Research Article ‘@ @@@\
d DOI: 10.22034/ijche.2021.282258.1106

This journal is an open access journal licensed under an

DOR: 20.1001.1.17355400.1401.21.120.6.6 Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

(Baghernejad)

Synthesis of Azo Dyes Based on Naphthols, Xanthenes, and
Hydroxy Coumarins in the Presence of Nano-ZrO,-SOs;H

B. Baghernejad
Assistant Professor of Chemistry, Payame Noor University

Email: bitabaghernejad@yahoo.com

Abstract
In recent decades, organic dye chemistry has advanced greatly due Received: 20 April 2021
to the use of dyes in various fields such as electronic devices, Accepted: 31 July 2021

linear and nonlinear optics, printing and duplication, sensors and P U olg-ell

biomedical applications. In the present study, the synthesis of azo
dyes based on naphthols, xanthenes and hydroxy coumarins in the
presence of nano-ZrO,-SOzH catalyst was investigated. Avoid
harmful solvents for the environment, mild conditions, high speed
and short reaction time, simplicity of working up process; high
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efficiency and purity of the synthesized derivatives and recoverable Keywords:
catalyst utilization were the advantages of the proposed method. Synthesis of Azo Dye
The structure of the synthesized compounds was determined by Nano-ZrO,-SOsH,
comparing their physical properties with reported and using IR )'\iapmhoh

anthen,

and HNMR spectroscopy data.
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Figure 1. XRD Spectra of nano- ZrO, sulfuric acid.
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Figure 2. TEM Spectra of Nano-ZrO; sulfuric acid.
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Figure 3. SEM Spectra of Nano-ZrO; sulfuric acid.
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Figure 4. FTIR Spectra of Nano-ZrO; sulfuric acid.
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Figure 5. Synthesis of Azo Dyes Based on Naphthols in the Presence of nano-Zr0O,-SO;H.
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Table 1. Results of synthesis of Azo Dyes Based on Naphthols in the Presence of nano-Zr0O,-SO;H.

Primary X substituted Product Mglgier\lgeoci'nt Theory Melting
Substance (o] o g Point (° C)
(C)
OH
H 208-210 207-209[44]

1-naphthol

1-naphthol 4-methyl N 212-213 211-213[44]
1-naphthol 4-methoxy

N 172-173 173-175[44]

1-naphthol 4-chloro Ny 230-232 229-231

1-naphthol 4-nitro N 190-191 188-190

NO,

96

95

95

98

97
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"’i Primary X substituted Product Mgz;er\lgeo(?nt Theory Melting | Yields
-,’—:‘ Substance () e ?:) Point (° C) (%)
|
b=
4
>
6 1-naphthol H Ny 134-136 133-134[44] 95
12
SO0
N N
7 2-naphthol 4-met 134-136 132-134[44] 94
Me 13
HO ! I
N N
8 2-naphthol 4-methoxy 141-142 139-141[44] 94
OMe 14
HO l l
: N
9 2-naphthol 2-nitro N 204-206 203-205[44] 96
15
HO ! I
N N
10 2-naphthol 4-Chloro 166-167 165-166[44] 96
Cl 16
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FT-IR (KBr) cm™: 3295 (O—H), 1621 (C=C), 1583 (NO,),
1476 (N=N), 1322 (NO,), 1217 (C-0); *H-NMR (400 MHz,
CDCl3) d (ppm): 6 = 8.69 (s, 1H), 8.19 (d, J = 7.6 Hz, 1H),
8.13 (d,J

=9.2 Hz, 2H), 7.52 (m, 1H), 7.49 (t, J = 7.6 Hz, 1H). 7.45 (d,
J=9.2Hz 2H),7.34(t,J=7.6

Hz, 1H), 6.88 (d, J = 9.6 Hz, 1H), 6.83 (d, J = 9.6 Hz, 1H)
ppm. Mass spectra: 249 (M*+1, 22), 248 (M+, 95), 171 (25),
144 (14), 145 (88), 115 (59), 77 (31), 51 (10) m/z.

