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Abstract

Tuberculosis is the second leading cause of deathisiwide. The inadequacy of existing drugs
to treat TB due to developed resistance and TB-ByWergism urges for new anti-TB drugs.
Seventy-two benzd]thiazole-2-carbanilides have been synthesized utiiro CDI-mediated
direct coupling of benzd]thiazole-2-carboxylic acids with aromatic aminesng a three step
methodology which includes a green protocol for tegeis of ethyl benzd]thiazole-2-
carboxylates, precursor of the desired carboxyidsa The compounds were evaluated in vitro
for anti-tubercular activity againd¥l. tuberculosisHz/Rv (ATCC27294 strain). Thirty-two
compounds exhibiting MIC values in the range 0806725 pg/mL (1.9-23 uM) were subjected
to cell viability test against RAW 264.7 cell linaad thirty compounds were found to be non-
toxic (< 50% inhibition). The most active compoumndsh MIC of 0.78 pg/mL (e.g4i, 4n, 4s,
4w, 6f, 6h, 6u, 7e, 7h, 7p, 7r and 7w) exhibit therapeutic index of 64. The structuré\aty
relationship of theN-arylbenzofl]thiazole-2-carboxamides has been established fdi- a
mycobacterial activity. Molecular docking suggesbtst the compoundaw, 4i and4n bind to the
catalytic site of the enzyme ATP Phosphoribosylfarase (HisG) and might be attributed to
their anti-TB potential. These can serve as a rtewtirsg point for the development of anti-TB

agents with therapeutic potential.

Keywords. Benzd]thiazole-2-carbanilides, new anti-TB chemotypesj-&B (Hs/RVv) activity,

CDI-mediated amide coupling, molecular docking, AHsphoribosyltransferase (HisG).



1. Introduction

Tuberculosis (TB), a widespread infectious diseass, been the curse to humanity for many
years. In view of the extreme alarming situatione tWorld Health Organization (WHO)
declared TB as a worldwide health unseen crisid983. [1] The discovery of pathogenic
Mycobacterium tuberculosigMtb) by Robert Koch [2] that earned him the Nolkzize in
physiology or medicine in 1905 [Bhved the way to find therapeutic agents to copeitipthis
disease. However, the drive under the directly oesk treatment short course (DOTS)
chemotherapy with the conventional first and sedor@anti-TB drugs is not sufficient to meet
the desired cure rate of TB. [4] To tackle the manit of TB, several therapeutic leads e.g.,
linezolid, sutezolid, gatifloxacin and moxifloxadmave been repurposed in clinical trials for the
treatment of TB (Figure 1). [5] Recently, bedaqeli(a diarylquinoline class of compound
marketed as Sirtuft}) [6] and delamanid (a nitro-dihydro-imidazooxazolass of compound,
Figure 1) [7] have been approved for the treatnoéMIDR-TB (multi-drug resistant TB) in the
United States and European countries, respectivelyombination therapy with other drugs.
However, bedaquiline causes serious side effeas as QT prolongation and hepatotoxicity.
[8,9] To avoid synergistic drug-drug interactionhfah also aggravate the QT prolongation) for
the use of bedaquiline special precaution is reguwith CYP3A4 inhibitors. [10] Delamanid
causes QT prolongation and CNS toxicity. [11] Thesess the need for the search of new class

of compounds as potential anti-tuberculotic agents.
Insert Figure 1 here.

1.1 Design



The design obenzoflthiazole-2-carbanilided ( Figure 2) as new anti-TB chemotypes with a
wider chemical space could be derived through strat modification of the newly found anti-
TB scaffolds N-arylalkylbenzofi]thiazole-2-carboxamide [12] and bendjphiazol-2-
yl(piperazin-1-yl)methanones. [13]

Insert Figure 2 here.
2. Results and discussion

2.1 Chemistry
For the synthesis of the designed molecules theiteymediate ethyl benzdjfhiazole-2-

carboxylates2) were prepared adopting a green protocol repdfted14] from this laboratory
which involves the cyclocondensation of 2-amin@pfienols 1) and ethyl glyoxalate in water
in the presence of catalytic amount of SDOSS aslith}eygen activator (Table 1. [15]
For the synthesis of benzifhiazole-2-carbanilide 4a) we planned to adopt the NEI-
catalysed trans-amidation methodology as repodedhie reaction ofa with arylalkyl amines
[12] and alicyclic amines. [13owever, the treatment @k with aniline @a) in the presence of
NH4Cl (20 mol%) under neat condition at 100 °C for Halid not produce any significant
amount of4a. The use of trifluoroacetic acid (TFA) either iatalytic amount (20 mol%) or as
solvent under heating at 100 °C (oil bath) for 1&do did not affordla. The inefficiency of the
Lewis acid-catalyzed trans-anilidation @& with aromatic amines containing halogen (ESI:
Table S1) or electron withdrawing substituents g@oer yields obtained through the base-
promoted reaction (ESI: Table S2) led us to usaltamnate methodology for the preparation of
the synthetic target using 1,1’-carbonyldiimidaz{@DI) assisted coupling of carboxylic acids
with anilines. [16]

The precursor benzothiazole-2-carboxylic add)( obtained through hydrolysis @k (98%

yield), [12] on treatment with CDI (1.5 equiv) imdTHF at rt for 12 h, followed by removal of



THF under reduced pressure, and treatment of gieue with theBa (1.1 equiv) in the presence
of (DBU, 0.5 equiv) at 60-80 °C in dry THF gafain 85% vyield (83% overall yield frorda).

The ethyl 5-chloro benzdthiazole-2-carboxylate 2b and ethyl 5-trifluoromethyl
benzofllthiazole-2-carboxylate 2c obtained from the corresponding 2-amino-4-
chlorobenzenethiollb and 2-amino-4-(trifluoromethyl) benzenethiat, respectively, were
subjected to hydrolysis to form corresponding caybio acids5b,c. The CDI-mediated direct
condensation ofb,c with 3a-x afforded the corresponding bendjpfiiazole-2-carbanilided, 6,
and7a-x in 60-80% yields (Table 1).

Insert Table 1 here.

2.2 Biological Evaluation
2.2.1 Deter mination of MIC (Hs7RvV)

The synthesized seventy-two berdjtijiazole-2-carbanilides were tested in vitro fotial B
activity againstM. tuberculosisHz/Rv (ATCC27294 strain) [17] along with a few stardianti-
TB drugs e.g., Isoniazid (INH), Rifampin (R), Ethamtol (E), Pyrazinamide (Z), and
Ciprofloxacin (Cfx) at pH 7.4 in triplicate (Tab® Figure 3). The most active compounds (
4n, 4s, 4w, 6f, 6h, 6u, 7e, 7h, 7p, 7r and 7w) showed the Minimum Inhibitory Concentration
(MIC) of 0.78 ng/mL and were more potent than thtendard drugs E, Cfx and Z. Thirteen
compounds{j, 4u, 4x, 6b, 6k, 6f, 6m, 6n, 6q, 7b, 7c, 7f and7g) with the MIC value of 1.56
ug/mL were equipotent to E and Cfx but more potéw@ntZ, two compoundsdg and 4m)
having MIC of 3.125ug/mL were more potent than Z, and five compourds 41, 4r, 6¢ and
70) having MIC of 6.25ug/mL showed potency similar to that of Z.

Insert Table 2 here.

Insert Figure 3 here.

2.2.2Invitro cel viability tests



The in vitro cell viability of a few selected benkmzole-2-anilidesvith MIC < 6.25 pg/mL
was determined against RAW 264.7 cell lines usingrMssay at 5Qg/mL (Table 2, Figure 4)
that revealed the non-cytotoxic nature of thesepmmads. The most active compourtis4n,
4s, 4w, 6f, 6h, 6u, 7e, 7h, 7p, 7r and7w (MIC of 0.78 ng/mL) exhibited therapeutic indexazf
and emerged as the most promising anti-TB leads.

Insert Figure 4 here.

2.2.3 Structure Activity Relationship (SAR)

The structure activity relationship (SAR) of tNearylbenzofithiazole-2-carbanilides could be
drawn by correlating the MIC (ng/mL) values of t@mpounds with the specific changes in the
structure made by various substitution on the cooesties. For this purpose the main structural
scaffold is segregated into two different regiof@: the eastern region (benzenoid nucleous of
the benzdf]thiazole moiety) and (b) western regioN-&ryl part of the carbanilide moiety)
(Structurd, Figure 2).

2.2.3.1 SAR analysis based on the modifications made on the core moieties

For the SAR analysis the various possible changademn the western regions were
considered with respect to theé Bubstituent present at the fifth position of tresiof]thiazole
(i.e. eastern region) i.e.!R H, Cl, CE.
2.2.3.2 Modifications made on the western region

2.23.2.1 When R = H:
i.  Incorporation of 4-Me on the phenyl ring of thelmi® moiety increases the anti-
TB activity to 12.5 pg/mL iMb (compared to the parent compoudadthat has

MIC of 25 pg/mL). With the 2-Me and 3-Me substitutj the activity decreased



[4c, 4d; MIC of >25 pg/mL]. However, the activity increasedh 2,4,6-trimethyl
substitution 4x, MIC of 1.56 pg/mL).

ii.  Introduction of methoxy group increases the antiadvity compared to that of
the parent compound. Out of the three substitutimede, the MIC values
increased (and the anti-TB potential decreasedhenorder.o-OMe < p-OMe <
m-OMe [4g < 4e < 4f]. The incorporation of 3,4,5-trimenthoxy subsiibuat
resulted into the most potent compouldwith MIC of 0.78 pg/ml.

iii.  Incorporation of the electron withdrawing chloriaé the meta position of the
phenyl ring resulted the potent compouhadvith MIC of 0.78 ug/mL than at the
para- or theortho- position gh, MIC of >25 pg/mL4j, MIC of 1.56 pg/mL].

iv.  Incorporation of 2-fluoro substitutiorih, MIC of 3.125 pug/mL) increases the
anti-TB activity by two fold compared to that oktB-fluoro substitution4], MIC
of 6.25 pg/mL) but with the 4-fluoro substitutidmetactivity detoriateddk, MIC
> 25 ug/mL)

v. The introduction of the strong electron withdrawi@fs group in general
increased the anti-TB activity. TheCF; analoguedn showed the best activity
with the MIC value of 0.78 pg/mL. TheCF; andm-CF; substitution were found
to be not so effective in improving the anti-TB @ty (with4o and4p exhibiting
MIC of 12.5 pg/mL), though better than that4ef

vi.  The compound with the 4-bromo substitutiaiy,(MIC of >25 pg/mL) showed
lesser activity compared to that of the parent coumpl4a.

vii.  In case of the nitro groupmn-nitro derivative4s turned out to be the the most

active compound with th®lIC of 0.78 pg/mL as compared to the corresponding



viii.

p-nitro analoguedr (MIC of 6.25 pg/mL) along with an improved therape
index from 8 fordr to 64 for4s.

The activity increased by sixteen fold on incorpiora of morpholine ring at the
para position @4u, MIC of 1.56 ug/mL) and by two fold at tleetho position @v,
MIC of 12.5 pg/mL). The inferior activity of thertho-morpholino derivative
could be due to the steric effect of the morpholib@appears that the Gigroup
counterbalances the electronic effect of the mdipbagroup as the 3-fluoro-4-

morpholinyl derivativedt exhibited poor activity (MIC of > 25 pg/mL).

2.2.3.2.2 When R = ClI:

The methyl substitution (R= Me) at para- and meta position resulted an
increase of the activity the best activity as tberesponding compoundb and
6¢ exhibited MIC of 1.56 and 6.25 pg/mL, respectivdlipwever, no effect on
the activity was reflected for theMe and 2,4,6-trimethyl derivativesd and6x
that have MIC value of 25 pg/mL similar to thattioé parent compourdh.
Incorporation of the OMe group at tineetaposition significantly improved the
activity in 6f with MIC of 0.78 pg/mL. But the anti-TB activityemained
unaffected in the correspondipgra- andmeta derivatives6a and6d as well as
in the 3,4,5-trimenthoxy compoutiiev as these showed MIC of 25 pg/mL similar
to that of the parent compoudd.

The incorporation of chlorine at thmara position resultedh as one of the most
potent compounds with MIC of 0.78 pg/mL. No inflgenon the activity was
observed for the- andm- chloro analogue6i and6j that have MIC value similar

(25 pg/mL) to that ofla.



Vi.

Vii.

viii.

Substitution with fluorine, in general, increasée tactivity with similar extent
irrespective of being apara, meta or ortho position with the corresponding
compound$k, 6l, andém all exhibiting MIC of 1.56 pg/mL.

Introduction of the trifluoromethyl group at thgara position increased the
activity (6n, MIC of 1.56 pg/mL) but no effect was observed floe met and
ortho trifluoromethyl analogueso and6p each of which has MIC of 25 pg/mL
similar to that o#a.

Substitution with bromine at thpara position resulted in an increase of the
activity (6g, MIC of 1.56 pg/mL).

For substitution with the nitro group the 3-nitrangpound6s has activity (MIC of
12.5 pg/mL) better than that d& while the 4-nitro substitution has no overall
effect on the activity aés has MIC of 25 pg/mL.

The substitution with the morpholine ring at tpara position increased the
activity giving6u as one of the most active compounds in this switty MIC of
0.78 pg/mL. In6t that has the 3-fluoro substituent in addition tee t4-
morphonilyl group the anti-TB activity is less efteely increased (MIC of 12.5
pa/mL) suggesting that the electronic effect of @ group is in dissonance
with that of the morpholinyl group towards the iease of the anti-TB activity.
The 2-morphonilyl substitution has no effect on thetivity as the resultant
compoundév showed anti-TB activity (MIC of 25 pg/mL) similao that ofda
and the lack of any influence of tleetho substitution could be due to the steric

effect.



2.2.3.2.3 When R = CR:

The activity increased with similar extent by sithsion with methyl group (R=
Me) at the para- and meta position and the resultant compounds and 7c
showed MIC of 1.56 pg/mL. However the 2-methyl a@gt,6-trimethyl
substitutions did not have any effect of the attivas the corresponding
compound¥d and7x have MIC value (25 pg/mL) similar to that44.

The incorporation of methoxy substituent, in geheia associated with an
increase of activity. The most pronounced effe@xBibited bypara substitution
(7e, MIC of 0.78 png/mL) while themeta and ortho substitution increase the
activity to equally 7f and7g both having MIC of 1.56 pg/mL), although being
inferior to thepara substitution. The best activity is observed wiita 4-methoxy
substituent&e, MIC of 0.78 pg/mL). The 3,4,5-trimethoxy subst#d compound
7w also exhibited increased activity (MIC of 0.78 mb) being one of the most
potent anti-TB compounds that emerged from thiskwor

The influence of the chloro substitution in incriegsthe anti-TB potential
follows the order 2-Cl < 3-Cl < 4-Cl. The compourfth having 4-chloro
substituent appeared one amongst the most potempazonds from this study
having MIC of 0.78 pg/mL. Thenetachloro analog/i is less effective having
MIC of 0.78 pg/mL and no improvement of the activg noticed for the ortho-
chloro substitution as the corresponding compointias anti-TB activity (25
pag/mL) similar to that ofla.

