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ABSTRACT

A libraries of Schiff's base derivatives (12 compas) such as N'-(substituted- benzylidene)nicoldodwides3(a-

I) were synthesized by reacting nicotinohydrazid¢ with various aryl/heterocyclic aldehydes containing
pharmacological active functional grou@a-l) under conventional conditions in ethanol as well utsasonic
conditions in agueous medium without using anylgstalt was observed that the reaction in ultraisdrradiation
afforded excellent yields in a simple work-up phge with in short reaction time and the reactian an
environmentally benign process. The compounds seneened for their antibacterial and antifungal isittes at
two different concentrations 100, 250 pg/disc adi a® minimum inhibitory concentrations against te@wth of
microbial stains. Most of the synthesized compouexisibited potential activity against tested mamganisms and
low MIC values.

Key words: Nicotinohydrazide, Aqueous medium, Ultrasonic ifagidn, Antibacterial activity, Antifungal activity
MIC values.

INTRODUCTION

The chemistry of heterocyclic compounds has beemtamnesting field of study for a long time, which due to
these molecules are commonly used scaffolds irowarfields such as medicinal, agricultural, phamnécal and
provide potent and selective drugs. Nitrogen hetgiic compounds mostly pyridine derivatives arevalent in

numerous natural products, functional materials pi¢dicinal chemistry and they have been intengivsed as
scaffolds for drug development and chemistry ofldgal systems [2]. Pyridine derivatives contagimulti-

functional groups such as streptonigrin, lavendamgee reported as anticancer drugs and cerivassateported as
HMG-CoA enzyme inhibitor [2], as well as the detivas of pyridine exhibiting wide range of biologlty active

agents such as anti-inflommatory [3, 4], antimi¢abfb] and antituberculosis [6].

The reaction of primary amines with carbonyl compisito give imines-also called Schiff's bases amnaethines
is a reaction which is well known [7]. In naturesirves to interconvert amino acids an#letoacids into one
another with the help of vitamingBpyridoxamine, pyridoxal as coenzyme in transasenf8] and also which
accumulate great importance as intermediate faigdiesy various biologically active or intermedidieterocyclic
compounds in organic and medicinal chemistry fomarous purposes since 1800s. The Schiff's basealimes
have been extensively investigated for more thaerdury and employed in different aspects includiraogical
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studies, magneto chemistry [9], non-linear optit®][ photo physical studies [11], catalysis [12]aterials

chemistry [13], chemical analysis [14], absorptand transport of oxygen [15]. Schiff's bases haweide variety

of biological properties including their antibadtéér[16-22], antifungal [17-22], antitumour [23-25&ntioxidant

[26,27], anti-inflammatory [28], antihypertensiv@9[30], anti HIV [31], antiproliferative [32], amnvulsant [33],
herbicidal, insecticidal and anthelmintic [34], iaahcer activities and they are used as pigmerdsiges, catalysts,
intermediates in organic synthesis, and as polystasilizers [35]. Recently, the researchers hawnfecused to
design Schiff's base metalized complexes as beitéicancer drugs and chemotherapeutic agents, aubet
Schiff's base metal complexes have potent bindiatymre with DNA [36]. QSAR study was proved the @éint

biological activity [37].

Schiff's base derivatives in biological and cherhmacesses, prompted the researchers towardstligndof novel
aryl/heterocyclic Schiff's base derivatives and ttevelopment of the new technologies for an envirentally
benign processes (green chemistry) [38], whichlerlh economically and technologically feasible f89, An
important area of green chemistry deals with agseoedium based reactions, solvent-free, solid séatetion may
be carried out by using the reactants alone antyuian environmentally benign solvents. As pémbur research
programme, we herein report the synthesis of NigStuted- benzylidene)nicotinohydrazide Schiff@sk
derivatives3(a-lI) from nicotinohydrazidg1l) and substituted aldehyd@ga-l) using a facile, green protocot
aqueous medium without using any catalyst undersdnic irradiation. The title compounds were sceeefor
their antimicrobial activity. All the compounds sthed moderate to potent activity against tested aniganisms.

