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HIS Article deals with the stepwise synthesis and spectroscopic characterization of some

new azo benzofuran derivatives, started from the diazotization of substituted aniline coupled
with 2-hydroxy benzaldehyde. On reacting of the azo of 2-hydroxy benzaldehyde with p-bromo
phenacyl bromide, the benzofuran (3a-g) are obtained. The structure of the new benzofuran
derivatives have been characterized by using FT-IR, 1H-NMR,13C-NMR and DEPT-135 NMR.
The biological activity of some new synthesized compound was obtained by vitro anti oxidant
and anti microbial activity with both Staphylococcus aureus and Escherichia coli .The results
showed that the new benzofurans have mild anti oxidant activity compared to the standard ascorbic

acid.
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Introduction

Most advance in medicine is dependent on
innovation in chemistry. More e xploitation
in implicit chemical research is definitely very
important in suppressing disease. Heterocyclic
compounds are greatly dispensed in mammalian
life, when human depleted as nutrition[1]. Azo
group is the organic colorant it consists of (-N=N-)
group with aromatic or hetrocyclic constituents[2]
[3]. Benzofuran and their derivatives are interested
and vital class among heterocyclic compounds[4].
Benzofuran itself'is a colorless liquid; it was found
in coal tar. It is a main scaffold structure in many
of natural and drug compounds[5]. Benzufurans
have valuable biological properties such as, anti-
tumor[6,7], anti-inflammation[8]3d, 3e, 9¢c and 9d
— were assessed for their anti-inflammatory activity
and ulcerogenic liability in vivo. The 3-(pyridin-3-yl,
anti-microbial[9,10], anti-proliferative effects[11],
and antioxidant[12—14]. The benzofuran ring system
particularly the one having functional groups like
hydroxyl and acetyl groups ae heavily concerned
because oftheirwide appearance in nature and their
beneficial biological activities[15]. Due to their
broad medicinal applications as mentioned above,
in this present study we get interested to design
and synthesis of new goupofbenzofuran compounds
functionalized with different azo linkages and
assessing their biological activities.

Experimental

Material and Methods

Experimental notes

All chemicals were used in scheme 1 they
were obtained from (Fluka, BDH, Riedel-de
Haen) Stuart melting point device (SMP3) were
used to determine melting point in Salahaddin
University-Hawler. IR Affinity-1 Spectrophotome-
ter were used to record FT-IR spectra using Potas-
sium Bromide disc in Salahaddin University-Erbil
.Anti-bacterial and anti-oxidant were recorded on
SHIMADZU UV-1800 Series single beam UV/
Vis spectrophotometer.

. Bruker 400 MHz ultra-shield were used to
nn 'H-NMR, 13C-NMR  and!3C-DEPT-135
spectrain  Jordan University of science &
Technology.

lead compound 2- (hydroxy) -5-[substituted] benz-
aldehydes[16],[17] (1a-g)

A series of 2- hydroxyl azo benzaldehydes
(1a-g) were synthesized through two steps as il-
lustrated below:
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Stepl: preparation of the diazonium salts:
Substituted aniline (0.05 mol) was added to
40 mL of 3M HCI. Ice bath used to cool the solu-
tion to near 0°C with continues stirring. 25 mL
of newly prepared 1M of NaNO, solution was
added slowly to the above solution with main-
tain the temperature at 0-5°C.

Step2: Coupling process: (coupling of 2- hy-
droxybenzaldehyde)

2-Hydroxybenzaldehyde (0.05 mol) was added
to 100 mL of KOH solution with stirring at
0-5°C. Then, the solution of step 2 was slowly
added to the step 1 solution at same low tempera-
ture with continues stirring for about 15 minutes
until the solid precipitate start to be observed.
The reaction mixture was left at low tempera-
ture until completion. The colored solid azo-
compounds were filtered off, rinsed with water
and ethanol few times, thendried under vacuum
and recrystallization from toluene to afford the
pure azo dyes of 5-(substituted azo)-2-hydroxy
benzaldehyde.

2-hydroxy-5-(phenyldiazenyl) benzaldehyde (1a).
(C13H1ON202); mp. 128-130°C, with product
yield (95%). IR (cm_l) str., 3500-3100 b (-OH),
1653 (C=0), 1602 (C=C), 1571.8 (-N=N-) and
1207 & 1168 (C-0).

2-hydroxy-5-((4-methylphenyl)diazenyl)
benzaldehyde (1b).

