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ABSTRACT

A series of N-(3-chloro-2-oxo-4-substituted azetitliyl) isonicotinamide 2(a-j) have been synthekizeder
microwave irradiation and evaluated for their intr@ anti-mycobacterial activity against M. tuberosls H37Rv
using tube dilution method. Some of the compoumtiibieed a significant anti mycobacterial activityhen
compared with first line drugs such as isoniazidH) and rifampicin (RIP).Stepwise multiple lineaggression
analysis was performed to derive QSAR models whiete further evaluated for statistical significane@ad
predictive power by internal and external validatiorhe QSAR model indicate that the thermodynagscriptors
(Molar refractivity), electronic descriptors (dipplmoment), principal moment inertia, play an impattrole for
anti mycobacterial activities.

Keywords: Isoniazid derivatives; Anti-mycobacteridlycobacterium tuberculosifuantitative structure-activity
relationship.

INTRODUCTION

Over the last few years, tuberculosis is retrievisgolace among these infectious diseases ang,todarly one-
third of the world’s population is infected withlycobacterium tuberculosigith approximately three million
patients deceasing every year [1]. A combinatiofaofors has contributed to the observed increasebierculosis
cases, including the worldwide AIDs epidemic, tlemeral relaxation of public health policies in mamuntries,
the increased overcrowding and homelessness inrroities and the increased emergence of multi desgstant
strains ofM. Tuberculosis.In spite of the availability of effective anti-ldarcular drugs, such as isoniazid and
rifampin, the emergence of resistant straindvioftuberculosis the pathogenic synergy of the tubercular and non
tubercular mycobacterial infections with HIV infewts [2-3], the scarce compliance with the compherapeutic
regimens, justify the effort directed to the desagmew drugs [4, 5, 6, ] for the treatment of tidedosis and other
atypical myco bacterioses [7].

2-Azetidinones [{-lactam) ring structure is a common structural deatof a number of broad spectriisiactam
antibiotics which have been widely used as chenmaffeutic agents to treat bacterial infections amcrobial
diseases|[8] and isoniazid is established anti twitar drug. In the present investigation, with &e to obtain new
potent anti mycobacterial agents, we planned tothgegize novel coupled heterocyclic moiety contanin
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azetidinone and isoniazid, so as to get novel davigs with enhanced anti tubercular activity. Noieniazid
derivatives were synthesized by substitution ohofNhe pharmacophore -CONN?H,; isoniazid was coupled via
its Schiff's base[9] formation with 2-azetidinonader microwave irradiation, so as to get a Ni{®m-2-oxo0-4-
substituted azetidin-1-yl) isonicotinamide derivas in good yields and in shorter reaction timed. the
synthesized compounds were characterized and egdlf@ their anti mycobacterial activity. QSARigdy of the
synthesized compounds was also performed.The dlgenft QSAR study was to develop a relationshipveen the
structure of a set of compounds and the biologictlity (BA) of interest [10].The relationship che defined as

BA = f (molecular structure) £(descriptors)

The ultimate objective of QSAR is prediction ofhait hypothesis on the mechanism of action for nesVcgs with
high potency [11]. QSAR enables the investigatarsestablish a reliable quantitative structure-distiand
structure-property relationship to deriveiarsilico QSAR model to predict the activity of novel molessilprior to
their synthesis.

