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ABSTRACT

In present study a series of sorbic acid (2,4-hetaic acid) hydrazide-hydrazone derivatives waglsssized and
screened for their in vitro antibacterial potertiagainst Gram-negative Escherichia coli and Graosifive
Bacillus subtilis, Staphlococcus aureus and Stapidous epidermidis by tube dilution method. Molacdocking
study was also performed as potential FabH inhibitbhe results of antibacterial screening showedt tthe
compounds having electron withdrawing groups vi@, [ and 11), Br (10) and electron donating groups viz. p-
OCHs;, m-OGHs (8) are more active against tested bacterial strasscompared to other synthesized derivatives
and may be further developed as antibacterial agelareover, compoundsand 11 were pointed to be most active
against all tested bacterial strains with MIC valtanging from 0.023 to 0.46 uM/ml. Docking studiegealed that
dipolar interactions with amino acid residues (C$21and Ala246) and # of FabH found to be crucial and
results are comparable with in vitro antimicrobeitivities of synthesized derivatives.
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INTRODUCTION

The rapid emergence and spreading of antimicrabistance is a serious health crisis, as resistambbes cause
difficult-to-treat infections [1]. Even though ardge number of antibiotics are available againsh@génic microbes,
the antimicrobial resistance problem against exgstantibiotics produced a substantial need for miass of

antimicrobial agents [2].

Sorbic acid (2,4-hexadienoic acid) is a naturalight chain unsaturated fatty acid with double soatd, f andy, &
position. It is generally used as food preservalidsd]. The antimicrobial action of sorbic acidgemarily against
yeasts and molds [5-7Literature studies showed that derivatization absnacid led to increase in antimicrobial
spectrum and potency of sorbic acid [3]. Furtheported data have suggested that inhibition ofdettgrowth by
sorbic acid and their derivatives may result frasruption of cell membrane, creation of a protaxfinto the cell,
inhibition of key enzymes and transport syste8wbates are also reported to inhibit the amindsaaptake in
microbial cells, resulting in either destructiondisruption of the cell membrane [8].

Chemical compounds having azomethine -NHN=CH mdieygrazide-hydrazone) represent an important dtass

the development of antimicrobial agents [9]. Litara study of compounds having hydrazide moitiesnokd to
possess antibacterial, antifungal [10], antitublarcd1] trypnocidal [12], antimalarial [13], antral [11], anti-
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inflammatory [14] and anti-tumour [15] activitiesvioreover, isoniazid [antitubercular, 16], nifuroide

[antidiarrheal and antitumor, 17], nifurtimox [amthoebic, 18], furacin [antibiotic, 19] and furazdne
[antibacterial, 20] are hydrazide containing impatt biologically active drug molecules. Structuretivaty

relationship study of hydrazide compounds revetiiaticonversion hydrazide moiety to hydrazone baselécules
and substituents attached to aromatic moiety atrticplar position affect the antimicrobial potertoya great extent
[21].

Molecular docking is a computer-assisted drug ae§i@ADD) method used to predict the favourableiation of

a ligand viz. drug) to a targetv{z. receptor) when bound to each other to form a stabinplex. By understanding
of the favoured orientation in turn can be usefirtd out the strength of binding affinity betweegand and target
site, e.g. by docking score [22]. Docking study can also beduto find out type of interactions between ligand
receptorviz. hydrogen bonding and hydrophobic interactions. ldemwolecular docking can be considered as first-
line technique for a pharmaceutical lead discoy28y.

In silico studies on Schiff bases derived from N-(2/4-bethetayde-amino)phenyl-N’ -phenyl-thiourea carried out
by the research group of Zhang and co-workers f§2w] found that Schiff based analogwés hydrazone have
potential to bind with3-ketoacyl-acyl carrier protein synthase Ill (Fabétjzyme. FabH has an important role in
catalysis of branched-chain fatty acid biosynthdsigh in Gram-positive and Gram-negative bactenvisile there
are no significantly homologous proteins in humg#s25]. Hence, in present study FabH target wéectsd for
performing than silico studies.

In view of above findings and continuation of o@search programme to study antimicrobial activityaoid
hydrazides [11, 21, 26-29] we synthesized sorbii dydrazide-hydrazone derivatives and screenedr the
antimicrobial activity against selected pathogdscterial strains.