(C14H12N202); mp. 151-152.5°C, with prod-
uct yield (97.69%). IR (cm_l) str., 3500-3100 b
(-OH), 1653 (C=0), 1602 (C=C), 1571.8 (-N=N-)
and 1207 & 1168 (C-0O).

2-hydroxy-5-((2-chlorophenyl)diazenyl) benzalde-
hyde (Ic).

(C;H,CIN,O,); mp. 149-150°C, with product
yield (95%).IR (cm ) str., 3400-3100 b (-OH),
1668 (C=0), 1618 (C=C), 1571.8 (-N=N-)
and 1205 & 1172 (C-0O). 'H-NMR:
7.14(d, 1H, C5), 7.35-7.43 (m,2H, C10,CI11),
7.59 (d,1H,C12), 7.79(d,1H,C9) and 8.22-8.25
(m,2H,C3,5), 10.06 (s,1H, CHO) and11.41(s, 1H,
OH). *CNMR: 118.64: C4, 118.7:C9,120.3:C2,
127.35:C7, 130:C10, 130.80:C13,131.06:C12,
131.77:C5, 135.3:C11, 16.14:C6,
148.38: C8, 164.22:C3, 196.6:C1-CHO.

2-hydroxy-5-((4-bromophenyl)diazenyl)
benzaldehyde (1d).

(C,;H,BrN,0O,); mp. 186-188°C, with product
yield (97%). IR (cm_l) str., 3400-3100b (-OH)
[18], 1664 (C=0), 1616(C=C), 1573.9 (-N=N-)
and 1205 & 1170 (C-O).
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2-hydroxy-5-((3-chloro-4-  methyl-phenyl)-diazenyl)
benzaldehyde (1e).

(C14H11CIN202); mp. 160-161°C, with prod-
uct yield (86%).IR (cm_l) str., 3400-3100 b
(-OH), 1672 (C=0)and 1602 (C=C), 1575
(-N=N-)and 1286& 1170 (C-O).'H-NMR: 2.30
(s,3H, Ar-CH3), 7.1-8.19(m 6H, Ar-H), 10.03(s,
1H, CHO) and 11.33(s, 1H, OH). “CNMR:
20.14:CH3, 118.64:C4, 120.34:C2, 122.03:C13,
122.37:C9, 129.4:C7, 130.60:C5, 131.30:C12,
134.2: C10,11, 139.15:C6, 151.44:C8, 163.92:C3
and 196.44:CHO. DEPT'*: 20.14:CH3,
118.64:C4, 122.03:C13, 122.37:C9, 129.4:C7,
130.60:C5, 131.30:C12 and 196.6:CHO.

2-hydroxy-5-((3-methylphenyl)diazenyl)
benzaldehyde (1f):

(C13H1ON202); mp. 128-130°C, with prod-
uct yield (95%). IR (cm_l) str., 3500-3100 b
(-OH), 1653 (C=0), 1602 (C=C), 1571.8 (-N=N),
1207& 1168 (C-0).

2-hydroxy-5-((4-acetylphenyl)diazenyl) — benzalde-
hyde (1g).

(C15H12N203); mp. 181-182.5°C ,
with a product yield (95%). IR (cm_l)
str., 3500-3100 b (-OH), 1653 (C=0)

and 1602 (C=C), 15718 (-N=N-)
and 1207 & 1168 (C-O).'H-NMR:
2.6(s,3H,C13), 7.14 (d,1H, C5), 7.9-8.24(m,6H
,C3,06,09,C9°,C10,C10%), 10.06(s, 1H, CHO),
11.39(s, 1H, OH).

((4-bromophenyl) (5-(subistituted phenyldiazenyl)
benzofuran-2-yl)methanone (3a-g).

According to the reported procedures[19,20],
a series of benzofuran derivatives has been
synthesized. Thus, to a mixture of 0.05 mol of
substituted azo 2-hydroxy benzaldehyde 1a-g and
0.05 mol 4-bromophenacyl bromide (2) dissolved in
absolute ethanol, a solution of 0.1mol of K2CO3
was slowly added and then refluxed for one hour.
After completion the reaction mixture was left to
down to room temperature then cooled by cold
water. The resulted solid products were filtered
off and dried under vacuum to obtain the new
benzofuran derivatives (3a-g).