N Bl oS

FT-IR (KBr) cm™: 3325 (O-H), 1622 (C=C), 1465 (N=N),
1235 (C-0); *H-NMR (400 MHz, CDCls) d (ppm): 8.53(s,1
H), 8.4 (d, J= 7.6 Hz, 1H), 8.33 (d, J = 8.41 Hz, 2H), 8.09 (d,
J=9.6 Hz, 1H), 7.77 (d, J =8.4 Hz, 1H), 7.58 (t, J = 9.2 Hz,
1H), 7.42 (t, J = 9.2 Hz, 1H), 7 (d, J = 8.41 Hz, 2H), 6.7 (d, J
=9.6 Hz, 1H) ppm; mass spectra: 294 (M*+1, 10), 293 (M+,
48), 263 (12), 171 (10), 143 (92), 115(61), 92 (17), 76 (9), 65
(12) m/z.
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Figure 6. Synthesis of Azo Dyes Based on Xanthenes in the Presence of nano-Zr0,-SO;H.
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-:—:‘ Table 2. Results of synthesis of Azo Dyes Based on Xanthenes in the Presence of nano-ZrO,-SO;H.
I Observed Theory
. Meltin Meltin
a_) Primary Substance Product . g . g
= Point Point
: (°C) (°C)
>
1 1 188-190  186-188[47] 91
2 1 172-174 171-172[47] 90
3 1 263-264 262-264[47] 91
4 1 287-280  285-287[47] 94
5 1 289-291  287-289[47] 94
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Product

Primary Substance

CHO
6 N\‘N
OH
Cl
CHO
7 ANV
OH
NO,
CHO
8 N\\N
OH
OCHj3 OCHj,4
27

Observed Theory
Melting Melting
Point Point
(°C) (°C)
1 274-276 273-275[47] 92
1 264-266 265-267[47] 94
1 256-258 253-255[47] 91

Hz,1H), 7.63 (dd, J = 7.6 and 1.6 Hz, 1H), 7.79-7.85 (m. 4H),
10.67 (s, 1H) ppm; Anal. Calcd. for CyH»CIN,O4: C,
68.97;H, 5.79; N, 5.55; Found: C, 68.94; H, 5.74; N, 5.53.

FT-IR (KBr) cm-1: 3441 (O-H), 1722 (C=0), 1587 (C=N),
1449 (N=N), 1218 (C-O); 1H NMR (400 MHz, CDCI3) d
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FT-IR (KBr) cm-1: 3433 (O-H), 1711 (C=0), 1581 (C=N),
1441 (N=N), 1222 (C-0); 1H NMR (400 MHz, CDCI3) d
(ppm): 0.96 (s, 6H), 1.04 (s, 6H), 2.07 (dd, J = 16.0 and 4.0
Hz, 2H), 2.29 (dd, J = 16.0 and 4.0 Hz, 4H), 2.52 (d, J = 12.0
Hz, 4H), 4.67 (s, 1H), 6.82 (d, J =7.6 Hz, 1H), 7.53 (d, J =1.6

(\&x\) o 9 390 o ploab — PESR9 s Juw = Ol (goalh (0 3igeo &3 pais

o33 EBL 3L BB 59 3068 Olgicds sumnl S gilgun LigS o5 93l )5 518

V-2, a0 — 015,80



V-2, a0 — 015,80

w3 L L BB g 5ULS Olgicds dpl G gilgus LigS ) 93U S 5lblS

Sy gl i Lo B 4 g il 5 s aumal] el
3l sbsdsee ;o TLC sloslawl b STy <d iy ol 2050 oo
S99 - Joohoo ¥ Joame an 355 s yobos J5iU]
ol Sl LisS 5 515 SIS 0,5 a0+ oy oS
3o 05 e 00 )t gads A0 VY
Slo 5 alal s bl 2 Lo Ve boglie 4y « STy b els
oA_M.\dLo oy goé;@ul J.!a.n.n u] ‘;La).:) J){? du 9 Q}.M}LSA
T s Ly e 5 (V) JS2) 55 sk 5l 5