MATERIALS AND METHODS

All reagents and solvents were used as obtained fite supplier or recrystallized/redistilled unlestierwise
noted. Synthetic microwave oven Cata R , was dsedhe synthesis of final derivatives.Melting pt@invere
determined by open capillary method and are unctade Infrared spectra were recorded on JASCO F{PI&
4000) using KBr powder technique and frequencies expressed in ¢l Mass spectra were recorded on
Micromasss Q-Tof Micro system mass spectrométeiNMR spectra were recorded on Varian Mercury YH) 30
FT-NMR Spectrometer operating at 300 MHelY and on BRUKER AVANCE Il 400 spectrometer opergtiat
400 MHz (H) in deuterated dimethyl sulfoxide. Chemical shifare reported in ppm (d) relative to
tetramethylsilane. Proton spectra were typicalliaoted at room temperature. For TLC, plates coafdusilica gel
were run in chloroform/methanol mixture and spo&ravdeveloped in iodine chamber. The anti-mycobiatte
activities were assessed agairidicobacteria TuberculosiH37Rv using the tube dilution method. This
methodology is nontoxic, uses a thermally- staldegent. All the synthesized compounds were dissiolv
separately, in dimethyl sulfoxide to prepare alstsaution containing 1000g/mL. The successive concentrations
like 500, 200, 100, and 50 andy/mL so on were prepared in a similar manner up wilutions. A sweep of
Mycobacterial tuberculosis H37Rv strain culture vdischarged with the help of 22 S.G.W. nichromeewaop
with a 3mm external diameter, into a sterile distilbijou bottle containing six 3mm glass beads @4mdl distilled
water.

The synthesis of N-(3-chloro-2-oxo0-4-substitutedtaiin-1-yl) isonicotinamide derivativeXa-j) was carried out as
per the scheme of synthesis, Schemel.

Ar\
0 0 o
0] .. _N
_N=CH—Ar i Z N
= ~NH; i Z N —_ ’ H O
N _— H N
H N
Nx 2a-j
1a-j
Ar i = Ar-@H GHsOH
a. 4- CIgHs0O f.  4-OH, 3-MeO, £50 il = CICKCOCI/ Triethyl amine; MW
b. 4- NQC;H:0 g GHgO
c. 2- OHGHs0 h. Thiophenyl
d. 4- MeOGHsO i. 4-OHEHsO
e. FUrfUryI J o811NO
Scheme 1
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The intermediate Schiff's bases (iminekfa-j) were synthesized by refluxing isoniazid with aromatnd
heterocyclic aldehydes in ethanol [12]. The N-(®oh+2-0x0-4-substitutedazetidin-1-yl) isonicotiniaie
derivatives2(a-j) were synthesized by cyclo condensation of interatedschiff's bases (imines) with chloroacetyl
chloride and triethyl amine. The reaction was eatrout under microwave irradiation, in dimethylfemide as
solvent, with 70-85% yields. All the compounds watentified by spectral data. In general, IR spedf Schiff's
basesl (a-j) showed bands at 3448¢rfiN-H stretch) and 1633ch{C=N stretch). ThéH-NMR showed signals at
512.10 and 8.47 ppm due to exo cyclic NH and N=G#¢pectively. The compounds ?fa-j) series exhibited
bands at 1720 cm(C=0 stretch) and 751 ¢h{C-Cl stretch). ThéH-NMR presented signals &t8.6, 7.2-7.7 and
4.6 ppm due to -CONH, Ar-H and C-CI groups, respebt.

4.1 Experiment

4.1.1. General procedures for the synthesis ofsNbétituted- aryl/heterylidene) isonicotinohydrazida-j)

The isonicotinoyl hydrazide derivatives were pregaby reaction between equimolar quantities ofiesod (1.0
equiv.) and substituted aldehydes (1.0 equiv.)thamol. The resulting mixture was refluxed for 22& h. The
reaction mixture was then concentrated and codlkds obtained solid was filtered and dried. Thedyad mp of
the product was recorded. The crude products weseystallized from ethanol. The spectral data dedental
analysis data df (a-j) is given separately as Supporting Information

4.1.2.General procedures for the synthesis of N-(3-chmxo-4-substitutedazetidin-1- yl) isonicotinam{@e-j)

A mixture of Schiff basel (0.01mole) and chloroacetyl chloride (0.01mole)imethylformamide was taken in
Erlenmeyer flask. Triethyl amine (0.01mole) was edido the reaction mixture, as a catalyst. The unixtvas
irradiated in microwave oven at 350W for about BHA. Completion of reaction was monitored by TL@tpk. The
mixture was diluted with ice cold water and solidguct precipitated. The crude compound was realtizzd from
ethanol.

