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ABSTRACT

Novel series of hydrazone incorporated pyrazoles and 1,2,3-triazole were synthesized and evaluated for their
antioxidant activity by DPPH scavenging assay. Title compounds were prepared from 5-methyl-1-(p-nitro phenyl)-
1H-1,2,3-triazole-4-carbohydrazide (3) by reaction with appropriate pyrazole aldehydes. Among the tested
compounds, compound 11a, 12d and 12e exhibited good scavenging activity.
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INTRODUCTION

Hydrazones possessing an azomethine -NHN=CH- plwaph®@re constitute an important class of compownd f
new drug development. This observation have beaingufor the synthesis of new hydrazones that psswvaried
biological activities. Hydrazones have been denratest to possess interesting bioactivity such asmécrobial
[1], anticonvulsant [2], analgesic [3], anti-inflamatory [4], antiplatelet [5], antitubercular [6] cdiranticancer [7]
activities.

1,2,3-Triazoles are attractive constructs, becatiffeeir unique chemical properties and they firehmapplications
in organic and medicinal chemistry [8]. Not presenhatural products, they are remarkably stablen&iabolic
transformations, such as oxidation, reduction, doth basic and acidic hydrolysis. The 1,2,3-triazblhsed
derivatives have received much attention due t thiele coverage of biological properties includiagtiviral [9],

anti-HIV [10], anticonvulsants [11], anti-allergid12], antimicrobial [13], analgesic, anti-inflammoay

[14]antioxidant and anticancer properties [15].Hymimes derived from aroylhydrazides containing roeelic

rings such as 1,2,3-triazole have attracted spattention.

Pyrazole heterocycles occupy a prominent placeadiomal and pesticide chemistry because of tregdability to
exhibit a wide range of biological activities indlng antimicrobial [16], anti-inflammatory, analgeq17],
antioxidant [18], angiotensin antagonists, cytotcagents [19, 20] etc. A few of the pyrazole hydrae derivatives
have also been reported [21, 22] in the literatHi@wvever, there has been no report in the liteeatur the synthesis
and biological evaluation of hydrazone derivatiireorporated with pyrazoles and 1,2,3- triazole ehoPrompted
by these observations and in continuation of oukvem bioactive pyrazole derivatives[27,28], wedwith report a
novel series of hydrazones incorporated with pylenwiety and their antioxidant activity.

MATERIALS AND METHODS

Melting points of the new compounds were determimedpen capillary tubes in Innovative DTC-967A ithd)
melting point apparatus and are uncorrected. IRtspevere recorded by dispersing the compoundsBn pellets
on a Schimadzu FT-IR 157 spectrophotomeldrNMR spectra were recorded on a 300 MHz / 400 MID0
MHz BrukerAvance Il NMR spectrometer and all theewtical shift values were reported &gppm), downfield
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from TMS and proton signals are indicated as singlet, d = doublet, t = triplet, q = quartet, nmuiltiplet. Mass
spectra were recorded either on a Waters UPLC-M&tepmeter or LCMS (API 3000, Applied Bio Systems)
operating at 70eV. Elemental analysis was carrigcdba a Schimadzu ElementarVario EL 1l model. Teity of
the compound was checked by thin layer chromatdgrépLC) on silica gel plates.

The ethyl-5-methyl-14-nitrophenyl)-H-1,2,3-triazole-4-carboxylat@) was prepared by the reaction of 1-azido-4-
nitrobenzend?) with ethylacetoacetate in presence of sodium édeox he 1-azido-4-nitrobenzeli®) was in turn
obtained by the diazotization pfnitroaniline (1) followed by the reaction with sodium azide. Then&thyl-1-f-
nitrophenyl)-H-1,2,3-triazole-4-carbohydrazifty was prepared by hydrazinolysis of ethyl-5-methypd
nitrophenyl)-H-1,2,3-triazole-4-carboxylatg) (Scheme 1.1)
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3-Methyl-5-substituted-1-phenylHt4-formyl-pyrazole 6/7) was prepared following the literature method
[22,23Scheme 1.2B-Substituted-H-pyrazole-4-carbaldehydg40) were synthesized by the Vilsmayer Haack
reaction of semicarbazones. The starting mateimhicarbazong9) in turn were synthesized by refluxing
equimolar amount of substituted carbonyl compou8)swith semicarbazide hydrochloride in the presente o
anhydrous sodium acetate in ethanol medi8oheme 1.3)
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1,2,3-Triazole hydrazid€4) upon condensation with substituted pyrazole aldeby(6/7)in presence of conc.
H,SQ, as catalyst in DMF-ethanol medium gave the comeding hydrazonefl1/12) (Scheme 1.4)
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RESULTS AND DISCUSSION

