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ABSTRACT
Two phenolic azo derivatives consisting of anthracene moiety were syn-
thesized by coupling 9-anthryldiazonium slat with candidate phenols. The
synthesized compounds were screened for their antifungal activities
against Aspergillus niger (A. niger). The results were compared with two
commercial antibiotics and showed moderate to high levels in inhibitory.
 2015 Trade Science Inc. - INDIA

INTRODUCTION

Phenolic derivatives have been commonly con-
sidered as good candidates for inhibiting the growth
of some types of bacteria and fungi. The antifungal
activity of phenolic compounds extracted from ol-
ive pomace, a by-product of olive oil production,
against Alternaria solani, Botrytis cinerea and
Fusarium culmorum was investigated. These natu-
rally occurring phenolic compound were used in two
concentrations 0.1 and 0.2 % (w/v) and tested for
their antifungal activity against the three fungi. They
showed good levels of inhibition against the growth
of the mentioned above three fungi[1]. Various indus-
tries rely on azo derivatives due to which large pro-
duction of such compounds is demanded[2]. The use
of azo dyes has increased in foods, pharmaceutical
and in textile industries due to their biological ac-
tivity which gives azo dyes the potential to inhibit
the growth of microorganisms that cause a degrada-
tion of azo dyes and then forming harmful aromatic
amines to the human health[3-5]. The antimicrobial
properties of the azo dyes have been intensively stud-

ied by many researchers. These studies involved the
ability of such dyes to inhibit the growth of both
bacteria and fungi[6,7]. Synthesized phenolic azo dyes
derived from the salicylic acid showed resistivity
against the fungi growth on jowar seeds[8]. Similar
type of azo dyes have been synthesized and biologi-
cally tested against the fungi affecting some types of
seeds. It was found that the synthesized phenolic azo
dyes have showed good levels of inhibition against
the fungi when the seeds were coated by these azo
compounds[9]. Herein, two phenolic azo derivatives
consisting of anthracene moiety have been synthe-
sized and their antifungal properties were tested
against A. niger.

EXPERIMENTAL

Materials
Hydrochloric acid, anthracene, sodium hydrox-

ide and methanol were purchased from Carlo erba.
Glacial acetic acid, sodium nitrite and sulfuric acid
were purchased from Avonchem. Tin (II) chloride
was purchased from PSPARK. o-Nitrophenol was
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purchased from Riedel De Haen, whereas m-
nitrophenol and DMSO were purchased from BDH
Chemicals. All chemicals were used without further
purification.

Instrumentation

Melting point was measured on a Barnstead
electrothermal IA 9100. Uv-vis absorptions were
recorded on Uv-vis spectrophotometer-uv mini
1240-Shimadzu. pH was measured using Jenway pH
meter 3505. 1HNMR spectrum was recorded on a
Bruker Avance 300 spectrometer. Residual proton
signal from the deuteriated solvents were used as
references [DMSO (1H, 2.50ppm, 13C, 39.51 ppm)
and CDCl

3 
(1H, 7.24 ppm, 13C, 77.23ppm)]. Cou-

pling constants were measured in Hz. Infrared spec-
trum was recorded on Jasco FT/IR-4100 Fourier
transform infrared spectrometer. Mass spectrum was
recorded on a Micromass Autospec M spectrom-
eter.

Preparation of 4(9-anthrylazo)-2-nitrophenol 5

An adapted literature procedure was followed[10]

for synthesizing compound 5. 9-aminoanthracene 1
(0.77 g, 4.00 mmol) was dissolved in concentrated
sulfuric acid (10 cm3). The resulting solution was
cooled to 0�5 ºC, to which a precooled (0�5 ºC)

aqueous solution of sodium nitrite (0.55 g, 8.00 mmol;
in 30 cm3 water) was added while stirring for 30
min maintaining the temperature between 0�5 ºC.

