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ABSTRACT

In connection with our research program on the lbgwveent of novel anti-tubercular candidates,
herein we report the design and synthesis of twiferént sets of indole-thiazolidinone
conjugates&a,b; 11a-d) and (4a-k; 15a-h). The target compounds were evaluated for timeir
vitro antibacterial and antifungal activities againsésted human pathogerg. Staphylococcus
aureus (Gram positiveve) Pseudomonas aeruginosa, Escherichia cofliram negative)
Mycobacterium tuberculosifAcid-fast bacteria) Aspergillus fumigates and Candida albicans
(fungi). Moreover, eukaryotic cell-toxicity was testew an integratecex vivodrug screening
model in order to evaluate the selective therapeutiex (SI) towards antimicrobial activity
when microbes are growing inside primary immunédscéllso, the cytotoxicity towards a panel
of cancer cell lines and human lung fibroblast rareell line, WI-38 cells, was explored to
assure their safety. Compouttlb emerged as a hit in this study with potent brgagcsum
antibacterial (MIC: 0.39-0.98 pg/ml) and antifung@iC: 0.49-0.98 pg/ml) activities, in
addition to its ability to kill mycobacteri®l. auruminside an infected macrophage model with
good therapeutic window. Moreover, compouhsb displayed promising activity towards
resistant bacteria strains MRSA and VRE with MICuea equal 3.90 and 7.81 pg/mL,



respectively. These results suggest compodBd as a new therapeutic lead with good

selectivity for further optimization and developrhen
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1. Introduction

With the regular rise of antimicrobial resistan@dViR) to our best available last stage of
antibiotics, our advance medical system is raprdlgching towards apocalypse by having no
available treatment and millions of death alonghwat serious threat of a return to the pre-
antibiotic era. If there is no action taken plaben there is an estimate of drug-resistant
infections that will kill 10 million people a yedry 2050 [1]. It is truly difficult to treat an ever
increasing range of infections caused by superlfteg@stant bacteria, parasites, viruses and

fungi) due to serious lack of effective antibiotics

Although antibacterial resistance is a widely retpgd public health threat, but the burden
of drug-resistant fungal infections are also an rging issue [2]. Other than ESKAPE and
MRSA, Tuberculosis (TB) is still having continuogkbal impact on the health worldwide, as
nearly one-third of the world's population is ditgcand indirectly infected with TB [3]. In
2016, Asia occupied the first rank in new TB casath about 45% of the total new cases
followed by Africa with 25% of the new cases [4jeWrtheless, multi-drug resistant (MDR) TB
and extremely drug resistant (XDR) TB are rapidiyeeged, increasing the urgency to develop
new antiTB agents based on innovative scaffoldss thcking the cross resistance with current
therapeutics. Continuous efforts in all differemedtions to develop broad spectrum as well as
specific and targeted drugs against different nliesy are required. A recent strategy to design
new agents based on hybridization of different pteanophores binding diverse biomolecular

targets to gain an effective therapy against desgstant infectious diseases [5].

As per recent report, only eight out of the 51 teeogicals in clinical development are new
class of drugs that could add value to the curtteertapies while most of others are only short-
term solutions [6]. During the last two decadesazblidinone ring has emerged as novel
important core in many chemotherapeutic agentsiap&hen conjugated with substituted
aminothiazoles derivatives. For example, the arhiaable derivativd was found to exhibit
promising antibacterial and antifungal activiti&$. [Moreover, ethyl 2-amino-4-methylthiazole-
5-carboxylate derivativell revealed potent activity against the virulent $pecof M.
tuberculosisH37Rv [8]. Therefore, our research team was mtdtato synthesize some
thiazolidinone/2-amino-4-methylthiazole  hybrids heg 5-acetyl/5-ethyl carboxylate

functionalities as potential anti-tubercular agg8}s Among the synthesized hybrids, compound
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11 exhibited good antitubercular effect (MIC=1.n6/mL) with broad spectrum antibacterial
and antifungal activities [9]. It possessed an Bentsafety profile with high selectivity toward
M. tubercolosisover normal human lung cells (selectivity index213) and considered as good
lead for further optimization. Literature survewealed that, the antimicrobial spectrum and
potency of thiazolylamino-thiazoledinone derivativean be manipulated by changing type or
nature of arylidene substituent at position 5 aézbledinone ring. It was reported that the
incorporation of indolyl moiety as inN'-[(1H-indol-3-yl)methylene]-isonicotinohydrazide
derivative(lV) or 2-oxindolyl moiety as in (1,3,4-thiadiazol-2-4yhino)indolin-2-one derivative
(V) showed excellent to good anti-tubercular actijify, 11]. Thus, in continuation of our team
work to obtain an optimized scaffold with potentidgnbercular, antibacterial and antifungal
activities [12-15], two series of thiazolylaminddholidinone hybrids were designed in which
the 5-pyridylidene moiety in the hybridl was replaced biN-(un)substituted 5-[#-indol-3-
yl)methylene] moiety in compounda,b and1la-d or by (un)substituted-2-oxindole in series
14a-k and15a-h to study the effect of such structure modificasi@m activity Figure 1). As a
part of the urgent focus on the discovery of ndeatl molecules to fuel the pipeline of antibiotic
design, discovery and development in order to g&athké alarming emergence of antimicrobial
resistance, we aim to explore the potential of fewel chemical entities with their promising
antimicrobial activities and broad-spectrum modeanfibiotic action. The target compounds
8a,b, 11a-d, 14a-k and15a-h will be evaluated for thein vitro anti-tubercular, antibacterial and
antifungal activities against selected human pathegiz. M. tuberculosis, Staphylococcus
aureus, Pseudomonas aeruginosa, Escherichia caddipedgillus fumigates and Candida
albicans. Furthermore, an integrateek vivodrug screening model will be used to evaluate
certain selected conjugates for their intracellularhibition and selectivity towards
Mycobacterium aurum imouse macrophages RAW 264.7. Moreover, the cytotgxof the
most active conjugate towards a panel of cancétises and human lung fibroblast normal cell

line, WI-38 cells, will be explored to assure itdesy.

Figurel



2. Results and Discussion
2.1. Chemistry

The synthetic pathways employed to prepare the taget conjugates are depicted in
Schemes 1-3. a-Chlorof-dicarbonyl derivative®a,b were obtainedsia chlorination of acetyl
acetonela or ethyl acetoacetatdb, using sulfuryl chloride in dry toluene. Subseduen
heterocyclization of compound®ab with thiourea furnished the corresponding 2-
aminothiazole8a,b. The latter weracetylated with chloroacetyl chloride in dry DMFftonish
compoundsda,b, which were cyclized with ammonium thiocyanatealsolute ethanol to give
the key intermediatesa,b in 75 and 70% yieldScheme 1).

Scheme 1

In Scheme 2, the synthesis of thie-substituted-indole-3-carbaldehyde derivatit8a,b was
accomplishedsia formylation of H-indole 6 with phosphorus oxychloride and DMF to afford
1H-indole-3-carbaldehyd&, which subsequently alkylated with bromometh&aeor benzyl
bromide9b in DMF in the presence of sodium hydride. Thet fawries of the target conjugates
8a,b and11a-d were obtained in good yields (75-83%) through Kremagel condensation of
intermediatesba,b with 1H-indole-3-carbaldehyd& or N-substituted-indole-3-carbaldehydes

10a, b in glacial acetic acid in the presence of anhydsndium acetate.

Scheme 2

Finally, alkylation of isatind2a,c with bromomethan®a or benzyl bromid®b was carried
out via heating in DMF in the presence of potassium caat®no furnishN-alkylated isatins
13a-d. The target compoundd4a-k and 15a-h) were obtained through condensation of the

intermediate$a,b with the appropriate isatin derivativé2g-f and13a-d) in glacial acetic acid



in the presence of anhydrous sodium acetate ureferxrtemperature with 64-75% vyields
(Scheme 3).

Scheme 3

Postulated structures of the newly prepared cotgs@a,b, 11a-d, 14a-k and15a-h were in
full agreement with their spectral and elementahlgses data. IR spectra dhe target
compounds showetthe absorption bands due to the (NH) and (C=0O)mggouthe region8117-
3395 and 1651-1740 chrespectively. ThéH NMR spectra ofall new compounds showed
D,0O-exchangeable singlet signals corresponding szthidinone NH proton at range= 11.92-
13.21 ppm additionally, '"H NMR spectra ofcompounds8ab displayed another fO-
exchangeable singlet signals attributable for iadéH ato 12.11 and 12.1pm respectively,
whereas the oxindole NH protons @smpoundsl4a-k appeared at range 10.86-11.42ppm
Moreover, the'H NMR spectra ofthe prepared conjugates revealed the presence of single
signals around 2.60 ppm attributed to the Cglgroup at position 4 of the thaizole ring . The
acetyl protons (CEC=0) of conjugate8a, 11a,b, 14a-f and15a-d appeared as singlet signals
aroundo 2.49ppm while the ethyl ester protons (gEH,COO-) of conjugate8b, 11c,d, 14g-k
and 15e-h displayed as triplet and quartet signals arodntl24 and 4.2Jppm respectively.
Furthermore'H NMR spectra of compoundda,b and 11a-d confirmed the presence of the
singlet signal of the olefinic protons (CH=N) arous 8.0 ppm The N-methyl substituted
derivativeslla,c and15a,b,ef showed single signals at the raidge3.94-3.23ppm attributed to
N-CHgs, while those withN-benzyl substituentlb,d and15c,d,g,h revealedsinglet signals ad
range 5.01-5.6@ppmdue tothe benzylic (-CH) protons.

Moreover,**C NMR spectra of conjugatéa,b, 11a-d, 14a-k and 15a-h displayed signals
resonating in the rangel8.1-19.1ppmattributable for the carbon of the thiazole £ithile the
carbons of the acetyl groups (-eE+0) of conjugates8a, 11a,b, 14a-f and 15a-d appeared as
two signals around 30.6 and 190.pm respectively, and the carbons of the ethyl egteups
(CH3CH,COO-) in conjugatesb, 11c,d, 14g-k and 15e-h appeared as three signals around
14.6 61.0 and 168.0ppm respectively. Also, signals attributable tb-CHs) carbon, as



compounddla,c, and benzylic carbon (-Gl as compounds$lb,d, appeared arounil33.9 and

50.2ppm respectively.

