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Abstract: The benzdf]thiazol-2-yl(piperazin-1-yl)methanones scaffoldshzeen identified
as new anti-mycobacterial chemotypes. Thirty-scttrally diverse benzd[thiazole-2-
carboxamides have been prepared and subjectedséssasent of their potential anti-
tubercular agents through in vitro testing agailkt tuberculosis Hs/Rv strain and
evaluation of cytotoxicity against RAW 264.7 cdlds. Seventeen compounds showed
anti-mycobacterial potential having MICs in the lo¢e-10) uM range. The 5-
trifluoromethyl benzafjthiazol-2-yl(piperazin-1-yl)methanones emergedbi® the most
promising resulting in six positive hits (2.35-7 M) and showed low-cytotoxicity (<50%
inhibition at 50 pg/mL). The therapeutic index tiese hits is 8-64. The quantitative
structure activity relationship has been estabtish@opting a statistically reliable CoMFA

. . 2 2
model showing high predlctlond'red =0.718, fiev = 0.995).

Keywords: Tuberculosis, benzd]thiazole-2-carboxamides, new antibacterial chepesy
Anti-mycobacterial activity, COMFA, and 3D-QSAR.

Pagel of 36



1. Introduction

Tuberculosis (TB), caused by the infectious myctdrée Mycobacterium tuberculosis
(Mtb),[1] is responsible for the highest death gliyp The disease affected about 9.0
million people and caused 1.5 million deaths [idelst 360,000 patients co-infected with
HIV (Human Immunodeficiency Virus] in 2013. Beingext to Acquired Immuno
Deficiency Syndrome (AIDS), TB is the second caon$aleath amongst the infectious

diseases in the global scenario.[2]

The growth of TB is a threat to public health mbjaitue to the development of multi
(MDR-TB; tolerant to isoniazid and rifampicin), exisively (XDR-TB; tolerant to all the
first and a few second line drugs),[3] and thelyat®vered totally drug resistant Mtb
(TDR-TB)[4] strains. The spread of MDR-TB could iiease the cost of the available
treatment between 100 and 1400 times apart fronthreat to make TB incurable. At
present, 5.3% of TB incidences are due to MDR-TBe World Health Organization
(WHO) reports yearly 490,000 new MDR-TB infectioreusing > 110,000 deaths and has
announced TB a worldwide health crisis.[3] Most fokt line TB drugs had been
discovered in 1950s and 1960s. For nearly half mtucg, TB treatment lacked the
availability of new drug until bedaquiline was |lained at the end of 2012 to treat MDR-
TB.[5] All the above facts necessitate the re-eagimg and repositioning of synthetic
bioactive for the development of new anti-TB drugfie present work relates to the
findings of benzdf]thiazol-2-yl(piperazin-1-yl)methanones as new cb&mpes with anti-

TB activity.
Insert Figure 1 here.

1.1. Design

Encouraged by our recent findings on the anti-TBivig of benzof]thiazole-2-
carboxamides,[6] we planned to search for morect¥e anti-TB new molecular entities
and adopted scaffold hopping strategy[7] to coms$tnew anti-bacterial chemotypes. In
search for different antibacterial scaffolds weiced that diverse new chemical entities
bearing functionalized piperazine motif exhibitedtid B potential (motifs A-H, Figure
1)[8-15].
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In the present study, we designed the bealjtupzol-2-yl(piperazin-1-yl)methanone

scaffold () as new anti-TB chemotype through hybridizationcbyalent attachment of the

piperazine moiety with the benzfjfhiazole-2-carboxamide framework (Figure 2). The
current pharmaceutical applications of benzothezdbr treatment of AIDS[16] suggest
anti-TB potency of the benzdifhiazol-2-yl(piperazin-1-yl)methanones through ssgistic

intervention of the TB-AIDS co-infection and prdei support to the design of scaffdld

Insert Figure 2 here.

2. Results and Discussion

2.1. Chemistry

The target benzd]thiazol-2-carboxamides can be prepared through s$tep reactions:
aquatic cyclocondensation of aldehydes with 2-athiophenolla at 110°C[17] or at
room temperature under the catalytic presence @S® (sodium dioctyl sulfosuccinate)
[18] followed by NHCI catalyzed amide coupling[6] with diverse aliggchmines3a-|
(Scheme 1). The SDOSS-catalysed reaction (5 haoWwith ethyl glyoxalate in water
formed 2a (83%). Following similar procedures two more datives ethyl 5-chloro
benzofl|thiazole-2-carboxylate 2b and ethyl 5-trifluoromethyl benzdjthiazole-2-
carboxylate 2c were synthesized from the corresponding 4-chloid) (and 4-

trifluoromethyl @Lc) substituted 2-aminothiophenols.

Insert Scheme 1 here.

The desired amided/5/6a-| were formed from ethyl benazdjfhiazole-2-carboxylate
derivatives2a/2b/2c and diverse piperazine derivativBa-l under neat condition using
NH,4CI as catalyst (20 mol%) at 100 °C in moderatedodyyields (Table 1). Dilution of
the reaction mixture with cold water, filtration thfe precipitated solid afforded the desired

products (total thirty-six compounds) without amyther requirement of purification.
Insert Table 1 here.

2.2. Biological Evaluation
The anti-tuberculosis activity of the synthesizetirty-six benzoffthiazole-2-
carboxamide conjugates were evaluated agaMsttuberculosis Hz;Rv (ATCC27294)

strain.[19] The minimum inhibitory concentration (MI@g/mL) values of all the
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synthesized compound along with the standard ditsgeiazid (INH), Rifampin (R),
Ethambutol (E), Pyrazinamide (Z) and Ciprofloxa@fx) were determined thrice at pH
7.4 (Table 1). All the synthesized compounds eub MICs in the micromolar
range, varying from 0.78-25g/mL. Out of thirty six compounds, eighteen compisida,
4d, 4e, 4f, 4q, 4i, 4, 4l, 5g, 5h, 5i, 5l, 6a, 6b, 6€, 6h, 6 and6k) exhibited MICs values of
0.78 - 3.125 pg/mL. In comparison with standardydri (1.56.g/mL), Cfx (1.56ug/mL),
and Z (6.25ug/mL) the synthesized compounds 5I, 6a and6b (MIC of 0.78 ug/mL)

were found to be more potent.

2.3. Cytotoxicity Evaluation

The cytotoxicity (determined at 5Qg/mL) of the compoundsith anti-mycobacterial
potency< 6.25 pug/mL was evaluated against RAW 264.7 (mdas&emic monocyte
macrophage) cell lines by adopting (3-(4,5-dimdthigkol-2-yl)-2,5-diphenyl tetrazolium
bromide) MTT assay (Table 1). The graphical repregen of the anti-TB activity (Figure
3) and cytotoxicity of the synthesized compour{dstivity < 6.25 pug/mL; Figure 4)
indicate that all Cg-derivatives are less-cytotoxic compared to H ahde@ivatives. Out of
the most active compounddl (5, 6a and6b), the compounda and6b found to be more
potent (MIC of 2.47 and 2.35 uM) and less cytotq#@4.56% and 18.12% inhibition) and

therapeutic index >60.
Insert Figure 3 here.
Insert Figure 4 here.

2.4. Evaluation of drug-like properties of the active compounds

The intermediate2a was thirty-two fold less active thadl. By attaching the 1-
(diphenylmethyl)piperazine group, the lipophilicitgf 2a (cLogP, calculated using
ChemDraw Ultra version 12.0.) increased from 2.34t@2. The lipophilicity is an
important attribute for the permeation of the comnpas across the high lipid containing
mycobacterium cell wall.[20] The most promising gwund5l (MIC of 1.74 uM) has
been found with higher cLogP value (5.44) and camspa of the cLogP data of
compounds with those of the standard drugs reveatl the synthetic analogues are
more lipophilic in nature compared to the firstelimrugs i.e., INH (-0.668), E (0.118),
and Z (-0.676). The compounds with M{(6.25 pg/mL were further subjected to analysis

Pages of 36



for drug likeness such as the “Lipinski rule of[81] The Lipinski properties (molecular
weight, no. of hydrogen bond donors, no. of hydrogend acceptors and no. of rotational
bonds) were computed using Accelrys Discovery Stilb and all the twenty-five hits
qualify drug likeness property (Table 2).

Insert Table 2 here.

A complete structure activity relationship (SAR)ncbe drawn by correlating the anti-
mycobacterial activity (UM) of the tested compoui@igble 1). Among the initially tested
compoundda-c, 5a-c and6a-c by exploring combination of morpholine, thiamorphel
and piperidine ring with their corresponding 5-H;Cb and 5-CE derivatives,
trifluoromethyl group gave superior activity amotigir other counterpart (Figure 5). Due
to the limitation of further diversity generatiom ithe scaffold with morpholine,
thiamorpholine and piperidine fragment, piperazderivatives were exploredAmong
twenty-seven piperazine derivatives synthesizeaalpgical activity of fourteen compounds
(4e, 4f, 4q, 4i, 4}, 41, 5g, 5h, 51, 51, 6e, 6h, 6 and6k) were found to be between 1-10 uM.

Insert Figure 5 here.

To establish quantitative correlation among varipygerazine derivatives the 3D-QSAR

technique comparative molecular filed analysis (Eé{7a,22] was applied.