MATERIALS AND METHODS

Melting points were determined using Guna meltioinpapparatus in open capillaries and are uected. IR
spectra (in KBr pellets) were recorded on JASCO®BET -IR spectrometett and**CNMR spectra were recorded
on a BRUKER 400 MHz Spectrometer using 5mm tubet08tMHz and 100.6 MHz respectively. Chemical shift
values are given iA scale. Mass spectra were recorded on Mass institumseng (M+H) mode and Perkin-Elmer
240C (Flash EA-1112 series) was used for C, H,exhehtal analysis. The progress of the reactionscivasked by
thin layer chromatography (TLC) on silica gel cahtduminum sheets. The chemicals, reagents anérsslwere
procured from Aldrich, USA and from SD fine, Bombagre used without further purification.

General procedure for synthesis of Schiff's base deatives of nicotinohydrazide 3(a-I) under convenbnal
conditions:

Nicotinohydrazide 1) (274 mg, 2 mmol) and m-nitro benzaldehy@e)((304 mg, 2 mmol) were taken in round
bottom flask containing 10 mL of dry ethanol. Tleaction mixture was stirred at 80 for 3 h. The progress of the
reaction was monitored by TLC at regular intervéiter the completion of the reaction, the crudetonie was
cooled and poured in ice cold water, resulted selims collected by filtration. The obtained prodweas
recrystallized from ethanol to obtain 84% yield NE(3-nitrobenzylidene)nicotinohydrazid@g). All the title
compounds were synthesized by using same procedusdiown inTable 1 The Schiff's base derivative{a-I)
were confirmed by spectroscopic data and physicathads and some of the products were consisterit wit
previously reported data [44].

General procedure for the synthesis of Schiff's ba&s of nicotinohydrazide 3(a-p) under catalyst-free
ultrasonic irradiation conditions:

In this typical synthetic protocol, nicotinohydrdei @) (274 mg, 2 mmol), m-nitro benzaldehydzg) (304 mg, 2
mmol) and 15 mL of water were taken in 50 mL roladtom flask and subjected to ultrasonic irradiati 60°C

for 14 min. The progress of the reaction was moeidy TLC for each 5 min. After completion of tteaction, the
solid product was filtered off and purified by restallization from ethanol to afford 92% vyield of'-(8-
nitrobenzylidene)nicotinohydrazid@g). All the remaining title compounds were synthedidy adopting same
procedure as shown ihable 1L The Schiff's base derivative®(a-) were confirmed by spectroscopic data and
physical methods and some of the products werestens with previously reported data [44].

N'-(3-Hydroxybenzylidene)nicotinohydrazide (3a) White solid, Yield 90%, Mp 202-20%C; IR (pay CM): 3427
(-OH, str), 3351 (-NH, str), 3058 (=C-H, str), 166C=0, str), 1592 (-C=N, str), 1438 (-C-N, sty NMR (400
MHz, DMSO-dg): 64 6.84 (dd, J = 6 Hz, 2 Hz, 1H, Ar-H), 7.11-7.29 @H, Ar-H), 7.57 (g, J= 5.6, 1H, Ar-H), 8.24
(d, J =7.6 Hz, 1H, Ar-H), 8.35 (s, 1H, -CH=N), 8.@d, J = 8.8 Hz, 1H, Ar-H), 9.07 (s, 1H, pyridiNeCH), 9.68
(s, 1H, Ar-OH), 11.98 (s, 1H, -CO-NHY’C NMR (100.6 MHz, DMSQt): 5c 112.6 (Ge), 117.6 (G4), 118.9 (Gy),

809
Pelagia Research Library



Naga Raju. Chamarthiet al Der Chemica Sinica, 2012, 3(4):808-816

123.6 (G), 129.2 (G5), 129.9 (@), 135.3 (G), 135.4 (@), 148.4 (Gy), 148.5 (G), 152.3 (G), 157.7 (Gs), 161.6
(Cy). MS, m/z 242.13 (M+H); Anal. Calcd. for GH11N30,: C, 64.72; H, 4.60; N, 17.42; O, 13.26; found:68,60;
H, 4.53; N, 17.38.