The required intermediate pyrazole-4-carbaldehy@&8 were prepared as per the literature procedureZ2p3,3-
Substituted-H-pyrazole-4-carbaldehyd€40) were prepared as per the procedures reporteceifiténature [25,
26]. Characterization data of pyrazole-4-carbaldelsyare given iffable 1. The hydrazonegl1/12)were prepared
by the condensation of equimolar amounts of 5-meth{p-nitrophenyl)-H-1,2,3-triazole-4-carbohydrazifty
with different substituted pyrazole-4-carbaldehyadeBMF-ethanol medium using conc,$0, as catalysEcheme
1.4. All these hydrazones were isolated in satisfgcioelds (68-85%) and the structures of newly sgsthed
compounds were confirmed on the basis of spectrdlanalytical data. Characterization data of hyadinaz are
given inTable 2.

In the *H-NMR spectrum of 5-methyl-1p¢nitrophenyl)-H-1,2,3-triazole-4-carbohydrazi@),the signal due to
methyl proton of 1,2,3-triazole appeared as a singl 3 2.6178 integrating for three protons. The JNHotons
appeared as a singlet&a#.5167 integrating for two protons. Meta and oriotons ofp-nitrophenyl appeared as
two doublets in the regio®7.9816-8.0041 (J = 9 Hz) and.4677-8.4901 (J = 8.96 Hz) integrating for twotpns
each. The signal due to -NH proton appeared asgéesiaté 9.8498 integrating for one proton.

In the IR spectrum of 5-Methyl-Ip{nitrophenyl)N'-[(5-chloro-3-methyl-1-phenylHi-pyrazol-4-yl)methylidene]-
1H-1,2,3-triazole-4-carbohydrazafida)the absorption bands corresponding to the N-H ddtieg frequency is
observed at 3427.5 ¢hand the C-H stretching was observed at 3089.9. c@haracteristic C=0 stretching
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frequency was observed at 1678 tand C=N stretching was observed at 1570.3.cAsymmetric and symmetric
stretching for the nitro group is observed at 181ah' and 1335.6 cihrespectively. The spectral data of these
hydrazones are given below.

5-Methyl-1-(-nitrophenyl)N'-[(5-chloro-3-methyl-1-phenylH-pyrazol-4-yl)methylidene]-Hi-1,2,3-triazole-4-
carbohydrazor(@1a)H-NMR (500MHz) (DMSO-@) &: 2.64 (s, 3H, pyrazole G 2.79 (s, 3H, triazole CHj
7.52 (m, 3H, Ar-H), 7.57 (d, 2H, J = 8.5 Hz, orthimtons of phenyl), 7.78 (d, 2H, J = 8.5 Hz, natatons ofp-
nitrophenyl), 8.27 (s, 1H, imine proton), 8.49 gH, J = 8.5 Hz, ortho protons pfnitrophenyl), 10.19 (s, 1H,
NH).LC Mass m/z: 465.1, (1), (M.F. G;H;/NgOsCl). The isotope peak was observed at m/z 467.1.

5-Methyl-1-(-nitrophenyl)N'-[(5-(phenyloxy)-3-methyl-1-phenyl¥i-pyrazol-4-yl)methylidene]-Hi-1,2,3-triazole-
4-carbohydrazorielb: IR KBr(cm?): 3323.2 (N-H), 2968.3 (C-H), 1679.0(C=0), 1548.4 K}=1512.8 (asym.
NO,), 1368.2 (sym. N§),1130.0 (C-O-CYH-NMR (500MHz) (DMSO-g) &: 2.62 (s, 6H, Chl of pyrazole and
triazole), 7.65-7.79 (m, 10H, Ar-H), 7.83 (s, 1hime proton), 7.81 (d, 2H, J=9Hz, meta protong-aftrophenyl),
7.96 (d, 2H, J = 9 Hz, ortho protons pditrophenyl), 9.42 (s, 1H, NH).LC Mass m/z: 523M*¢1) (M.F.
CarH22NgOy).