2.5.3D-QSAR

Using SYBYL 7.1 (Tripos Inc., USA) molecular moddi package,[23] CoMFA model
was developed to recognize the morphological charatics requisite for the anti-TB
potential. Alignment of compounds in their lowestesgy state was considered using
benzothiazole as common fragment (Figure 6). Taessitally competent CoMFA model
was developed and corroborated by the partial legsres (PLS) method. The regression
analysis of CoOMFA field energies has been perforom@dg PLS algorithm with the leave-
one-out (LOO) method acquired for cross validatidhe statistical parameters of the

model derived from the benzithiazole-2-carboxamides series are summarizedbier?2.

The CoMFA gave the prediction of the activity ofethest set compounds within
statistically permissible range. Plot of experinaémMIC versus the predicted pMIC value

of the test set and training set (Figure 8) demrated the reliability of the CoMFA model
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to serve as useful tool for prediction of the anticobacterial potential of newly designed

benzofl]thiazole-2-carboxamides (Table 3).
Insert Figure 6 here.

Insert Table 3 here.

2.5.1. Data Set and Biological Data

For 3D-QSAR analyses, 23 compounds with defined M#lues were employed. Total
compounds were divided into a training set of 18npounds, and a test set of 5
compounds. The most important step in the QSARassklection of a suitable training set
with wide activity range, responsible for determmithe quality of the generated QSAR
model. The calculated MIC values (pMIC = -log MIGf) dataset spanned across a small
range from 4.99 to 7.91. These activity values wesealed to the range of four log units to
develop statistically reliable model. To rescale #rctivity data following formula was
employed. The test compounds were selected mantatlyidering the structural diversity

and wide range of activity in the data set.
Rescaling data set:
Existing series = a-b, Rescale series = x-y, Resallie = x + (n-a)*[(y-x)/(b-a)]
=3.92+(n-4.04)*[4/1.84]
Where n is query. In our study, x= 3.92, y=7.92382, b=5.76
2.5.2. Molecular modeling

All the molecular modeling calculations were pemfied using SYBYL 7.1 (Tripos Inc.,
USA) molecular modeling package installed on ac8ii Graphics Fuel Workstation
running IRIX 6.5.Structures of all monophosphonate derivatives wgeerated using
sketch molecule module. CompouBidbeing the most potent was selected as a template
molecule (Figure 6). Geometry-optimized was carwed by applying Tripos molecular
mechanics force field with conjugate gradient mdthdo constraints were applied on the
internal geometries of the molecules. The minimaratvas terminated when the energy

gradient convergence criterion of 0.001 kcal/mokweached or when the 10,000 steps
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minimization cycle was exceeded. Gasteiger-Hiuckerges were applied to all the

molecules of dataset, used for 3D-QSAR studies.
Insert Figure 7 here.

Molecular alignment is considered one of the mess#give parameter in CoMFA analysis.
Each molecule was aligned to the lowest energyarordtion of the most active compound
51, (Figure 7) by performing an rms fitting of eaamérmer to those of the template using
the alignment function of the Sybyl 7.1. The aligmaolecules obtained through pairwise
super positioning using the maximum common subgmethod, placed all molecules in

the same reference frame as the reference comptaneh in Figure 6.

2.5.3. Calculation of COMFA descriptors

For generating CoMFA contour maps, a 3D cubicdattvith grid spacing of 2.0 A was
created around aligned molecule. For CoMFA, thacs{&@he Lennard-Jones potential) and
electrostatic (Coulombic potential) field at eaditite point was calculated using the
default probe, a marbon atom with a charge of +1 and a van der Wadlisis of 1.52 A.
The steric and electrostatic fields at these lafimiats were calculated using Tripos force
field. Energy values for these fields were truncate80 kcal/mol. The minimum column
filtering was set to 2.0 kcal/mol to improve thgrsl-to noise ratio by retaining best fit

model while omitting those lattice points whosergyerariation was below this threshold.

2.5.4. Calculation of COMFA descriptors
The optimal number of components in the final moda$ determined by using leave-one-
out (LOO), a cross-validation method. The non-crhadglated conventional analysis was

produced with the optimal number of components ktuahat yielding the highestr

Final model was evaluated based on the standaod efrestimation values (SEE), non-

cross validated §, value and also by the F test value.

2.5.5. Predictive correlation coefficient

The predictive abilities were determined from a =t of 5 compounds. MIC values for
test molecules were predicted by using developeFEra The predictive correlation

coefficient (r[;fed), based on the molecules of test set, was cadmilatcording to the

eqguation shown below;
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(SD — PRESS)
Toret = (SD)

Where SD is the sum of squared deviations betweemnhibitory activities of the test set
and mean activities of the training molecules aRESBS is the sum of squared deviations

between predicted and actual activity values feaheaolecule in the test set.

All test set compounds were predicted within statdly acceptable range using the
CoMFA model. The scattered plots of experimentall@Mgainst the predicted
pMIC value of the training set and test set is shawFigure 8 These results suggest
that the model is reliable and it could serve aseful tool for predicting the MIC

values of newly designed bendtihiazole-2-carboxamided éble 9.
Insert Figure 8 here.

Insert Table ere.

2.5.6. CoMFA Contour Maps and Discussion

Insert Figure 9 here.

The steric and electrostatic contributions in thatour maps for the statistically reliable
CoMFA model were observed to be 47.6% and 52.4%pewively. Green and yellow
contours represent the steric interactions whiesi and blue contours represent the
electrostatic interactions as shown in Figure Se@rcontours represent the place where
bulkier groups are expected to favour the anti-tBvdy while the yellow contours coded
for less favored bulky groups for biological adiyviln a similar way, the red contours
display the region bearing electronegative grougt th anticipated to enhance the anti-
mycobacterial potential and the blue plots prethietregion having positive charge that is
anticipated to contribute to increase the anti-Thvay.

Figure 9a shows the distribution of steric fieldshgrated around the compoufidA large
green contour present at the center of the phengl shows favorable activity for the
presence of a bulky group such as aromatic substitidf and 5f compared to their
aliphatic counterpardd and5d respectively. However, in the case of ;Gkbstituentsf
there is reverse trend. For £3tbstituents, hydrophobic group are unfavorableatid6l)

whereas aliphatic3¢l, 3e) and heterocyclic rings§, 6b, 6j, 6k) show positive correlation
PageB of 36



with their biological activity. This is the reasaiy in case of Cfderivative, hydrophobic
substituent §f-1) gave unexpected low activity compared to thei(4fl) and CI 6f-l)
counterparts. Similar reverse trend is observedase of small green contour present at
ortho methoxy substituent, where H and Cl derivatidg, 6g) shows favorable activity, on
the other hand, GFderivative 6g show lower activity. Moreover, presence of yellow

contour at thepara position suggests avoiding the hydrophobic grongature design.

In Figure 9b, two red contours were sighted in elgsoximity to theortho and para
position of the phenyl ring. The red contour indésathat electronegative group at tntého
andpara position augments the anti-tuberculosis activiiy.seen in SAR, the presence of
acetyl or methoxy group at the para position ofghenyl ring gave positive impact in all
three derivativedi, 5h, 5i, 6h, 6i (except4h) compared to unsubstituted phenyl rigfg 5f
and6f respectively. Presence of small blue contour atiéta position of the phenyl ring
suggests to incorporate electropositive group fareudesign of the molecules.

Apart from this, in case of morpholine, thiamorpheland piperidine derivatives, future
direction include, there is either scope to incoap® more variation in the benzenoid
nucleus of the benzdfthiazole ring or keeping GHposition constant or even bioisosteric
replacement of benzdjthiazole ring with benzoxazole and benzimidazaleg rmight
enhance anti-TB activity. Overall SAR of this sermuggests that introduction of various
aryl substituent in H and Cl derivative improveg #nti-TB activity whereas heteroaryl
and alicyclic amine will enhance the anti-TB adinof the Ck derivatives. As per the 3D-
QSAR's steric and electrostatic contour there @pscto incorporate more variation by
incorporating electron donating and withdrawing dional group in the diphenyl
substituent of thdl and5l.

3. Conclusions

In conclusion, in this work a new series of beubliazol-2-yl(piperazin-1-yl)methanones
have been designed through molecular hybridizatbrN-benzyl benzdf]thiazole-2-
carboxamides and alicyclic piperazines. Thirty4sexww analogues were prepared by amide
coupling of ethyl benzalthiazole-2-carboxyalte with various cyclic aminda-l using
ammonium chloride as catalyst under solvent freeditimn in moderate to good yields.

Adopting the MABA assay, all these thirty six detives have been evaluatedvitro for
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anti-TB activity againsiM. tuberculosis Hz7Rv (Mtb) strain. Out of thirty six compounds
synthesized, twenty-seven compounds have showrodiall activity comparable to
clinically used standard drug pyrazinamide (6.25mlg and nineteen compounds
displayed anti-TB activity ranging from 0.78 to 351ug/mL. The cytotoxicity of all the
potent compounds was performed against RAW 264ll7lices and found among three
series, Ckderivatives §a-l) are specifically having low cytotoxicity. GHerivative stood

different from H and CI derivative by being poterid non-cytotoxic, providing future
direction for design. The results described herenatestrate the potential utility of
benzofl]thiazol-2-yl(piperazin-1-yl)methanones as antidgrdular agents. The favourable
drug like properties in conformity with the Lipiristule and devoid of cytotoxicity of the
most active compounds would provide further impétuderive new chemical entities with

optimized structure as potent anti-mycobacteriagdrandidate.