EXPERIMENTAL SECTION

Thin layer chromatography (TLC) was used to chéekgrogress and completion of the reaction usilicasjel G
as an adsorbent (stationary phase) and ethyl acatathexane as mobile phase. Open glass capiliaeire used to
determine the melting point on popular melting poapparatus and were uncorrected. miiclear magnetic
resonance (HNMR) spectra were recorded on Bruker Avance Il 80R spectrometer (400 MHz) at 298K, in
appropriate deuterated solvent. Chemical shift wepsrted as & (ppm) relative to tetramethyl silane (TMS) as
internal standard. Infrared spectra (IR) were réedras KBr pellet on Shimadzu FT-IR spectrometke Unit of IR
peaks is presented in ¢rMass spectra were recorded on Waters MicromassfMicro instrument.

General procedure for preparation of sorbic acid dnazide/hydrazone derivatives (Scheme 1)

Synthesis of ethyl hexa-2,4-dienoate (2)

A mixture of sorbic acid (0.1mol), 20 ml ethanolda?-3 drops of conc. 430, was refluxed for 8 hrs in a RBF.
Saturated solution of sodium carbonate was addeuetiralize unreacted sorbic acid. Ester of sodgic was
separated using dichromethane (DCM) as organiceabland on evaporation of DCM yielded the cruderest
Synthesized ester was recrystallized from ethandlT.C was carried out to ascertain the purityhef product.

Synthesis of hexa- 2,4-dienehydrazide (3)

Ethanolic solution of above synthesized ester (0n@le,2) and hydrazine-hydrate (0.03 mole) was refluxedlid
hrs. The reaction mixture was then cooled and tkeipitates of acid hydrazid&)(were filtered off, washed with
water, dried and recrystallized from ethanol.

Synthesis of N'-benzylidene/N'-(1-phenylethylidehexa-2,4-dienehydrazidderivatives (4-11) Solution of acid

hydrazide (0.08 mole) and appropriate benzaldediydeetophenone (0.08 mole) was refluxed in ethtordb-6
hrs. The precipitated title compoundsX1) were then filtered off, washed and recrystallifan ethanol.
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Scheme 1. Synthetic scheme for synthesis of hydrdeiderivatives of sorbic acid
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Analytical data

Sorbic acid (1)

Mp (°C) 135-137; IR (KBr pellets): cth 2968.55 (C-H aliphatic str.), 1695.49 (C=0 stL$37.63 (C=C str.),
1415.80 (C-H bending aliphatic), 997.23 (C-H bengdialkene); H NMR (400 MHz, DMSO): 11.2 (s, 1H, OH),
5.7 (m, 1H, CH of -CH-CH), 5.4 (s, 1H, CH of -CH-C=0), 6.1-7.3 (m, 3H, CH=CH-CH=CH-), 2.04 (d, 3H,
CHs)

Hexa- 2,4-dienehydrazide (3)

Bp (°C) 84-87, yield-65.4%, IR (KBr pellets): ¢h8513.26, 3408.33 (NH str.), 2881.75 (C-H str., lsditic),
1666.56 (C=0 str., amide), 1589.40 (NH bending}2180 (C-H bending, aliphatic)."HNMR (400 MHz, DMSO)
0: 8.3 (s, 1H, NH), 5.6-7.3 (m, 3H, CH of -CH=CH-CKI5.1 (d, 1H, CH of CH-C=0), 2.0-2.2 (d, 3H, gH

4-Nitrobenzylidenehexa-2,4-dienehydrazide (4)

Mp (°C) 210-213, yield—73.6%, IR (KBr pellets): €r8193.72 (NH str.), 3033.20 (C-H str., aromatic)4247 (C-
H str., aliphatic), 1595.18 (C=0 str. amide), 1881(N-O str. asymmetric), 1346.36 (N-O str. symicptH NMR
(400 MHz, DMSO)5: 8.5 (s, 1H, CH of N=CH), 8.1-8.4 (m, 4H, ArH)0&.(s, 1H, NH), 5.90-7.80 (m, 3H, CH of —
CH=CH-CH=), 5.3 (d, CH of CH-C=0), 2.05 (d, 3H, gH

