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Herein, 4-hydroxycoumarin was first treated with sodium nitrate in the presence of concentrated 
sulfuric acid to afford 6-nitro-4-hydroxycoumarin in a reasonable yield. 6-Nitro-4-hydroxycoumarin 
was then reacted with the diazonium salt derived from 2, 6-dichloroaniline, and the corresponding 
azo dye was prepared and purified. This compound was characterized using Fourier transform in-
frared (FT-IR) and proton nuclear magnetic resonance (1H NMR) spectroscopic techniques. The 
UV-vis spectroscopic behavior of the dye was then analyzed in six organic solvents with different 
polarities: ethanol, dimethyl sulfoxide, dimethyl formamide, chloroform, acetic acid, and acetoni-
trile. Fourier transform Infrared (FT-IR), Proton Nuclear Magnetic Resonance (1H NMR) spectros-
copy confirmed the presence of two distinct azo-enol and hydrazone-keto isomers of the proposed 
tautomeric forms, both in the solid state and in solution. The UV-vis absorption spectra of the dyes 
remained largely unaffected by solvent changes, likely due to intramolecular hydrogen bonding 
within their molecular structures.  The antibacterial activities of the azo-nitro product dissolved in 
DMSO were evaluated using the well diffusion method against Staphylococcus aureus ATCC 25923 
bacterial strains, and the results were compared with a standard specimen. 
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Introduction
4-hydroxycoumarin derivatives are highly val-
ued in various fields due to their unique molecu-
lar structures(Jung and Park, 2009; Luchini et al., 
2008; Chohan et. al., 2006; Abdou et al., 2019; 
Bouhaoui et al., 2021). They are known for their 
pharmacological properties and are used in the 
synthesis of dyes and pigments (Knierzinger and 
Wolfbeis, 1980; Dondon and Fery-Forgues, 2001; 
Bečić et al., 2011; Al-Majedy et al., 2015; Sßen-
kuytu et al., 2017; Yasameen et al., 2021). The 
reaction between 4-hydroxycoumarin and phe-
nyldiazonium salt was first reported by Yoder et 
al., leading to the formation of E and Z geometric 
isomers of the phenylhydrazone derivative(Yod-
er et al., 1972; Rahmani et al., 2022). Research 
on aryl-azo hydroxycoumarin dyes, including 
their structural characterization and tautomeric 
behaviors, has continued over the years (Giri and 
Mishra, 1984; Noroozi Pesyan and Rashidnejad, 
2016; Jyotirmaya and Kumar, 2017; Nagaraja et 
al., 2020; Yordanov et al., 2021; Manjunatha et 
al., 2021). Karci and Yildirim synthesized 4-hy-
droxycoumarin-based heterocyclic disazo dyes 
using substituted amino-thiophenes and other het-
erocyclic diazotizing agents (Karci, 2005; Karci 
and Ertan, 2005; Karci and Karci, 2012; Yildirim 
et al., 2016). These dyes have been found suitable 
for traditional and heat transfer printing on polyes-
ter and nylon 6 fabrics, as well as exhibiting anti-
bacterial activity against various strains (Gaffer et 
al., 2016; Sudhir Kumar et al., 2013; Sahoo et al., 
2015; Jyotirmaya and Kumar, 2017). Addition-
ally, 4-hydroxycoumarin-based azo compounds 
have been used as ligands to form complexes with 
transition metals (Shoair, 2007; Jabbar et al. 2021; 
Abbas Bayader et al. 2022).  Recent research by 
Brahmachari and colleagues explored aryl azo 
derivatives of 4-hydroxycoumarin, highlighting 
their preference for the hydrazone tautomeric 
structure (Brahmachari et al., 2021). Inspired by 
previous research on 4-hydroxycoumarin deriva-
tives, we synthesized 6-nitro-4-hydroxycoumarin 
following a modified procedure (Huang et al., 
2007) (Scheme 1). The molecule was reacted with 
2, 6-dichlorobenzendiazonium hydrogen chloride 
to produce the related azo derivative in a reason-
able yield (Scheme 2).The antimicrobial activity 

of the dye was examined using the well diffusion 
method.
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Scheme1. Synthesis of 6-nitro-4-hydroxycoumarine

Scheme 2. Synthetic pathway to 3-(2, 6-dichlorophenyla-
zo)-4-hydroxy-6-nitrocoumarin.