4. Experimental Section

Chemicals and all solvents were commercially abélgAldrich Chemical, Merck AG,
Fluka, Alfa Aesar and S-D Fine Chemicals) and usiédout further purification’H NMR
and*C NMR spectra were recorded on Bruker Advance D&cspmeter at 400 and 100
MHz, respectively, with TMS as an internal standardl using CDGIMeOD/DMSO as
solvent. Coupling constants were reported in hérz). *C NMR spectra were fully
decoupled. For analysis of the results of NMR, Tpapssoftware was used. The
abbreviations used to characterize the signalssfellows: s = singlet, m = multiplet, d =
doublet, dd = doublet of doublet, dt = doubletrgidlet, t = triplet, g = quartet, br s = broad
singlet. Mass spectra were measured in the APClenab@n ionization potential of 70 eV
with LCMS MSD (Hewlett Packard) and on a GCMS-QR®@Shimadzu) (for EI) mass
spectrometers; Infra-red spectra were recordedeskifPEImer FT-IR spectrometer in the
range of 4000-600 cieither as neat samples or using KBr for prepapieiiets for solid
samples or in solvent. Compounds were routinelclobe for their purity on the silica gel
GF-254 and visualized under UV at wavelength 254 Wtelting points were measured
with Gupta Scientific melting point apparatus. Evagtion of solvent was performed at
reduced pressure, using a Buchi rotary evaporiii®et.C (model SCL-10AVP, Shimadzu,
Japan) of all the target compounds has been peztbunsing Qualisil Gold C18 column
(4.6 x 250 mm, 5 micron, LCGC Chromatography SolutPvt. Ltd) and acetonitrile :
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water (80:20) as the mobile phase at 30 °C utgi2@ uL of the sample with flow rate of 1
mL min™ using binary pump. Photo diode array detector @had. SPD-M20A) was used
for variable wavelength ranging from 200-800 nM.r Faterpretation of the results of
HPLC, Class VP software was used. Elemental amalysere performed on organic
element analyzer (Thermo SCIENTIFIC FLASH 2000) ,aindicated by the symbols of
the elements or functions were within + 0.4 % d theoretical values. For interpretation

of the results of elemental analysis, Eager Xpegesoftware was used.

The following compounds4p-d, 4i, 4, 5d, 5f and 4f] are commercially available and
intermediates2a-c)°® are thus reported.

4.1 Experimental procedure for the synthesis

Synthesis of ethyl 5-substituted benzo[d]thiazole-2-carboxlate (2a/2b/2c)

To a magnetically stirred miceller solution of SD®&4 mg, 10 mol %) in demineralised
water (2 mL), was added 2-aminothiophedal (0.12 mL, 1 mmol, 1 equiv) and ethyl
glyoxalate (0.118 mL, 1 mmol, 1.2 equiv) and thetonie was stirred at room temperature.
After completion of the reaction (5 h, TLC), thec&on mixture was extracted with EtOAc
(4 x 15 mL). The combined EtOAc extracts were wdswih saturated brine (15 mL),
dried (anhydrous N&Q), filtered and concentrated under vacuum rotagpevation. The
crude product was purified by passing through arool of silica gel (60-120 mesh) and
eluted with hexane-EtOAc to afford the p@a Following this general procedub and

2c were prepared by the cyclocondensation of ethyloxglate with 2-amino-4-

chlorothiophenollb and 2-amino-4-(trifluoromethyl)thiophenit, respectively.

4.1.1 Ethyl benzo[d]thiazole-2-carboxylate (2a): Yield: 172 mg, 83% (yellow solid), mp
68-72C. IR (KBr) v: 1750 cnt. *H NMR (CDCk 400 MHz) 3 (ppm): 8.25 (d,) = 8.16 Hz,
1H), 7.97 (d,J = 7.92 Hz, 1H), 7.60-7.52 (m, 2H), 4.56 (o= 7.12 Hz, 2H), 1.49 (1 =
7.12, 3H).2*C NMR (100 MHz, CDGJ) J (ppm): 160.68, 158.57, 153.22, 136.78, 127.54,
127.09, 125.52, 122.08, 63.13, 14.29. MS (AR@$208.21 (M + HjJ.

4.1.2 Ethyl 5-chlor obenzo[d]thiazole-2-car boxylate (2b): Yield: 176 mg, 73% (yellowish
solid), mp 91-9%C. IR (KBr)v: 1743 crit. *H NMR (400 MHz, CDCJ) 6 (ppm): 8.24 (d,
J=1.88 Hz, 1H), 7.91 (dl = 8.68 Hz, 1H), 7.53 (dd, = 8.64, 1.96 Hz), 4.57 (d,= 7.16
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Hz, 2H), 1.50 (tJ = 7.12 Hz, 3H)*C NMR (100 MHz, CDGJ) 6 (ppm): 160.35, 160.31,
153.95, 134.98, 133.28, 128.26, 125.05, 122.887%634.27. MS (ES)nz) 242.23 (MJ.

4.1.3 Ethyl 5-(trifluoromethyl)benzo[d]thiazole-2-car boxylate (2c): Yield: 193 mg, 70%
(white solid), mp 73-75C. IR (KBr) v: 1736 cnt. *H NMR (400 MHz, CDC}) 6 (ppm):
8.53 (s, 1H), 8.13 (d] = 8.52 Hz, 1H), 7.79 (ddl = 8.52, 1.32 Hz, 1H), 4.60 (d,= 7.12
Hz, 2H), 1.52 (tJ = 7.12 Hz, 3H).X*C NMR (100 MHz, CDGJ) é (ppm): 160.80, 160.01,
152.87, 139.93, 130.22, 129.89, 123.62, 123.59,772222.49, 63.22, 14.05. MS (APCI)
(MV2) 275.97 (M+H].

General procedurefor the synthesis of library of compounds

Method: The5-substituted benzdJthiazole-2-carboxylat@a/2b/2c (1 mmol) was taken in
a round bottom flask (10 mL). To it the amine (Liey was added along with catalytic
amount (20 mol%) of NECI and reaction mixture was heated at 100 °C farHunder
magnetic stirring. After completion of reaction (), ice-cold water (2 mL) was added to
the reaction mixture and the mixture was allowedttofor 10 min. The solid precipitate
was filtered and air dried to furnish the final guat that did not require any further

purification.

4.1.4 Benzo[d]thiazol-2-yl(morpholino)methanone (4a): Yield: 219 mg, 88% (white
solid), IR (CHC}) v: 1621 cnt. *H NMR (400 MHz, CDCJ) § (ppm): 8.01 (dJ = 6.56
Hz, 1H), 7.99 (dJ = =7.6 Hz, 1H), 7.59-7.49 (m, 2H), 4.54J& 4.64 Hz, 2H), 3.88-3.83
(m, 6H).C NMR (100 MHz, CDGJ) § (ppm): 164.50, 159.72, 153.07, 136.19, 126.79,
126.62, 124.64, 121.87, 67.24, 66.90, 47.18, 43VA.(El) (W2) 249.10 (M+H]). HPLC

analysis: retention time = 4.384 min; peak are@%4.0

4.1.5 Benzo[d]thiazol-2-yl(thiomorpholino)methanone (4b): Yield: 233 mg, 88%
(yellowish solid), mp 112-115 °C. IR (CH{: 1618, 1498 cm. *H NMR (400 MHz,
CDCl) 6 (ppm): 8.11 (dJ) = 7.92 Hz, 1H), 7.98 (d] = 8.04 Hz, 1H), 7.59-7.49 (m, 2H),
4.66 (t,J = 4.56 Hz, 2H), 4.12 (t) = 4.76 Hz, 2H), 4.82 (q] = 5.96 Hz, 4H)!*C NMR
(100 MHz, CDC}) ¢ (ppm): 164.35, 160.08, 152.99, 136.15, 126.78,.6126124.66,
121.86, 49.44, 46.35, 28.53, 27.55. MS (APGiyZ 265.06 (M+HJ. HPLC analysis:

retention time = 4.405 min; peak area, 100%.
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4.1.6 Benzo[dlthiazol-2-yl(piperidin-1-y)methanone (4c): Yield: 165 mg, 67%
(brownish yellow solid), mp 80-83 °C. IR (KBv) 1615, 1505 ci. *H NMR (400 MHz,
CDCl) 6 (ppm): 8.10 (dJ = 8.2 Hz, 1H), 7.97 (d) = 7.68 Hz, 1H), 7.56-7.46 (m, 2H),
4.26 (t,J = 9.96 Hz, 2H), 3.79 (t) = 5.4 Hz, 2H), 1.74 (s, 6H}3*C NMR (100 MHz,
CDCl;) 6 (ppm): 164.91 (C=0), 159.90, 153.04, 136.08, 1266.42, 124.51, 121.79,
47.69, 44.74, 26.75, 25.80, 24.57. MS (APQW/Z 247.13 (M+H). HPLC analysis:

retention time = 4.821 min; peak area, 98.79%.

4.1.7 Benzo[d]thiazol-2-yl(4-methylpiper azin-1-yl)methanone (4d): Yield: 97 mg, 37%
(white solid). IR (CHG)) v: 3432, 1630 ci. 'H NMR (400 MHz, [@JMeOD) ¢ (ppm):
8.12-8.07 (m, 2H), 7.63-7.54 (m, 2H), 4.42)& 4.72 Hz, 2H), 3.86 (1] = 4.2 Hz, 2H),
2.60 (t,J = 4.52 Hz, 4H), 2.37 (s, 3H, -OGH *C NMR (100 MHz, [D]MeOD) d (ppm):
163.82 (C=0), 159.99, 152.79, 135.77, 126.77, 126126.66, 124.11, 121.73, 54.79,
54.14, 45.95, 44.54, 42.82 (-OQHMS (APCI) (W2) 262.11 (MJ. HPLC analysis:

retention time = 4.363 min; peak area, 95.65%.