Spectral data and elemental analysis data of ththegized derivatives is given below

4.1.2.1. N-(3-chloro-2-(4-chlorophenyl)-4-oxoazetid-yl) isonicotinamidé2a).

IR (KBr) in cm1: 3328.25 (N-H), 1710.46 (C=0), 1593.78 (-CONH)33.0 (C=N);'"H NMR (DMSO, 300 MHz)
d ppm: 11.5(s, 1H, —NH) 8.6-8.9 (m, 4H, CH-Pyridiive), 8.67(s, 1H,CH=N), 7.1-7.7(m, 4H, Ar—H),3.(€) 6H,-
CHjy). Anal. (GsH1:N3O,Cl,) Calc C 53.59, H 3.30, N 12.50 Found: C 53.14,%62N 11.87.

4.1.2.2. N-(3-chloro-2-(4-nitrophenyl)-4-oxoazetidi-yl) isonicotinamidé2b).

IR (KBr) in cm1: 3328.25 (N-H), 1710.46 (C=0), 1593.78 (-CONH)33.0 (C=N);'"H NMR (DMSO, 300 MHz)
d ppm: 11.5(s, 1H, —NH) 8.6-8.9 (m, 4H, CH-Pyridiime), 8.67(s, 1H,CH=N), 7.1-7.7(m, 4H, Ar—H),3.(€) 6H,-
CHs). Anal. (GsH1i1N4O4Cl) Calc C 51.96, H 3.20, N 16.16Found: C 51.52.8D, N 15.78.

4.1.2.3. N-(3-chloro-2-(2-hydroxyphenyl)-4-oxoadieti1-yl) isonicotinamidé2c).

IR (KBr) in cm1: 3328.25 (N-H), 1710.46 (C=0), 1593.78 (-CONH)33.0 (C=N);'"H NMR (DMSO, 300 MHz)
d ppm: 11.5(s, 1H, —NH) 8.6-8.9 (m, 4H, CH-Pyridiive), 8.67(s, 1H,CH=N), 7.1-7.7(m, 4H, Ar—H),3.(€) 6H,-
CHa). Anal. (GsH12N3O5Cl) Calc C 56.70, H 3.81, N 13.23 Found: C 56.43.54, N 12.91.

4.1.2.4. N-(3-chloro-2-(4-methoxyphenyl)-4-oxoaligtil-yl) isonicotinamid€2d).

IR (KBr) in cmi: 3328.25 (N-H), 1710.46 (C=0), 1593.78 (-CONH)33.0 (C=N);'"H NMR (DMSO, 300 MHz)
& ppm: 11.5(s, 1H, —NH) 8.6-8.9 (m, 4H, CH—Pyridime), 8.67(s, 1H,CH=N), 7.1-7.7(m, 4H, Ar-H),3.4€) 6H,-
CHa). Anal. (GgH14N3O5Cl) Calc C 57.93, H 4.25, N 12.67Found: C 57.4%.86, N 12.32.

4.1.2.5. N-(3-chloro-2-(furan-2-yl)-4-oxoazetidiryl) isonicotinamide2e).

IR (KBr) in cmil: 3328.25 (N-H), 1710.46 (C=0), 1593.78 (-CONH)33.0 (C=N);'"H NMR (DMSO, 300 MHz)
& ppm: 11.5(s, 1H, —NH) 8.6-8.9 (m, 4H, CH—Pyridimg), 8.67(s, 1H,CH=N), 7.1-7.7(m, 4H, Ar-H),3.4€) 6H,-
CHa). Anal. (G3H1oN3O5Cl) Calc C 53.53, H 3.46, N 14.41 Found: C 53.0%8.H, N 13.85.

4.1.2.6. N-(3-chloro-2-(4-hydroxy-3-methoxyphemdybxoazetidin-1-yl isonicotinamidef).
IR (KBr) in cmi: 3328.25 (N-H), 1710.46 (C=0), 1593.78 (-CONH)33.0 (C=N);'"H NMR (DMSO, 300 MHz)
d ppm: 11.5(s, 1H, —NH) 8.6-8.9 (m, 4H, CH-Pyridiive), 8.67(s, 1H,CH=N), 7.1-7.7(m, 4H, Ar—H),3.({€) 6H,-
CHjy). Anal. (GgH14N304Cl) Calc C 55.26, H 4.06, N 12.08Found: C 54.88.¥5, N 11.85.
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4.1.2.7. N-(3-chloro-2-oxo0-4-phenylazetidin-1-@dmicotinamid€2g).