5-Methyl-1-(-nitrophenyl)N'-[(5-(B-naphthyloxy)-3-methyl-1-phenylH-pyrazol-4-yl)methylidene]-#-1,2,3-
triazole-4-carbohydrazofiéc IR KBr (cm™): 3473.8 (N-H), 3086.1 (C-H), 1687.7 (C=0), 1560.4K({, 1521.8
(asym. NQ), 1342.4 (sym. Ng, C-O-C (1136.0). 5-NMR (500MHz) (DMSO-¢) &: 2.73 (s, 6H, CH of
pyrazole and triazole), 7.85-7.23 (m, 12H, Ar-HP& (s, 1H, imine proton), 7.71 (d, 2H, J=9Hz, nm@tatons ofp-
nitrophenyl), 8.46 (d, 2H, J = 9 Hz, ortho protafg-nitrophenyl), 9.90 (s, 1H, NH). LC Mass m/z: 578\ +1)
(M.F. C31H24NgOy).

5-Methyl-1-(-nitrophenyl)N'-[(3-(p-anisyl)-1H-pyrazol-4-yl)methylidene] H#i-1,2,3-triazole  -4-carbohydrazone
12b:IR KBr (cm): 3245.5 (N-H), 2965.1 (C-H), 1675.3 (C=0), 1563.5K, 1513.4 (asym. N§), 1365.1 (sym.
NO,). H-NMR (500MHz) (DMSO-¢) &: 2.56 (s, 3H, triazole CHi 3.02 (s, 3H, anisyl OCH)7.25 (d, 2H,
J=7.8Hz, meta protons gtanisyl), 7.36 (d, 2H, J = 7.5Hz, ortho protongednisyl), 7.55 (d, 2H, J= 8.2Hz, ortho
protons ofp-nitrophenyl), 8.02 (s, 1H, imine —CH), 8.16 (s,,lpyrazole 5-H), 8.38 (d, 2H, J = 8.5 Hz, meta
protons ofp-nitro phenyl), 9.76 (s, 1H, NH), 10.32 (s, 1H, ggole NH).LC Mass m/z: 447.2 (M1) (M.F.
C21H16NgOy).

5-Methyl-1-(-nitrophenyl)N'-[(3-(p-tolyl)-1H-pyrazol-4-yl)methylidene]Hi-1,2,3-triazole-4-carbohydrazonk2c
IR KBr (cm™): 3265.4 (N-H), 3086.1 (C-H), 1676.0 (C=0), 1583.5°K(, 1523.7 (asym. N§, 1346.3 (sym.
NO,).'"H-NMR (500MHz) (DMSO-¢) &: 2.45 (s, 3H, tolyl Ch), 2.79 (s, 3H, triazole C} 7.35 (d, 2H, J=7.5Hz,
meta protons op-tolyl), 7.45 (d, 2H, J = 8Hz, ortho protonspefolyl), 7.76 (d, 2H, J= 8.5Hz, ortho protonsmf
nitrophenyl), 8.23 (s, 1H, imine —CH), 8.32 (s, Xyrazole 5-H), 8.50 (d, 2H, J = 8.5 Hz, meta @nstofp-nitro
phenyl), 9.90 (s, 1H, NH), 10.08 (s, 1H, pyrazold)N.C Mass m/z: 430.5 () (M.F. G1H1gNgOs).

