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ABSTRACT

Series of compounds N’-[(3-Substituted alkyl/aryl)-4-(substituted anf)3-thiazol-2-ylidene]-4-
hydroxybenzohydrazid€10-37) were designed via 3D-QSAR studies. These compoweds synthesized by
reacting compoundg-9) with various substituted phenacyl bromides in pneg of sodium acetate. Good vyield of
compounds (10-37) were obtained by established tirac Structure of newly synthesized compounds were
evaluated on the basis of spectral data. These poands(10-37) were tested in vitro against species of gram-
positive bacteria, Staphylococcus aureus (ATCC B#B@ Bacillus subtilis (ATCC 6633), and gram-négat
bacteria, Salmonella typhi (NCTC 786) and Eschexculi (ATCC 25922). The minimum inhibitory concatibn
(MIC) was determined by the tube dilution techniggéng modified Muller-Hinton agar culture mediuAmong
the compounds tested, the compo(2®#) N'-[4-(2,4-dichlorophenyl)-3-(4-nitrophenyl)-1,Biazol-2(3H)-ylidene]-
4-hydroxybenzohydrazide had shown highest antitbiatoactivity against gram-positive and gram-negati
organisms while other compoun@®) N'-[3-(4-chlorophenyl)-4-(2,4-dichlorophenyl)-1tBiazol-2(3H)-ylidene]-4-
hydroxybenzohydrazide, (16) N'-[4-(2-chloro-4-methylphenyl)-3-(4-fluoropheml)3-thiazol-2(3H)-ylidene]-4-
hydroxybenzohydrazide ar{@5) N'-[4-(2-chloro-4-hydroxyphenyl)-3-(4-nitropheryd)3-thiazol-2(3H)-ylidene]-4-
hydroxybenzohydrazide, also showed good antimiafohbictivity against gram-positive and gram-negative
organisms. The results of antimicrobial activityreseeompared with standard antibiotics (ampicillpenicillin-G,
chloramphenicol).

Key words: p-Hydroxybenzohydrazide; 3-D QSAR; Antimicrobial; gitillin; penicillin-G; chloramphenicol.

INTRODUCTION

Bacterial resistance to clinically important antitemial agents represents a crucial and worldwidelth care
problem.[1] The emerging and spread of resistammeng bacteria to a wide variety of structurally elated
antibacterial agents has become a serious puldithheoncern.[2] The seriousness of antibioticstesice lies in the
fact that today bacterial strains not only are stasice to commonly available antibiotics but alsanynhave
acquired augmented virulence.[3,4] Therefore newategies are needed to overcome resistance pathegehto
avoid the increasing prevalence of multi drug tesise (MDR) bacteria.[5] Increasing drug resistanogong
Gram-positive bacteria is a significant health peabbecause these organisms are responsible fdy roeee-third
of all community-acquired infections.[6] Among thaulti drug resistance bacteria methicillin resistn
Staphylococcus aureuUdMRSA) is a major course of health care associatétl infections.[7] In spite of the
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availability of potent MRSA drugs (viz., Vacomycibinezoline, Daptomycin) for management of infengpthere
is continuing increase in the morbidity and motyatates, which necessities continuing researchdiscbvery of
new more effective compounds.[8] In the recent,pasthave identified 4-hydroxy-N-[1,3-thiazole-2(Bididene]
benzohyrazide series and as a good scaffold t@eelietter MRSA agents.[9] Subsequently work caetihin the
class and here we report the synthesis, antibattarid 3D QSAR study oN'-[4-(substituted phenyl)-3-(4-
substituted phenyl)-1,3-thiazol-243-ylidene]-4-hydroxybenzohydrazide.

MATERIALS AND METHODS

Instrumentation and Chemicals:

All the chemicals were of Alfa Aesar (UK), E. Mertaboratory grade. The percentage yields are baped the
products obtained after purification through crifigation. The melting points of compounds wereedetined in
open capillary method and were uncorrected. Thdimgepoints are mentioned and are in centigradeaSgel G
plates (activated at 1100, 30 min) were used for ldyer chromatography and were developed in ediapor
chamber. The Rralue is reported for better comparable solventesys The IR spectra of synthesized compounds
were recorded using KBr pellets on FTIR-8400 Sp#itizu Marce and are in &mTheH NMR spectra (CDG)
were recorded on BRUKER AVANCE Il 400 NMR Spectrdargchemical shift i ppm) and Mass spectra were
recorded on JEOL-Accu TOF JMS-T100LC DART-MS spacteter.

Antibacterial Activity:

The inoculum was prepared with fresh cultures oftdx@al strains, cultured on plate count agar (R@&rck,
Germany) for 18 h at 35C. The minimal inhibitory concentration, MIC, wastdrmined by the broth twofold
macro dilution method in Tryptic Soy Broth (TSB-Bdf Laboratories, Detroit, USA), using the seridltibn tests
in two sequential steps against standard (ATCC 2p2hd multi drug-resistant (3SP/R3S8) aureusstrains.
Initially, stock solutions were prepared in dimdtwffoxide (DMSO-Merck, Germany) and then dilutedculture
medium, TSB. The tubes were inoculated with a stedided number of microorganisms and incubated &C3for
18 h, after which the tubes were examined for lésgigns of bacterial growth.[10-12] MIC was definas the
lowest concentration of a compound that completétibited the bacterial growth. All experiments wererformed
in quadruplicate.[13-14]

3D-QSAR Analysis:

Data set and biological activity:

