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ABSTRACT

New series of Amino-thiophene dyes 3 (a-g) were synthesized, with growing environmental
concerns, developing greener approach for the synthesis of azo dyes is crucial. In present
research we describe microwave (MW)-assisted protocol for rapid access to a variety of amino
thiophene-azo dyes by coupling amino-thiophenecarboxylate with aromatic amines. After MW-
assisted synthesis, Compounds were isolated by precipitation followed by recrystallization to
obtain pure azodyes. Then newly synthesized thiophene dyes gave positive solvatochromism
so that the absorption bands of the azodye, move towards longer wavelengths as the polarity
of the solvent increases.
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INTRODUCTION

Color plays a significant role in a wide range of industries particularly in printing,
pharmaceutical, cosmetic, food, textile dyes are considered to be easy to use, relatively cheap
and to provide clear, strong colours. In India there are approximately 2000 azo dyes available the
market. Most of the Artificial dyes are used in the market. They are classified as Azo, Xanthene,
Indigo, Tetrazine, Triphenylmethane etc. They are one of the most widely used chromophores in
dye chemistry. Azo compounds are the compounds of both natural and manufactured chemicals
that contain at least one azo group (N2) in their structure. The atomic groups connected to the
nitrogen atoms might be of any organic class, but the commercially relevant azo compounds,
Which account for more than half of all commercial dyes, contain the benzene group or its
derivatives as the attached groups. Although azo compounds come in a wide variety,
pigments, and dyes are the most popular. Bismarck Brown, the first commercial azo dye, was
introduced in 1863. [1-4] The field of heterocyclic azo dyes continues to be dynamic, driven by
the need for brighter, more durable, and environmentally friendly dyes. The synthesis and
application of heterocyclic azo dyes, especially in textiles, offer significant advantages in terms
of color brilliance, fastness, and versatility. The development of novel dyes, including those with
antimicrobial properties, 1s evidence of the constant innovation in this field. [5-6] .Azo
compounds have broad fields of applications such as, antifungal, antibacterial [4], anti-
inflammatory [5], anticancer and antioxidant [6]. Beside of it, it has many other applications like,
coloring fiber [7], printing systems [8], photo electronics [9], analytical, polymer additive [10],
optical recording [11] and storage [12], light and weather fastness [13] and resistance to solvents

and water [14-16]. Most of the Azo dyes showed positive absorption spectra. [17-19]
MATERIALS AND METHOD

All the required reagents and chemical were brought from Merck and Sigma Aldrich without any
additional purification. The progress of reaction were monitored by Thin layer chromatography
carried out on 1.2 silica gel 60 F254 Merck plates using ultraviolet light for detection. Digital
melting point apparatus were used to measure melting point. Products were recrystallized from
ethanol.IR spectra recorded on Shimadzu FTIR-Tensor II spectrophotometer. Brucker 500 MHz
spectrometer was used to measure 'HNMR.Mass spectra were recorded on Shimadzu GC-MS
mass spectrophotometer.

Synthesis of Amino thiophene dyes 3 (a-g)
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Scheme 1 Synthesis of Amino Thiophene dyes
Method A Conventional Method
Ethyl-3-amino-4-cyano-5-(methyl-thio)  thiophene-2-carboxylate 1 (0.242g,lmmol) was
dissolved in 1 mL concentrated hydrochloric acid and cooled to 0-5°C. A previously cooled
solution of sodium nitrite (0.069g,1mmol) in distilled water(ImL) was added at0-5°C. The
solution was stirred for an hour. It was tested for positive test for nitrous acid on starch iodide
paper; the excess of nitrous acid was removed by adding required amount of urea. Aniline (0.1 g,
1 mmol) was dissolved in concentrated HCI (0.5 mL), water (1 mL) and cooled below 0-5°C.
The diazotized compound 1 was added drop wise to the solution of aniline. The pH of reaction
mixture was maintained at 5.5 to 6.0 by adding solution of sodium acetate (20% w/v). It was
further stirred for 3 hours at 0-5°C and at room temperature for 2 h. The solid was collected and
recrystallized from ethanol afforded compounds.
Method B Non-Conventional Method
Aniline based thiophene-azo dyes 3 (a-g) were derived from the coupling of ethyl-3-amino-4-
cyano-5-(methyl-thio) thiophene-2-carboxylate (1) with various aromatic amines (2) (a-g) given
in Table 1) at 0-5°C in presence of conc. HCI and reaction mixture was irradiated at 300 W for
10-15 minutes at 20 interval of 20 sec. By maintaining pH at 5-6 solution of sodium acetate
(20% w/v) added to reaction mixture. Thiopheneazo dyes compounds3(a-g) were obtained with
78-86% yield. The compounds synthesized were recrystallized from methanol. (Scheme 1)