4.1.8 1-(4-(benzold]thiazole-2-carbonyl)piperazin-1-yl)ethanone (4e): Yield: 159 mg,
55% (yellowish solid), mp 79-91 °GH NMR (400 MHz, CDGJ) é (ppm): 8.14-8.08 (m,
1H), 7.99 (d,J = 7.8 Hz, 1H), 7.59-7.50 (m, 2H), 4.58-4.48 (m,)2B.90-3.85 (m, 2H),
3.81-3.78 (m, 2H), 3.67-3.63 (m, 2H), 2.19 (s, 3¢ NMR (100 MHz, CDGJ) J (ppm):
169.29 (C=0), 164.03, 160.10, 153.03, 136.19, 126126.72, 124.80, 124.62, 121.93,
121.87, 46.68, 46.35, 45.94, 43.59, 43.46, 41.8713} 21.42. MS (APCI)nf/z) 290.93
(M)*. Anal. Calcd for @H1sN30.S: C, 58.11; H, 5.23; N, 14.52; S, 11.08. Founds&40;

H, 5.49; N, 14.47; S, 11.35. HPLC analysis: retantime = 4.413 min; peak area, 98.99%.

4.1.9 Benzo[d]thiazol-2-yI(4-phenylpiperazin-1 -yl)methanone (4f): Yield: 246 mg, 76%
(pale yellow solid), mp 95-98 °C. IR (neat) 1622, 1597 cm. *H NMR (400 MHz,
[De]DMSO) 6 (ppm): 8.22 (dJ) = 7.6 Hz, 1H), 8.17 (d) = 7.91 Hz, 1H), 7.62 (quinl =
6.92 Hz, 2H), 7.25 () = 7.8 Hz, 2H), 7.00 (d] = 8.12 Hz, 2H), 6.84 (1] = 7.2 Hz, 1H),
4.47 (s, 2H), 3.87 (s, 2H), 3.29 (s, 4% NMR (100 MHz, [R]DMSO) 6 (ppm): 164.65
(C=0), 158.83, 152.47, 150.59, 135.34, 128.99,926124.29, 122.47, 119.38, 115.85,
48.77, 48.25, 45.74, 42.90. Anal. Calcd fagHGi/N3OS: C, 66.85; H, 5.30; N, 12.99; S,
9.91. Found: C, 66.54; H, 5.26; N, 13.24; S, 9¥PLC analysis: retention time = 5.397

min; peak area, 98.04%.

Pagel3 of 36



4.1.10 1-(Benzo[d]thiazol-2-yI)-2-(4-(2-methoxyphenyl)piperazin-1-yl)ethanone (49):
Yield: 194 mg, 55% (white solid). IR (CHgIv: 3410, 1626 ci. *H NMR (400 MHz,
CDCl3) ¢ (ppm): 8.10 (dJ = 8 Hz, 1H), 7.96 (d) = 7.72 Hz, 1H), 7.56-7.47 (m, 2H), 7.07-
7.03 (m, 1H), 6.95-6.89 (m, 3H), 4.65 (s, 2H), 4(652H), 3.90 (s, 3H), 3.2 (s, 4HfC
NMR (100 MHz, CDC}) ¢ (ppm): 164.82 (C=0), 159.74, 153.12, 152.30, 1201636.22,
126.68, 126.55, 124.62, 123.61, 121.86, 121.10,5P18111.33, 55.46 (-OGH 51.34,
50.72, 46.84, 43.87. MS (APCINZ) 354.24 (M+HJ. Anal. Calcd for GH1oN30,S: C,
64.57; H, 5.42; N, 11.89; S, 9.07. Found: C, 64R7,5.24; N, 11.81; S, 8.99. HPLC
analysis: retention time = 3.445 min; peak aresH®H.

4.1.11 1-(Benzo[d]thiazol-2-yI)-2-(4-(4-methoxyphenyl)piperazin-1-yl)ethanone (4h):
Yield: 187 mg, 53% (yellowish solid). IR (CH{Iv: 1623 cnT. *H NMR (400 MHz,
CDCl) ¢ (ppm): 8.13 (dJ = 7.88 Hz, 1H), 8.00 (d] = 7.64 Hz, 1H), 7.59-7.50 (m, 2H),
6.98-6.88 (m, 4H), 4.65 (s, 2H), 4.04 (s, 2H), 3(813H, -OCH), 3.23 (s, 4H)}*C NMR
(100 MHz, CDC}) o (ppm): 164.68 (C=0), 159.73, 154.44, 153.10, 135.236.22,
126.74, 126.59, 124.65, 118.95, 114.57, 55.57 (-)CHIL.59, 51.05, 46.60, 43.71. MS
(El) (m/z) 353 (M)". Anal. Calcd for GgH1gN2O,S: C, 64.57; H, 5.42; N, 11.89; S, 9.07.
Found: C, 64.25; H, 5.21; N, 11.80; S, 8.95. HPIf@lgsis: retention time = 4.928 min;
peak area, 95.66%.

4.1.12 1-(4-(4-(Benzo[d]thiazole-2-car bonyl)piper azin-1-yl)phenyl)ethanone (4i): Yield:
183 mg, 50% (dark yellow solid), mp 150-154 °C.(ieat)v: 1712 (w;v(O=CMe)), 1670
(s;v(O=C-N)) cm". *H NMR (400 MHz, [Q]DMSO) ¢ (ppm): 8.25-8.16 (m, 2H), 7.85 (d,
J=8.72 Hz, 2H), 7.66-7.58 (m, 2H), 7.02 §d= 8.72 Hz, 2H), 4.49 (s, 2H), 3.87 (s, 2H),
3.54 (s, 4H), 2.47 (s, 3H)**C NMR (100 MHz, [R]DMSO) 6 (ppm): 196.16 (-C=OMe),
165.15 (C=0), 159.42, 153.82, 152.99, 135.86, 1B0127.49, 127.38, 124.79, 122.99,
113.70, 47.35, 46.64, 45.83, 43.16, 26.60 ECHAS (El) (W2) 364.99 (MJ. HPLC
analysis: retention time = 4.256 min; peak ares62%.

4.1.13 Benzo[d|thiazol-2-yl(4-(pyridin-4-yl)piperazin-1-yl)methanone (4j): Yield: 175
mg, 54% (white solid), mp 149-153 °C. IR (neat)1622 cnt. *H NMR (400 MHz,
[D4]MeOD) d (ppm): 8.18-8.08 (m, 4H), 7.64-7.55 (m, 2H), 7(85J = 6.32 Hz, 2H), 4.59
(d, J = 4.44 Hz, 2H), 3.97 () = 4.48 Hz, 2H), 3.63-3.59 (m, 4HY)C NMR (100 MHz,

[D4JMeOD) 6 (ppm): 163.91 (C=0), 160.05, 155.21, 152.89, 148135.87, 126.87,
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126.67, 124.17, 121.75, 108.23, 45.73, 45.57, 4448779. Anal. Calcd for 3H16N4OS:
C, 62.94; H, 4.97; N, 17.27; S, 9.88. Found: C,782H, 4.96; N, 17.13; S, 9.96. MS
(APCI) (m/2) 324.96 (M+HJ. HPLC analysis: retention time = 3.307 min; peakaa
100%.

4.1.14 Benzo[d]thiazol-2-yl(4-(pyrazin-2-yl)piper azin-1-yl)methanone (4k): Yield: 120
mg, 37% (yellow solid), mp 80-83 °C. IR (KBv) 1620, 1574 c. *H NMR (400 MHz,
CDCl3) ¢ (ppm): 8.13-8.08 (m, 34), 7.64-7.55 (m, 2H), 6(09 = 4.44 Hz, 2H), 3.97 (1]

= 4.48, 2H), 3.62-3.59 (m, 4H), 6.90 £ 6.32 Hz, 2H)*C NMR (100 MHz, CDGJ) ¢
(ppm): 163.91 (C=0), 160.05, 155.21, 152.89, 14813b6.87, 132.11, 126.87, 126.67,
124.17, 121.75, 108.23, 45.73, 45.57, 44.87, 42\MS. (APCI) (Wz) 325.13 (M+H]J.
HPLC analysis: retention time = 4.085 min; pealagfs.25%.

4.1.15 (4-Benzhydrylpiperazin-1-yl)(benzo[d]thiazol-2-yl)methanone (4l): Yield: 261
mg, 63% (pale yellow solid), mp 133-136 °C. IR (Ap)&: 3434, 1622 cm. *H NMR
(400 MHz, []DMSO) ¢ (ppm): 8.19 (dJ = 7.32 Hz, 1H), 8.08 (dl = 7.6 Hz, 1H), 7.61-
7.54 (m, 2H), 7.46 (d] = 7.48 Hz, 4H), 7.32 (1] = 7.44 Hz, 4H), 7.21 (11 = 7.24 Hz, 2H),
4.40 (s, 1H), 4.31 (s, 2H), 3.75 (s, 2H), 2.444¢3). **C NMR (100 MHz, [Q]DMSO) §
(ppm): 164.47 (C=0), 158.70, 152.39, 142.30, 135228.58, 127.60, 126.98, 126.90,
124.23, 122.47,74.51, 51.84, 51.19, 46.00, 43.0t@l.ACalcd for GsH23N30S: C, 72.61;
H, 5.61; N, 10.16; S, 7.75. Found: C, 72.41; H75, 9.82; S, 7.54. MS (Elj(2) 414.05
(M+H)". HPLC analysis: retention time = 9.109 min; pesdaal00%.