5-Methyl-1-(-nitrophenyl)N'-[(3-(p-chlorophenyl)- H-pyrazol-4-yl)methylidene]-Hi-1,2,3-triazole-4-
carbohydrazor2d: IR KBr (cm™): 3217.2 (N-H), 3093.8 (C-H), 1670.3 (C=0), 1585.4Kg, 1527.6 (asym.
NO,), 1346.3 (sym. Ng."H-NMR (500MHz) (DMSO-¢) &: 2.79 (s, 3H, triazole Cj 7.25 (d, 2H, J=8Hz, meta
protons ofp-chlorophenyl), 7.32 (d, 2H, J = 8Hz, ortho protarig-chlorophenyl), 7.46 (d, 2H, J= 8.2Hz, ortho
protons ofp-nitrophenyl), 7.96 (s, 1H, imine —CH), 8.02 (s,,lpyrazole 5-H), 8.21 (d, 2H, J = 8.2 Hz, meta
protons ofp-nitro phenyl), 8.96 (s, 1H, NH), 9.21 (s, 1H, mo®e NH).LC Mass m/z: 451.6 (M1) (M.F.
Co0H15CINgOs).

5-Methyl-1-(-nitrophenyl)N'-[(3-(2,4-dichlorophenyl)-H-pyrazol-4-yl)methylidene]Hi-1,2,3-triazole-4-
carbohydrazor2elR KBr (cm™): 3227.2 (N-H), 3002.2 (C-H), 1686.6 (C=0), 1564.4KJ, 1523.2 (asym. Ng,
1326.6 (sym. N@.'H-NMR (400MHz) (DMSO-¢) &: 2.66 (s, 3H, Ch), 6.86 (d, 1H, J= 8.0Hz, 6-H of 2,4-
dichlorophenyl), 7.08 (d, 1H, J= 8.1Hz, 5-H of -Aidhlorophenyl), 8.51-7.30 (m, 7H, Ar-H and imipeoton),
11.04 (s, 1H, NH), 12.04 (s, 1H, pyrazole NH).LCddan/z: 487.3 (M+2) (M.F. GgH14CINgO5).

4.1 Antioxidant studies
The newly synthesized hydrazo(el12) were evaluated for antioxidant study by DPPH sogiregy assay
according to the method of Brand-Williaresal. [27].

100 mg/mL of each test sample and standard BHTtaken in different test tubes and the volume wassaed to
1mL using MeOH. Freshly prepared 3mL of 0.1 mM DP#Hfution was mixed and vortexed thoroughly andifef
dark for 30 min. The absorbance of stable DPPHedavas measured at 517 nm. The DPPH control (congano
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sample) was prepared using the same procedurec&agtiavenging activity was expressed as the itidiibi
percentage and was calculated using the equatibfPBH radical scavenging activity.

(Abs Control - Abs Sample)
DPPH radical scavenging activiy (%)= * 100
(Abs Control)

Where Abs Control is the absorbance of DPPH radiaalethanol; Abs Sample is the absorbance of DRlital
+ test sample/standard BHT. The antioxidant stedylts are tabulated irable 3.

The DPPH scavenging activity for tested compourttsaved activity ranging from 72.0% to 51.8%, whereas
standard drug BHT showed 90.42% inhibition Compoiibd, 12dand12edisplayed significant radical scavenging
activity i.e. 70.6%, 70.2% and 72.0% respectivehoag the set of compounds tested in the presedy.slinis can

be accounted due to the presence of chlorine sudstis in all the cases. Whereas compouizfsand12gwith 4-
nitro and 3-nitro groups showed moderate antioxidativity i.e. 69.1 and 64.1% respectively. Alsaltazone with
4-methoxy group showed significant activity comphte other derivatives.

General procedure for the preparation of 1-azido-4nitrobenzene (3)

p-Nitroaniline (1) (13.8g, 0.1mol) was dissolved in 1:1 ratio of HaId water and taken in a round bottom flask
equipped with stirrer. The reaction was agitate@-&t°C, sodium nitrite (6.9g, 0.1mol) was dissolved ¢e-told
water and added drop wise, sodium azide (6.5g, @)ldissolved in water (20mL) was added drop wiken
stirring was continued for another 30 min. The ltasii precipitate separated was extracted withrofdom and
washed successively with water. The organic layes dried over anhydrous sodium sulphate, and thergowas
removed under vacuum to get 4-nitroazidobenzemredd $3.5%, m.p. 65-6&C(Lit.[30] 63-66°C).