Table 1: Practical Yield of Thiophene-azo dyes 3 (a-g)

Entry R- % yield % yield M.P.
Conventional MWI °C
3a CsHs-NHa2 68 78 152
3b 3-Cl- CsHs 70 79 158
3c 4-Cl1-CsHs 67 81 122
3d 2-Cl-6-CH3-CsHs 65 82 175
3e 4-CH3-CsHs 72 81 228
3f 2-OCH3-CeHss 71 80 157
3g 4-NO»2-CgHss 73 83 148
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RESULTS AND DISCUSSION

The structures of the newly synthesized compounds were established by spectroscopic
interpretation as discussed above. Melting range of the synthesized compounds, percentage yield,
were established (table 1)
Ethyl-3-(2-(4-amino-phenyl)-diazenyl)-4-cyano-5-(methy-Ithio)-thiophene-2-  carboxylate,
(3a)
IR(KBr)v cm':3425,3325(NH2),3163(NH);3062(ArCH),2214(CN),1620(C=0),1404(N=N);'HN
MRCDCl): 81.32-1.41 (t, /=7 Hz, 3H, CH3),2.71 (s, 3H,SCH3),4.26-4.32 (q, J=7&14Hz, 2H,
OCH>), 5.76 (s, 2H, NH>»), 6.73 (d, J= 8 Hz, 2H, Ar-H), 7.91 (d, J= 8 Hz, 2H, Ar-H); ESI-MS:
m/z (%) = 369.06 [Ci1sH1aN4O2S2Na, 100%].
Ethyl-3-(2-(5-methyl-2-amino-3-chloro-phenyl) diazenyl)-4-cyano-5-methylthio)-thiophene-
2carboxylate, (3d)
IR(KBr)v cm':3445,3335(NH2),3128(NH);3069(ArCH),2218(CN),1628(C=0),1409(N=N);'HN
MR (CDCl3):61.32-1.36(t, J =7Hz, 3H,CH3), 2.29(s,3H, ArCH3),2.65(s, 3H,SCH3),4.26-4.32(q,
J=7 &14Hz,2H,0CH>),5.76(s, 2H,NH2),7.68(d, J =1.8Hz,1H,Ar-H), 7.79 (d, J = 1.8 Hz,1H, Ar-
H); ESI-MS: m/z(%) = 419.03 [M+2Na, 46%],417.02[M+Na,100%].
Spectroscopic properties
The ultraviolet absorption spectra of some newly synthesized thiopheneazo dyes derived from
the coupling of ethyl-3-amino-4-cyano-5-(methyl-thio)-thiophene-2- carboxylate with various
aromatic anilines were recorded in various solvents acetonitrile, dimethylformamide (DMF),
methanol (MeOH), methanol plus one drop of hydrochloric acid (MeOH + HCI) and methanol
plus one drop of 10% potassium hydroxide (MeOH + KOH) at the concentration of 104 -10-> M
in the range of 200- 800 nm. The maximum absorption (Amax) recorded, The electronic

Table 3: Spectroscopic properties of some Thiophene-azo dyes derivatives

Dyes DMF Acetonitrile MeOH MeOH+HCl MeOH+KOH
Amax loge Amax loge Amax loge Amax loge Amax loge
3a 358 2.045 349 2.044 433 1.837 448.5 2.062 421.5 1.919
3c 338 1.867 351 1.982 349.5 2.021 352.5 1.982 340 2.021
3d 346 1.839 357 2.006 4255 1.569 427.5 1.601 412 1.692
3e 400 2.041 350 2.024 393 1.968 3955 196 410.5 2.046
3f 342 1.886 344 2.029 477 2.029 479 2.007 466 2.029

CONCLUSION

The absorption spectra of newly synthesized thiopheneazo-dyes derivatives were recorded in

different solvents. The maximum absorption recorded. We have reported facile and efficient
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protocol for the synthesis of (4-cyano-5-methyl-thio)-thiophene-2-carboxylate incorporated azo
dyes under the green conditions with good yields. Particularly valuable features of the present
method include, broad substrate scope, short reaction time, simple procedure and easy work up

that facilitated 78—-85% yield.

ACKNOWLEDGEMENT

The authors are thankful to Principal, Vasantrao Naik Mahavidyalaya, Chhatrapati
Samhajinagar, for providing laboratory facilities and Department of Chemistry K.T.H.M.
College, Nashik, Maharashtra for providing facilities.

REFERENCES

1. Al-Harby NF, Albahly, EF, Mohamed, NA, Kinetics, isotherm and thermodynamic
studies for efficient adsorption of Congo Red dye from aqueous solution onto novel cyan
guanidine-modified chitosan adsorbent. Polymers 2021, 13, 4446.