4.1.16 (5-Chlorobenzo[d]thiazol-2-yl)(mor pholino)methanone (5a): Yield: 217 mg, 77%

(white solid), IR (KBr)v: 1618 cnt. *H NMR (400 MHz, CDCJ) 6 (ppm): 8.11 (s, 1H),
7.91 (d,J = 8.6 Hz, 1H), 7.50 (dJ = 8 Hz, 1H), 4.52 (t) = 4.68, 2H), 3.87-3.83 (m, 6H).
13C NMR (100 MHz, CDG)) d (ppm): 166.50, 159.25, 153.85, 134.48, 132.70,487
124.32, 122.66, 67.20, 66.88, 47.15, 44.00. MS (AR@2) 283 (M+H)". Anal. Calcd for

C12H11CINO,S: C, 50.97; H, 3.92; N, 9.91; S, 11.34. Found5@91; H, 3.89; N, 9.55; S,
11.22. HPLC analysis: retention time = 4.395 migakarea, 97.73%.

4.1.17 (5-Chlorobenzo[d]thiazol-2-yl)(thiomor pholino)methanone (5b): Yield: 200 mg,
67% (brown solid), mp 109-111 °C. IR (DMS@)3432, 1651 ci. *H NMR (400 MHz,
'H NMR [Dg]DMSO) 6 (ppm): 8.23 (s, 2H), 7.64 (BH), 4.43 (s, 2H), 3.96 (s, 2H), 2.77 (s,
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4H). **C NMR (100 MHz, [Q]DMSO) 6 (ppm): 166.56 (C=0), 158.88, 153.08, 133.99,
131.58, 127.03, 124.00, 123.49, 48.75, 45.62, 2728157. HRMS (ESI):m/z for
C12H11CIN,NaOS [M + Na'] calc.: 320.9899; observed: 320.9899. HPLC anslysi
retention time = 5.376 min; peak area, 97.73%.

4.1.18 (5-Chlorobenzo[d]thiazol-2-yl)(piperidin-1-yl)methanone (5c¢): Yield: 216 mg,
77% (pale yellow solid), mp 50-52 °C. IR (DMS®) 3432, 1652 cm. *H NMR (400
MHz, [Dg]DMSO) ¢ (ppm): 8.28 — 8.22 (m, 2H), 7.64-7.62 (m, 1H),24(1, J = 5.2 Hz,
2H), 3.68 (t,J = 5.24 Hz, 2H), 1.68-1.62 (m, 6H)*C NMR (100 MHz, [Q]DMSO) ¢
(ppm): 166.92 (C=0), 158.49, 153.16, 133.92, 131525.90, 123.95, 123.43, 46.85,
43.91, 26.22, 25.34, 23.78. HRMS (ESt)¥z for Ci3H13CIN-NaOS [M + Naj, calc.:
303.0335; observed: 303.0335. HPLC analysis: netertime = 6.251 min; peak area,
91.06%.

4.1.19 (5-Chlorobenzold]thiazol-2-yl)(4-methylpiperazin-1-yl)methanone (5d): Yield:
172 mg, 58% (white solidfH NMR (400 MHz, []DMSO) 6 (ppm): 8.09 (d,) = 1.88Hz,
1H), 7.88 (dJ = 8.44 Hz, 1H), 7.47 (dd,= 9, 2.04 Hz, 1H), 4.44 (§,= 4.28 Hz, 2H), 3.87
(t, J = 4.4 Hz, 2H), 2.54 (q] = 4.64 Hz, 4H), 2.36 (s, 3H)°C NMR (100 MHz, CDG)) 6
(ppm): 166.51 (C=0), 159.30, 153.58, 134.66, 1322#0.08, 127.84, 124.14, 52.84,
52.40, 43.55, 42.72. HPLC analysis: retention tin&147 min; peak area, 94.28%.

4.1.20 1-(4-(5-Chlorobenzo[d]thiazole-2-car bonyl)piper azin-1-yl)ethanone (5€): Yield:
266 mg, 82% (white solid), mp 103-106 °C. IR (MeG#{B409, 1621 ci. *H NMR (400
MHz, [D4,]MeOD) 6 (ppm): 8.14-8.06 (m, 2H), 7.56 (ddi= 8.64, 1.68 Hz, 1H), 4.50-4.40
(m, 2H), 3.91-3.82 (m, 2H), 3.77-3.72 (m, 4H), 2(89J = 4.2 Hz, 3H, -CH). **C NMR
(100 MHz, CDC}) ¢ (ppm): 170.78 (-COMe), 166.07 (C=0), 159.71, 193.534.38,
132.57, 127.24, 123.56, 122.99, 45.92, 43.31, 431®85 (-CH). Anal. Calcd for
C14H14CIN3O,S: C, 51.93; H, 4.36; N, 12.98; S, 9.90. Found5C55; H, 4.35; N, 12.89;
S, 9.57. MS (ESI)rtVz) 323.87 (MJ. HPLC analysis: retention time = 3.765 min; peak
area, 94.02%.

4.1.21 (5-Chlorobenzo[d]thiazol-2-yl)(4-phenylpiperazin-1-yl)methanone (5f): Yield:
279 mg, 78% (buff white solid), mp 108-111 °C. ireét)v: 3454, 1622, 1598 cm H
NMR (400 MHz, [}]DMSO) ¢ (ppm): 8.25 (s, 2H), 7.64 (d,= 8.12 Hz, 1H), 7.25 ({] =

Pagel6 of 36



7.08 Hz, 2H), 7.00 (d] = 7.32 Hz, 2H), 6.83 (] = 6.4 Hz, 1H), 4.43 (s, 2H), 3.87 (s, 2H),
3.28 (s, 4H).*C NMR (100 MHz, [Q]DMSO) § (ppm): 167.38 (C=0), 159.07, 153.79,
151.07, 134.63, 132.17, 129.50, 127.65, 124.61,1024119.90, 116.37, 49.26, 48.72,
46.26, 43.43. MS (El)nf/2) 358.06 (M+HJ. HPLC analysis: retention time = 11.040 min;
peak area, 96.77%.

4.1.22 1-(5-Chlor obenzo[d]thiazol-2-yl)-2-(4-(2-methoxyphenyl)piper azin-1-
yhethanone (59): Yield: 221 mg, 57% (brick red solid), mp 116-1%48. IR (KBr)v: 3453,
1637, 1589 cil. *H NMR (400 MHz, [Q]DMSO) 6 (ppm): 8.28-8.25 (m, 2H), 7.66-7.63
(m, 1H), 7.02-6.89 (m, 4H), 4.41 @,= 4.24 Hz, 2H), 3.86 (L) = 4.28 Hz, 2H), 3.81 (s,
3H), 3.08 (q,J = 4.76 Hz, 4H)*C NMR (100 MHz, [R]DMSO) 6 (ppm): 167.36 (C=0),
159.05, 153.76, 152.48, 140.95, 134.59, 132.13,612725.09, 124.57, 124.09, 123.49,
121.28, 112.30, 55.81, 50.99, 50.52, 46.78, 431RMS (ESI): nVz for CigH19CIN3O,S
[M + H]", calc.: 388.0887; observed: 388.0886. HPLC ansilystention time = 3.179 min;
peak area, 95.54%.

4.1.23 1-(5-Chlorobenzo[d]thiazol-2-yI)-2-(4-(4-methoxyphenyl)piper azin-1-
ylhethanone (5h): Yield: 209 mg, 54% (brick red solid), mp 125-1%7. IR (KBr)v: 3456,
1615, 1506 cil. *H NMR (400 MHz, [Q]DMSO) ¢ (ppm): 8.28-8.25 (m, 2H), 7.65 (ddl,
= 8.64, 2 Hz, 1H), 6.96 (d,= 9.04 Hz, 2H), 6.85 (dl = 9.04 Hz, 2H), 4.40 (t] = 4.48 Hz,
2H), 3.86 (tJ = 4.32 Hz, 2H), 3.69 (s, 3H), 3.14 (b= 5.84 Hz, 4H)*C NMR (100 MHz,
[Dg]DMSO) o6 (ppm): 167.35 (C=0), 159.03, 153.85, 153.75, 185134.60, 132.15,
127.62, 127.52, 125.08, 124.57, 124.08, 123.69,5618114.76, 55.63 (-OG}H 50.76,
50.29, 46.44, 43.54. Anal. Calcd foggH1sCIN3O,S C, 58.83; H, 4.68; N, 10.83; S, 8.27.
Found: C, 58.43; H, 4.51; N, 10.82; S, 8.57. HRNESIj: nVz for C;gH19CIN3O,S [M +
H]*, calc.: 388.0887; observed: 388.0869. HPLC amsilystention time = 6.304 min; peak
area, 96.75%.

4.1.24 1-(4-(4-(5-Chlorobenzo[d]thiazole-2-car bonyl)piper azin-1-yl)phenyl)ethanone
(5): Yield: 216 mg, 54% (orange solid), mp 150-153 B (KBr) v: 1660, 1598 ci. *H
NMR (400 MHz, [DJDMSO) 6 (ppm): 8.26-8.25 (m, 1H), 7.84 (d,= 8.8 Hz, 2H), 7.65
(dd,J = 8.6, 1.92 Hz, 1H), 7.02 (d,= 8.92 Hz, 3H), 4.44 (] = 5.08 Hz, 2H), 3.86 (1] =
4.6 Hz, 2H), 3.56-3.52 (m, 4H), 2.47 (s, 3fC NMR (100 MHz, [QR]DMSO) ¢ (ppm):

195.54 (-COMe), 166.80 (C=0), 158.60, 153.22, 184XB1.60, 130.01, 127.10, 126.83,
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124.04, 123.93, 123.52, 113.14, 46.74, 46.04, 45427761, 26.04. Anal. Calcd for
C20H18CIN3O,S: C, 60.67; H, 4.54; N, 10.51; S, 8.02. Found6T05; H, 4.90; N, 10.61;
S, 7.99. HPLC analysis: retention time = 5.163 rpegk area, 96.27%.