A set of 54 molecules (Table 1) was used for threegation of 3D-QSAR model.[15] The data set wasddid into a
training set and test set based on the Tanimotibesity coefficient. All the biological activity da were converted

to negative logarithmic molar concentration of Mi&@lues [pMIC= -log (MIC inumol)] and used for 3D-QSAR

studies.
l
N'-[4-(substituted phenyl)-3-(4-substituted phenyl)1,3-thiazol-2(3H)-ylidene]-4-hydroxybenzohydrazide
Table 1 Compds (I.a-VL.i) and their antimicrobial activity

Compd R: R, | pICs; | Compd R1 R, pICsc

CHg CHg
lLa H 4.31 IV.a CHs 4.43

CHg CHg
Lb N _-CHs H | 383 | Ivb ~_-CHg CH; | 4.58
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I \© H|375 | Ive \© CH: | 452
Id \©\ H | 399 | Ivd \©\ CH: | 4.28
NO, NO;
le \©\ H | 400 | Ive \©\ CH: | 4.17
F F
Cl Cl
Lf \©\ H | 395 | Ivf \©\ CH: | 4.40
Cl Cl
Cl Cl
lg \/© H | 398 | Ivg \/© CH: | 5.96
Cl Cl
CHy CHs
Lh i@ H | 411 | vh i@ CHs | 485
CHsg CHg
Li /@( H| 372 | i /@( CH: | 4.25
H4CO OCH, H4CO OCH;
CHy CHs
ILa cl| 419 | va OH | 4.46
CHy CHy
ILb N~_-CHs Cl| 444 | Vb o~_-CHz OH | 432
Il.c \© cl| 431 | ve \© OH | 412
NO, NO;
Ile \©\ cl| 398 | ve \©\ OH | 455
F F
Cl Cl
Inf \©\ cl| 423 | vif \©\ OH | 522
Cl Cl
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Cl Cl
g cl | 479 | vg OH | 472
Cl Cl
CHg CHg
ILh cl | 460 | Vh OH | 462
CHs H3C
ILi /@\/ cl | 524 | Vi /@\/ OH | 487
H4CO OCH, H4CO OCH;
CHsg CHsg
ILa Br | 402 | Vvia OCH; | 4.37
CH, CH,
b ~_-CHj Br| 479 | Vib o~_-CHj OCH; | 4.79
li.c \© Br | 460 | Vic \© OCH, | 5.12
li.d \©\ Br | 479 | vid \©\ OCH: | 4.14
NO, NO;
liLe \©\ Br| 399 | Vie \©\ OCH: | 4.74
F F
Cl Cl
1§ \©\ Br | 474 | Wi \©\ OCH, | 4.72
Cl Cl
Cl Cl
liL.g \/© Br| 545 | Vig \/© OCH | 4.88
Cl Cl
CHy CHs
li.h i@ Br | 444 | Vih i@ OCH; | 4.40
CHsy CHg
i /@( Br| 403 | Wi /@\/ OCH; | 4.16
H4CO OCH, H4CO OCH;
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3D-QSAR methodology:

All molecular modeling and 3D-QSAR studies weref@aned using VlifeMDS QSAR plus software on a DELL
computer with Core2Duo processor and windows XRaipgy system. The structures and inhibitory attipMIC

of  N'-[4-(substituted phenyl)-3-(4-substituted  phery3-thiazol-2(8)-ylidene]-4-hydroxybenzohydrazide
derivatives used in the present QSAR studies iscttgpin Table 1 . Electrostatic, steric and hydhmaipic field
descriptors were calculated with cutoffs of 10.@lkaool for electrostatic and 30.0 kcal/mol for gteand charge
type was selected as by Gasteiger-Marsili. The dateof 20 compounds were divided into training est set
using random selection method with 80% as trairing 20% as test set compounds and various mettgeslo
were applied to the descriptors generated overgtite The linear and non-linear regression analysethods
available in VLifeMDS QSAR Plus were employed irddeing the 3D-QSAR models.[16] The detailed protoco
for molecular modeling and QSAR analyses is deedriflsewhere. The 3D pharmacophore features wesraed
using MolSign module of VLife with aligned compoufid]

RESULTS AND DISCUSSION

3D-QSAR studies:
The results were in terms df iff and pred Fvalues. The QSAR models having significant valvese selected for
the design of compds. The standard model was exquan Table 2.

The results of QSAR were found in terms §fd?, predicted 7 values and the QSAR models having significant
values were selected for the design of compounds.

Table 2 Comparative results of QSAR method for anthicrobial activity

Method r? q? f-test Predr? | Predr’se

FB_MLR 0.9258 0.6564| 37.4354 0.829p 0.1521

FB_PLS 0.9258 0.6554 47.388f 0.83(1 0.151B

FB_PCR 0.9079 | 0.7819 | 37.4813 | 0.9050 0.1135

SA_KNN_1 - 0.393: - 0.781¢ 0.172(

SA_KNN_Z - 0.338¢ - 0.955¢ 0.077:

Figure 1 Distribution of points of PCR method forantimicrobial activity
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Figure 23D-Plot of compound (35) with grid points

Figure 3 Contribution chart of PCR method for antimicrobial activity

Contribution Plot
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Figure 4 Fitness plot for antimicrobial activity by PCR method

B Training Data Fitness Plot

From the study of all these methods (table 2)viilees of pred’ of, ¥ and pred 3se were found significant as
compare to FB_MLR, FB_PLS, SA kNN_EA kNN_2. So, in consideration of this principle mgmonent

regression method showed the best results. Disimibof points were shone in figure 1, 2 and cdmittion, fitness
plot in figure 3 and figure 4 respectively.
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The descriptors that got selected in a given medek the field points either of steric or electabist nature at
different locations in a common grid around setmmflecules. For utilizing these descriptors for digand design,
the field values were considered at different gridghts of compounds cluster having most active ahfi] The
extreme of field values of compounds in the clustemost active compounds decided the range ofl figlues
which was recommended for new compound design.

