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ABSTRACT

A series of thiazole containing coumarin derivagi@a-o) were efficiently synthesized as
pharmacophore hybrids through Hantzsch cyclisabbr8-(2-bromoacetyl)-B-chrome-2-
ones with differentN-substituted thiourell/N-di-substituted thiourea. All the synthesized
compounds were evaluated for their potential agacierial, anti-tubercular and antiviral
agents and some of the compounds displayed coabidgpnotency against these strains. The
presence of 2-bromophenylaminzh] and 3,4-dichlorophenylamin@d) group at thiazole
moiety resulted the highest antibacterial (MIC (8) and antitubercular (MIC 6QM)
activities, respectively. Antiviral screening digpéd that methylamino derivative?d)
strongly inhibited the replication of HIN1 influem?A virus (IGo value 4.84). Results of
molecular docking studies also suggest that thydolumarins could be an important

scaffold for the design and development of novévaal agents.

Keywords. Thiazole, coumarin, antibacterial, antitubercutantj-influenza.



1. Introduction

The discovery of antimicrobial agents changed tloeldvof therapeutics by controlling the
deadly infectious diseases which were the leadauges of morbidity and mortality [1]. But
unfortunately, irrational use of antimicrobial agemand subsequent emergence of resistant
microbes has resulted in treatment failures anceased mortality in epidemics like cholera,
tuberculosis (TB), respiratory tract infections (RBexually transmitted diseases (STD), and
malaria [2]. Recent emergence of methicillin-resistStaphylococcus aureus (MRSA) and
carbapenem resistance mediated by New Delhi metdiatamase (NDM-1 superbug) are
also a serious epidemiological concern [3,4]. Tagid spread of drug resistance Tz
multiple drug-resistant (MDR) and extensively dmegistant (XDR) TB is also becoming a
foremost apprehension for TB control programs asetlis no clinical resort available against
these strains [5]. Therefore, development of newimacrobials is required as newer
resistance is always most likely to emerge. Moreowdluenza or flu is a severe contagious
respiratory infection caused by influenza virusdsclw sometimes results in hospitalization
or death [6]. Although, several drugs are availdbighe treatment of a flu but each seasonal
influenza epidemic claims approximately 0.5 millibmes globally [7]. Consequently, the
recent outbreaks of avian flu (H5N1), the persisthneat of human influenza A (H3N2,
H1N1) and B, and rapid emergence of resistant ggymse a new challenge emphasizing the
importance of constant efforts in the developmémtowel anti-influenza agents [8].

Coumarin moiety is of great importance to chemastsvell as biologists as it is found in a
large variety of naturally occurring bioactive comupds [9]. A large number of coumarin
derivatives were reported as antibacterial [10fit@vercular [11] and antiviral agents [12].
The biological activities of the resulting coumadierivatives are effectively influenced by its

substitution. Furthermore, thiazole moiety is a k#yarmacophore for the synthesis of



various chemotherapeutic agents like antimicrobggnts [13]. The practice of incorporating
two bioactive moieties into a single molecule thlglothybrid pharmacophore is a rational
approach in a drug design. Thus in our previoudiet) we introduced the thiazole moiety
into coumarin skeleton, which has led to promisamggbacterial and antiviral activities (Fig.
1) [14]. The molecular hybridization of thiazoledaooumarin pharmacophores was chosen
as a strategy to obtain more active compoundsattinough multiple targets. Encouraged by
these observations and in continuation of our rekeprogram [14,15], it was of interest to
further synthesis and explore a novel series ofritlythiazolyl-coumarin derivatives and
preliminary evaluation of antibacterial, antitubder and antiviral properties of the

synthesized compounds.

2. Results and Discussion
2.1. Chemistry

The synthetic pathway leading to the title comp@a2(@-o) is depicted in Scheme 1. In the
initial step substituted-3-acetylcoumarins werentir@ated in ethanol free chloroform to get
intermediates  substituted-3-(2-bromoacetyl-éhrome-2-ones 1(a-b). The detailed
procedure for the synthesis of compoufshb) are presented in supportive information. In
the subsequent step synthesis of title compoRfdo) was accomplished by Hantzsch
cyclization, which involves the cyclocondensatidnla-b) with N-substituted thiourea and
N,N-disubstituted thiourea. The structures of all Hymthesized compound&a-o) were
elucidated by IR!H-NMR, *C-NMR, mass spectroscopy and elemental analysis. IRh
spectra of prototype compould showed characteristic sharp bands at 1604, 1698326
cm® which could be assigned to C=N, lactone C=0 andsitkitching, respectively. In the
'H NMR spectra of compounga showedan up-fieldedsinglet peaks 2.90 due to methyl
protons. The aromatic protons were observed asesiath 7.61 and 8.65 due to thiazolyl H-

10 and chromene H-4 protons. Two doublets wereregbdeats 7.91 J = 7.5 Hz) and 7.49



(J = 8.5 Hz) due to H-5 coupled with H-6 and H-8 dedpwith H-6 proton, respectively.
Two triplets at 7.66 J = 8.0) and 7.43 (J = 8.0 Hz) can be assigned to H-7 proton coupled
with H-6 and H-8 and H-6 proton coupled with H-Sa-7 protons, respectively (otherwise
the J4 coupling would be around 1.5 Hz). Moreotteg,-NH proton resonated &f7.69 ( =