An alkaline solution of the o-nitrophenol [0.56 g,
4.00 mmol; in 40 cm3 of (2N NaOH and 2.5 g so-
dium carbonate)] was cooled to 0�5 ºC and then

added to the reaction vessel. The reaction mixture
was stirred for an extra 1½ h at 0�5 ºC. A green

precipitate was formed, filtered, washed with cold
water (3×10 cm3) and air dried. The crude material
was recrystallized from glacial acetic acid, filtered,
washed with water (3×10 cm3) and air dried to give
the azo dye 5 (0.93 g, 2.72 mmol, 68% yield) as a
green fine powder. m.p 277 ºC; »

max
 325 nm (CHCl

3
);

FT-IR (KBr disc): 3447 cm-1 (Ar-OH), 1583 cm-1

(N=N), 1277 cm-1 (C-N); ä
H
 (400 MHz; DMSO)

7.78-7.75 (3H, m, Ar-CH), 7.55-7.44 (4H, m, Ar-
CH), 7.30-7-22 (2H, m, Ar-CH), 7.15-7.13 (1H, m,
Ar-CH), 7.09-7.07 (1H, m, Ar-CH), 7.01-6.97 (1H,

m, Ar-CH), 5.03 (H, s, Ar-OH); ä
C 

(100 MHz;
DMSO) 183.70 (Ar-C-OH), 153.13 (Ar-C-NO

2
),

136.52 (2×Ar-C-N=N) 135.86 (4×Ar-C), 134.32
(2×Ar-C), 129.10 (Ar-C), 128.51 (4×Ar-C), 127.15
(2×Ar-C), 126.50 (2×Ar-C), 120.16 (Ar-C), m/z
(C

20
H

13
N

3
O

3
, Mwt. 343.10) 342.89 (65%), 312.33

(17%), 298 (67%), 284.80 (27%).

Preparation of 4-(9-anthrylazo)-3-nitrophenol 6

A modified literature procedure was followed[10]

for synthesizing compound 6. 9-aminoanthracene 1
(0.77 g, 4.00 mmol) was dissolved in concentrated
hydrochloric acid (20 cm3). The resulting solution
was cooled to 0�5 ºC, to which a pre-cooled (0�5

ºC) aqueous solution of sodium nitrite (0.55 g, 8.00

mmol; in 30 cm3 water) was added while stirring
for 30 min maintaining the temperature between 0�5
ºC. An alkaline solution of the m-nitrophenol [0.56
g, 12.00 mmol; in 30 cm3 of (2N NaOH and 2.5 g
sodium carbonate)] was cooled to 0 � 5 ºC and sub-

sequently added to the reaction mixture. The reac-
tion mixture was stirred for further 1½ h at 0�5 ºC.

A bright brown precipitate was formed, filtered,
washed with cold water (3×10 cm3) and air dried.
The crude material was recrystallized from ethanol
96%, filtered, washed with water (3×10 cm3) and
air dried affording the desired azo dye 6 (0.48 g,
1.40 mmol, 35 % yield) as a fine bright brown pow-
der, m.p 262ºC; ë

max
 421 nm (CHCl

3
); FT-IR (KBr

disc): 3473 cm-1 (Ar-OH), 1530 cm-1 (N=N), 1277
cm-1 (C-N); ä

H
 (400 MHz; DMSO) 8.25-8.20 (2H,

m, Ar-CH), 7.95-7.92 (2H, m, Ar-CH), 7.75-7-73
(2H, m, Ar-CH), 7.50-7.41 (4H, m, Ar-CH), 6.98-
7.01 (2H, m, Ar-CH), 5.02 (H, s, Ar-OH); ä

C 
(100

MHz; DMSO); 183.94 (Ar-C-OH), 141.08 (Ar-C-
NO

2
), 135.85 (4×Ar-C), 134.32 (2×Ar-C-N=N),

133.44 (2×Ar-C), 130.41 (2×Ar-C), 129.09 (2×Ar-

C), 128.04 (4×Ar-C), 126.85 (2×Ar-C); m/z
(C

20
H

13
N

3
O

3
, Mwt. 343.10) 342.99 (30%), 344.98

(10%), 312.03 (20%), 298.09 (55%).

General procedure for antimicrobial screening
An adapted literature procedure was fol-

lowed[11,12].

(a) The use of azo derivatives inhibiting agent as
suspensions in water
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The Czapek Dox Agar with formula (g/l) [sodium nitratr 2.00, potassium chloride 0.50, magnesium
glycerophosphate 0.50, ferrous sulphate 0.01, potassium sulphate 0.35, sucrose 30.00, agar 12.00] was
dissolved in distilled water (45.4 g/l) and sterilized by autoclaving. The Czapek Dox Agar was poured
into petri dishes and mixed with 1 ml containing suspensions of the synthesized azo dye in water (0.025 g/
ml). The mixture was allowed to stand at R.T for 1 h. After that a disk of fungi (Aspergillus. niger) with
diameter of 8 mm was put in the center of every petri dish. Then, the petri dishes were incubated at 25 ºC
for 24 hrs before measuring the diameter of the fungi growth to determine the percentage of inhibition.

