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ABSTRACT

Synthesis of most azo dyes involves diazotization of a primary aromatic amine, followed by coupling with one or
mor e nucleophiles. Thus, benzoic, phenolic, salicylic and naphtholic compounds acts as nucleophiles and undergoes
coupling reactions. In this study, a series of azo compounds were synthesized via the diazotization of different
aromatic amines followed by coupling with 2, 4, dinitrophenol. These compounds were characterized by elemental
analysis, IR, "HNMR and MASS spectroscopic techniques. The synthesized compounds have been tested in vitro
against human pathogens in order to assess their antibacterial properties using disk diffusion method. The
compounds analysed for its antibacterial action showed moderate to significant inhibitory effect at some specific
concentrations against the tested pathogens.
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INTRODUCTION

Azo compounds are the most fundamental class ofrengial dyes and are well coloured that have besead @as
dyes and pigment§?. Organic colour chemistry is undergoing very ergitdevelopment as a result of the
opportunities presented by dye applications inregeand technology fields such as, pharmaceuticametic,
textile and leather industries, electronic devidiegar and non-linear optiés”. It has been found that, existence of
an azo (-N=N-) moiety in different types of azo idatives has caused them to show antibacterial pasticidal
activity 1. Hence in the present time, exploration of azo adyeantibacterial and antifungal agents has redeive
considerable attentidtf*2.

For the reason of variety applications of azo coumgs, it is interesting to study synthesis of suelw azo
compounds and their derivatives in order to expltre newer potentials of such compounds. Several az
compounds derived from thymd¥, aspirin*®, paracetamdt”, m-cresol*®, resorcinof*” and vanillin® moieties
have been frequently reported and exhibited exteli®logical properties.

In view of the above relevant literature survey,cén be said that, compounds with azo moiety hasenb
extensively used as dyes due to their utility ifodags functions. But their variety in biologicattivity potential is
less reported and as a consequence still have @ $uape to synthesize new azo compounds and tdhtest
biological activities. So, in the present work, Wwave synthesized eight new azo compounds namelp 3
containing 2, 4-Dinitrophenol moiety and charactedi by FTIR,"HNMR and MASS spectral technique. The
antibacterial activities of the synthesized azo poumds were reported in vitro using disc diffusiethod.

MATERIALS AND METHODS

The chemicals used in the present studies are wothatljc grade, Merck company Itd. The products were
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characterized by IR*HNMR and MASS spectral studies. The M.Ps. wererdgteed by open capillary method
using digital melting point apparatus model 935/&%4Electronics India and is uncorrected. The IRcs@m were
recorded on FTIR Spectrophotometer Model RZX (ReEimer) in the form of KBr palletHNMR spectra were
recorded in CDGlon a FT-NMR Cryomagnet Spectrometer 400 MHz (Bruksing TMS as an internal standard
and MASS spectra were recorded on LC-MS Spectranidtelel Q-ToF Micro Waters. The purity of compounds
was checked by TLC. The crude products were regliiggtd from 75% ethanol.

General procedure for synthesis of azo compounds2

Substituted aromatic amines (0.01mole) were mixgld 2«5 ml concHCI and 2.5 ml (4N) cold solution of NaNO
was addeavith the stirring. The temperature of the reactimsmaintained up to 0%C. Diazonium salt solution so
preparedwvas added drop wise to the alkaline 10% NaOH soiutif 2, 4 dinitrophenol (0.01mole). The reaction
mixture was stirred for 30-45 minut@saintaining the temperature 5%0. The coloured productsbtained was
filtered, washed with water and recrystalliZegim 75 % ethanol. The general reaction schemeayothesis of azo
compounds of 2, 4 dinitrophenol is shown in fig(t¢- Also code, chemical name, molecular formutaelecular
weights, melting points and percentage yield otlsgsized azo compounds of 2, 4 dinitrophenol issshim table-

(1).