4.5 Hz) as doublet due to its coupling with mettrdtons. It's worth to mention the absence
of an up-field singlet aé 4.75 due to methylene (-GHprotons of 3-(2-bromoacetyl)}-2
chrome-2-onel@), also confirms the formation of thiazolyl ringh@**C NMR spectrum of
2a, showed signals corresponded to all the 13 carbvotiee compound. Signals &t143.55,
109.09 and 168.38 could be assigned to C-9, C-tl0Gxt1 of thiazolyl ring. The methyl
carbon C-13 was found to resonate up-field 80.92. Rest of the carbons of the coumarin
nucleus were found to resonate in the expected ichéshift regions. The COSY spectrum
of 2a as shown in figure 2, revealed clear correlatiolwben H-5 § 7.91) and H-6d 7.43)
and a cross correlation of H-6 7.43) with H-7 § 7.66). The proton H-75(7.66) was also
found to correlate with H-8(7.49). Moreover, NH proton &t7.69 was found coupled with
methyl protons d 2.90), which strongly suggested the formation lw&zolyl ring in the
expected compound. THel-*C HMQC spectrum ofa (Fig. 3), confirmed the connectivity
of the protons relative to their respective carbshewing that out of 13 carbons, six were
guaternary, six were methines and the rest onemabkyl carbons as determined by DEPT
135 and DEPT 90 experiments. The spectrum cleadyesd the coupling of H-45( 8.65)
with C-4 @c 138.22), H-5 § 7.91) with C-5 §c 128.68), H-6 & 7.43) with C-6 §c
124.66), H-7 &4 7.66) with C-7 §c 131.42) and H-85( 7.49) with C-8 §c 115.78). Direct
correlation of H-10dy 7.61) with C-10 §c 109.09) confirmed the presence of a thiazole ring
in the structure. Besides this, correlation for myetoroton H-13 ¢y 2.90) with C-13 §c
30.92) was also observed. Structure elucidatio®aofvas further substantiated Bii-'°C

HMBC spectrum (Fig. 4), in which long range cortelas of C to H was observed. All these



possible correlations are shown in Fig.l5was clearly found that H-105¢ 7.61) was
correlated with C-9§¢ 143.55) and C-115€ 168.38), thus confirming the formation of a
thiazole ring. H-4 &4 8.65) was found to correlate with C-& (119.30) and C-9¢ 143.55)
which confirmed the attachment of thiazole ringQeé8 ©¢ 119.30) of coumarin core. The
presence of coumarin nucleus was confirmed by glygethe correlations of H-4( 8.65)
with C-8a ¢ 152.20), C-53c 128.68) and C-25¢ 158.78). Moreover, H-55( 7.91) was
found to couple with C-75¢ 131.42), C-43c 38.22) and C-8a¢ 152.20). Correlation of H-
7 Oy 7.66) with C-8 §c 115.78) and C-55¢ 128.68) was also observed. Hd, (7.49) was
found to couple with C-4a5¢ 120.52), C-6 3¢ 124.66) and C-8a¢ 152.20). Besides this,
H-6 Oy 7.43) was found to couple with C-8:(115.78) and C-4a¢ 120.52). In addition,
correlation between methyl protons H-B3 €.90) and C-115¢ 138.38) was also observed.
In addition, the structure and the stereochemmstithe thiazolyl-coumarins were confirmed
by the single crystal X-ray crystallographic an&ysf 2a. Fig. 6 shows the ORTEP diagram
and crystal packing respectively, for compo@ad16]. A computational study for prediction
of Lipinski's parameters>1 violation) along with other physicochemical pedges of all

the molecules are presented in Table 1.

2.2. Biological Activities
2.2.1. Antibacterial Activity

Taking our previously reported compound hydrazingiazolyl-coumarin (Minimum
inhibitory concentration; MIC 1uM) as the lead compound, we designed mono and di
substituted thiazolyl-coumarin analogues as newmagriobial agents. Substitution were
focused mainly on the thiazole and coumarin nuclewsder to explore the structure activity
relationship (SAR) of hybrid analogues (Fig. 1).| Ahe synthesized compounds were
evaluated forn vitro anti-bacterial activity against two Gram-posithacteria § pneumonia

and S aureus) and three Gram negative bacterta ¢oli, E. aerogenes and Styphi) using



broth microdilution method [17] and compared witkference drugs streptomycin,
kanamycin, and vancomycin (Table 2). Intermedi&€2-bromoacetyl)-B-chrome-2-one
(BAC) showed MIC of 560uM against both Gram-positive and Gram-negative dyact
compared with standard drug streptomycin having M@ the range of 54-104M (Table
2). The results of antimicrobial activities showtat cyclisation of BAC into its thiazolyl
derivatives resulted in enhanced antibacterialvdiets against the tested bacterial strains
ranging in between 49-2938V. Among the fifteen hybrid derivatives, four conymals(2d,
2h, 2k, and 2m) showed promising antibacterial activity. The brgmenyl derivative2d
(MIC 79 uM) and 2h (MIC 73 uM) displayed highly significant inhibition againatl the
pathogens with MIC values comparatively less thancemycin, MIC 86-17@M (except
against Gram-positive bacteria). Further, di-substd N,N-diphenyl derivative2l showed
extremely low activity (MIC 158-31@M) whereas, replacement with lesser sterically ypulk
alkyl groups led to compounds retaining the anttobal activity2k (MIC 115-230uM) and
2m (MIC 49-98 uM). From the results it is evident that mono-subgtd thiazoles were
comparatively more effective than the di-substduthiazoles. Among the previous,
compounds containing lipophilic electron withdragiibromo group at phenyl ring showed
promising antibacterial activity and substitutiohebectron releasing (-OGJ group at the
coumarin nucleus slightly increases activity.

