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ABSTRACT

The densities, relative viscosities and surfacsitets of some selected cardanol based azo dyesdeézemined.
The sodium, ammonium and diethanolamine saltseofaébpective dyes were successfully synthesizsdsafective
sulfonation. All these compounds were studied dratacterized using Fourier Transform Infrared Spestopy
(FTIR), Liquid chromatography—mass spectrometry NISJ, UV-Visible Spectroscopy and Nuclear Magnetic
Resonance (NMR) spectroscopic techniques. Thetésnand surface tensions of all the cardanol swfe salts
were in the range 0.947 g/mL and 32.15-36.79 dgneséspectively. The relative viscosities werehia tange
1.272 - 1.484.

INTRODUCTION

Cashew Nut Shell Liquid (CNSL) is one of the lowstdio based, naturally occurring resources ofisoprenoid
phenolic lipids consisting cardanol as a chief ttunsnt [1]. CNSL is essentially a mixture of fophenolic
constituents specifically anacardic acid, cardatdanol and 2-methylcardol, the commercial vacuistilldtion of
cashew nut shell liquid finally affords cardanol nmajor yeild. Cardanol, a mixture efetaalkylphenols with
variable degree of unsaturation attached to thezedem ring, is indeed a mixture of saturatedn<3-
pentadecylphenol), monoolefinic [3-(n-pentadecai@hphenol], diolefinic [3-0-pentadeca-8,11-dienyl)phenol],
and triolefinic [3-6-pentadeca-8,11,14-trienyl)phenol]; remarkablyha mixture, botle andZ isomers are present,
typically major ones arég components [2]. The structure resemblances oktpégnolic constituents with various
petrochemicals with special surface active propenivere of continuum interest [3]. The cardanofondtes and
their salts find delightful applications convenignin pulp and paper industries as these composiusys
preferable detergent, penetrating, wetting andedpg properties [4]. The polyketide unsaturaielé shain with
azo dye linkages in addition to the sulfonic acidieties makes these structures still more intergstis surface
active agents [5] and petroleum markers [6] fobcation and textile dyeing.

The eco-friendly and biodegradable nature of themdanol and its derivatives have innumerable agfdins in
polymer based industries such as, paints, varnishesd preservatives, surfactants, epoxy resinslamihating
resins. Because of their unique antioxidant progerderivatives of cardanol and phosphorated catdzatch the
attention of the material engineers for gasolimbiization [7]. Variations of mechanical and etel properties of
styrene butadiene styrene/polyaniline copolymendideare easily controlled by the cardanol as thstigizers [8].
Structure and properties of various liquid crystallmaterials, bio-based amphiphiles based on natdeere also
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reported in recent years [9]. The new reliable aed®e and development also engrossed by the insesfithese
cardanol into supra molecules for instance porpisyfl0-13], phthalocyanine [14] and fullerene [15].

Today, a variety of emerging scientific and metHodizal developments have been reported that aimprove
practical applications of petroleum marker dyes].[lltese developments can facilitate how synthetigets or
materials are prepared and used. The cost effeetbgeof these hi-tech dyes can be reduced by gerglthe bio-
based low cost material incorporation such as cenida

In this contextual, the diesel fluorescent markgesdwere synthesized and applied potentially aspeoed in
contrast to the emerging hi-tech dyes [17]. Azosdgerivatives with synthetic cardanol formaldehyesins were
greatly expanded and broadly impacted in the pofysnince and technology field [18].

In this article, we report the synthesis of carddrased azo dyes using aniline and substitutedhasil These dyes
were carefully sulfonated by using oleum (20%35®ith conditional variations of suitable paramstsuch as
temperature, reaction time, agitation and retentiome of sulfonation. The salts (sodium, ammoniumd a
diethanolamine) of these azo derivatives were pespavith controlling similar aforementioned condits and
physicochemical properties were studied in detail.

MATERIALSAND METHODS

Materials

Cashew nut shell liquid (CNSL) and Cardanol wereieed from Cashitrons Resins Pvt.Ltd., Ankola,®e(20%
S0O;) and diethanolamine were procured from Sigma Ahldand used as received. All the other chemicale wé
reagent grade and used without further purification

Synthesis

General procedurefor the preparation of diazo derivatives of cardanol

The synthesis of 4-(Phenylazo)-cardanol is disalisEee typical procedure is as follows. Aniline (1¢.0107 mol)
was dissolved in a mixture of concentrated hydracblacid (10 mL) and distilled water (15 mL). Alston of
sodium nitrite (0.92g - 0.0133 mol) in distilled t&a (3 mL) was prepared and added drop wise toatidic
solution of amine over a period of 10 min aiQ) the mixture was stirred at'G for 50 min.The pH of preferred
diazonium chloride solutions of amines was adjustefl.5 and 8 by the addition of appropriate amaifrgodium
bicarbonate (1 M) solution using digital pH meteKM1 (Systronics). The pre-cooled solution of carola(3.21g —
0.0107 mol) in ethanol (15 mL) was injected dropevto the above pH monitored solution aC0 The reaction
mixture was stirred at @C for 40 min by which time the product was precifed. The water insoluble layer was
extracted with diethyl ether; the organic layer wasshed (2-3 times) repeatedly with 50 mL distilledter and
solvent was removed under reduced pressure. Thitingsoily viscous dyed-4 were dried in vacuum oven at 50
C for 2 hours.