2.2. Biological Evaluation

2.2.1. Antimicrobial activity

Anti-mycobacterial, antibacterial and antifungatiates for the target conjugatesSab,
11a-d, 14a-k and15a-h) and reference drugs werrevitro evaluated at the Regional Center for
Mycology and Biotechnology (RCMB), Al-Azhar Univég Cairo, Egypt. The results are
displayed inT ables 1-3.

2.2.1.1. Anti-tubercular Activity; M. tuberculogRCMB 010126)

Target conjugates8g,b, 11a-d, 14a-k and 15a-h) were examined for their anti-tubercular
activity againstM. tuberculosis(RCMB 010126) using the Microplate Alamar Blue Ags
(MABA) [16]. Isoniazid was used as reference drldne results of suchn vitro anti-
mycobacterial screening are summarizedTiable 1, as percent inhibition and minimum
inhibitory concentration (MIC). As indicated ihable 1, compoundsl4i, 14k, 15a, 15b, 15d,
15e, 15g and 15h (MIC = 0.39 ug/mL) exhibited the highest potency agaiit tuberculosis
(RCMB 010126), with 2-fold increased activity thtre reference drug isoniazid (MIC = 0.78
ug/mL). Also, compoundd4c, 14g and 15f (MIC = 0.78 pg/mL), displayed potent activity
which is equipotent to isoniazid.

2.2.1.1.1. Structure activity relationship (SAR)

From the obtained anti-tubercular results, theofeihg structure activity relationship can be
concluded: the H-indole containing compounda,b exhibitedmoderate antitubercular activity
The 5-acetyl derivative8a revealed better activity than its ester an@lbdMIC= 3.12 and 6.24

pa/ml, respectively), this activity was increasgdwo folds uporN-benzylation of the indole as
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observed in compountilb. On the other handy-methylation {1c) or N-benzylation {1d) on
the indole ring of ethyl carboxylate derivati@b abolished the activity. Direct attachment of 5-
(un)substituted 2-oxindole to the lead scaffold4a-k resulted in compounds with moderate to
potent activity. Generally the ethyl carboxylateidatives14g-k (MIC range = 0.39-1.56 pg/ml)
revealed higher activity than their acetyl counéetplda-e (MIC range = 0.78-12.48 pg/ml).
The highest activity in this series was associat#d the 5-chloro substituent on the 2-oxindole
ring. N-methylation omMN-benzylation of the 2-oxindole in acetyl derivagvba-d enhanced the
activity by 4 and 2 folds, respectively, as compaxetheN-unsubstituted analog$4a and14c.
However, applying the same structure modificationeithyl carboxylate derivative$5e-h

resulted in 2 fold increase in activity of the ubstituted2-oxindolel4g only.

2.2.1.2. Antibacterial Activity

All the prepared conjugate84,b, 11a-d, 14a-k and15a-h) were evaluated for their potential
antimicrobial activity against one Gram-positivectegia: S. aureugRCMB 010028, Sa), and
two Gram-negative bacteri®. aeruginosa(RCMB010043, Pa) ané&. coli (RCMB 010052,
Ec). The results are displayed Trable 2, as inhibition zone (1.Z) and minimum inhibitory
concentration (MIC). From the obtained resultszah be observed that compouridd, 14c,
14e, 14q, 14i, 14k and 15a-h displayed broad-spectrum antibacterial activityiagtathe tested
Gram positive and Gram negative bacteria as cordpaité ciprofloxacin.

Regarding Gram positive bacteria, compoutids, 14g, 14i, 14k, 15a, 15b, 15d and 15h
(MIC = 0.98 pg/mL) were two times more active than ciprofloxacfon the other hand
compoundsllb, 14e, 15¢, and 15e-g were equipotent to the ciprofloxacin. As for thea@
negative bacteri®. aeruginosacompoundsl4c, 14i, 15a, 15b and15d (MIC = 0.98 ug/mL)
were four times more potent than ciprofloxacin, i@liompoundd4e, 14g, 14k and15e-h (MIC
=1.95pg/mL) were two times more active than ciprofloxaeulmereas compoundga, 14h, 14j
and 15c were equipotent to the ciprofloxacin. Regardin@i@rnegative bacterig&. coli, the
compoundd4c, 15a, 15b and15d (MIC = 0.49ug/mL) exhibited the highest potency, they were
four times more potent than the reference drugofipxacin (MIC = 1.95ug/mL). Moreover,
compoundsl4a, 14i, 14k, 15¢c and15f-h (MIC = 0.98ug/mL) were two times more potent than
ciprofloxacin. While compound$la, 11b, 14e, 14g, 14h, 14 and 15e were equipotent to the



ciprofloxacin. Thus, 2-oxindole based compoundsitetdd better broad spectrum antibacterial

activity than indole congeners.

Table?2

2.2.1.3. Antifungal activity

Target conjugates and Amphotericin B, a referemtéuamgal drug, were evaluated for their
antifungal activity, by 1.Z. technique and MIC, tamwsA. fumigatesandC. albicans Table 3.
Aspergillus and Candida spp. account for the mgjoaf documented fungal infections.
Clinically, candidiasis and aspergillosis account lhetween 80% and 90% of systemic fungal
infections in immunocompromised patients. Datd able 3 revealed that conjugatddc, 14i,
15a, 15b, 15d and 15g (MIC = 0.49ug/mL) exhibited the highest potency agai@stalbicans
organism being two times more active than the esfee drug Amphotericin B (MIC = 0.98
ug/mL). While conjugated4a, 14g, 14k, 15c and 15e were equipotent to the Amphotericin B.
On the other hand, compountiéc, 14g, 15a, 15b, 15d and 159 revealed two fold increase in
activity than Amphotericin B, with MIC = 0.983/mL againsA. fumigatusorganism. Moreover,

conjugatedd4a, 14e, 14h, 14i, 14k, 15c, 15e and15h were equipotent to Amphotericin B.

Table3

2.2.1.4. Whole-cell phenotypic evaluation and &mpiercular selectivity

Compoundsldg, 14i, 14k, 15a, 15b, 15e, 15g, 15h which displayed the most potent anti-
tubercular activity were predicted to have accdptaADME parameters (Supplementary
Materials), therefor they were selected for furtiretestigation of their anti-TB activity against
fast growing non-pathogenM. aurumin anex vivodrug screening model using SPOTi method
(Figure 2) [17]. M. aurumis a good drug screening surrogate proved to bsectowards
pathogenicM. tuberculosisbecause of its similar cell wall components antramellular
therapeutic targets. An integrateg vivodrug screening model was used to provide additiona

information about intracellular inhibition insid@s$t’'s primary immune cells and to evaluate the
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selected conjugates towards their permeability &acnophages RAW 264.7, their stability inside
macrophages over the time of incubation, cytotdxieigainst RAW 264.7 and their selective
killing towardsM. aurum[18]. Intracellular growth inhibition oM. aurumwas observed in the

presence and absence of selected conjugates. élbsalected conjugates were found to be

permeable through eukaryotic cells RAW 264.7 aabdlstover the time of incubation.

Figure 2

Table 4 displays the results of the anti-tubercular sdregrcytotoxicity and the selectivity
index (SI) towards intracellular killing of mycoldadum. As shown, i able 4, compoundl5b
produced an effective killing of intracelluld. aurumat 25 pg/mL, while compound$a and
15h killed mycobacteria at 50 pg/mLT &ble 4). Also, compoundsl4dg displayed inhibitory
activity at higher MIC value (100 pg/mL). On thénet hand, the other tested compounds are
showing inhibition towards intracellular bacilli &igher concentrations. These results, also,
suggested thail-methylation of the 2-oxindole in acetyl derivasvenhanced the intracellular
inhibition.

SI, the ratio between growth inhibition concentrativalues (Glgy) in macrophages and
MIC values in bacteria, indicates the safety andydability of the target conjugates. The tested
conjugates showed moderate cytotoxic activity t@wamacrophage RAW 264.7 cells, with
GICsp values ranging from 62.5 to 500 pg/mLabple 4). However, the most potent compound
15b exhibited the highest selectivity among the testagugates (Sl = 5).

Table4
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2.2.1.5.Antibacterial Activity against MRSA and VRE

Compoundsl5a and 15b, which produced an effective killing of intracddu M. aurum
were evaluated for their potential antibacteridivaty against two resistant bacteria; methicillin-
resistanStaphylococcus aureMRSA ATCC 33592) and vancomycin- resist&mterococcus
faecium(ATCC 700221), using Vancomycin and Ciprofloxaasreference drugs, respectively.

The results were displayed Trable 5 as minimum inhibitory concentration (MIC in pg/mL)
Table5

As shown inTable 5, conjugatel5b displayed potent activity towards both MRSA andE/R
(MIC = 3.90 and 7.81 pg/mL, respectively) with tfadd decreased activity than the reference
drugs Vancomycin (MIC = 1.95 pg/mL) and Ciprofloma¢MIC = 3.90 ug/mL). Whereas,
compoundl5a showed modest activity with MIC values equal 15268 62.50 towards MRSA

and VRE strains, respectively.
2.2.2. In Vitro Cytotoxicity
2.2.2.1. In vitro cytotoxic activity against humaormal WI-38 cells

Compoundsl5a, 15b and 15h were evaluated for their ability to induce cytatoeffect
against human normal lung fibroblast cell line (88-cells), to investigate their safety [19]. The
results were expressed as half maximal inhibitarycentration (16), then selectivity index was
calculated Table 6). In particular, compound$5b and 15h showed non-significant cytotoxic

action with 1Go values of 19.5 and 52.1 ug/mL, respectively, (830 and 133, respectively).

Table6

2.2.2.2. NCI, USA Cytotoxicity assay towards 6Ccearell lines

Compounds 15b and 15h were screened by the National Cancer Institute JNCI

Developmental Therapeutic Program (www.dtp.ncigokr) for their cytotoxic activityn vitro.
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The cytotoxicity assays were performed in accordamith the protocol of the Drug Evaluation
Branch, NCI, Bethesda [20-22]. Compouridd and 15h were examined at one dose primary
cytotoxicity assay towards a panel of approxima6gycancer cell lines (concentration™18).