Substitution with fluorine either at thgara (7k, MIC 25 pg/mL)or the ortho

(7m, MIC 25 pg/mL) position did not have any influence on the actiaty

10



Vi.

Vii.

viii.

compared to the parent compoudal The anti-mycobacterial activity increased
by two fold with the 3-fluoro substituentl( MIC of 12.5 pg/mL).

Significant increase of the activity took place ionorporation of the lipophilic
trifluoromethyl group at themeta and ortho position with the corresponding
compounds/o and7p exhibiting the anti-TB activity with MIC of 6.25na 0.78
pa/mL, respectively. Thpara-substitution has little effect on the activity as
has MIC (25 pg/mL) comparable to thatdat

The 4-bromo substitution did not show any increg®ffect on the activity7q,
MIC of 25 pug/mL).

Incorporation of the strong electron withdrawingramigroup at theara position
gave7r as one of the most potent compounds with MIC 88 g/mL butmeta
nitro derivative was less activés( MIC of 25 pg/mL) being similar tda.
Incorporation of the morpholine ring was either fieetive (7u, MIC of 25
pg/mL) or exhibited moderate effectt(and 7v, MIC of 12.5 pg/mL) in

increasing the activity.

2.3 Molecular Docking

The promising anti-TB activity of the bendijthiazole-2-carbanilides (Table 2) and the devoid

of cytotoxicity encouraged us further to understtre possible mode of anti-TB action of these
compounds. We were attracted by the findings onHIs& inhibitory activity of three nitro
substituted 2-amido/amino benzothiazoles. [18] Hawe the lack of anti-TB (whole cell)
activity and the potential mutagenicity, due to firesence of the nitro group, [19] of these
compounds encouraged us to consider these litiragole-2-carbanilides to be alternative and

more effective ligands of HisG and that the anti-d&ivity of benzaflithiazole-2-carbanilides

11



might be attributed due to HisG inhibition. The dobmical features of theN-
arylalkylbenzofithiazole-2-carboxamide match with those of PRATRt(ral ligand of HisG)
[12]. The benzd]Jthiazole-2-carbanilides are devoid of the potdnti@tagenic aromatic nitro
functionality and hence would represent new stmattscaffold for Mtb HisG inhibition.

In this context, the molecular docking providesighs into the structure-activity correlation
that might help to optimize the lead structure amdinderstand the mechanism of action of
active compounds [12,20-22]. Therefore, the bindiitg of the potent compoundsy, 4i, and
4n on the ATP phosphoribosyltransferase enzyme (PINB:18) was predicted by molecular
docking using AutoDock Vina 4.2 (Figure 5) [23]. @molecular docking analysis shows that
the compound3w, 4i, and4n bind to the substrate binding catalytic site af #nzyme with
differential binding energies. The compouid binds to the catalytic site formed by the Domain
| and Domain Il of the ATP phosphoribosyl transter&nzyme [24] with a binding energy of -8
kcal/mol to the substrate binding (PRPP and ATR)kpb of the enzyme (Figure 5a) and is
involved in HB formation with the backbone nitrogehAlall and Leul2. The fluorine of the
trifluoromethyl group present ifw undergoes electrostatic interaction with the oxyged
Asp154. The fluorine forms HB with Ala 115 and GB8L The compoundw also exhibits
hydrophobic interactions with Tyr116, Vall55, Prp%@u71, Alall, Leul2 and Glyl10 in the
catalytic site. The compourdl binds to the substrate binding site with a bindengrgy of -7.6
kcal/mol (Figure 5b). The chlorine di forms a strong HB with Gly88 and also experiences
electrostatic interaction with oxygen of Gly88. $ltiompound is stabilized by the hydrophobic
interactions with Gly10, Leul2, Pro50, Gly68, Lewfid Tyrl16. The compourbh also binds
to the substrate binding pocket of the enzyme wiltinding energy of -7.4 kcal/mol (Figure 5c).

The fluorine of4n undergoes electrostatic interactions with the exygf Gly88 and forms

12



strong HB with the hydroxyl (OH) group of Ser90 ahe benzothiazole ring is engaged with
hydrophobic interactions with the Alall, Leul2, 3@oand Leu7l1 in the binding pocket.
Further, we also docked the 2-amido nitrobenzoti@athat has been reported [18] as the most
effective Mtb HisG inhibitor to compare its bindimgode with that of the benafjfhiazole-2-
crbanilides. The 2-amido nitrobenzothiazole denxeabinds to the catalytic site of the enzyme
(Figure 5d) with a binding energy of -7.8 kcal/mdiich is less as compared to thaf7af. The
oxygen of the nitro group of this 2-amido nitrobetizazole forms HB with the backbone
nitrogen of Glyl57, Ser158, Gly159, Arg160, andI&ir as well as with the Tyr116 and Asp70.
Further, this compound is also involved in stabilizhydrophobic interactions with the Pro50,
LeulO and Leull. We next considered the molecuwakidg of the next best reported HisG
inhibitor [18] that is devoid of the nitro group dathe 2-amidothiazole moiety (Figure 5d) and
observed that docks onto the catalytic site of émzyme, stabilized by the hydrophobic
interactions with Gly10, Alall, Leul2, Pro50, LeuT¥r116, Vall55 in the catalytic site, with
a binding energy of -7.1 kcal/mol which is infermzmpared to that of the newly found anti-TB
compounds/w, 4i, and4n. Thus, the molecular docking studies suggestttitmtompoundw
binds to the enzyme more strongly as compareddagtaviously reported HisG inhibitors [18],
and the compound$ and4n also bind to the catalytic site of the enzyme wgtlod affinities as
compared to the next best inhibitor that does redrkthe 2-amidothazole moiety and the
mutagenic nitro aromatic group.

The compoundgw, 4i, and4n show a very good alignment with the PR-ATP (phasitiosy!
pyrophosphate-adenosine triphosphate), the nasutatrate of HisG where the benzothiazolyl
moiety occupies the same space of the active gitehws occupied by the adenosine moiety of

PR-ATP [12] (Figure 6a). These topological featunese not observed with the two reported

13



inhibitors of Mtb HisG [18] selected for moleculdocking (supporting information: Figure
Sla). The benzothizole-2-carbanilide ligarit¥g, 4i, and4n fit into the active site of HisG

(Figures 6b, 6¢c; see also the supporting informatiigure S1b) better than that of the two
reported [18] Mtb HisG inhibitors suggesting His® lie the putative target for the anti-TB

activity of these compounds.

Insert Figure 6 here.

3. Conclusions

In this study benzalthiazole-2-carbanilides have been revealed as ar@wTB chemotypes.
Seventy-two compounds have been synthesized amedt@s vitro againstM. tuberculosis
(Hs7Rv) to assess their anti-TB potential. Twenty-faompounds (e.g4i, 4j, 4n, 4s, 4u, 4w,
4x, 6b, 6f, 6h, 6k, 61, 6m, 6n, 60, 6U, 7D, 7€, 7f, 79, 7h, 7p, 7r and7w) exhibited MIC values of
1-10 pM. The in vitro cell viability of a few selietl benzaf]thiazole-2-carbanilides with MIC
of < 6.25 pg/mL against RAW 264.7 cell lines revealbd hon-cytotoxic nature of these
compounds. The structure activity relationship tlee anti-mycobacterial activity of thedé
arylbenzofllthiazole-2-carbanilides has been analysed. Moscdbcking analysis of the most
potent compound3w, 4i and4n shows that these compounds bind to the substiaténg
pocket of ATP phosphoribosyl transferase enzyme@jwith docking energies better than that
of the reported HisG inhibitors. This reflects thia¢ése compounds might inhibit the growth of

Mycobacterium tuberculospossibly by targeting the HisG enzyme.
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4. Experimental Section

4.1 General Chemistry
Chemicals and all solvents were commercially ab#laand used directly without

further purification.'H NMR and**C NMR spectra were determined using spectrometdf@t
and 100 MHz, respectively, with TMS (tetramethyase) as an internal standard and solvents
(CDCl;, DMSO and MeOD) with residual undeuterated sol(&iDCls: 7.26/77.0, DMSQd:
2.5/39.5 and MeOD: 3.31, 49.00). Coupling constéijtsvere reported in hertz (Hz). TH&C
NMR spectra were fully decoupled. The abbreviatiassed to characterize the signals are as
follows: s = singlet, m = multiplet, d = doublet & doublet of doublet, dt = doublet of triplet, t
= triplet, td = triplet of doublet, q = quartet,iqu= quintet, br s = broad singlet. For triplet lvit
the splitting pattern of 1:2:1, only one averagepimg constant is reported but for doublet of
doublet with the splitting pattern of 1:2:2:1, twidferent coupling constants are reported. Mass
spectra were recorded in the APCI mode at an itinizpotential (70 eV) with LCMS MSD and
GCMS in the EI mode mass spectrometers. Infra-FE0R) spectra (neat or KBr) were
determined using FT-IR spectrometer (4000-600"cnvielting points have been determined
using digital melting point apparatus. Evaporatbisolvent was done at reduced pressure, using
a rotary evaporator. HPLC of all the target commtsuhas been performed using C18 column
(4.6 x 250 mm, 5 micron,) and acetonitrile:wates:§®) as the mobile phase at 40 °C (column
temperature) utilizing 20 pL of the sample withvilsate of 1 mL mift using binary pump.
Photo diode array detector was used for at wavéier(@54 nM and 215 nM). The intermediates

2a-c, 5a [12] and final compound4da, 4b and4i [31] are reported in the literature.

Synthetic procedure for preparation of 5-substituted benzo[d]thiazole-2-car boxylate (2a-c):

To a magnetically stirred miceller solution of SD®@I4 mg, 10 mol %) in demineralised water

15



(2 mL), was added 2-aminothiopheri@ (1 mmol,) and ethyl glyoxalate (1.2 equiv) and the
mixture was stirred at rt. After completion of treaction (5 h, TLC), the reaction mixture was
extracted with EtOAc up to four times. Combined EtCextracts were dried over anhydrous
NaSOy, and concentrated under vacuum rotary evaporafioe.crude product was purified by

passing through a column of silica gel (60-120 mesid eluted with hexane-EtOAc (90:10) to

afford the purea.

4.1.1 Ethyl benzo[d]thiazole-2-car boxylate (2a): Yield: 172 mg, 83% (yellow solid), mp 68-72
“C. IR (KBr)v: 1750 cnt. 'H NMR (CDCk 400 MHz) J (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)*C
NMR (100 MHz, CDC}) & (ppm): 160.68, 158.57, 153.22, 136.78, 127.54,.0%7125.52,

122.08, 63.13, 14.29. MS (APG1)/z208.21 (M + HJ.

4.1.2 Ethyl 5-chlorobenzo[d]thiazole-2-carboxylate (2b): Yield: 176 mg, 73% (yellowish
solid), mp 91-93C. IR (KBr) v: 1743 cm. *H NMR (400 MHz, CDCJ) J (ppm): 8.24 (d,) =
1.88 Hz, 1H), 7.91 (d] = 8.68 Hz, 1H), 7.53 (dd, = 8.64, 1.96 Hz), 4.57 (§,= 7.16 Hz, 2H),
1.50 (t,J = 7.12 Hz, 3H)*C NMR (100 MHz, CDG)) § (ppm): 160.35, 160.31, 153.95, 134.98,

133.28, 128.26, 125.05, 122.89, 63.37, 14.27. MB)(En/2) 242.23 (MJ.

4.1.3 Ethyl 5-(trifluoromethyl)benzo[d]thiazole-2-carboxylate (2c): Yield: 193 mg, 70%
(white solid), mp 73-75C. IR (KBr)v: 1736 cnit. *H NMR (400 MHz, CDCY) J (ppm): 8.53 (s,
1H), 8.13 (dJ = 8.52 Hz, 1H), 7.79 (dd} = 8.52, 1.32 Hz, 1H), 4.60 (d,= 7.12 Hz, 2H), 1.52
(t, J = 7.12 Hz, 3H).**C NMR (100 MHz, CDG)) ¢ (ppm): 160.80, 160.01, 152.87, 139.93,

130.22, 129.89, 123.62, 123.59, 122.77, 122.422634.05. MS (APCI)ti/2 275.97 (M+HY.
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Synthesis of 5-substituted benzo[d]thiazole-2-carboxylic acid (5a): To the solution of (207
mg, 1 mmol) in THF (0.5 mL) at 10 °C was adde@H-H,O (42 mg, 1 mmol, lequiv) in
water (2 mL) and stirred magnetically for 30 mitidaved by drop wise addition of dil. HCI (1
N) until precipitation occurred. The precipitate svéltered and dried under rotary vacuum
evaporation (24 psi) to afforsh in 98% yield, identical (spectral data) with arthentic sample.
[12]

4.1.4 Benzo[d]thiazole-2-car boxylic acid (5a): Yield: 175 mg, 98% (white solid), mp 104-108
°C. IR (KBr)v: 1708 cni. *H NMR (400 MHz, DMSO-R): 6 (ppm): 9.43 (s, 1H), 8.19 (d,=
8.52 Hz, 1H), 8.12 (d] = 8.44 Hz, 1H), 7.57 (dt] = 1.16, 8.2 Hz, 1H), 7.51 (di,= 1.2, 8.08
Hz, 1H).°C NMR (100 MHz, DMSO-Q): 6 (ppm): 161.43, 159.98, 152.97, 136.26, 127.47,
127.15, 124.68, 122.99; MS (APG1)yz180 (M + H)",

Synthesis of benzo[d]thiazole-2-carbanilides (4, 6, 7a-x): The benzothiazole-2-carboxylic
acid 5a (179 mg, 1 mmol) in dry THF (2 mL) was treatedhwiEDI (245 mg, 1.5 mmol, 1.5
equiv). The mixture was stirred magnetically abvernight, concentrated under rotary vacuum
evaporation. The residue was diluted with freshigadl THF (2 mL) and treated with anilin8s
(2.2 mmol, 1.1 equiv) and DBU (76 mg, 0.5 mmol, 8duiv) under magnetic stirring at 60-80
°C for 6-8 h. After the completion of the reactiafi_C), solvent was evaporated from reaction
mixture under reduced pressure, reaction mixture evuted with cold water (15-20 mL) and
the mixture was allowed to stir for 10 min. Theidgirecipitate was filtered off and air dried to

furnish the pure product(6, 7a-x).

4.1.5 N-Phenylbenzo[d]thiazole-2-car boxamide (4a): White solid (160 mg, 63%), mp 156-158
°C. IR (DCM, cnt) 3359, 2922, 1677, 1595, 1532, 763, 633;NMR (400 MHz, CDCY) &

(ppm): 9.30 (s, 1H), 8.16 (d,= 8.12 Hz, 1H), 8.04 (d] = 7.72 Hz, 1H), 7.80 (dJ = 7.64 Hz,

17



2H), 7.64-7.54 (m, 2H), 7.46-7.42 (m, 2H), 7.2407 (&, 1H);*C NMR (100 MHz, CDCJ) ¢
(ppm): 164.1, 157.6, 152.7, 137.5, 137.0, 129.7,1,2127.0, 125.0, 124.4, 122.6, 119.8; HRMS
(ESI-TOF) m/z: [M + Na] Calcd for G4H10NOSNa 277.0412; Found 277.0405. HPLC

analysis: retention time = 4.283 min; peak are4%.

