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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 BC NMR, UV-Visible, fluorescent and L C-M Stechniques. Thethermal
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behavior of compounds have been determined by means of differential
thermal analysis (DTA) and thermo gravimetric analysis (TGA). The elec-
trochemical properties of dyeswere studied by cyclic voltametry.
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INTRODUCTION

The development of new dispersedyesmust take
into account in order to minimizetheeffect of dyeing
effluent on theenvironment. Temporary solubilised dyes
containing B-sulphatoethylsulphone group have been
investigated for the dispersant-free dyeing of polyes-
ter!, The sodium sul phonate group of the dye struc-
turegivessufficient water solubility at theearly stage of
dyeing without any dispersant. Even, alkai-clearable
disperse dyeshave 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 §2¢ Theakdi
clearabledispersedyesfacilitate alkalinetreatment to
be substituted for costly and environmental ly damaging

reduction clearing processsince, thedyescan beeasly
hydrolyzed and washed-off under relatively mild alka
linecondition. Moreover, ngphthamide based dyeshave
been investigated inanumber of waysto examinether
use asdyesintermediates on both synthetic and natural
fabricsaswdl asontheother polymeric materids. Pio-
neeringwork on naphthaimideand ther derivaiveshave
beeninvestigated to assesstheir roleastheintermedi-
atesfor dye stuffs preparation”Y. Heterocyclic de-
rivativessuch asnaphthlimides, phenylazo phthaimides
and 1, 8-naphthalic anhydrides have been considered
for the preparation of disperse dyestuffg'24 for other
polymer fibers, and dye stuffs capabl e of copolymer-
izetion.

Inthe present paper wereport afacile method for
thesynthesisof akali clearable azo disperse dyes (6a-
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c) 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),
dimethlformamide(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-Visible 1650 spectrometer in
thewave ength range of 400-800 nm. Thermal andysis
was carried out in SHIMADZU TA-60WS Thermal
analyzer inair at a heating rate of 5°C min™* Redox
properties of dyeswere studied by Electro Analyzer-
206 Cyclic voltametry. Fluorescence measurements
were performed on a Shimadzu spectrofluorimeter
Model RF-5300 equipped with a150 W Xenon lamp
and dit width of 10 nm.

Coupling components(5a-c)

All the coupling componentswere purchased and
recrystdlizedinethanal.

Synthesisof 3, 5-DNTA (2) and 3, 5-DNPA (3)

Thecompound 2 and 3 were synthesized fromthe
documented procedureavailablein theliterature ™™

Synthesis of 3, 5-ANPA (4)

Thecompound 3 (2.56 g, 0.01 mol) was added to
asolution containing 50 cm? of 5% NaOH and sodium
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sulfide nanohydrate (Na,S.9H,0) (1.58 g, 0.04 mol)
with continuesstirringfor 1 hr at 60°C. The resulting
mixturewasto bealowed cool andfiltered. Thefiltrate
thus obtained wasacidified HC| and allowed to stand
over night and filtered. Thefiltrate thus obtained was
used for thesynthesisof dye stuffg*.

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

Thefiltrate containing 3, 5-ANPA (4) wascooled
a 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 mixturewasmaintained intherangeof 6-7 by add-
ing chilled aqueous sol ution of sodium carbonate. To
thissolution, thecompound 5a(1.44 g, 0.01 mal, taken
in 20 ml DMF) was added in portionswhilethe tem-
perature 0-5 °C at pH-6 for 2 hr. The dye obtained
wasfiltered, wash and recrystallized from appropriate
solvent. The purity of the compound was checked by
thin layer chromatography. All other dyes 6b-c were
synthesized with smilar method by using different cou-
pling components (5b-c) asgiveninthe Scheme 119

RESULTSAND DISCUSSION

Themost convenient method for the preparation of
desired dyesinvolvesthe synthesisof 3,5-ANPA that
wasreadily synthesized from easily available starting
materia, 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 was reduced
inthe presence of agueous sodium sul phide under con-
trolled reaction conditionsto get 3, 5-ANPA. Efforts
to isolate the 3,5-ANPA was not succeed, hencethe
diazotization and coupling reactionswere carried out
instuwith aseriesof 3-hydroxy-2-naphthanilides (5a
C) to obtain the corresponding dyes 6a-c respectively.
Theiryield, solubility and color are summarized inthe
TABLE 1. TheFT-IR, *H and *C-NMR dataof these
compoundsaregiveninexperimental section.
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NO, NO,
HyC Nitration, -10 °C CH, Oxidatioon, 90 °C COOH
P Na,Cr,0,/H,S0,
HooC H,S0, / HNO; O,N COOH ~ 727277 72774 N COOH
3
1 2

Reduction Na,S. 50 °C

NH," CI”

Diazotization, pH-2-3. 0-5 °C COOH

N -
N Coupling, pH 4-6, 5-10 °C
o o O,N COOH
2 L —

|
G6a-c Ha-c ]