N'-(4-Hydroxybenzylidene)nicotinohydrazide (3b).White solid, Yield 85%, Mp 231-23%Z. IR (Vma, cMi-): 3433
(-OH, str), 3354 (-NH, str), 3059 (=C-H, str), 166C=0, str), 1590 (-C=N, str), 1441 (-C-N, stijf NMR (400
MHz, DMSO-d): 8 6.86 (d, J = 8 Hz, 2 Hz, 2H, Ar-H), 7.35-7.38 (b}, Ar-H), 7.59 (d, J= 7.6 Hz, 2H, Ar-H),
8.15 (m, 2H, Ar-H), 8.38 (s, 1H, -CH=N), 9.1 (s, ,1pyridine-N=CH), 9.65 (s, 1H, Ar-OH), 12.05 (s, 1#O-
NH). *C NMR (100.6 MHz, DMSQd): 8¢ 114.6 (G5Cys), 123.8 (G), 125.4 (Gy), 130.1 (G, Cye), 130.9 (G),
134.7 (@), 148.1 (Q), 149.5 (Q), 152.1 (Gg), 159.2 (G4), 162.5 (G). MS m/z 242.03 (M+H); Anal. Calcd. for
Cy13H11N3O,: C, 64.72; H, 4.60; N, 17.42; O, 13.26; found6&,61; H, 4.50; N, 17.33.

N'-(2-Hydroxybenzylidene)nicotinohydrazide (3c).White solid, Yield 87%, Mp 172-17%. IR (/mae CM7): 3431
(-OH, str), 3352 (-NH, str), 3059 (=C-H, str), 166€=0, str), 1585 (-C=N, str), 1439 (-C-N, st NMR (400
MHz, DMSO-d): 8y 7.41-7.44 (m, 5H, Ar-H), 8.42 (s, 1H, -CH=N), 8:853 (m, 2H, Ar-H), 9.05 (s, 1H, pyridine-
N=CH), 10.6 (s, 1H, Ar-OH), 12.15 (s, 1H, -CO-NHJC NMR (100.6 MHz, DMSQd): 8¢ 115.3 (Gs), 118.9
(C14), 120.6 (Ga), 123.9 (G), 126.1 (G,), 131.0 (G), 136.2 (Gy4), 137.4 (G), 146.8 (G), 149.1 (G), 149.6 (Gy),
154.5 (Ge), 161.4 (G). MS m/z 242.27 (M+H); Anal. Calcd. for GH11N:Ox: C: 64.72, H, 4.60; N, 17.42; O,
13.26; found: C, 64.63; H, 4.51; N, 17.36.

N'-(4-Fluorobenzylidene)nicotinohydrazide (3d).Light yellow solid, Yield 92%, Mp 182-18%. IR (Vmayx CM>):
3348 (-NH, str), 3062 (=C-H, str), 1651 (-C=0, sir$89 (-C=N, str), 1440 (-C-N, str), 1120 (Ar-F)s'H NMR
(400 MHz, DMSO+dg): 64 7.41 (d, J = 8 Hz, 2H, Ar-H), 7.58-7.60 (m, 4H-H), 8.46 (s, 1H, -CH=N), 8.57 (m,
1H, Ar-H), 9.1 (s, 1H, pyridine-N=CH), 11.89 (s, 1HCO-NH). **C NMR (100.6 MHz, DMSQds): 5c 111.2
(C13Cis), 124.7 (GQ), 129.4 (Gy), 130.4 (G), 131.3 (G, Cye), 131.8 (G), 146.4 (Q), 148.5 (G), 149.9 (Gy), 160.6
(Cy), 164.8 (G4). MS m/z 243.18 (M+H); Anal. Calcd. for GH;0FNsO: C: 64.19, H, 4.14; F, 7.81; N, 17.28; O,
6.58; found: C, 64.11; H, 4.05; N, 17.23.

N'-(4-Chlorobenzylidene)nicotinohydrazide (3e)Brown solid, Yield 89%, Mp 227-22%C. IR (ymay CMY): 3343
(-NH, str), 3059 (=C-H, str), 1643 (-C=0, str), #58C=N, str), 1437 (-C-N, str), 1066 (-C-Cl, stiji NMR (400
MHz, DMSO-d): 8y 7.56 (d, J = 8.4 Hz, 3H, Ar-H), 7.77 (d, J= 8.Bl, 2Ar-H), 8.25 (d, J = 7.2 Hz, 1H, Ar-H), 8.44
(s, 1H, Ar-H), 8.77 (s, 1H, -CH=N), 9.07 (s, 1H ris§ne-N=CH), 12.11 (s, 1H, -CO-NH}*C NMR (100.6 MHz,
DMSO-d): 8¢ 123.6 (G), 128.8 (G3Cis), 128.9 (G,Cie), 129.1 (G), 133.1 (Gy), 134.69 (@), 135.4 (G4), 147.0
(Cy0), 148.6 (G), 152.3 (G), 161.7 (G). MSm/z 259.54 (M+H); Anal. Calcd. for GH1oCIN;O: C, 60.12; H, 3.88;
Cl, 13.65; N, 16.18; O, 6.16; found: C, 60.04; & N, 16.15.