Materials and methods
Chemicals and solvents were purchased from 
Aldrich-Sigma and Merck chemical companies. 
The FT-IR spectra were recorded using a Perkin 
Elmer FT-IR Spectrophotometer with pressed 
KBr discs. NMR spectra were obtained with a 
Brucker Avance spectrometer in DMSO-d6 us-
ing TMS as an internal standard. Melting points 
were measured with a Barnstead Electrothermal 
9100 melting point apparatus in open capillary 
tubes, and the values were not corrected.

Synthesis of 4-hydroxy-6-nitro-cou-
marin 
In a solution of sulfuric acid (20 mL) cooled with 
ice, potassium nitrate (0.623 g, 6.17 mmol) was 
dissolved, followed by the addition of 4-hydrox-
ycoumarin (1.0 g, 6.17 mmol). The reaction mix-
ture was stirred at 0°C for 1 hour, then poured 
into ice-cold water to precipitate the product. 
The precipitate was collected by filtration, and 
the crude product was recrystallized from a 6:4
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mixture of ethyl acetate and cyclohexane, result-
ing in a white solid with a 64% yield. The melt-
ing point was found to be 251–253°C (literature 
value: 253–254°C, Huang et al., 2007).1H NMR 
(DMSO-d6, 300 MHz) 13.16 (1H, br. OH), δ 8.48 
(1H, d, J=1.6 Hz), 8.40 (dd, J= 5.5, 1.6Hz), 7.56 
(1H, d, J= 5.5 Hz), 5.66 (s, 1H); 13C NMR (75 
MHz, DMSO-d6) 165.13, 161.40, 157.72, 143.78, 
127.93, 119.72, 118.71, 117.00, 92.58.

Synthesis of 3-(2,6-dichlorophenylazo)-4-hy-
droxy-6-nitrocoumarin
3-(2, 6-dichlorophenylazo)-4-hydroxy-6-nitrocou-
marin was synthesized following literature reports 
(Moradi Rufchahi and Ghanadzadeh Gilani, 2012; 
Yahyazadeh et al. 2024). A solution of 2, 6-dichlo-
roaniline (3.0 mmol) was prepared in 10% HCl (v: 
v, 9.0 mL) and stirred for 15 minutes at room tem-
perature. The mixture was then cooled to 0-5˚C. 
Sodium nitrite (0.25 g, 3.6 mmol) dissolved in 
water (3.0 mL), was added dropwise to the solu-
tion over 20 minutes. The mixture was left stirred 
at 0-5˚C for 1 hour. The diazonium solution was 
slowly added over 30 minutes to a stirred mixture 
of sodium acetate (2.0 g) and 6-nitro-4-amino-
coumarin (0.62 g, 3.0 mmol) in ethanol (20 mL) 
at 0-5˚C. After complete addition, the mixture was 
stirred for 2 hours at 0-5˚C and an additional 4 
hours at room temperature. The yellow precipitates 
formed were collected by filtration, washed with 
water, and recrystallized from absolute ethanol to 
obtain pure crystals of the desired dyes. The char-
acterization details of the synthesized compound 
can be found as follows:

3-(2,6-dichlorophenylazo)-4-hydroxy-6-nitro-
coumarin:
: brick red powder, yield 80%; m.p. 211-213°C; IR 
(KBr): ν (cm-1); 3446 (r, OH), 3056 (=C-H), 1756 
(C=O, ester), 1624 (C=N, hydrazone), 1518, 1454 
and 1385 (Ar-C=C),1254 and 1209 (C-O), (C-Cl); 
1H NMR (300 MHz, DMSO-d6); δ ppm 15.18 
(br., NH, Hydrazone), 13.53(br., OH), 8.68 (1H, 
d, J=3.8Hz), 8.57(1H, dd, J= 2.8, 9.0, Hz), 7.72-
7.68 (2H, m, overlapped), 7.64 (1H, d, J=9.0Hz), 
7.50(1H, t, J=9.0).