NH, N=N-Cl
OZNQ/Noz ON NO
2! 2
o N NaNO,/HCI | X HO
\ 0-5%C R NaOH /5-10°C
/ / HO
Nx
"“ (3a- 3h)
Ar
Ar =
NO,
CH;
(a) (b) (c) (d) (e)
(f) (9) (h)

Figure-(1) The general reaction scheme for synthesof azo compounds of 2, 4-Dinitraophenol

Table-(1) The code, name, molecular formulae, molatar weights, melting points and percentage yieldfesynthesized azo compounds of
2,4-Dinitrophenol

Molecular M.P

Code Compound Name Formulae Mol. Wt. oc % Yield
3a | (E)-2,4-dinitro-6-(phenyldiazenyl) phenol C12HgN4Os 288.22 | 090 61
3b | (E)-2,4-dinitro-6-[(2-nitrophenyl)diazenyl)] phenol C12H7NsO7 333.21 | 118 62
3c (E)-2,4-dinitro-6-p-tolyldiazenyl)] phenol Ci3H10N4O5 302.24 | 106 56
3d (E)-2-(naphthalen-1-yldiazenyl)-4,6-dinitro phenol Ci6H10N4Os 338.27 | 095 58
3e | (E)-2,4-dinitro-6-[(3-nitrophenyl)diazenyl)] phenol Ci12H7NsO7 333.21 | 160 60
3f 6,6 -(1E,1E)-biphenyl-4,4-diylbis(diazene-2,1diyl) bis(2,4—dinitrophenal) C24H14NgO1o | 574.42 | 116 56
39 (E)-4-[2-hydroxy-3,5 dinitrophenol) diazenyl] benzsn#onic acid CoHsN4OgS | 368.28 | 110 63
3h (E)-4-[(2-hydroxy-3, 5-dinitrophenyl) diazenyl] berieacid. C1zHsN,O; 332.23 | 098 69

Antimicrobial activity :
The compounds 3a-3h were screened for the presédrasdibacterial constituents against four micr@migms viz.,

131



Ramesh F. Pagariyeet al

Der Pharma Chemica, 2016, 8 (7):130-136

Escherichia coli, Staphylococcus aureus, Pseudomonas aeroginosa and Salmonella typhi, adopting disc diffusion
method®2% All the bacterial cultures were obtained from Neference laboratory, Pune. The compounds were
dissolved in ethanol to give 0.5, 1.0, 1.5, 2.6, 3.0 mg/mL solutions. Sterile discs were dippedalutions, dried
and placed on nutrient agar plates spread witlbéloteria. The plates were further incubated foh4at 37C and
the zones of inhibition were measured using arntiibzone reader (Hi- Media).

Spectroscopic study:
I.R., 'HNMR and MASS spectra showed the expected signadsais which correspond to various groups present i
each compounds. The I.BINMR and MASS spectral data is shown in Table (2).