General procedure for the preparation of ethyl-5-méhyl-1-(p-nitrophenyl)-1H-1,2,3-triazole-4-carboxylate
3)

1-Azido-4-nitrobenzené?) (1.6g, 0.01mol) was treated with ethyl acetoaeetat?7mL, 0.01mol) in methanol (7.5
mL) and the mixture was cooled t80 Sodium ethoxide (0.7g, 0.01mol) was added uimat atmosphere to the
above mixture and stirred at ambient temperatureéfor. Progress of the reaction was monitored bg Tethyl
acetate/petroleum ether, 2:3, v/v). After completid the reaction, the mixture was poured on tocizle water and
neutralized. The precipitated solid was filtere@sthed with water and recrystallized from ethan@ld'75%, m.p.
166-168C (Lit.[28] 165-1706C). Analysis for GH1,N4O4: C; 52.14 (Caled. 52.17), H; 4.34 (Calcd. 4.38)20.28
(Calcd. 20.28).

General procedure for the preparation of 5-methyl-1(p-nitrophenyl)-1H-1,2,3-triazole-4-carbohydrazide (4)
Ethyl-5-methyl-1-p-nitrophenyl)-H-1,2,3-triazole-4-carboxylatg) (2.8g, 0.01mol) in DMF (5mL) and hydrazine
hydrate (99 %, 0.5mL, 0.01mol) were taken in a tbbattomed flask equipped with reflux condensee Tantents
were refluxed for 6 hours. Precipitated solidwéterfed, dried and recrystallised from ethanol. ¥i80%, m.p. 210-
212°C (Lit.[28]210-214C); Analysis for GoHigNgOs: C; 45.82 (Calcd. 45.80), H; 3.86 (Calcd. 3.84),32.06
(Calcd. 32.05).

General procedure for the synthesis of 2-(1-arylefflidene)hydrazine carboxamide (9)

A solution of semicarbazide hydrochloride (1.07 mjnio 20 mL of water was added drop wise to a robonttom
flask containing mixture of substituted carbonghpounds35 (1.0 mmol), sodium acetate (1.3 mmol) and ethanol
(20 mL). The reaction mixture was stirred at@dor 8 hours. After completion of the reactiong $eparated solid
was filtered, washed with water and dried. The erpdoduct(9) was as such taken for next stage preparation
without further purification.

General procedure for the synthesis of 3-substitute 1H-pyrazole-4-carbaldehyde (10):
3-Substituted-H-pyrazole-4-carbaldehyded O)were synthesized by Vilsmayer-Haack reaction. Toicen cold
solution of 2-(1-arylethylidene)hydrazine carboxden{9) (0.1 mmol) in DMF (20 mL), POG(8 mL)was added
drop wise. After the addition, the reaction mixtwas stirred for 30 minutes at ambient temperaguakthen stirred
at 60-65C for 6 hours. The reaction mixture was quenchéalite cold water and was adjusted to pH 7 usirfp 25
sodium hydroxide solution. The solid thus precigithwas filtered and dried. Crude product was safljzed from
ethyl acetate. Compounds prepared according tgtbhisedure and their characterization data arengivéable 1
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Table 1: Characterization data of 3-Substituted-H-pyrazole-4-carbaldehydes(6/7/10)

