing nitro group used iron metal in an acidic medium to form corresponding amino
coumarin, which was converted to azo dyes by reacting its diazonium salt with different phenol
derivatives. Mass, FT-IR, 1H-NMR, 13C-NMR, UV spectra, and TLC chromatography signposted the
preparation compounds. The synthetic compounds' biological activities were evaluated against Gram-
positive bacteria (Staphylococcus aureus) and Gram-negative bacteria (Escherichia coli) at 1x10°3M. It
was found that compounds 4 and 6 have a broad spectrum against different types of bacteria,
Staphylococcus aureus, and Escherichia coli, compared to the standard drug vancomycin. In contrast,
all compounds showed moderate activity against fungi compared with nystatin. The newly synthesized
compounds also showed powerful antioxidants compared with ascorbic acid as a standard, especially
compound 7 , which showed high effectiveness as an antioxidant compared to the same reference
Ascorbic Acid.

Keywords: Amino coumarin, Anti-microbial activity, Azo dyes, coumarin, Diazonium salt.

Introduction

Chemically, coumarins (2H-1-benzopyran-2-one)
belong to the subgroup of lactones™ 2. Simple
coumarins, furanocoumarins, pyrano coumarins
(linear and angular types), dihydrofurano
coumarins, phenyl coumarins, and bicoumarins are
the six essential categories that can be used to
classify natural coumarins® 4. The first isolated
parent coumarin was from Tonka bean in (Dipteryx
odorata) 1820 by Vogel> 5 Coumarins are
extensively distributed in nature and are secondary

metabolites in various plant parts, including the
roots, flowers, leaves, peels, seeds, and fruits” 8. In
contrast, most recovered coumarins exhibit
biological activity, and coumarin derivatives are
increasingly being synthesized because extracting
them from plants is time-consuming and
uneconomical (many operation steps are required to
have the final product)®2°,
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There are numerous ways to make coumarins,
including the Perkin reaction, Vilsmeier-Haack-
and-Suzuki cross-coupling processtt 12
Knoevenagel condensation, Pechmann
condensation, Wittig reaction, Baylis-Hillman
reaction, Knoevenagel condensation?® 14, This study
used a series of sequential processes to create
coumarin derivatives containing azo compounds
(nitration  reaction, reduction reaction, and
diazonium salt formation reaction) > 6. Azo dye
compounds are utilized in various industries,
including nonlinear  optics, liquid crystal
displays'’8, cosmetics, food coloring, polymers,
optical switches, and acid-base indicators!®Z,
Additionally, heteroaryl-based azo dyes have been
studied for their potential biological applications,
such as  antioxidant?®?4,  antimicrobial®®%,
antitumor®, antidiabetics®® and antiviral activities®!.
A diazonium salt, created when a primary amine

Materials and Methods

The starting chemical compounds Fluka or Aldrich
were used to obtain all utilized chemicals. Melting
points (MP) were measured with a Thomas
capillary melting point device using Gallenkamp in
open glass capillaries . The SHIMADZU FTIR-
8400 Fourier transform infrared spectrophotometer
was used to capture KBr disc FTIR spectra in the
Department of Chemistry, University of Baghdad.
All major components were pure and readily
available on the market ®. 'H-NMR and 500 MHz
spectrometer recorded *C-NMR spectra®® in the
College of Education of Pure Sciences, the
University of Basrah, and the University of Isfahan.
Dimethyl sulfoxide solvent (DMSO- d6) was used
to record Agilent Technologies model ultra-shield
nuclear magnetic resonance (NMR) spectra, and the
chemical shifts are given in & (ppm) using
tetramethyl silane (TMS) as references*® 4,

Preparation of 7-ethyl-4-methylcoumarin®,

The title compound was prepared as literature. The
physical properties and FT-IR of the compound [1]
are listed in Table 1.