4-Chlorobenzylidenehexa-2,4-dienehydrazide (5)

Mp (°C) 214-217; yield— 56.2%, IR (KBr pellets): ¢r8030.34 (C-H str., aromatic), 2943.47, (C-H stiipteatic),
1624.12 (C=0 str. amide), 1593.25 (C=C str., ar@haf02.11 (C-Cl str.). HNMR (400 MHz, DMSO)3: 8.6 (s,
1H, CH of N=CH), 8.1 (s, 1H, NH), 5.9-7.4 (m, 3HH®f CH;-CH=CH-CH=), 7.51 (d, 2H, ArH), 7.89 (d, 2H,
ArH), 5.2 (d, CH of CH-C=0), 2.03 (d, 3H, GH

3-Ethoxy-4-hydroxybenzylidenehexa-2,4-dienehydrazil (6)

Mp (°C) 220-223; yield—75.7%. IR (KBr pellets): ¢r8207.65 (NH str.), 3034.43 (C-H str., aromatic)7233 (C-
H str., aliphatic), 1631.83 (C=0 str. amide), 1374(C=C str., aromatic), 1246.06 (C-O str., phentd®1.60 (C-O
str., ethoxy). HNMR (400 MHz, DMSO): 8.3 (s, 1H, CH of N=CH), 8.1 (s, 1H, NH), 7.4 @H, ArH), 6.8 (s,
1H, ArH), 5.7-7.3 (m, 3H, CH of CHCH=CH-CH=), 5.23 (s, OH), 5.0 (d, CH of CH-C=0)14t, 2H, CH of

OCH,-CHj), 2.05 (d, 3H, CH), 1.3 (m, 3H, CH of OCH,-CHj).
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4-Dimethylaminobenzylidenehexa-2,4-dienehydrazider}

Mp (°C) 213-215, yield—71.1%, IR (KBr pellets): ¢r8203.29 (NH str.), 3031.57 (C-H str., aromatic)p295 (C-
H str., aliphatic), 1600.97 (C=0 str. amide), 19B9(C=C str., aromatic), 1363.72 (§Hending). H NMR (400
MHz, DMSO)&: 8.2 (s, 1H, CH of N=CH), 7.9 (s, 1H, NH), 5.6®d.(m, 7H, ArH), 5.1 (d, CH of CH-C=0), 2.53
(s, 6H, CH of =N(CHs)), 2.04 (d, 3H, Ch). MS ES+ (ToF)m/z295.23 [M + K].

3-Ethoxy-4-methoxybenzylidenehexa-2,4-dienehydrazid(8)

Mp (°C) 212-215, yield—-68.8%, IR (KBr pellets): €r8031.47 (C-H str., aromatic), 2960.83 (C-H striplatic),
1624.12 (C=0 str., amide), 1579.75 (C=C str., atw)al259.56 (C-O-C str. asymmetric), 1141.00 (€&Gtr.
symmetric). H NMR (400 MHz, DMSO)5: 8.4 (s, 1H, CH of N=CH), 8.09 (s, 1H, NH), 5.81m, 6H, ArH), 4.9
(d, CH of CH-C=0), 4.1 (m, 2H, OG} 3.73 (s, 3H, OCB}, 2.05 (d, 3H, Ch), 1.30  (t, 3H, CH of —O-CH-
CHs). MS ES+ (ToF)m/z326.13 [M + K].

4-Hydroxybenzylidenehexa-2,4-dienehydrazide (9)

Mp (°C) 216-219, yield-50.9%, IR (KBr pellets): ¢r8380.42 (OH str., phenol), 3040 (C-H str., aronm)a©50.83
(C-H str., aliphatic), 1608.69 (C=0 str. amide)9183 (C=C str., aromatic)."HNMR (400 MHz, DMSO) 8.3 (s,
1H, CH of N=CH), 8.02 (s, 1H, NH), 5.5-7.2 (m, 7ArH), 5.23 (s, OH), 5.1 (d, CH of CH-C=0), 2.00 @H,
CHy).