A 48 hrs drug exposure protocol was used and suttamine B (SRB) protein assay was
applied to estimate the cell viability and grow@8]. The data represented as mean growth
percentage over 60 cell lineS&ble 6). The tested compoundsb and 15h showed non-
significant cytotoxic action with mean growth = 191% and 101.2, respectively. Therefore
these results ruled out nonspecific binding of coumuls 15b and 15h to the basic cell
macromolecules like proteins, plasma membrane pbgdrates and also biocompatibility to the
eukaryotic cells.

3. Conclusion

In summary, conjugating thiazolylamino-thiazolidimeowith either indoléa,b and1la-d or
2-oxindole 14a-k and 15a-h resulted in the discovery of promising scaffoldthwigood
antimicrobial activities. It was concluded that gmund15b revealed the best activity profile as
a broad spectrum agent with antimicrobial actiaainst Gram positive and Gram negative
bacteria (MIC: 0.39-0.98 pg/ml) as well as antifaha@ctivity (MIC: 0.49-0.98 pg/ml).
Furthermore, it hasn vitro and ex vivo anti-tubercular activity. An integrateex vivo drug
screening model depicted the intracellular inhdpitiof mycobacterium against selected
conjugates, their permeability through primary inmaucells and stability inside mouse
macrophages over the time of incubation. Compotisiol produced an effective killing of
intracellularM. aurumat 25 pg/mL, with weak cytotoxic activity towardsacrophage RAW
264.7 cells (Glgy = 125 pg/mL). Furthermore, compoud8b displayed promising activity
towards both MRSA and VRE (MIC = 3.90 and 7.81 plg/mespectively) with two-fold
decreased activity than the reference drugs Vancon{iIC = 1.95 pug/mL) and Ciprofloxacin
(MIC = 3.90 pg/mL). Also, safety of compountbb was approvedvia investigating its
cytotoxicity towards cancer cell lines and humangldibroblast normal cell line, WI-38 cells.
The results suggest some potential molecules wehtgr Sl values to be developed further for
new therapeutic leads. Noteworthy, the broad-specantimicrobial activities oi5b with MIC
spanning from 0.49 to 0.98 pg/mL indicate the gmesendogenous target for compoutisb

could be a fundamental mechanism of bacterial ¢eis RNA, DNA, protein synthesis and/or
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cellular respiration) which must be common in vasi@ell-types. So, further mechanistic studies

will be in progress in our laboratories and willde@orted upon in the near future.

4. Experimental
4.1. Chemistry

4.1.1. General

Melting points were measured with a Stuart melfiognt apparatus and were uncorrected.
Infrared (IR) Spectra were recorded as KBr diskangusSchimadzu FT-IR 8400S
spectrophotometer. Mass spectral data are giveG®YIS-QP1000 EX and Helwett Packard
5988 spectrometers at 70 e.V. NMR Spectra wererdedoon a Varian Mercury NMR
spectrometer or Bruker spectrophotometirspectrum was run at 400 MHz ahi€ spectrum
was run at 100 MHz in deuterated dimethylsulfox(iB&SO-ds) and deuterated trifluoroacetic
acid (TFAd;). Chemical shifts are expressed in valygsn using the solvent peak as internal
standard. All coupling constand)(values are given in hertz. The abbreviations usedas
follows: s, singlet;d, doublet;m, multiplet. Elemental analyses were carried ouhatRegional
Center for Microbiology and Biotechnology, Al-Azhdniversity, Cairo, Egypt. Analytical thin
layer chromatography (TLC) on silica gel plates taoning UV indicator was employed

routinely to follow the course of reactions anatheck the purity of products.

4.1.2. Synthesis of compouritdsh, 3a,b and4a,b

Compound£a,b, 3a,b and4a,b were prepared according to the literature procef#e25].
4.1.3. Synthesis of 2-[(4-Methylthiazol-2-yl)amitinzol-4(5H)-one derivativesa,b

To a solution of 2-chlordN-(4-methylthiazol-2-yl)acetamide derivativda,b (5 mmol) in
absolute ethanol (15 mL), ammonium thiocyanate6(@,710 mmol) was added. This mixture
was heated under reflux for 6 hrs. The formed prtte was filtered off while hot, and washed
with ethanol and petroleum ether, and then redfigstd from dioxane to obtain the targeted
compound$a,b [9, 26].

4.1.3.1. 2-[(5-Acetyl-4-methylthiazol-2-yl)iminagholidin-4-one(5a).
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Yellow powder (yield: 0.87 g, 75 %), m.p. 220-22%; IR (KBr, v cm*): 3117 (NH) and 1740,
1717 (2 C=0);H NMR (DMSO-d6, 400 MHz)dppm 2.49 (s, 3H, CKCO), 2.60 (s, 3H, Ch),
4.02 (s, 2H, Ch), 12.27 (s, 1H, NH, BD exchangeable)**C NMR (DMSO+d6, 100 MHz)
dpm 19.0 (CH), 30.6 (CHCO), 35.7 (CH), 132.1, 155.9, 166.8, 170.9, 174.6 (C=0 amide),
190.9 (C=0 acetyl); MSm/z [%]: 255 [M’, 19.94], 71 [100]; Anal. Calcd. for 89N30,S,
(255.31): C, 42.34; H, 3.55; N, 16.46; Found C981H, 3.71; N, 16.70.

4.1.3.2. Ethyl-4-methyl-2-[(4-oxothiazolidin-2-ydide)amino]thiazole-5-carboxyla(éb).

Yellow powder (yield: 1.0 g, 70 %), m.p. 210-211; 18 (KBr, v cm*): 3128 (NH), 1708, 1697
(2 C=0);'H NMR (DMSO-d6, 400 MHz)Jd ppm 1.24 (t, 3H, CH-CH,, J = 7.20 Hz), 2.57 (s,
3H, CHy), 4.02 (s, 2H, Ch), 4.21 (q, 2H, CRCH,, J = 7.20 Hz), 12.24 (s, 1H, NH, D
exchangeable)*C NMR (DMSO4d6, 100 MHz) d ppm 14.6 (CHCH,), 17.8 (CH), 35.7
(CHy), 61.3 (CHCH,), 117.9, 158.0, 162.1, 166.7, 171.1 (C=0 esté#},3 (C=0 amide); MS,
m/z[%]: 285 [M+, 67.30], 71 [100]; Anal. Calcd. for§411N303S; (285.34): C, 42.09; H, 3.89;
N, 14.73; found C, 41.87; H, 4.02; N, 14.98.

4.1.4. Synthesis of 1H-indole-3-carbaldehyde

Compound’ was prepared according to the literature proced|2#|.
4.1.5. General procedure for synthesis of N-sulostit-1H-indole-3-carbaldehydédfa,b.

To a stirred suspension of NaH (60 percent in naingit, 1 gm, 2.5 mmol) andH-indole-3-
carbaldehyd& (3.0 g, 2 mmol) in DMF, bromomethaBa or benzyl bromid®b (2 mmol) was
added drop wise at’0. The reaction mixture was stirred for 24 hrsaaimn temperature after
complete addition of alkyl halide. The reaction ture was poured into ice water, the formed
precipitate was filtered off, washed with water gmetroleum ether then recrystallized from

ethanol to obtain compound6a,b [28].

4.1.6. General procedure for synthesis of targenpgounds8a,b andlla-d

To a well-stirred hot solution of the key interma@is5a,b (3 mmol) and sodium acetate
(0.49 g, 6 mmol) in acetic acid (15 mL), the appiaie H-indole-3-carbaldehyde derivative
10a or 10b (4.5 mmol) was added. The reaction mixture wasdaeander reflux for 3 hrs. The
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formed solid was filtered off while hot, washed twtot ethanol, and crystallized from DMF to

furnish the target compoun@8a, b and11a-d, respectively.

4.1.6.1. 5-[(1H-Indol-3-yl)methylene]-2-((5-acetdmethylthiazol-2-yl)imino)thiazolidin-4-one
(8a).

Yellow powder (yield: 0.51 g, 45%), m.p. >300 °® (KBr, v cm'): 3244, 3190 (2 NH) and
1701, 1651 (2 C=0)H NMR (DMSO-ds, 400 MHz)dppm 2.48 (s, 3H, ChC=0), 2.68 (s, 3H,
CHs), 7.17-7.26 (m, 2H, H-5, H-6 of indolyl), 7.50 (&iH, H-7 of indolyl,J=8.0 Hz), 7.79 (s,
1H, C-2 of indol), 7.89 (d, 1H, H-4 of indolyl=8.0), 8.01 (s, 1H, -CH=), 12.11 (s, 1H, NH
indol exchanged with £D of indolyl), 12.62 (s, 1H, NH exchanged); **C.NMR (DMSO+,
100 MHz) o ppm 19.0 (CH), 30.6 (CHC=0), 111.1, 112.8, 112.9, 117.1, 118.9, 121.6,2,23
123.6, 125.9, 127.3, 129.6, 136.1, 136.7, 156.8nfatic carbons), 167.3 (C=0O amide), 190.8
(C=0OCH); Anal. Calcd. for GgH14N4O,S, (382.46): C, 56.53; H, 3.69; N, 14.65; found C,
56.38; H, 3.78; N, 14.92.

4.1.6.2. Ethyl 2-{[-5-((1H-indol-3-yl)methylene)ekothiazolidin-2-ylidene]amino}-4-
methylthiazole-5-carboxyla{@b).

Yellow powder (yield: 0.49 g, 40%), m.p. 257-2609&; (KBr, v cmi): 3309 (NH) and 1701,
1678 (2C=0);H NMR (DMSO-ds, 400 MHz)dppm 1.26 (t, 3H, CH-CH,-, J = 6.80 Hz), 2.66

(s, 3H, CH), 4.24 (q, 2H, CHCH,-, J=6.80 Hz), 7.24 (t, 1H, H-6 of indolyll=7.32), 7.32 (t,
1H, H-5 of indolyl,J=7.6Hz), 7.50 (d, 1H, H-7 of indolyl=8.0), 7.79 (s, 1H, C-2 of indolyl),
7.88 (d, 1H, H-4 of indolylJ=8.0), 8.0 (s, 1H, -CH=), 12.13 (s, 1H, NH of ingaéxchanged
with D-0), 12.63 (s, 1H, NH exchanged with@; *C NMR (DMSOds 100 MHZ) J ppm:
14.6 (CHCH,), 18.0 (CH), 61.3 (CHCHg), 111.1, 112.9, 117.1, 118.9, 121.6, 123.6, 125.8,
127.3, 129.6, 136.7, 158.3, 159.2, 162.1 (aromedibons), 167.3 (C=0 ester), 170.6 (C=0
amide); Anal. Calcd. for £H16N4OsS; (412.48): C, 55.33; H, 3.91; N, 13.58; found C.,485 H,
3.98; N, 13.67

4.1.6.3. 2-[(5-Acetyl-4-methylthiazol-2-yl)imino]-5-((1-metikh1H-indol-3-
yl)methylene)thiazolidin-4-on@d1la).