Synthesis of 7-ethyl-4-methyl-8-nitrocoumarin
243

A mixture of compound [1] (1g, 0.0053 mol) and
H,SO4 (7.5 ml) was stirred for 15 min, then the
nitration reagent (1:3) mixture from HNO3:H,SO.
was added dropwise to the mixture at a temperature
not exceeding 5°C; stirring for 4 hrs, then stirring at

acts as an electrophile®, was typically coupled with
a nucleophilic coupling component, such as an
amine or phenol, to create an azo dye®. Compared
to simple aromatic compounds, these azo dye
compounds create a wide range of colors over the
visible spectrum because the heterocyclic azo dyes
have a substantial bathochromic impact®. Different
colors can be made by altering the functional groups
added to the azo molecule®. Also, compared to
other dye molecules, these dyes are far more stable
and resistant to light deterioration over time®.In this
work, we will be able to synthesized of new 7-
ethyl-4-methylcoumarin derivatives containing azo
group by using nitration reaction applied on 7-ethyl-
4-methylcoumarin in an easy methods with a good
yield after reducing it to corresponding amine
including this in the synthesis of many azo chemical
compounds which could be antioxidant, antifungal,
and antibacterial.

room temperature for 4 hrs as well. The TLC
monitored the reaction. After the reaction, it was
poured over ice, left for several hrs, filtered by a
Buechner funnel, and the filtrate was washed with
cold distilled water. The physical properties and FT-
IR of the compound [2] are listed in Table.1 and
Table.2, respectively.

Synthesis of
aminocoumarin.*
A mixture of Iron 0.3 g, 2.3 ml of water, and 1.2 ml
of glacial acetic acid was refluxed for 15 min. After
that, compound [2] (1g, 0.004 mol.) solution in 15
ml of ethanol was added to the mixture and refluxed
for 10 hrs. The mixture was filtered to remove the
remaining iron, and then sodium bicarbonate was
added to the filtrate to neutralize the mixture. The
mixture was left to evaporate the ethanol and
washed with cold distilled water. The physical
properties and FT-IR of the compound [3] are listed
in Table 1 Table 2 respectively.

7-ethyl-4-methyl-8-

Synthesis  of  7-ethyl-4-methyl-8-substituted
diazenylcoumarin derivatives .

7-ethyl-4-methyl-8-aminocoumarin [3] (0.6 g, 0.002
mol) was dissolved in conc. HCI (5 ml) and water
(2 ml) and stirred for 15 min. The solution was
cooled to 0-5°C and was diazotized below 4°C in
aqueous sodium nitrite (10 ml) with continuous
stirring; the temperature was kept to 0-5°C for 30
min to form diazonium salt. Then the cooled
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solution was added slowly by stirring a mixture of
phenol derivatives in water (10 ml) at 0-4°C. The
pH of the mixture must be kept at nine by
neutralizing it with 10% NaOH aqueous solution;
Results and Discussion

The research synthesized a new series of coumarin
derivatives bearing the azo group through several

after stirring for 1lhr, the mixture was filtered and
washed with cold distilled water. The physical
properties and FT-IR of compounds [4-9] are listed
in Table 1 and 2, respectively.

sequential reactions, as shown in Scheme 1.
i
OH
H,C
F.eflux 10h.
0 0
0 0
CH;  NH,
CHs “Na o 3
_[’_J a-
CHg
different phenoles T
HCl 0-5C
Naxo, 7Y O 0
CH; N
“r;l 410
Ar
compumnd 4 5 6 7 B 9 10
CHO CHO OH OH OH on M oH
Armd
| el or
OH OH HiC OH

Scheme 1. Synthesis of 4-methyl-7-ethyl coumarin derivatives 4-10

7-ethyl-4-methylcoumarin was prepared by reacting
ethyl acetoacetate with 3-ethylphenol“. The FT-IR
spectrum diagnosed the compound in Table 2,
showing disappearance of the v(OH) band and the
appearance of a strong absorption band for a new v
(C=0) at 1731 cm? for the lactone ring. In the
second step, the nitration of 7-ethyl-4-

methylcoumarin is by using nitric acid in the
presence of H,SO4 conc. To produce 7-ethyl-4-
methyl-8-nitrocoumarin, the temperature, reaction
time, and amount of reactants were crucial for a
pure compound with a high percentage yield. The
FTIR spectrum Table 2 of this compound showed
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two absorption bands v(NO>) at 1523 cm™ and 1357

cm® for asym. and sym. Respectively, Fig. 1.
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Figure 1. The FTIR spectrum of compound 2