Evaluation of antibacterial activity

The antibacterial activity of synthesized sorbi¢dalydrazide derivative$3-11) was preformed against Gram-
negative-bacteriunk. coli, Gram-positive bacteri&. aureus, B. subtiliandS. epidermididy tube dilution method
[30]. The test compounds were dissolved in DMS@jitee a concentration of 100 pg/ml. The test anddaead
compounds were diluted in double strength nutrierdth —I.P. for bacterial growth [31]. The samplesre
incubated at 3T for 24 hr and the results were recorded in tesfdIC (the lowest concentration of test substance
which inhibited the growth of microorganisms) byttigity method.

Docking Studies

Molecular docking studies of synthesized compoumelse carried out on the target protein udtngoli FabH-CoA
complex structure (pdb id: 1HNJ) [32]. The ligandsre drawn in ChemBioDraw Ultra 12.0 followed by MM
minimization of ligands (using ChemBio3D Ultra 1Rty keeping a check on the connection error inkibieds.
The co-crystallized protein-ligand complex struet(godb id: 1HNJ) was used from RCSB Protein DatakBR&DB)
and refined as per requirement of docking studgtddn and Grid preparation was carried out usingpdack Vina
1.1.2 and used to perform molecular docking [33].

RESULTS AND DISCUSSION

The synthesis of intermediat€2 and 3) and target sorbic acid benzylidene hydrazided 1) was carried out
according to reaction summarized in Scheme 1. Ehtgr of sorbic acid was synthesized by reflusatbic acid
with ethanol in the presence of conc. sulphuridathe ethyl ester was refluxed with hydrazine hyelin ethanol
to synthesize hexa- 2,4-dienehydrazi(®), which was then refluxed with corresponding aromatidehyde/
acetophenone to yield the target sorbic acid hymrazderivatives4-11). The physiochemical characteristics of
synthesized compounds are presented in Table 1.

Chemical structures of synthesized compounds wserined on the bases of their IR, mass'BndMR spectral
data. The appearance of lower absorption band t@resonance in —CO-NH-) in the range of 1595.681183 cm

! indicated the presence of C=0 of amide greti1),whereas the IR spectra of sorbic acijighowed the higher
C=0 str. at 1695.49, which confirmed the synthesibydrazide bond. The presence of IR band aro@td Zm'
indicated the presence of N-H linkage of amide bondynthesized hydrazides. The aromatic nitrotciiag at
1346.46 crit (symmetrical stretching) and 1521.89 trfasymmetrical stretching) showed the presence @f N
groups in the compountl The appearance of absorption band around 2950 iaglicated the presence of aliphatic
C-H moiety, whereas the appearance of stretchirthérrange of 3030-3040 chindicated the presence aromatic
ring in synthesized derivatives. The presenceretding at 702.11 cirindicated the presence of chlorine group in
synthesized compound)( The appearance of absorption band at 1141.00(€xDO-C symmetric str.) and 1259.56
cm-t (C-O-C asymmetric str.) showed the presence ohaxgt groups (C-O-C streching) in compougid The
presence of phenol hydroxyl group in compoériemonstrated by stretching band at 1246.08 cm
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Table 1 Physiochemical characteristics of synthesd sorbic acid hydrazide derivatives

Comp. | Mol. Formula | M. Wt | Mp/Bp* (°C) | R | % yield

1 CeHgO, 112.13 135-137 0.6 -

2 CgH1.0, 140.18 156-159 0.82 67.0
3 CsH10N,O 126.08 84-87* 0.75 65.4
4 CiaHia N3Os 259.2¢ 21C-21% 0.7¢ 73.€

5 C13H1:CIN,O 248.71 214-217 0.65 56.2
6 Ci5H15N205 274.13 220-223 0.71 75.7
7 Cy5H1cN3O 257.30 213-215 0.60 71.1
8 Ci6H20N205 288.34 212-215 0.8 68.8
9 Ci3H14N20; 230.26 216-219 0.8 50.9
10 Ci14H1:BrN,O | 307.1¢ 131-133* 0.7t 60.4
11 Ci14H15N30;5 273.2¢ 151-153* 0.71 65.7

*Mobile phase- Hexane: Ethyl acetate (1:1)