6a-R=0H 5a-R=0H

6b- R =CONH - CcHg 5b - R =CONH - CgH5

6c - R-CONH-2-CH,CgH, 5¢ - R=CONH-2-CH,;CgH,

Scheme 1
TABLE 1: Physical characteristicsand structure of 6a-c
Compound Moal. formula

. Color Yield
Mol Wt Structure Solubility Appear ance (%)

6a C1oH11N30q O N NO, MeOH, DMF Scarlet red 65
425.30 N\ Acetone, DMSO (amorphous)
HOOC OH

HOOC COOH
A\
N

(amorphous)
HooC COOH

@,
Wa
6b CasH16N4Os MeOH, DMF Orangered 72
500.41 o OH Acetone, DMSO
NH

NO,
O \
Ca6H18N4O N\
6c 26M118N40g

N MeOH, DMF Red
514.44 o OH

Acetone, DMSO (amorphous) 68
NH HOOC COOH
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TheFT-IR spectraof the compound 6¢ exhibited a
broad 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 ctwas attri buted to the nitro and azo group
respectively. TheH NMR spectraof 6¢ revealed 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 3C 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 peaksappeared at 6: 150.74
(C-NG,), 146.7 (C-OH) ppm due to the carbon at-
tached to the nitro and hydroxyl groups respectively.
Thepeak a 6: 115.07 ppm can be assigned to carbon,
whichisattached to nitrogen of theazo linkage (ArC-
N=N). Thearomatic carbon peaks, which appearedin
therangeof 6: 121-148 ppm.

Spectral data of dyes6a-c

Compound

Spectral data

6a

6b

IR (KBr): 3500-2800 cm™* (OH, COOH), 1697 cm™ (C=0), 1506 cm™ (N=N), 1524 cm™, (NO,). 'H NMR
(DM SO-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-ds, 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™*
(NO). *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 =
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 (DM SO-ds, 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, CH3). *C NMR ((DMSO-d,

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 (CH).

Absor ption spectra
Solvent effect

Absorption spectraof the dyes 6a-6¢ wererecoded
invarious solventsat aconcentration of 10“to 10°M
and resultsare summarized in TABLE 2. Two typical
spectraareshownin Figure laand 1b. Thevisibleab-
sorption spectra of the dyeswere found to exhibit a
strong sol vent dependence, which did not show aregu-
lar variation with the polarity of the solvents. Itisbe-
lieved that although DMF, DM SO, MeOH, THF, and
acetone the absorption spectradid not change signifi-
cantly, A _ of the dyesshifted considerably in NaOH
(e.g. dye6c, thed : 494 nmin DMSO, 496 nmin
DMF, 495 nmin MeOH, 497 nmin THF, and 485nm

acetone). &, __ of the 6a-6¢ in NaOH showed consid-
erablechangeshiftini__ towardsthered shift and one
moreappeared a the 350 nm (e.g. for thedye6c, A _:
353nminNaOH,). But in case of proton abstracting
solventsthisequilibrium depends ontheacidity of sol-
vents used suchasDMF, DM SO. Thedyesgiveblue
shiftof A__ existsmainly intheanion form 824,

Flor escence studies

Fluorescence properties of the prepared dyeswere
investigated. For this, thedye solutionisexcited at the
respective’ _ and recorded theemission spectrum. The
excitation wavd engthswerefound to 255 and 258 nm,
whiletheemiss on wave engthswerenoticed to be 522
and 514 nm, respectively?. It was observed that the
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5a, ) max=504 (acetone)

—= Fyll Peper

58, Amax=460 (NaOH)

Scheme 2

TABLE 2: Absor ption maxima (nm) of dyes6a-cin varioussolvents

- Aceoto  Acetic MeOH+ MeOH+
Dye DMF DMSO THF  Acetone Pyridine nitrile acid MeOH NaOH NaOH HCl
6a 498 489,319 494,323 495,317 496,320 499 493,402 495,326 509,350 481,353 494,303
6b 496 493,308 487,373 486,364 511,320 484 486, 364 490 511, 466° 515° 470 508, 312
6c 496 494,303 497,316 485,317 495, 301 486 486,290 500,485 509,472° 515° 475 511, 319
2.0
:qt a-DMSO
d‘ i N b-DMF
¢c-Methanol
1.5 y / b ‘ d-THF
. 2/ T e-Acetone
/A FPyrdine
_é \ g-0.1N NaOH
_"% 1 © h-Aceotonitrile
= h S i-Acetic acid
g
0.0 T
400 500

Wavelength (nm)