4.1.6 N-(p-Tolyl)benzo[d]thiazole-2-car boxamide (4b): Yield: 210 mg (78%), mp 146-148 °C.
IR (KBr) v: 3365, 1684, 1543, 1029 ém*H NMR (400 MHz, CDCJ) § (ppm): 9.22 (s, 1H),
8.12 (d,J = 8.1 Hz, 1H), 8.00 (dJ = 8.0 Hz, 1H), 7.65 (d] = 8.2 Hz, 2H), 7.60-7.50 (m, 2H),
7.21 (d,J = 8.1 Hz, 2H), 2.36 (s, 3H}*C NMR (100 MHz, CDGCJ) 6 (ppm): 164.3, 157.5,
152.7, 137.4, 134.7, 134.5, 129.8, 127.0, 126.4,312122.5, 119.8, 21.0. HRMS (ESI-TOF)
m/z: [M + NaJ Calcd for GsH1,N,NaOS 291.0568; Found 291.0563. HPLC analysis: tieten

time = 4.344 min; peak area, 99.94%.

4.1.7 N-(m-Tolyl)benzo[ d]thiazole-2-car boxamide (4c): Yield: 211 mg (79%), mp 115-117 °C.
IR (KBr) v: 3365, 1684, 1543, 1029 ¢m'H NMR (400 MHz, CDC}) ¢ (ppm): 9.22 (s, 1H),
8.11 (d,J = 8.2 Hz, 1H), 7.98 (d] = 7.9 Hz, 1H), 7.61-7.49 (m, 4H), 7.28 {t= 7.7 Hz, 1H),
7.00 (d,J = 7.5 Hz, 1H), 2.39 (s, 3H}*C NMR (100 MHz, CDGJ) ¢ (ppm): 164.3, 157.5,
152.7, 139.2, 137.5, 136.9, 129.1, 127.0, 126.9,812124.4, 122.5, 120.5, 116.9, 21.5. HRMS
(ESI-TOF) m/z: [M + Na] Calcd for GsHi2N,OSNa 291.0568; Found 291.0563. HPLC

analysis: retention time = 4.228 min; peak aresQ@%.

4.1.8 N-(o-Tolyl)benzo[d]thiazole-2-car boxamide (4d): Yield: 192 mg (72%), mp 106—-109 °C.
IR (KBr) v: 3365, 1684, 1543, 1029 ¢m'H NMR (400 MHz, CDC}) 6 (ppm): 9.26 (s, 1H),
8.18 (d,J = 8.1 Hz, 1H), 8.14 (dJ = 8.0 Hz ,1H), 8.00 (d] = 7.7 Hz, 1H), 7.61-7.50 (m, 2H),

7.31-7.25 (m, 2H), 7.13 (§,= 7.5 Hz, 1H), 2.46 (s, 3H}°C NMR (100 MHz, CDGJ) § (ppm):
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164.3, 157.6, 152.8, 137.5, 135.1, 130.6, 128.4,012127.0, 126.9, 125.4, 124.5, 122.5, 121.8,
17.7. HRMS (ESI-TOF) m/z: [M + N&|Calcd for GsH12N>OSNa 291.0568; Found 291.0563.

HPLC analysis: retention time = 4.470 min; pealag8s.92%.

4.1.9 N-(4-M ethoxyphenyl)benzo[ d]thiazol e-2-car boxamide (4e): Yield: 220 mg (75%), mp
135-139 °C. IR (KBrj: 3372, 1687, 1524, 1251 &n'H NMR (400 MHz, CDCJ) § (ppm):
9.17 (s, 1H), 8.11 (dl = 8.1 Hz, 1H), 7.99 (d] = 8.4 Hz, 1H), 7.71-7.67 (m, 2H), 7.61-7.49 (m,
2H), 6.96-6.92 (m, 2H), 3.83 (s, 3HJC NMR (100 MHz, CDG)) d (ppm): 164.4, 157.3, 156.9,
152.8, 137.4, 130.2, 127.0, 126.9, 124.3, 122.5,41214.4, 55.5. HRMS (ESI-TOF) m/z: [M +
Na]" Calcd for GsH1,N,O,SNa 307.0517; Found 307.0507. HPLC analysis: reeritme =

4.897 min; peak area, 99.91%.

4.1.10 N-(3-M ethoxyphenyl)benzo[d]thiazole-2-car boxamide (4f): Yield: 233 mg (82%), mp
125-128 °C. IR (KBry: 3365, 1674, 1544, 1261 &n'H NMR (400 MHz, CDCJ) § (ppm):
9.26 (s, 1H), 8.13 (dl = 8.1 Hz, 1H), 8.00 (dJ = 8.0 Hz, 1H), 7.61-7.50 (m, 3H), 7.32-7.22 (m,
2H), 6.74-6.74 (m, 1H), 3.86 (s, 3HJC NMR (100 MHz, CDG) § (ppm): 164.1, 160.3, 157.6,
152.7, 138.2, 137.5, 129.9, 127.1, 127.0, 124.2,5,2112.0, 111.2, 105.3, 55.4.HRMS (ESI-
TOF) m/z: [M + NaJ Calcd for GsH12N.O.SNa 307.0517; Found 307.0507. HPLC analysis:

retention time = 3.818 min; peak area, 97.30%.

4.1.11 N-(2-Methoxyphenyl)benzo[d]thiazole-2-car boxamide (4g): Yield: 213 mg (75%), mp
117-120 °C. IR (KBry: 3370, 1684, 1534, 1251 &m'H NMR (400 MHz, CDCJ) § (ppm):
9.88 (s, 1H), 8.54 (dd] = 1.6, 8.0 Hz, 1H), 8.17 (d = 8.1 Hz 1H), 7.99 (dJ = 8.0 Hz, 1H),
7.60-7.49 (m, 2H), 7.13 (di,= 1.6, 7.7 Hz, 1H), 7.04 (di,= 1.2, 7.8 Hz, 1H), 6.96 (dd,= 1.2,

8.1 Hz, 1H), 4.00 (s, 3H):°C NMR (100 MHz, CDGJ) 6 (ppm): 164.5, 157.5, 152.9, 148.7,
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137.4, 124.7, 124.6, 126.9, 126.8, 124.7, 124.8,41221.9, 121.1, 120.0, 110.2, 56.3. HRMS
(ESI-TOF) m/z: [M + Na] Caled for GsHioN>O,SNa 307.0517; Found 307.0507. HPLC
analysis: retention time = 4.893 min; peak are)P%.

4.1.12 N-(4-Chlorophenyl)benzo[d]thiazole-2-car boxamide (4h): Yield: 250 mg (87%), mp
145-150 °C. IR (KBryv: 3338, 1689, 1590, 1538 €m'H NMR (400 MHz, CDCJ) § (ppm):
9.30 (s, 1H), 8.12 (d] = 7.6 Hz, 1H), 8.00 (d] = 7.9 Hz, 1H), 7.74-7.71 (m, 2H), 7.62-7.51 (m,
2H), 7.39-7.35 (m, 2H)-*C NMR (100 MHz, CDG) § (ppm): 163.7, 157.6, 152.6, 137.4, 135.6,
130.0, 129.3, 127.2, 127.1, 124.4, 122.6, 121.0MBRESI-TOF) m/z: [M + Na&] Calcd for
C14HoCIN,OSNa 311.0022; Found 311.0015. HPLC analysis: tietetime = 7.235 min; peak
area, 99.54%.

4.1.13 N-(3-Chlorophenyl)benzo[d]thiazole-2-carboxamide (4i): Yield: 219 mg (76%), mp
131-133 °C. IR (KBryv: 3338, 1689, 1590, 1538 ém'H NMR (400 MHz, CDCJ) § (ppm):
9.28 (s, 1H), 8.12 (d] = 8.0 Hz, 1H), 7.99 (d] = 7.6 Hz, 1H), 7.88 (tJ = 2.0 Hz, 1H), 7.63-
7.51 (m, 3H), 7.32 () = 8.0 Hz, 1H), 7.17-7.15 (m, 1HYC NMR (100 MHz, CDGJ) 6 (ppm):
163.5, 157.7, 152.6, 138.1, 137.5, 135.0, 130.2,112125.0, 124.5, 122.5, 121.9, 119.9, 117.8.
HRMS (ESI-TOF) m/z: [M + Na] Calcd for G4HoCIN,OSNa 311.0022; Found 311.0015.
HPLC analysis: retention time = 7.203 min; pealag89.72%.

4.1.14 N-(2-Chlorophenyl)benzo[d]thiazole-2-carboxamide (4j): Yield: 192 mg (67%), mp
141-144 °C. IR (KBry: 3338, 1689, 1590, 1538 ém*H NMR (400 MHz, CDCJ) J (ppm):
9.92 (s, 1H), 8.58 (dd] = 1.3, 8.2 Hz, 1H), 8.18 (d}, = 8.2 Hz, 1H), 8.00 (d] = 8.0 Hz, 1H),
7.61-7.51 (m, 2H), 7.45 (dd,= 1.2, 8.0 Hz,1H), 7.35 (§ = 8.2 Hz 1H), 7.12 (dtJ = 1.2, 7.8
Hz, 1H).*%C NMR (100 MHz, CDGJ) J (ppm): 163.5, 157.8, 152.8, 137.5, 134.0, 129.3,4,2

127.1, 127.1, 125.3, 124.8, 123.5, 122.4, 121.3MBRESI-TOF) m/z: [M + Na] Calcd for
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C14HoCIN2,OSNa 311.0022; Found 311.0015. HPLC analysis: tietetime =5.203 min; peak
area, 98.23%.

4.1.15 N-(4-Fluorophenyl)benzo[d]thiazole-2-car boxamide (4k): Yield: 212 mg (78%), mp
142-145 °C. IR (KBry: 3373, 1690, 1544, 1275 ém*H NMR (400 MHz, CDCJ) § (ppm):
9.25 (s, 1H), 8.12 (d] = 8.3 Hz, 1H), 8.00 (d] = 7.8 Hz, 1H), 7.77-7.71 (m, 2H), 7.61-7.51 (m,
2H), 7.13-7.07 (m, 2H):3C NMR (100 MHz, CDGJ) § (ppm): 163.9, 161.0, 158.5, 157.6, 152.7,
137.4, 133.1, 133.1, 127.1, 127.0, 124.4, 122.%,612121.5, 116.1, 115.9. HRMS (ESI-TOF)
m/z: [M + NaJ Calcd for G4HoFN,OSNa 295.0371; Found 295.0311. HPLC analysis: tieten
time = 4.269 min; peak area, 99.06%.

4.1.16 N-(3-Fluorophenyl)benzo[d]thiazole-2-carboxamide (4l): Yield: 206 mg (76%), mp
108-110 °C. IR (KBry: 3373, 1690, 1544, 1275 ¢m'*H NMR (400 MHz, CDCJ) 6 (ppm):
9.32 (s, 1H), 8.13 (d] = 8.3 Hz, 1H), 8.00 (d] = 8.4 Hz, 1H), 7.72 (td] = 2.2, 10.7 Hz, 1H),
7.62-7.51 (m, 2H), 7.43-7.32 (m, 2H), 6.92-6.87 {iH). °C NMR (100 MHz, CDGJ) 6 (ppm):
164.3, 163.6, 161.9, 157.7, 152.6, 138.5, 138.4,5.330.4, 130.3, 127.1, 124.5, 122.6, 115.2,
115.17, 111.9, 111.6, 107.5, 107.2. HRMS (ESI-T@R): [M + NaJ Calcd for G4HsFN,OSNa
295.0371; Found 295.0311. HPLC analysis: reterttror = 3.856 min; peak area, 96.22%.
4.1.17 N-(2-Fluorophenyl)benzo[d]thiazole-2-carboxamide (4m): Yield: 184 mg (68%), mp
132-135 °C. IR (KBry: 3378, 1685, 1544, 1285 ém*H NMR (400 MHz, CDCJ) J (ppm):
9.55 (s, 1H), 8.51 (df] = 1.8, 8.1 Hz, 1H), 8.16 (d} = 8.4 Hz, 1H), 8.00 (dJ = 8.5 Hz, 1H),
7.62-7.51 (m, 2H), 7.24-7.11 (m, 3HJC NMR (100 MHz, CDCJ) 6 (ppm):165.4, 157.7, 154.0,
152.7, 151.5, 137.5, 127.1, 127.1, 125.7, 125.6,2120125.1, 124.8, 124.8, 124.7, 122.5, 121.5,
115.2, 115.0. HRMS (ESI-TOF) m/z: [M + NaFalcd for G4HoFN,OSNa 295.0371; Found

295.0311. HPLC analysis: retention time = 4.422;pegek area, 96.65%.
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4.1.18 N-(4-(Trifluoromethyl)phenyl)benzo[d]thiazole-2-carboxamide (4n): Yield: 174 mg
(54%), mp 150-153 °C. IR (KBK): 3372, 1687, 1548, 1334 ¢m*H NMR (400 MHz, CDC}) &
(ppm): 9.43 (s, 1H), 8.14 (d,= 7.9 Hz, 1H), 8.02 (dJ = 8.2 Hz, 1H), 7.90 (d] = 8.5 Hz, 2H),
7.67 (d,J = 8.6 Hz, 2H), 7.61-7.53 (m, 2HFC NMR (100 MHz, CDGJ) 6 (ppm): 163.3, 157.9,
152.6, 140.0, 137.5, 127.3, 127.2, 126.9, 126.8,62126.6, 126.5, 126.5, 124.5, 122.6, 119.5,
119.0, 114.2. HRMS (ESI-TOF) m/z: [M + NaTalcd for GsHoFsN,OSNa 345.0285; Found
345.0283. HPLC analysis: retention time = 4.516;mpeek area, 96.03%.

4.1.19 N-(3-(Trifluoromethyl)phenyl)benzo[d]thiazole-2-carboxamide (40): Yield: 183
mg(53%), mp 148-151 °C. IR (KBK): 3362, 1697, 1558, 1314 ém*H NMR (400 MHz,
CDCl) 6 (ppm): 9.40 (s, 1H), 8.15-8.12 (m, 1H), 8.08 (d),18.02-7.97 (m, 2H), 7.63-7.52 (m,
3H), 7.45 (dJ = 7.8 Hz, 1H)!*C NMR (100 MHz, CDGQ) 6 (ppm): 163.3, 157.9, 152.6, 137.6,
137.5, 132.2, 131.9, 131.6, 131.2, 130.9, 129.8,9020127.2, 127.2, 125.1, 124.5, 122.8, 122.6,
122.4, 121.5, 121.5, 121.5, 116.6, 116.6, 116.6,5LHRMS (ESI-TOF) m/z: [M + N&]Calcd

for CisHoFsN2,OSNa 345.0285; Found 345.0283. HPLC analysis: tietertime = 4.393 min;
peak area, 97.62%.