4.1.25 (5-Chlorobenzo[d]thiazol-2-y)(4-(pyridin-4-yl)piperazin-1-yl)methanone (5j):
Yield: 209 mg, 58% (pale yellow solid), mp 143-147. IR (MeOH)v: 1626, 1595 crh.
'H NMR (400 MHz, [QJDMSO) 6 (ppm): 8.28-8.20 (m, 4H), 7.65 (d,= 8.28 Hz, 1H),
6.88 (d,J = 5.2 Hz, 2H), 4.43 (s, 2H), 3.84 (s, 2H), 3.5548). *C NMR (100 MHz,
[Dg]DMSO) o6 (ppm): 166.79 (C=0), 158.64, 154.11, 153.21, 1@9234.07, 131.67,
127.12, 124.06, 123.52, 108.23, 45.45, 45.08, 4442A46. HRMS (ESI):m/z for
C17H16CIN4OS [M + HJ, calc.: 359.0733; observed: 359.0748. HPLC ansiysitention
time = 3.595 min; peak area, 96.86%.

4.1.26 (5-Chlorobenzo[d]thiazol-2-yI)(4-(pyrazin-2-yl)piperazin-1-yl)methanone (5k):
Yield: 169 mg, 47% (white solid), mp 90-95 %1 NMR (400 MHz, []DMSO) 5 (ppm):

8. 22 (s, 1H), 8.13 (s, 2H), 7.95 (s, 1H), 7.92)&,8.56 Hz, 1H), 7.51 (dd, = 8.52, 1.32
Hz, 1H), 4.64 (t) = 4.84 Hz, 2H), 4.02 (1] = 4.88 Hz, 2H), 3.82-3.79 (m, 4H}*C NMR
(100 MHz, [s)DMSO) ¢ (ppm): 165.41 (C=0), 158.43, 153.62, 152.85, 120183.50,
132.80, 131.74, 130.02, 126.49, 123.36, 121.68A44.01, 43.22, 42.26. HRMS (ESI):
m/z for Ci6H15CINsNaOS [M + NaJ, calc.: 360.0686; observed: 360.0689. HPLC arstlysi

retention time = 4.843 min; peak area, 99.84%.

4.1.27 (4-Benzhydrylpiperazin-1-yl)(5-chlorobenzo[d]thiazol-2-yl)methanone  (5l):
Yield: 345 mg, 77% (pale yellow solid), mp 149-1%3. IR (CHC}) v: 3398, 1634 cr.

'H NMR (400 MHz, [Q]JDMSO) ¢ (ppm): 8.18 (tJ = 8.56 Hz, 1H), 8.12 (br s, 1H), 7.44
(d,J = 7.28 Hz, 4H), 7.30 (1] = 7.2 Hz, 4H), 7.21 (t) = 7.04 Hz, 2H), 4.43 (s, 1H), 4.22
(s, 2H), 3.75 (s, 2H)*C NMR (100 MHz, CDGJ) J (ppm): 166.89 (C=0), 159.09, 153.86,
142.09, 134.45, 132.53, 128.68, 128.47, 127.89,2127124.21, 122.60, 75.99, 52.41,
51.70, 46.67, 43.88. Anal. Calcd fopsH,,CIN3OS: C, 67.03; H, 4.95; N, 9.38; S, 7.16.
Found: C, 67.66; H, 4.89; N, 9.27; S, 7.04. HPL@Ilgsis: retention time = 13.195 min;
peak area, 100%.

4.1.28 Morphoalino(5-(trifluoromethyl)benzo[d]thiazol-2-yl)methanone (6a): Yield: 278
mg, 88% (yellow solid), mp 119-121 °C. IR (CHLV: 1627 cnt. *H NMR (400 MHz,
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CDCl3) ¢ (ppm): 8.38 (s, 1H), 8.09 (d,= 8.48 Hz, 1H), 7.73 (dd] = 1.36, 8.44 Hz, 1H),
4.53 (t,J = 4.72, 2H), 3.88-3.82 (m, 6H}*C NMR (100 MHz, CDGCJ) 6 (ppm): 166.95,
159.02, 152.60, 139.50, 129.54, 129.21, 123.05,672222.03, 67.18, 66.86, 47.13, 44.0.
HRMS (ESI): m/z for CisH1oFaN-O,S [M + H] calc.: 317.0572; observed: 317.0572.
HPLC analysis: retention time = 4.384 min; pealagfs8.02%.

4.1.29 Thiomor pholino(5-(trifluoromethyl)benzold]thiazol-2-yl)methanone (6b): Yield:
306 mg, 92% (yellow solid), mp 82-85 °C. IR (CHGI: 1626 cni. *H NMR (400 MHz,
CDCl3) ¢ (ppm): 8.23 (s, 1H), 7.64 (d,= 8.44 Hz, 1H), 7.73 (dd} = 1.28, 8.52 Hz, 2H),
4.65 (t,J = 4.92 Hz, 2H), 4.11 (] = 5.04 Hz, 2H), 2.84-2.79 (m, 4H)*C NMR (100
MHz, CDCk) ¢ (ppm): 166.83 (C=0), 159.33, 152.52, 139.46, 129125.34, 123.05,
122.66, 122.02, 49.41, 46.53, 28.54, 27.58. HRMSI)(Ez for Ci3H11F3NoNaOS [M +
Na'] calc.: 355.0163; observed: 355.0160. HPLC ansiysitention time = 5.280 min;
peak area, 100%.

4.1.30 Piperidin-1-yl(5-(trifluoromethyl)benzo[d]thiazol-2-yl)methanone (6c¢): Yield:
233 mg, 74% (orange yellow solid), mp 85-87 °C(@RCls) v: 1625 cnt. *H NMR (400
MHz, CDCk) § (ppm): 8.38 (s, 1H), 8.07 (d,= 8.4 Hz, 1H), 7.71 (dd] = 1.4, 8.48 Hz),
4.28 (t,J = 5.8 Hz, 2H), 3.79 () = 5.48 Hz, 2H), 1.74 (s, 6H}*C NMR (100 MHz,
CDCls) ¢ (ppm): 167.42 (C=0), 159.11, 152.61, 139.48, 1R91®5.41, 122.74, 122.57,
121.91, 47.64, 44.96, 26.75, 25.82, 24.51. HRMSI)EHz for C;4H13F3N2NaOS [M +
Na]", calc.: 337.0598; observed: 337.0594. HPLC arsilysitention time = 6.144 min;
peak area, 98.78%.

4131  (4-Methylpiperazin-1-y)(5-(trifluoromethyl)benzo[d]thiazol-2-yl)methanone
(6d): Yield: 254 mg, 77% (yellowish brown solid), mp 48-2C. IR (CHC}) v: 1627 cm

' 1H NMR (400 MHz, CDCJ) § (ppm): 8.38 (s, 1H), 8.08 (d,= 8.48 Hz, 1H), 7.72 (d] =
8.48 Hz, 1H), 4.48 (t) = 4.64 Hz, 2H), 3.89 (1l = 4.92 Hz, 2H), 2.56 (ql = 4.96 Hz, 4H),
2.36 (s, 3H)*C NMR (100 MHz, CDG)) 6 (ppm): 167.14 (C=0), 159.01, 152.60, 139.51,
129.44, 129.11, 122.93, 122.64, 121.95, 55.40,85416.32, 45.91, 43.61 (-OGHHRMS
(ESI): m/z for Ci4H1sFaN3OS [M + HJ, calc.: 330.0888; observed: 330.0888. HPLC
analysis: retention time = 6.709 min; peak are@%4.0
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4.1.32 1-(4-(5-(Trifluoromethyl)benzo[d]thiazole-2-car bonyl)piperazin-1-yl)ethanone
(6€): Yield: 314 mg, 88% (pale yellow solid), mp 167-1%2 IR (CHC}) v: 1630 cnt. 'H
NMR (400 MHz, CDC}) ¢ (ppm): 8.41 (dJ = 16.84 Hz, 1H), 8.12 (d] = 8.36 Hz, 1H),
7.76 (dd,J = 1.12, 8.48 Hz, 1H), 4.59-4.49 (m, 2H), 3.92-3(80) 4H), 3.69-3.65 (m, 4H),
2.19 (s, 3H, -Ch). *C NMR (100 MHz, CDG)) 6 (ppm): 169.25 (-COMe), 164.20 (C=0),
159.07, 152.57, 141.32, 125.30, 123.18, 122.77,682222.16, 46.61, 46.31, 41.80, 41.09,
21.41 (-CH). HRMS (ESI):m/z for Ci4H1sF3N3OS [M + HT', calc.: 330.0837; observed:
330.0835. HPLC analysis: retention time = 3.733;mpeak area, 98.79%.