Yellow powder (yield: 0.62 g, 52%), m.p. 295-297 *@ (KBr, v cm™*) 3395 (NH) and 1701,
1659 (2C=0)H NMR (DMSO-ds, 400 MHz)dppm 2.48 (s, 3H, CKC=0), 2.62 (s, 3H, Ch),
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3.95 (s, 3HN-CHs of indolyl), 7.21-7.33 (m, 2H, H-5, H-6 of indo)yl7.56 (d, 1H, H-7 of indol,
J=8.0), 7.82 (s, 1H, C-2 of indol), 7.91 (d, 1H4Hbf indolyl, J = 8.0 Hz), 7.99 (s, 1H, -CH=),
12.59 (s, 1H, NH exchanged with@); Anal. Calcd. for GH16N4O.S, (396.48): C, 57.56; H,
4.07; N, 14.13; found C, 57.17; H, 4.05; N, 14.25.

4.1.6.4. 2-[(5-Acetyl-4-methylthiazol-2-yl)imino}¢BL-benzyl-1H-indol-3-
yl)methylene)thiazolidin-4-on@1b).

Yellow powder (yield: 0.55 g, 39%), m.p. 297-3009&; (KBr, v cm); 3150 (NH) and 1701,
1658 (2 C=0);H NMR (DMSO-ds) J ppm 2.48 (s, 3H, CkC=0), 2.68 (s, 3H, Ck), 5.60 (s,
2H, CH,-Ar of indol), 7.20-7.36 (m, 7H, H-5, H-6 of inddlgnd 5H of phenyl ring), 7.59 (d, 1H,
H-7 of indolyl,J = 7.20), 7.91-7.94 (m, 2H, C-2, H-4 of indol), 880 1H, -CH=), 12.62 (s, 1H,
NH exchanged with BD); *C NMR (DMSO4ds, 100 MHz)dppm 19.1 (CH), 30.6 (CHC=0),
50.2 (CH), 111.8, 117.8, 119.3, 122.0, 123.8, 125.2, 12¥28.3, 129.1, 132.0, 136.7, 137.3,
156.3, 159.3, 167.3 (aromatic carbons), 170.4 (@ntide), 190.8 (C=0OC¥); Anal. Calcd. for
CosH20N4O2S, (472.58): C, 63.54; H, 4.27; N, 11.86; found C583 H, 4.52; N, 11.42

4.1.6.5. Ethyl 4-methyl-2-{[-5-((1-methyl-1H-ine®lyl)methylene)-4-oxothiazolidin-2-

ylidene]amino}thiazole-5-carboxyla{@1c).

Yellow powder (yield: 0.51 g, 40%), m.p. 280-282 °IR (KBr, v cm*): 3120 (NH), 1701, 1678
(2C=0);'H NMR (DMSO-ds, 400 MHz) d ppm 1.27 (t, 3H, CH3-CH2-J = 7.20 Hz), 2.69 (s,
3H, CHs) , 3.94 (s, 3HN-CH3 of indolyl), 4.24 (q, 2H, CHCH,-, J=7.2 Hz), 7.23 (t, 1H, H-6
of indol, J=7.60 Hz), 7.31 (t, 1H, H-5 of indolyl=7.60 Hz), 7.56 (d, 1H, H-7 of indoly}=8.0),
7.81 (s, 1H, C-2 of indolyl), 7.90 (d, 1H, H-4 ofdol, J=8.0), 7.98 (s, 1H, -CH=), 12.58 (s, 1H,
NH exchanged with D20)**C NMR (DMSOds, 100 MHz) & ppm 14.64 (CHCH,), 18.1
(CHs), 33.9 (N-CHj3), 61.3 (CHCHy), 110.0, 111.3, 117.2, 119.0, 121.9, 123.6, 125237,
133.0, 136.8, 137.3, 158.5, 159.1, 162.1 (aromeibons), 167.30 (C=0 ester), 170.5 (C=0
amide); MSm/z [%]: 426 [M", 17.15], 187 [100]; Anal. Calcd. for,gH:sN403S, (426.5): C,
56.32; H, 4.25; N, 13.14; found C, 56.08; H, 4¥113.29.

4.1.6.6. Ethyl 2-{[-5-((1-benzyl-1H-indol-3-yl)mgthne)-4-oxothiazolidin-2-ylidene]amino}-4-
methylthiazole-5-carboxylaté1d).
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Yellow powder (yield: 0.6 g, 40%), m.p. 260-263 °&; (KBr, v cm*): 3150 (NH) and 1701,
1678 (2C=0);H NMR (DMSO-<ds, 400 MHz)dppm 1.28 (t, 3H, CH-CH,-, J = 7.20 Hz), 2.66

(s, 3H, CH), 4.24 (q, 2H, CHCH,-, J=6.80 Hz), 5.60 (s, 2H, GHAr of indol), 7.20-7.35 (m,
7H, H-5, H-6 of indolyl and B of phenyl ring), 7.59 (d, 1H, H-3=8.80 Hz), 7.91-7.96 (m, 2H,
H-2, H-4 of indol), 8.00 (s, 1H, -CH=), 12.62 (H,INH exchanged with fD), **C NMR
(DMSO-ds, 100 MHz) J ppm 14.63 (CHCH,), 18.0 (CH), 50.2 (CHPh), 61.3 (CHCH,),
110.8, 111.7,117.2, 117.8, 119.2, 122.0, 123.8,1227.7, 127.9, 128.3, 129.20, 132.0, 136.7,
137.4, 158.4, 159.20, 162.0 (aromatic carbons),21@Z=0 ester), 170.5 (C=0 amide); M8z
[%)]: 502 [M", 44.70], 263 [100]; Anal. Calcd. for,gH,oN40sS, (502.61) : C, 62.13; H, 4.41; N,
11.15; found C, 62.01; H, 4.38; N, 11.35.

4.1.7. General procedure for synthesis of N-sulistit isatinsl3a-d.

To a mixture of isatind2a,c (3 mmol) and anhydrous potassium carbonate (1.24ngmol)
in dry DMF (15 mL), bromometharfa or benzyl bromid®b (6 mmol) was added. The mixture
was stirred at room temperature for 24 hrs. Theti@a mixture was poured into ice water. The
formed precipitate was filtered off and washed wititer and petroleum ether and recrystallized

from ethanol to afford compound8a-d [29, 30].
4.1.8. General procedure for synthesis of targengoundsl4a-k and15a-h.

To a well-stirred hot solution of 2-(thiazol-2-ylino)thiazolidin-4-one derivative®a,b
(0.003 mol) and sodium acetate (0.49 gm, 6 mmodcetic acid (15 mL), the appropriate isatins
12a-f or 13a, d (4 mmol) were added. The reaction mixture wasdteander reflux for 3 hrs.
The formed precipitate was filtered off while hatashed with hot ethanol and crystallized from

DMF to furnish the target compounti4a-k and15a-h, respectively.

4.1.8.1. 2-[(5-Acetyl-4-methylthiazol-2-yl)imino}{&2-oxoindolin-3-ylidene)thiazolidin-4-one
(14a).

Red powder (yield: 0.57 g, 50%), m.p. > 300°C; KBf, v cmi‘): 3178, 3128 (2NH) and 1716,
1693, 1663 (3 C=0)H NMR (DMSO-ds, 300 MHz)dppm 2.49 (s, 3H, ChC=0), 2.64 (s, 3H,
CHjs), 6.93 (d, 1H, H-7 of isatin] = 7.80 Hz), 7.06 (t, 1H , H-5 of isatid,= 7.80 Hz), 7.37 (t,
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1H, H-6 of isatin,J = 7.80 Hz), 8.84 (br s, 1H, H-4 of isatin , 11.1€) {H, NH of isatin
exchanged with BD), 13.05 (s, 1H, NH exchanged with@); MS m/z [%]: 384 [M", 42.78],
175 [100]; Anal. Calcd. for GH;oN4OsS; (384.43): C, 53.11; H, 3.15; N, 14.57; found C.283
H, 3.27; N, 14.81

4.1.8.2. 2-[(5-Acetyl-4-methylthiazol-2-yl)aminoj®s-fluoro-2-oxoindolin-3-
ylidene)thiazolidin-4-onél4b).

Red powder (yield 0.54 g, 45%), m.p. >300°C; IR (KBcm™): 3159, 3116 (2NH) and 17186,
1701, 1654 (3 C=0)H NMR (DMSO-ds, 400 MHz)dppm 2.47 (s, 3H, CEC=0), 2.61 (s, 3H,
CHs), 6.87-6.90 (m, 1H, H-6 of isatin), 7.19 (t, 1H7 of isatin,J = 8.80 Hz), 8.60 (s, 1H, H-4
of isatin), 11.11 (s, 1H, NH of isatin exchangedhb,0), 13.07 (s, 1H, NH exchanged with
D,0); *C NMR (TFA-d;, 100 MHz) § ppm 13.11, 27.71, 116.66, 116.94, 120.05, 121.84,
122.09, 127.35, 128.77, 133.45, 139.14, 146.90,4%5965.89, 168.87, 171.17, 193.50; M&
[%)]: 402 [M", 93.21], 193 [100]; Anal. Calcd. fory@41:FN4OsS, (402.42): C, 50.74; H, 2.76; N,
13.92; found C, 50.98; H, 2.67; N, 14.25.

4.1.8.3. 2-[(5-Acetyl-4-methylthiazol-2-yl)imino}{5-chloro-2-oxoindolin-3-
ylidene)thiazolidin-4-on€l4c).