2.2.2. Anti-tubercular Activity

All the thiazolyl-coumarin derivative2(a-0) were evaluated for their anti-TB potential
against the well characterized virulent strainviyicobacterium tuberculosis, H37Rv ATCC
25618 by BTG (BacTiter-Glo™) Microbial Cell Viali assay and compared with standard
drug isoniazid (Table 2) [18,19]. Although, antba&rcular activity of thiazolyl-coumarin
compounds are not comparable with the standardidamngazid (MIC 1.3uM) but among the

fifteen compounds tested ten compounds showed ratdactivity with MIC in the range of



60-194uM. The highest activity was shown by compoutgl having 2,4-dichlorophenyl as
substituent with MIC of 6QuM. Interestingly, theN,N-disubstituted derivativej, 2|, 2m,

2n and20) did not show any inhibition except compowid This might be as a consequence
of a steric hindrance due to two bulky substituamd compoun@k showed activity because

of its less steric hindrance due to smaller megnglp.

2.2.3. Antiviral Activity

Anti-influenza activities of the thiazolyl-coumasinwere evaluated using Madin—Darby
canine kidney (MDCK) cell-based CPE (cytopathieeffprotection) assays as described in
supplementary material [20]. The antiviral activitsta, as summarized in Table 3, revealed
the moderate efficacies of thiazolyl-coumarins agthe both strains (kKgvalues 4.84 to
>50 ug/mL) compared to the standard drug amantadin® @ad 5Qug/mL against the H3N2
and H1N1, respectively). The results of this studiy regard to anti-influenza activity have
been found to be remarkable against HIN1 straimgoands?a, 2c, 2g and2k seems to be
promising agents having dgvalues 4.84, 19.72, 6.12 and 94@mL, respectively against
the H1INL1 virus, of whicl2a being the most potent compound. Moreover, amoagettiour
compounds, only 2,4-dichlorophenyl derivatize (ICso 25.76 ung/mL) moderately inhibited
the replication of H3N2 influenza A virus strains.

2.3. Molecular docking study

To gain further evidence regarding the antivirafeef of hybrid thiazolyl-coumarin
analogues,

molecular docking study was carried out on neuraiase (NA) enzyme (PDB ID: 3B7E) of
H1N1 influenza A virus strain [21] using AutoDockogram. The enzyme neuraminidase
(NA) is an attractive target for antiviral stratedpecause of its essential role in the
pathogenicity of many respiratory viruses. The gcenergy, predicted inhibition constant,

steric interactions along with hydrogen bondingwieuraminidase (NA) enzyme are used to



predict the binding affinities. The binding enemgfycompound<a-o were in the range of -
2.80 to -5.66 kcal/mol of which, the lowest doclestergy was observed for compouzal
This study reveals that the presence of the aliphatethyl group was important for
neuraminidase inhibition. However, among the aranaubstituted ring, electron
withdrawing groups (ClI, Br) enhanced inhibitoryiaity as compared to electron releasing
group (OCH). Thus, the results oh silico studies were found in good agreement withithe
vitro antiviral results (Table 3). The best binding nmodg¢ zanamivir, a neuraminidase
inhibitor and compounda in the active site of NA are presented in Figsand 8. The
selectivity of zanamivir has been shown to resudif the carboxylate group of sialic acid,
which makes strong charge-charge interactions waitbluster of positively charged side
chains of the Arg triadiiz. Arg 118, 292 and 371 [22]. In contrast, compo@adlacks
carboxylate group but forms four hydrogen bondth&enzyme through its lactone group of
coumarin and tertiary nitrogen of thiazole ringwthe Arg triadd.e. at the same residue
where the carboxylate moiety of the antiviral dmagamivir binds [25]. Furthermore, the NH
group of2a forms a hydrogen bond with ASN 347. Lipophilicalso appears to play crucial
role in2a inhibitory activity, as chromene group is propashented to the more hydrophobic
pocket formed by Ala-246, lle-222 and an Arg-224ebinding energy of compour2d was
found to be -5.66 and the inhibition constanf) (R0.4 uM. Therefore, the antiviral effect of
compound2a might be due to inhibition of enzyme NA.

In summary, we have synthesized fifteen hybrid zi-coumarin analogs as
antimicrobial agents. Most of the compounds hadnsing antibacterial, anti-tubercular and
antiviral activities. In particular, mono-substedtthiazole derivatives containing phenyl ring
with electron withdrawing groups were potent antimbial agents as compared to their
corresponding di-substituted thiazole derivativitethoxy substitution at the coumarin

nucleus led to slight enhance in antimicrobial pot. Molecular docking results also



suggested that anti-influenza activity might be dueneuraminidase inhibition. This study
provides new thiazolyl-coumarin hybrids as potdngad molecules for further structural

optimisation as anti-viral, anti-Tb and anti-ba@kagents.

3. EXPERIMENTAL
3.1. General procedurefor the synthesis of thiazolyl coumarin derivatives (2a-0)

An equimolar mixture of 3-bromoacetyl coumarin (5a@nol) and varioudN-substituted as
well asN,N-disubstituted thiourea (5.0 mmol) in CHMEtOH (2:1, v/v) was refluxed for 3 h.
After completion of reaction, the clear solutiomrmfeed was slowly evaporated under negative
pressure to get a whitish crystalline solid. Théaoted products were collected, dried and
recrystallized from ethanol to afford pure compauiad whitish solid in good to moderate

yields.

3.1.1. 3-(2-Methylamino-1, 3-thiazol-4-yl)-2H-chromen-2-one (2a)

White solid, (0.92 g, 71.3%), mp 192-194 °C. IR KBfa/cm?): 3362.50 (N-H), 2971.66
(C-H aliphatic, asymmetric, &p 2881.90 (C-H aliphatic, symmetric, *p1694.40 (C=0O
lactone), 1604.95 (C=NJ}H NMR (5/ppm, 500 MHz, DMSQ): 8.65 (1H, s, H-4), 7.91
(1H, d,J = 7.5 Hz, H-5), 7.69 (1H, d, = 4.5, N-H), 7.66 (1H, t} = 8.0 Hz , H-7), 7.61 (1H,
s, H-10), 7.49 (1H, dJ = 8.5, H-8), 7.43 (1H, tJ = 8.0 Hz, H-6), 2.90 (3H, s, GH 1*C
NMR (5/ppm, 125 MHz, DMSQt): 168.38 (C-11), 158.78 (C-2), 152.20 (C-8a), 583C-
9), 138.22 (C-4), 131.42 (C-7), 128.68 (C-5), 1B4(6-6), 120.52 (C-4a), 119.30 (C-3),
115.78 (C-8), 109.09 (C-10), 30.92 (HAnal. Calcd. For @H1d0,N,S (258.30 gmdl): C,
60.45; H, 3.90; N, 10.85 %. Found: C, 60.40; H,63.8B, 10.80 %. MS (+ESI) (m/z):

259.0532 (258.0463).