RESULTS AND DISCUSSION

Table (2):- IR, *"HNMR and Mass Spectral Data

Compound Spectra IR,"HNMR AND MASS SPECTROSCOPIC DATA/PEAKS
IR (KBr, cm®) | 3581 (Phenolic -OH stretch), 3093 (C-H stretch)01L§C=C stretch), 1481 (N=N Stretch), 1346 (:NO
stretch), 1284 (C-N stretch), 1257 (C-O stretch).
3a "HNMR(3ppm) | 4.85 (s 1H of -OH), 6.90 to 8.72 (m 7H of Ar-H).
MASS (m/z,%) | LC-MS (m/z, %): 287.0 (M 27.9), 183.0 (NO,NCsH,OH, 100), 105.1 (§HsN=N, 36.9), 91.5 (g-H.OH,
7.0%).
IR (KBr, cm®) | 3269 (Phenolic -OH stretch), 3077 (C-H stretchRA BC=C stretch), 1479 (N=N Stretch), 1347 (C-Mtst),
1333 (-NQ stretch), 1256 (C-O) stretch)
3b "HNMR(8ppm) | 4.94 (s 1H of —~OH)3 6.92 to 9.07 (m 6H of Ar-H)
MASS (m/z,%) | LC-MS (m/z, %): 332.2 (M 16.9), 183.0 (NO,NCe¢H,OH, 100), 150.1 (NCe¢H.N=N, 36.9), 91.1
(CsH20OH, 11.0%).
IR (KBr, cm®) | 3583 (Phenolic -OH stretch), 3095 (C-H stretch)p3L§C=C stretch), 1485 (N=N Stretch), 1344 (C-N)
stretch), 1285 (-Ng) stretch), 1145 (C-O stretch), 835 (Ar-C-C strgtch
3c "HNMR(8ppm) | 2.43 (s 3H of -Ch), 4.84 (s 1H of -OH), 6.94 to 8.20 (m 6H of Ar-H)
MASS (m/z,%) | LC-MS (m/z, %): 301.2 (M 36.6), 287.0 (NO,NOHCsH, N=NCgH,, 3.6), 183.0 (@NO,NOHCsH,, 100),
104.1 (GH4N=N, 35.9), 91.1 (€H,OH, 10.9%).
IR (KBr, cm) | 3450 (Phenolic -OH stretch), 3109 (C-H stretch)98L3C=C stretch), 1434 (N=N Stretch), 1346 (C-N)
stretch), 1257 (-Ng) stretch), 1138 (C-O stretch).
3d "HNMR(8ppm) | 2.43 (s 3H of -Ch), 4.84 (s 1H of -OH), 6.94 to 8.20 (m 6H of Ar-H)
MASS (m/z,%) | LC-MS (m/z, %): 337.2 (M 26.9 2d), 183.0 (O,N OHGCeH,, 100), 153.0 (gH/N=N, 11.5), 91.1
(CsH-0H, 10.5).
IR (KBr, cm®) | 3270 (Phenolic -OH stretch), 3109 (C-H stretch)98L.3C=C stretch), 1433 (N=N Stretch), 1334 (C-N)
stretch), 1256 (-Ng) stretch), 1107 (C-O stretch)
3e "HNMR(8ppm) | 5.16 (s 1H of -OH)3 6.92 to 9.08 (m 6H of Ar-H)
MASS (m/z,%) | LC-MS (m/z, %): 332.2 (M 16.5), 183.0 (NO,NOHGCsH,, 100), 150.1 (@NCe¢H.N=N, 36.5), 91.1
(CsH,0OH, 10.3).
IR (KBr, cm®) | 3523 (Phenolic -OH stretch), 3271 (N-H stretchDB{C-H stretch), 1599 (C=C stretch), 1434 (N=Netn),
1347 (C-N) stretch), 1256 (-NPstretch), 1109 (C-O stretch).
3f "HNMR(8ppm) | 5.37 (s 1H of —OH), 6.94 to 9.92 (m 12H of Ar-H)
MASS (m/z,%) | LC-MS:  (m/z, %): 573.1(M 6.4), 390.0 (GNO,NOHCeH, N=NCegH.CsH:N=N, 4.3), 208.0
(N=NCgH4CeH4N=N, 6.0), 183.0 (NO,NOHCsH,, 100), 153.0 (HsCeHa, 11.8)
IR (KBr, cm®) | 3555 cmi(Phenolic -OH stretch), 3269 (-OH of $@stretch), 3109 (C-H stretch), 1598 (C=C stretdd33
(N=N Stretch), 1347 (-N@stretch), 1255 (C-N) stretch), 1108 (C-O) stret@dB (C-S stretch).
3g "HNMR(8ppm) | 4.99 (s 1H of -OH), 7.27 to 9.07 (m 6H of Ar-H),.03 (s 1H of -SgH)
MASS (m/z,%) | LC-MS (m/z, %): 367.1 (M 22.0), 184.0 (HEBGH.N=N, 13.5), 183.0 (qNO,NOHGCsH,, 100), 91.1
(CsH,OH, 10.2).
IR (KBr, cm?) | 3582 (Acidic -OH stretch), 3524 (Phenolic -OH sttt 3094 (C-H stretch), 1602 (C=0 stretch), 158
3h stretch), 1435 (N=N Stretch), 1345 (-\€iretch), 1256 (C-N stretch), 1144 (C-O stretch).
"HNMR(3ppm) | 4.81 (s 1H of -OH), 6.88 to 8.73 (m 6H of Ar-H),.52 (s 1H of -COOH).