'H-NMR spectrum Table, 3 of compound 2, showed
a triplet signal at 1.2 ppm due to the methyl group
(CH3-CHy), a quartet signal at 3.3 ppm due to a
methylene group (CHs-CHy>), a singlet signal at 2.4

ppm owing to (CHs) and multiplet signals at 8.2-
6.5ppm due to aromatic rings (Ar-H) protons Fig.
2.13C-NMR spectrum Table 3 showed a signal at
159.32 ppm for (C=0) group Fig. 3.
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Figure 2. The 'H-NMR spectrum of compound 2
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Figure 3. The *C-NMR spectrum of the compound 2

Compound 2 was subjected to a reducing reaction
by iron metal and hydrochloric acid to form 7-ethyl-
4-methyl-8-aminocoumarin 3. The FTIR spectrum
of compound 3 showed asymmetric and symmetric
stretching bands of v(NH;) absorption bands at
3444 cm? asym. Moreover, 3355 cm™? sym. and
stretching band of v(C=0) at (1687cm™), the reason
for the lower frequency for v(C=0) of the lactone

ring because the effect of activated amino as
releasing group which made the low order bond of
the carbonyl group in comparing with nitro as an
electron-withdrawing group in compound 2 which
makes v(C=0) at high frequency (1766 cm™)#'. The
'H-NMR spectrum for the same compound showed
a signal at 5.04 ppm for the NH- group Fig. 4.
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Figure 4. The *H-NMR spectrum of compound 3
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The mass spectrum for the same compound showed
the value of [M+H] ion absorption signal, 204.1,

which was consistent with the theoretical value
(20409) for C:12H14N02+ Flg 5.
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Figure 5. Mass spectrum and its fragmentation for 7-ethyl-4-methyl-8-aminocoumarin

Finally, 7-ethyl-4-methyl-8-aminocoumarin 3 was
converted to diazonium salt and then coupled with
different phenol derivatives to form different azo-
coumarin derivatives. The chemical structure of the
compounds 4-9 was verified by FT-IR spectra,

Table 1, which showed a disappearing band of vthe
(NH2) group and appearing absorption bands at
3442-3440 cm™ for v(OH), at 1485-1517 cm for
azo groups v (N=N).
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Table 1. Physical properties of prepared compounds 1-9

No Molecular Yiel R¢ Solvent  for
' Structure formula M.P  Color (ethylacetate:  Recrystallizat
Comp. d% . .
Hexane 3:7) ion
CH;
ool
1 0 o C12H120; 90 7274 Gray 08 EtOH
CHj
CH,
N 160-  off-
, (Q\)Olo CoHuNo, 79 0% O o EtOH
CH; NO,
CH,
N 325-
3 m CiHiNO; 60 50" Green 0205 MeOH
o O
CH; NH,
CH,
. m ° CiHiN:Os 66 100 brown 0,694 EtOH
QCHO
ch OH
. mo CioHiN0s 60 ggéo Er%rv'in 0.325 EtOH
-
L
6 I CoHiN:0s 85 S5 DMK o4 EtOH
HOQ
OH
CH;
P
O O
. CHa N=N oy CoHiN:Os 65 ggéo Gray 075 EtOH
L
o Lo Wn Ton CoMuNoOs 75 oo Sreenish g g0 EtOH
CHa
CHj,
T
o o d.c dark 0.72
9 CHa N=N CaeHiNsOs 65 >230  green EtOH
o
Lo
CH;
m
(o] (o]
10 Eng den oM CHEN,0s 75 2'2?50 S:”éw 0.769 EtOH
OHC oH
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Table 2. FT-IR spectral data cm™ of prepared compounds 1-9