3.1.2. 3-(2-Ethylamino-1,3-thiazol-4-yl)-2H-chromen-2-one (2b)
White solid, (0.93 g, 68.3%), mp 210-221 °C. IR KBa/cm™): 3362.50 (N-H), 1894.40

(C=0 lactone), 1607.55 (C=Nj+ NMR (8/ppm, 500 MHz, CDG): 8.54 (1H, s, H-4), 7.89



(1H, s, H-10), 7.58 (1H, dd, = 8.0, 1.0 Hz, H-5), 7.50 (1H, ddd= 8.5, 1.0, 1.5 Hz , H-7),
7.34 (1H, dJ = 8.0, H-8), 7.28 (1H, t] = 8.5 Hz, H-6), 5.29 (1H, s, N-H), 3.36-3.41 (2Hl,
CH,), 1.27 (3H, tJ = 7.0 Hz, CH); **C NMR (/ppm, 125 MHz, CDG): 168.48 (C-11),
159.68 (C-2), 152.84 (C-8a), 143.78 (C-9), 138694, 131.16 (C-7), 128.23 (C-5), 124.50
(C-6), 120.90 (C-4a), 119.70 (C-3), 116.29 (C-89.12 (C-10), 40.84 (CH| 14.75 (CH).
Anal. Calcd. For @H1,0.N,S (272.32 gmét): C, 61.75; H, 4.44; N, 10.29 %. Found: C,

61.80; H, 4.40: N, 10.33 %. MS (+ESI) (m/z): 278B6272.0162).

3.1.3. 3-(2-(3, 4-Dichlorophenylamino)-1, 3-thiazol-4-yl)-2H-chromen-2-one (2c)

White solid, (1.23 g, 63.0%), mp 226-228 °C. IR KBra/cml): 3285.23 (N-H), 1694.14
(C=0 lactone), 1606.67 (C=N)-H NMR (5/ppm, 500 MHz, DMSQts): 10.64 (1H, s, N-H),
8.61 (1H, s, H-4), 8.01 (1H, d,= 2.5, H-14), 7.84 (1H, dd,= 8.0, 1.0 Hz, H-17), 7.82 (1H,
s, H-10), 7.75 (1H, dd] = 8.5, 3.0 Hz, H-5), 7.63 (1H, ddd= 9.5, 9.0, 2.0 Hz , H-7), 7.57
(1H, d,J = 9.0, H-18), 7.43 (1H, d| = 8.0 Hz, H-8), 7.41 (1H, 1 = 7.0 Hz, H-6);*C NMR
(5/ppm, 125 MHz, DMSQ#): 161.85 (C-11), 158.73 (C-2), 152.33 (C-8a), 523(C-4),
140.84 (C-9), 131.71 (C-13), 131.80 (C-14), 131(T416), 130.93 (C-18), 128.83 (C-7),
124.79 (C-15), 122.44 (C-3), 120.20 (C-17), 119(C45), 118.12 (C-6), 117.23 (C-4a),
115.90 (C-8), 110.81 (C-10). Anal. Calcd. FagkcO-N-ClLS (389.25 gmat): C, 55.54; H,
2.59; N, 7.20 %. Found: C, 55.50; H, 2.36; N, 7%/ MS (+ESI) (m/z): 388.1041

(387.9840).

3.1.4. 3-(2-(2-Bromophenylamino)-1,3-thiazol-4-yl)-2H-chromen-2-one (2d)

White solid, (1.36 g, 68.0%), mp 119-201 °C. IR KB#a/cm™): 3381.85 (N-H), 1713.85
(C=0 lactone), 1605.97 (C=Nj4 NMR (5/ppm, 500 MHz, DMSQis): 10.60 (1H, s, N-H),

8.59 (1H, s, H-4), 8.25 (1H, d,= 8.0 Hz, H-14), 7.89 (1H, dd,= 7.5 Hz, H-5), 7.80 (1H, s,
H-10), 7.69 (1H, ddJ = 7.5, 1.5 Hz, H-17), 7.63 (1H, dddi= 7.0, 7.0, 1.0 Hz, H-7), 7.49

(1H, d,J = 8.0, H-8), 7.46 (1H, 1 = 8.5 Hz, H-8), 7.39 (1H, § = 7.0 Hz, H-6), 7.09 (1H, td,



J = 8.0, 2.0 Hz, H-15)'*C NMR @/ppm, 125 MHz, DMSQdg): 163.91 (C-11), 158.76 (C-
2), 152.30 (C-8a), 143.25 (C-4), 138.80 (C-9), 53§C-13), 133.02 (C-14), 131.64 (C-16),
128.89 (C-18), 128.61 (C-7), 124.98 (C-3), 124.6716), 123.00 (C-17), 120.31 (C-5),
119.19 (C-4a), 115.83 (C-6), 114.49 (C-8), 111.0610). Anal. Calcd. For £gH11:0,N,SBr
(399.26 gmot): C, 54.15; H, 2.78; N, 7.02 %. Found: C, 54.20;283; N, 6.98 %. MS

(+ESI) (m/z): 398.2685 (397.9724).