4-(Phenylazo)-cardanol (1)

Yellowish-brown viscous liquidtH NMR (400 MH, DMSO d;, TMS) &: 9.1 (OH), 7.77 (dJ = 7.6 Hz, 2H), 7.52
(d, J=7.6 Hz, 2H), 7.45 (t) = 7.2 Hz, 2H), 6.98 (br s, 1H), 6.74 (dti= 2.0 Hz, 1H), 5.80 (m, CH=GHof
cardanol), 5.30 (m, olefinic proton of cardanol)2® (m, CH=CH of cardanol), 3.02 (tJ = 7.6 Hz), 2.90 (m,
=CHCH,CH= of cardanol), 2.76 (§ = 7.2 Hz), 2.0 (m, =CHC}), 1.60 (t), 1.20 (m, Cklof cardanol), 0.80 (m, CH
of cardanol); IR (KBr, ci): 3346, 3008, 2923, 2852, 1600, 1483, 1468, 14865, 1225; MS; m/z = 407.6 (M+1),
m/z = 404.3 (M+1), m/z = 403.3 (M+1).

4-(4-nitro-phenylazo)-cardanol (2)

Dark yellowish-brown viscous liquidH NMR (400 MH,; DMSO d, TMS): 9.2 (OH), 8.37 (d, 2H), 7.95 (d, 2H),
7.76 (d, 1H), 6.84 (d, 1H), 6.74 (br 8= 2.4 Hz, 1H), 5.80 (m, CH=GHbf cardanol), 5.34 (m, olefinic proton of
cardanol), 4.91 (m, CH=Chbf cardanol), 3.03 (] = 7.6 Hz), 2.73 (m, =CHC}H= of cardanol), 2.69 (] = 6.8
Hz), 1.9 (m, =CHCH), 1.60 (t), 1.20 (m, CHof cardanol), 0.80 (m, C}bf cardanol); IR (KBr cril): 3380, 3013,
2899, 2827, 1600,1529 , 1485, 1480, 1463, 14027,12339; MS; m/z = 452.8 (M+1), m/z = 450.6 (M+)z =
448.5 (M+1).
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4-(4-methyl-phenylazo)-cardanal (3)

Yellowish-brown viscous liquidtH NMR (400 MH,; DMSO d&;, TMS) &: 9.2 (OH), 7.70 (d, 2H), 7.68 (d,= 8.0

Hz, 1H), 7.53 (dJ = 8.8 Hz, 2H), 7.33 (dJ = 8.0 Hz, 1H), 6.99 (d, 1H), 6.69 (br #= 2.4 Hz, 1H), 5.70 (m,
CH=CH, of cardanol), 5.30 (m, olefinic proton of cardgndl.90 (t, CH=CH of cardanol), 3.0 (t) = 7.2 Hz), 2.90
(m, =CHCHCH= of cardanol), 2.60 (tJ = 6.0 Hz), 2.35 (s, Ar-CH, 1.8-1.9 (m, =CHCh), 1.5 (m, CH of
cardanol), 1.10 (m), 0.80 (m, Gléf cardanol); IR (KBr ci): 3350, 3009, 2922, 2860, 1591 , 1465, 1401, 1365,
1296, 1226; MS; m/z = 421.6 (M+1), m/z = 419.5 (M+h/z = 417.7 (M+1).

4-(4-fluoro-phenylazo)-cardanol (4)

Dark yellow viscous liquid*H NMR (400 MH,;; DMSO d;, TMS): 9.1 (OH), 7.84 (dJ = 8.4 Hz, 2H), 7.70 (d, 1H),
6.98 (d,J = 8.0 Hz, 1H), 6.51 (d, 2H), 6.49 (br d, 1H),5(M, CH=CH of cardanol), 5.32 (m, olefinic proton of
cardanol), 5.02 (m, CH=C}+of cardanol), 3.30 (t), 2.73 (m, =CH@EH= of cardanol), 2.55 (t), 1.90 (m, =CHgH
1.67 (m), 1.41 (m, Chlof cardanol), 0.80 (m, Chbf cardanol); IR (KBr cri): 3400, 3060, 2923, 2826, 1600, 1499,
1466, 1444, 1365, 1228, 1153, 1090; MS; m/z = 44161), m/z = 423.8 (M+1), m/z = 421.7 (M+1).