% Analysis Found
Molecular formula M.p. °C
Com. no R/R? (Mol. wt.) (Yigld(o%)) (Calculated)
Wt c H N
s o CuHsN,OCI {Litlégﬁgs} 50.90 | 413 | 12.72
(221) e (59.88) | (4.11) | (12.70)
89-90
C17H1aN20, . 73.35 | 5.09 10.09
4a | OCeHs 279) {L't'[z?’;g)&”} (73.37)| (5.07) | (10.07)
99-101
C21H16N20, . 76.84 | 4.89 8.58
4b | OCuh (328) {'-'t'[%%)mO} (76.81) | (4.91) | (853)
CoHhCING; 106-108 6531 | 421 | 898
4c | OGH.CI (312) (73) (65.29) | (4.19)| (8.96)
CiHaN,0 144-46
. 69.78 | 471 | 16.29
10a | H (172.18) {th.[%%)MS} 0o | 4t | dean
163-64
C11H10N20, . 65.32 | 4.96 13.87
10b | 4-OCh (202.20) {L't'[zilﬁfz'e“} (65.34) | (4.98) | (13.85)
12426
. 70.97 | 543 | 15.07
10c | 4CH CuH1N;O (186.20) {L.t.[27(]8 %)23-25} doon | a4 | 1o on
14344
CiH/CIN;O . 57.15 | 516 | 9.54
10d | 4-Cl (206.62) {L't'[zilscl);‘z"“‘} (57.13) | (5.14) | (9.52)
113-115
. CigHeCLN,O . 47.35 | 428 | 7.88
10e 2,4-dichloro (241.07) {L|t.[28(]73)14-16} 4733)| (4.26)| (7.89)
197-198
CacHoN:O; . 50.13 | 448 | 20.70
10f | 4-NG (203.19) {'-'t'[27(]81?8'99} (59.11) | (4.46) | (20.68)
154-155
CioHoN:O; : 50.00 | 4.44 | 20.66
10g | 3-NG, (203.19) {L't'[zilgéfe'ss} (59.11) | (4.46) | (20.68)
Solvent for recrystallization: Ethyl acetate
Table 2: Characterization data of hydrazones(11/12)
% Analysis Found
, M.p.°C | Molecular Formula
Comp. No. R'/R (Yield 9%) (Mol. W) = (Calcglated) .
1 o 210212 | CathCINgO; | 54.28 | 3.67 | 24.12
(80) (464.86) (54.26) | (3.69) | (24.10)
235238 | CoHaNsOs 62.03 | 426 | 2143
11b | Phenyloxy (76) (522.51) (62.06) | (4.24) | (21.45)
258260 | CotHaaNsOs 65.05 | 420 | 19.59
11c B-Naphthyloxy
(78) (572.57) (65.03) | (4.22) | (19.57)
240242 | CiHaCINgO; | 58.24 | 3.78 | 20.09
11d | 4-Chloro phenyloxy| ™~ 75 (556.95) 58.22) | (3.80) | (20.12)
2a | n 120124 | CogtheNaOs 57.71 | 3.89 | 26.89
(76) (416.39) (57.69) | (3.87) | (26.91)
150-154 | CoHisNsOs 56.52 | 4.08 | 25.12
12b | 4-OCh 82) (446.41) (56.50) | (4.06) | (25.10)
215217 | CoHisNaOs 58.62 | 420 | 26.05
12c | 4-Chs (80) (430.41) (58.60) | (4.22) | (26.03)
256258 | CaHheCINeOs | 53.30 | 3.37 | 24.87
12d | 4-Chioro (78) (450.83) (53.28) | (3.35) | (24.85)
) 258260 | CatiChNeOs | 49.52 | 2.93 | 23.11
12e | 2,4-Dichloro (79) (485.28) 49.50) | (2.91) | (23.09)
230232 | CaHioNaOs 52.08 | 3.30 | 27.34
12t | 4NG, (75) (461.39) (52.06) | (3.28) | (27.32)
245248 | CoHioNaOs 52.08 | 3.30 | 27.30
129 | 3-NO, (80) (461.39) (52.06) | (3.28) | (27.32)

Solvent for recrystallization: Ethanol + DMF mixture.

Table 3: DPPH radical assay of hydrazones(11/12)

Comp. No. 1la | 11b | 11c | 11d | 12a | 12b
DPPH Assay in %| 70.6 | 60.9 | 61.8| 59.6/ 51.9 64.5
Comp. No. 12c | 12d | 12e | 12f | 12g | BHT
DPPH Assay in % 63.5 70.2 | 72.0] 69.1 | 64.1] 90.42
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General procedure for the synthesis 5-methyl-1ptnitrophenyl)-N'-(aryl methylidene)-1H-1,2,3-triazole-4-
carbohydrazone(11/12)

To a solution of 5-methyl-1p¢nitrophenyl)-H-1,2,3-triazole-4-carbohydrazifty (2.6g, 0.01mol) taken in a
mixture of DMF and ethanol (25mL), was added appate substituted pyrazole aldehyd@&s7/10) (0.01mol).
Concentrated sulphuric acid (0.5mL) was added i@rémaction mixture. The contents were refluxedgbout 1-2
hours. The solid product separated was collectedilipgtion. It was dried and recrystallized fronMP-ethanol
mixture. The characterization data of these comgsame given iTable 2
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