3.1.5. 8-Methoxy- 3-(2-methylamino-1, 3-thiazol-4-yl)-2H-chromen-2-one (2e)

White solid, (1.0 g, 69.4%), mp 234-236 °C. IR KBra/cm™): 3159.97 (N-H), 1725.48
(C=0 lactone), 1630.94 (C=NJH NMR (8/ppm, 500 MHz, DMSQs#): 8.56 (1H, s, H-4),
7.72 (1H, s, N-H), 7.57 (1H, s, H-10), 7.41 (1HJ& 7.5 Hz, H-5), 7.39 (1H, d,= 8.0 Hz ,
H-7), 7.31 (1H, tJ = 8.0 Hz, H-6), 3.94 (3H, s, OGH 2.94 (3H, s, Ch); *C NMR /ppm,
125 MHz, DMSO#dg): 168.53 (C-11), 160.20 (C-2), 159.13 (C-8a), 186/C-9), 143.11 (C-
4), 141.36 (C-7), 138.59 (C-5), 124.75 (C-6), 120(8-4a), 119.84 (C-3), 113.72 (C-8),
108.23 (C-10), 56.01 (OGH 30.94 (CH). Anal. Calcd. For §H1,0sN,S (288.32 gmal):
C, 58.32; H, 4.19; N, 9.72 %. Found: C, 58.36; 234 N, 9.77 %. MS (+ESI) (m/z):

289.0659 (288.0568).

3.1.6. 8-Methoxy- 3-(2-ethylamino-1, 3-thiazol-4-yl)-2H-chromen-2-one (2f)

White solid, (1.05 g, 69.5%), mp 231-233 °C. IR KBra/cm®): 3245.10 (N-H), 1727.55
(C=0 lactone), 1634.56 (C=N}4 NMR (5/ppm, 500 MHz, CDG): 9.23 (1H, s, N-H), 8.85
(1H, s, H-4), 7.83 (1H, s, H-10), 7.39 (1H, dd 8.0, 1.5 Hz, H-5), 7.31 (1H, d,= 8.0 Hz,
H-6), 7.319 (1H, ddJ = 8.0, 1.0 Hz, H-7), 4.13 (3H, s, OQH3.44-3.49 (2H, m, C§), 1.49
(3H, t, J = 7.5 Hz, CHJ; **C NMR /ppm, 125 MHz, CDG): 169.83 (C-11), 157.58 (C-2),
146.86 (C-8a), 142.68 (C-9), 141.10 (C-4), 134077}, 125.22 (C-5), 121.08 (C-6), 118.89

(C-4a), 115.15 (C-8), 114.49 (C-3), 106.05 (C-B8),36 (OCH), 42.98 (CH), 13.59 (CH).



Anal. Calcd. For @H140sN,S (302.35 gmot): C, 59.59; H, 4.67; N, 9.27 %. Found: C,

59.63; H, 4.71; N, 9.31 %. MS (+ESI) (m/z): 303.87802.0752).

3.1.7. 8-Methoxy-3-(2-(3,4-dichlorophenylamino)-1,3-thiazol -4-yl)-2H-chromen-2-one (29)
White solid, (1.42 g, 67.6%), mp 223-225 °C. IR KBra/cm?): 3281.59 (N-H), 1708.76
(C=0 lactone), 1604.74 (C=N)H NMR (5/ppm, 500 MHz, DMSQts): 10.63 (1H, s, N-H),
8.54 (1H, s, H-4), 8.03 (1H, d,= 2.5, H-14), 7.83 (1H, s, H-10), 7.73 (1H, dd; 9.0, 2.5
Hz, H-5), 7.57 (1H, dJ = 9.0 Hz, H-18), 7.37 (1H, dd,= 7.5, 2.0 Hz , H-6), 7.34 (1H, d=
8.0, H-7), 7.31 (1H, ddJ = 8.0, 1.5 Hz, H-17), 3.93 (3H, s, OgH"C NMR @/ppm, 125
MHz, DMSO-dg): 161.79 (C-11), 158.40 (C-2), 146.26 (C-8a), 483(C-4), 141.61 (C-9),
140.81 (C-13), 138.79 (C-14), 131.11 (C-16), 13Q83L8), 124.65 (C-7), 122.39 (C-15),
120.29 (C-3), 119.92 (C-17), 119.68 (C-5), 118.M06}, 117.17 (C-8), 113.95 (C-4a),
110.79 (C-10), 56.05 (OGH Anal. Calcd. For @H1,0sN.CLLS (419.28 gmal): C, 54.43;
H, 2.88; N, 6.68 %. Found: C, 54.38; H, 2.83; N646%. MS (+ESI) (m/z): 419.0029

(417.0045).

3.1.8. 8-Methoxy 3-(2-(2-bromophenylamino)-1,3-thiazol-4-yl)-2H-chromen-2-one (2h)

White solid, (1.51 g, 70.2%), mp 197-119 °C. IR KBfa/cm’): 3139.34 (N-H), 1727.50
(C=0 lactone), 1591.67 (C=NjH NMR (3/ppm, 500 MHz, DMSQts): 9.62 (1H, s, N-H),
8.54 (1H, s, H-4), 8.25 (1H, dd,= 8.0, 1.5 Hz, H-14), 7.80 (1H, s, H-10), 7.681(Hd,J =
8.0, 1.5 Hz, H-17), 7.48 (1H, td,= 7.5, 1.5 Hz, H-16), 7.43 (1H, dd= 6.0, 3.5 Hz, H-6),
7.32 (1H, dJ = 7.5, H-7), 7.31 (1H, d] = 7.5, 1.8 Hz, H-5), 7.08 (1H, td,= 8.0, 1.5 Hz, H-
15), 3.96 (3H, s, OCHl; *C NMR (6/ppm, 125 MHz, DMSQds): 163.93 (C-11), 158.48 (C-
2), 146.16 (C-8a), 143.17 (C-4), 141.58 (C-9), I88C-13), 138.68 (C-14), 131.01 (C-16),
128.62 (C-18), 124.99 (C-7), 124.60 (C-5), 122.€81{), 120.41 (C-3), 120.07 (C-8),

119.75 (C-4a), 114.47 (C-5), 113.90 (C-6), 111.@410), 56.08 (OCh). Anal. Calcd. For



Ci1oH1303NLSBr (427.29 gmal): C, 53.16; H, 3.05; N, 6.53 %. Found: C, 53.20;3:0; N,

6.51 %. MS (+ESI) (m/z): 428.9877 (427.9830).