4.1.33 (4-Phenylpiperazin-1-y)(5-(trifluoromethyl)benzo[d]thiazol-2-yl)methanone
(6f): Yield: 282 mg, 72% (yellowish white solid), mp 10&4 °C. IR (CHG) v: 1627 cm

! IH NMR (400 MHz, CDCJ) ¢ (ppm): 8.43 (s, 1H), 8.12 (d,= 8.48 Hz, 1H), 7.76 (dd),

= 1.24, 8.48 Hz, 1H), 7.36-7.32 (m, 2H), 7.01-6(84 3H), 4.68 (tJ = 5 Hz, 2H), 4.05 (t,

J = 4.96 Hz, 2H), 3.38-3.35 (m, 4H}C NMR (100 MHz, CDGJ) 6 (ppm): 167.11 (C=0),
159.02, 152.64, 150.82, 139.55, 129.51, 129.33,0122120.70, 116.92, 116.70, 50.08,
49.52, 46.37, 43.74. HRMS (ESh/z for CigH17FsNsOS [M + HJ, calc.: 392.1044;
observed: 392.1046. HPLC analysis: retention tinGe891 min; peak area, 96.42%.

4.1.34 (4-(2-M ethoxyphenyl)piper azin-1-yl) (5-(trifluor omethyl)benzo[d]thiazol -2-
yhmethanone (69): Yield: 325 mg, 77% (pale yellow solid), mp 12261°C. IR (CHGJ)
v: 1627 cnt. *H NMR (400 MHz, CDCY) 6 (ppm): 8.40 (s, 1H), 8.09 (d,= 8.48 Hz, 1H),
7.73 (d,J = 8.48 Hz, 1H), 7.08-7.04 (m, 1H), 6.96-6.90 (1H),34.66 (t,J = 4.64 Hz, 2H),
4.06 (t,J = 4.76 Hz, 2H), 3.91 (s, 3H), 3.21 Jt= 5 Hz, 4H).**C NMR (100 MHz, CDG))
o (ppm): 167.27 (C=0), 160.92, 159.01, 152.65, 1%21210.48, 139.55, 129.12, 123.69,
122.94, 122.65, 121.97, 121.10, 118.51, 111.3465%1.29, 50.69, 46.80, 44.03. HRMS
(ESI): m'z for CyH1gFsN30,S [M + HJ', calc.: 422.1150; observed: 422.1151. HPLC

analysis: retention time =6.688 min; peak area32B.

4.1.35 2-(4-(4-M ethoxyphenyl)piperazin-1-yl)-1-(5-(trifluor omethyl)benzo[d]thiazol -2-
yhethanone (6h): Yield: 371 mg, 88% (brick red solid), mp 167-170. IR (CHC}) v:
1628 cm'. *H NMR (400 MHz, CDCJ) § (ppm): 8.40 (s, 1H), 8.09 (d,= 8.52 Hz, 1H),
7.73 (d,J = 8.44 Hz, 1H), 6.96-6.92 (m, 2H), 6.90-6.83 (1H),24.63 (t,J = 4.84 Hz, 2H),
4.02 (t,J = 4.84 Hz, 2H), 3.78 (s, 3H), 3.22-3.20 (m, 4HC NMR (100 MHz, CDG)) ¢

(ppm): 167.14 (C=0), 159.01, 154.51, 152.63, 1451139.54, 129.34, 124.71, 123.03,
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122.67,121.99, 118.99, 118.68, 114.59, 114.4%7560CH), 51.57, 51.06, 46.56, 43.88.
HRMS (ESI): mz for CyH19FsN30,S [M + HJ', calc.: 422.1150; observed: 422.1151.
HPLC analysis: retention time = 6.197 min; pealagf6.75%.

4.1.36 1-(4-(4-(5-(Trifluoromethyl)benzo[d]thiazole-2-car bonyl)piper azin-1-
yhphenyl)ethanone (6i): Yield: 334 mg, 77% (orange solid), mp 104-107 i (CHCL)

v: 1667, 1627, 1598 ch *H NMR (400 MHz, CDCY) 6 (ppm): 8.40 (s, 1H), 8.11 (d,=
8.4 Hz, 2H), 7.92 (d) = 8.92 Hz, 2H), 7.75 (dl = 8.48 Hz, 1H), 6.92 (dl = 8.06 Hz, 2H),
4.69 (t,J = 4.96 Hz, 2H), 4.03 (] = 4.92 Hz, 2H), 3.55-3.53 (m, 4H), 2.55 (s, 3HC
NMR (100 MHz, []DMSO) ¢ (ppm): 196.90 (-COMe), 166.87 (C=0), 159.11, 1%3.6
152.62, 139.55, 130.47, 129.59, 129.26, 128.48,38258.23.14, 122.74, 122.64, 122.03,
113.87, 48.02, 47.31, 45.89, 43.37, 26.20. HRMI)(ESz for Co1H10F5N30,S [M + HJ,
calc.: 434.1150; observed: 434.1139. HPLC analysi®ntion time = 6.165 min; peak
area, 98.39%.

4.1.37 (4-(Pyridin-4-yhpiper azin-1-y)(5-(trifluoromethyl)benzo[d]thiazol -2-
yllmethanone (6j): Yield: 290 mg, 74% (pale yellow solid), mp 130-1%2 IR (CHC}) v:
1627 cm'. 'H NMR (400 MHz, CDCY) ¢ (ppm): 8.40 (s, 1H), 8.35 (d,= 5.96 Hz, 2H),
8.11 (d,J = 8.48 Hz, 1H), 7.75 (d] = 8.48 Hz, 1H), 6.73 (d]l = 6.44 Hz, 2H), 4.69 (1] =
5.08 Hz, 2H), 4.02 (t) = 5.08 Hz, 2H), 3.55 (tJ = 5.4 Hz, 4H). **C NMR (100 MHz,
CDCl) 6 (ppm): 166.77 (C=0), 159.14, 154.65, 152.61, 150189.54, 129.62, 129.29,
125.31, 123.22, 122.22, 122.60, 122.04, 108.5444615.68, 45.62, 43.14. HRMS (ESI):
m/z for CigH16FsN4OS [M + HT, calc.: 393.0997; observed: 393.0992. HPLC arsilysi
retention time = 1.685 min; peak area, 99.85%.

4.1.38 (4-(Pyrazin-2-yl)piperazin-1-yl)(5-(trifluor omethyl)benzo[d]thiazol-2-
yhmethanone (6k): Yield: 295 mg, 75% (pale yellow solid), mp 97-1@ IR (CHCE) v:
1627 cm*.*H NMR (400 MHz, CDCJ) § (ppm): 8.41 (s, 1H), 8.21 (s, 1H), 8.12-8.09 (m,
2H) 7.94 (dJ = 2.48 Hz, 1H), 7.75 (d} = 8.48 Hz, 1H), 4.65 (] = 4.92 Hz, 2H), 4.01 (1

= 4.76 Hz, 2H), 3.81-3.78 (m, 4H)"C NMR (100 MHz, [R]DMSO) ¢ (ppm): 166.88
(C=0), 159.23, 154.62, 152.62, 141.85, 139.55,883131.04, 129.52, 129.27, 123.16,
122.72, 122.10, 45.91, 45.03, 44.25, 43.34. HRMSI)EWz for Ci7/H15F3NsOS [M +
Na]", calc.: 394.0949; observed: 394.0949. HPLC arsilysitention time = 4.821 min;
peak area, 98.41%.
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4.1.39 (4-Benzhydrylpiperazin-1-yl)(5-(trifluor omethyl)benzo[d]thiazol -2-
yhmethanone (6l): Yield: 356 mg, 74% (pale yellow solid), mp 136-1%2 IR (CHC}) v:
1629 cm'. *H NMR (400 MHz, CDCJ) § (ppm): 8.30 (s, 1H), 8.05 (d,= 8.44 Hz, 1H),
7.69 (d,J = 8.48 Hz, 1H), 7.45-7.38 (m, 5H), 7.31-7.18 () 54.47 (t,J = 4.64 Hz, 2H),
4.30 (s, 1H), 3.86 (1] = 4.8 Hz, 2H), 2.55 (q] = 5.12, 4H)*C NMR (100 MHz, CHG)) &
(ppm): 167.30 (C=0), 158.87, 152.60, 142.04, 1394%0.39, 128.67, 127.89, 127.81,
127.25, 122.90, 122.61, 121.90, 75.97, 52.39, 5U8®8, 43.96. HRMS (ESI)/z for
CaeH23FaN30S [M + HJ', calc.: 482.1514; observed: 482.1507. HPLC arsilysitention
time = 27.659 min; peak area, 96.94%.

4.2. Biological Evaluation

4.2.1 Determination of the minimal inhibitory concentration (MIC) of 2 and 4, 5, 6
benzo[d]thiazole-2-car boxamides:

The drug susceptibility dflycobacterium tuberculosis strain H7Rv was determined using
the method recommended by the National Committe€lioical Laboratory Standards for
the determination of MIC in triplicate. Two-fold r&a dilutions (50.0, 25.0, 12.5, 6.25,
3.13, 1.56, 0.78 and 0.4 pg/mL) of each test comgswand drugs were prepared and
incorporated into Middlebrook 7H11 agar medium w@ADC Growth Supplement.
Inoculum of M. tuberculosis H37Rv ATCC 27294 was prepared from fresh Middlekroo
7H11 agar slants with OADC (oleic acid, albuminxtiese and catalase; Difco) Growth
Supplement adjusted to 1 mg/mL (wet weight) in T8 (0.05%) saline diluted to 70

to give a concentration of ~ 16fu/mL. A 5uL amount of bacterial suspension was spotted
into 7H11 agar tubes containing 10-fold serial tilus of drugs per mL. The tubes were
incubated at 37 °C, and final readings were recbraféer 28 day$. Isoniazid (INH),
Rifampin (R), Ethambutol (E) and Pyrazinamide (Zperev purchased from Lupin
Pharmaceuticals, Inc. and Ciprofloxacin (Cfx) wascpred from Matrix laboratories
Limited.
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4.2.2 Cytotoxicity Evaluation

Anti-TB active compounds with MIG 12.5ug/mL were further examined for toxicity
evaluated against RAW 264.7 (mouse leukemic moroeydcrophage) cell lines by using
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetraaoin bromide) MTT assay at the
concentration of 50 pug/mL. After 72 h of exposwiapility was assessed on the basis of
cellular conversion of MTT into a formazan produsing the Promega Cell Titer 96 non-

radioactive cell proliferation assay.
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FIGURE CAPTIONS

Figure 1. Reported bioactive compounds with piperazine staffbaving anti-TB
activity.[8-15]
Figure 2. Design of benzd]thiazol-2-yl(piperazin-1-yl)methanoné as new anti-TB

scaffold.