N'-(3-Bromobenzylidene)nicotinohydrazide (3f).Light brown solid, Yield 88%, Mp 105-10%. IR (ymay CMY):
3346 (-NH, str), 3061 (=C-H, str), 1647 (-C=0, sfrb87 (-C=N, str), 1439 (-C-N, str), 680 (-C-Brr)s'H NMR
(400 MHz, DMSO¢): 8y 7.54-7.58 (m, 3H, Ar-H), 7.59 (d, J= 4.8, 2H, A};H.77 (d, J = 8.4 Hz, 1H, Ar-H), 8.25
(d, 3 =8.0, 1H, Ar-H), 8.44 (s, 1H, -CH=N), 8.%, § = 5.2 Hz, 1H, Ar-H), 9.06 (s, 1H, pyridine-NH}; 12.11 (s,
1H, -CO-NH).**C NMR (100.6 MHz, DMSGdg): 5c 123.6 (Gs), 124.3 (G), 128.8 (G), 129.0 (G3), 131.5 (G,
Cie), 133.2 (G4), 135.5 (G, Cg), 147.0 (Gy), 148.6 (G,Cy), 164.8 (G). MS m/z 304.08 (M+H); Anal. Calcd. for
C13H10BrNsO: C, 51.34; H, 3.31; Br, 26.27; N, 13.82; O, 5.26ind: C, 51.14; H, 3.25; N, 13.69.

N'-(3-Nitrobenzylidene)nicotinohydrazide (3g).Yellow solid, Yield 92%, Mp 195-19%C. IR (Vmay cmi): 3353 (-
NH, str), 3055 (=C-H, str), 1659 (-C=0, str), 1598=N, str), 1534 (Ar-N=0, str), 1433 (-C-N, sttif NMR (400
MHz, DMSO-dg): &y 7.60 (s, 1H, Ar-H), 7.79 (t, J= 7.2, 1H, Ar-H)]18:8.29 (m, 3H, Ar-H), 8.57 (d, J = 8.4, 2H,
Ar-H), 8.79 (s, 1H, -CH=N), 9.09 (s, 1H, pyridine=8H), 12.31 (s, 1H, -CO-NH}*C-NMR (100.6 MHz, DMSO-
dg): 8¢ 121.1 (Gg), 123.7 (GQ), 124.4 (Gy), 128.9 (Gg), 130.5 (G), 133.4 (Gy), 135.6 (Gy), 135.9 (@), 146.0 (Gy),
148.2 (G), 148.6 (G), 152.4 (Gs) 162.0 (G). MS m/z 271.04 (M+H); Anal. Calcd. for gH;gN4O: C, 57.78; H,
3.73; N, 20.73; O, 17.76; found: C, 57.58; H, 3.M020.52.

N'-(4-Hydroxy-3-nitrobenzylidene)nicotinohydrazide (3h). Yellow solid, Yield 91%, Mp 243-248C. IR (/max
cm?): 3479 (-OH, str), 3358 (-NH, str), 3053 (=C-Hr)stL658 (-C=0, str), 1586 (-C=N, str), 1521 (Ar-8zstr),
1437 (-C-N, str)’H NMR (400 MHz, DMSOs): 3, 6.99 (d, J = 5.6 Hz, 1H, Ar-H), 7.24-7.26 (m, ¥i;H), 7.81
(d, J= 6.0 Hz, 1H, Ar-H), 8.23 (s, 1H, Ar-H), 8.8l 1H, -CH=N), 8.80-8.82 (m, 2H, Ar-H), 9.24 {4, pyridine-
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N=CH), 9.83 (s, 1H, Ar-OH), 12.38 (s, 1H, -CO-NHJC NMR (100.6 MHz, DMSQdy): 8¢ 117.2 (G3), 121.6
(Cie), 124.7 (Q), 126.2 (Gy), 131.8 (G), 135.9 (GCy1), 138.1 (Gs), 147.9 (Gy), 149.7 (G), 151.1 (G), 154.3
(Cyg), 162.9 (G). MS m/z 287.12 (M+H); Anal. Calcd. for GH:0N;O,4: C, 54.55; H, 3.52; N, 19.57; O, 22.36;
found: C, 54.47; H, 3.48; N, 19.51.