The appearance of multiplet signals in the rang® 6{70-8.40 ppm in NMR spectra revealed the preserfice
aromatic protons in synthesized derivatives. Singteton signal in the range &f 7.9-8.1 ppm in synthesized
derivatives 4-11) showed the presence of NH moiety, confirmed thechment of aromatic aldehyde/acetophenone
moieties with sorbic acid hydrazide scaffold. Mpikit signals around 5.70-7.40 ppm is due to presence of —CH-
groups in sorbic acid. The presence of NMR sigimalthe range ob 2.00-2.05 ppm indicated the presence of
terminal methyl group of sorbic acid in the synthed compounds4€11). Signals ad 3.73 ppm (singlet for OC),

0 4.10 ppm (multiplet for OCH andd 1.10 ppm (triplet for Ckl of —O-CH-CHs) depicted the presence eight
protons of OCHand OGHs groups in compoun®. Moreover, the absence of singlet signabatl.2 ppm of
carboxylic acid proton, confirmed the synthesidpdrazide-hdrazone derivative3-11). The appearance of a peak
in mass spectrometer at 295.23 m/z'{i) confirmed that compound have been synthesized, likewise the
appearance of a peak at 326.13 m/Z«K) confirmed the synthesis of compoudid

Evaluation of antibacterial activity

In present study, antibacterial screening of sysittesl sorbic acid hydrazide derivatives was peréaormagainst
Gram-negativeE. coli and Gram-positiveB. subtilis, S. aureuand S. epidermididy tube dilution method [30]
Nutrient broth I.P. was used as a media for thevtiroof bacteria [31]. The results of antibacterativity (in
pM/ml) are presented in Table 2.

Table 2 MIC values of synthesized sorbic acid hydm&de derivatives (uM/ml)

Minimum Inhibitory Concentration (MIC in uM/ml)
Comp. E.coli | B.subtilis| S.aureus| S. epidermidis
1 0.111 0.111 0.111 0.111
2 0.08¢ 0.08¢ 0.17¢ 0.08¢
3 0.099 0.198 0.099 0.099
4 0.023 0.023 0.046 0.046
5 0.101 0.201 0.050 0.201
6 0.051 0.051 0.051 0.051
7 0.049 0.049 0.049 0.097
8 0.043 0.043 0.043 0.043
9 0.054 0.054 0.054 0.109
10 0.041 0.041 0.041 0.041
11 0.046 0.046 0.023 0.023
Ciprofloxacin | 0.004 0.004 0.004 0.004

For E. coli,compoundst, 7, 8, 10 and11 exhibited the highest activities among the syritggscompounds having
MIC value range from 0.023-0.049 pM/ml (Table 2hn@pounds4 and10 showed a very good activity agairist
subtilis, with an MIC value of 0.023 and 0.041 uM/ml, respagy. This may be due to the presence of electron
withdrawing p-NO, and p-Br groups present in the compoundigind 10, respectively. Compound® 10, and11
showed better activity against Gram-positiSe aureusas compared to other synthesized derivatives MitG
values 0.043, 0.041 and 0.023 uM/ml, respectivdigb{e 2). The highest activity (MIC= 0.023 puM/mipf
compoundll againstS. aureusnay be due to the presence of electron withdrawif, group. Similarly, in case
of S. epidermidiscompounds8, 10 and11 exhibited the highest potency among synthesizedgatves, with MIC
value ranging from 0.023-0.043 uM/ml (Table 2). Thsults of antibacterial activities indicated ttte compounds
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having electron withdrawing groupdz. NO, (4 and 11), Br (10) and electron donating group&. p-OCHs, m-
OGC,Hs (8) are more active against tested bacterial st@snompared to other synthesized derivatives

Structure activity relationship
1.The above results (Table 2) indicated that thegmes of an electron withdrawing (N@r) group, increases the
antibacterial activity of the synthesized compou(4.0 and11). These observations are similar to results replort
by Kumaret al.[34].
2.The analysis of the results depicted that the piesef electron donating group (Og&hd OGHs), enhances the
antibacterial activity (MIC = 0.043 uM/ml) of compind 8 and  interpretations are corresponds to a results
observed by Emarat al[35].
3.Attachment of hydrazine hydrate moiety decreaseathtéhacterial activity of the synthesized compoids
compared to sorbic acid ester (MIC = 0.89-0.178 mM2). This may be due to the presence of hydrophiltmgs
i.e hydrazide, which may decrease the penetratiamugh lipophilic cell membrane/cell wall of badger
4.Significant improvement in antibacterial activityasv observed on reaction of benzaldehyde/acetopbeniih
hydrazide scaffold3) and this noticeable increase in the activity rbaydue to increase in the lipophilicity of the
molecule, which permit the entrance of the moleclalto the microbial membrane.
5.Attachment of methyl group to benzylidene scaffaldowed no improvement in antibacterial activity of
synthesized derivative9<10. Structure activity relationship of synthesizestidatives is presented in Fig. 1.
6.

