ISSN: 0974 - 7516 Volume 10 Issue 7

CMISTRY
A Tndéian Yournal

O
L

—= Pyl Paper

OCAIJ, 10(7), 2014 [263-270]

Synthesis and spectroscopic studies of alkali clearable azo dye of 3-
amino-5- nitrophthalic acid

Mallikarjuna Rajappa Hallit, J.Keshavayya?*, K.M.Mahadevan?, M.N.K.Harish3, K.Venugopal
Reddy*
1Department of Engg.Chemistry, Rajeev I ngtitute of Technology, Hassan-573 201, K ar nataka, (INDI A)
2Department of Chemistry, Kuvempu Univer sity, Jnana Sahyadri, Shankar aghatta, Shimoga, K ar natka, (INDIA)
*Department of Engg.Chemistry, Acharyalngtituteof Technology, Bangalore, (INDIA)
“Department of Chemistry, VSK University, Jnana SagaraCampus, Bellary, (INDIA)
E-mail : mallikar junahr @gmail.com; jkeshavyya@gmail.com

ABSTRACT

The present work describes the synthesis of alkali clearable azo dye stuffs
(6a-c) derived from naphthanilides. The dyes (6a-c) were synthesized from
3-amino-5-nitro-phthalic acid (3,5-ANPA) as diazo component and 3-
carboxy-2-hydroxy naphthanilides (5a-c) as coupling agent, under suitable
experimental conditions. The dyes were characterized by using FT-IR, H
and ®*C NMR, UV-Visible, fluorescent and L C-M Stechniques. The thermal
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behavior of compounds have been determined by means of differential
thermal analysis (DTA) and thermo gravimetric analysis (TGA). The
electrochemical properties of dyeswere studied by cyclic voltametry.
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INTRODUCTION

Thedevel opment of new disperse dyesmust take
into account in order to minimizetheeffect of dyeing
effluent ontheenvironment. Temporary solubilised dyes
containing B-sulphatoethylsulphone group have been
investigated for the di spersant-free dyeing of polyes-
ter™, The sodium sul phonate group of the dye struc-
turegivessufficient water solubility a theearly stage of
dyeing without any dispersant. Even, alkali-clearable
disperse dyes have been studied since 30 yearsin or-
der to reduce the impact of dyeing processes on the
environment through reductionin effluent dischargeas
well asintheuse of energy and materia 92¢ Theakdi
clearabledispersedyesfacilitate dkainetreatment to
be substituted for costly and environmentally damaging

reduction clearing processsince, thedyescan beeasly
hydrolyzed and washed-off under rdatively mild alka-
linecondition. M oreover, ngphthaimide based dyeshave
been investigated inanumber of waysto examinetheir
use asdyesintermediates on both synthetic and natural
fabricsaswdl ason the other polymeric materids. Pio-
neeringwork onnaphthdimideandthear derivativeshave
been investigated to assesstheir roleastheintermedi-
atesfor dye stuffs preparation”*Y. Heterocyclic de-
rivativessuch asngphthlimides, phenylazo phthdimides
and 1, 8-naphthalic anhydrides have been considered
for the preparation of dispersedyestuffg'24 for other
polymer fibers, and dye stuffs capabl e of copol ymer-
ization.

Inthe present paper we report afacile method for
thesynthesisof dkali clearable azo dispersedyes (6a-
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¢) from 3-carboxy-2-hydroxy naphthanilides (5a-h) as
coupling agent, and 3, 5-ANPA (4) asdiazo compo-
nent. The diazo component 3, 5--ANPA (4) was pre-
pared by reduction of 3, 5-dinitrophthaicacid (3, 5-
DNPA). The 3, 5-DNPA (3) was prepared from 3, 5
dinitro-o-toluicacid (3, 5-DNTA), which inturnwas
synthes zed by thenitration of o-toluicacid. Thediazo-
tization was carried out under suitable experimental
conditionsto get thedyestuffsingood yield.