(4-bromophenyl)(5-(phenyldiazenyl) benzofuran-
2-yl)methanone (3a):

(C,H,BrN,O,); mp. 221-223°C, with prod-
uct yield 67%. IR (cm™) str., 1640 (C=0), 1602
(C=C), 1575 (-N=N-) and 1286& 1170 (C-O).
'"H-NMR: 7.27(s,1H,C7),7.53(d,2H, C2,2") ,7.68
(d,1H,C12),7.74(d,1H,C17), 7.95(d,4H,C15,
16,J=12),7.99(D,1H,C11) 8.17(D, 2H, C3,3”) and

8.33(S,1H,C9).*CNMR:113.07:C12,116.96:C9,1
19.3:C7,122.8:C11,127.44:C1,128.4:C15,129.15:
C16,131.05:C17,131.14:C2,131.99:C8,135.7:C3,
147:C4,149.7:C10,152.5:C14,153.4:C6,157.3:C9
and 183:C5.

(4-bromophenyl) (5-(p-tolyldiazenyl) benzofuran-
2-yl)methanone (3b):

(C,H BrN,O,); mp. 225-227°C, with
product yield (79%). IR (cm™) str, 1641
(C=0), 1600 (C=C), 1583 (-N=N-), 1280&
1150 (C-O). 'H-NMR: 2.35(s, 3H, CI8),
7.25(s,1H,C7),7.30 (D,2H, C2,2°),7.65-7.71(m,
4H, C12,C15,16), 7.96(D,2H,C3,3’) 8.14(D,
1H, CI11),8.28(S,1H,C9); *CNMR: 21.8:C18 ,
111:C12, 116.95:C9, 118.96:C7, 122.88:Cll1,
127.3:C1, 128.1:C15, 128.2:C16, 129.79:C2,
131.03:C8, 131.95:C3, 135.7:C17, 142:C4,
150:C10, 151:C14, 153:C6, 157.1:C13, 182:C5.

(4-bromophenyl)(5-((2-chlorophenyl)diazenyl)
benzofuran-2-yl)methanone (3c):
(C,H,,BrCIN,O,); mp. 190-192°C , with prod-
uct yield (88%). IR (cm™) str., 1641 (C=0), 1612
(C=C), 1585 (-N=N-) and 1280& 1175 (C-O).
"H-NMR: 7.25(s,1H,C7), 7.39-7.95(m,8H, C2,2’,
3,3°,12,16,17,18), 8.2(D,1H,C11,J=12),8.35(S,1H
,C9); BCNMR: 113.11:C12, 116.88:C9, 117.5:C7,
119.85:C11, 123.27:C19, 127.26:C1, 127.35:C18,
128.3:C15, 130.72:C16, 130.98:C2,131.8:CS8,
131.9:C3,135,48 :C17, 147.45:C4, 148.5:C10,
149.88:C14, 153.39:C6, 157.18:C13, 182.73:CS5.

(4-bromophenyl)(5-((4-Bromoophenyl)diazenyl)
benzofuran-2-yl)methanone (3d):
(C,H,Br,N,O,); mp. 214-216°C, with product
yield (66%). IR (cm') str., 1641 (C=0), 1614
(C=C), 1585 (-N=N-) and 1270 & 1150 (C-O).

(4-bromophenyl) (5-((2-chloro-3-methlyphenyl)
diazenyl)benzofuran-2-yl)methanone (3e):
(C22H,,BrCIN,0,); mp. 221-223°C , with
product yield (65%). IR (cm™) str., 1637 (C=0),
1612 (C=C), 1581 (-N=N-), 1274& 1170 (C-O).
'H-NMR:); 2.43(s,3H,C20), 7.12(s,1H,C7),7.39-
7.95(m,8H, C2,2”,3,3°,12,15,18,19),8.12(D, 1H,
C11,J=12),8.70(S,1H,C9).

(4-bromophenyl) (5-((3-methylphenyl)diazenyl)

benzofuran-2-yl)methanone (3f):
(C,H15BrN,02); mp. 154-156°C, with prod-
uct yield (86%). IR (cm™) str., 1641 (C=0), 1614
(C=C), 1585 (-N=N-), 1280& 1170 (C-O). 'H-
NMR:); 2.47(s,3H,C20), 7.25(s,1H,C7),7.39-
7.95(m,9H, C2,2’, 3,3°,12,15,17,18,19),8.15(D,
1H,C11,J=12),8.30(S,1H,C9);"*CNMR
21.4:C20, 113.07: Cl12, 117:C9, 119.2C7,
Egypt. J. Chem. 63, No. 7 (2020)
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120.52:C11, 122.91:C19, 123:C15, 127.44:Cl,
128.38:C17, 128.99:C18, 130:C2, 131.06:CS8,
131.99:C3, 135.61:C4, 139.09:C16, 149.6:C10,
152.57:C14, 153.2:C6, 157.21:C13, 182.7:CS5.