Table. 1. Synthesis of N'-(substituted-benzylidenejcotinohydrazides 3(a-I) and their physical propeties

Time . . Time ) .
Yield Melting Yield Melting
Compd R a(h)/ ; Compd R a(h)/ )
b(min) (a/b) %  points (°C) b(min) (alb) %  points (°C)
3a ; > 315 82/90 202204  3g Q 3114 82//92  195-197
HO O,N
HO
3b HO 4/16 70/85 231-232 3h 3/14 80/92 243-245
O,N
02
3c 4/17 72187 172-174 3i 3/15 83/90 220-222
Cl
OH
3d F 3.5/15 81/92 182-183 3 Q 4.5/20 69/82 198-199
HsCO OH
H3CO
3e C 3.5/14 71/89 227-229 3k 3.5/23 73/80 206-208

OCH,

HsC.
3/17 76/88 105-106 3l ch N@‘ 3.5/24 73/82 145-147
3

3f

RgeRe

B

N'-(4-Chloro-3-nitrobenzylidene)nicotinohydrazide @i). Light yellow solid, Yield 90%, Mp 220-222C. IR
(Vmax €MY): 3352 (-NH, str), 3052 (=C-H, str), 1655 (-C=@) s1586 (-C=N, str), 1524 (Ar-N=0, str), 1436 {M\
str), 1055 (-C-Cl, str)*H NMR (400 MHz, DMSOs): &, 7.01 (d, J = 7.2 Hz, 1H, Ar-H), 7.21-7.22 (m, 1;H),
7.64 (d, J= 6.8 Hz, 1H, Ar-H), 8.15 (s, 1H, Ar-H8.55 (s, 1H, -CH=N), 8.65-8.67 (m, 2H, Ar-H), 9.2 1H,
pyridine-N=CH), 12.11 (s, 1H, -CO-NH}*C NMR (100.6 MHz, DMSQd): 8¢ 117.4 (G3), 121.2 (Ge), 123.4
(Cy), 126.1 (Gy), 130.3 (G Cry), 134.7 (GC12), 138.0 (Gs), 146.9 (Gy), 149.4 (G), 149.9 (Q), 161.5 (G). MS
m/z 305.18 (M+H); Anal. Calcd. for HyCIN4Os: C, 51.25; H, 2.98; ClI, 11.64; N, 18.39; O, 15.7&;nd: C,
51.12; H, 2.89; N, 18.51.

N'-(2-Hydroxy-3-methoxybenzylidene)nicotinohydrazice (3j). Brown solid, Yield 82%, Mp 198-199C. IR

(Vmax CIMIY): 3488 (-OH, str), 3343 (-NH, str), 3063 (=C-H)s.664 (-C=0, str), 1581 (-C=N, str), 1445 (-Csft).

'H NMR (400 MHz, DMSO¢): 8y 3.63 (s, 3H, -OCH), 6.87 (m, 1H, Ar-H), 7.12-7.16 (m, 2H, Ar-H), B.4m,

1H, Ar-H), 8.35 (d, J = 8.4 Hz, 1H, Ar-H), 8.61 (1, -CH=N), 8.74-8.75 (m, 1H, Ar-H), 9.08 (s, 1pkridine-

N=CH), 11.35 (s, 1H, Ar-OH), 12.20 (s, 1H, -CO-NEC NMR (100.6 MHz, DMSQdy): 8¢ 63.4 (-O-CGH3), 111.8
(Crg), 114.6 (Gs), 121.1 (Gy), 124.3 (Gg), 125.2 (G), 131.1 (G), 134.8 (G), 145.6 (Gy), 147.7 (G), 148.1 (Q),

151.3 (Gs), 151.9 (G), 163.1 (G). MS m/z 272.09 (M+H); Anal. Calcd. for £H,3N305: C, 61.99; H, 4.83; N,
15.49; O, 17.69; found: C, 61.90; H, 4.75; N, 15.41