Chemistry:

The present study describes the synthesis andaatgiial activity of someN'-[4-(substituted phenyl)-3-(4-
substituted phenyl)-1,3-thiazol-243-ylidene]-4-hydroxy-benzohydrazide derivatives addvelopment of 3D-
QSARs using the generated data. A series of 28 dervatives (compounds 10-37) were synthesized in
satisfactory yields (67-94%) as illustrated in Subeland their structures were characterized by sped#atal. The

IR spectrum (compounds 10-37) showed the stretdbémgls in the region of 1400-1460 tiC-O stretching and
O-H deformation) also N-H and N-N stretching baridsthe region of 3360-3298 and 1650-1600"¢cm
respectively. In theitH NMR spectrum these derivatives exhibited the att@ristic signals of thiazoline ring as
singlet in the region® 5.47-5.82 ppm. However, all the other protons we®olved in appropriate regions
confirming the assigned structures.

HsC HoN
o “NH

>
O NH,;NH,.H,0 (0]
_ =

HO HO
£ [2]

Rl@NCS

_N

NHY
N

S
Y/ . HO < R1
/
HO /@ RMB' \©\’rNH J\ /©/
7\ 2 SNH UNH
R1 \\RZ (0]

[10-37] [3-9]

Scheme 1: General scheme for the synthesis of coropas (10-37)

Table 3 Substitutions of compds (10-37)

CompdNo. | R R, CompdNo. | R R,
10 H 2-Cl 24 N@ | 2-Cl, 4-CH
11 H 2-Cl,4-Cl 25 N@ | 2-Cl, 4-OH
12 H 2-Cl, 4-CHs 26 CHs 2-Cl
13 H 2-Cl, 4-OH 27 CH | 2-Cl4-Cl
14 F 2-Cl 28 CH 2-Cl, 4-CH
15 F 2-Cl,4-Cl 29 CH | 2-Cl, 4-OH
16 F 2-Cl, 4-CH 30 OH 2-Cl
17 F 2-Cl, 4-OH 31 OH 2-Cl,4-Cl
18 Cl 2-Cl 32 OH 2-Cl, 4-CHs
19 Cl 2-Cl,4-Cl 33 OH 2-Cl, 4-OH
20 Cl 2-Cl, 4-CH 34 OCH | 2-ClI
21 Cl 2-Cl, 4-OH 35 OCH| 2-Cl,4-Cl
22 NG | 2-Cl 36 OCH | 2-Cl, 4-CH
23 NO, | 2-Cl4-Cl 37 OCH; | 2-Cl, 4-OH
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Synthesis:

Procedure for synthesis of compd (2)

The mixture of(1) (1 g, 0.01 mol) and hydrazine hydrate 99% (30mind) was refluxed for 20 h. The reaction
mixture was cooled at 425The solid of (2) were filtered and washed witldomater. The produd®) was dried and
recrystallized from ethanol.

Generalised procedure for Synthesis dfl-(4-substituted phenyl)-2-[(4-hydroxyphenyl) carboryl]
hydrazinecarbothioamide (3-9)

To the solution of compoun@) (1 g, 0.01 mol) in ethanol (190 mL), 4-substitutesthiocyanatobenzene (1 g, 0.01
mol) was added. The reaction mixture was reflux@d20 h.Excess solvent was removed under vacuum 1t
mL. The residué3-9) was washed with diethyl ether and recrystallizeidigi methanol.

Generalised procedure for Synthesis oN'-[4-(substituted phenyl)-3-(4-substituted phenyl)1,3-thiazol-2(3H)-
ylidene]-4-hydroxybenzohydrazide (10-37)

The mixture of(3-9) (1g, 0.01 mol) with substituted phenacyl bromi@é&8g, 0.01 mol) and sodium acetate (4.82g,
0.2 mol) in ethanol (50 mL) was refluxed for 10 The mixture was cooled and diluted with enough wabe
developed turbidity. It was left overnight to abtahe product. The produdtl0-37) was filtered, dried and
recrystallized using aqueous methanol (99%).

N'-[4-(2-chlorophenyl)-3-phenyl-1,3-thiazol-2(3)-ylidene]-4-hydroxybenzohydrazide (10)

Yield: 0.84 g (90.10%). mp 164-168° (methanol),(R78 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 strietg), 3350 (N-H stretching), 1615 (N-N stretching$5 (C-
Cl )stretching;'H-NMR (300MHz, DMSO-@: & 6.46-7.61 (m, 13H, Ar-H), 4.87 (s, H, Ar-OH), 5.6§ H, C-H
ethylene); EI-MS (m/z, 100%): 422.89[M+1] (100%Anal calculated for &H:¢CIN;O,S (421.8): C, 62.63; H,
3.82; N, 9.96. Found: C, 62.69; H, 3.87; N, 9.91.