2. Duvauchelle V, Meffre P & Benfodda, Z, Green methodologies for the synthesis of 2-
aminothiophene, Environ Chem. Lett 21,2023, 597—-621https://doi.org/10.1007/s10311-
022-01482-1

3. Maradiya HR, Patel VS, Synthesis of Novel Azo Dyes Containing the Thiophene
Moiety.  Chemistry  of  Heterocyclic ~ Compounds 38,2002,  1324-1330
https://doi.org/10.1023/A:1022170124143

4. Otutu JO, Osabohien E and Efurhuvwe EM, Synthesis and spectral properties of
hetarylmonoazo dyes derived from 2- Amino-5 —nitro-thiazole Oriental Jour. Chem.,
2011,27(4): 1389-1396

5. Rodriguez-Vargas, JA, Diaz-Rodriguez SH, Vergara-Rodriguez VG, Vidal-Rosado, A,
Rivera-Torres, CS, Rodriguez-Del Valle M, Agosto-Disdier, D, Torres-DiazM,
Griebenow, KH et, Synthesis, Purification, Characterization, and ABTS Antioxidant
Evaluation of Novel Azo Dyes. Organics 2025, 6, 39.
https://doi.org/10.3390/0rg6030039

6. Rodriguez-Vargas JA, Diaz-Rodriguez SH, Vergara-Rodriguez VG, Vidal-Rosado A,
Rivera-Torres C, Rios-Rodriguez A, Rodriguez-Del Valle M, Agosto-Disdier D, Torres-
Diaz M, Griebenow KH, et al. Synthesis, Purification, Characterization, and ABTS
Antioxidant Evaluation of Novel Azo Dyes. Organics. 2025; 6(3):39.
https://doi.org/10.3390/0rg6030039

7. Ledoux I, Zyss J, Barni E., Barolo C., Diulgheroff N, Quagliotto P, Viscardi G, Synthetic
Metals,2000,115: 213-217

www.ajphr.com


http://www.ajphr.com/
https://doi.org/10.1007/s10311-022-01482-1
https://doi.org/10.1007/s10311-022-01482-1
https://doi.org/10.1023/A:1022170124143
https://doi.org/10.3390/org6030039
https://doi.org/10.3390/org6030039

|Pagar etal., Am. J. Pharm Health Res 2026:14(09) ISSN: 2321-3647|

8.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

Dallemagne P, Khanh L, Ellah A, Arlet, I, Collot V, Paillet M, Bureau R, Rault S Bioorg
.Med. Chem.,2003,11(7):1161-1167

Fakhr IMI, Radwan MAA, El-Batran S, AbdEl-Salam OM EandEIl-Shenawy SM, Eur. J.
Med. Chem., 2009;44(4): 1718-1725

Molvi KI, Vasu KK, Yerande SG, Sudarsanam V, Haque N, Eur J. Med.Chem,
2007,42(8):1049-1058

Abreu A, Paula MTF, Luis SM and Maria-Joao PO, Tetrahedron, 2004, 60 (51): 11821-
11828

Alagarsamy SM. Ramsechu, KV, and Solomon K, Eur. J.Med. Chem., 2006, 41
(11):1293 - 1300

Bharti N, Husain K, Garza, TG, Cruz-Vega DE, Castro-Garza, J., Mata Cardenas BD,
Naqvia, FandAzama, A, Bioorg.Med. Chem.Lett.,2002,12 (23):3475-3478

Valderrama J, Fournet A, Valderrama C, Bastias S, Astudil C, Rojas de Arias A,
Inchausti A and Yaluff G, Chem. Pharm. Bull. (Tokyo0),1999, 47 (9):1221-1226
Kanawade SB Toche RB, Patil, P, Desai AE, Bhamare SS Eur J] Med Chem2011,46 (9):
4682-4686.

Chavan SA, Toche RB, Desai A, Patil VA, Aware P, Jachak. M, J Pharm ChemBiolSci,
June-August 2016, 4 (2):208-217.

Al-Mousawi, SM, El-Apasery MA, Molecules, 2013, 18: 7081-7092

Emmanuel SF, Djeukoua Dimo KS, Tamokou JD, Tsemeugne J, Kouamo S, Ngouanet D,
et al. The Open Med Chem. Journal, 2016, 10, 21-32

Ram VJ, Goel A, Shukla PK, Kapil A, Bioorg. Med. ChemLett. 1997,7 (24):3101- 3106

wlg ~ | ¢ -
American Journal of Pharmacy 5 ° ] @
and Health Research american journa; or pharﬁarc il

t.t' research

and heaj

=&y PEER-REVIEWED

pa=—in Email:
MONTHLY PUBLICATION 8 editor.ajphr@gmail.com

Visit Our Website:
RAPID PUBLICATION £22) nhttps://ajphr.com/

\. S

www.ajphr.com


http://www.ajphr.com/