EXPERIMENTAL

Infrared spectraof azo dyeswererecordedinthe
region of 4000 cm*- 400 cm™ on a FT-IR 8400s
SHIMADZU spectrometer in KBr pellets. TheH and
3C-NMR spectrawere recorded in DM SO-d, at 400
MHz using amx400 FT-NMR spectrometer with TMS
asinterna standard. The mass spectrawere recorded
withal C-M SD-trap-X CTplusmass spectrometer. The
UV-Visble absorption spectrawererecorded in vari-
ous of solvents, dimethyl sulfoxide (DMSO),
dimethiformamide(DMF), pyridine, methanol (MeOH),
acetone, acetic acid, acetonitrilg, tertahydrofuran (THF),
0.1N sodium hydroxide (NaOH), MeOH+0.1N

NaOH and MeOH +0.1N hydrochloric acid (HCI),
withaSHIMADZU UV-Visble 1650 spectrometer in
thewavelength range of 400-800 nm. Thermal andysis
was carried outin SHIMADZU TA-60WS Thermal
analyzer inair at aheating rate of 5°C min™* Redox
properties of dyeswere studied by Electro Analyzer-
206 Cyclic voltametry. Fluorescence measurements
were performed on a Shimadzu spectrofluorimeter
Modd RF-5300 equipped with a150 W Xenon lamp
and dit width of 10 nm.

Coupling components(5a-c)

All the coupling componentswere purchased and
recrystdlizedin ethanal.
Synthesisof 3, 5-DNTA (2) and 3, 5-DNPA (3)

The compound (2) and (3) were synthesized from
the documented procedureavailableintheliteraturd ™™

Synthesisof 3, 5-ANPA (4)

The compound (3) (2.56 g, 0.01 mol) was added
to asolution containing 50 cm? of 5% NaOH and so-
dium sulfidenanohydrate (Na,S.9H,0) (1.58 g, 0.04
mol) with continuesstirring for 1 hr at 60°C. The re-
sulting mixturewasto bedlowed cool andfiltered. The

NO, NO,

H;C Nitration. -10 °C CH;  Oxidatioon, 90 °C COOH
) - g
o . Na,Cr,0,/H,S0,
HOOC H,SO, /HNO; 0,N COOH -7 O5N COOH
3
1 2
Reduction Na,S., 50 °C
R HOOC COOH NH," CI
0= OH Diazotization, pH-2-3. 0-5 °C COOH
N -
N// Coupling, pH 4-6, 5-10 °C
0,N COOH
NO,

6a-c
6a-R =0H
6b - R =CONH - CgHj5

6¢ - R-CONH-2-CH 3CgH,

OH
coc. T

bHa-c (e}

5a-R = OH
5b - R = CONH - CgHg

5¢ - R=CONH-2-CH4CgH,

Scheme 1

@Wu'c CHEMISTRY —

Au Tudian Yournal



OCAIJ, 10(7) 2014

J.Keshavayya et al.

265

filtratethus obtained wasacidified HCl and dlowed to
stand over night and filtered. Thefiltratethusobtained
was used for the synthesis of dye stuffg*S.

3-(3-car boxy-2-hydr oxy-naphthalen-1-ylazo)-5-ni-
tro-phthalicacid

Diazotization

Thefiltrate containing 3, 5-ANPA (4) was cooled
at 0-5°C and an equimolar solution of aqueous sodium
nitrite (NaNO,, 0.79 0.01 mol) was added drop wise
with constant stirring. After complete addition, the stir-
ring was continued for 30 min. TheexcessNaNO, was
destroyed by adding 1-2 g of urea. The pH of thereac-
tion mixturewasmaintainedintherangeof 6-7 by add-
ing chilled aqueous sol ution of sodium carbonate. To
this solution, the compound (5a) (1.44 g, 0.01 mol,
takenin 20 ml DMF) was added in portionswhilethe
temperature 0-5°C at pH-6for 2 hr. The dye obtained
wasfiltered, wash and recrystallized from appropriate
solvent. Thepurity of the compound was checked by
thin layer chromatography. All other dyes (6b-c) were

—= Pyl Peper

synthesized with smilar method by using different cou-
pling components (5b-c) asgiveninthe Scheme 114