Red powder (yield 0.54 g, 43%), m.p. > 300 °C; KB, v cm‘): 3120, 3105 (2NH) and 1701,
1680, 1666 (3 C=0)H NMR (DMSO-ds, 400 MHz)dppm 2.47 (s, 3H, CEC=0), 2.61 (s, 3H,
CHa), 6.89 (d, 1H, H-6 of isatin) = 8.40 Hz), 7.37 (d, 1H, H-7 of isatid,= 7.60 Hz), 8.81 (s,
1H, H-4 of isatin), 11.25 (s, 1H, NH of isatin eatiged with DO), 13.13 (s, 1H, NH exchanged
with D,0); *C NMR (TFA-dy, 100 MHz) d ppm 18.97, 33.58, 120.98, 123.21, 124.33, 126.57,
133.35, 134.71, 137.55, 143.89, 147.58, 152.79,747174.76, 175.17, 177.04, 199.38; &
[%)]: 420 [M'+2, 1.21], 418 [M, 4.68], 96 [100]; Anal. Calcd. forGH1;CIN4OsS, (418.87): C,
48.75; H, 2.65; N, 13.38; found C, 48.91; H, 2.M813.52

4.1.8.4. 2-[(5-Acetyl-4-methylthiazol-2-yl)imino]-5-(-5-bras2-oxoindolin-3-
ylidene)thiazolidin-4-on€l4d).

Red powder (yield 0.52 g, 38%), m.p. > 300 °C; KBK, v cni?): 3178, 3124 (2 NH) and 1693,
1670, 1647 (3 C=0)H NMR (DMSO-ds, 400 MHz)Jdppm 2.47 (s, 3H, ChC=0), 2.59 (s, 3H,
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CHa), 6.86 (d, 1H, H-6 of isatin] = 7.60 Hz), 7.49 (br s, 1H, H-7 of isatin), 8.98 181, H-4 of
isatin), 11.18 (s, 1H, NH of isatin exchanged wi#©), 13.04 (s, 1H, NH exchanged with@®),
MS m/z[%]: 464 [M'+2, 63.88], 462 [M, 57.48], 265 [100]; Anal. Calcd. for;@11BrN4OsS,
(463.32): C, 44.07; H, 2.39; N, 12.09; found C,284.H, 2.06; N, 12.43......cccceereriiiirrrrmmmnnn.
4.1.8.5. 2-[(5-Acetyl-4-methylthiazol-2-yl)imino}{8-methoxy-2-oxoindolin-3-
ylidene)thiazolidin-4-on€l4e).

Reddish black powder (yield 0.63 g, 50%), m.p. 8 3G; IR (KBr,v cmi): 3152, 3113 (2 NH)
and 1720, 1693, 1670 (3 C=CH NMR (DMSO-<s, 400 MHz)d ppm 2.48 (s, 3H, CKC=0),

2.61 (s, 3H, CH), 3.73 (s, 3H, OC}j, 6.78 (d, 1H, H-6 of methoxy isatid~= 8.40 Hz), 6.93 (d,
1H, H-7 of methoxy isatin]) = 8.40 Hz), 8.48 (s, 1H, H-4 of methoxy isatin),8®(s, 1H, NH
of methoxy isatin exchanged with,®), 12.97 (s, 1H, NH exchanged with@); Anal. Calcd.
for Ci1gH14N4O4S; (414.45): C, 52.16; H, 3.40; N, 13.52; found C482 H, 3.53; N, 13.79.

4.1.8.6. 2-[(5-Acetyl-4-methylthiazol-2-yl)imino}{82-oxo-5-(trifluoromethoxy)indolin-3-
ylidene)thiazolidin-4-on€14f).

Red powder (yield 0.71 g, 51%), m.p. > 300 °C; KB, v cm*): 3150, 3124, (2 NH) and 1720,
1708, 1651 (3 C=0YH NMR (DMSO-ds, 400 MHz)dppm 2.48 (s, 3H, CkC=0), 2.65 (s, 3H,
CHg), 6.99 (d, 1H, H-6 of isatin] = 8.80 Hz), 7.33 (d, 1H, H-7 of isatid,= 8.80 Hz), 8.84 (s,
1H, H-4 of isatin), 11.35 (s, 1H, NH of isatin exaciged with RO), 13.16 (s, 1H, NH exchanged
with D-0); *C NMR (TFA-d;, 100 MHz) dppm 19.06, 33.68, 118.35, 119.31, 124.44, 125.99,
129.06, 130.84, 133.77, 134.86, 137.93, 147.30,1856252.88, 171.87, 174.88, 177.05, 199.45;
MS m/z[%]:468 [M*, 47.97], 259 [100]; Anal. Calcd. for,gH:11FsN4O.S, (468.43): C, 46.15; H,
2.37; N, 11.96; found C, 46.28; H, 2.29; N, 12.21.

4.1.8.7. Ethyl 4-methyl-2-{[-4-0x0-5-(-2-oxoindolylidene)thiazolidin-2-
ylidene]amino}thiazole-5-carboxyla(@4g).

Red powder (yield 0.72 g, 52%), m.p. > 300 °C; KBK, v cni?): 3174, 3140 (2 NH) and 1720,
1708, 1693 (3 C=0OYH NMR (DMSO-ds, 300 MHz)dppm 1.28 (t, 3H, CH-CHy-, J = 6.8 Hz),
2.62 (s, 3H, Ch), 4.24 (q, 2H, CRCH,-, J= 6.3 Hz), 6.91 (d, 1H, H-7 of isatid,= 7.80), 7.04
(t, 1H ,H-5 of isatinJ = 7.80 Hz), 7.36 (t, 1H, H-6 of isatid=7.50 Hz), 8.81 (br s, 1H, H-4 of
isatin), 11.13 (s, 1H, NH of isatin exchanged vw#®©), 13.03 (s, 1H, NH exchanged with@®),
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13C NMR (TFAd;, 100 MHz) & ppm 12.01, 12.04, 64.66, 112.81, 113.32, 115.62, 1316.
119.433, 124.69, 125.49, 130.07, 133.25, 135.79,994 147.45, 166.37, 168.72, 170.93; MS
m/z[%]: 414 [M", 11.55], 175 [100]; Anal. Calcd. for,gH14N40sS, (414.45): C, 52.16; H, 3.40;
N, 13.52; found C, 52.40; H, 3.68; N, 13.74.

4.1.8.8. Ethyl 2-{[-5-(-5-fluoro-2-oxoindolin-3-yglene)-4-oxothiazolidin-2-ylideneJamino}-4-
methylthiazole-5-carboxylaté4h).

Red powder (yield 0.65 g, 50%), m.p. >300 °C; IB(Kv cm): 3120, 3159 (2 NH) and 1720,
1716, 1693 (3 C=0O)'H NMR (DMSO-ds, 400 MHz) d ppm 1.28 (t, 3H, CH-CH,-, J = 6.40
Hz), 2.61 (s, 3H, CkJ, 4.24 (q, 2H, CHCH,-, J = 6.40 Hz), 6.87-6.91 (m, 1H, H-6 of fluoro
isatin), 7.20 (br s, 1H, H-7 of flouroisatin), 8.@fr s, 1H, H-4 of fluoroisatin), 11.14 (s, 1H, NH
of isatin exchanged with 40), 13.03 (s, 1H, NH exchanged with@; MS m/z[%]:432 [M",
100]; Anal. Calcd. for gH13FN4O4S, (432.44): C, 49.99; H, 3.03; N, 12.96; found C,150 H,
3.11; N, 13.23.

4.1.8.9. Ethyl 2-{[-5-(-5-chloro-2-oxoindolin-3-gene)-4-oxothiazolidin-2-ylidene]amino}-4-
methylthiazole-5-carboxylai(@4i).

Red powder (yield 0.54 g, 40%), m.p. >300 °C; IB(Kv cm™): 3155, 3109 (2 NH) and 1708,
1685, 1670 (3 C=0JH NMR (DMSO-ds, 300 MHz)dppm 1.29 (br s, 3H, CKHCH,-), 2.55 (s,
3H, CH), 4.24 (br s, 2H, CKHCHy-), 6.92 (br s, 1H, H-6 of chloroisatin), 7.33 &rlH, H-7 of
chloroisatin), 9.03 (br s, 1H, H-4 of chloroisafid)l.07 (s, 1H, NH of chloroisatin exchanged
with D,0), 11.94 (s, 1H, NH exchanged with@); **C NMR (TFA-d;, 100 MHz) dppm 17.96,
24.39, 70.57, 118.55, 125.62, 126.21, 133.69, B35.36.38, 137.26, 140.75, 147.11, 153.44,
168.23, 171.74, 174.54, 175.25, 176.20; M& [%]: 450 [M*+2, 8.29], 448 [M, 23.70], 209
[100]; Anal. Calcd. for GgH13CIN4O4S; (448.9): C, 48.16; H, 2.92; N, 12.48; found C,08.H,
3.08; N, 12.65.

4.1.8.10. Ethyl 2-{[-5-(-5-bromo-2-oxoindolin-3igkne)-4-oxothiazolidin-2-ylidene]amino}-4-
methylthiazole-5-carboxyla(@4j).

Red powder (yield 1.0 g, 70%), m.p. > 300 °C; IRB(Kv cm*): 3155, 3101 (2 NH) and 1708,
1685, 1670 (3 C=0}H NMR (DMSO-ds, 300 MHz)dppm 1.29 (br s, 3H, CKHCH,-), 2.55 (s,
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3H, CHs), 4.24 (br s, 2H, CKHCHy-), 6.92 (br s, 1H, 4,H-6 of bromoisatin), 7.34 §rlH ,H-7
of bromoisatin), 9.02 (s, 1H, H-4 of bromoisatif},.07 (s, 1H, NH of bromoisatin exchanged
with D,0), 11.92 (s, 1H, NH exchanged with@; Anal. Calcd. for GH13BrN4O4S, (493.35):
C, 43.82; H, 2.66; N, 11.36; found C, 43.58; H2.N, 11.52.

4.1.8.11. Ethyl 2-{[-5-(-5-methoxy-2-oxoindolin-Bdgne)-4-oxothiazolidin-2-ylidene]amino}-4-
methylthiazole-5-carboxylai@4k).