Lol ).cjﬁ ul)}m) sja) el 00l 00)9] 4») J5.A.> o e»).ur:bu‘

sles jo 4 aslsl

(ppm): 0.86 (s, 6H), 1.09 (s, 6H), 2.07-2.53 (M, 8H), 5.15 (5,
1H), 7.19 (d, J = 8.4 Hz,1H), 7.35 (d, J = 2.2 Hz, 1H), 7.67
(dd, J=8.4and 2.2 Hz, 1H), 7.78 (d, J = 8.4 Hz, 2H), 7.84(d,
J = 8.4 Hz, 2H), 10.87 (s, 1H) ppm; Anal. Calcd. for
Cy9H29BrN,O,: C, 63.39; H, 5.32; N, 5.10; Found: C, 63.35;
H, 5.29; N, 5.03.
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Figure 7. Synthesis of Azo Dyes Based on Hydroxy Coumarins in the Presence of nano-Zr0O,-SO;H.
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Table 3. Results of synthesis of Azo Dyes Based on Hydroxy Coumarins in the Presence of nano-Zr0O,-SO;H.
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FT-IR (KBr) cm-1: 3422 (N-H), 1675 (C=0), 1473 (N=N),
1227 (C-0); 1H NMR (400 MHz, CDCI3) d (ppm): 1H
NMR (400 MHz, d6-DMSO): d 6.39 (s, 1H, CH), 6.90 (d,
1H, J % 8.4 Hz, ArH), 7.22-7.29 (m, 4H, ArH), 7.34-7.48 (m,
5H, ArH), 7.62 (d, 1H, J % 8.4 Hz, ArH), 7.74 (d, 2H,J % 8.0
Hz, ArH), 7.96-7.98 (m, 3H, ArH).

FY 8, S 5

(KBr) cm™: 3418 (N-H), 1683 (C=0), 1465 (N=N), FT-IR
(s, CDCl3) d (ppm): d 2.39 1219 (C-O); *H NMR (400 MHz,
3H, CHj), 6.45 (s, 1H, CH), 6.85 (d, 1H, J ¥ 7.2 Hz, ArH),
(m, 2H, ArH), 7.16-7.19 (m, 4H, ArH), 7.32-7.39 6.93-7.01
(d, 1H, J ¥4 8.0 Hz, ArH), 7.58 (d, 1H, J (m, 3H, ArH), 7.54
J ¥28.0 Hz, ArH), 8.06 (s, 1H, %2 8.0 Hz, ArH), 7.98 (d, 2H,

ArH)
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Table 4. Optimization value of nano-Zr0,-SO;H catalyst.

Product

Amount of Catalyst(g)

Yield(%)

0.02 77
0.03 81
0.05 91
0.1 91
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Table 5. Selection of suitable solvent in the presence of nano-ZrO,-SO;H with different solvents.

Time(min) Yield(%0)
1 87
1 88
1 70
1 83
1 91
1 85
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Table 6. Results of reuse of the nano nano-Zr0,-SO;H for synthesis of (31 compound).

Number of Use Yield(%0)

1 90
2 90
3 88
4 87
5 85
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Table 7. Comparison of various catalysts for the synthesis of Azo Dyes Based on Hydroxy Coumarins.

Entry Catalyst
1 Without catalyst[49]
2 H3B05[49]
3 Nano SiO,[49]
4 p-TSA[49]
5 Cu(OAc),[49]
6 [BMIm]OH[49]
7 [BMIm]Br[49]
8 Nano-ZrO, sulfuric acid

Yield(%o) Time
45 48h
52 12h
65 360min
63 12h
60 12h
80 120min
70 120min
94 60min
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Table 8. Comparison of various catalysts for the synthesis of Azo Dyes Based on Naphthols.

Entry Catalyst
1 Silica/H,S0,[50]
2 Nano SiO,-CrOzH[51]
3 HCI/NaNO,[52]
4 [H-NMP]HSO,[53]
5 Nano-SCA[54]
6 Nano-SPA[55]
7 Nano-ZrO, sulfuric acid

Yield(%o) Time
83 120min
80 120min
67 90min
88 90min
90 60min
85 30min
96 30min
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Figure 8. Synthesis of Aryl diazonium salt.
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Table 9. Comparison of various catalysts for the synthesis of
Azo Dyes Based on Xanthenes.

Catalyst Yield (%)
1 Nano-TiO,[56] 82 90min
2 Nano-ZrO, sulfuric acid 91 60min
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Figure 9. Mechanism of synthesis of Azo Dyes Based on Xanthenes.
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Figure 10. Mechanism of synthesis of Azo Dyes Based on Hydroxy Coumarins.
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