No.  Structure v v v v v v Other
(OH) (C-H) (C-H) (C=0) (C=0C) (N=N) bonds
Arom. Aliph.
1 CH, _ 2962  asym. 1620
m 3058 And 2931Sym. And 1191
1731 1456 (C-0-C)
0o
CH,
2 CHy 3085 2987asym. _ NO>
N _ And 2912 1623 1523asym.
o Sym. 1766 And and
CH; NO, 1554 1357 sym.
3 CHs _ 2979  asym. _ NH,
N And 2920 1612 3444 asym.,
o Sym. 1687 And And
SHy NH, 1556 3355 sym.
4 CHs 2958 asym.
N And 2929 Sym (C=0)
0o 3442 3066 1724 1610 1456 Aldehyde
CHy N=N And 1650,
Qcﬂo 1456 (C-H)
oH Aldehyde
2869
5 CHy 2968  asym. (C=0)
N 3429 And 2925 Sym 1731 1612 1560 Aldehyde 1680
0" Yo And (C-H)
CHs N=N 1413 Aldehyde
Ho%;%cwo 2852
(C-0) 1153
6 e 2972 asym. (C-0)
m 3444 And 2921 Sym 1683 1608 1555 1151
CHz; N=N ° ° And
Q 1485
HO
OH
7 CHs 2970 asym. C-0-C
m 3433 3064 And 2929 Sym 1728 1577 1512 1228
CH; N=N >0 And -
) °“ 1444
-
8 §He 2968 asym. (C-0)
= 3438 3060 And 2925 Sym 1739 1612 1579 1155
CH; N=N ° OHO And
Q 1487
CH;
9 iy 2970  asym. (C-0)
DS 3473 3064  And 2933 Sym 1726 1610 1517 1153
CHy N=N And (C-N)
QQ No 1450 1404
iy 3438 3058 2968  asym. 1710 1575 1517 (C=0)
10 oo And 2933 Sym And Aldehyde
CHs N=N__ OH 1429 1680
2 (CH)
oH< oH Aldehyde
2881
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The *H-NMR spectrum for compound 4 showed a
singlet signal at 10.39 ppm for the proton of the
aldehydic group and a singlet signal at 11.61 ppm
for one proton of hydroxyl group, Table.3 *H-NMR
spectrum Table, .2 of compound 6, showed a singlet

signal at 10.62 ppm and 12.2 ppm for two hydroxyl
groups Fig. 6. C-NMR spectrum for the same
compound showed a signal at 163.71 ppm for
carbon carbonyl group Fig. 7.
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Figure 6. The *H-NMR spectrum of compound 6
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Figure 6. The C**-NMR spectrum of compound 6
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Table 3. *H-NMR and *C-NMR spectra data of compounds 2-4 and 9

No. Structure 'H-NMR spectral data 13C-NMR spectral data
(8 ppm) (8 ppm)
1 2, 1.3(t,3H,CH3), 15(C1),18(C2), 28(C3),113(C4),
7 o Is° 2.55(s,3H,CH3), 115(C5),117(C6),
j oS "1 , 2.75(q,2H,CH2), 124(C7),125(C8),148(C9),
3 571107 ~O 6.35(s,1H, H lactone ring), 153(C10),154(C11),160(C12)
1CH3 6.3,7.3 and 7.8(s,s,5,3H,Ar-H)
1.23(t, 3H, CH3.CHy); 14.57(C1), 18.33(C2), 25.84(C3),
2 2.97(q, 2H, CH2-CHy); 115.85- 155.38(C4,C5,C6,C7,C8,
2.47(s, 3H, CHa); C9,C10,C11), 159.32(C12).
6.53- 8.34(m, 3H, Ar-H).
2 1.15 (t, 3H, CH3.CHy); 13.08(C1), 18.53(C2), 23.98(C3):
3 CH3; 2.51(q, 2H, CH2-CHy); 108.07- 153.26(C4,C5,C6,C7,C8,
3 7 6 { 4 2.31(s, 3H, CHs3); C9,C10,C11), 160.9(C12).
0 , 5.04(s, 2H, NH>);
3 35710 o 6.21- 7.61(m, 3H, Ar-H).
1CH; NH,
2ch, 1.28(t, 3H, CHa.CHy); 15.50(C1),18.62(C2), 24.73(C3),
8 6 A8, 3.18(q, 2H, CH2-CHg); 113.35-
4 2.48(s, 3H, CHs); 157.9(C4,C5,C6,C7,C8,C9,C10,

2om, 1.11 (t, 3H, CH3.CH);
2.95(q, 2H, CH2-CHs);
2.52(s, 3H, CHa);
6.15- 7.94(m, 6H, Ar-H);
10.62(s, 1H, 20H).