Figure 3. Graphical representation of the anti-TB activitytbé synthesized compounds
with MIC < 1.56 pg/mL in comparison with standard drugs.

Figure 4. Graphical representation of the in-vitro cell vidliprofile of the synthesized
compounds with MIG 6.25 pg/mL.

Figure5. Structure activity correlation chart of the compds4/5/6a-c.

Figure 6. Confirmation of the template molecule compound 5I.
Figure 7. Alignment of all molecules used for COMFA moleauii@ld generation.

Figure 8. Correlation plot of the predicted pMIC with the expnental pMIC values
generated through CoMFA.

Figure 9. CoMFA contours for benzd]thiazole-2-carboxamides: (a) steric, and (b)

electrostatic interaction regions 4if
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Table 1. Yields of the 5-substituted benzfthiazole-2-carboxylates(2a/b/c) and
carboxamideg4/5/6a-1) and their biological activiti€s

4/5/621-I<;4Z>

e

(ng/mL) (LM) (% Inhibition)
1 - - - 2a 83 25 120.63 -
2 - - - 2b 73 3.125 12.93 37.40
3 - - - 2c 70 6.25 22.71 29.12
4 H 0 - 4a 88 1.56 6.28 36.16
5 H - 4b 83 25 94.56 -
6 H Ch - 4c 67 25 101.49 -
7 H NR Me 4d 56 3.125 11.96 52.10
8 H NR COMe 4e 55 1.56 5.39 48.82
9 H NR CeHs 4f 76 1.56 4.82 67.23
10 H NR  2-OMe-GH, 4g 55 3.125 8.84 53.36
11 H NR  4-OMe-GH, 4h 53 125 35.37 -
12 H NR 4-COMe-GH, 4 51 1.56 4.27 62.34
13 H NR 4-Pyridyl 4 54 3.125 9.63 61.95
14 H NR  2-Pyrazinyl 4k 77 6.25 19.21 65.34
15 H NR  CH(GHs): 4 63 0.78 1.89 60.66
16 cl o - 5a 77 6.25 22.10 26.12
17 Cl - 5b 67 6.25 20.92 62.54
18 Cl CH - 5¢ 77 12.5 44.52 -
19 Cl  NR Me 5d 60 25 84.52 -
20 Cl  NR COMe 5e 82 12.5 38.60 -
21 Cl NR CeHs 5f 78 6.25 17.46 41.21
22 Cl NR  2-OMe-GH, 59 57 3.125 8.06 63.36
23 Cl NR  4-OMe-GH, 5h 54 3.125 8.06 42.81
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24 Cl NR  4-COMe-GH, 5i 54 1.56 3.90 30.76

25 Cl NR 4-Pyridyl 5j 58 12.5 34.83 -
26 Cl  NR  2-Pyrazinyl 5k 47 6.25 17.37 54.89
27 Cl NR CH(GH.)2 5l 77 0.78 1.74 52.86
28 CR O - 6a 88 0.78 2.47 24.56
29 CR S - 6b 92 0.78 2.35 18.12
30 CR CH, - 6c 74 12.5 39.77 -
31 CR NR Me 6d 77 6.25 18.98 12.58
32 CR NR COMe 6e 88 1.56 4.37 20.16
33 CR NR CeHg 6f 72 12.5 31.94 -
34 CR NR' 2-OMe-GH, 69 77 25 59.32 -
35 CR NR' 4-OMe-GH, 6h 88 3.125 7.42 19.41
36 CR NR' 4-COMe-GH, 6i 77 6.25 14.42 30.56
37 CR NR 4-Pyridyl 6i 74 3.125 7.96 17.52
38 CR NR'  2-Pyrazinyl 6k 75 3.125 7.94 28.12
39 CR NR CH(GH.)2 6l 74 25 51.92 -
40 - - - INH - 0.098 0.72 -
41 - - - R - 0.197 0.24 -
42 - - - E - 1.56 7.64 -
43 - - - z - 6.25 50.77 -
44 - - - Cfx - 1.56 4.71 -

2The mixture o2a/2b/2c, the cyclic amine (1.0 equiv), and NEI (20 mol%) was heated for 1 h at 100 °C under sulve
free condition. ° Yield of the product after isolatiofi. MIC: Complete inhibition of growth oM. tuberculosis Hy/Rv
(ATCC 27294)¢ % inhibitory concentration determined at 50 pg/aflrespective compound determined against RAW
264.7 cell lines. INH: Isoniazid, R: Rifampin, E: Bthbutol, Z: pyrazinamide and Cfx: ciprofloxacin.

Table 2. Drug-likeness and molecular property predictiontteé target compounds with
MIC < 6.25 pg/mL.

MIC?
Compd. MmIC? b No. of No.of  No. of
Entry No. (ng/mL) ClogF® MW HBA°  HBD®  RE°
(nM)
1 4a 1.56 6.28 1.09 248.30 0 1 2
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2 4d 3.125 11.96 1.65 261.34 0 1 2

3 4e 1.56 5.39 0.67 289.35 0 1 3
4 4f 1.56 4.82 3.09 323.41 0 1 3
5 49 3.125 8.84 3.11 353.44 0 1 4
6 4 1.56 4.27 2.84 365.45 0 1 4
7 4 3.125 9.63 2.14 324.40 1 1 3
8 4k 6.25 19.21 1.37 325.39 2 1 3
9 4 0.78 1.89 4.72 413.53 0 1 5
10 5a 6.25 22.10 1.81 282.75 0 1 2
11 5b 6.25 20.92 2.54 298.81 0 1 2
12 5f 6.25 17.46 3.80 357.86 0 1 3
13 59 3.125 8.06 3.82 387.88 0 1 4
14 5h 3.125 8.06 3.82 387.88 0 1 4
15 5i 1.56 3.90 3.55 399.89 0 1 4
16 5k 6.25 17.37 2.09 359.83 2 1 3
17 5l 0.78 1.74 5.44 447.98 0 1 5
18 6a 0.78 2.47 2.01 316.30 0 1 3
19 6b 0.78 2.35 2.74 332.36 0 1 3
20 6d 6.25 18.98 2.56 329.34 0 1 3
21 6e 1.56 4.37 1.58 357.35 0 1 4
22 6h 3.125 7.42 4.02 421.44 0 1 5
23 6i 6.25 14.42 3.74 433.45 0 1 5
24 6j 3.125 7.96 3.04 392.40 1 1 4
25 6k 3.125 7.94 2.28 393.39 2 1 4

3Molecular weight and ClogP (hydrophobicity) calcathtusing the Chem Draw Ultra, version 12¥0. of hydrogen

bond acceptor and no. of hydrogen bond donors ledézliusing Accelrys Discovery Studio 2.5.
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Table 3. The various parameters derived from CoMFA.

Field contribution
o2 Prcy SEF ONC® Fe Pored

Steric Electro-static

0.758 0.995 0.075 6 381.89 0.718 47.6 52.4

3eave one out (LOO) cross-validated correlationfficient, "no validation correlation coefficient,
°Standard Error of Estimat&Dptimal number of component& test value/Predictive correlation

coefficient.

Table 4. Experimental and CoMFA-predicted MIC values of emlles in both training set
and test set.

Compd No. _ pMIC _ A pMIC?
Experimental Rescaled Predicted
4d 4.92 6.10 6.11 -0.01
de 5.27 6.85 6.84 0.01
a4 5.32 6.95 6.47 0.48
4q 5.05 6.38 6.35 0.03
4h 4.45 5.07 6.11 -1.04
4i 5.37 7.07 7.11 -0.04
4 5.02 6.30 6.29 0.01
4k 472 5.65 5.72 -0.07
4 5.72 7.84 7.89 -0.05
5e 4.41 4.99 4.97 0.02
5 4.76 5.74 6.01 -0.27
5¢ 5.09 6.47 6.46 0.01
5h 5.09 6.47 6.44 0.03
5i 541 7.15 7.10 0.05
5j 4.46 5.09 5.09 0.00
5k’ 4.76 5.74 571 0.03
5l 5.76 7.91 7.88 0.03
6d 4.72 5.66 6.26 -0.60
6e 5.36 7.04 7.06 -0.02
6h’ 5.13 6.55 6.58 -0.03
6i 4.84 5.92 5.92 0.00
6 5.10 6.48 6.42 0.06
6k’ 5.10 6.48 6.46 0.02

* indicates molecules of test set.
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Figure9.
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Scheme 1. Synthesis of benzdjthiazole-2-carboxamidd/5/6a-1 via ammonium chloride
catalyzed coupling dta/2b/2c with the alicyclic aminga-I.
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36 compounds were synthesized using green synibretiocol.
Twenty-one compounds displayed gooditro anti-mycobacterial activity.
The most potent 3 compounds exhibited MIC of Qu@8nL with therapeutic index > 60.

The 3D-QSAR for has been established with signii€oMFA model.