(b) The use of azo derivatives inhibiting agents as solutions in DMSO

The sterilized medium (Czapek Dox Agar) was poured into petri dishes with depth 3-4 mm and mixed
with the synthesized compounds [0.025g/ml in DMSO]. The mixture was incubated for 1h at R.T and the
disk of fungi A. niger with diameter of 8 mm was placed on the solidified medium. The petri dishes were
incubated at 25 ºC for 24 hrs before measuring the antifungal activity.

RESULTS AND DISCUSSION

Both phenolic azo dyes, the 4-(9-anthrylazo)-2-nitrophenol 5 and 4-(9-anthrylazo)-3-nitrophenol 6
were synthesized upon the treatment of the 9-aminoanthreacene 1with an aqueous solution sodium nitrite
under acidic conditions leading to the formation of the corresponding diazonium salt 2 to which an alkaline
solution of either o-nitrophenol 3 or m-nitrophenol 4 was added at about 0 C (Scheme 1).

Scheme 1 : Synthesis of the desired azo derivatives 5 and 6

Inhibiting the growth of A.niger fungi is one of the main objectives of this study. The resulting two azo
dyes were screened against the Aspergillus niger. The antifungal activity of the obtained azo derivatives 5
and 6 was compared with that for the commonly used antibiotics Nystatin and Griseovin. The azo deriva-
tives 5 and 6 were placed on petri dishes containing Czapek Dox Agar media using a concentration of
0.025 g/ml as a suspension in distilled water, in form three replicates for each azo derivative and the both
two references (Nystatin and Griseovin). In addition, three replicates of the control sample (neat Czapek
Dox Agar media) were also considered. Having placed a disk of the A.niger, with a diameter of 8 mm, in
the middle of every petri dish. The samples were monitored every 24 hrs and the diameter of the fungus
growth was measured in order to determine the inhibition percentage by applying the following equa-
tion[11].

The percentage of inhibition for the tested azo derivatives 5 and 6 along with the two references,
Nestatin and Griseovin showed low to moderate levels of inhibitory effects for the synthesized azo deriva-
tives compared with Nystatin. Although the azo derivative 5 displayed as about equal inhibitory effect as
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that for the Griseovin.
The obtained results (TABLE 1) showed that the

azo derivative 5 had a higher level of inhibition than
what the other azo dye 6 gave. The presence of the
phenolic hydroxyl group in these two azo compounds
5 and 6 could be responsible for inhibiting the
growth of the A. niger. This finding is in accordance
with those in literature were the phenolic compounds
have been found to have inhibitory effects against
wide variety of fungi[13,14]. Moreover, plants have
also been reported to produce phenolic compounds
as a defensive system against fungi[15]. However,
when the water was replaced with the DMSO as a
carrying agent for the azo derivatives. The antifun-
gal activities of the synthesized compounds 5 and 6
were determined by dissolving these two azo com-
pounds in the DMSO with the same concentration
0.025 g/ml in DMSO loaded on Czapek Dox Agar
plate. Upon monitoring the growth of the A. niger, it
was found that there was a remarkable increase in
the levels of inhibition for the two azo compounds 5
and 6 in comparison with suspending them in water
at the same concentration. Azo derivatives 5 and 6
had much higher inhibition levels 92% and 69%,
respectively, than what these compounds showed
when they were suspended in water, which gave 55%
and 18% inhibitory levels correspondingly. This re-
markable increase of the antifungal effect of the syn-
thesized azo dyes could be rationalized to the great
capability of the DMSO in penetrating throughout
the cell walls of the fungus leading to excellent de-
livery of the antifungal agent, in this case, the azo
derivatives.

CONCLUSION

Two azo dyes consisting of nitrophenol moieties
have been synthesized in moderate yields. Both re-
sulting compounds have been tested for their anti-

fungal properties against the A. niger. The water sus-
pensions of these azo dyes gave low to moderate
inhibition percentages, 18% for azo 6 and 55% for
azo 5. However, when the azo dyes were dissolved
in the DMSO, the inhibitory effects of both azo dyes
increased notably to reach 69% for azo 6 and 92%
for azo 5.

ACKNOWLEDGEMENTS

Authors would like to their great gratitude to the
department of chemistry, the bio-research and
consultancies office (BRCO) and the faculty of sci-
ence at the Misurata university for their help and
providing all the facilities required for this research
project.