3.1.9. 8-Methoxy 3-(2-(2-methoxyphenylamino)-1,3-thiazol-4-yl)-2H-chromen-2-one (2i)
White solid, (1.36 g, 71.6%), mp 247-249 °C. IR KBra/cmi): 3381.63 (N-H), 1724.34
(C=0 lactone), 1603.32 (C=NjH NMR (3/ppm, 500 MHz, DMSQ): 9.67 (1H, s, N-H),
8.62 (1H, s, H-4), 8.50 (1H, d,= 7.5 Hz, H-14), 7.77 (1H, s, H-10), 7.48 (1H, dd 7.5,
2.0 Hz, H-17), 7.30-7.35 (2H, m, H-5 & H-7), 7.088 (3H, m, H-6, H-15 & H-14), 3.92
(3H, s, OCH) 3.89 (3H, s, Ar-OCH),; **C NMR @/ppm, 125 MHz, DMSQds): 163.22 (C-
11), 158.52 (C-2), 148.21 (C-8a), 146.24 (C-4),.143C-9), 141.55 (C-14), 138.47 (C-13),
129.97 (C-16), 124.56 (C-18), 122.27 (C-7), 120(8715), 120.51 (C-17), 120.09 (C-3),
119.84 (C-8), 118.56 (C-4a), 113.81 (C-5), 110.@86}, 110.60 (C-10), 56.07 (OGH
55.70 (Ar-OCH). Anal. Calcd. For GH1¢04N5S (380.42 gmat): C, 63.14; H, 4.24; N, 7.36

%. Found: C, 63.10; H, 4.20; N, 7.32 %. MS (+E®iJ2): 381.0901 (380.0830).

3.1.10. 3-(3-Ethyl-2-(ethylimino)-2,3-dihydrothiazol -4-yl)-2H-chromen-2-one (2))

White solid, (1.02 g, 68.0%), mp 243-245 °C. IR KBfa/cm'): 1733.18 (C=0 lactone),
1613.42 (C=N)*H NMR (8/ppm, 500 MHz, DMSQsd): 8.45 (1H, s, H-4), 7.86 (1H, d,=
7.5 Hz, H-5), 7.76 (1H, ) = 8.5 Hz, H-7), 7.54 (1H, d] = 8.0 Hz , H-8), 7.48 (1H, t] =
8.5, H-6), 7.32 (1H, s, H-10), 4.05 (2H, &= 7.0 Hz, ,NCH), 3.47 (2H, q,J = 7.0 Hz,
=NCHy), 1.34 (3H, tJ = 7.0 Hz, NCHCHs), 1.18 (3H, tJ = 7.0 Hz, =NCHCHj); *C NMR
(3/ppm, 125 MHz, DMSQd): 167.13 (C-11), 159.11 (C-2), 154.00 (C-8a), 847(C-4),
135.99 (C-9), 133.59 (C-7), 129.45 (C-5), 125.046§C118.43 (C-4a), 116.50 (C-3), 116.42
(C-8), 108.43 (C-10), 42.83 (NGH 42.19 (=NCH), 13.00 (=NCHCHg), 12.71
(=NCH,CHs). Anal. Calcd. For GH160.N>S (300.37 gmat): C, 63.98; H, 5.37; N, 9.33 %.

Found: C, 64.03; H, 5.33; N, 9.30 %. MS (+ESI) (mB801.1030 (300.0932).

3.1.11. 3-(3-Methyl-2-(methylimino)-2,3-dihydrothiazol -4-yl)-2H-chromen-2-one (2k)



White solid, (0.92 g, 67.6%), mp 196-198 °C. IR KBfa/cm™): 1712.83 (C=0 lactone),
1615.21 (C=N);H NMR (8/ppm, 500 MHz, DMSQs#): 8.75 (1H, s, H-4), 8.00 (1H, dd=
8.0 2.0 Hz, H-5), 7.78 (1H, §,= 9.0 Hz, H-7), 7.50 (1H, d,= 8.5 Hz , H-8), 7.45 (1H, t, J =
7.5 Hz, H-6), 7.54 (1H, s, H-10), 3.55 (3H, s, N{LHL.17 (3H, s, =NCh); *C NMR
(8/ppm, 125 MHz, DMSQd): 164.28 (C-11), 158.31 (C-2), 154.47 (C-8a), 248(C-9),
147.33 (C-4), 134.65 (C-7), 131.03 (C-5), 125.0%5}C123.07 (C-4a), 118.08 (C-3), 116.14
(C-8), 108.10 (C-10), 65.95 (NGH 15.07 (=NCH). Anal. Calcd. For ©H1,0:N,S
(272.32): C, 61.75; H, 4.44; N, 10.29 %. Found6C,70; H, 4.48; N, 10.25 %. MS (+ESI)

(m/z): 273.0697 (272.0619).