3. Results and discussion	
3.1. Synthesis and characterization
6-Nitro-4-hydroxycoumarin was synthesized 
by reacting 4-hydroxycoumarin with potassium 
nitrate in concentrated sulfuric acid at 0°C for 
1 hour. The 1H NMR spectrum confirmed the 
structure, showing characteristic signals for the 
coumarin core and nitro-coumarin moiety. The 
13C NMR spectrum in DMSO-d6 supported the 
proposed structure with nine distinct signals.
The 3-(2, 6-dichlorophenylazo)-4-hydroxy-6-ni-
trocoumarin was prepared according to methods 
reported in the literatures [Karci, 2005; Karci 
and Ertan, 2005; Karci and Karci, 2012; Yildirim 
et al., 2016]. The 1H NMR spectra of this com-
pound is presented in Figure1. The spectra ex-
hibit two distinct broad signals in the ranges of 
15.18 ppm and 13.53 ppm, which are assigned 
to the hydrazone (=N–NH) and enolic hydrox-
yl (C=C-OH) protons, respectively [Nagaraja et 
al., 2020; Yildirim et al., 2016; Yordanov et al., 
2021]. These results indicate that the dyes exist 
as an equilibrium mixture of tautomeric forms, 
specifically the azo-enol and hydrazone-keto 
forms, in the solution state (Scheme 3).
3.2. Evaluation of Antibacterial Activ-
ity
The antibacterial properties of the three synthe-
sized dye was evaluated using the well diffusion 
method on Mueller-Hinton agar (MHA). The 
compounds were prepared in DMSO, and Staph-
ylococcus aureus (ATCC 25923) Escherichia 
coli (ATCC 25922) served as reference strains 
for the assay. After 24 hours of incubation, the 
inhibition zones were measured in millimeters 
(mm) and are presented in Table 2. The bacterial 
strains were adjusted to a turbidity of 0.5 McFar-
land standard (equivalent to 1.5×108 CFU/ml) 
and cultured on MHA under aseptic conditions. 
Wells with a diameter of 6 mm were loaded with 
80 μl of dye solution at concentrations of 1 mg/
ml and 2 mg/ml, followed by incubation at 37°C 
for 24 hours. Ciprofloxacin was the positive con-
trol, while DMSO was the negative control. After 
incubation, the diameters of the inhibition zones 
were measured in millimeters.
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Figure 1. 1H NMR spectrum of 3-(2, 6-dichlorophenylazo)-4-hydroxy-6-nitrocoumarin in DMSO-d6 at ambient temperature.

Scheme 3. Three proposed isomeric forms, including intramolecular hydrogen bonding, suggested for compound 3-(2, 6-dichloro-
phenylazo)-4-hydroxy-6-nitrocoumarin.
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Figure 2. Zone of inhibition for the compound (80 µl, 0.002 
g/ml) against Staphylococcus aureus by well diffusion meth-

Based on the activity index, the well diffusion 
assay indicates that this compound, which con-
tains chlorine substituents at 2 and 5 positions 
at the phenyl ring, exhibits moderate antimicro-
bial activity against the tested microorganisms. 
This was demonstrated by forming inhibition 
zones (Table 3 and Figure 2). Specifically, this 
compound showed inhibition zones ranging 
from 7 to 8 mm against the Gram-negative bac-
terium Escherichia coli and 8 to 15 mm against 

Table 2. Inhibition zone (mm) of the synthesized compound

4. Conclusion
Conclusively, in the presented research work, 
6-nitro-4-hydroxycoumarin was synthesized 
and used as an enol type coupling component 
for the synthesis and characterization of 3-(2, 
6-dichlorophenylazo)-4-hydroxy-6-nitrocou-
marin. The compound with chlorine and nitro 
groups exhibited strong antibacterial activity 
against both Gram-positive and Gram-negative 
bacteria. Further research on similar chlorine-

containing compounds could provide insights 
into their mechanisms and potential applications 
in fighting bacterial infections.