N'-(2,4-Dimethoxybenzylidene)nicotinohydrazide (3k)Pale brown solid, Yield 80%, Mp 206-208. IR (max
cm™): 3333 (-NH, str), 3023 (=C-H, str), 1653 (-C=@)s1580 (-C=N, str), 1449 (-C-N, sttt NMR (400 MHz,
DMSO-dg): 8y 3.59 (s, 3H, -OCH), 3.81 (s, 3H, -OCH3), 6.63 (m, 1H, Ar-H), 7.117.(m, 1H, Ar-H), 7.40 (m,
1H, Ar-H), 8.05 (d, J = 8.4 Hz, 1H, Ar-H), 8.25 (&, Ar-H), 8.53 (s, 1H, -CH=N), 8.70-8.71 (m, 1A-H), 9.02
(s, 1H, pyridine-N=CH), 12.09 (s, 1H, -CO-NHJC NMR (100.6 MHz, DMSGd): 5c 63.1 (-O-G3), 62.9 (-O-
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CH,), 114.8 (Gy), 115.2 (Gs), 121.0 (Gy), 122.1 (Gg), 124.8 (G), 130.4 (G), 134.3 (@), 144.8 (Gy), 147.2 (G),
148.6 (G), 150.8 (Gy), 151.5 (G,), 162.1 (G). MSm/z 286.23 (M+H); Anal. Calcd. for H;sNsOs: C, 63.15; H,
5.30; N, 14.73; O, 16.82; found: C, 63.06; H, 5M114.61.

N'-(4-N,N-Dimethylaminebenzylidene)nicotinohydrazice (31). White solid, Yield 82%, Mp 145-147C. IR (/max
cm): 3389 (-NH, str), 3092 (=C-H, str), 1678 (-C=@r)s1594 (-C=N, str), 1434 (-C-N, stiH NMR (400 MHz,
DMSO-d): 8 3.12 (s, 6H, -N(CH),), 6.72 (d, J = 8 Hz, 2 Hz, 2H, Ar-H), 7.15-7.16, (b, Ar-H), 7.43 (d, J= 7.6
Hz, 2H, Ar-H), 8.2 (m, 2H, Ar-H), 8.28 (s, 1H, -CINg, 9.08 (s, 1H, pyridine-N=CH), 9.47 (s, 1H, Ar-QH2.21
(s, 1H, -CO-NH).*C NMR (100.6 MHz, DMSQdg): 8¢ 45.3 (-N(CH)2), 111.6 (G3Cys), 122.5 (G), 125.3 (Gy),
130.1 (G2 Cye), 132.1 (G), 133.7 (GQ), 147.8 (Q), 149.2 (G), 150.8 (Gp), 152.9 (Gy), 161.8 (G). MSm/z 270.00
(M+H); Anal. Calcd. for GH;1¢N4O: C, 67.15; H, 6.01; N, 20.88; O, 5.96; found6€,07; H, 5.92; N, 20.84.

Antibacterial Activity:

The significant antibacterial potency of Schiff'ade derivative8(a-l) of nicotinohydrazidg1) were performed
against bacterial strains such Bscherichia Coli, Bacillus Subtiliand Streptococcus aureusy employing Disc
diffusion method [41, 42]. A standard inoculum (%20° c.f.u/mL 0.5 McFarland standards) was introducetb o
the surface of sterile agar plates and a sterdesgspreader was used for even distribution ofrtheulums. The
discs measuring 6 mm in diameter were prepared ¥dratman No.1 filter paper and sterilized by drathat 40°C
for an hour. The dry sterilized discs previoushalsed in a known concentrations (100, 250 pg/mL}hef test
compounds were placed in nutrient agar medium. IBtast showed that, DMF used in the preparatiotheftest
solutions does not affect the test organisms; theg were inverted and incubated for 24 h at@7The zone of
inhibition around the disc was calculated edgedmeezone of the confluent growth which is usuatiyresponds to
the sharpest edge of the zone and was measureitlimeaters. All tests were repeated three times anerage data
has taken as final result. Ciprofloxacin was use@ atandard drug for bacterial study. The intohitzones of the
tested compounds were compared with contrdigble. 2. Minimum inhibitory concentrations (MICs) were
determined by broth dilution technique [43]. Diffaet concentrations like 2.5, 5, 7.5, 10, 15, 20,3t} 40, 50, 60,
70, 80 ug/mL of test solutions were evaluated. cBigally 0.1 mL of standardized inoculum (1-2 x"1®f.u/mL)
was added to test tubes and incubated for 24 @ %€ Znd two controls were maintained for each testpba. The
growth was monitored visually and spectrophotornelty. The lowest concentration (highest dilutisajuired to
arrest the growth of bacteria was regarded as noimirmhibitory concentration (MIC) and the MICs dfettest
solutions are presented Table 2

Table. 2 Antibacterial zone of inhibition (mm) andMinimum inhibition concentrations (MICs) of the synthesized compounds 3(a-l).