Reddish black powder (yield 0.8 g, 60%), m.p. > 3G9 IR (KBr, v cm?): 3155, 3132 (2 NH)
and 1708, 1701, 1693 (3 C=0H NMR (DMSO-ds, 400 MHz)Jdppm 1.27 (t, 3H, CH-CH,-, J

= 6.4 Hz), 2.59 (s, 3H, CH 3.73 (s, 3H, OCH), 4.22 (q, 2H, CHCH,-, J=6.8 Hz), 6.78 (d,
1H, H-6 of methoxy isatin)=8.40 Hz), 6.92 (d, 1H, H-7 of methoxy isatis, 8.0 Hz), 8.48 (s,
1H,H-40f methoxy isatin), 11.42 (s, 1H, NH of metlasatin exchanged with J), 13.18 (s,
1H, NH exchanged with fD); *C NMR (TFA-dy, 100 MHz)dppm 17.71, 24.39, 61.87, 70.34,
118.48, 121.88, 125.22, 125.92, 127.88, 132.57,443843.82, 153.17, 160.92, 168.23, 171.77,
174.38, 175.33, 176.36; M8/z[%)]: 444 [M", 35.58], 72 [100]; Anal. Calcd. for;gH16N4OsS,
(444.48): C, 51.34; H, 3.63; N, 12.61; found C381H, 3.71; N, 12.49.

4.1.8.12. 2-[(5-Acetyl-4-methylthiazol-2-yl)iminb}{-1-methyl-2-oxoindolin-3-
ylidene)thiazolidin-4-on€l5a).

Red powder (yield 0.65 g, 55%), m.p. >300 °C; IRB(Kv cm™): 3113 (NH) and 1689, 1662,
1658 (3 C=0)H NMR (DMSO-ds, 400 MHz)dppm 2.47 (s, 3H, CKC=0), 2.61 (s, 3H, Ch),
3.22 (s, 3HN-CH3), 7.04-7.12 (m, 2H, H-5, H-7 of isatin), 7.3 1H, H-6 of isatinJ= 7.6
Hz), 8.85 (s, 1H, H-4 of isatin), 12.98 (s, 1H, Kkchanged with BD); MS m/z[%]: 398 [M",
17.55], 71 [100]; Anal. Calcd. for,gH14N4OsS; (398.46): C, 54.26; H, 3.54; N, 14.06; found C,
54.18; H, 3.60; N, 14.23.

4.1.8.13. 2-[(5-Acetyl-4-methylthiazol-2-yl)irajrb-(-5-chloro-1-methyl-2-oxoindolin-3-
ylidene)thiazolidin-4-on€15b).

Red powder (yield 0.78 g, 60%), m.p. >300 °C; IB(Kv cm): 3136 (NH) and 1716, 1689 (3

C=0);*H NMR (DMSO-ds, 400 MHz)Jdppm 2.48 (s, 3H, CKC=0), 2.64 (s, 3H, Ch, 3.23 (s,

3H, N-CHg), 7.13 (d, 1H, H-6 of isatin) = 8.4 Hz), 7.51 (d, 1H, H-7 of isatid,= 8.8 Hz), 8.90

(s, 1H, H-4 of isatin), 13.04 (s, 1H, NH , exchathgéth D,O); **C NMR (TFA-d;, 100 MHz)J
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ppm 13.07, 25.85, 27.87, 110.40, 119.99, 127.50, 1128129.56, 130.89, 131.41, 134.71,
143.64, 147.22, 165.86, 167.57, 168.96, 171.25,700MS m/z [%]: 434 [M'+2, 29.18], 432
[M*, 65.73], 223 [100]; Anal. Calcd. for,@H:5CIN,OsS, (432.9): C, 49.94; H, 3.03; N, 12.94;
found C, 49.87; H, 3.14; N, 13.20.

4.1.8.14.2-[(5-Acetyl-4-methylthiazol-2-yl)imino]-5-(-1-beylZ2-oxoindolin-3-
ylidene)thiazolidin-4-on€15c).

Red powder (yield 0.92 g, 65%), m.p. 285-287°C(K®Br, v cm): 3109 (NH) and 1708, 1693,
1651 (3 C=0)H NMR (DMSO-ds, 400 MHz)dppm 2.48 (s, 3H, CkC=0), 2.65 (s, 3H, Ch),
5.02 (s, CH-Ar), 7.04 (d, 1H, H-7 of isatin]) = 8.0 Hz), 7.10 (t, 1H, H-5 of isatid,= 8 Hz),
7.21-7.37 (m, 6H, H-6 of isatin, Ar-H of benzyl gy 8.88 (br s, 1H, H-4 of isatin), 13.08 (s, 1H,
NH exchanged with ED); **C NMR (TFA-d;, 100 MHz) d ppm 19.06, 33.83, 50.50, 116.75,
121.11, 122.15, 124.46, 125.32, 130.88, 132.36,173434.75, 136.18, 139.04, 139.14, 141.51,
150.85, 153.14, 172.26, 174.09, 177.62, 199.73ng%]: 474 [M’, 19.65], 265 [100]; Anal.
Calcd. for G4H1sN4OsS, (474.55): C, 60.74; H, 3.82; N, 11.81; found C,880) H, 3.89; N,
12.07.

4.1.8.15. 2-[(5-Acetyl-4-methylthiazol-2-yl)im]A®-(-1-benzyl-5-chloro-2-oxoindolin-3-
ylidene)thiazolidin-4-on€15d).

Red powder (yield 1.07 g, 70%), m.p. > 300°C; IRB(Kv cri’): 3109 (NH) and 1693, 1665,
1655 (3 C=0)H NMR (DMSO-ds, 400 MHz)dppm 2.48 (s, 3H, CKC=0), 2.63 (s, 3H, Ch),
5.02 (s, CH-Ar), 7.04 (d, 1H, H-6 of chloroisatild,= 8.8 Hz), 7.26-7.34 (m, 5H, Ar-H of benzyl
ring), 7.43 (d, 1H, H-7 of chloroisatid,= 8.00 Hz), 8.90 (s, 1H, H-4 of chloroisatin), A8 (s,
1H, NH exchanged with D); MSm/z[%]: 511 [M'+2, 1.52], 509 [M, 5.85], 466 [100]; Anal.
Calcd. for G4H17CIN4OsS; (509.0): C, 56.63; H, 3.37; N, 11.01; found C,486.H, 3.31; N,
11.28.

4.1.8.16. Ethyl 4-methyl-2-{[-5-(-1-methyl-2-oxoith-3-ylidene)-4-oxothiazolidin-2-

ylidene]amino}thiazole-5-carboxylaté5e).

Red powder (yield 0.83 g, 65%), m.p. > 300 °C; KB, v cm): 3109 (NH) and 1720, 1710,

1655 (3 C=0);H NMR (DMSO-ds, 400 MHz)dppm 1.27 (t, 3H, CH-CHy-, J = 7.2 Hz), 2.62

(s, 3H, CH) , 3.22 (s, 3HN-CHjy), 4.24 (g, 2H, CHCH,-, J=7.20 Hz), 7.07-7.13 (m, 2H, H-5,
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H-7 of isatin), 7.43 (t, 1H, H-6 of isatid,= 7.8 Hz), 8.84 (br s, 1H, H-4 of isatin), 13.05 18,

NH exchanged with ED); *C NMR (TFA-d;, 100 MHz) d ppm 12.20, 25.82, 64.74, 65.73,
110.00, 112.91, 113.41, 119.20, 125.00, 125.56,1230.33.12, 135.62, 145.43, 147.55, 166.51,
168.04, 168.84, 171.02; M8/z[%]: 428 [M", 33.42], 189 [100]; Anal. Calcd. for;gH16N404S,
(428.48): C, 53.26; H, 3.76; N, 13.08; found C4838.H, 3.88; N, 13.29.

4.1.8.17. Ethyl 2-{[-5-(-5-chloro-1-methyl-2-oxomwith-3-ylidene)-4-oxothiazolidin-2-
ylidene]amino}-4-methylthiazole-5-carboxylgtbf).

Red powder (yield 0.73 g, 53%), m.p. > 300 °C; KB, v cm’): 3117 (NH) and 1708, 1701,
1693 (3C=0);'H NMR (DMSO-ds, 400 MHz) d ppm 1.28 (t, 3H, CH-CH,-, J = 6.8 Hz), 2.64
(s, 3H, CHB3), 3.23 (s, 3H\N-CHj3 of chloroisatin), 4.25 (q, 2H, GFHCH,-, J = 7.2 Hz), 7.13 (d,
1H, H-6 of chloroisatin] = 8.4 Hz), 7.51 (d, H1, H-7 of chloroisatih= 8.4 Hz), 8.88 (s, 1H,
H-4 of chloroisatin), 13.05 (s, 1H, NH exchangedmd,O); MS m/z[%]: 464 [M'+2, 25.08],
462 [M'", 55.88], 223 [100]. Anal. Calcd. for;6H15CIN4O4S, (462.92): C, 49.30; H, 3.27; N,
12.10; found C, 49.64; H, 3.08; N, 12.43.

4.1.8.18. Ethyl 2-{[-5-(-1-benzyl-2-oxoindolin-3dgne)-4-oxothiazolidin-2-ylidene]amino}-4-
methylthiazole-5-carboxylat@5g).

Red powder (yield 0.6 g, 40%), m.p. 260-261°C; KB(, v cm): 3186 (NH) and 1716, 1693,
1670 (3 C=0);H NMR (DMSO-ds, 400 MHz)d ppm 1.27 (br s, 3H, CHCH,-), 2.61 (s, 3H,
CHs) , 4.23 (q, 2H, CEtCH,-, J = 6.4 Hz) , 5.00 (s, 2H, GHAr) , 7.01 (d, 1H, H-7 of isatin] =
8.0 Hz) , 7.08 (t, 1H, H-5 of isatid,= 8.0 Hz), 7.23-7.37 (m, 6H, H-4 of isatin, 5Hlmnzyl
ring), 8.86 (br s, 1H, H-4 of isatin), 13.05 ($J,INH exchanged with D); MS m/z[%]: 504
[M*, 1.76], 164 [100]; Anal. Calcd. for H,0N40,S; (504.58): C, 59.51; H, 4.00; N, 11.10
found C, 59.32; H, 4.13; N, 11.43.