Acknowledgment
The author is grateful to the Islamic Azad Uni-
versity of Lahijan authorities for providing the 
necessary facilities to carry out the present work.

References
Abbas Bayader, F., Abdulla Zeyad S. and Abid 
Al-jibouri Mahmoud N, (2022),  “Preparation 
and Spectroscopic Studies of Some Metal com-
plexes with Azo ligand derived from 2-amin-
obenzothiazole and 4-Hydroxycoumarin”,  Re-
search Journal of Chemistry and Environment, 
Vol.26 No.10,  pp.164-171. 

Abdou, M. M., El-Saeed, R. A. and Bondock, S. 
(2021), “Recent advances in 4-hydroxycoumarin 
chemistry. Part 1: Synthesis and reactions”, Ara-
bian Journal of Chemistry, Vol.12 No.1, pp. 88–
121,  doi:10.1016/j.arabjc.2015.06.012.

Al-Majedy, Y. K., Al-Amiery, A. A.,  Kadhum, A. 
A. H. and  Mohamad, A. B. (2015), “4-Hydrox-
ycoumarins as New Fluorescent Compounds: 
Synthesis and Characterization”, American 
Journal of Chemistry, Vol.5 No.53A, pp. 48-51, 
doi:10.5923/c.chemistry.201501.07.

Bečić, E.,  Šober, M.,  Imamović, B.,  Završnik, 
D. and  Špirtović‐Ha, S. (2011), “UV/VIS absorp-
tion and fluorescence spectroscopic study of some 
3-substituted derivatives of 4‐hydroxycoumarin”, 
Pigment & Resin Technology, Vol. 40 No.5, pp. 
292-297,  doi:10.1108/03699421111176199.

Bouhaoui, A., Eddahmi, M., Dib, M., Khoui-
li, M., Aires, A., Catto, M. and Bouissane, L. 
(2021), “synthesis and biological properties of 
coumarin derivatives: a review” Chemistry Se-
lect, Vol. 6 No. 24, pp. 5848 – 5870, doi:10.1002/
slct.202101346.



Biotechnological Journal of Environmental Microorganisms(BJEM) 2(8) 2024 432-438

437

Brahmachari, G., Karmakar, I. and Karmakar, P. 
(2021), “Catalyst- and solvent-free Csp2–H func-
tionalization of 4-hydroxycoumarins via C-3 de-
hydrogenative aza-coupling under ball-milling”, 
Green Chemistry, Vol. 23 No.13, pp. 4762–4770, 
doi:10.1039/d1gc01341f.

Chohan, Z.H., Shaikh, A.U., Rauf, A. and Supuran, 
C.T. (2006), “Antibacterial, antifungal and cytotoxic 
properties of novel N-substituted sulfonamides from 
4-hydroxycoumarin”, Journal of enzyme inhibition 
and medicinal chemistry, Vol. 21 No.6, pp. 741-748,  
doi:10.1080/14756360600810340.

Dondon, R. and  Fery-Forgues, S. (2001), “Inclusion 
Complex of Fluorescent 4-Hydroxycoumarin Deriv-
atives with Native β-Cyclodextrin:  Enhanced Stabi-
lization Induced by the Appended Substituent”, The 
Journal of Physical Chemistry B, Vol.105 No.43, 
pp.10715–10722,  doi:10.1021/jp010900h.

Gaffer, H., Salem, M. and  Marzouk M. (2016), 
“Synthesis of 4-hydroxy coumarin dyes and their 
applications”, Pigment & Resin Technology, Vol. 45 
No. 5, pp.320–329, doi:10.1108/PRT-09-2014-0071.
 
Giri, S.  and Kumar Mishra, A. (1984), “Fungicid-
al and Molluscicidal Activity of Some 3-Substituted 
4-Hydroxycoumarin Derivatives”, Journal of Agri-
cultural Food and Chemistry, Vol. 32 No.4, pp. 759-
762, doi:10.1021/jf00124a014.

Huang, C.-N., Kuo, P.-Y., Lin C.-H. and Yang 
D.-Y. (2007), “Synthesis and characterization of 
2H-pyrano[3,2-c]coumarinderivatives and their 
photochromic and redox properties”, Tetrahedron, 
Vol.63 No.40, pp. 10025–10033, doi:10.1016/j.
tet.2007.07.041.