MASS (m/z,%)

LC-MS (m/z, %): 331.2 (V] 16.9), 183.0 (NO,NOHCsH,, 100), 149.1 (HOOCOH ¢El:N=N, 8.0).

A total eight azo compounds of 2, 4-Dinitrophena@vé been synthesized, recrystallised and six difiter
concentrations of each compound were prepared watldef used individually to analyze its antibacksrctivity
against four human pathogens vigscherichia coli, Saphylococcus aureus, Pseudomonas aeroginosa and

Salmonella typhi. The data on antimicrobial activity of azo compaosiraf 2, 4-Dinitrophenol 3a-3h against four

human pathogens are presented in table-(3) to-{@hlé&rom the results it was observed that thecaropounds of
2, 4-Dinitrophenol have showed moderate to sigaiftantibacterial potential against all four patvg
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Antibacterial properties of the synthesized azo copounds of 2, 4-Dinitrophenol viz 3a-3h [Zone of inlbition
(mm)]

Table (3):- Effect of azo compounds of 2, 4-Dinitpphenol viz. 3a-3h on the growth response &scherichia coli

Conc. (mg/mL) 3a 3b 3c 3d 3e 3f 39 3h
0.5 1 (10) | 1(10) NI 1(12) | 1(10) NI I (10) NI
1.0 1 (10) NI 1(11) | 1(12) | 1.0 NI NI NI
15 NI NI I(11) NI NI NI NI I (10)
2.0 1 (10) NI NI 1(12) | 1(10) | 1(10) NI I (10)
25 1 (10) NI NI I(11) NI 1(10) | 1(11) | 1(10)
3.0 1(10) | 1(10) | 1(10) | 1(12) | 1(10) | 1(10) | I(10) | 1 (12)

| = Inhibition, values of inhibition are given in parenthesis, NI = Not inhibition

Table (4):-Effect of azo compounds of 2, 4-Dinitropenol viz. 3a-3h on the growth response &aphylococcus aureus

Conc. (mg/mL) 3a 3b 3c 3d 3e 3f 3g 3h
0.5 1 (10) NI NI 1(14) | 1(11) NI NI NI
1.0 1 (10) NI I(11) | 1(10) | 1(12) NI NI NI
15 NI NI I(11) | 1(10) | 1(10) | 1(20) NI I (10)
2.0 NI NI NI NI I(11) NI I (10) NI
25 NI NI NI I (10) | 1(10) NI NI NI
3.0 1(10) | 1(10) NI I (11) | 1(10) NI NI NI

| = Inhibition, values of inhibition are given in parenthesis, NI = Not inhibition

Table (5):-Effect of azo compounds of 2, 4-Dinitropenol viz. 3a-3h on the growth response éfseudomonas aeroginosa

Conc. (mg/mL)| 3a| 3b 3c 3d 3e 3f 3g 3h
0.5 N[ NE| NE [r@aoy[r@oy| N | NI{1(10)
1.0 NI | NI | 1(10) | 1(10) NI NI NI NI
15 NI | NI NI I (10) NI NI NI NI
2.0 NI | NI | NI NI | 1(10) | 1(10) | NI | 1(12)
25 NI | NE|1(22) | 1(22) | 1(20) | 1(20) | NI NI
3.0 NI | NI | 1(10) NI I(11) | 1(10) | NI | 1(12)

| = Inhibition, values of inhibition are given in parenthesis, NI = Not inhibition

Table (6):-Effect of azo compounds of 2, 4-Dinitropenol viz. 3a-3h on the growth response &lmonella typhi

Conc. (mg/mL) 3a 3h 3c 3d 3e 3f 3g 3h
0.5 NI NI NI NI | 1(12) NI NI NI
1.0 NI NI | 1(12) | NI | 1(10) NI NI NI
15 I (16) | NI NI NI | 1(20) NI NI NI
2.0 1(16) | NI | NI | NI | 1(12) | 1(10) | NI | 1(10)
25 NI NI NI NI | 1(20) | 1(10) | NI NI
3.0 I (10) | NI NI NI | 1(12) NI NI NI)

| = Inhibition, values of inhibition are given in parenthesis, NI = Not inhibition