REFERENCES

[1] E.Winkelhausen, R.Pospiech, G.Laufenberg; Anti-
fungal activity of phenolic compounds extracted from
dried olive pomace, Bull.Chem.Technol.Macedonia,
24, 41-46 (2005).

[2] Y.Hong, J.Guo, Z.Xu, C.Mo, M.Xu, G.Sun; Re-
duction and partial degradation mechanisms of
naphthylamin (2×Ar-C-N=N), sulfonic azo dye ama-

ranth by shewanella decolorationis S12, Environental
Biotechnology, 75, 647 � 654 (2007).

[3] F.Elisangela, Z.Andrea, D.Fabio, R.Gristiano,
D.Regina, C.Artu; Biodegradation of textile azo dyes
by a facultative staphylococcus arlettae strain VN-
11 using a sequential microaerophilic/aerobic pro-
cess, International Biodeterioration & Biodegrada-
tion, 63, 280�288 (2009).

[4] K.Raghavenra, K.Kumar; Synthesis and their anti-
fungal, Antihelmentic and dying properties of some
novel azo dyes, International Journal of Pharma-
ceutical, Chemical and Biological Sciences, 3, 275-
280 (2013).

[5] N.Puvaneswari, J.Muthukrishnan, P.Gunasekaran;
Toxicity assessment and microbial degradation of
azo dyes, Experimental Biology, 44, 618-626 (2006).

[6] O.Barakat, O.Darwesh, M.Sedik, H.Moawad,
W.Abd El-Rahim; Evidence of biodegradation of re-
active red textile azo dye in anoxic/aerobic
bioremediation system, 4th Conference on Recent
Technologies in Agriculture, Cairo, Giza, Egypt, 3rd

to 5th November (2009).

Inhibition percentage % Compounds 

55 5 

18 6 

95 Nystatin 

52 Griseovin 

TABLE 1 : Inhibition percentage of fungi�s growth



18

Full Paper

Antifungal study of two synthesized phenolic azo derivatives OCAIJ, 11(1) 2015

An Indian Journal
Organic CHEMISTRYOrganic CHEMISTRY

[7] S.Nam, V.Renganathan, P.Tratnyek; Substituenet
effect on azo dye oxidation by the FeIII-EDTA-H

2
O

2

system, Chemosphere, 45, 59�65 (2001).
[8] S.Maria, D.Anca, G.Elena, S.Germaine, A.Mehaiela,

B.Gianina; Azo compound with antimicrobial activ-
ity, 14th International Electronic Conference on Syn-
thetic Organic Chemistry, 1-9 (2010).

[9] M.Zayed, G.Mohamed, M.Fahmey; Thermal and
mass spectral characterization of novel azo dyes of
p-acetoamidophenol in comparison with Hammett
substituent effects and molecular orbital calculation,
Therm Anal Calorim, 107, 763-776 (2012).

[10] R.Bawa, E.Alzaraide; Study of the azo hydrazone
tautomerism in the 4-(9-anthrylazo) phenol; Int.
J.Chemical, Materials Sci.Eng., 8, 50-52 (2014).

[11] S.Al-Assaaf, A.Al-Nuaymi, S.Mohamed; the Inhibi-
tory effect of some medicinal plants Extracts in Fun-
gus Aspergillus niger, Research Journal of
Foundemental Education Faculty, 4, 521 6536
(2011).

[12] C.Gopi, M.Dhanaraju; Synthesis, characterization
and anti-microbial action of novel azo dye derived
from 4 - Methyl 7-OH 8-Nitro coumarin, Journal of
Pharmacy Research, 4, 1037-1038 (2011).

[13] A.Avcý, S.Ozkýnalý, A.Ozluk, E.Avcý,

H.Kocaokutgen; Antimicrobial activities, absorption
characteristics and tautomeric structures of o, o�-
hydroxyazo dyescontaining an acryloyloxy group and
their chromium complexes, Hacettepe J.Biol. &
Chem., 40, 119�126 (2012).

[14] M.Rahimizadeh, H.Eshghi, A.Shiri, Z.Ghadamyari,
M.Matin, F.Oroojalian, P.Pordeli; Fe (hso

4
)

3
 as an

efficient catalyst for diazotization and diazo cou-
pling reactions; Journal of the Korean Chemical So-
ciety, 56, 716 �719 (2012).

[15] L.Copping, H.Hewitt; Chemistry and Mode of Ac-
tion of Crop Protection Agents, The Royal Society
of Chemistry, Cambridge, 1�113 (1998).