Bacterial culture

Compd E. coli S. aureus P. Aeruginosa
W MICs (png/mL) W MIC (pg/mL) W MIC (png/mL)
3a 52 136 80 46 136 80 4.3 11.9 80
3b 100 237 40 10.1 20.7 40 106 194 40
3c 114 255 30 10.7 217 30 111 19.6 30
3d 142 243 30 11.2 199 25 116 199 25
3e 8.2 187 50 72 141 60 6.6 13.9 60
3f 5.6 13.6 70 4.8 11.9 80 4.5 11.5 80
3g 6.1 13.9 70 51 10.9 80 5.4 11.0 80
3h 8.8 156 60 8.8 14.0 60 7.0 13.6 50
3i 75 151 60 6.9 13.0 70 6.9 14.5 50
3] 9.7 204 50 9.9 189 40 109 197 30
3k 6.9 152 60 59 16.0 70 6.8 15.6 60
3l 6.8 149 70 51 155 80 3.9 15.0 80
Ciprofloxacin 27 25 25

Antifungal Activity:

The antifungal potency of Schiff's base derivatiB€a-l) of nicotinohydrazidg1) were performed against fungal
strains such aBusarium oxysporum, Aspegillus flavaisd Aspergillus nigemy using agar Disc-diffusion method
[39]. The fungal strains were maintained on PoRg¢atrose Agar (PDA) medium (Hi-Media). A loopful ofilture
from the slant was inoculated into the Potato Dmesdrbroth and incubated at 37°C for 48-72 h. 0.1ahthis
culture was spread on the potato dextrose agar alad a sterile glass spreader was used for esgibdtion of the
inoculum. All the compounds were dissolved in dingformamide (DMF, Merck). Sterile discs of Whatman
No.1 filter paper of about 6 mm diameter were ingpiated on the surface of the media. Blank test shotivat,
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DMF used in the preparations of the test solutidoss not affect the test organisms, different cotmegons (100,
250 pg/mL) of various test compounds were preparetiapplied on the discs and incubated for 48-&2 3v °C.
The zone of inhibition around the disc was cal@datdge to edge zone of the confluent growth wriahsually
corresponds to the sharpest edge of the zone asdn@asured in millimeters. All tests were repediede times
and average data has taken as final result. Flacdavas used as a standard drug for antifungalysamd the
inhibition zones of the test compounds were congpariéh controls Table 3). Minimum Inhibitory Concentrations
(MICs) were determined by micro-broth-dilution meth[39]. The minimum concentration, at which there was no
visually detectable bacterial growth, was taketM#S. Concentration of 0.1-2 mg /mL in steps of @3@mL were
evaluated. Test compounds concentrations o2 ui-/mL in steps of 5Qg/mL were evaluated. Specifically 0.1
mL of standardized inoculum (1-2 x 1@. f.u/mL) was added to each test tube. The tubese incubated
aerobically at 37C for 48-72 h. Control was maintained for each &zshple. The lowest concentration (highest
dilution) of test compound that produced no visiilgns of bacterial growth (no turbidity) when caamgd with the
control tubes were regarded as MICalfle 3J).

Table. 3 Antifungal zone of inhibition (mm) and Minimum inhibition concentrations (MICs) of the synthesized compounds 3(a-)

Fungal culture
Compd A. flavus A. niger C. albicans

100 250 MIC (ng/mL) 100l 250 MIC (ng/mL) —(1—10 250 MIC (ng/mL)

3a 4.1 13.6 80 43 120 80 40 118 80
3b 9.6 20.7 40 11.8 20.0 30 9.6 189 30
3c 9.9 21.7 30 120 211 30 9.1 179 40
3d 10.2 19.9 30 106 194 30 105 197 30
3e 8.1 17.1 40 73 144 60 6.4 17.2 60
3f 4.€ 11.C 8C 4¢ 13 80 4.1 10.€ 8C

39 5.0 11.7 80 54 142 70 5.3 120 70
3h 7.2 13.6 50 70 142 50 59 116 60
3i 6.3 14.8 60 6.8 145 50 6.0 129 60
3 10.0 18.6 40 11.0 196 30 10.0 18.0 30
3k 6.0 15.9 60 6.1 16.7 60 6.1 14.0 60
3l 3.8 12.t 8C 51 15.¢ 80 3.7 11€ 80