(4-bromophenyl)(5-((4-acetylphenyl)diazenyl)
benzofuran-2-yl)methanone (3g):
(C,,H,;BrN,O,); mp. 213-215°C, with prod-
uct yield (84%). IR (cm™) str., 1668 (C=0),
1647 (C=C), 1571 (-N=N-), 1286& 1166 (C-0).
'H-NMR:); 2.66(s, 3H, C19), 7.24(s,1H,C7),
7.65(D,2H, (C2,2°),7.7(d,1H,C12), 7.97(d,4H
,C15,16), 8.09(D,2H,C3,3’) 8.15(D, 1H,
Cl11,),8.39(s,1H,C9); BCNMR:26.94:C19,113.3
5:C12,116.95:C9,120.19:C7,122.99:C11,123.06
:C15,127.66:C1,128.6:C16,129.54:C2,131.17:C
8,132.14:C3,135.63:C4,138.65:C17,149.82:C10
,153.68:C14,154.99:C6,157.7:C13,  182.84:CS5,
197.49:C18; DEPT-135: 26.82:C19, 113.23:C12,
116.83:C9, 120.08 :C7, 122.84:C11, 122.92:C15,
129.42:C16, 131.04:C2, 132.01:C3.Fig (5,6 &7).

Dilution method for Determination of (MIC)
Preparing and standardizing inoculum suspension:

The inoculum has been prepared based on the
reported method[21].

quantifing of Minimum Inhibitory concentration
(MIC)[22] Spectrophotometer method was used to
determine the MIC of organic compounds at 600nm
and the following dilutions were prepared for each
compound (200, 400, 600, 800 and 1000) pg/mL.

NaNO, AN N=NC

|
A2 T haLec | L
R

oH * Br@—{\
/ \ //N Br

N
- 2)

The MIC of benzofurans was determined com-
pared to a control sample that consisted of 2mL
of nutrient broth and 40uL of activated culture of
bacterial suspension (see table 1), and incubated
at 37°C for 20hrs. The next day OD was recorded
as shown in table (3).

DPPH free radical scavenging assay

The antioxidant activity of synthesized
benzofurans derivatives were resolved based on
its scavenging ability to trap the stable free radical
2,2-diphenyl-2-picryl hydrazyl (DPPH). free radical
scavenging was determined according to reported
method[23] with some modification. Stock solution
of DPPH was freshly prepared in methanol with
concentration (4mg/100mL), and kept in dark
glass place it in refrigerator for further use. Take its
absorbance at .95 (+0.003) at 517 nm. Difference
solution of benzofurans compounds with different
concentration ranged from (200-800 pg/mL of dioxan
were prepared. 1mL of synthesized compound with
different concentration (200,400,600 and 800 ng/
mL)in dioxan mixed with 4 mL of 0.004% of DPPH
alcoholic solution. After incubation in dark at 37 “C
for a period half hour the absorbance was recorded at
517nm against blank (methanol, dioxan 2:1)[2], were
all measurement made in triplicate and averaged. The
percentage of inhibition of DPPH radical scavenging
was calculated as follow[24]:
DPPH radical scavenging activity (%)= [1-( Absor-
bance of sample / Absorbance of control] X100

OH

OH
e

R 1)

0o 0
O /
K,COs N
/
o e 0
RA=

Br

Where R, a=H, b =4-CH3, ¢ = 2-Cl, d = 4-Br, & = 3-Cl,4-CH3,f =3-CH3, g = 4- acetyl

Scheme 1. Synthesis route of benzofuran derivatives 3a-g .
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TABLE 1. Preparation of test samples.

Stock solution 8000pg/mL (0.04g in SmL DMSO)

@] aQ 2 ®
g g 3 g =5
g Z, =5 e
8 =K EE 2 -+
: f i 23
= = =4
& 2 T s
1 200 50 1.91 40
2 400 100 1.86 40
3 600 150 1.81 40
4 800 200 1.76 40
5 1000 250 1.71 40
TABLE 2. Preparation of antibiotics.
Stock solution 5000png/mL (0.01g in 10mL acetone)
Concentration (ng/ o . Nutrient broth vol- Bacterial suspension
NO. mL) antibiotic Volume (nL) ume (mL) volume (uL)
1 200 0.2 4.7 100
2 400 0.4 4.5 100
3 600 0.6 43 100

TABLE 3 . Absorbance or Optical density (OD) for each compound and antibiotics with difference concentrations against
Staphylococus aureus as G+Ve and E.Coli as G-Ve.