N'-[4-(2,4-dichlorophenyl)-3-phenyl-1,3-thiazol-2(3)-ylidene]-4-hydroxybenzohydrazide (11)

Yield: 0.63 g (64.10%). mp 270-274° (methanol),R76 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 stretg), 3350 (N-H stretching), 1615 (N-N stretching5 (C-
Cl )stretching;"H-NMR (300MHz, DMSO-¢: 3 5.61 (s, H, C-H ethylene), 6.42-7.65 (m, 12H, Ar-K.95 (s, H,
CONH), 5.21 (s, H, Ar-OH); EI-MS (m/z, 100%): 45%Z.3M+1] (100%).; Anal Calculated for £H;sCl,N;O,S
(456.3): C, 57.90; H, 3.31; N, 9.21. Found: C, 5819, 3.33; N, 9.27.

N'-[4-(2-chloro-4-methylphenyl)-3-phenyl-1,3-thiazol2(3H)-ylidene]-4-hydroxybenzohydrazide (12)

Yield: 0.54 g (93.10%). mp 230—234° (methanol), ® (acetonitrile : methanol :: 7: 3); IR (KBr)m& 1413 (C-O
stretching and O-H deformation), 1728 (C=0 stretghi 3350 (N-H stretching), 1615 (N-N stretchint:NMR
(300MHz, DMSO-g: 6 2.56 (s, 3H, C-H methyl), 5.41 (s, H, C-H ethylgr&55-7.73 (m, 12H, Ar-H), 4.77 (s, H,
Ar-OH); EI-MS (m/z, 100%): 436.92 [M+1] (100%).; AhCalculated for &H;sCIN;O,S (435.9): C, 63.37; H,
4.16; N, 9.64. Found: C, 63.35; H, 4.14; N, 9.66.

N'-[4-(2-chloro-4-hydroxyphenyl)-3-phenyl-1,3-thiazd-2(3H)-ylidene]-4-hydroxybenzohydrazide (13)

Yield: 0.74 g (75.10%). mp 216-218° (methanol),(R71 (acetonitrile : methanol :: 7: 3); IR (KBom® 1421 (C-

O stretching and O-H deformation), 1725 (C=0 shietg), 3350 (N-H stretching), 1615 (N-N stretchint)-NMR
(300MHz, DMSO-¢: & 5.17 (s, 2H, Ar-OH), 5.72 (s, H, C-H ethylene)6®.7.58 (m, 12H, Ar-H); EI-MS (m/z,
100%): 438.89 [M+1] (100%).; Anal Calculated fos,B,¢CIN;OsS (437.8): C, 60.34; H, 3.68; N, 9.60. Found: C,
60.36; H, 3.66; N, 9.63.

N'-[4-(2-chlorophenyl)-3-(4-fluorophenyl)-1,3-thiazd-2(3H)-ylidene]-4-hydroxybenzohydrazide (14)

Yield: 0.45 g (70.10%). mp 80—82° (methanol), ®48 (acetonitrile : methanol :: 7: 3); IR (KBm™ 1413 (C-O
stretching and O-H deformation), 1728 (C=0 stretghi 3350 (N-H stretching), 1615 (N-N stretching)50 (C-F
)stretching;'H-NMR (300MHz, DMSO-¢: 3 4.76 (s, H, Ar-OH), 5.71 (s, H, C-H ethylene),& (8, H, CONH); El-
MS (m/z, 100%): 440.88 [M+1] (100%).; Anal Calc@dtfor G,H;sCIFNsO,S (439.8): C, 60.07; H, 3.44; N, 9.55.
Found: C, 60.15; H, 3.47; N, 9.58.
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N'-[4-(2,4-dichlorophenyl)-3-(4-fluorophenyl)-1,3-thazol-2(3H)-ylidene]-4-hydroxybenzohydrazide (15)

Yield: 0.98 g (90.20%). mp 230-234° (methanol),(R53 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-

O stretching and O-H deformation), 1728 (C=0 shielg), 3350 (N-H stretching), 1615 (N-N stretching)50 (C-

F )stretching!H-NMR (300MHz, DMSO-¢: 5 5.13 (s, H, Ar-OH), 5.67 (s, H, C-H ethylene), 5479 (m, 11H,
Ar-H); EI-MS (m/z, 100%): 475.33 [M+1] (100%).; Ah&alculated for GH4,CI,FN;O,S (474.3): C, 55.71; H,
2.97; N, 8.86. Found: C, 55.67; H, 2.90; N, 8.88.

N'-[4-(2-chloro-4-methylphenyl)-3-(4-fluorophenyl)-1,3-thiazol-2(3H)-ylidene]-4-hydroxybenzohydrazide (16)
Yield: 1.54 g (87.10%). mp 116-120° (methanol),(R44 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 strietg), 3350 (N-H stretching), 1615 (N-N stretching$5 (C-
Cl ) stretching, 1050 (C-F ) stretchintf-NMR (300MHz, DMSO-g: & 2.53 (s, 3H, C-H methyl), 5.17 (s, H, Ar-
OH), 6.38-7.89 (m, 11H, Ar-H); EI-MS (m/z, 100%64191 [M+1] (100%).; Anal Calculated for£1;,CIFN;O,S
(453.9): C, 60.86; H, 3.77; N, 9.26. Found: C, 60H, 3.63; N, 9.19.