IR (KBr) in cm1: 3328.25 (N-H), 1710.46 (C=0), 1593.78 (-CONH)33.0 (C=N);'"H NMR (DMSO, 300 MHz)
d ppm: 11.5(s, 1H, —NH) 8.6-8.9 (m, 4H, CH-Pyridiive), 8.67(s, 1H,CH=N), 7.1-7.7(m, 4H, Ar—H),3.({€) 6H,-
CHa). Anal. (GsH1.NsO,Cl) Calc C 59.71, H 4.01, N 13.93Found: C 59.38.A7, N 13.33.

4.1.2.8. N-(3-chloro-2-oxo-4-(thiophen-2-yl) azetid-yl) isonicotinamid€2h).

IR (KBr) in cmi: 3328.25 (N-H), 1710.46 (C=0), 1593.78 (-CONH)33.0 (C=N);'"H NMR (DMSO, 300 MHz)
d ppm: 11.5(s, 1H, —NH) 8.6-8.9 (m, 4H, CH-Pyridiive), 8.67(s, 1H,CH=N), 7.1-7.7(m, 4H, Ar—H),3.(€) 6H,-
CHj). Anal. (G3H30N3O,SCI) Calc C 50.73, H 3.28, N 13.65 Found: C 50t22,95, N 13.27.

4.1.2.9. N-(3-chloro-2-(4-hydroxyphenyl)-4-oxoadietil-yl) isonicotinamidé2i).

IR (KBr) in cm1: 3328.25 (N-H), 1710.46 (C=0), 1593.78 (-CONH)33.0 (C=N);'"H NMR (DMSO, 300 MHz)
d ppm: 11.5(s, 1H, —NH) 8.6-8.9 (m, 4H, CH-Pyridiive), 8.67(s, 1H,CH=N), 7.1-7.7(m, 4H, Ar—H),3.(€) 6H,-
CHs). Anal. (GsH12.N3O5Cl) Calc C 56.70, H 3.81, N 13.23Found: C 56.48.66, N 12.97.

4.1.2.10. N-(3-chloro-2-(4-(dimethylamino) pherddpxoazetidin-1-yl) isonicotinamidgj).

IR (KBr) in cm1: 3328.25 (N-H), 1710.46 (C=0), 1593.78 (-CONH)33.0 (C=N);'"H NMR (DMSO, 300 MHz)
& ppm: 11.5(s, 1H, —NH) 8.6-8.9 (m, 4H, CH—Pyridime), 8.67(s, 1H,CH=N), 7.1-7.7(m, 4H, Ar-H),3.4€) 6H,-
CH,). Anal. (G/H17;N4O,Cl) Calc C 59.22, H 4.97, N 16.25Found: C 58.82..F4, N 15.91.

4.2 Anti mycobacterial activity

All the newly synthesized derivatives 2(a-j) wessayed in vitro for anti tubercular activity agaiMycobacteria
TuberculosisH37Rv using the tube dilution method, using isaidaand rifampicin as a reference standard. The
screening was done as per the procedures [13, THI$ . methodology is nontoxic, uses a thermallgbkd reagent.
All the synthesized compounds were dissolved, 10ofmgach, separately in dimethyl sulfoxide to prepa stock
solution containing 100@g/mL. The successive concentrations like 500, 25th, and 62.5 and so on were
prepared in a similar manner up to 6 dilutions.wesp of Mycobacterial tuberculosis H37Rv straintud was
discharged with the help of 22 S.G.W. nichrome viirep with a 3mm external diameter, into a stedistilled
bijou bottle containing six 3mm glass beads andl 4listilled water. Each loopful was supposed tawdel4 mg
moist weight of bacilli. The bottle was shaken witte help of a mechanical shaker for 2 min. Using/.&.
nichrome wire loop, 3 mm diameter, a loopful of thespension was inoculated on the surface of eéch o
Lowenstein-Jensen medium containing test compoubolwenstein-Jensen medium containing standard dsug
well as control was also inoculated with Mycobaetetuberculosis H37Rv strain. The medium inocudateere
incubated at 37°C for six weeks. The presence serate of growth of organism was observed aftewsieks. The
MIC (minimal inhibitory concentration) was defineas the lowest drug concentration, which preventes t
microbial growth. Result of anti mycobacterial sities with standard drugs isoniazid and rifampiane discussed