Concentration of benzofurans (ug/mL) (conc.vs abs.)

Comp. R 200 400 600 800 1000
3a S.aureus 0.12 NBG NBG NBG NBG
E.coli 0.359 0.048 NBG NBG NBG
3b S.aureus 0.089 NBG NBG NBG NBG
E.coli 0.377 NBG NBG NBG NBG
3¢ S.aureus 0.2 NBG NBG NBG NBG
E.coli 0.256 0.002 NBG NBG NBG
3e S.aureus 0.771 0.576 0.0455 0.24 NBG
E.coli 0.77 0.637 214 0.11 NBG
3g S.aureus 0.309 0.0.145 .043 NBG NBG
E.coli 0.334 0.050 NBG NBG NBG
S.aureus 1.575 0.040 NBG
Azithromycin E.coli 1.477 NBG NBG
S.aureus NBG NBG NBG
Ciprofloxacin E.coli 0.009 NBG NBG
S.aureus 1.400 0.035 NBG
Metronidazole E.coli 1.374 0.018 NBG
S.aureus 1.536 NBG NBG
Erythromycin E.coli 1.453 NBG NBG

NBG: no bacterial growth

The MIC is the minimum availability of antibacterial agent that totally stops growth of any organism.

The MBC is outlined as the minimum concentration of antibacterial factors that needed to kill 99.9% of the final
inoculum after incubation for 24 h.

Egypt. J. Chem. 63, No. 7 (2020)
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Results and Discussion

Synthesis and Investigation

The new benzofuran structures 3a-g have
been proved via FT-IR charts which showed a
no peaks for the hydroxyl group between 3500-
3100cm™) and and no indication for existence
of the aldehyde carbonyl group (C=0). Further-
more, the "H-NMR spectroscopic characteriza-
tion confirms again the disappearance of (OH)
peak of starting material (See Fig 1 and Fig 8).
The *C NMR spectroscopic study also illustrates
the shift of the carbonyl group peak to lower
wave number (nearly to 182 ppm), new aromatic
peak was also observed. These evidences con-
firm the structure of benzofurans 3a-g. More-
over, the disappearance of the tertiary carbon
peaks (methine) in BC-DEPT-135-NMR (Fig. 7)
were recognized. This is a further elucidation for
the structure of benzofuran compounds.

Anti-bacterial activity of 3a-g:

Two types of bacteria Staphylococcus aureus
as Gram-positive bacterial strain and Escherichia
coli as Gram-negative bacterial strain used for
screening synthesized benzofuran compounds by
dilution method the results indicated in figure(2)
It showed that benzofurans have higher activity
toward E. coli than S. aureus, almost of the ben-
zofuran compounds (3e) have a highest activity
for both types of bacteria, while the other have
moderate anti-bacterial activity .

Ferric Reducing Antioxidant Potential (FRAP)
The synthesized benzofurans were examined
for their anti-oxidant activity by using Ferric Re-
ducing Antioxidant Power (FRAP)[25,26]. The
benzofuran derivatives were capable to reduce
the ferric complex with 2,4,6-tripyridyltriazine
(TPTZ) as a colorless complex into the ferrous
complex with tripyridyltriazine of the violet col-
or at lower pH. The compounds 3a-g were eval-
uated for their power to decrease the oxidation
number of complexes of TPTZ-Fe(IIl) to com-
plex of TPTZ-Fe(II). Ascorbic acid has been em-
ployed as a standard compound for antioxidant
activity. The results showed that the ascorbic
equivalent is pmol/) gm of the synthesized ben-
zofurans as shown in Table 4. This indicate that
the title compounds benzofurans showed a mod-
erate anti-oxidant power particularly 3¢ which
showed the highest anti-oxidant effect compared
to othe derivatives while 3f showed the weakest

(fig (3)).
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DPPH (2,2-diphenyl-2-picrylhydrazyl hydrate)
free radical scavenging assay

The capability of benzofurans to trap DPPH
radicals is dependent on their capability to capture
of pair and unpaired radicals[27]a reaction that has
been previously shown to generate the same set of
products deriving from oxidation by mushroom
polyphenol oxidase (PPO. The decrease ability of
DPPH radical is controlled by the lessening in its
absorbance at 517 nm, initiated by anti-oxidants.
The lessening in absorbance of DPPH radical is
brought about by antioxidants, due to the reaction
between benzofurans compounds and radicals of
DPPH, advances, which results in the searching of
the radical by hydrogen gift. It is outwardly rec-
ognizable as an adjustment in shading from purple
to yellow. Thus, DPPH is generally utilized as a
substrate to assess the anti-oxidative action[28].