RESULTSAND DISCUSSION

Themost convenient method for the preparation of
desired dyesinvolvesthe synthesisof 3,5-ANPA that
wasreadily synthesized from easily available starting
material, o-toluic acid (1). o-toluic acid upon nitration
under appropriate experimental conditionsyield 3,5-
DNTA (2). Theresulting 3,5-DNTA wasoxidized to
corresponding 3,5-DNPA and nitro group wasreduced
inthepresence of agueous sodium sul phide under con-
trolled reaction conditionsto get 3, 5-ANPA. Efforts
toisolate the 3,5-ANPA was not succeed, hence the
diazotization and coupling reactionswere carried out
instuwithaseriesof 3-hydroxy-2-ngphthanilides(5a-
C) to obtain the corresponding dyes (6a-c) respectively.
Theiryield, solubility and color aresummarized inthe
TABLE 1. The FT-IR, *H and 2*C-NMR dataof these
compoundsaregiveninexperimental section.

TABLE 1: Physical characteristicsand structur e of (6a-c)

Mol.formula - Color : 1 (0
Compound Mol Wi Structure Solubility Appear ance Yield (%)
2
6a C19H11N30 O N, MeOH, DMF Scarlet red 65
425.30 N Acetone, DMSO (amorphous)
HOOC OH
HOOC COOH
()
W
hY
6b Ca25H16N4Og o oH MeOH, DMF Orange red 79
500.41 H Hood cooH Acetone, DMSO (amorphous)
{2
e
RY
6c C6H1sN4Os o0t - MeOH, DMF Red 68
514.44 NH HOOC COOH Acetone, DMSO (amorphous)
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TheFT-IR spectraof thecompound (6¢) exhibited
abroad band in 3500-3200 cm region and could be
attributed to -OH and —NH of amide group and an
intense strong band at 1624 cm* wasassignedto C=0
of carboxylic groups. Further, aband at region 1554,
and 1590 c*was attri buted to the nitro and azo group
respectively. TheH NM R spectraof (6¢) reved ed the
broad band at 8: 15.56 ppm for the hydroxy protons!*”
and &: 14.00 ppm for the carboxylic proton, at 11.06
ppm for amide proton. Peaks obtained intherange of
0: 7.07 to 8.89 ppm was assigned to aromatic protons

(Ar-H). The C NMR spectrum of compound 6¢
showed 3 peaksat 6: 178.44, 168.86 and 165.50 due
to carbon of carbamide and carboxylic acid groupsre-
spectively. Moreover the peaks appeared at o:
150.74 (C-NQ,), 146.7 (C-OH) ppm due to the car-
bon attached to the nitro and hydroxyl groups respec-
tively. Thepeak at 3: 115.07 ppm can be assigned to
carbon, whichisattached to nitrogen of theazo linkage
(ArC-N=N). The aromatic carbon peaks, which ap-
peared intherangeof 3: 121-148 ppm.

Spectral data of dyes(6a-c)

Compound

Spectral data

6a

IR (KBr): 3500-2800 cm'™* (OH, COOH), 1697 cm™ (C=0), 1506 cm™ (N=N), 1524 cm™, (NO,). '"H NMR
(DMSO-ds, ppm): 8.65 (s, ArH, 1H), 8.56 (s, ArH, 1H), 8.51 (s, ArH, 1H), 8.38-8.40 (d, ArH, 1H, J = 8.09),
7.92-7.88 (d, ArH, 1H, J = 7.58), 7.74-7.70(t, ArH, 1H, J = 14.61, 7.39), 7.52-7.49 (t, ArH, 1H, J = 14.61,
7.29). *°C NMR (DM SO-dg, ppm): 174.92 (COOH), 165.49 (COOH), 147.4 (C-OH), 146.5, (C-NO,),
133.72, 133.16, 131.83, 131.12, 130.70, 127.45, 126.94, 126.56, 126.56, 126.24, 122.70 (ArC), 115.49
(C-N=N). LCMS m/z: 426.2(M+1, 100)

IR(KBr): 3648-3613 cm™ (OH), 3487-3445 cm™ (NH), 1697 cm™ (C=0), 1501 cm™ (N=N), 1549cm™*