6.45- 8.23(m, 6H, Ar-H).
10.39(s, 1H, CHO),
11.61(s,1H,0H) 1H, H).

C11,C12,C13,C14,C15,C16,C17),
159.85(C18).

15.5(C1), 18.62(C2), 24.73(C3),
103.25-
159.9(C4,C5,C6,C7,C8,C9,C10,
C11,C12,C13,C14,C15,C16,C17),
163.71(C18).

The Uv-vis spectrum of 6-amino coumarin 3 in
DMSO within the 200-1100 nm range shows two
peaks; the first was at 305nm, which belongs to the
coumarin ring's mild energy (n-n*) transition Fig. 8.
Due to the amino group, the second peak for the (n-
n*) transition appeared at 378 nm*® . The
electronic spectra of the azo compounds 4-10
showed absorption maxima at 205-293 nm due to
the (n-n”) another absorption maxima at 368-704
nm due to n-r’, which was shifted to a higher
wavelength compared to compound 3 Fig. 9-11.

3.000 o

2.000f

Abs

1.000

i
ool H | . .
190.00 400.00 600.00 nm 800.00

M
1000.00 1100.00

Figure 8. The spectrum of UV-Vis of compound

3
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Figure 9. The spectrum of UV-Vis of compound
6
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Figure 10. The spectrum of UV-Vis of compound
7
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Figure 11. The spectrum of UV-Vis of compound
9
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Antimicrobial activity:

Gram-positive bacteria (Staphylococcus aureus) and
Gram-negative bacteria (Escherichia coli), and one
type of fungal species (Candida) were used to
determine the biological antimicrobial activity of all
the prepared compounds by agar well diffusion
method (well diameter was 5mm) using DMSO as a
solvent. Vancomycin, Meropenem, Amikacin, and
Nystatin were standard drugs at 37 °C for 24h.

Antibacterial activity:

All the prepared compounds showed good
antibacterial activity compared to the standard
antibiotic (Vancomycin), which has an inhibition
area of 13mm against Gram-positive bacteria
(Staphylococcus aureus). Compounds 1, 2, 3, 7, 8,
and 9 showed moderate activities with an inhibitory
zone of 5-7 mm compared to the used antibiotic,
while compound 4 showed good activity with an
inhibition zone of 10 mm, Table.4.

The biological activity of all the prepared
compounds in Table 4 against Gram-negative
bacteria (Escherichia coli) was also tested using
two antibiotics, meropenem, and amikacin, which
have an inhibition area of 25 and 21 mm,
respectively. Compounds 1, 2, 3, 7, 8, and 9
possessed moderate inhibitory activity compared to
the antibiotics that were used with an inhibition area
of 6-8 mm, while compounds 4 and 6 showed high
inhibitory activity with an inhibition area of 10 and
15 mm, respectively.

Antifungal activity:

All the compounds that were prepared showed a
higher antifungal biological activity close to the
standard antibiotic used (Nystatin), as the
effectiveness of these compounds was tested against
one type of fungi (Candida albicans). The
compounds 1, 2, 3, 4, 6, and 7 showed good activity
of (14, 15, 18, and 19) mm Table.4.