in Table 1. Study revealed thHad, and2e, exhibited stronger anti-mycobacterial activity.

Table 1: Antimycobacterial activity of isonicotinamide derivatives (2a-j)

Compound No.  MIC pg/ml

2a >500
2b 200
2c >50(
2d 50
2e 100
2f >500
29 100
2h >500
2i >500
Isoniazid 0.2
Rifampicin 40

4.3. QSAR study

QSAR studies have been widely used to understaadedlationship between the structure of the mokeauid
biological activity[15].All the computations in th@esent study were performed on PIV workstatidre molecular
structures of the training set were sketched u§ihgm. Draw Ultra module of CS Chem. Office 2004 exalar
modeling software ver. 6.0 [16], supplied by Cardbe Software Company. The sketched structures @grerted
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to Chem3D module in order to create its 3D modekclEmodel was “cleaned up” and energy minimizati@s
performed using Allinger's MM2 force field by fixgnRoot Mean Square Gradient (RMS) to 0.1 Kcal/mél A
Further geometry optimization was done using sempezical AM1 (Austin Model) Hamiltonian method, skd
shell restricted wave function available in the M@Pmodule until the RMS value becomes smaller thd@01

Kcal/mol A°.

Table 2: Descriptors calculated for QSAR study

Sr. No. Descriptor Type
1 Heat of Formation (HI Thermodynami
2 Boiling Point (BP) Thermodynamic
3 Critical Pressure (CP) Thermodynamic
4 Critical Temperature (C Thermodynami
5 Critical Volume (CV) Thermodynamic
7 Henry's Law Constant (HLC) Thermodynamic
8 Ideal Gas Thermal Capacity (IGTC) Thermodynamic
9 Log P Thermodynamic

10 Melting Point (MP)

11 Molar Refractivity (MR)

12 Standard Gibbs Free Energy (SGFE)
13 Connolly Accessible Area (CAA)

14 Connolly Molecular Area (CMA)

15 Connolly Solvent—Excluded Volume (CSEV)

16 Ovality (OVA)

17 Principal Moment of Inertia — X (PMI-X)
18 Principal Moment of Inertia — Y (PMI-Y)
19 Principal Moment of Inertia — Z (PMI-2)
20 Dipole Moment (D)

21 Dipole Moment —X Axis (DX)

22 Dipole Moment-Y Axis (DY)

23 Dipole Moment —Y Axis (DZ)

24 Electronic Energy (EE)

25 HOMO Energy (HOMC

26 LUMO Energy (LUMO)

27 Repulsion Energy (RE)

28 Bend Energy ()

29 Charge—Charge Energy (CCE)

30 Charge—Dipole Energy (CDE)

31 Dipole—Dipole Energy (DDE)

32 Non-1, 4 VDW Energy (f

33 Stretch Energy (SE)

34 Stretch—Bend Energy (SBE)

35 Torsion Energy (f

36 Total Energy (E)

37 Van der Waals e 1,4 Energy (VDWE)
38 VDW 1,4 Energy (VDWE)

39 Partition coefficient

Thermodynamic
Thermodynamic
Thermodynamic
Steric
Steric
Steric
Steric
Steric
Steric
Steric
Electronic
Electronic
Electronic
Electronic
Electronic
Electronic
Electronic
Electronic
Thermodynami
Thermodynamic
Thermodynamic
Thermodynamic
Thermodynamic
Thermodynamic
Thermodynamic
Thermodynamic
Thermodynamic
Thermodynamic
Thermodynamic
Thermodynamic