Figurela: Absorption spectraof 6b in varioussolvents

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 digtilled weter 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. Theexcitation
and emiss onwavd engthsand Sloke’s shift are given in

theTABLE 3.
Thermal propertiesand kinetic parameters

Thethermo anaytica dataand kinetic parameters
areof al thecompoundsare summarizedin TABLE 4.
Thetypical TGA curve of the compounds 6a-6¢ are
illustrated in Figure 2. Kinetic and thermodynamic pa-
rametersof al the compounds have been eva uated by
Broido’s method. Plots of In (In1/Y) versus 1/T
(where Y is the fraction of the compound

— a%a['yttaa[’ CHEMISTRY
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1.4

1.2 4

1.0+

Absorbance

0.6
D.4 -
0.2

0.0

084

c-methanol

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

400

T
500

600

Wavelength(nm)

Figure1b: Absor ption spectraof 6b in acidic and basic conditions
TABLE 3: Florescent data of dyes6b & 6¢

ACAIJ, 14(8) 2014

Dye Wavelength of Wavelength of Relative fluor escence Stoke’s
No. excitation (nm) emission (nm) intensity shift
6b 255 522 440 20058
6c 258 514 20 19304
TABLE 4: Thermodynamic and kinetic par ameter sof the dyes6a-6¢
Dve Decomposition DTA 1ax E. InA AH AS AG
y range (°C) °C) (kJ mol™®) (sh (kJ mol™) (kJ mol™) (kJ mol™)
6a 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
6b 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
6c 225-330 269 2.6373 4.8540 -1.8688 -149.12 80.824
475-580 529 36.574 12577 29.906 -144.52 115.93
3.5
3.0 c a-6a
b-6b
a
P b c-6¢
:;_IJ I— —
= 20-
=
]
= 154 -
1.0
0.5 4
T T T T
100 200 300 400 500 600

Temperature (OC)
Figure2: TGA curvesof 6a-c
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Figure3a: Plotsof In (In1/Y) versus U/T ther mal degradation of 6a-6¢
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.
! —= )

1 N 1 1 1
1.15 1.20 1.25 1.30

1
1.35

T 1l
1.40 1.45 1.50 1.55 1.60

1/(T1000K)
Figure3b: Plotsof In (In1/Y) versus /T ther mal degradation of 6a-6¢

undecomposed) were devel oped for the decomposi-
tion segment whereloss of functiond group occurs. The
thermoanalytical studiesof 6a-6¢cinair reveaed that
these compounds degradein two steps. Thefirst and
second degradation steps seem to begradual, and may
be attributed to the rapture of wholemoleculeand al
steps are endothermic in nature. The compound 6a
showsthat all the peaks are endothermic and the de-
composition occursintwo steps, first stepintherange
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,) was 421 °C. From the plots (Figure 3aand 3b)
theenergy of activation (E,), frequency factor (InA),
and variousthermodynamic parameterslike Enthal py
(AH), Entropy (AS) and free energy (AG) were calcu-

lated using standard equations. It isunderstood from
the TGA of dyes, that high activation energy causes
rapid degradation around their decomposition tempera:
tures, where activation energies low represents the
gradud degradation.

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-
trodes. The reference el ectrode used was saturated
calome electrode (SCE), The auxiliary and working
electrodeswereplatinum foil and glassy carbon re-
spectively. The cyclic voltammetric studies of dyes
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were carried out in the potential range— 500mV to
+500 mV inthreedifferent scan rates25mV, 50 mv,
and 75mV.

Reduction of compound 6a-6¢

Theresults show that the compounds 6a-6¢ were
reduced in a potential range between -592mV to -
173mV at pH-2 gave singlereduction peak with two
electron changes as seen in TABLE 5. Thetypical
cyclic voltammogram curves of the compounds 6a
6cisillustratedin Figure 4aand 4b. Whereasthe com-
pound 6a, 6b and 6¢ exhibit reduction potentia inthe
range-182mV, -582mV and -500mV at the scan rate
of 50mV.

454

Current(pA)

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

Dye Scanrate Epc(MV)  1po(BA) Epa(MV)  1pa(pA)
(mV/s) Epc l e Epar | pea
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

400 200 0

-200 -400 -600 -800

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

3

25
J 6a

- 6b

Current(pA)

T
400

T 1
-200 -400 -600 -800

Voltage(mv)

Figuredb : Cyclic voltammogram of 6a-6¢cin 25 scan rate

Hnalytical CHEMISTRY o

Au Tudian Yournal



ACAIJ, 14(8) 2014

J.Keshavayya et al.

295

Oxidation of compound 6a-6¢

Theresultsshow that oxidation of compounds 6a
and 6¢c oxidized inapotential rangeat 417mV and 389
mV respectively. However the compound 6b does not
show any oxidation potentid.

CONCLUSION

We have established an efficient routefor the syn-
thesisof novel akali clearableazo dyesof 3, 5-ANPA.
Itiscertainly interesting to note that the colors of the
dyeswereintenseand A __ of thesedyesliein between
400-550 nm. Moreover these dyes werefound to be
alkali clearable due to the presence of phenolic and
carboxylic acid groupsand it may beuseful intextile
industries
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