Ascorbic acid has been employed as a standard
compound for antioxidant activity. The results
indicated in (ng/mL), the free radical scavenging
capability of synthesized benzofuran showed in
Fig(4),IC50 is the capability of formed benzofuran
to inhibit 50% of DPPH.due to the absence of
hydroxyl and electron donating methoxy group
the synthesized showed moderate anti-oxidant
activity with DPPH[29]. the presentation of
electron pulling back group (Br, Cl) substituted in
series (3a-g) was suppress improve anti-oxidant
activity.the results compared with ascorbic acid as
control[30].

Conclusions

The present work involves the formation of
benzofuran derivatives with combination of two
important medieties benzofuran hetrocyclics and
azo groroup. The azo-benzofuran derivatives
was synthesized in relatively high yield from the
reaction of substituted 2-hydroxy benzaldehyde
with 4-bromophencyl bromide in the presence
of base. These newly synthesized benzofurans
showed a remarkable inhibition effect on both
Staphylococus aureus as gram positive and
Escherichia coli as gram negative at concentration
200pg/mL. But some benzofrans derivatives was
more resist to growth of Staphylococus aureus
than Escherichia coli . according to the results
the benzofuran derivatives it has good activity
than azithromycin as anti-biotic control. Finally,
the total anti oxidant power and DPPH radical
scavenging activity of the benzofurans were
determined with different concentration (200-
800ug/mL), the results showed in general have a
moderate antioxidant activity.
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. LA
Fig. 1. A=difference concentration of of synthesized compound (3g) B=with DPPH.
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Fig. 2. The anti-bacterial activity of prepared compounds
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TABLE 4. Antioxidant activity of the synthesized benzofuran compounds.

Comp. Abs. FERAP value (umol) pmoL/gm
3a 0.008 0.288 28.8
3b 0.066 2.374 237.4
3c 0.108 3.885 388.5
if - -
3g 0.089 3.200 320
400 -

3a

Fig. 3. The anti-oxidant activity of prepared compounds.

Egypt. J. Chem. 63, No. 7 (2020)
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Fig. 4. dpph radical scavenging of benzofuran compounds ,A= different concentration of (3a-g) with mean
absorbance(n=3),B= inhibition percentage averaged (n=3) with different concentration, C= IC 50 (is the
capability of compound in pg/ml to inhibit 50% of radical DPPH) against synthesized compound comared
with control, and D =highest concentration (800 in pg/ml against series of benzofuran derivatives.
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Fig. 5. 1H-NMR spectrum of comp. (3g).
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Fig. 6. 133C-NMR spectrum of comp. (3g).
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Fig. 7. 13C-DEPT spectrum of comp. (3g).
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Fig. 8. Disapearence in 1IH-NMR of series from(1) to (3a-3g).

Acknowledgements

The author is thankful to the Salahaddin

University-Erbil, for its support

Conflict of Interest

There is no conflict of interest.

References

1.

4.

Bickoff E.M., Booth A.N., Lyman R.L., Livingston
A.L., Thompson C.R., DeEds F., Coumestrol, a
new estrogen isolated from forage crops, Science
126(80). 969-970 (1957).

El-Nahas H.A., El-Wakil E.A., Chemical
constituents, antischistosomal and antioxidant
activities of the methanolic extract of Azadirachta
indica, Egypt. J. Chem. 54 , 99-113(2011).

Khattab T., Gaffer H.E., Synthesis and
characterization of some azo-heterocycles
incorporating pyrazolopyridine moiety as disperse
dyes, Egypt. J. Chem. 60 , 3—4 (2017).

X. Wu, Y. Li, Transition Metal-Catalyzed

Benzofuran Synthesis: Transition Metal-Catalyzed
Heterocycle Synthesis Series, Elsevier, (2017).
https://books.google.com/books?hl=en&lr=&id=
HWwkDAAAQBAIJ&oi=fnd&pg=PP1&dq=Tran
sition+Metal-Catalyzed+Benzofuran+Synthesis&
ots=88jdUqD3t3&sig=CKQT84hy3qtildwDEhL
bGMtBovU (accessed February 9, 2019).

Heravi M.M., Zadsirjan V., Recent Advances in
the Synthesis of Benzo[b]furans, Adv. Heterocycl.
Chem. 117 ,261-376 (2015).