4.1.20 N-(2-(Trifluoromethyl)phenyl)benzo[d]thiazole-2-carboxamide (4p): Yield: 184 mg
(59%), mp 116-119 °C. IR (KB 3372, 1687, 1548, 1334 &m'H NMR (400 MHz, CDC))

J (ppm): 9.82 (s, 1H), 8.51 (d,= 8.3 Hz, 1H), 8.19-8.17 (m, 1H), 8.02-7.99 (m, 1A)1-7.51
(m, 4H), 7.30 (tJ = 7.6 Hz, 1H).2*C NMR (100 MHz, CDG) § (ppm): 163.1, 158.1, 152.7,
137.5, 134.6, 133.1, 127.2, 127.1, 126.4, 126.8,312126.3, 125.4, 124.9, 124.8, 123.4, 122.7,
122.4, 120.4, 120.1. HRMS (ESI-TOF) m/z: [M + N@lalcd for GsHeFsN,OSNa 345.0285;

Found 345.0283. HPLC analysis: retention time 88.8in; peak area, 98.31%.
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4.1.21 N-(4-Bromophenyl)benzo[d]thiazole-2-carboxamide (4q): Yield: 261 mg (79%), mp
149-152 °C. IR (KBr): 3328, 1648 ci. *H NMR (400 MHz, CDCY) d (ppm): 9.28 (s, 1H),
8.12 (d,J = 8.2 Hz, 1H), 8.00 (dJ = 7.9 Hz 1H), 7.69-7.66 (m, 2H), 7.62-7.50 (m, 4HC
NMR (100 MHz, CDC}) 6 (ppm): 163.7, 157.6, 152.6, 137.5, 136.1, 132.3,1,2127.1, 124 .4,
122.6, 121.4, 117.7. HRMS (ESIn/z for C;4HsBrN,OSNa [M + Naj, calc.: 354.9517;
observed: 354.9510. HRMS (ESI-TOF) m/z: [M + N@lalcd for GeHioN,ONa 271.0847;
Found 271.0846. HPLC analysis: retention time 94.8in; peak area, 97.99%.

4.1.22 N-(4-Nitrophenyl)benzo[d]thiazole-2-carboxamide (4r): Yield: 245 mg (82%), mp
151-155 °C. IR (KBr): 3398, 1668 c. *H NMR (400 MHz, CDCJ) d (ppm): 9.58 (s, 1H),
8.31 (d,J = 9.1 Hz, 2H), 8.16 (dJ = 8.1 Hz, 1H), 8.03 (d] = 7.8 Hz, 1H), 7.96 (d] = 9.1 Hz,
2H), 7.65-7.55 (m, 2H)*C NMR (100 MHz, CDG)) § (ppm): 162.7, 152.5, 150.1, 144.3, 142.7,
136.3, 132.9, 127.5, 127.4, 125.3, 124.6, 122.6,0,219.4. HRMS (ESI-TOF) m/z: [M + N3]
Calcd for G4H9N3OsSNa 322.0262; Found 322.0267. HPLC analysis: neteritme = 3.713
min; peak area, 97.56%.

4.1.23 N-(3-Nitrophenyl)benzo[d]thiazole-2-carboxamide (4s): Yield: 250 mg (84%), mp
200-202 °C. IR (KBry: 3398, 1668 ci. *H NMR (400 MHz, CDCY) ¢ (ppm): 9.50 (s, 1H),
8.65 (t,J = 2.1 Hz, 1H), 8.19-8.15 (m, 2H), 8.07-8.02 (m, 2A)%5-7.55 (m, 3H)}*C NMR
(100 MHz, CDC}) 6 (ppm): 163.0, 158.0, 152.5, 138.1, 137.5, 130.2,4,2127.3, 125.3, 124.6,
122.6, 119.5, 114.6, 107.0. HRMS (ESI-TOF) m/z: MNa]' Calcd for G4HoNsOsSNa
322.0262; Found 322.0267. HPLC analysis: reterttror = 3.658 min; peak area, 96.88%.
4.1.24 N-(3-Fluoro-4-mor pholinophenyl)benzo[d]thiazole-2-carboxamide (4t): Yield: 239
mg (67%), mp 186-188 °C. IR (KBw) 3373, 1164, 1532, 1260 &n'H NMR (400 MHz,

CDCl) 6 (ppm): 9.21 (s, 1H), 8.11 (d,= 8.1 Hz, 1H), 8.00 (d] = 7.7 Hz, 1H), 7.69 (dd] =
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2.4, 14.0 Hz, 1H), 7.61-7.47 (m, 2H), 7.37 (dds 1.4, 8.6 Hz, 1H), 6.96 (§ = 9.0 Hz, 2H),
3.88 (t,J = 4.5 Hz, 4H), 3.09 (tJ = 4.6 Hz, 4H).**C NMR (100 MHz, CDGJ) § (ppm): 163.8,
157.4, 156.6, 154.2, 152.67, 137.4, 137.1, 1373R,11, 132.0, 127.1, 127.0, 124.4, 122.5, 118.9,
118.9, 115.7, 109.0, 108.7, 67.0, 51.0. HRMS (ESFY m/z: [M]' Calcd for GgH1eFN:O,SNa
380.0845; Found 380.0835. HPLC analysis: reterttror = 4.337 min; peak area, 96.98%.
4.1.25 N-(4-M or pholinophenyl)benzo[d]thiazole-2-car boxamide (4u): Yield: 210 mg (62%),
mp 220-230 °C. IR (KBry: 3373, 1164, 1532, 1260 ¢m'H NMR (400 MHz, CDC}) § (ppm):
9.17 (s, 1H), 8.11 (d] = 8.3 Hz, 1H), 8.01 (dJ = 7.9 Hz 1H), 7.69 (td] = 3.2, 9.0 Hz, 2H),
7.60-7.49 (m, 2H), 6.95 (td, = 3.2, 9.0 Hz, 2H), 3.88 (f] = 4.7 Hz, 4H), 3.17 (t) = 4.8 Hz,
4H). *C NMR (100 MHz, CDCJ) § (ppm): 165.6, 159.4, 153.6, 137.2, 135.4, 133.@8.9,2
128.0, 127.9, 127.4, 124.0, 123.2, 44.0. HRMS (ESF) m/z: [M + NaJ Calcd for
CigH17N30,SNa 362.0939; Found 362.0936. HPLC analysis: rietertiime = 3.997 min; peak
area, 99.61%.

4.1.26 N-(2-M or pholinophenyl)benzo[d]thiazole-2-car boxamide (4v): Yield: 200 mg (59%),
mp 190-193 °C. IR (KBry: 3373, 1664, 1532, 1260 ¢mtH NMR (400 MHz, CDC}) & (ppm):
10.64 (s, 1H), 8.52 (d} = 8.0 Hz, 1H), 8.16 (dJ = 8.0 Hz 1H), 8.01 (d] = 8.1 Hz, 1H), 7.62-
7.50 (M, 2H), 7.25-7.16 (m, 3H), 4.04 Jt= 4.5 Hz 4H), 2.99 () = 4.6 Hz 4H)°C NMR (100
MHz, CDCk) J (ppm): 164.6, 157.4, 152.9, 141.8, 137.4, 132.5.0,2126.9, 125.7, 124.7,
124.5, 122.5, 120.5, 119.6, 67.7, 52.6. HRMS (ESFY m/z: [M + Na] Calcd for
Ci1gH17N30,SNa 362.0939; Found 362.0936. HPLC analysis: neteriime = 5.074 min; peak
area, 98.60%.

4.1.27 N-(3,4,5-Trimethoxyphenyl)benzo[d]thiazole-2-car boxamide (4w): Yield: 189 mg

(55%), mp 160-162 °C. IR (KBFK): 3368, 1665, 1510, 1319 &m'H NMR (400 MHz, CDCY) ¢
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(ppm): 9.21 (s, 1H), 8.13 (d,= 8.3 Hz, 1H), 8.02 (dJ = 8.4 Hz, 1H), 7.62-7.54 (m, 2H), 7.10
(s, 2H), 3.92 (s, 6H), 3.86 (s, 3HFC NMR (100 MHz, CDGJ) ¢ (ppm): 164.1, 157.5, 153.5,
152.7, 137.4, 135.2, 133.0, 127.1, 127.0, 124.3,61D7.4, 61.0, 56.2. HRMS (ESI-TOF) m/z:
[M + Na]" Calcd for G/H16N-04SNa 367.0728; Found 367.0723. HPLC analysis: rietetitne

= 4.232 min; peak area, 96.56%.

4.1.28 N-M esitylbenzo[d]thiazole-2-car boxamide (4x): Yield: 177 mg (60%), mp 155-157 °C.
IR (KBr) v: 3369, 1672, 1515, 1320 ¢m'H NMR (400 MHz, CDCY) 6 (ppm): 8.72 (s, 1H),
8.13 (d,J = 7.9 Hz, 1H), 8.01 (d] = 7.6 Hz, 1H), 7.59-7.52 (m, 2H), 6.96 (s, 2HBL(S, 3H),
2.29 (s, 6H)X*C NMR (100 MHz, CDG)) § (ppm): 163.8, 158.2, 152.9, 137.5, 137.4, 135.2,
130.1, 129.1, 126.9, 126.9, 124.4, 122.5, 21.(65.18RMS (ESI-TOF) m/z: [M + N&]Calcd for
Ci7H16N2OSNa 319.0881; Found 319.0877. HPLC analysis: tieterime = 4.283 min; peak
area, 97.48%.

4.1.29 5-Chloro-N-phenylbenzo[d]thiazole-2-carboxamide (6a): Yield: 216 mg (75%), mp
160-162 °C. IR (KBrv: 3366, 1681, 1536, 1308 &dn'H NMR (400 MHz, CDCJ) J (ppm):
9.22 (s, 1H), 8.13 (d] = 8.6 Hz, 1H), 7.93 (d] = 8.6 Hz, 1H), 7.78 (d] = 7.8 Hz, 2H), 7.52
(dd,J = 1.8, 8.6 Hz, 1H), 7.44 (§ = 7.8 Hz, 2H), 7.23 () = 7.4 Hz, 1H)*C NMR (100 MHz,
CDCl) 6 (ppm): 166.0, 157.2, 153.5, 136.8, 135.7, 133.8.3,2127.6, 125.2, 124.1, 123.3,
119.9. HRMS (ESI-TOF) m/z: [M + N&Falcd for GHieN,0SNa 311.0022; Found 311.0011.
HPLC analysis: retention time = 4.345 min; pealag89.39%.

4.1.30 5-Chloro-N-(p-tolyl)benzo[d]thiazole-2-car boxamide (6b): Yield: 247 mg, (82%), mp
140-142 °C. IR (KBry: 3365, 1684, 1543, 1029 &m'H NMR (400 MHz, CDCJ) § (ppm):
9.15 (s, 1H), 8.09 (g, = 1.8 Hz, 1H), 7.91 (d] = 8.6 Hz, 1H), 7.64 (d] = 8.4 Hz, 2H), 7.49 (dd,

J=1.9, 8.6 Hz, 1H), 7.21 (d = 8.2 Hz, 2H), 2.36 (s, 3H}3C NMR (100 MHz, CDCJ) §
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(ppm): 166.2, 157.0, 153.5, 135.6, 134.9, 134.3.1,3129.8, 127.5, 124.0, 123.3, 119.9, 21.0.
HRMS (ESI-TOF) m/z: [M + Na&] Calcd for GsH1:CIN;OSNa 325.0178; Found 325.0172.
HPLC analysis: retention time = 4.771 min; pealag86.12%.

4.1.31 5-Chlor o-N-(m-tolyl)benzo[d]thiazole-2-car boxamide (6¢): Yield: 229 mg (76%), mp
138-142 °C. IR (KBryv: 3365, 1684, 1543, 1029 €m'H NMR (400 MHz, CDCJ) § (ppm):
9.17 (s, 1H), 8.10 (d] = 1.9 Hz, 1H), 7.91 (d] = 8.6 Hz, 1H), 7.60 (s, 1H), 7.56 @@= 8.3 Hz,
1H), 7.5 (dd,J = 1.9, 8.6 Hz, 2H), 7.29 (§,= 7.8 Hz, 1H), 7.02 (d] = 7.5 Hz, 1H), 2.40 (s, 3H).
13C NMR (100 MHz, CDG)) 6 (ppm): 166.2, 157.1, 153.5, 139.3, 136.7, 135.8.1,3129.1,
127.6, 126.0, 124.0, 123.3, 120.5, 117.0, 21.5. ISRESI-TOF) m/z: [M + Nd] Calcd for
C15H1:CIN2,OSNa 325.0178; Found 325.0172. HPLC analysis: tietetime = 4.613 min; peak
area, 98.55%.

4.1.32 5-Chloro-N-(o-tolyl)benzo[d]thiazole-2-carboxamide (6d): Yield: 225 mg (74%), mp
179-181 °C. IR (KBrv: 3365, 1684, 1543, 1029 &dn'H NMR (400 MHz, CDCJ) J (ppm):
9.20 (s, 1H), 8.18-8.14 (m, 2H), 7.92 (b= 8.6 Hz, 1H), 7.50 (dd] = 1.6, 8.6 Hz, 1H), 7.31-
7.25 (m, 2H), 7.14 ( = 7.4 Hz, 1H), 2.45 (s, 3H}*C NMR (100 MHz, CDG))  (ppm): 166.2,
157.2, 153.5, 135.7, 134.9, 133.1, 130.7, 128.3,62127.1, 125.5, 124.2, 1233, 121.8, 17.7.
HRMS (ESI-TOF) m/z: [M + Nd] Calcd for GsH1:CIN;OSNa 325.0178; Found 325.0172.
HPLC analysis: retention time = 4.500 min; pealag86.45%.

4.1.33 5-Chloro-N-(4-methoxyphenyl)benzo[d]thiazole-2-car boxamide (6€): Yield: 248 mg
(78%), mp 160-163 °C. IR (KBK): 3370, 1684, 1534, 1251 émtH NMR (400 MHz, CDCY) ¢
(ppm): 9.12 (s, 1H), 8.09 (d,= 1.7 Hz, 1H), 7.91 (d] = 8.6 Hz, 1H), 7.68 (d] = 8.9 Hz, 2H),
7.49 (dd,J = 1.8, 8.6 Hz, 1H), 6.94 (dl = 9.0 Hz, 2H), 3.83 (s, 3H}°C NMR (100 MHz,

CDCl) ¢ (ppm): 166.3, 157.0, 156.9, 153.5, 135.6, 133.1.4,3127.5, 124.0, 123.3, 121.5,
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114.4, 55.5. HRMS (ESI-TOF) m/z: [M + NaCalcd for GsH11CIN,O,SNa 341.0127; Found
341.0119. HPLC analysis: retention time = 4.697;mpeek area, 96.46%.