Flucanozole 22 24 21

RESULTS AND DISCUSSION

A facile and catalyst-free green synthetic protocdior the synthesis of N'-(substituted-
benzylidene)nicotinohydrazide Schiff's base derixest 3(a-l) of nicotinohydrazidg1l) by reacting with various
substituted aldehyde®(a-l) in aqueous medium without using any catalyst undasonic irradiation at 66C,
schematic representation is showrsrheme. 1

At first attempt to optimize the reaction conditsprve carried out Schiff's base reaction betweentimiohydrazide
(1) andm-nitro benzaldehydég) in ethanol without using any catalyst at®) low yields were obtained after long
time (3-4.5 h). The same reaction was carried adeu ultrasonic irradiation in aqueous medium af@@vithout
using any catalyst. Amazingly, the excellent yseldere obtained within 14-24 min in aqueous medair60°C
using simple work-up procedure such as filtratimgrystalization without using further column chrtography
technique. After optimization of the reaction ciimhs, this reaction was employed for various sitilted
aldehydes2(a-I) and nicotinohydrazid€l) to synthesize title compounds under aqueous dondit results are
presented iMable. 1 The progress of the reaction was examined by @h@€the structures of the title compounds
were confirmed by IR, NMR'H, 3C), mass spectral and elemental analysis. IR atisorpands at 3290-3330,
3000-3100, 1640-1680 and 1550-1600dmtheir spectra confirmed the functional identityH, =CH, -C=0 and
—C=N respectively in the compounds. Thealues ofH NMR spectrum at 11.5-12.5, 8.5-9.4 and 7.5-81Tfiom —
N-H, =C-H and aromatic protons respectively. Presasf molecular ions in mass spectra and elemantdysis of
the title compounds provide further evidence far structural confirmation of the title compourg{a-I).
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Scheme. 1. Schematic representation for synthesisN-(substituted-benzylidene) nicotinohydrazide 3§-1) derivatives in aqueous
medium under ultrasonic conditions.

EtOH Rk
CHO -
3-5h, 60 °C |
N oy NH2 X ! N o NS
TN R — — [ J N
NG = Water N
catalyst free
1 2(@a-1) Ultra sonication 3(a)
14-24 min, 60 °C
R =
m-hydroxy  (33) m-nitro (39)
p-hydroxy (3b) p-hydroxy, m-nitro (3h)
o-hydroxy  (3c) p-chloro, m-nitro (3i)
p-fluoro (3d) o-hydroxy, m-methoxy (3j)
p-chloro 3e) o,p-dimethoxy (3K)
m-bromo (3f) p-N,N dimethyl 3N

Antibacterial and antifungal activities of the dyesized compounds were screened against the gaivithcterial
strains such akscherichia Coli, Bacillus subtiliand Streptococcus aureusy employing Disc diffusion method
[37, 38] and fungi such aBusarium oxysporum, Aspegillus flavaad Aspergillus nigerby using agar Disc-
diffusion method [39]. Ciprofloxacin and Fluconogolas used as standard drugs for antibacteriabatiflingal
study. In the investigation of the microbial adiyviof the tested compounds the results disclosadl @&l the
compounds exhibited moderate to potential actitdtyards tested microorganisms and the changeifutictional
groups of the molecule were affected the effectaasnof the activity in killing mechanism of testeathogens.
Whereas, compound3b, 3c, 3d and 3j showed potential antibacterial and antifungal vétotis against the tested
strains, which might be the functional groups l&® hydroxyl functionality ir3b, 3c, fluorine atom in3d and
hydroxyl/methoxy groups iBj compounds.

CONCLUSION

In Summary, we developed an efficient and enviramadey benign approach for synthesis of Schiff'ssba
derivatives of nicotinohydrazide such as N'-(substd- benzylidene)nicotinohydraziddga-l) to afford optimum
yields in aqueous medium employing ultrasonic ilatidn conditions without using any catalyst. Astierial and
antifungal activities of the title compounds wevaleated against the growth of different bactestehins, fungi and
also minimum inhibitory concentrations of the tit@ompounds against tested pathogens were examined.
Compounds3b, 3¢, 3d and3; exhibited potential antimicrobial activity.
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