Benzylidene scaffold significantly enhanced antibacterial

activity

Electron withdrawing groups e.g p-NO, and p-
Br increased the activity

Presence of electron donating groups viz. m-
OCH;, p-OC,Hj5 increased antibacterial
potency

Replacement of hydrogen with methyl group, no improvement in
activity
Fig. 1 Structural requirement for antibacterial activities of sorbic acid hydrazide derivatives

Analysis of docking studies

To understand the binding pattern, molecular dagkifi sorbic acid, ester and their hydrazidésl{) was
performed usinge. coli FabH-CoA complex structure (pdb id: 1HNJ) [32]rliea study has been reported that Cys-
His-Asn triad and Thr81 are crucial for catalytatigity of FabH in various bacteria [24]. In preselocking study
Cys112 and Ala246 was found to be responsible dbstsate binding and cleavage of alkyl chain of CAM the
studied compoundsl{11) were found to bind in the same binding pocket tifaco-crystallized ligand. However,
hydrazone derivatives4{11) showed strong binding affinity having binding scaanging from -7.0 to -7.7
Kcal/mol, which is comparable to co-crystallizedaid (-7.6 Kcal/mol) (Table 3). Conformational dpidding
interaction analysis indicated that >C=0 group @hpound6 functions as a H-bond acceptor and involved in two
H-bonds formation with thiol group of Cys112 angHmnolecule. Whereap;OH group of phenyl ring functions as
H-bond donor to the Ala246. Docking results indécasignificant role of carbonyl group of hydrazaneiety and
electron donating or withdrawing substituentp-guosition of phenyl ring in binding with targetesitThus, dipolar
interactions with amino acid residues (Cys112 atal#46) and HO found to be crucial and comparable wiith
vitro antimicrobial activities of synthesized compounféigre 2).

CONCLUSION
A series of sorbic acid derivativé®. N'-benzylidenal'-(1-phenylethylidene)hexa-2,4-dienehydrazide deives

was synthesized and screened for theivitro antibacterial potential against Gram-negatiecoli and Gram-
positive B. subtilis, S. aureuand S. epidermidisby tube dilution method. Molecular docking studwswvalso
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performed and evaluated as potential FabH inhibifdre chemical structures of synthesized derivatiwere
ascertained on the basis of their spectral dataRNIR and Mass).

Table 3 Docking score of compounds (1-11) Brketoacyl-acyl carrier protein synthase Il FabH, pdb id: 1HNJ)

Compounds Affinity (Kcal/mol)
-5.1

o|o|~N|o|o|s|wn|-
~
o

10 -7.3
11 -7.2
Co-crystallized ligand -7.6

R
N
/

{

e

G O s

i

1

Y N
\\‘{_"
\f
J-(/ \\
* * \

Fig. 2 The dipolar interactions of sorbic acid hydazide (6) withE. coli FabH (pdb id: 1HNJ)

Antibacterial evaluation depiced that compoundsirgaelectron withdrawing groupsz. p-NO, (4 and11), p-Br

(10) and electron donating group#. p-OCHs, m-OC,Hs (8) are more active against tested bacterial strams
compared to other synthesized derivatives and neyubther developed as antibacterial agdnirthermore,
compound4 was pointed to be most active against all testedtebial strains with MIC value from 0.023 to 0.46
uM/ml. However, all the synthesized derivatives were fotimdbe less potent as compared to standard drug,
ciprofloxacin (MIC value = 0.004 uM/ml). Dockingusties revealed that dipolar interactions with améawid
residues (Cysl112 and Ala246) andCHof FabH found to be crucial and results are coatga within vitro
antimicrobial activities of synthesized derivatives
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