(NOy). *H NMR (DM SO-dg, ppm): 15.86 (br, s, OH 1H), 13.87(s, COOH, 2H), 11.01 (s, 1H, NH), 8.82 (s,
ArH, 1H), 8.69 (s, ArH, 1H), 8.53 (s, ArH, 1H), 8.40-8.38 (d, ArH, 1H, J = 7.89), 8.12-8.10 (d, ArH, 1H, J
=7.71), 8.02-8.00 (d, ArH, 1H, J = 7.42), 7.78-7.74 (t, 1H, ArH, J = 15.13, 7.47), 7.56-7.51(t, ArH, 1H, J

6b

= 14.42, 7.51), 7.31-7.22 (m, ArH, 3H), 7.10-7.07 (t, ArH, 1H, J = 14.57, 7.29). *C NMR ((DMSO-d,

ppm): 177.44 (C=0), 165.41 (COOH), 163.83 (COOH), 149.84(C-NO,), 146.89 (C-OH), 148.65, 143.45,
135,46, 134.28, 133.84, 132.65. 131.46, 131.12, 130.46, 128.63, 127.89, 127.54, 126.85, 126.29, 126 28,
123.28, 122.86, 122.34, 121.26 (ArC), 115.07 (C-N=N)

IR (KBr): 3500-3200 cm™* (OH, NH ), 1624 cm™ (C=0), 1490 cm™ (N=N), 1544 cm™, (NO,). '"H NMR
(DM SO-dg, ppm): 15.56 (br, s, OH 1H), 14.00 (s, COOH, 2H), 11.06 (s, 1H, NH), 8.89 (s, ArH, 1H), 8.71 (s,
ArH, 1H), 8.56 (s, ArH, 1H), 8.42-8.40 (d, ArH, 1H, J = 7.92), 8.15-8.13 (d, ArH, 1H, J = 7.88), 8.00-7.98

6c

(d, ArH, 1H, J = 7.45),7.79-7.75 (t, 1H, ArH, J = 15.11, 7.48), 7.59-7.55 (t, ArH, 1H, J = 14.35, 7.39),
7.31-7.22 (m, ArH, 2H), 7.10-7.07 (t, ArH, 1H, J = 14.57, 7.29) 2.66 (3H, CHs). *C NMR ((DMSO-ds,

ppm): 178.44 (C=0), 168.86 (COOH), 165.50 (COOH), 150.74 (C-NO,), 148.73 (C-OH), 148.45, 143.12,
136,46, 134.14, 133.48, 132.81. 131.56, 131.07, 130.69, 128.16, 127.89, 127.54, 126.85, 126.29, 126 28,
123.28, 122.34, 121.26 (ArC), 115.07(C-N=N), 17.99 (CHs).

Absor ption spectra
Solvent effect

Absorption spectra of the dyes (6a-6¢) were
recoded in various solvents at aconcentration of 10
to 10° M and results are summarized in TABLE 2.
Two typical spectraare shown in Figure laand 1b.
The visibleabsorption spectraof thedyeswerefound
to exhibit astrong sol vent dependence, which did not
show aregular variation with the polarity of the sol-
vents. It is believed that although DMF, DM SO,
MeOH, THF, and acetone the absorption spectradid
not changesignificantly, A of thedyesshifted consid-
erably in NaOH (e.g. dye 6c¢, the A__: 494 nm in
DMSO0, 496 nmin DMF, 495 nmin MeOH, 497 nm

in THF, and 485nm acetone). A of the (6a-6¢) in
NaOH showed considerable change shiftin__ to-
wardsthered shift and one more appeared at the 350
nm(e.g. forthedyeé6e, A __: 353nminNaOH,). Butin
case of proton abstracting solventsthisequilibrium de-
pends on the acidity of solvents used such as DMF,
DMSO. Thedyesgiveblueshiftof & existsmainlyin
theanion form&-24,

Florescence studies

Fluorescence propertiesof the prepared dyeswere
investigated. For this, thedye solutionisexcited at the
respective’  and recorded theemissionspectrum. The
excitation wave engthswerefound to 255 and 258 nm,
whiletheemiss on wavd engthswerenoticed to be 522

Onganic CHEMISTRY o
Au Tudian Yournal



OCAIJ, 10(7) 2014

J.Keshavayya et al.