4.1.34 5-Chloro-N-(3-methoxyphenyl)benzo[d]thiazole-2-car boxamide (6f): Yield: 252 mg
(79%), mp 139-142 °C. IR (KBK): 3370, 1684, 1534, 1251 &mtH NMR (400 MHz, CDC}) &
(ppm): 9.22 (s, 1H), 8.14 (d,= 1.8 Hz, 1H), 7.94 (d] = 8.6 Hz, 1H), 7.55-7.51 (m, 2H), 7.33 (t,
J=8.1Hz, 1H), 7.25 (d] = 8.2 Hz, 2H), 6.78 (dd] = 2.1, 8.1 Hz, 1H), 3.88 (s, 3HJC NMR
(100 MHz, CDC}) 6 (ppm): 165.0, 159.3, 156.2, 152.4, 137.0, 134.8,2,3129.9, 126.6, 123.1,
122.3, 111.1, 110.3, 104.4, 54.4. HRMS (ESI-TOR):fM + NaJ Calcd for GsH1:CIN,O.SNa
341.0127; Found 341.0119. HPLC analysis: reterttror = 4.927 min; peak area, 96.04%.
4.1.35 5-Chloro-N-(2-methoxyphenyl)benzo[d]thiazole-2-car boxamide (6g): Yield: 216 mg
(69%), mp 163-167 °C. IR (KBK): 3370, 1684, 1534, 1251 &mtH NMR (400 MHz, CDCY) &
(ppm): 9.84 (s, 1H), 8.51 (dd,= 1.2, 8.0 Hz, 1H), 8.17 (d,= 1.8 Hz, 1H), 7.91 (d] = 8.6 Hz,
1H), 7.49 (dd,J = 1.8, 8.6 Hz, 1H), 7.14 (df,= 1.4, 8.0 Hz, 1H), 7.03 (§,= 7.7 Hz, 1H), 6.97
(d, J = 8.1 Hz, 1H), 4.00 (s, 3H}*C NMR (100 MHz, CDGCJ) 6 (ppm): 166.3, 157.1, 153.7,
148.6, 135.6, 133.0, 127.4, 126.6, 124.9, 124.3,22121.2, 120.0, 110.2, 55.9. HRMS (ESI-
TOF) m/z: [M + Na]J Calcd for GsH11CIN2O.SNa 341.0127; Found 341.0119. HPLC analysis:
retention time = 5.030 min; peak area, 95.03%.

4.1.36 5-Chloro-N-(4-chlorophenyl)benzo[d]thiazole-2-carboxamide (6h): Yield: 270 mg
(84%), mp 170-181 °C. IR (KB¥): 3338, 1689, 1590, 1538 &mtH NMR (400 MHz, CDCY) ¢
(ppm): 9.21 (s, 1H), 8.09 (d,= 1.88 Hz, 1H), 7.91 (dl = 8.64 Hz, 1H), 7.64-7.70 (m, 2H), 7.50
(dd,J = 2.0, 8.6 Hz, 1H), 7.39-7.36 (m, 2HJC NMR (100 MHz, CDCJ) & (ppm): 165.6, 157.2,

153.4, 135.6, 135.4, 133.3, 130.2, 129.3, 127.8,112123.3, 121.1. HRMS (ESI-TOF) m/z: [M
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+ NaJ Calcd for G4HgCloN,OSNa 344.9632; Found 344.9651. HPLC analysis: tietetime =
7.025 min; peak area, 99.03%.

4.1.37 5-Chloro-N-(3-chlorophenyl)benzo[d]thiazole-2-carboxamide (6i): Yield: 279 mg
(86%), mp 168-170 °C. IR (KBK): 3338, 1689, 1590, 1538 &mtH NMR (400 MHz, CDC}) &
(ppm): 9.24 (s, 1H), 8.10 (d,= 1.9 Hz, 1H), 7.94 (dJ = 8.6 Hz, 1H), 7.90 (t) = 1.9 Hz, 1H),
7.63 (ddJ = 1.2, 8.2 Hz, 1H), 7.53 (dd,= 1.9, 8.6 Hz, 1H), 7.36 (§,= 8.1 Hz, 1H) 7.20 (dd]
= 1.0, 8.0 Hz, 1H)}*C NMR (100 MHz, CDG)) § (ppm): 165.4, 157.2, 153.4, 137.9, 135.7,
135.0, 133.3, 130.3, 127.8, 125.2, 124.1, 123.8,0,217.9. HRMS (ESI-TOF) m/z: [M + Na]
Calcd for G4HsCl,N,OSNa 344.9632; Found 344.9651. HPLC analysis: tietetime = 5.027
min; peak area, 98.06%.

4.1.38 5-Chloro-N-(2-chlorophenyl)benzo[d]thiazole-2-carboxamide (6j): Yield: 250 mg
(74%), mp 195-197 °C. IR (KBK): 3338, 1689, 1590, 1538 &mtH NMR (400 MHz, CDC}) &
(ppm): 9.90 (s, 1H), 8.58 (dd,= 1.4, 8.3 Hz, 1H), 8.21 (d,= 2.0 Hz, 1H), 7.95 (d] = 8.6 Hz,
1H), 7.53 (dd,J = 2.0, 8.6 Hz, 1H), 7.48 (dd,= 1.4, 8.0 Hz, 1H), 7.40-7.36 (m, 1H), 7.16 (i,
= 1.5, 7.8 Hz, 1H)*C NMR (100 MHz, CDG)) § (ppm): 165.4, 157.3, 153.5, 135.7, 133.8,
133.2, 129.4, 127.9, 127.7, 125.5, 124.4, 123.8,21221.3. HRMS (ESI-TOF) m/z: [M + Na]
Calcd for G4HsCl,N,OSNa 344.9632; Found 344.9651. HPLC analysis: tietetime = 7.232
min; peak area, 99.68%.

4.1.39 5-Chloro-N-(4-fluor ophenyl)benzo[d]thiazole-2-car boxamide (6k): Yield: 220 mg
(72%), mp 163-165 °C. IR (KBK): 3373, 1690, 1544, 1275 émtH NMR (400 MHz, CDCY) ¢
(ppm): 9.50 (s, 1H), 8.49 (di,= 1.6, 8.1 Hz, 1H), 8.16 (d,= 1.9 Hz, 1H), 7.93 (J = 8.7 Hz,
1H), 7.51 (ddJ = 2.0, 8.6 Hz, 1H), 7.24-7.14 (m, 3HJC NMR (100 MHz, CDG)) & (ppm):

165.2, 157.3, 154.0, 153.5, 151.6, 135.7, 133.3,8120125.6, 125.5, 125.4, 125.3, 124.8, 124.8,
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124.3, 123.2, 1215, 115.3, 115.1. HRMS (ESI-TOF)zzm[M + NaJ Calcd for
C14HsCIFN,OSNa 328.9928; Found 328.9922. HPLC analysis: tietetime = 4.804 min; peak
area, 95.27%.

4.1.40 5-Chloro-N-(3-fluorophenyl)benzo[d]thiazole-2-carboxamide (6l): Yield: 215 mg
(71%), mp 147-150 °C. IR (KBK): 3373, 1690, 1544, 1275 &mtH NMR (400 MHz, CDCY) &
(ppm): 9.25 (s, 1H), 8.11 (d,= 1.8 Hz, 1H), 7.92 (d] = 8.6 Hz, 1H), 7.71 (td] = 1.9, 10.5 Hz,
1H), 7.51 (dd) = 2.0, 8.6 Hz, 1H), 7.42-7.33 (m, 2H), 6.93-6.88 (H)."*C NMR (100 MHz,
CDCL) § (ppm): 165.5, 164.3, 161.9, 157.3, 153.4, 138.8.2,3135.7, 133.3, 130.5, 130.4,
127.8, 124.1, 123.3, 115.3, 115.2, 112.1, 111.9,6,0.07.3. HRMS (ESI-TOF) m/z: [M + N3]
Calcd for G4HsCIFN,OSNa 328.9928; Found 328.9922. HPLC analysis: tietetime = 4.037
min; peak area, 96.91%.

4.1.41 5-Chloro-N-(2-fluor ophenyl)benzo[d]thiazole-2-car boxamide (6m): Yield: 205 mg
(67%), mp 152-155 °C. IR (KBK): 3373, 1690, 1544, 1275 &mtH NMR (400 MHz, CDC}) &
(ppm): 9.49 (s, 1H), 8.48 (1,= 8.1 Hz, 1H), 8.15 (s, 1H), 7.92 @= 8.6 Hz, 1H), 7.50 (dd] =
1.6, 8.6 Hz, 1H), 7.23-7.12 (m, 3HC NMR (100 MHz, CDCJ) & (ppm): 165.2, 157.3, 154.0,
153.5, 151.5, 135.6, 133.3, 127.8, 125.5, 125.8,412125.3, 124.8, 124.8, 124.3, 123.2, 121.5,
115.3, 115.1. HRMS (ESI-TOF) m/z: [M + Naalcd for G4sHgCIFN,OSNa 328.9928; Found
328.9922. HPLC analysis: retention time = 4.425;mpeek area, 95.46%.

4.1.42 5-Chloro-N-(4-(trifluor omethyl)phenyl)benzo[d]thiazole-2-car boxamide (6n): Yield:
230 mg (65%), mp 134-137 °C. IR (KBr) 3372, 1687, 1548, 1334 &m*H NMR (400 MHz,
CDCl) 5 (ppm): 9.40 (s, 1H), 8.44 (s, 1H), 8.17 Jd= 8.5 Hz, 1H), 7.93 (d] = 8.5 Hz, 2H),
7.80 (d,J = 7.4 Hz, 1H), 7.71 (d] =8.5 Hz, 2H)*C NMR (100 MHz, CDG)) & (ppm): 165.6,

157.3, 152.1, 140.6, 139.7, 130.2, 129.8, 127.8,72126.6, 126.6, 126.6, 125.2, 123.6, 123.5,

29



123.5, 123.5, 123.4, 121.9, 121.9, 121.8, 121.8,6AHRMS (ESI-TOF) m/z: [M + N&[Calcd
for C1sHgCIFsN,OSN& 378.9890; Found 378.9886. HPLC analysis: reterttioe = 4.764 min;
peak area, 97.96%.

4.1.43 5-Chloro-N-(3-(trifluor omethyl)phenyl)benzo[d]thiazole-2-car boxamide (60): Yield:
240 mg (67%), mp 144-147 °C. IR (KBr) 3372, 1687, 1548, 1334 ¢m'H NMR (400 MHz,
DMSO) § (ppm): 11.56 (s, 1H), 8.43 (s, 1H), 8.48 J&; 8.5 Hz, 2H), 8.27 (s, 1H), 8.21 (@=
7.7 Hz, 1H), 7.73-7.66 (m, 2H), 7.56 (®z= 7.0 Hz, 1H)!*C NMR (100 MHz, CDGJ) 6 (ppm):
166.9, 158.8, 153.9, 139.1, 135.7, 132.5, 130.5,113129.8, 127.9, 125.2, 124.9, 123.8, 123.2,
121.5, 121.4, 121.4, 121.3, 117.6, 117.5, 117.3,4LHRMS (ESI-TOF) m/z: [M + N&[Calcd
for CysHsCIFsN,OSNa 378.9896; Found 378.9873. HPLC analysis: tietetime = 4.900 min;
peak area, 99.48%.

4.1.44 5-Chloro-N-(2-(trifluoromethyl)phenyl)benzo[d]thiazole-2-car boxamide (6p): Yield:
179 mg (51%), mp 141-143 °C. IR (KBr) 3372, 1687, 1548, 1334 ¢m'H NMR (400 MHz,
CDCL) 5 (ppm): 11.5 (s, 1H), 8.39 (s, 1H), 8.33 {d= 8.7 Hz, 1H), 8.33 (dJ = 8.4 Hz, 1H),
7.70-7.62 (m, 2H), 7.53 (d,= 7.8 Hz, 1H)**C NMR (100 MHz, CDGCJ) 6 (ppm): 167.0, 158.8,
153.9, 139.1, 135.7, 132.5, 130.5, 129.8, 127.8,312124.9, 123.8, 121.4, 117.5. HRMS (ESI-
TOF) m/z: [M + NaJ Calcd for GsHgCIFsN,OSNa 378.9896; Found 378.9891. HPLC analysis:
retention time = 4.898 min; peak area, 99.00%.

4.1.45 5-Chloro-N-(4-bromophenyl)benzo[d]thiazole-2-carboxamide (6q): Yield: 288 mg
(79%), mp 155-157 °C. IR (KBK): 3328, 1648 cr. *H NMR (400 MHz, CDC}) § (ppm): 9.21
(s, 1H), 8.10 (dJ = 1.9 Hz, 1H), 7.92 (d] = 8.6 Hz, 2H), 7.67-7.65 (m, 2H), 7.54-7.49 (m,)3H

3C NMR (100 MHz, CDG) 6 (ppm): 165.5, 157.2, 153.4, 135.9, 135.7, 133.2.3,3127.8,
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124.1, 123.3, 121.4, 117.9. HRMS (ESI-TOF) m/z: fvNaJ Calcd for G4HgBrCIN,OSNa
388.9127; Found 388.9119. HPLC analysis: reterttror = 4.676 min; peak area, 95.90%.
4.1.46 5-Chloro-N-(4-nitrophenyl)benzo[d]thiazole-2-carboxamide (6r): Yield: 185 mg
(56%), mp 215-217 °C. IR (KBN: 3398, 1668 ci. 'H NMR (400 MHz, DMSO+CDG) ¢
(ppm): 10.80 (s, 1H), 8.91 (s, 1H), 8.27 J& 6.4 Hz, 1H), 8.13 (d] = 1.8 Hz, 1H), 8.01 (d] =
8.5 Hz, 2H), 7.60-7.53 (m, 2H}*C NMR (100 MHz, DMSO+CDG) ¢ (ppm): 170.5, 163.1,
158.3, 153.2, 143.6, 140.3, 137.7, 134.5, 132.5,113128.7, 128.3, 124.0, 120.2. HRMS (ESI-
TOF) m/z: [M + NaJ Calcd for G4HgCIN3OsSNa 355.9873; Found 355.9869. HPLC analysis:
retention time = 3.918 min; peak area, 97.94%.

4.1.47 5-Chloro-N-(3-nitrophenyl)benzo[d]thiazole-2-car boxamide (6s): Yield: 226 mg
(68%), mp 262-263 °C. IR (KBN: 3367, 1658 cm. *H NMR (400 MHz, DMSO+CDG) ¢
(ppm): 10.88 (s, 1H), 8.26 (d,= 9.2 Hz, 2H), 8.17-8.14 (m, 3H), 8.02 (t= 8.7 Hz, 1H), 7.56-
7.54 (m, 1H)XC NMR (100 MHz, DMSO+CDG) 6 (ppm): 170.4, 166.6, 163.2, 158.4, 148.5,
148.4, 140.3, 137.8, 132.6, 129.5, 128.7, 128.8,21217.6. HRMS (ESI-TOF) m/z: [M + N3]
Calcd for G4HsCIN3OsSNa 355.9873; Found 355.9869. HPLC analysis: netertiime = 3.365
min; peak area, 95.92%.