Table 3 Calculated descriptor values for the giveseries of compounds

Comp. No. MR SBE D PMI-Y
2a 8.6920 0.1643 1.76720 4713.26
2b 10.7037 0.1393  3.9113 6073.36
2c 7.823¢  0.133¢  3.896t 2942.1.
2d 8.2876  7.5377  3.8309 3362.31
2e 10.7988 -6.7280 4.1692 6176.67
2f 9.407¢ -0.2147 3.433:! 4863.6:
29 75131 0.2056 2.6008 2957.32
2h 8.2876  0.1137  3.9402 3514.49
2i 8.192¢  0.274¢  3.807¢ 3507.3!
2j 8.2876  0.1563  3.8929  3063.51

The low energy conformers obtained from the afomgioeaed procedure were used for the calculatiothefChem
SAR descriptors. The Chem SAR descriptors inclubgsizochemical, thermodynamic, electronic and spati
descriptors available in the ‘Analyze’ option oketlthem3D package, the data is presented in Talgiged in
Supporting information. The descriptors calculatedthe present study accounts four important prioge of the
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molecules: physicochemical, thermodynamic, eleatrcend steric, as they represent the possible mlzec
interactions between the receptor and the syntbésimolecules; value of only those descriptors aaogrin
different equation is given in Table 3 given in paging information.

To establish the correlation between physicochdniaeameters as independent variable and anti nagtebal
activity as dependent variable, the data were tearesl to statistical program VALSTAT [17]. Sequehimultiple
linear regression analysis method (in sequentidtiphel regression, the program searches for alinpgations and
combinations sequentially for the data set) wadieghor the same. The best model was selectecherbasis of
statistical parameters viz., observed squared letioe coefficient (f), standard error of estimate (s), and sequential
Fischer test (F). Z score (absolute difference betwvalues of model and activity field, dividedthg square root
of mean square error of data set) was taken asasures of outlier detection. To assess the selfistamy of
derived models, they were validated using leaveangLOO) and the predictive ability was checkeihyg cross-
validated squared correlation coefficient.(ror ¢f), bootstrapping squared correlation coefficieRt)(r chance
statistics (evaluated as the ratio of the equitategression equations to the total number of remded sets; a
chance value of 0.001 corresponds to 0.1% chandéertoitous correlation), and outliers (on the Basf Z-score
value). The tdata within parentheses are the stendeviation, associated with the coefficient ofatgtors in
regression equations. Each of the statistical petersm mentioned above were used for assessingtatistisal
significance of QSAR. Additionally the developed A¥S models were also checked for significance of the
regression coefficients in the model and for mediinearity problem by the calculation of Studettsst values (t-
value) using statistical software SYSTAT.

The generated QSAR models were validated for ptigdiability inside the model (leave one out methiog using
VALSTAT. The statistical program which is tailorexgpecifically for QSAR statistics estimates the jwtde
potential of model by calculating the validationrgraeters squared cross-correlation coefficiery), (standard
deviation of sum of square of difference betweesdjmted and observed valuesgSgd and standard deviation of
error of prediction (Scr). Biological activity data and various physicocherhjgarameters were taken as dependent
and independent variables, respectively and cdivala were established using sequential multigression
analysis. Among the many correlations generated,it@st quadratic and triparametric models werectadeon the
basis of statistical significance. The best modélsiined are given below along with their statatimeasures.

Model-I:
=-3.989(+ 1.333) + 0.1364(x 0.032) MR - 0.001(@@D3) PMI-Y - 0.039(x 0.043) SBE - 0.417(x 0.202) D
n=24, r=0.905,%=0.820, variance=0.081, std=0.286, F=21.643

Model-II:
=-4.010(x 1.310) - 0.001(+ 0.0003)] PMI-Y + 1.3821.317) MR - 0.370(x 0.205) D
n=24, r=0.889,%=0.791, STD=0.300, F=25.269