General procedure for the sulfonation of diazo derivatives of cardanal

The desired diazo derivatives of cardanol (1g) wissolved in methanol (6 mL) in a 100 mL roundtbwot flask
fitted with a nitrogen inlet and outlet and a methbal stirrer. The methanolic dye solution was edaio -20C. To
this cold stirring solution, the oleum (0.2 mL)drglass syringe was added very slowly over a pefdd min. The
temperature of reaction mixture was maintained 26t ‘C for about 30 min with proper continues stirring
(Additional 2 mL of dry methanol was added for vinyrstirring of the reaction mixture). The conteafghe flask
were kept constant for further 10 min, after them&on time the reaction mixture was immediateshed with 20
mL cold water (< 10C) to avoid polymerization, unreacted oleum wasaezd by effective washing in cold water.
Thick viscous moisture sensitive sulfonated cartidges were instantly filtered and stored undemogién.

Sulphonated 4-(Phenylazo)-cardanol (5)

Yellowish-brown viscous liquidH NMR (400 MH,, DMSO d;, TMS) 3: 8.3 (SQH), 9.1 (OH), 7.77 (dJ = 7.6 Hz,
2H), 7.52 (dJ = 7.6 Hz, 2H), 7.45 () = 7.2 Hz, 2H), 6.98 (br s, 1H), 6.74 (dbs 2.0 Hz, 1H), 5.80 (m, CH=CH
of cardanol), 5.30 (m, olefinic proton of cardand)20 (m, CH=CH of cardanol), 3.02 () = 7.6 Hz), 2.90 (m,
=CHCH,CH= of cardanol), 2.76 (§ = 7.2 Hz), 2.0 (m, =CHC}), 1.60 (t), 1.20 (m, CHof cardanol), 0.80 (m, CH
of cardanol); IR (KBr, ci): 3346, 3008, 2923, 2852, 1600, 1483, 1468, 14865, 1225, 1154.37 (S=0, asym.),
1042.24(S=0, sym.); MS; m/z = 481.6 (M-1), m/z 348(M-1), m/z = 485.6 (M-1).

Sulphonated4-(4-nitro-phenyl azo)-cardanol (6)

Dark yellowish-brown viscous liquidH NMR (400 MH,;; DMSO d, TMS): 8.4 (SGH), 9.2 (OH), 8.37 (d, 2H),
7.95 (d, 2H), 7.76 (d, 1H), 6.84 (d, 1H), 6.74 ¢(brJ = 2.4 Hz, 1H), 5.80 (m, CH=GHof cardanol), 5.34 (m,
olefinic proton of cardanol), 4.91 (m, CH=@f cardanol), 3.03 (tJ = 7.6 Hz), 2.73 (m, =CHC}CH= of
cardanol), 2.69 (1 = 6.8 Hz), 1.9 (m, =CHC}), 1.60 (t), 1.20 (m, Cklof cardanol), 0.80 (m, G4bf cardanol); IR
(KBr cm™): 3380, 3013, 2899, 2827, 1600,1529 , 1485, 14863, 1402 , 1227, 1339, 1104.86 (S=0, asym.),
1043.99(S=0, sym.); MS; m/z = 526.6 (M-1), m/z 8%2(M-1), m/z = 530.6 (M-1).

Sulphonated4-(4-methyl-phenylazo)-cardanol (7)

Yellowish-brown viscous liquidtH NMR (400 MH;; DMSO d;, TMS) 6: 8.4 (SQH), 9.2 (OH), 7.70 (d, 2H), 7.68
(d, 3= 8.0 Hz, 1H), 7.53 (d] = 8.8 Hz, 2H), 7.33 (d] = 8.0 Hz, 1H), 6.99 (d, 1H), 6.69 (brd= 2.4 Hz, 1H),
5.70 (m, CH=CH of cardanol), 5.30 (m, olefinic proton of cardgndl.90 (t, CH=CH of cardanol), 3.0 (t) = 7.2
Hz), 2.90 (m, =CHCKCH= of cardanol), 2.60 ( = 6.0 Hz), 2.35 (s, Ar-C}, 1.8-1.9 (m, =CHCh), 1.5 (m, CH

of cardanol), 1.10 (m), 0.80 (m, Gldf cardanol); IR (KBr ci): 3350, 3009, 2922, 2860, 1591 , 1465, 1401, 1365,
1296, 1226, 1158.77 (S=0, asym.), 1045.32 (S=0,)sW8; m/z = 495.6 (M-1), m/z = 497.6 (M-1), m/z499.6
(M-1).