4.1.48 5-Chloro-N-(3-fluor o-4-mor pholinophenyl)beno[d]thiazole-2-carboxamide  (6t):
Yield: 243 mg (62%), mp 203-205 °C. IR (KBr) 3373, 1164, 1532, 1260 ¢in'H NMR (400
MHz, CDCL) & (ppm): 9.15 (s, 1H), 8.09 (d,= 1.8 Hz, 1H), 7.92 (d] = 8.6 Hz, 1H), 7.67 (dd,
J=2.3,13.9 Hz, 1H), 7.50 (dd= 1.9, 8.6 Hz, 1H), 7.36 (dd,= 5.3 Hz, 1H), 6.96 (§ = 9 Hz,
1H), 3.88 (t,J = 4.5 Hz, 4H), 3.09 (t) = 9.1 Hz, 4H)**C NMR (100 MHz, CDGJ) 6 (ppm):

165.6, 159.4, 153.6, 137.2, 135.4, 133.0, 128.8,A12127.9, 127.4, 124.0, 123.2, 44.0. HRMS
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(ESI-TOF) m/z: [M] Calcd for GgHisCIFNsO,SNa 414.0450; Found 414.0447. HPLC
analysis: retention time = 4.340 min; peak are)P%.

4.1.49 5-Chloro-N-(4-mor pholinophenyl)benzo[d]thiazole-2-car boxamide (6u): Yield: 212
mg (57%), mp 170-175 °C. IR (KBF): 3373, 1164, 1532, 1260 ém'H NMR (400 MHz,
CDCl)  (ppm): 9.11 (s, 1H), 8.10 (d,= 1.9 Hz, 1H), 7.91 (d] = 8.6 Hz, 1H), 7.67 (d] = 9.0
Hz, 2H), 7.49 (dd,) = 2.0, 8.6 Hz, 1H), 6.95 (d = 9.0 Hz, 2H), 3.88 (t) = 4.7 Hz, 4H), 3.17
(t, J = 4.8 Hz, 4H)."*C NMR (100 MHz, CDGJ) ¢ (ppm): 166.4, 156.8, 153.5, 148.8, 135.6,
133.1, 129.5, 127.5, 124.0, 123.3, 121.1, 116.3,68.5. HRMS (ESI-TOF) m/z: [M + N&]
Calcd for GgH16CIN3O,SNa 396.0549; Found 396.0543. HPLC analysis: netenime = 5.074

min; peak area, 98.62%.

4.1.50 5-Chloro-N-(2-mor pholinophenyl)benzo[d]thiazole-2-car boxamide (6v): Yield: 249
mg (67%), mp 165-172 °C. IR (KBK): 3373, 1164, 1532, 1260 ém'H NMR (400 MHz,
CDCL) § (ppm): 10.61 (s, 1H), 8.50 (d,= 7.7 Hz, 1H), 8.14 (d) = 1.8 Hz, 1H), 7.93 (d] =
8.6 Hz, 1H), 7.50 (dd] = 1.9, 8.6 Hz, 1H), 7.26-7.15 (m, 3H), 4.04Xt 4.4 Hz, 4H), 2.99 (t]
= 4.5 Hz, 4H).2*C NMR (100 MHz, CDGJ) 6 (ppm): 166.5, 156.9, 153.6, 141.8, 135.6, 133.1,
132.4, 127.5, 124.9, 124.1, 123.3, 120.6, 119.67,62.6. HRMS (ESI-TOF) m/z: [M + N3]
Calcd for GgH16CIN3O,SNa 396.0549; Found 396.0543. HPLC analysis: rietenime = 4.284
min; peak area, 96.08%.

4.1.51 5-Chloro-N-(3,4,5-trimethoxyphenyl)benzo[d]thiazole-2-car boxamide (6w): Yield:
219 mg (58%), mp 220-222 °C. IR (KBr) 3367, 1671, 1512, 1323 ém'H NMR (400 MHz,
CDCL) § (ppm): 9.15 (s, 1H), 8.10 (d,= 1.8 Hz, 1H), 7.92 (dJ = 8.6 Hz, 1H), 7.51 (dd] =
2.0, 8.6 Hz, 1H), 7.08 (s, 2H), 3.92 (s, 6H), 3(863H).*C NMR (100 MHz, CDGJ) 5 (ppm):

166.0, 157.1, 153.6, 153.5, 135.6, 135.4, 132.2,.9.3127.7, 124.0, 123.3, 97.5, 61.0, 56.2.
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HRMS (ESI-TOF) m/z: [M + Nd]Caled for G/HisCIN,NaQ:S 401.0339; Found 401.0333.

HPLC analysis: retention time = 3.995 min; pealag8y.09%.

4.1.52 5-Chloro-N-mesitylbenzo[d]thiazole-2-carboxamide (6x): Yield: 190 mg (58%), mp
157-159 °C. IR (KBrv: 3369, 1672, 1515, 1320 &dn'H NMR (400 MHz, CDCJ) J (ppm):
8.66 (s, 1H), 8.12 (d] = 1.92 Hz, 1H), 7.93 (d] = 8.6 Hz, 1H), 7.50 (dd] = 2.0, 8.6 Hz, 1H),
6.96 (s, 2H), 2.31 (s, 3H), 2.87 (s, 6HjC NMR (100 MHz, CDGJ) 6 (ppm): 157.7, 157.1,
153.7, 137.6, 135.6, 135.2, 133.0, 129.9, 129.7,512124.1, 123.2, 21.0, 18.5. HRMS (ESI-
TOF) m/z: [M + Na] Calcd for G7H1sCINOSNa 353.0491; Found 353.0485. HPLC analysis:

retention time = 4.345 min; peak area, 99.39%.

4.1.53 N-Phenyl-5-(trifluoromethyl)benzo[d]thiazole-2-carboxamide (7a): Yield: 250 mg
(78%), mp 131-133 °C. IR (KBu) 3289, 1661, 1542, 1317 &m'H NMR (400 MHz, CDC}) &
(ppm): 9.22 (s, 1H), 8.41 (s, 1H), 8.13 &k 8.5 Hz, 1H), 7.78-7.75 (m, 3H), 7.43Jt= 7.6 Hz,
2H), 7.22 (tJ = 7.4 Hz, 1H)**C NMR (100 MHz, CDGJ) 6 (ppm): 166.5, 157.0, 153.2, 140.6,
136.7, 130.0, 129.6, 129.3, 125.3, 123.3, 123.3,31223.2, 121.8, 121.8, 121.7, 121.7, 119.9.
HRMS (ESI-TOF) m/z: [M + N&]Calcd for GsHoF3N,OSNa 345.0285; Found 345.0280. HPLC

analysis: retention time = 4.289 min; peak areshb &%.

4.1.54 N-(p-Tolyl)-5-(trifluoromethyl)benzo[d]thiazole-2-car boxamide (7b): Yield: 262 mg
(78%), mp 181-185 °C. IR (KBFK): 3365, 1684, 1543, 1029 émtH NMR (400 MHz, CDCY) ¢
(ppm): 9.17 (s, 1H), 8.39 (s, 1H), 8.12 Jc 8.4 Hz, 1H), 7.75 (d] = 8.4 Hz, 1H), 7.65 (d] =
8.0 Hz, 2H), 7.22 (dJ = 10.5 Hz, 2H), 2.37 (s, 3H}*C NMR (100 MHz, CDGJ) 6 (ppm):

166.6, 156.8, 152.3, 140.6, 135.1, 134.2, 129.9,812123.3, 123.2, 123.2, 123.1, 123.1, 121.7,
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121.7, 121.6, 121.6, 119.9, 21.0. HRMS (ESI-TOR:ifM + NaJ" Calcd for GeH11FsN,OSNa

359.0442; Found 359.0433. HPLC analysis: reterttror = 4.456 min; peak area, 97.71%.

4.1.55 N-(m-Tolyl)-5-(trifluoromethyl)benzo[d]thiazole-2-car boxamide (7c): Yield: 266 mg
(79%), mp 128-130 °C. IR (KBK): 3365, 1684, 1543, 1029 &mtH NMR (400 MHz, CDC}) &
(ppm): 9.18 (s, 1H), 8.40 (s, 1H), 8.13 Jcs 7.5 Hz, 1H), 7.76 (d] = 7.5 Hz, 1H), 7.61 (s, 1H),
7.57 (d,J = 7.2 Hz, 1H), 7.31 (tJ = 7.8 Hz, 1H), 7.03 (d] = 7.6 Hz, 1H), 2.41 (s, 3H}°C
NMR (100 MHz, CDC4)  (ppm): 166.6, 156.9, 152.2, 139.3, 136.6, 129.9,8,2129.1, 126.1,
125.3, 123.4, 123.3, 123.3, 123.3, 123.2, 123.3,22122.6, 121.7, 120.5, 117.0, 21.5. HRMS
(ESI-TOF) m/z: [M + Na] Calcd for GeHi:FsN,OSNa 359.0442; Found 359.0433. HPLC

analysis: retention time = 4.971 min; peak area2 @%.

4.1.56 N-(o-Tolyl)-5-(trifluoromethyl)benzo[d]thiazole-2-car boxamide (7d): Yield: 249 mg
(72%), mp 136-139 °C. IR (KBK): 3365, 1684, 1543, 1029 &mtH NMR (400 MHz, CDCY) &
(ppm): 9.23 (s, 1H), 8.44 (s, 1H), 8.19 Jd= 8.0 Hz, 1H), 8.13 (d] = 8.5 Hz, 1H), 7.76 (d] =
7.85 Hz, 1H), 7.32-7.26 (m, 2H), 7.15 = 7.6 Hz, 1H), 2.46 (s, 3H}*C NMR (100 MHz,
CDCl;) 6 (ppm): 161.1, 160.0, 148.0, 146.5, 143.3, 134.9.2,3128.2, 128.1, 127.6, 127.6,
127.2, 122.6, 122.4, 115.9, 114.9, 114.9, 114.%.33RMS (ESI-TOF) m/z: [M + N&]Calcd
for CieH11FsN2OSNa 359.0442; Found 359.0437. HPLC analysis: tietertime = 4.228 min;

peak area, 99.90%.

4157  N-(4-Methoxyphenyl)-5-(trifluoromethyl)benzo[d]thiazole-2-carboxamide  (7e):
Yield: 299 mg (85%), mp 163-166 °C. IR (KBr) 3370, 1684, 1534, 1251 ¢nrH NMR (400
MHz, CDCE) ¢ (ppm): 9.14 (s, 1H), 8.39 (s, 1H), 8.12 Jd; 8.5 Hz, 1H), 7.75 (dd] = 1.0, 8.4

Hz, 1H), 7.69 (d,J = 9.0 Hz, 2H), 6.95 (d] = 9.0 Hz, 1H), 3.83 (s, 3H}°C NMR (100 MHz,
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CDCl) ¢ (ppm): 166.7, 157.1, 156.7, 152.3, 140.6, 129.9.64,2125.3, 123.3, 123.2, 123.1,
123.1, 122.6, 121.7, 121.6, 121.6, 121.6, 121.8,5,555.5. HRMS (ESI-TOF) m/z: [M + N3]
Calcd for GgH11F3NoNaG,S 375.0391; Found 375.0381. HPLC analysis: retertioe = 3.829

min; peak area, 99.47%.

4.1.58 N-(3-M ethoxyphenyl)-5-(trifluor omethyl)benzo[d]thiazole-2-car boxamide (7f): Yield:

290 mg (82%), mp 135-137 °C. IR (KBr) 3370, 1684, 1534, 1251 ¢m*H NMR (400 MHz,
CDCL) § (ppm): 9.24 (s, 1H), 8.43 (s, 1H), 8.15 {d= 8.5 Hz, 1H), 7.78 (dd] = 1.1, 8.5 Hz,
1H), 7.54 (tJ = 2.1 Hz, 1H), 7.34 () = 8.0 Hz, 1H), 7.28-7.24 (m, 1H), 6.79 (dds 1.8, 7.6
Hz, 1H), 3.88 (s, 3H)*C NMR (100 MHz, CDGCJ) § (ppm): 166.4, 160.4, 157.0, 152.2, 140.6,
137.9, 130.0, 129.7, 125.3, 123.3, 123.3, 123.3,2223.2, 122.6, 121.8, 121.8, 121.7, 121.7,
112.1, 111.4, 105.5, 55.4. HRMS (ESI-TOF) m/z: [MNa&] Calcd for GgH11FsN.O>SNa

375.0391; Found 375.0385. HPLC analysis: reterttror = 3.825 min; peak area, 99.47%.

4159  N-(4-Methoxyphenyl)-5-(trifluoromethyl)benzo[d]thiazole-2-car boxamide  (7Q):
Yield: 264 mg (75%), mp 157-160 °C. IR (KBr) 3370, 1684, 1534, 1251 ¢m*H NMR (400
MHz, CDCk) § (ppm): 9.87 (s, 1H), 8.52 (dd= 1.5, 8.0 Hz, 1H), 8.47 (s, 1H), 8.12 {d= 8.5

Hz, 1H), 7.74 (ddJ = 1.3, 8.5 Hz, 1H), 7.15 (di,= 1.6, 7.8 Hz, 1H), 7.04 (di,= 1.1, 7.92 Hz,
1H), 6.97 (dd, 1.1, 8.1 Hz, 1H), 4.01 (s, 34)C NMR (100 MHz, CDG) & (ppm): 166.8,
156.9, 152.4, 148.7, 140.6, 129.8, 126.6, 125.8,0120123.1, 123.1, 123.0, 122.6, 122.0, 121.9,
121.9, 121.9, 121.2, 120.0, 110.3, 55.9. HRMS (ESF) m/z: [M + NaJ Calcd for
Ci6H11F3N20,SNa 375.0391; Found 375.0387. HPLC analysis: retetime = 4.624 min; peak

area, 95.40%.

35



4.1.60 N-(4-Chlorophenyl)-5-(trifluoromethyl)benzo[d]thiazole-2-car boxamide (7h): Yield:
308 mg (87%), mp 170-172 °C. IR (KBr) 3338, 1689, 1590, 1538 ¢m*H NMR (400 MHz,
CDCL) 6 (ppm): 9.23 (s, 1H), 8.39 (s, 1H), 8.13 Jds 8.5 Hz, 1H), 7.77-7.71 (m, 3H), 7.38 (dd,
J=1.9, 7.0 Hz, 2H)*3C NMR (100 MHz, CDGJ) J (ppm): 166.0, 157.0, 152.1, 140.6, 135.3,
130.4, 130.1, 129.7, 129.4, 123.4, 123.4, 123.3,31222.5, 121.8, 121.8, 121.7, 121.7, 121.1.
HRMS (ESI-TOF) m/z: [M + Nd]Calcd for GsHsCIFsN,OSNa 378.9896; Found 378.9884.

HPLC analysis: retention time = 4.329 min; pealag86.27%.