Model-I show good correlation (r = 0.904) betweesdatiptors (MR, PMI-Y, SBE, D) and the biologicatiaity.
Molar refractivity, thermodynamic descriptors is@rected from of the molar volume, it reflects gféect of size,
polarizalibility and steric bulk of molecules, addicate in model-I, suggesting that MR plays ani§igant role
towards the expressed biological activities, whghrobably due to steric interaction occurringhe polar spaces.
It has generally been assumed that a positive iceeft with an MR term in a correlation equatiorggests a
binding action via dispersion force. Such bindinguld produce a concomitant conformational changeain
macromolecular binding site; however, if the confational are detrimental, a negative coefficienildaesult for
the MR term. Stretch bend energy, a thermodynamiameter, deals with energy required to stretchwioebonds
involved in a bond angle when that bond is severetypressed. The negative coefficient of the desmrin model
suggests that an increase in the stretch bendeaitiiecule is not conductive for activity. Momeltitimertia is a
steric parameter. The value of PMI depends ondte mass of the molecule, the distribution witttie molecule
and position of axis rotation of the molecule. Eifl moment of inertia (PMI-Y) is a spatial deptoir which
explains the significance of orientation and comfational rigidity of biological activity. The negeg coefficient of
PMI-Y suggests the presence of bulky substitueriented towards Z-axis of the molecule will givettiee activity.
Dipole moment indicates the strength and oriematiehaviour of a molecule in an electrostatic fiddds a vector
guantity with both additive and constitutive praes. The contribution of dipole moment illustratis® non—
covalent, electronic interactions between the ntidrole enzymes and inhibitor molecules. Thus, mbdelggests
that molar refractivity is of significance havinggh value of t-test indicating statistical sign#itce of calculated
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regression coefficient. To confirm these resulte value of -Log MIC was estimated using leave oateand
correlated with observed value of -Log MIC. Theuelof A, chance andZjn randomized biological activity
indicates the statistical significance of the maaebiven below.

r’ss = 0.845, Chance = < 0.00%, 5 0.729,Sress 0.351, $ep = 0.312
The predicted activity data of model-I is showrTable 4

Table 4 Predicted activity data of model-I

Sr.No. Observed —Log MIC  Predicted —Log MIC  Calcuated —Log MIC

28 2.6¢ 2.099: 2.154(

2b 2.30 2.2999 2.3794
2c 2.69 2.2641 2.3075
2d 1.6¢ 1.246: 1.137¢

2e 2 1.4663 1.5188
2f 2.69 2.2982 2.3278
29 2 1.871: 1.408¢

2h 2.69 1.2052 1.2137
2i 2.69 1.1483 1.1839
2j 1.39 1.4049 1.7631

A plot of observed versus predicted -Log MIC fotianycobacterial activity using model-I is shownRigure 1.

Fig. 1. Observed versus predicted (LOO) plgy for anti-mycobacterial activity using Model-I

3
2.5 & *
* &
) o« * o
*
15 4 <&
*
1
0.5
0
0 0.5 1 15 2 2.5 3
Observed activity

Model-1l shows good correlation (r =0.889) betweakscriptor (MR, PMI-Y, D) and the biological actixi Molar
refractivity, thermodynamic parameters that contigbpositively to the model means the groups wiiciheases
molar volume, may cause increase in biologicalviygtiThe negative coefficient of PMI-Y suggests firesence of
bulky substituents oriented towards Z-axis of thaenule will give better activity. Thus, model gegts that MR
is of significance having high value of t-test icaling statistical significance of calculated ragien coefficient.
To confirm these results, the value of -Log MIC vestimated using leave one-out and correlated oligerved
value of -Log MIC. The value ofy, chance and?gin randomized biological activity indicates thetitical
significance of the model as follows.

r’ss = 0.816, Chance= 0.002% g= 0.713, Sress= 0.352, $ep = 0.321
The predicted activity data of model-1l is showriTiable 5
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Table 5 Predicted activity data of model-II

Sr.No. Observed —Log MIC  Predicted —Log MIC  Calclated —Log MIC
2a 2.69 2.1571 2.1966
2b 2.30 2.3962 2.4461
2c 2.69 2.2868 2.3275
2d 1.6¢ 1.530: 1.469:
2e 2 1.8647 1.3546
2f 2.69 2.3091 2.3362
2g 2 1.895: 1.785¢
2h 2.69 2.2477 2.2524
2i 2.69 2.1518 2.1859
2j 1.3¢ 1.241¢ 1.292¢

A plot of observed versus predicted -Log Mf@r anti mycobacterial activity using model-Il isavn in Figure 2.