N'-[4-(2-chloro-4-hydroxyphenyl)-3-(4-fluorophenyl)-1,3-thiazol-2(3H)-ylidene]-4-hydroxybenzohydrazide

17)

Yield: 1.23 g (85.10%). mp above 300° (methano}),(R84 (acetonitrile : methanol :: 7: 3); IR (KBOm* 1413
(C-0O stretching and O-H deformation), 1728 (C=Ctstning), 3350 (N-H stretching), 1615 (N-N streta)i 745
(C-Cl )stretching, 1050 (C-F )stretchintii-NMR (300MHz, DMSO-¢: & 5.11 (s, H, Ar-OH), 5.65 (s, H, C-H
ethylene), 6.37-7.84 (m, 11H, Ar-H); EI-MS (m/z, 0BO): 456.88 [M+1] (100%).; Anal Calculated for
CxH1sCIFN3O3S (455.8): C, 57.96; H, 3.32; N, 9.22. Found: C8%37H, 3.27; N, 9.18.

N'-[4-(2-chlorophenyl)-3-(4-chlorophenyl)-1,3-thiazd-2(3H)-ylidene]-4-hydroxybenzohydrazide (18)

Yield: 0.86 g (80.10%). mp 290—-292° (methanol),(R59 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 stretg), 3350 (N-H stretching), 1615 (N-N stretching5 (C-
Cl )stretching*H-NMR (300MHz, DMSO-¢: & 5.61 (s, H, C-H ethylene), 4.97 (s, H, Ar-OH), G490 (m, 12H,
Ar-H); EI-MS (m/z, 100%): 457.34 [M+1] (100%).; Ah&alculated for GH;sCI,N30,S (456.3): C, 57.90; H, 3.31;
N, 9.21. Found: C, 57.84; H, 3.26; N, 9.16.

N'-[3-(4-chlorophenyl)-4-(2,4-dichlorophenyl)-1,3-thazol-2(3H)-ylidene]-4-hydroxybenzohydrazide (19)

Yield: 0.85 g (73.10%). mp 126-128° (methanol),(R63 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 strietg), 3350 (N-H stretching), 1615 (N-N stretching$5 (C-
Cl )stretching;H-NMR (300MHz, DMSO-¢: 5 5.08 (s, H, Ar-OH), 5.72 (s, H, C-H ethylene), 888 (m, 11H,
Ar-H); EI-MS (m/z, 100%): 491.78 [M+1] (100%).; Ah&alculated for GH14ClsNsO,S (490.8): C, 53.84; H,2.88;
N, 8.56. Found: C, 53.76; H,2.82; N, 8.51.

N'-[4-(2-chloro-4-methylphenyl)-3-(4-chlorophenyl)-13-thiazol-2(3H)-ylidene]-4-hydroxybenzohydrazide (20)
Yield: 1.12 g (70.10%). mp 180-184° (methanol),R65 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 stretg), 3350 (N-H stretching), 1615 (N-N stretching$0 (C-
Cl )stretching;'H-NMR (300MHz, DMSO-¢: & 2.48 (s, 3H, C-H methyl), 5.04 (s, H, Ar-OH), 5.61 H, C-H
ethylene), 6.42-7.88 (m, 11H, Ar-H); EI-MS (m/z, GBO): 471.37 [M+1] (100%).; Anal Calculated for
C,3H17CILN30O,S (470.3): C, 58.73; H, 3.64; N, 8.93. Found: C698H, 3.57; N, 8.88.

N'-[4-(2-chloro-4-hydroxyphenyl)-3-(4-chlorophenyl)-1,3-thiazol-2(3)-ylidene]-4-hydroxybenzohydrazide
(21)

Yield: 1.04 g (93.10%). mp 150—-152° (methanol),R76 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 stretg), 3350 (N-H stretching), 1615 (N-N stretching$0 (C-
Cl )stretching;"H-NMR (300MHz, DMSO-@: & 4.97 (s, 2H, Ar-OH), 6.44-7.82 (m, 11H, Ar-H), 8.€s, H, C-H
ethylene); EI-MS (m/z, 100%): 473.34 [M+1] (100%Anal Calculated for &H;5CI,NsO5S (472.3): C, 55.94; H,
3.20; N, 8.90. Found: C, 55.87; H, 3.12; N, 8.82.

N'-[4-(2-chlorophenyl)-3-(4-nitrophenyl)-1,3-thiazo}2(3H)-ylidene]-4-hydroxybenzohydrazide (22)

Yield: 1.23 g (85.10%). mp above 300° (methanol),(R84 (acetonitrile : methanol :: 7: 3); IR (KBom* 1413
(C-0O stretching and O-H deformation), 1728 (C=Ctstning), 3350 (N-H stretching), 1615 (N-N streta)i 745
(C-Cl )stretching,1525 (N-O) stretching-NMR (300MHz, DMSO-¢: & 5.0 (s, H, Ar-OH), 5.66 (s, H, C-H
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ethylene), 6.75-7.82 (m, 12H, Ar-H); EI-MS (m/z, 0BO): 467.87 [M+1] (100%).; Anal Calculated for
CxH1sCIN4O,4S (466.9): C, 56.59; H, 3.24; N, 12.00. Found: €65; H, 3.19; N, 12.07.

N'-[4-(2,4-dichlorophenyl)-3-(4-nitrophenyl)-1,3-thiazol-2(3H)-ylidene]-4-hydroxybenzohydrazide (23)

Yield: 0.82 g (76.20%). mp 276—278° (methanol),(R61 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 strietg), 3350 (N-H stretching), 1615 (N-N stretching$5 (C-
Cl )stretching, 1525 (N-O) stretchingtd-NMR (300MHz, DMSO-@: & 4.94 (s, H, Ar-OH), 5.59 (s, H, C-H
ethylene), 6.81-7.93 (m, 11H, Ar-H); EI-MS (m/z, 0BO): 502.34 [M+1] (100%).; Anal Calculated for
Co,H14CILN4O,S (501.3): C, 52.71; H, 2.81; N, 11.18. Found: Z£63; H, 2.76; N, 11.22.