3.1.12. 3-(3-Phenyl-2-(phenylimino)-2,3-dihydrothiazol-4-yl)-2H-chromen-2-one (21)

White solid, (1.39 g, 70.2%), mp 216218 °C. IR KBfa/cm'): 1718.40 (C=0 lactone),
1605.97 (C=N)H NMR (5/ppm, 500 MHz, DMSQ8): 8.29 (1H, s, H-4), 7.76 (1H, dd=
8.0, 1.5 Hz, H-5), 7.66 (1H, ddd= 8.5, 7.5, 1.5 Hz, H-7), 7.59 (2H, db= 7.5, 3.0 Hz, H-6
& H-8), 7.47-7.52 (5H, m, N§Hs), 7.34-7.41 (5H, m, =Ngis), 7.23 (1H, s, H-10)*°C
NMR (8/ppm, 125 MHz, DMSQts): 157.82 (C-11), 157.28 (C-2), 156.14 (C-8a), 260(C-
9), 147.38 (C-4), 148.24 (C-13), 136.96 (C-12),.593C-15), 132.76 (C-17), 129.90 (C-16),
129.75 (C-19), 129.24 (C-14), 128.91 (C-23), 128C&0), 128.55 (C-21), 128.45 (C-22),
125.22 (C-18), 123.83 (C-3), 120.78 (C-7), 117.768}, 117.12 (C-4a), 116.40 (C-5),
116.22 (C-6), 109.21 (C-10). Anal. Calcd. FouMGO:N,S (396.46 gmel): C, 72.71; H,
4.07; N, 7.07 %. Found: C, 72.77; H, 4.02; N, 7%3 MS (+ESI) (m/z): 397.1043

(396.0932).

3.1.13.  3-(3-Ethyl-2-(ethylimino)-2,3-dihydrothiazol-4-yl)-8-methoxy-2H-chromen-2-one
(2m)
White solid, (1.05 g, 66.0%), mp 222—224 °C. IR KBra/cm): 1738.47 (C=0 lactone),

1622.37 (C=N)H NMR (5/ppm, 500 MHz, DMSQt): 8.45 (1H, s, H-4), 7.86 (1H, d,=



7.5 Hz, H-5), 7.76 (1H, t] = 8.5 Hz, H-7), 7.48 (1H, § = 8.5, H-6), 7.30 (1H, s, H-10), 4.05
(2H, g,d = 7.0 Hz, NCH)), 3.47 (2H, g,J = 7.0 Hz, =NCH)), 1.60 (3H, s, OCH), 1.34 (3H, t,
J = 7.0 Hz, NCHCHs), 1.18 (3H, tJ = 7.0 Hz, =NCHCHj); *C NMR (/ppm, 125 MHz,
DMSO-dg): 165.91 (C-11), 159.11 (C-2), 154.00 (C-8a), 847(C-4), 135.99 (C-9), 133.59
(C-7), 129.43 (C-5), 125.04 (C-6), 118.43 (C-44)5.50 (C-3), 116.42 (C-8), 110.28 (C-10),
42.83 (NCH), 42.19 (=NCH), 14.01 (OCHj), 13.00 (NCHCH;), 12.71 (=NCHCH). Anal.
Calcd. For GH150:N,S (318.39 gmat): C, 60.36; H, 5.70; N, 8.80 %. Found: C, 60.46; H

5.74; N, 8.85 %. MS (+ESI) (m/z): 311.1120 (330403

3.1.14. 8-Methoxy-3-(3-methyl-2-(methylimino)-2,3-dihydrothiazol-4-yl-2H-chromen-2-one
(2n)

White solid, (1.05 g, 69.5%), mp 195-197 °C. IR KBfa/cm'): 1698.76 (C=0 lactone),
1623.19 (C=N)*H NMR (3/ppm, 500 MHz, DMSQ8): 8.73 (1H, s, H-4), 8.01 (1H, dd=
8.0 2.0 Hz, H-5), 7.76 (1H, 3,= 9.0 Hz, H-7), 7.48 (1H, d,= 8.5 Hz , H-8), 7.43 (1H, § =
7.5 Hz, H-6), 7.73 (1H, s, H-10), 3.71 (3H, s, QHB.53 (3H, s, NCh), 1.15 (3H, s,
=NCHs); *C NMR @/ppm, 125 MHz, DMSQis): 164.29 (C-11), 158.38 (C-2), 153.37 (C-
8a), 148.40 (C-9), 146.03 (C-4), 134.65 (C-7), 231(C-5), 125.23 (C-6), 123.80 (C-4a),
118.67 (C-3), 115.19 (C-8), 109.67 (C-10), 66.20143, 63.45 (NCH), 14.30 (= NCH).
Anal. Calcd. For @H140sN,S (302.35 gmot): C, 59.59; H, 4.67; N, 9.27 %. Found: C,

60.03; H, 4.63; N, 9.23 %. MS (+ESI) (m/z): 303.87302.0725).

3.1.15. 8-Methoxy-3-(3-phenyl-2-(phenylimino)-2,3-dihydrothiazol-4-yl)-2H-chromen-2-
one (20)

White solid, (1.46 g, 68.5%), mp 242—244 °C. IR KBra/cm): 1723.69 (C=0 lactone),
1691.81 (C=N)H NMR (5/ppm, 500 MHz, DMSQ8d): 8.29 (1H, s, H-4), 7.76 (1H, dd=
8.0, 1.5 Hz, H-5), 7.66 (1H, dd,= 8.5, 1.5 Hz, H-7), 7.59 (1H, dd,= 7.5, 3.0 Hz, H-6),

7.47-7.52 (5H, m, N@s), 7.34-7.41 (5H, m, =N@s), 7.22 (1H, s, H-10), 1.60 (3H, s,



OCH); °C NMR (/ppm, 125 MHz, DMSQd): 157.63 (C-11), 157.26 (C-2), 157.14 (C-
8a), 146.38 (C-4), 150.22 (C-9), 148.25 (C-13),.28§C-12), 135.55 (C-15), 134.67 (C-17),
129.90 (C-16), 129.67 (C-19), 129.42 (C-14), 129@43), 129.10 (C-20), 129.07 (C-21),
129.03 (C-22), 127.22 (C-18), 125.03 (C-3), 120(877), 119.700 (C-8), 119.12 (C-4a),
118.11 (C-5), 117.28 (C-6), 108.45 (C-10), 14.0CKg). Anal. Calcd. For GH1g0sN»S

(426.49): C, 70.40; H, 4.25; N, 6.57 %. Found: G,4%; H, 4.29; N, 6.62 %. MS (+ESI)

(Mm/z): 427.1021 (426.1068).