Table 4. Bacterial and fungal inhibition zone in (mm) for prepared compounds (1-4) and (6-9)

Com. Staphylococcus Escherichia coli Candida
No. aureus (mm) (mm) (mm)
1 10 12 10
2 10 14 11
3 11 14 10
4 15 16 13
6 15 21 13
7 11 13 10
8 11 12 10
9 12 13 10
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Vancomycin
Meropenem
Amikacin
Nystatin

25
21
23

Antioxidant activity: 505

Antioxidant activity can stop oxidative stress by
binding with free radicals and neutralizing their
harmful  effects through several chemical
mechanisms created by natural activity. Oxidative
degradation of organic materials, including
biological molecules such as lipids, proteins, foods,
and cosmetics, like any other radical chain reaction,
the antioxidant comprises three steps: initiation,
propagation, and termination of DPPH (2,2-
Diphenyl-1-picrylhydrazl) scavenging activity.

The antioxidant activity of some synthesized
compounds was measured in comparison with
vitamin C (Ascorbic acid). Compounds 5, 6, and 8

showed weak antioxidant activity, while compounds
9 showed intermediate antioxidant activity, while
compounds 4, 7, and 10 showed anti-oxidant solid
activity. All compounds were predestined by DPPH
(2, 2-diphenyl-1- picrylhydrazyl) assay method at
various concentrations (6.5, 12.5, 25, 50, 100
pg/mL). Depending on the reaction characterized by
a change in its deep violet color (DPPH) or
decolorization, the result is stoichiometric
concerning several captured electrons. Compound 7
exhibited the best results among all compounds.
Accordingly, the values of inhibitory concentrations
(IC50) were recorded and tabulated in Table 5 Fig.
12-18.

Table 5. Antioxidant activity of some prepared compounds 4- 10

Comp. Scavenging % R2 Linear eq. Ic50
NO. 6.25 12.5 25 50 100
pg\mi pg\ml - pg\ml pg\ml pg\ml

4 26.09 31.71 4043 47.11 100.04 Rz = y =0.7606x + 19.601  39.6
0.959

5 22.43 27.88  30.27 33.27 46.06 Rz = y =0.2268x +23.193  118.2
0.962

6 20 33.26 4357 50.2 6142 R?2=0.83 y=0.3793x+26.993 60.65

7 40.92 5345 63.43 76.83 93.17 Rz = y =0.5103x + 45.788  8.25
0.918

8 39.1 41.02 4851 491 58.61 Rz = y = 0.194x+ 39.75 52.84
0.914

9 32.23 3581 37.08 57.34 76.34 Rz = y =0.4858x +28.936  53.65
0.975

10 32.92 41.74 63.92 70.07 85.11 R2 = y = 0.5087x+ 39.04 21.55
0.832

Ascorbic  42.92 52.74  65.92 83.07 97.11 Rz = y = 0.55x+ 47.04 5.38
acid 0.906
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Figure 13. DPPH scavenging activity of

Figure 12. DPPH scavenging activity of
compound 4 compared with vitamin C

compound 5 compared with vitamin C
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Figure 14. DPPH scavenging activity of
compound 6 compared with vitamin C
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Figure 15. DPPH scavenging activity of
compound 7 compared with vitamin C
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Figure 16. DPPH scavenging activity of
compound 8 compared with vitamin C

Conclusion

Synthesis of new  7-ethyl-4-methylcoumarin
derivatives containing azo group, carried out by
nitration of 7-ethyl-4-methylcoumarin, given one
isomer of corresponding 8-nitro  coumarin
compound group. The reaction temperature, amount
of coumarin, reaction time, and big substituent
(ethyl group) were critical to give a high yield from
7-ethyl-4-methyl-8-nitroocoumarin compared with
nitration of 7, 4-dimethyl coumarin, which gave two
isomers as mention in?. The synthesized
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[}
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Figure 17. DPPH scavenging activity of

compound 9 compared with vitamin C
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Figure 18. DPPH scavenging activity of
compound 10 compared with vitamin C

compounds 4 and 6showed a broad spectrum
against different types of bacteria, Staphylococcus
aureus and Escherichia coli, compared to the
standard drug vancomycin, while all compounds
showed moderate activity against fungi compared
with nystatin. Some newly synthesized compounds
showed good antioxidant activity, and compound 6
showed good antibacterial and antifungal activity?*.
It may be attributed to the presence of the releasing
groups in the phenyl azo moiety.
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