4.1.8.19. Ethyl 2-{[-5-(-1-benzyl-5-chloro-2-oxowoloh-3-ylidene)-4-oxothiazolidin-2-
ylidene]amino}-4-methylthiazole-5-carboxylgtidh).

Red powder (yield 1.0 g, 67%), m.p. > 300 °C; IRB(Kv cm’): 3109 (NH) and 1693, 1666,

1655 (3 C=0);H NMR (DMSO-ds, 400 MHz) d ppm 1.27 (br s, 3H, CKCH;,-), 2.61 (s, 3H,

CHjs), 4.23 (g, 2H, CHCH,- , J=6.8 Hz), 5.01 (s, 2H, CHAr), 7.05 (d, 1H, H-6 of chloroisatin

J=8.2 Hz), 7.24-7.34 (m, 5H, of benzyl ring), 7@k 1H, H-7 of chloroisatid = 8.2), 8.89 (s,
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1H, H-4 of chloroisatin), 13.21 (s, 1H, NH exchatigeth D,O); **C NMR (TFA-d;, 100 MHz)

Jd ppm 12.17, 24.39, 44.67, 64.73, 110.00, 111.61, M 2180.25, 126.41, 127.76, 128.33,
128.86, 129.62, 130.86, 131.38, 132.84, 134.57,004347.64, 166.05, 167.84, 168.75, 170.48;
Anal. Calcd. for GsH1CIN4OsS, (539.02): C, 55.71; H, 3.55; N, 10.39; found 6,02; H,
3.67; N, 10.18.

4.2. Biological Evaluation
4.2.1. Anti-tubercular Activity

M. tuberculosigfRCMB 010126) strain was obtained from the culwolection of the Regional
Center for Mycology and Biotechnology (RCMB), Al-Aar University, Cairo, Egypt. Isoniazid
was used as reference drug. Anti-tubercular agtivitthe newly synthesized moleculea,p,
11a-d, 14a-k and15a-h) was evaluated using the Microplate Alamar Blusays(MABA) as
reported earlier [12, 16]. Fex vivoSPOTi assayy. aurum[Optical Density (OD)6081] were
first checked for quality control using cold ZieNleelsen (ZN) staining (also called ‘acid fast
staining’; TB-colour staining kit, BDH/Merck) acating to the manufacturer’s protocol. Wells

with DMSO or HO were used as negative controls and isoniazidpasitive control.
4.2.2. Intracellular assay using a mycobacteriaested macrophage model

For the intracellular killing assay, RAW 264.7 nm@mhages (5xXCcells per well) were
infected withM. aurumat 1:10 MOI (multiplicity of infectivity) for 1 rat 37C in a 24-well
plate. The culture was washed with RPMI-1640 thraved incubated with different
concentration of inhibitors (0, 12.5, 25, 50, 10@ £00 pug/mL) in RPMI-1640 complete
medium. Inhibitors were incubated along with inégttmacrophages for 48 h at 37°C.,CO
incubator. Macrophages were then washed twice RRIMI-1640 and lysed in 500 pL of
distilled water at room temperature for 10 min. Tlgsed cells were centrifuged and
suspended in 50 pL of distilled water. Then, 5 jikuwspended cells was spotted onto wells
of a 24-well plate containing MB7H10 OADC agar andubated at 3T for 4 days to

determine intracellular survival amrd vivoMIC.

4.2.3. Antimicrobial activity
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All tested strains were provided from culture ccllen of the RCMB. Antibacterial and
antifungal activities were expressed as the dian@tenhibition zones; agar well diffusion
method was used as reported earlier [13, 14]. WMIE was performed by a serial dilution
technique described by Iradtial [31]. Amphotericin B and ciprofloxacin were usad
antifungal and antibacterial positive control; resjpvely. The results reported are means of

at least three separate experiments.
4.2.4. In vitro cytotoxic activity by NCI-USA.

The anticancer assays were performed in accordafittethe protocol of the Drug
Evaluation Branch, NCI, Bethesda [20]. A 48 h dmxposure protocol was used and
sulforhodamine B (SRB) protein assay [23] was &gplio estimate the cell viability and
growth, as reported earlier [32]. The human tunll lines of the cancer screening panel
were grown in RPMI 1640 medium containing 5% febavine serum and 2 mM L-
glutamine. After cell inoculation, the microtitelapes were incubated at 3¢, 5% CQ, 95%
air and 100% relative humidity for 24 h prior todétn of experimental drugs, then two
plates of each cell line were fixeoh situ with trichloroacetic acid, to represent a
measurement of the cell population for each ced At the time of drug additiofij. Aliquot
of 100 pl of the drug dilution was added to the rappate microtiter wells already
containing 100 pl of medium, resulting in the reqdifinal drug concentration (10 puM).
Triplicate wells were prepared for each individdake. Following drug addition, the plates
were incubated for an additional 48 h at %7, 5% CQ, 95% air, and 100% relative
humidity. For adherent cells, the assay was tertathéy the addition of cold TCA. Cells
were fixed in situ by the gentle addition of 50 pl of cold 50% (W/W)CA (final
concentration, 10% TCA) and incubated for 60 mid &€. The supernatant was discarded,
then the plates were washed 5 times with tap watdrair dried. Sulforhodamine B (SRB)
solution (100 ul) was added to each well, and platere incubated for 10 min at room
temperature. After staining, unbound dye was remdmewashing five times with 1% acetic
acid and the plates were air dried. Bound stain sudssequently solubilized with 10 mM
trizma base, and the absorbance was read on amatetb plate reader at a wavelength of
515 nm. For suspension cells, the methodology Wwassame except that the assay was
terminated by fixing settled cells at the bottomtlué wells by gently adding 50 ul of 80%
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TCA (final concentration, 16% TCA). Using the sexasorbance measurements [time zero
(T2, control growth C), and test growth in the presence of driig],(the percentage growth
was calculated at the drug concentration levelcéteage growth inhibition was calculated
as:

[(Ti— T, / (C — T,)] x 100 for concentrations for which > T,

[(Ti = T) / T;] x 100 for concentrations for which < T,

4.2.5. In vitro cytotoxic activity WI-38 cells (hamlung fibroblast normal cell line)

WI-38 cells (normal breast cells), were obtaineairfrAmerican Type Culture Collection.
The cells were propagated in DMEM supplemented WiPo heat-inactivated FBS (Hyclone),
10 ug/ml of insulin (Sigma), and 1% penicillin-gitemycin. All of the other chemicals and
reagents were from Sigma, or Invitrogen. Cytotdayigias determined using MTT assay [19] as
reported earlier [33]. The 50% inhibitory concenhtma (1Csg) was estimated from graphic plots
of the dose response curve for each conc. usingh@esl Prism software (San Diego, CA.

USA). The data presented are the mean of at leaest separate experiments.
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FIGURE CAPTIONS

Figure 1. Structures of agents with reported anti-tubercalgivity (1-V)and the design of
the target compound8g,b, 11a-d, 14a-k and15a-h).

Figure 2. Growth inhibition of M. aurum inside RAW 264.7 cells for different
concentrations of selected conjugatédg( 14i, 14k, 15a, 15b, 15e, 15g, 15h)
along with negative control only DMSO.

SCHEME CAPTIONS

Scheme 1. Synthesis of the key inter mediates (5a, b). Reagents and conditionsy $O,Cl,
dry toluene, RT, 72 hrs;ii]f Thiourea, absolute ethanol, reflux, 3 hrsj)(
CICH,COCI, dry DMF, RT, 6 hrs;iY) NH;SCN, absolute ethanol, reflux, 6 hrs.

Scheme 2. Synthesis of the target compounds (8a,b and 11a-d). Reagents and conditions:
(i) Dry DMF, POC4, 2 hrs; (i) Glacial CHCOOH, anhydrous C#OONa,
reflux, 3 hrs; iii) Bromomethan&a or benzyl bromideb, dry DMF, sodium
hydride, RT; 24 hrs (yields: 75-83%).

Scheme 3. Synthesis of the target compounds (14a-k and 15a-h). Reagents and
conditions: () Bromomethaneda or benzylbromide9b, dry DMF, anhydrous
potassium carbonate, RT, 24 hig) Glacial CHCOOH, anhydrous C¥OONa,
reflux, 3 hrs (yields: 64-75%).

TABLE CAPTIONS

Table 1. Anti-tubercular activities of the target composar@a,b, 11a-d, 14a-k and15a-h)
against the clinically isolated straw M. tuberculosifiRCMB 010126.

Table 2. Antibacterial activity of the target conjugate®a,p, 1la-d, 14a-k and 15a-h);
expressed as inhibition diameter zones (I.Z.) in,namd minimum inhibitory
concentrations (MIC) in pg/mL.

Table 3. Antifungal activity of the target conjugateSa(b, 1lla-d, 14a-k and 15a-h);
expressed as (I.Z.) in mm, and (MIC) in pg/mL.

Table 4. Activity of the selected compounds &h aurum (expressed as MIC ipg/mL) as
well as their cytotoxicity against macrophage RA®AZ (expressed as GIn
ug/mL) and selectivity index expressed as absoluteber.

Table 5. Theminimum inhibitory concentration (MIC in pg/mL) cbmpoundd5a and15b
against methicillin-resistai@taphylococcus aureMRSA ATCC 33592) and
vancomycin- resistarEnterococcus faeciufATCC 700221).
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Table 6. In vitro cytotoxic activity of compound$ba, 15b (NSC: 791602hnd 15h (NSC:
791608)against NCI-USA 60 cancer cell lines and normapleells WI-38 and
their selectivity index.
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8a,b; R1= H

14a'k; R1= H
11a'd; R1=CH3 or CH2Ph 5a-h, R1=CH3 or CH2Ph

Figure 1. Structures of agents with reported anti-tubercatdivity (-V) and the design of the
target compounds3é,b, 11a-d 14ak and15a-h).
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Figure 2. Growth inhibition ofM. aurum inside RAW 264.7 cells for different concentragaof
selected conjugated4qg, 14i, 14k, 15a, 15b, 15e, 15g, 15png with negative control only
DMSO.
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Scheme 1. Synthesis of the key intermediates (59, Reagents and conditionsy §O,Cl,, dry
toluene, RT, 72 hrsjij Thiourea, absolute ethanol, reflux, 3 hig;) (CICH,COCI, dry DMF,
RT, 6 hrs; i{v) NH;SCN, absolute ethanol, reflux, 6 hrs.
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Scheme 2.Synthesis of the target compounds (8a,and 11a-d) Reagents and conditions) (
Dry DMF, POC4, 2 hrs; (i) Glacial CHBCOOH, anhydrous C4#€OONa, reflux, 3 hrs;ii()
Bromomethan®a or benzyl bromidé@b, dry DMF, sodium hydride, RT; 24 hrs (yields: 75-
83%).
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Scheme 3. Synthesis of the target compounds (14akd 15a-h) Reagents and conditions$) (
Bromomethan®a or benzylbromid®b, dry DMF, anhydrous potassium carbonate, RT, 24 hr
(i) Glacial CHCOOH, anhydrous C¥OONa, reflux, 3 hrs (yields: 64-75%).