N'-[4-(2-chloro-4-methylphenyl)-3-(4-nitrophenyl)-1 3-thiazol-2(3H)-ylidene]-4-hydroxybenzohydrazide (24)
Yield: 1.12 g (91.10%). mp 290—-292° (methanol),(R78 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 shretg), 3350 (N-H stretching), 1615 (N-N stretching»25(N-
O )stretching;'H-NMR (300MHz, DMSO-g: & 2.48 (s, 3H, C-H methyl), 5.18 (s, H, Ar-OH), 5.%, H, C-H
ethylene), 6.73-7.81 (m, 11H, Ar-H); EI-MS (m/z, 0BO): 481.92 [M+1] (100%).; Anal Calculated for
Cx3H17CIN4O,4S (480.9): C, 57.44; H, 3.56; N, 11.65. Found: T456; H, 3.49; N, 11.58.

N'-[4-(2-chloro-4-hydroxyphenyl)-3-(4-nitrophenyl)-1,3-thiazol-2(3H)-ylidene]-4-hydroxybenzohydrazide (25)
Yield: 0.92 g (78.10%). mp 178-182° (methanol),(R82 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 strietg), 3350 (N-H stretching), 1615 (N-N stretchingy5 (C-
Cl )stretching;*H-NMR (300MHz, DMSO-¢: 5 5.18 (s, H, Ar-OH), 5.70 (s, H, C-H ethylene), 8582 (m, 11H,
Ar-H); EI-MS (m/z, 100%): 483.89 [M+1] (100%).; Ah&alculated for GH;sCIN,OsS (482.9): C, 54.72; H, 3.13;
N, 11.60. Found: C, 54.67; H, 3.18; N, 11.63.

N'-[4-(2-chlorophenyl)-3-(4-methylphenyl)-1,3-thiazd-2(3H)-ylidene]-4-hydroxybenzohydrazide (26)

Yield: 0.69 g (90.10%). mp 236—238° (methanol),(R96 (acetonitrile : methanol :: 7: 3); IR (KBom® 1444 (C-
O stretching and O-H deformation), 1637 (C=0 stretg), 3350 (N-H stretching), 1615 (N-N stretchingy5 (C-
Cl )stretching;'H-NMR (300MHz, DMSO-¢: & 2.47 (s, 3H, C-H methyl), 4.91 (s, H, Ar-OH), 5.68 H, C-H
ethylene), 6.42-7.73 (m, 12H, Ar-H); EI-MS (m/z, 0BO): 436.92 [M+1] (100%).; Anal Calculated for
C,3H16CIN3O,S (435.9): C, 63.37; H, 4.16; N, 9.64. Found: C383H, 4.11; N, 9.61.

N'-[4-(2,4-dichlorophenyl)-3-(4-methylphenyl)-1,3-thazol-2(3H)-ylidene]-4-hydroxybenzohydrazide (27)

Yield: 0.94 g (89.10%). mp 154-156° (methanol), (R84 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 strietg), 3350 (N-H stretching), 1615 (N-N stretchingy5 (C-
Cl )stretching;"H-NMR (300MHz, DMSO-¢: & 2.52 (s, 3H, C-H methyl), 5.13 (s, H, Ar-OH), 5.68 H, C-H
ethylene), 6.41-7.53 (m, 12H, Ar-H); EI-MS (m/z, 0BO): 471.37 [M+1] (100%).; Anal Calculated for
Co3H17,CILN3O,S (470.4): C, 58.73; H, 3.64; N, 8.93. Found: Cp38H, 3.59; N, 8.88.

N'-[4-(2-chloro-4-methylphenyl)-3-(4-methylphenyl)-13-thiazol-2(3H)-ylidene]-4-hydroxybenzohydrazide

(28)

Yield: 0.92 g (78.10%). mp 178-182° (methanol),(R82 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 strietg), 3350 (N-H stretching), 1615 (N-N stretchingy5 (C-
Cl )stretching;'H-NMR (300MHz, DMSO-¢: & 2.48 (s, 6H, C-H methyl), 4.97 (s, H, Ar-OH), 5.66 H, C-H
ethylene), 6.37-7.62 (m, 12H, Ar-H); EI-MS (m/z, 0BO): 450.95 [M+1] (100%).; Anal Calculated for
Co4H20CINZO,S (449.9): C, 64.06; H, 4.48; N, 9.34. Found: C164H, 4.37; N, 9.33.

N'-[4-(2-chloro-4-hydroxyphenyl)-3-(4-methylphenyl)-1,3-thiazol-2(H)-ylidene]-4-hydroxybenzohydrazide
(29)

Yield: 0.89 g (69.10%). mp 260—-264° (methanol),(R62 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 stretg), 3350 (N-H stretching), 1615 (N-N stretching5 (C-
Cl )stretching;'H-NMR (300MHz, DMSO-¢: & 2.48 (s, 3H, C-H methyl), 5.05 (s, H, Ar-OH), 5.66 H, C-H
ethylene), 6.47-7.76 (m, 12H, Ar-H); EI-MS (m/z, 0BO): 452.92 [M+1] (100%).; Anal Calculated for
C,3H16CIN3O5S (451.9): C, 61.13; H, 4.01; N, 9.30. Found: CP61H, 4.11; N, 9.33.
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N'-[4-(2-chlorophenyl)-3-(4-hydroxyphenyl)-1,3-thiaol-2(3H)-ylidene]-4-hydroxybenzohydrazide (30)