267

0
_N

Na OH

N~
Y
=N Y
LI S P
XN SN
OH

OH
|
OH

1 2

5a, ) max=504 (acetone)

NAN
Lo
N __\\\\\sl/ Na

—= Py/] Peper

R [
_N N
PN l\ ///O Na
— I,
\|,-
OH
3

5a y }\.1113);:460 (NaOH)

Scheme 2

TABLE 2: Absor ption maxima (nm) of dyes(6a-c) in varioussolvents

Aceoto

MeOH+ MeOH+

Dye DMF DMSO THF Acetone Pyridine nitrile Aceticacid MeOH  NaOH NaOH HC
6a 498 480 319 494,323 495 317 496 320 499 493 402 495 326 509,350 481,353 494, 303
S
6b 496 493 308 487,373 486,364 511,320 484 486,364 490 511, 466° 541750' 508, 312
S
6c 496 494,303 497,316 485,317 495 301 486 486,290 500,485 509, 472° 317% 511, 319
=0 TABLE 3: Florescent data of dyes(6b) & (6¢)
a-DMSO
b-DMF Wavelength  Wavelength .
c-Methanol Dye of of FluRo?ng;\éﬁce Stoke’s
59 d-THF No.  excitation emission : ! shift
= foctone (nm) (m TS
E SN NaOH 6b 255 522 440 20058
% 1o rdpiinimid 6c 258 514 20 19304
< i-Acetic acid

0.5

400 5(')0 660
Wavelength (nm)
Figurela: Absorption spectraof (6b) in varioussolvents

c c-methanol

g-0.1N NaOH
j-methanol+0.1N NaOH
k-methanol+0.1N HCI

Absorbance

0.6

0.4

0.2

0.0 : T .
400 500 600
Wavelength(nm)

Figure 1b : Absorption spectra of (6b) in acidic and basic

conditions

and 514 nm, respectively'®., It was observed that the
dye 6b were more fluorescent while 6¢ was weakly
fluorescent. 1 mg of each dyeisdissolved in adrop of
diluteNaOH and diluted to 25 ml with distilled water in
a25 ml volumetric flask so asto obtain 40 ppm. Fur-
ther, 0.5ml of 40 ppm solutionisdiluted to 3 ml and
used this solutionfor recording fluorescence measure-
ments. Thedyes6b wasfound to be morefluorescent
whileotherswereweakly fluorescent. The excitation
and emissonwave engthsand Stoke’s shift are given in
theTABLE 3.

Thermal propertiesand kinetic parameters

Thethermo anaytica dataand kinetic parameters
areof dl thecompoundsaresummarizedinTABLE 4.
Thetypica TGA curveof thecompounds (6a-6¢) are
illustrated in Figure 2. Kinetic and thermodynamic pa
rametersof al the compounds have been evaluated by
Broido’s method. Plots of In (In1/Y) versus 1/T
(where Y is the fraction of the compound
undecomposed) were devel oped for the decomposi-
tion segment wherelossof functiona group occurs. The
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TABLE 4: Thermodynamic and kinetic par ameter sof the dyes (6a-6c)

Dye Decompositionrange(°C) DTA nax(°C) Ea(kdmoa™) InA(sY) AH((Imd?) AS(KIma?) AG (kJmal™)

. 155-280 210 3.5027 5.4403 -0.5128 -149.99 72.445
460-575 521 57.914 16.428 51.313 -143.79 114.22
6 230-300 262 3.6011 5.3816 -0.8468 -149.27 79.860
500-585 553 64.544 17.104 57.676 -143.83 118.86
5 225-330 269 2.6373 4.8540 -1.8688 -149.12 80.824
475-580 529 36.574 12.577 29.906 -144.52 115.93

38 second degradation steps seem to begradua, and may

304 . " be attributed to therapture of wholemoleculeand al

b-6b steps areendothermic in nature. The compound (6a)