Sulphonated4-(4-fluor o-phenylazo)-cardanol (8)

Dark yellow viscous liquid®H NMR (400 MH,; DMSO d;, TMS): 8.0 (S@H), 9.1 (OH), 7.84 (dJ = 8.4 Hz, 2H),
7.70 (d, 1H), 6.98 (d] = 8.0 Hz, 1H), 6.51 (d, 2H), 6.49 (br d, 1H),5(#% CH=CH of cardanol), 5.32 (m, olefinic
proton of cardanol), 5.02 (m, CH=GIdf cardanol), 3.30 (t), 2.73 (m, =CH@EH= of cardanol), 2.55 (t), 1.90 (m,
=CHCH,), 1.67 (m), 1.41 (m, CHof cardanol), 0.80 (m, G}bf cardanol); IR (KBr cril): 3400, 3060, 2923, 2826,
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1600, 1499, 1466, 1444, 1365, 1228, 1153, 109@.715S=0, asym.), 1043.04(S=0, sym.); MS; m/z .agM-
1), m/z =501.6 (M-1), m/z = 503.6 (M-1).

General procedurefor the preparation of salts

The salts of diazo cardanol sulfonates were prepficen sulfonation of diazo derivatives of cardamathin the
temperature range of 0—i0 by using appropriate basic solutions of 10% sodaydroxide (for sodium salts), 1:1
ammonia solution (for ammonium salts) and 1:1 diettamine solution (for diethanolamine salts). Tyacal
procedure for the sodium salt of diazo cardandbsaltte was discussed below.

In a 100 mL Erlenmeyer flask, 10% of sodium hyddexi10 mL) was added to the sulfonated 4-(Phenydazo
cardanol and the reaction mixture was continuossiyed for 15 h on a shaker below T The pH of the resulting
solution was kept above 8 by adding additional 2afikodium hydroxide after 20 h. The mixture waptkagitated
with keeping the pH of solution maintained at 8eTkaction mixture was sonicated for 30 min artérid. Thick
pasty salt was moisture sensitive and stored umittegen.

Correspondingly, ammonium and diethanolamine saéise prepared by using appropriate 1:1 ammoniatisalu
and 1:1 diethanolamine solution to afford respecsialts. For compourtg three salts are prepared, namely sodium,
ammonium and diethanolamine, designatedbasbb and5c respectively. Similar designations are followed fo
compounds, 7 and8. Scheme is shown in Figure 1.

C15H31-n C15H31-n

where, n =0, 2,4 and 6.
R=H, NO2, CH3zand F.

X = Na, NH3 and (CH2CH20OH)NH>.

Figure 1.Synthetic route to prepar e azo dye cardanol sulfonate salts
RESULTSAND DISCUSSION

As we know the fresh extracted CNSL is yellowistthired/brown and is get darkened during storagabee of
air oxidation. Cardanol is sensitive to air and sifonation of this is a challenging synthetiattgy because it
easily polymerises in the conditions prescribedhia literature [2]. Diazo coupling was done in Btlg acidic
conditions (at pH 6.5) to afford appreciable yi€5%), this is due to oxidation of cardanol (mmapid in alkaline
pH). Oleum is used for the sulfonation of dye compis and maintained the temperature belowG2® avoid side
polymeric reactions. The dye cardanol sulfonatabtheir respective salts are highly air and moestensitive so
the reactions are done under inert atmosphereia@ldccbmpounds were stored under nitrogen.

The UV-visible spectra of cardanol azo dyes and slyfonate salts were recorded in the range of &hm in
dimethyl formamide (DMF) solvent with concentrati@001M). —CH and —F substituents of the ammonium salts
shows maximum absorbance compared to the —H and sig3tituents and UV-Vis plots were presented in the
Figure 2.

Surface tensions for all the salts were determiaedoom temperature with a Japan Kaimenkaguka CBSP-
surface tensiometer. The results were tabulat@aite 1.
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Figure 2. UV-VisPlots of azo dye cardanol sulfonate salts

Table 1: Relative viscosity and surfacetensions of the dye sulfonate salts

Compound R’_e|atiye _ Surface
Viscosity  Tension (dynes'cm)
5a 1.363 36.39
5b 1.454 32.15
5¢ 1.373 36.79
6a 1.464 34.14
6b 1.454 35.23
6c 1.474 36.40
7a 1.464 34.86
7b 1.272 34.14
7c 1.464 35.33
8a 1.454 35.23
8b 1.484 36.40
8c 1.292 35.99
CONCLUSION

In conclusion, a convenient synthetic route waslareg to prepare dye cardanol sulfonates. The sation was
achieved in cold condition (-2(C) to avoid side polymeric reactions. All the dyasd sulfonated dyes were
characterized by FTIR, LCMS arlti NMR spectroscopy. The relative viscosity, surfaeesions and UV-Vis
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spectroscopy of dye cardanol sulfonated salts wetermined. These functional dyes are useful instiney of
some hi-tech applications.
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