Jabbar, A. I., Al-jibouri, M. N. and  Ismail, A. H. 
(2021), “Synthesis and Structural Studies of Tran-
sition Metals Complexes with Polydentate Azo dye 
ligand Derived from Coumarin”, Egyptian Jour-
nal of Chemistry, Vol.64 No.11, pp. 6481 - 6485,  
doi:10.21608/ejchem.2021.78215.3826

Jung, J.-C. and Park Park O.- S. (2009), “Synthetic 
Approaches and Biological Activities of 4-Hydrox-
ycoumarin Derivatives”, Molecules, vol. 14 No.11, 
pp. 4790-4803, doi:10.3390/molecules14114790.

Jyotirmaya, S. and Kumar, P. S. (2017), “A Study 
on Antimicrobial Evaluation of Newly Synthesized 
Antipyrin Analogues”, Indian Journal of Pharma-
ceutical Education and Research, Vol.51 No.4, pp. 
740-747, doi: 10.5530/ijper.51.4.108.

Karci, F. (2005), “Synthesis of disazo dyes de-
rived from heterocyclic components”. Coloa-
tion Technology, Vol.121 No.5, pp.275-280, 
doi:10.1111/j.1478-4408.2005.tb00286.x.

Karcı, F. and Ertan, N. (2005), “Synthesis of some 
novel hetaryl-azo disperse dyes derived from 4-hy-
droxy-2H-1-benzopyran-2-one (4-hydroxycou-
marin) as coupling component and investigation of 
their absorption spectra”, Dyes and Pigments, Vol. 
64, pp.243-249, doi:10.1016/j.dyepig.2004.06.010.

Karcı, F. and Karcı, F. (2012), “Synthesis and tau-
tomeric structures of some novel thiophene-based 
bis-heterocyclic monoazo dyes”, Journal of 
Molecular Structure, Vol. 1024, pp. 117–122,  
doi:10.1016/j.molstruc.2012.05.021.

Knierzinger, A. and  Wolfbeis, O. S. (1980), “Syn-
theses of fluorescent dyes. IX. New 4-hydrox-
ycoumarins, 4-hydroxy-2-quinolones, 2H,5H-
Pyrano[3,2-c] benzopyran-2,5-diones and 2H, 
5H-Pyrano[3,2-c]quinoline-2,5-diones.”, Journal 
of Heterocyclic Chemistry, Vol.17 No.2, pp. 225-
229,  doi:10.1002/jhet.5570170204.

Luchini, A.C., Rodrigues-Orsi, P.,  Cestari, S. H., 
Seito, L. N., Aline Witaicenis, A., Pellizzon, C. H. 
and  Di Stasi, L. C. (2008), “Intestinal anti-inflam-
matory activity of Coumarin and 4-Hydroxycou-
marin in the Trinitrobenzene sulphonic Acid Model 
of Rat Colitis”, Biological and Pharmaceutical Bul-
letin, Vol.31 No.7, pp. 1343-1350,  doi:10.1248/
bpb.31.1343.



Biotechnological Journal of Environmental Microorganisms(BJEM) 2(8) 2024 432-438

438

Moradi Rufchahi, E.O. and Ghanadzadeh Gilani, 
A. (2012), “Synthesis, characterization and spec-
troscopic properties of some new azo disperse dyes 
derived from4-hydroxybenzo[h]quinolin-2-(1H)-
one as a new synthesized enol type coupling com-
ponent”, Dyes and Pigments, Vol. 95 No. 3, pp. 632-
638, doi: 10.1016/j.dyepig.2012.06.008.

N. Noroozi Pesyan, N. and Rashidnejad, E. H. 
(2016), “isotopic splitting patterns in the 13C NMR 
spectra of some partially deuterated 1-aryl-2-(phe-
nyldiazenyl)butane-1,3-dione and 4-hydroxy-3 
(phenyldiazenyl)-2H-chromen-2-one: evidence for 
elucidation of tautomeric forms”, Magnetic Res-
onance in Chemistry, Vol. 54 No.5, pp. 358–364, 
doi:10.1002/mrc.4390.