Yield: 0.84 g (90.10%). mp 164-168° (methanol),(R78 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 stretg), 3350 (N-H stretching), 1615 (N-N stretching5 (C-
Cl )stretching'H-NMR (300MHz, DMSO-g: 8 5.17 (s, 2H, Ar-OH), 5.52 (s, H, C-H ethylene%7.70 (m, 12H,
Ar-H); EI-MS (m/z, 100%): 438.89 [M+1] (100%).; Ah&alculated for GH;sCIN3;O3S (437.9): C, 60.34; H, 3.68;
N, 9.60. Found: C, 60.27; H, 3.61; N, 9.63.

N'-[4-(2,4-dichlorophenyl)-3-(4-hydroxyphenyl)-1,3-hiazol-2(3H)-ylidene]-4-hydroxybenzohydrazide (31)

Yield: 0.96 g (80.50%). mp 250—-254° (methanol),(R74 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-

O stretching and O-H deformation), 1728 (C=0 shietg), 3350 (N-H stretching), 1615 (N-N stretchintj-NMR
(300MHz, DMSO-¢: 6 5.08 (s, 2H, Ar-OH), 5.61 (s, H, C-H ethylene)3®7.75 (m, 11H, Ar-H); EI-MS (m/z,
100%): 473.34 [M+1] (100%).; Anal Calculated fos,B8,:Clo,N3;0sS (472.3): C, 55.94; H, 3.20; N, 8.90. Found: C,
55.87; H, 3.15; N, 8.93.

N'-[4-(2-chloro-4-methylphenyl)-3-(4-hydroxyphenyl)-1,3-thiazol-2(3H)-ylidene]-4-hydroxybenzohydrazide
(32)

Yield: 0.94 g (89.10%). mp 154-156° (methanol), (R84 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 strietg), 3350 (N-H stretching), 1615 (N-N stretchingy5 (C-
Cl )stretching;'H-NMR (300MHz, DMSO-¢: & 2.35 (s, 3H, C-H methyl), 5.11 (s, 2H, Ar-OH), 8.6, H, C-H
ethylene), 6.29-7.78 (m, 11H, Ar-H); EI-MS (m/z, 0BO): 452.92 [M+1] (100%).; Anal Calculated for
C,3H16CIN3O5S (451.9): C, 61.13; H, 4.01; N, 9.30. Found: C161H, 4.12; N, 9.26.

N'-[4-(2-chloro-4-hydroxyphenyl)-3-(4-hydroxyphenyl}1,3-thiazol-2(3)-ylidene]-4-hydroxybenzohydrazide
(33)

Yield: 1.12 g (91.10%). mp 290-292° (methanol),(R78 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-

O stretching and O-H deformation), 1728 (C=0 shietg), 3350 (N-H stretching), 1615 (N-N stretchinj-NMR
(300MHz, DMSO-¢: 6 5.15 (s, 3H, Ar-OH), 5.56 (s, H, C-H ethylene)247.72 (m, 11H, Ar-H); EI-MS (m/z,
100%): 454.89 [M+1] (100%).; Anal Calculated fo$,B,¢CIN;O,S (453.9): C, 58.21; H, 3.55; N, 9.26. Found: C,
58.26; H, 3.48; N, 9.19.

N'-[4-(2-chlorophenyl)-3-(4-methoxyphenyl)-1,3-thiapl-2(3H)-ylidene]-4-hydroxybenzohydrazide (34)

Yield: 0.78 g (75.20%). mp 220-222° (methanol), (R54 (acetonitrile : methanol :: 7:); IR (KBrm& 1413 (C-O
stretching and O-H deformation), 1728 (C=0 stretghi 3350 (N-H stretching), 1615 (N-N stretchingds (C-Cl
)stretching;*"H-NMR (300MHz, DMSO-¢: & 3.72 (s, 3H, C-H methyl), 5.12 (s, H, Ar-OH), 5.6, H, C-H
ethylene), 6.34-7.91 (m, 12H, Ar-H); EI-MS (m/z, 0BO): 452.92 [M+1] (100%).; Anal Calculated for
Ca3H18CIN3OsS (451.9): C, 61.13; H, 4.01; N, 9.30. Found: C181H, 4.06; N, 9.27.

N'-[4-(2,4-dichlorophenyl)-3-(4-methoxyphenyl)-1,3-iazol-2(3H)-ylidene]-4-hydroxybenzohydrazide (35)
Yield: 1.21g (93.10%). mp 238-240° (methanol),R76 (acetonitrile : methanol :: 7: 3); IR (KBom* 1413 (C-O
stretching and O-H deformation), 1728 (C=0 stretghi 3350 (N-H stretching), 1615 (N-N stretchingds (C-Cl
)stretching;*H-NMR (300MHz, DMSO-¢: & 3.74 (s, 3H, C-H methyl), 5.02 (s, H, Ar-OH), 5.68 H, C-H
ethylene), 6.33-7.94 (m, 11H, Ar-H); EI-MS (m/z, 0BO): 487.37 [M+1] (100%).; Anal Calculated for
C,3H17CILN305S (486.4): C, 56.80; H, 3.52; N, 8.64. Found: C886H, 3.47; N, 8.59.