4.1.61 N-(3-Chlorophenyl)-5-(trifluoromethyl)benzo[d]thiazole-2-carboxamide (7i): Yield:
270 mg (76%), mp 123-126 °C. IR (KBr) 3338, 1689, 1590, 1538 ¢m'H NMR (400 MHz,
CDCL) 5 (ppm): 9.24 (s, 1H), 8.40 (s, 1H), 8.13 {d= 8.5 Hz, 1H), 7.89 (] = 2.0 Hz, 1H),
7.77 (dd,J = 1.3, 8.5 Hz, 1H), 7.63-7.60 (m, 1H), 7.34 (m)1¥C NMR (100 MHz, CDCJ) §
(ppm): 165.9, 157.1, 152.1, 140.6, 137.8, 135.0,3,3130.1, 129.8, 125.4, 125.2, 123.4, 123.4,
123.4, 123.4, 121.8, 121.8, 121.8, 120.0, 117.9MBRESI-TOF) m/z: [M + Na]Calcd for
C1sHsCIFsN,OSNa 378.9896; Found 378.9881. HPLC analysis: tietetime = 4.370 min; peak

area, 96.12%.

4.1.62 N-(2-Chlorophenyl)-5-(trifluor omethyl)benzo[d]thiazole-2-carboxamide (7j): Yield:
239 mg (67%), mp 176-178 °C. IR (KBr) 3338, 1689, 1590, 1538 ¢m*H NMR (400 MHz,
CDCL) § (ppm): 9.22 (s, 1H), 8.40 (d,= 8.5 Hz, 1H), 7.77-7.73 (m, 1H), 7.12 (= 8.5 Hz,
1H). *C NMR (100 MHz, CDG)) 6 (ppm): 165.9, 157.1, 152.3, 140.6, 133.7, 129.4,.9,2
125.6, 123.6, 123.4, 123.4, 123.3, 123.3, 122.2,212122.1, 122.1, 121.3. HRMS (ESI-TOF)
m/z: [M + NaJ Calcd for GsHgCIFsN,OSN& 378.9890; Found 378.9885. HPLC analysis:

retention time = 5.185 min; peak area, 96.63%.
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4.1.63 N-(4-Fluorophenyl)-5-(trifluoromethyl)benzo[d]thiazole-2-car boxamide (7k): Yield:
266 mg (78%), mp 120-122 °C. IR (KBr) 3373, 1690, 1544, 1275 ¢m*H NMR (400 MHz,
CDCL) 6 (ppm): 9.22 (s, 1H), 8.40 (s, 1H), 8.13 Jds 8.5 Hz, 1H), 7.77-7.73 (m, 3H), 7.12 {t,

= 8.5 Hz, 2H)*C NMR (100 MHz, CDGJ) J (ppm): 166.2, 161.1, 158.7, 156.9, 152.2, 140.6,
132.8, 130.0, 129.7, 123.4, 123.3, 123.3, 123.2,81221.7, 121.7, 121.7, 121.6, 116.2, 116.0.
HRMS (ESI-TOF) m/z: [M + Nd&]Calcd for GsHgFsN->NaOSNa 363.0191; Found 363.0182.

HPLC analysis: retention time = 3.854 min; pealag82.70%.

4.1.64 N-(3-Fluorophenyl)-5-(trifluoromethyl)benzo[d]thiazole-2-car boxamide (71): Yield:
259 mg (76%), mp 110-114 °C. IR (KBr) 3373, 1690, 1544, 1275 ém'H NMR (400 MHz,
CDCL) 6 (ppm): 9.27 (s, 1H), 8.41 (d,= 8.1 Hz, 2H), 7.78-7.70 (m, 2H), 7.7-7.34 (m, 2H)
6.94-6.89 (m, 2H)**C NMR (100 MHz, CDG) § (ppm): 165.9, 164.3, 161.9, 157.1, 152.1,
140.6, 138.2, 138.1, 130.5, 130.4, 130.1, 129.3,212123.4, 123.4, 123.4, 123.3, 122.5, 121.8,
121.8, 121.8, 121.7, 115.3, 115.2, 112.2, 112.8,6,0.07.3. HRMS (ESI-TOF) m/z: [M + N3]
Calcd for GsHgF4sN2NaOSNa 363.0191; Found 363.0189. HPLC analysientiein time = 4.028

min; peak area, 97.27%.

4.1.65 N-(2-Fluor ophenyl)-5-(trifluoromethyl)benzo[d]thiazole-2-car boxamide (7m): Yield:
250 mg (74%), mp 145-149 °C. IR (KBr) 3373, 1690, 1544, 1275 ¢m'H NMR (400 MHz,
CDCl) § (ppm): 9.51 (s, 1H), 8.51-8.45 (m, 2H), 8.13Jc& 8.5 Hz, 1H), 7.76 (dd] = 1.2, 8.5
Hz, 1H), 7.24-7.13 (m, 3H}3C NMR (100 MHz, CDG)) 6 (ppm): 165.7, 157.1, 154.0, 152.2,
151.6, 140.6, 130.0, 129.7, 125.5, 125.4, 125.8,312124.8, 124.8, 123.4, 123.3, 123.3, 122.5,
122.0, 122.0, 121.5, 115.3, 115.1. HRMS (ESI-TOR): fM + NaJ' Calcd for GsHgFsN,OSNa

363.0191; Found 363.0185. HPLC analysis: reterttror = 3.855 min; peak area, 95.37%.
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4.1.66 5-(Trifluoromethyl)-N-(4-(trifluor omethyl)phenyl)benzo[d]thiazole-2-car boxamide
(7n): Yield: 280 mg (72%), mp 155-159 °C. IR (KBr)3372, 1687, 1548, 1334 &m'H NMR
(400 MHz, CDC}) ¢ (ppm): 9.43 (s, 1H), 8.14 (d,= 7.9 Hz, 1H), 8.02 (dJ = 8.2 Hz, 1H), 7.90
(d,J = 8.5 Hz, 2H), 7.67 (d] = 8.6 Hz, 2H), 7.61-7.53 (m, 1H)*C NMR (100 MHz, CDCJ) §
(ppm): 163.6, 157.9, 152.6, 140.0, 137.5, 127.3,3,2126.9, 126.7, 126.6, 126.6, 126.5, 126.5,
124.5, 122.6, 119.5, 119.0, 114.2. HRMS (ESI-TOR):fiM + NaJ Calcd for GeHgFsN,OSNa

413.0159; Found 413.0162. HPLC analysis: reterttior = 4.365 min; peak area, 96.99%.

4.1.67 5-(Trifluoromethyl)-N-(3-(trifluoromethyl)phenyl)benzo[d]thiazole-2-car boxamide
(70): Yield: 276 mg (71%), mp 145-147 °C. IR (KBr)3372, 1687, 1548, 1334 &m'H NMR
(400 MHz, CDC¥) 6 (ppm): 9.37 (s, 1H), 8.41 (s, 1H), 8.15 {d= 8.5 Hz, 1H), 8.09 (s, 1H),
7.97 (d,J = 8.0 Hz, 1H), 7.78 (dJ = 8.5 Hz, 1H), 7.55 (t) = 7.8 Hz, 1H), 7.47 (dJ = 7.8 Hz,
1H). °C NMR (100 MHz, CDGJ) J (ppm):165.7, 157.3, 152.1, 140.6, 137.3, 132.0,.7,31
130.2, 129.9, 129.8, 125.2, 123.5, 123.5, 123.83,4120122.9, 122.4, 121.9, 121.9, 121.8, 121.8,
116.8, 116.7, 116.7, 116.6. HRMS (ESI-TOF) m/z: fMNa] Calcd for GgHgFsN.OSNa

413.0159; Found 413.0162. HPLC analysis: reterttror = 5.022 min; peak area, 98.50%.

4.1.68 5-(Trifluoromethyl)-N-(2-(trifluoromethyl)phenyl)benzo[d]thiazole-2-car boxamide
(7p): Yield: 260 mg (67%), mp 121-124 °C. IR (KBr)3372, 1687, 1548, 1334 &dm'H NMR
(400 MHz, CDC}) d (ppm): 9.38 (s, 1H), 8.43 (s, 1H), 8.17 {d= 8.5 Hz, 1H), 8.12 (s, 1H),
7.99 (d,J = 8.2 Hz, 1H), 7.80 (dd] = 1.3, 8.5 Hz, 1H), 7.58 (§,= 7.9 Hz, 1H), 7.50 (d] = 7.8
Hz, 1H).**C NMR (100 MHz, CDG)) § (ppm): 165.7, 157.3, 152.1, 140.6, 137.3, 132.0,23

130.2, 129.9, 125.2, 123.5, 123.5, 123.5, 123.2,92121.9, 121.9, 121.8, 121.8, 116.8, 116.7,
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116.7, 116.7. HRMS (ESI-TOF) m/z: [M + NaTalcd for GeHgFsN,OSNa 413.0159; Found

413.0162. HPLC analysis: retention time = 4.345;peak area, 99.65%.

4.1.69 N-(4-Bromophenyl)-5-(trifluoromethyl)benzo[d]thiazole-2-car boxamide (7q): Yield:
259 mg (65%), mp 176-179 °C. IR (KBv) 3328, 1648 ci. *H NMR (400 MHz, CDC}) §
(ppm): 9.22 (s, 1H), 8.40 (s, 1H), 8.13 §d= 8.5 Hz, 1H), 7.77 (dd] = 1.0, 8.4 Hz, 1H), 7.68-
7.66 (m, 2H), 7.55-7.52 (m, 2H)*C NMR (100 MHz, CDG)) § (ppm): 166.0, 157.0, 152.1,
140.6, 135.8, 132.3, 132.0, 130.1, 129.8, 123.3,3120123.3, 123.8, 121.8, 121.7, 121.7, 121.4,
118.0, 116.7. HRMS (ESI-TOF) m/z: [M + Naalcd for GsHgBrFsN,NaOSNa 422.9391;

Found 422.9388. HPLC analysis: retention time ©@./hin; peak area, 98.46%.

4.1.70 N-(4-Nitrophenyl)-5-(trifluoromethyl)benzo[d]thiazole-2-car boxamide (7r): Yield:
245 mg (67%), mp 175-180 °C. IR (KBm): 3398, 1668 cm. 'H NMR (400 MHz,
DMSO+CDCE) § (ppm): 11.51 (s, 1H), 8.45 (s, 1H), 8.37 d& 8.5 Hz, 1H), 8.24 (s, 4H), 7.85
(s, 1H).**C NMR (100 MHz, DMSO+ CDG) § (ppm): 171.4, 163.4, 157.3, 148.9, 148.5, 145.4,
139.6, 134.1, 129.5, 129.1, 128.2, 123.2, 128.8,112126.3, 126.3, 126.3, 126.2, 125.6, 118.6,
112.6. HRMS (ESI-TOF) m/z: [M + N&]Calcd for GsHsFsN3NaO;S 390.0136; Found

390.0144. HPLC analysis: retention time = 3.667;mpeek area, 96.23%.

4.1.71 N-(3-Nitrophenyl)-5-(trifluoromethyl)benzo[d]thiazole-2-car boxamide (7s): Yield:
189 mg (51%), mp 188-189 °C. IR (KBv) 3398, 1668 ci. *H NMR (400 MHz, CDCY) &
(ppm): 9.48 (s, 1H), 8.70 (§,= 2.1 Hz, 1H), 8.44 (s, 1H), 8.19-8.16 (m, 2H)L®B(dd,J = 1.4,
8.2 Hz, 1H), 7.81 (ddJ = 1.1, 8.5 Hz, 1H), 7.63 (§ = 8.2 Hz, 1H).23C NMR (100 MHz,
CDCL) § (ppm): 165.2, 157.4, 154.5, 152.1, 148.8, 140.6,.9,3136.0, 130.2, 125.4, 123.7,

123.6, 123.6, 123.6, 123.4, 121.9, 121.9, 121.9,8,2119.8, 114.8. HRMS (ESI-TOF) m/z: [M
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+ NaJ Calcd for GsHgF3sN3OsSNa 390.0136; Found 390.0106. HPLC analysis: rigtetime =

3.668 min; peak area, 96.24%.

4.1.72 N-(3-Fluor o-4-mor pholinophenyl)-5-(trifluor omethyl)benzo[d]thiazole-2-
carboxamide (7t): Yield: 250 mg (59%), mp 201-205 °C. IR (KBr) 3373, 1164, 1532, 1260
cm™. 'H NMR (400 MHz, CDCY) 6 (ppm): 9.18 (s, 1H), 8.39 (s, 1H), 8.13 {ds 8.5 Hz, 1H),
7.76 (d,J = 8.1 Hz, 1H), 7.69 (dd] = 2.3, 13.9 Hz, 1H), 7.37 (d, = 7.4 Hz, 1H), 6.97 (1) =

9.0 Hz, 1H), 3.89 (t) = 4.4 Hz, 4H), 3.10 (tJ = 4.6 Hz, 4H)*C NMR (100 MHz, CDGJ) ¢
(ppm): 166.2, 156.8, 156.6, 152.2, 140.6, 137.4,3,3131.7, 131.6, 129.7, 123.4, 123.3, 122.5,
121.7,121.7, 119.0, 118.9, 115.8, 115.8, 109.8,8 (7.0, 51.0. HRMS (ESI-TOF) m/z: [M +
Na]" Calcd for GgH1sF4sNz0,SNa 448.0719; Found 448.0709. HPLC analysis: rieterime =

4.059 min; peak area, 99.67%.

4.1.73 N-(4-Morpholinophenyl)-5-(trifluor omethyl)benzo[d]thiazole-2-car boxamide (7u):
Yield: 227 mg (56%), mp 191-194 °C. IR (KBr) 3373, 1164, 1532, 1260 ¢m*H NMR (400
MHz, CDCh) 6 (ppm): 9.15 (s, 1H), 8.41 (s, 1H), 8.15 J&= 8.5 Hz, 1H), 7.75 (d) = 1.2, 8.5
Hz, 1H), 7.70 (dJ = 9.0 Hz, 2H), 6.98 (d] = 9.0 Hz, 2H), 3.92 (t) = 4.7 Hz 4H), 3.20 (t) =
4.8 Hz 4H)."*C NMR (100 MHz, CDG)) ¢ (ppm): 166.8, 156.6, 152.3, 148.9, 140.6, 129.3,
123.3, 123.2, 123.1, 123.1, 123.0, 121.7, 121.8,6,2121.5, 121.2 116.2, 66.9, 49.4. HRMS
(ESI-TOF) m/z: [M + Na] Calcd for GgHi6FsN3O0>SNa 430.0813; Found 430.0808. HPLC

analysis: retention time = 4.051 min; peak area) Bh.