Abd El-Karim S.S., Anwar M.M., Mohamed N.A.,
Nasr T., Elseginy S.A., Design, synthesis, biological
evaluation and molecular docking studies of novel
benzofuran—pyrazole derivatives as anticancer
agents, Bioorg. Chem. 63,1-12 (2015).

Mao Z. W., Zheng X., Lin Y. P., Hu C. Y., Wang
X. L., Wan C.-P., Rao G. X., Design, synthesis
and anticancer activity of novel hybrid compounds
between benzofuran and N-aryl piperazine,
Bioorg. Med. Chem. Lett. 26 , 3421-3424 (2016)

Egypt. J. Chem. 63, No. 7 (2020)



2628

SHAABAN K. MOHAMED et al.

11.

13.

15.

17.

Hassan G.S., Abou-Seri S.M., Kamel G., AliM.M.,
Celecoxib analogs bearing benzofuran moiety as
cyclooxygenase-2 inhibitors: Design, synthesis
and evaluation as potential anti-inflammatory
agents, Eur. J. Med. Chem. 76 , 482—493 (2014).

Manna K., Agrawal Y.K., Microwave assisted
synthesis of new indophenazine 1,3,5-trisubstruted
pyrazoline derivatives of benzofuran and their
antimicrobial activity, Bioorg. Med. Chem. Lett.
19,2688-2692 (2009).

Lavanya A., Sribalan R., Padmini V., Synthesis
and biological evaluation of new benzofuran
carboxamide derivatives, J. Saudi Chem. Soc. 21
, 277-285(2017).

Parekh S., Bhavsar D., Savant M., Thakrar S.,
Bavishi A., Parmar M., Vala H., Radadiya A.,
Pandya N., Serly J., Molnar J., Shah A., Synthesis
of some novel benzofuran-2-yl(4,5-dihyro-3,5-
substituted diphenylpyrazol-1-yl) methanones and
studies on the antiproliferative effects and reversal
of multidrug resistance of human MDRI1-gene
transfected mouse lymphoma cells in vitro, Eur. J.
Med. Chem. 46 , 1942-1948(2011).

Rangaswamy J., Kumar H.V., Harini S.T., Naik
N 3-(benzofuran-2-yl)-5-(4-
methoxyphenyl)-4,5-dihydro-1H-pyrazole scaffolds:

., Functionalized

A new class of antimicrobials and antioxidants,
Arab. J. Chem. 10, S2685-S2696(2017).

Abdel-WahabB .F., Abdel-Aziz H.A., Ahmed
E.M., Convenient Synthesis and Antimicrobial
Activity of New 3-Substituted 5-(Benzofuran-
2-yl)-pyrazole = Derivatives, = Arch. Pharm.
(Weinheim). 341, 734-739(2008).

Chand K., Rajeshwari, Hiremathad A., Singh M.,
Santos M.A., Keri R.S., A review on antioxidant
potential of bioactive heterocycle benzofuran:
Natural and synthetic derivatives, Pharmacol.
Reports. 69,281-295(2017).

Dixit M., Tripathi B.K., Tamrakar A.K., Srivastava
A K., Kumar B., Goel A., Synthesis of benzofuran
scaffold-based potential PTP-1B inhibitors,
Bioorg. Med. Chem. 15, 727-734(2007).

. Hawaiz F. Hussein, A., Samad M., One-pot three-

component synthesis of some new azo-pyrazoline
derivatives, Eurjchem.Com. 5 ,233-236(2014).

Ayoob M .M., Hawaiz F.E., Design, synthesis,
and spectroscopic study of some new flavones
containing two azo linkages, AIP Conf. Proc. 1888
, 1-11(2017).

Egypt. J. Chem. 63, No. 7 (2020)

18.

19.

20.

21.

22.

23.

24.

25.

26.

Samad M.K., Chawishli L.H., Hussein A.l.,
Synthesis and Spectroscopic Characterization of
Some Diazodibenzyloxy Pyrazolines from Some
Diazodibenzyloxy Chalcones, Zanco J. Pure Appl.
Sci. 27, 53-60(2015).

Kamble R.R., Latthe P.R.,, Badami B. V.
3/4-phenylene  bisheterocycles  from  ring
transformation reaction of sydnone derivatives:
3-[3/4-heterocyclyl]phenyl-5-

methyl-3H-[1,3,4]-oxadiazol-2-ones from

Synthesis  of

3/4-acetylphenylsydnones and their biological
properties, Heteroat. Chem. 18, 50-54 (2007).