Fig. 2. Observed versus predicted (LOO) pIC50 of anti- mycobacterial activity using Model- Il

2514

:
*
<
2
/
15
0//

L 3

0.5

0 0.5 1 15 2 25 3

Observed activity

Although the inter correlation between the two digsors is within the acceptable range (< 0.8).Carigon of
model-l and model-Il revels that model-I shows éettorrelation (r = 0.905) between descriptors bindbgical
activity than model-Il (r = 0.889). The bootstrappir’ (%, = 0.845) results reflect the significance of thedei-|
when compared to model-Il. The cross validat® y@lues reflect predictive power of the model-bvi standard
error of estimation (<0.4) suggests a high degfeeonfidence in the analysis. Moreover, the desergpused to
construct the model are not correlated with eabtleroas suggested by their correlation matrix valuespectively
as presented in Tableahd Table 7. However, the model manifests moderateigtiedl potential as indicated by
cross-validated correlation coefficient values.

Table 6 Correlation coefficient valuesof model-I

Parameters MR PMI-Y  SBE DM

MR 1.00(¢

PMI-Y 0.899  1.000

SBE 0.252 0.201  1.000

DM 0.344 0.090 0.139 1.000

Table 7 Correlation coefficient values of model-l|

Parameters  PMI-Y MR DM
PMI-Y 1.000
MR1 0.893 1.000
DM 0.090 0.336 1.000
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RESULTS AND DISCUSSION

In the present investigation, new series of istdiaerivatives, 2(a-j) have been synthesized amadlated for anti
mycobacterial activity againstl. TuberculosisHz;Rv. The compounds have shown moderate anti mycetalct
activity and compound namely, 2j have shown goottmey and significant in vitro anti mycobacteriatiaity
againstM. Tuberculosis.Comparative study of the substitution pattern of #ryl and heteryl group towards
antimicrobial activity has shown that electron damagroups gives the better activity while eleatrithdrawing
groups causes less activity. The details are gagrfollows: When substituent on phenyl ring is —QCthe
compound2d, has shown comparable activity with standard dfgampicin). The compound containing (—N
(CHy), group on phenyl ring, the compou@jl has shown excellent activity when compared witingdard drug
(rifampicin). However, when compared with the ismid, the standard drug, only compound 2jo. have shown
moderate activity.

CONCLUSION

The presence of isoniazid and azetidinone moiétieke final derivatives have contributed towalumitter anti
mycobacterial activity. However, the synthesi2&g3-chloro-2-oxo-4-substituted azetidin-1-yl) isoicotinamide
derivatives, which were modified isoniazid derivas obtained by substitution orf Nf the pharmacophore —
CON'HN?H, of the standard anti mycobacterial drug, isddiazresulted in decrease in anti mycobacterial
activity.QSAR analysis was performed on a serieN-¢8-chloro-2-oxo-4-substituted azetidin-1-yl) mootinamide
using molecular modelling program Chem Office 2008AR models were proposed for anti mycobactedtvigy
using Chem SAR descriptors employing sequentiatipielregression analysis method. The selected madere
checked for multicolinearity and autocorrelationheT predictive power of each model was estimatedh wit
bootstrapping? method and leaves one out cross validation metfida result of the study suggests involvement
of molar refractivity and dipole moment in anti nep@cterial activity increases in molar volume casidel for anti
mycobacterial activity. Thus, as the literaturegesgs, substitution of N\bf the standard drug isoniazid has resulted
in the overall decrease in anti mycobacterial #gtivbut two of the synthesized compourittsand2e have shown
the promising anti mycobacterial activity.
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