Table 1. Anti-tubercular activities of the target compoun@s,b, 11a-d 14ak and 15a-h)
against the clinically isolated strashM. tuberculosis RCMB 010126.

r%x x% w% N fgm »,%N HN&{Q },ﬁ HN&& )

11a-d 14a-k 15a-h
MIC (ug/mL)
Compound R R X Mean of inhibition %  against clinical TB
isolate
8a CHs e e 52.41+1.20 3.12
8b OCGHs  coeeee e 46.35+ 1.50 6.24
1lla CHz H ... 34.32+ 0.58 ND
11b CHs CeHs  oone. 56.35+ 0.63 1.56
11c OC,Hs H NA® NDP
11d OCH5 CeHs ... NA? NDP
1l4a CHs ... H 63.24+ 1.23 1.56
14b CHs ... F 43.26+ 0.58 12.48
14c CHs ... Cl 74.32+ 0.63 0.78
14d CHs ... Br 43.21+1.26 12.48
1l4e CHs ... OCHs 64.35+ 0.72 1.56
14f CHs ... OCR; 41.58+ 0.63 12.48
149 OCHs  ....... H 72.14+1.26 0.78
14h OCHs  ....... F 62.15+ 0.58 1.56
14i OCHs  ....... Cl 56.34+1.20 0.39
14j OCHs  ....... Br 86.31+ 1.55 1.56
14k OCHs  ....... OCHs 84.35+ 0.63 0.39
15a CHs H H 76.35+£ 0.72 0.39
15b CHs H Cl 76.35+ 0.63 0.39
15c CHs CeHs H 58.34+ 1.54 1.56
15d CHs CeHs Cl 80.34+1.29 0.39
15e OC;Hs H H 76.35+ 1.28 0.39
15f OC;Hs H Cl 68.31+ 1.22 0.78
15¢g OCHs  CgHs H 87.38+ 0.63 0.39
15h OCHs  CgHs Cl 75.32+1.60 0.39
INH 0.78

3ot Active; ®Not Determined.



Table 2. Antibacterial activity of the target conjugate8afb, 11a-d 14ak and 15a-h);
expressed as inhibition diameter zones (I.Z.) in,mamd minimum inhibitory concentrations
(MIC) in pg/mL.

Gram Positive Bacteria Gram negative Bacteria
Compound Sa Sa Pa Ec Pa Ec
[.Z. (mm) MIC (ug/mL) [.Z. (mm) MIC (ug/mL)
82 18.9+0.72 7.81 185+15 21.3+1.2 7.81 1.95
8b 18.9+ 0.63 3.9 185+1.2 21.3 £0.58 7.81 1.95
112 15.3+0.63 ND 142+1.2 15.9+ 0.63 ND ND
11b 20.6+x1.5 1.95 17.3+0.63 20.3+1.2 15.63 3.9
1lic NA ND NA NA ND ND
11d NA ND NA NA ND ND
142 20.3£0.63 3.9 19.9 +0.58 22.8+1.5 3.9 0.98
14b 18.6 £ 0.63 ND 19.1+1.2 20.6x1.5 ND ND
1l4c 221+£1.2 0.98 22.5+£0.58 24.3+1.2 0.98 0.49
14d 18.5+ 0.58 ND 18.6 +1.5 204 +1.2 ND ND
14e 21.7£1.2 1.95 21.4 £0.58 224+15 1.95 1.95
14f 14.3+0.58 ND 13.9+0.63 14.2+0.72 ND ND
149 225+0.72 0.98 21.8 £0.63 22.4+£1.2 1.95 1.95
14h 20.5+0.58 3.9 202+1.2 21.5+15 3.9 1.95
14i 23.1+£15 0.98 22.6 +£0.58 23.2+15 0.98 0.98
14 20.1+0.72 3.9 19.4 +0.63 21.1+15 3.9 1.95
14k 22.7+1.2 0.98 22.1 £0.63 226+1.2 1.95 0.98
152 23.4+£0.63 0.98 23.2+1.2 251+15 0.98 0.49
15b 22.4 +0.63 0.98 222+1.2 251+15 0.98 0.49
15¢c 21.2+0.72 1.95 20.3+0.63 23.4+ 0.58 3.9 0.98
15d 23.6+x1.2 0.98 23.5+£ 0.63 256+ 15 0.98 0.49
15e 21.8+0.72 1.95 215+1.2 21.5+ 0.63 1.95 1.95
15f 21.4+£0.58 1.95 21.5+15 22.3£0.63 1.95 0.98
159 24.2+0.58 1.95 23.1+1.2 24.8+ 0.63 1.95 0.98
15h 22.5+0.58 0.98 22.3+1.2 23.4+15 1.95 0.98
CF 22.2 1.95 23.1 24.3 3.90 1.95

NA: No Activity. ND: Not Determined

The screening organismsGram-positive bacteri&gtaphylococcus aureus (RCMB 010028, Sa).
Gram-negative bacterid®seudomonas aeruginosa (RCMB 010043, Pa) an#tscherichia coli
(RCMB 010052, Ec)CF: Ciprofloxacin



Table 3. Antifungal activity of the target conjugate®a(b, 11a-d 14ak and15a-h); expressed
as (1.Z.) in mm, and (MIC) in pg/mL.

Cpd. I.Z. (mm) MIC (ug/mL)
Af Ca Af Ca

8a 20.3+1.55 20.9+0.44 3.9 1.95
8b 203+1.2 20.9+0.58 3.9 1.95
1lla 16.2+0.72 16.9 +0.36 ND ND
11b 20.3+2.15 16.2+1.2 3.9 31.25
1llc NA NA ND ND
11d NA NA ND ND
1l4a 21.5+0.58 22.7+1.2 1.95 0.98
14b 18.1 +1.50 19.1+0.72 ND ND
l4c 22.9+0.63 242+ 15 0.98 0.49
14d 17.6 +0.58 18.8+1.2 ND ND
14e 20.8 £ 0.58 21.3+15 1.95 1.95
14f 15.6 +1.50 16.2+1.2 ND ND
14g 21.6 £1.50 22.7£1.2 0.98 0.98
14h 21.3+1.50 22.1+1.2 1.95 1.95
14i 22.7£0.63 244 +£0.72 1.95 0.49
14j 20.6 £0.58 21.3+1.2 3.9 1.95
14k 22.1+1.50 23.3+0.63 1.95 0.98
15a 23.2+1.50 25.1+£0.72 0.98 0.49
15b 222+1.2 24.1+£0.72 0.98 0.49
15c 21.7+1.57 22.5+ 0.63 1.95 0.98
15d 23.6 £1.20 25.3+ 0.58 0.98 0.49
15e 21.6+1.54 224+ 15 1.95 0.98
15f 20.8 £1.52 21.3+1.2 3.9 1.95
15¢g 23.2+1.50 25.2+ 0.58 0.98 0.49
15h 21.3+0.72 21.7£1.2 1.95 1.952
AB 23.7+1.20 25.4+ 0.58 1.95 0.98

The screening organisms Aspergillus fumigatus (RCMB 02568), Af), Candida albicans

(RCMB 05036, Ca)AB: Amphotericin BNA:No Activity ND:Not Determined



Table 4. Activity of the selected compounds dh aurum (expressed as MIC ing/mL) as well
as their cytotoxicity against macrophage RAW 26&Xpressed as Gig in pg/mL) and
selectivity index expressed as absolute number.

Compounds MM?grtlng%] \lji)vo RAWGZI?:A:—;Z(;:é}Cr)r:E;(iCity Selectivity Index
1l4g 100.00 125.00 1.25
14i >200 >125 <0.625
14k >200 >62.5 <0.3125
15a 50.00 >250 >5
15b 25.00 125.00 5.00
15e 200.00 500.00 2.50
15¢g 200.00 500.00 2.50
15h 50.00 62.50 1.25

Table 5. The minimum inhibitory concentration (MIC in pg/mL) @ompoundsl5a and 15b
against methicillin-resistar@aphylococcus aureus (MRSA ATCC 33592) and vancomycin-
resistanEnterococcus faecium (ATCC 700221).

MIC (ug/mL)
Compound
MRSA (ATCC 33592) VRE (ATCC 700221)
15a 15.63 62.50
15b 3.90 7.81
Vancomycin 1.95 -

Ciprofloxacin - 3.90




Table 6. In vitro cytotoxic activity of compoundd45a, 15b(NSC: 791602)and 15h (NSC:
791608)against NCI-USA 60 cancer cell lines and normaglaells WI-38 and their selectivity
index

Mean growth % against ICsp0f WI-38  MIC of TB

_ Selectivity Index
NCI-60 cancer cell lines cells (pg/mL) (ug/mL)

15a N.D. 5.3 0.39 13

15b 101.50 19.5 0.39 50

15h 101.20 52.1 0.39 133




Highlights

Novel indole-thiazolidinone conjugates. Design, synthesis and whole-cell

phenotypic evaluation as a novel class of antimicrobial agents

- Two different sets of indole-thiazolidinone conjugates were designed and synthesized.
- All conjugates were evaluated for their potential antimicrobial activity.

- 15b displayed broad spectrum anti-tubercular, antibacterial and antifungal activities.

- 15b killed M. aurumin an infected macrophage model with good therapeutic window.

- Cytotoxicity against a panel of cancer cell lines and normal lung cells was investigated.