Kenchappa R., Bodke Y.D., Asha B., Telkar
S., Aruna S.M., Synthesis, antimicrobial, and
antioxidant activity of benzofuran barbitone and
benzofuran thiobarbitone derivatives, Med. Chem.
Res. 23,3065-3081(2014).

Wiegand 1., Hilpert K., Agar and broth dilution
methods to determine the minimal inhibitory
concentration (MIC) of antimicrobial substances,
Nature. 3, 163(2008). https://www.nature.com/
nprot/journal/v3/n2/abs/nprot.2007.521.html
(accessed February 9, 2019).

Balouiri M., Sadiki M., Ibnsouda S.K., Methods
for in vitro evaluating antimicrobial activity: A
review, J. Pharm. Anal. 6 , 71-79(2016).

A. M. Saleh, H. A. El-Refai, A. M. Hashem, H.
A. El-Menoufy, N. M. Mansourl, A. A. El-Beih,
Optimization Studies and Chemical Investigations
of Aspergillus terreus-18 Showing Antioxidant
Activity, Egypt. J. Chem. 62, 215-230(2019).

Othman S.0.K., El-Hashash M.A., Hussein
S., El-Mesallamy A.M.D., Rizk S.A., Elabbar
F.A., Phenolic content as Antioxidant and
Antimicrobial Activities of Pistacia Atlantica
Desf. (Anacardiaceae) extract from Libya, Egypt.
J. Chem. 62, 21-28(2018).

Brahmbhatt H., Molnar M., Pavi¢ V., Pyrazole
nucleus fused tri-substituted imidazole derivatives
as antioxidant and antibacterial agents, Karbala
Int. J. Mod. Sci. 4 ,200-206(2018).

M.K., Hawaiz F.E.,
characterization, antioxidant power and acute

Samad Synthesis,
toxicity of some new azo-benzamide and azo-
imidazolone derivatives with in vivo and in vitro
antimicrobial evaluation, Bioorg. Chem. 85,431—
444(2019).



SYNTHESIS,SPECTROSCOPIC INVESTIGATION, ANTI-BACTERIAL AND ANTIOXIDANT ... 2629

27.

28.

29.

Giilsen A., Makris D.P., Kefalas P., Biomimetic
oxidation of quercetin: Isolation of a naturally
occurring quercetin heterodimer and evaluation of
its in vitro antioxidant properties, Food Res. Int.
40,7-14(2007).

Ray A., Dutta Gupta S., A panoptic study of
antioxidant potential of foliar gel at different
harvesting regimens of Aloe vera L., Ind. Crops
Prod. 51, 130-137 (2013).

Rangaswamy J., Vijay Kumar H., Harini S.T., Naik
N., Synthesis of benzofuran based 1,3,5-substituted
pyrazole derivatives: As a new class of potent
antioxidants and antimicrobials-A novel accost to
amend biocompatibility, Bioorganic Med. Chem.
Lett. 22, 4773-4777(2012).

30. Saleh A., Elrefaie H., Hashem A., EL-Menoufy H.,

Mansour N., El-Beih A., Chemical Investigations
and Optimization Studies on Aspergillus
terreus-18 Showing Antioxidant Activity, Egypt.
J. Chem. 62,215-230(2018).

cliidia Gaand 5ausY) Cilaliaa g L piSll Baliaal) cillalidll g Audal) 385l g ysaaal

Baandl Ol ) 98 9 3 95V

TN Gild Triaa @ aaaa s @l Ugﬁi,‘a OiSoadGpen m Sy Qe @ lad
aaiall Alaall ¢ yiadile ()l gag yie yioedile daals dainll  glall 5 oliasl) ol
3=l cQUuAJS-d:\gJi ‘dﬁji-wﬂ\ch&a\;c@ﬂ\z\fﬂsu%ﬁ\eﬂﬁr

Bad e ¢ sl Gl Gl gl S 5T

Gl 585 30 (e il A aaall )y 585 il e ey A j25 ppmad Gl oda 5L
Joulid dag -4 e oS00 wleaall yi 531 Jeld vie aleaall Hu oS50 il ) el
FT-IR plasinly saoall 4,558 ¢ il cldilall 435 G jpai (3-golsds il (e Jpanll &b canas
G uaall Gl 8 g 3l Cladia (gamy yasd &3 DEPT-135 NMR 5 13C-NMR <1H-NMR
38U dlae Jutine ol 4l dpaal o 508 5 3aall o) gl < jedal 5N alime 5 1y Sl sl el

ol a5 s many G Jlia

Egypt. J. Chem. 63, No. 7 (2020)