N'-[4-(2-chloro-4-methylphenyl)-3-(4-methoxyphenyl)i,3-thiazol-2(3H)-ylidene]-4-hydroxybenzohydrazide
(36)

Yield: 0.81 g (75.10%). mp 210-212° (methanol),(R63 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 strietg), 3350 (N-H stretching), 1615 (N-N stretchingy5 (C-
Cl )stretching;'H-NMR (300MHz, DMSO-g: & 2.36 (s, 3H, C-H methyl), 3.72 (s, 3H, C-H methl)08 (s, H, Ar-
OH), 5.58 (s, H, C-H ethylene), 6.37-7.90 (m, 1%#;H); EI-MS (m/z, 100%): 466.95 [M+1] (100%).; Aha
Calculated for g4H,,CINsOsS (465.9): C, 61.86; H, 4.33; N, 9.02. Found: C861H, 4.36; N, 9.11.
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N'-[4-(2-chloro-4-hydroxyphenyl)-3-(4-methoxyphenyl}1,3-thiazol-2(3H)-ylidene]-4-hydroxybenzohydrazide
(37)

Yield: 1.12 g (70.10%). mp 180-184° (methanol),R65 (acetonitrile : methanol :: 7: 3); IR (KBom® 1413 (C-
O stretching and O-H deformation), 1728 (C=0 stretg), 3350 (N-H stretching), 1615 (N-N stretching$0 (C-
Cl )stretching;'H-NMR (300MHz, DMSO-¢: & 3.75 (s, 3H, C-H methyl), 5.11 (s, 2H, Ar-OH), 3.6, H, C-H
ethylene), 6.41-7.92 (m, 11H, Ar-H); EI-MS (m/z, 0BO): 468.92 [M+1] (100%).; Anal Calculated for
Co3H1sCIN3O,S (467.9): C, 59.04; H, 3.88; N, 8.98. Found: C1%9H, 3.84; N, 8.89.

Antibacterial Activity:

The test compds were subjeciedvitro screening by the tube dilution technicagainst various species of gram-
positive and gram-negative bacteria \&. aureus B. subtilluand E. coli and S. typhiusing Muller-Hinton broth
(Himedia) as the culture medium. Muller Hinton br¢sterilized) was dispensed in each test tube X180 mm). The
stock solution was sterilized by passing througlyqasbonate sterile membrane (Nuclepore) filter& (@m). Further,
the serial dilution of test compds were carriedand the following concentration were used as 226, 62, 32, 16,
8, 4 and 1ug/mL. Similarly, the diluation were prepared foramtlard drugs. The test compds at various
concentrations were added to culture medium iredliged test tube and different bacterial strairese inoculated
at 10 bacilli/mL concentration. The tubes were incubaied7° for 24 h.[19] The presence or absence @/ of
the test organisms was examined. The experiments performed in triplicate. The lowest concentratiohich
showed no visible growth was taken as an end gbIi€). The results are summarized in Table. Antiolyacterial
results are also given with these results for caimspa.[20-21] The MIC values were compared with stendard
antibiotics (ampicillin, penicillin-G and chloramehicol).

Table 41n vitro antimicrobial activity data of tested compounds (1€87)

Compd No? — MI.Cb pg/mL) - -
Gram positive organism | Gram negative organism
S. aureus B.subtilis E.coli S.typhi

Std 125 2.6 25 125
Std’ 0.01 0.09 0.015 0.016
St 5 7 6 7
10 19 25 36 9.7
11 23 18 04 10.2
12 28 64 37 10.7
13 95 56 26 9.4
14 76 35 25 6.3
15 19 18 09 7.5
16 16 14 10 8.9
17 26 48 39 6.5
18 19 21 18 10
19 13 15 14 5.7
20 36 84 56 8.9
21 85 54 25 10.2
22 57 49 26 9.2
23 11 13 06 3.1
24 25 27 16 7.€
25 12 19 08 11.4
26 35 36 57 10.8
27 17 32 19 4.0
28 21 29 24 12.4
29 25 23 69 104
30 65 45 47 10.£
31 48 63 47 9.6
32 38 39 25 5.8
33 18 15 26 7.6
34 42 78 49 8.7
35 19 13 08 6.€
36 14 17 13 8.7
37 16 21 39 11.6

a = DMSO has no antibacterial activity at the contration used to dissolve the compds, b = MI@g/mL, S. aureus= Staphylococcus
aureus, B. subtilis = Bacillus subtilis, E. coliEscherichia coli, S. typhi = Salmonella typhi, S#@mpicililin, Std: Penicilin-G,Std:
Chloramphenicol.
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CONCLUSION

3D-QSAR studies indicate that the antimicrobialivaigt might have increased by placing electron \itwing
groups like flurophenyl /dichlorophenyl on positi8rand 4 of thiazoline ring. Moreover, phenyl/ dithted phenyl
groups on position 3 and 4 of thiazoline could b&ined as analysis exhibited significant influenearomatic
moieties. To improve the activity of the said compds, methyl and hydroxyl group were placed alotiigp the
chloro substitution. This attempt was made to chiek possible hydrogen binding with receptor anctéase
hydrophobic volume in that region. Depending upba QSAR results newer compounds were designed and
compounds (10-37) were finalised for the synthasi$ antimicrobial activity.

The compds, (10-37) exhibits the antimicrobial gigant activity as expected. The compound (23) sBadwn
highest antimicrobial activity against gram-postiand gram-negative organism while other compdy (18) and
(25) also showed good antimicrobial activity. Thetidty was compared with ampicillin penicillin Gand
chloramphenicol as standard drug.
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