4.1.75 N-(2-Morpholinophenyl)-5-(trifluoromethyl)benzo[d]thiazole-2-carboxamide (7v):
Yield: 276 mg (68%), mp 179-182 °C. IR (KBr) 3373, 1164, 1532, 1260 ¢nrH NMR (400

MHz, CDCE) 6 (ppm): 10.65 (s, 1H), 8.55-8.53 (m, 1H), 8.431(d), 8.17 (d,J = 8.5 Hz, 1H),
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7.79 (dd,J = 1.2, 8.5 Hz, 1H), 7.30-7.19 (m, 3H), 4.07J& 4.4 Hz, 4H), 3.02 () = 4.6 Hz,
4H). **C NMR (100 MHz, CDGCJ) ¢ (ppm): 167.0, 156.8, 152.5, 141.9, 140.6, 132.3.0,3
129.6, 125.8, 125.0, 123.3, 123.2, 123.2, 123.3,112121.8, 121.8, 121.8, 120.7, 120.7, 119.7,
67.8, 52.7. HRMS (ESI-TOF) m/z: [M + Nalalcd for GgH16FsN30,SNa 430.0813; Found

430.0805. HPLC analysis: retention time = 4.612;peak area, 95.47%.

4.1.76 5-(Trifluoromethyl)-N-(3,4,5-trimethoxyphenyl)benzo[d]thiazole-2-car boxamide
(7w): Yield: 255.67 mg (62%), mp 225-227 °C. IR (KBr)3364, 1668, 1514, 1325 &m'H
NMR (400 MHz, CDC}) 6 (ppm): 9.17 (s, 1H), 8.40 (s, 1H), 8.14 Jc 8.5 Hz, 1H), 7.77 (dd]

= 1.2, 8.5 Hz, 1H), 7.09 (s, 2H), 3.92 (s, 6H),63(8, 3H).**C NMR (100 MHz, CDGCJ) §
(ppm): 166.4, 156.9, 153.6, 152.2, 140.6, 135.2,8,3129.7, 123.4, 123.3, 123.3, 123.3, 123.2,
121.7, 121.6, 121.6, 121.6, 97.5, 61.0, 56.2. HRMSI-TOF) m/z: [M + Na] Calcd for
CigH15F3N204SNa 435.0602; Found 435.0597. HPLC analysis: netetime = 4.610 min; peak
area, 94.94%.

4.1.77 N-Mesityl-5-(trifluoromethyl)benzo[d]thiazole-2-carboxamide (7x): Yield: 207 mg
(57%), mp 159-161 °C. IR (KBK): 3369, 1672, 1515, 1320 &m*H NMR (400 MHz, CDC}) &
(ppm): 8.71 (s, 1H), 8.44 (s, 1H), 8.16 Jc: 8.5 Hz, 1H), 7.78 (dd] = 1.0, 8.4 Hz, 1H), 6.99 (s,
2H), 2.34 (s, 3H), 2.32 (s, 6H}°C NMR (100 MHz, CDG) 6 (ppm): 166.1, 157.6, 152.4,
140.6, 137.7, 135.1, 129.9, 129.5, 129.1, 125.3,31223.2, 123.1, 123.1, 123.1, 121.8, 121.8,
121.8, 121.7, 21.0, 18.5. HRMS (ESI-TOF) m/z: [MNa]" Calcd for GgHisFsN,NaOS

387.0755; Found 387.0748. HPLC analysis: reterttror = 4.235 min; peak area, 97.63%.
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4.2. Biological Evaluation
4.2.1 Deter mination of Minimum Inhibitory Concentration

Two-fold serial dilutions of each test compoundfflwere prepared and incorporated into agar
medium with oleic acid, albumin, dextrose, and les& growth supplement to get final
concentrations of 50, 25, 12.5, 6.25, 3.125, 1&5@l 0.78ug/mL. Inoculum ofM. tuberculosis
ATCC 27294 was prepared from fresh agar slants gvithwth supplement adjusted to 1 mg/ mL
(wet weight) in Tween 80 (0.05%) saline dilutedL®? to give a concentration ef107 colony
forming unit (cfu)/mL. Five microliters of this berial suspension was spotted onto agar tubes
containing different concentrations of the drugdessussed above. The tubes were incubated at
37 °C, and final readings (as MIC jug/mL) were determined after 28 days. The MIC igroksf
as the minimum concentration of compound requiedjive complete inhibition of bacterial
growth. This method is similar to that recommenthgdthe National Committee for Clinical
Laboratory Standards for the determination of MiQriplicate.[17] Isoniazid (INH), Rifampin
(R), Ethambutol (E), Pyrazinamide (Z) and Cipro#ioin (Cfx) was procured from commercial

sources.

4.2.2 Invitro Cell Viability Assay

In-vitro cell viability of the anti-TB compounds thi MIC < 6.25 pg/mL was determined
against RAW 264.7 cell lines at 50 pg/mL concdidra After 72 h of exposure, viability was
assessed on the basis of cellular conversion of [Y3-[4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide)] assay into a formazan prodisihg the non-radioactive cell proliferation

assay.
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4.3. Molecular Docking

Molecular docking simulations for identification gbutative binding site of the
compounds {w, 4i, 4n) on Mtb HisG was done using the Autodock Vina[23The 3D co-
ordinates of the compounds were prepared using FlR®Berver[26]. The crystal structure for
Mycobacterium tuberculosidisG obtained from RSC PDB (PDB entry 1NH8) [24swsed as
a model for analysis. Mtb HisG (1NH8) also contdi®éMP bound to its active site, which was
extracted prior to docking. The surface of HisG wasered in a grid space of 58Ax74 Ax80A
with a grid spacing of 1.0 A. The compounds weresidered as a flexible molecule and were
docked onto HisG, which was taken as a rigid mdé&edDther parameters were kept as default.
Docking experiments were performed with an exhaasgss of 30. The receptor and ligand
molecules were converted into .pdbgt format usingoéock Tools 1.5.6 [27]. Out of the nine
possible ligand conformations generated at theogémadch run, the ligand conformation with the
highest affinity was selected as a model for thedioig site of compound on HisG and was

further studied using PyMOL [28].

Appendix A. Supplementary data

Supplementary data related to this article carobed at http://dx.doi.org/10.1016/j.ejmech.
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Figure 3. Graphical representation of anti-TB activity prefibf the compounds with MI€
6.25 pg/mL along with the standard drugs.

Figure 4. Graphical representation of cytotoxicity profilé @ompounds with MIC< 6.25
pa/mL.

Figure 5. (a-c) Docking pose ofw, 4i and4n with HisG (PDB: 1NH8) as determined using
Autodock Vina. (d) Docked structures of two repdridisG inhibitors [18]. Yellow dashed

shows HB and dashed blue shows electrostatic titers.

Figure 6. (a) Docking alignment of PR-ATP, natural substictéelisG (PDB: 1NH8) with7w,
4i and4n. (b) Superimposed docked poses of nitrobenzotheadetivative with7w, 4i and4n.
(c) Superimposed docked poses of thiophene deresatith 7w, 4i and4n. Different ligands
have been coded with respective colors: PR-Adange),7w (magenta)4i (pink), 4n (blue),

nitrobenzothiazole derivative (yellow) and thiopheterivative (white).
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Table 1. Synthesis oN-arylbenzothiazole-2-carbanilides from benzothiazbicarboxylic acid

5a-c via CDI mediated amide coupling.

O OFEt

/C[SH HHO @iSHO LiIOH-H,0 (1 equiv) @[SHO
R NH, water R N  OEt THF-H,0,0-10°C, R N  OH
SDOSS (10 mol%) 1-2h
1a:R'=H rt, 8-12 h 2a:R'=H, 83% 5a: R'=H, 98%
1b: R'=Cl 2b: R'=Cl, 73% 5b: R' = Cl, 92%
1¢: R'=CF; 2¢: R' = CF3, 70% 5¢: R' = CF3, 89%
JCDI (1.5 equiv)
dry THF, rt, 12 h
__NH, ry r
S>_<O Rz—\ | N
RVC:N/ HN@ , (3a-x) S i,j
4/6/7Ta-x R DBU (0.5 equiv) /@ />_<\
72 Compounds dry THF, eooC, 12h R? N o
(60-80%)
Entry Compd No. R? R? Yield® (%)
1 4a H H 70
2 4b H 4-CHs 78
3 4c H 3-CH; 79
4 4 H 2- CH; 72
5 de H 4-OCH; 85
6 Af H 3-OCH; 82
7 4qg H 2-OCH; 75
8 4h H 4-Cl 87
9 4 H 3-Cl 76
10 4 H 2-Cl 67
11 4k H 4-F 78
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

4
4m

4n

4p

4r
4s
4t
4u
4y
4w
4x
6a
6b
6C
6d
6e
6f
69
6h
6i
6]
6k
6l
6m

6n

I T T T T T I T I I I T I

0000000000000 o

3-F
2-F
4-Ch
3-Chk
2-Ck
4-Br
4-NG,
3-NO,

3-Fluoro-4-morpholinyl

4-Morpholinyl
2-Morpholinyl
3,4,5-(OCH);3
2,4,6-(CH)3

H

4-CHs

3-CH;

2-CH;
4-OCH
3-OCH
2-OCH

4-Cl

3-ClI

2-Cl

4-F

3-F

2-F

4-CRy

76
68
54
53
59
79
82
84
67
62
59
55
60
75
82
76
74
78
79
69
84
86
74
72
71
67
65
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

60
6p
6q
or
6s
6t
6u
6v
6w
6X
7a
7b
7c
7d
e
7f
g
7h
7i
7]
7k
7l
m
m
70
7p
q

Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Ch
Ch
Ch
Ch
CR
Ch
Ch
Ch
Ch
Ch
Ch
Ch
Ch
Ch
CR
Ch
Ch

3-CRk

2-CR

4-Br

4-NO,

3-NO,
3-Fluoro-4-morpholinyl
4-Morpholinyl
2-Morpholinyl
3,4,5-(OCH);3
2,4,6-(CH)s3
H

4-CHs

3-CH;

2-CH;
4-OCH;
3-OCHy
2-OCH

4-Cl

3-ClI

2-Cl

4-F

3-F

2-F

4-Ch

3-Ch

2-Ch

4-Br

67
51
59
56
68
62
57
67
58
76
78
78
79
72
85
82
75
87
76
67
78
76
74
72
71
67
65

52



66
67
68
69
70
71
72

s
s
Tt
Tu
v
w

X

Ch
Ch
Ch
Ch
Ch
Ch
Ch

4-NO, 67
3-NG, 51
3-Fluoro-4-morpholinyl 59
4-Morpholinyl 56
2-Morpholinyl 68
3,4,5-(OCH);3 62
2,4,6-(CH)3 57

®Reaction of 5-substituted-bendithiazole-2-carboxylic acid5a-c) with CDI (2.5 equiv) in
freshly dried THF for 12 h at rt followed by remdwé THF, addition of fresh dry THF aromatic
amine and DBUPIsolated vyield of final compound&Characterized by IR, NMR'fl and**C)

and MS (El/ ESI).

Table 2. The anti-TB activity and in vitro cell viabilityfat, 6, and7a-x and a few standard anti-

TB drugs againdl. tuberculosiHs/Rv (ATCC 27294).

RAW 2647 %

Entry Compd No. MIC (ng/mL) MIC (UM)? i hibitior?

1 2a 25 120.63 -

2 2b 3.125 12.93 37.40

3 2c 6.25 22.71 29.12

4 da 25 98.31 -

5 4b 12.5 46.58 -

6 4c >25 >93.17 -

7 4d >25 >03.17 -
21.98

8 4e 6.25 24.56

9 4f >25 >87.93 -

10 49 3.125 10.99 16.70
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

4h
4i
4
4k
4
4dm
an
40
4p
4q
a4r
4s
4t
4u
4v
4w
4x
6a
6b
6c
6d
6e
6f
69
6h
Gi
6]

>25
0.78
1.56
>25
6.25
3.125
0.78
12.5
12.5
>25
6.25
0.78
>25
1.56
12.5
0.78
1.56
25
1.56
6.25
25
25
0.78
25
0.76
25
25

>86.58
2.70
5.40
>901.81
22.95
11.48
2.42
38.78
38.78
>75.03
20.88
2.61
>69.95
4.60
36.83
2.26
5.26
86.58
5.15
20.64
82.57
78.42
2.45
78.42
2.35
77.35
77.35

26.78
24.00

20.90

24.89
13.56

35.64
38.42

18.90

30.12
17.90

22.65

52.16

18.67

28.90
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38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

6k
6l
6m
6N
60
6p
60
6r
6s
6t
6u
6V
6w
6X
7a
7b
7c
7d
e
7f
g
7h
7i
7]
7k
7l

m

1.56
1.56
1.56
1.56
25
25
1.56
25
12.5
12.5
0.78
25
25
25
25
1.56
1.56
25
0.78
1.56
1.56
0.78
12.5
25
25
12.5
25

5.09
5.09
5.09
4.37
70.08
70.08
4.24
74.91
37.45
31.90
2.09
66.87
65.99
75.57
77.57
4.64
4.64
74.33
2.21
4.43
4.43
2.19
35.04
70.08
73.47
36.73
73.47

34.56
29.07
18.14
40.97

47.80
34.56

35.68
26.75
43.21
36.70
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65 m 25 64.05 -

66 70 6.25 16.01 19.80
67 7P 0.78 2.00 27.80
68 7q 25 62.31 -
69 Tr 0.78 2.12 32.65
70 7s 25 68.06 4
71 7t 12.5 29.38 -
72 7u 25 61.36 )
73 v 12.5 30.68 -
74 w 0.78 1.89 23.45
75 7x 25 68.61 -
76 INH 0.098 - -
77 R 0.197 - -
78 E 1.56 - -
79 z 6.25 - -
80 Cfx 1.56 - -

299% inhibition of M. tuberculosisHs;Rv ATCC 27294 strain® inhibition at 50 pg/mL

concentration determined against RAW 264.7 ceddi
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Figure 3. Graphical representation of anti-TB activity prefof the compounds with MIE€ 6.25
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Figure 5. (a-c) Docking pose ofw, 4i and4n with HisG (PDB: 1NH8) as determined using
Autodock Vina. (d) Docked structures of two repdridisG inhibitors [18]. Yellow dashed

shows HB and dashed blue shows electrostatic citers.
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(®)

Figure 6. (a) Docking alignment of PR-ATP, natural substrate &§G&1(PDB: 1NH8) with7w,
4i and4n. (b) Superimposed docked poses of nitrobenzotlgaderivative with7w, 4i and4n.
(c) Superimposed docked poses of thiophene derevatith 7w, 4i and4n. Different ligands
have been coded with respective colors: PR-ATPn@g@p 7w (magenta)4i (pink), 4n (blue),

nitrobenzothiazole derivative (yellow) and thiopbeaterivative (white).
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* Benzof]thiazole-2-carbanilides reported as new chemotgsesnti-TB agents.

* The designed compounds were synthesized using Gldiated amidation following a
green synthetic protocol.

* Thirty-two compounds were found with potent MICwaé M. tuberculosis).

* The most active compounds with MIC of 0.78 pg/mhbibked therapeutic index of 64.

» The SAR analysis of benatjfhiazole-2-carbanilides has been performed.

* Molecular docking of the three most active beditbjazole-2-carbanilides have been

performed onto the active site of HisG and compé#odd/o reported HisG inhibitors.