Nagaraja, O., Bodke, Y. D., Pushpavathi, I. and 
Ravi Kumar, S. (2020), “Synthesis, characterization 
and biological investigations of potentially bioac-
tive heterocyclic compounds containing 4-hydroxy 
coumarin”, Heliyon, Vol. 6 No. 6, e04245, doi: 
10.1016/j.heliyon.2020.e04245.

Rahmani, F., Crochet, A. and Zobi, F. (2022), “(E)-
3-(2-(4-methylthiazol-2 yl) hydrazineylidene) 
chromane-2,4-dione”, Molbank 2022, M1504, 
doi:10.3390/M1504.

Sahoo, J., Mekap, S. K. and Kumara, P. S. (2015), 
“Synthesis, spectral characterization of some new 
3-heteroaryl azo-4-hydroxy coumarin derivatives 
and their antimicrobial evaluation”, Journal of Tai-
bah University for Science, Vol. 9 No.2, pp. 187–
195, doi:10.1016/j.jtusci.2014.08.001. 

Shoair, A.-G. F. (2007), “Synthesis, characteri-
zation and catalytic properties of ruthenium(III) 
complexes containing 4-hydroxy-3-(p-X-pheny-
lazo)-benzopyrane-2-one”, Journal of Coordina-
tion Chemistry, Vol. 60 No. 10, pp. 1101-1109, 
doi:10.1080/00958970601003797.

Sßenkuytu, E., Eker, Y. and Yenilmez Çiftçi, G. 
(2017), “4-Hydroxycoumarin functionalized cyclo-
triphosphazenes: Synthesis, characterization and 
fluorescence properties”, Inorganica Chimica Acta, 
Vol.459, pp. 45–50, doi:10.1016/j.ica.2017.01.023.

Sudhir Kumar, P., Ghosh, G., Rout, S. K. and Paul, 
D. (2013), “Synthesis and antimicrobial evalua-
tion of some novel 4-hydroxy coumarin deriva-
tives bearing azo moiety”,  RASAYAN Journal of  
Chemistry, Vol. 6, pp.147-152. 

Yahyazadeh, A., Rufchahi, E. M., Yousefi, H. and 
Poursadeghi S.M. G. (2024), “Spectrophotometric 
studies on some new hydroxyl-azo dyes derived 
from 6-ethyl-4-hydroxyquinoline-2(1H)-one”, 
Pigment and Resin Technology, Vol.53 No.2, 
pp.201-209, doi: 10.1108/PRT-05-2022-0062.

Yasameen, A. K., Hiba, I. H.,   Shemaa, S. and   
Ahmed, A. A. (2021), “Synthesis and Study of 
the fluorescent properties of 4-hydroxy-coumarin 
derivatives”, Journal of Physics: Conference Se-
ries, Volume 1795, article id. 012001, https://doi.
org/10.1088/1742-6596/1795/1/012001.

Yıldırım, F., Demirçalı, A., Karci, F., Bayrakdar, 
A., Taşlı, P. T. and Hüseyin Kart, H. (2016), “New 
coumarin-based disperse disazo dyes: Synthesis, 
spectroscopic properties and theoretical calcula-
tions”, Journal of Molecular Liquids, Vol. 223, 
pp.557–565, doi:10.1016/j.molliq.2016.08.008.

Yoder, C.H., Barth, R.C.,   Richter, W.M.  and 
Snavely, F.A. (1972), “A nuclear magnetic reso-
nance study of some nitrogen-15 substituted azo 
heterocycles”, The Journal of Organic Chemis-
try, Vol. 37 No. 25, pp. 4121-4123, doi:10.1021/
jo00798a034.

Yordanov, D., Deneva, V., Georgiev, A., Vas-
silev, N., Vala, M., Zhivkov, I. and Antonov, L. 
(2021), “4-OH coumarin based rotary switches: 
Tautomeric state and effect of the stator”, Dyes 
and Pigments, Vol. 184, 108861, doi:10.1016/j.
dyepig.2020.108861.