The results regarding antibacterial activity ofr#igzo compounds of 2, 4-dinitrophenol viz 3a—3hirg E.Coli
are presented in table (3) and figure (2). The maxrn antibacterial activity was observed in casdefvative 3d
and 3h for which nearly all concentrations usedensdrowed significant antibacterial effect agalb§oli and the
average diameter of zone of inhibition ranges fad@w12 mm. This is followed by 3a, 3c, 3d, 3f, agdd@rivatives
for which most of the different concentrations skdvwmoderate antibacterial effect with average diamaf zone
of inhibition ranges from 10—-11 mm recorded overtoml where antibacterial activity was not observed

The results on antibacterial activity of eight ammmpounds of 2, 4-dinitrophenol viz 3a— 3h agafhatreus are
tabulated in table (4) and figure (3). From theule# was observed that the compounds 3d and 2esvesth
pronounced antibacterial activity at nearly all Hie different concentrations except at 2.5 mg/mt.3d. The peak
zone of inhibition recorded 14 mm diameter at Og@mL for 3d over control. This is followed by 3arative that
have exhibited moderate antimicrobial activity &,.0, 3.0 mg/mL concentration with zone of iritidn recorded
10 mm diameter and 3c derivative showed moderdtm@nobial activity merely at 1.0, 1.5 mg/mL withaximum
zone of inhibition recorded 11 mm agaiSsiureus. The compounds 3b, 3f, 3g and 3h were found sdaraehibit
the growth ofSaureus species

The antibacterial effect of eight azo compounds3az3h againg®seudomonas aeroginosa species are recorded in
table (5) and figure (4). From the results it wédserved that the azo derivative 3c, 3d, 3e, 3f 2gdshowed
moderate antibacterial effect agairiteudomonas species at three to four different concentratiossd with
average zone of inhibition ranging from 10—12 mamnakéter with maximum zone of inhibition 12 mm at &h§/mL
for 3d and 2.0, 3.0 mg/mL for 3h over control. Heerea compound 3a, 3b and 3g were found unsucddssfu
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inhibit the growth ofPseudomonas aeroginosa.

The pursuit of data on antimicrobial effect of aznpounds viz 3a—3h agair&imonella typhi is shown in table
(6) and figure (5). The maximum antibacterial atfiwas recorded at all the six different concatitms in

derivative 3e and at three different concentratioderivative 3a where average zone of inhibitianges from 10—
16 mm with maximum zone of inhibition 16 mm receddat 1.5, 2.0 and 3.0 mg/mL for 3a. This is foka\Woy 3c

and 3f which showed antibacterial effect at onlg on two different concentrations respectively vatrerage zone
of inhibition ranging from 10-12 mm with maximumrapof inhibition 12 mm again& typhi at 1.0 mg/mL for 3c
over control

Figure 3: Effect of azo compounds of 2, 4-dinitropénol viz. 3a—3h on the growth oStaphylococcus aureus
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Figure5: Effect of azo compounds of 2, 4-dinitropheol viz. 3a—3h on the growth oSalmonella typhi

CONCLUSION

All the eight novel azo compounds 3a—3h contairigrdinitrophenol moiety were successfully synthediin
average yield and their structures are elucidasénglelemental analysis, FTIBJNMR & MASS spectroscopy.

The results on antibacterial evaluation study rksverat all the eight newly synthesized compourids3a—3h found

to have moderate to significant antibacterial effagainstE.Coli, S. aureus, Pseudomonas aeroginosa, and
Salmonella typhi at two or more different concentrations analysednoAg the eight azo derivatives, 3d is
extraordinarily effective againdt.Coli, S. aureus, Pseudomonas aeroginosa while 3a and 3e are significantly
effective againsgalmonella typhi at most of the six concentrations usAd.a consequence it can be concluded that
3d, 3a and 3e synthesized azo dyes containingdhi#tephenol moiety, may be used for the developintd new
antibacterial drugs to cure many disorders caugdtidodifferent pathogenic bacterial species.
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