Weight (mg)
o b
1 1
|
/
i

160 ) ZII)O ) 31IJO ' 4CIID ) SlIJO ) 600
Temperature (OC')
Figure2: TGA curvesof (6a-C)
thermoanalytica studiesof (6a-6¢) inair reveaded that
these compounds degradein two steps. Thefirst and
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Figure3a: Plotsof In (In1/Y) ver sus1/T thermal degradation
of (6a-6¢)
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Figure3b: Plotsof In (In1/Y) versus /T thermal degradation
of (6a-6¢)
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showsthat al the peaks are endothermic and the de-
composition occursintwo steps, first tepintherange
of 155-280 °C with decomposition temperature of 210
°C with endothermic peak, second step occurred inthe
range of 460-575 °C with decomposition temperature
(T, was421°C. Fromthe plotsFigure 3aand 3b the
energy of activation (E,), frequency factor (InA), and
variousthermodynamic parameterslike Enthapy (AH),
Entropy (AS) and free energy (AG) were calculated
using Sandard equations. Itisunderstood fromthe TGA
of dyes, that high activation energy causesrapid degra-
dation around their decomposition temperatures, where
activation energieslow representsthe gradual degra-
dation.

Cyclicvoltametry studies

Compounds (6a-6¢) were carried out in
Electroanalyzer-201 cyclic voltametry using 0.1M
H,SO, as supporting electrolyte and DMF (0.5mM)
asasolvent. Electrochemical cell consistsof aglass
container withacap having holesfor introducing € ec-

TABLE 5: Effect of scan rateson thereduction of ring at
glassy carbon electrodein DMF contain 0.1IM H,SO,

Dye S((:;r{/ r/ :)Ie Epc(mV)  1pe(mA)  Epa(mV)  1pa(pA)
Epct lper Epar lpa
25 -173 12.00 412 -8.22
6a 50 -182 18.15 417 -12.69
75 -198 21.13 419 -16.65
25 -529 21.03
6b 50 -582 27.42
75 -592 35.10
25 -492 15.3 380 -5.12
6c 50 -500 22.42 389 -10.23
75 -520 24.19 395 15.40
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trodes. The reference electrode used was saturated
calome electrode (SCE), Theauxiliary and working
electrodeswereplatinum foil and glassy carbon respec-
tively. Thecyclic voltammetric studies of dyeswere
carried out in the potential range— 500mV to +500
mV inthreedifferent scan rates25mV, 50 mV, and 75
mV.

Reduction of compound (6a-6¢)

Theresultsshow that the compounds (6a-6¢) were
reduced in a potential range between -592mV to -
173mV at pH-2 gave singlereduction peak with two
electron changesasseen in TABLE 5. Thetypical cy-
clicvoltammogram curvesof the compounds (6a-6¢)
isillustrated in fig 4aand 4b. Whereas the compound
(6a), (6b) and (6c) exhibit reduction potential inthe
range-182mV, -582mV and -500mV at the scan rate
of 50 mV.

45 ¢

30

15+

Current(pA)

-15]

T T T T T T T T T T T
400 200 0 -200 -400 -600 -800

Voltage(mA)

Figure4a: Cyclicvoltammogram of (6a-6¢) in different scan
rate (25,50 & 75)

3

25
4 6b

154

Current(pA)

-15

4(110 I Z(IJO ' (I) I -ZIOO I -4:30 ' -GIOO . -800
Voltage(mv)
Figuredb : Cyclic voltammogram of (6a-6¢) in 25 scan rate

—= Py/] Peper
Oxidation of compound (6a-6c)

Theresultsshow that oxidation of compounds (6a)
and (6¢) oxidizedin apotential rangeat 417mV and
389 mV respectively. However thecompound (6b) does
not show any oxidation potentia.

CONCLUSION

We have established an efficient routefor the syn-
thesisof novel alkai clearableazo dyesof 3, 5-ANPA.
Itiscertainly interesting to notethat the colors of the
dyeswereintenseand 2 of thesedyesliein between
400-550 nm. Moreover these dyeswerefound to be
alkali clearable dueto the presence of phenolic and
carboxylic acid groupsand it may beuseful intextile
indudtries.
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