3.2. Biological Activities

3.2.1. In vitro Evaluation of Antibacterial Activity
All the pure compounds were screenedifovitro anti-bacterial activity against two Gram-

positive bacteriag pneumoniae andS. aureus) and three Gram-negative bactelia ¢oli, E.
aerogenes and S typhi) and the MIC was determined M by broth microdilution method
[17]. The test organisms were freshly grown andilbrated for 48 h at 37 °C. The 2-day old
bacterial cultures were emulsified in small quanof Muller Hinton broth (MHB) and
incubated again at 37 °C overnight to attain lagargh phase. The turbidity of each inoculum
was then adjusted to McFarland standard no. 0.Fubtpher addition of MHB to give
inoculum concentration 1.5 x 4@FU/mL. A volume of 10QiL of MHB was added into all
the wells of 96-well microtiter plates except thestf column A. Then, 20QL working
solution of each tested compound was transferrezbliomn A of each plate. Serial 2-fold
dilution was made starting from column A, rangin§13250ug/mL and the final 10Q.L of
the working solution was dispensed off from the lasll. Each well was then inoculated
with 100pL of each bacterial inoculum. Each plate was seaidd parafilm and incubated at
37 °C for 24 h. A volume of 5QL of 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-

tetrazolium bromide (MTT) (0.2 mg/mL dissolved irstilled water) was added into each



well and the plates were again incubated for 30 ami7 °C. Streptomycin, kanamycin and
vancomycin were used as positive controls, whedaasthyl sulphoxide (DMSO) was used
as the negative control. Each compound and drugtesisd in triplicate twice. The color
change of MTT after 30 min from yellow to purplalicated the presence of active bacterial
cells. The MIC was calculated as the lowest comaéinh of compounds that prevented the

color change.

3.2.2. In Vitro Evaluation of Anti-Tuberculosis Activity

The test samples were analyzedvitro againstMycobacterium tuberculosis Hz7;Rv (Mtb
Hs7Rv) in a high throughput screen using an assay tadafrom the microdilution
AlamarBlue (AB) broth assay as reported by Colknsl., 1997 [18]. All the operations of
Mtb Hs;Rv were conducted in accordance with the Biosafetyel 3 restraint [19]. The
media was added to 96 microtitre well plates wite tirugs followed by the addition of
culture (diluted x 1000) which were then serialljutkd. Incubation was carried out at
temperature of 37 °C for 48 h then AB dye was adddte plates and incubation was further
extended for another 24 h. Controls was taken awedia and the solvent of same
concentration used to dissolve the drugs. The platre analyzed fluorometrically and the
reduction of bacterial proliferation was calculatetording to the manufacturer’s formula.
3.2.3. MDCK Céll based Anti-Influenza Assay

Cell-based anti-influenza virus inhibitor screenings based on the principle of cytopathic
effect (CPE) protection assay as described by Wadorief, Madin—Darby canine kidney
(MDCK) cells cultured to approximately 90% confleenwere detached with 0.25%
Trypsin—EDTA (Invitrogen), washed and re-suspendecbmplete EMEM, 2.5x104 MDCK
cells were plated in triplicate in a 96-well plaaed incubated overnight at 3T in a
humidified 5% CQ incubator. The confluent MDCK monolayers cells aveinsed twice

with Hanks’ solution devoid of serum, and then dedls were treated with HQ medium



with 1 mg/mL TPCK and 0.3% BSA and infected by twdluenza virus strains at a
multiplicity of infection (MOI) of 0.01 PFU/cell.tér 2.0 hr. incubation, serially diluted
compounds were added. After 3 days incubation, nieglium was removed and (80
medium containing oL CCK-8 reagent was added into each well followgdadditional 2
hours incubation, the absorbance was measuredCandbusing an UV star-Microplates
Synergy HT plate reader [20]. Thesi@alues were calculated by nonlinear regressiongyusi

Graph Pad Prism.
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Table 1. Physicochemical and Lipinski’s parameters andyofteesized compound@a-o.

Compoun R R R Volume | TPSA | NROTB LogP MW HBA | HBD | Lipinski’s violations
2a H Me - 215.51 55.13 2 2.75 258.04 4 1 0
2b H Et - 232.3. 55.1¢ 3 3.3C 272.0: 4 1 0
2c H 3,4-Cl,Pr - 297.4: 55.1¢ 3 5.81 387.9¢ 4 1 1
2d H 2-BrPr - 288.2¢ 55.1¢ 3 5.2% 397.%7 4 1 1
2¢ OMe Me - 241.0¢ 64.3¢ 3 2.72 288.0¢ 5 1 0
2f OMe Et - 257.8¢ 64.3¢ 4 3.21 302.0% 5 1 0
29 OMe | 3,4-C}Ph - 322.98 64.36 4 5.78 417.00 5 1 1
2h OMe 2-BrPr - 313.7¢ 64.3¢ 4 5.2 427.98 5 1 1
2i OMe | 2-OMePI - 321.4¢ 73.6( 5 4.44 380.0¢ 6 1 0
2 H Et Et 266.0¢ 47.5] 3 3.31 300.0¢ 4 0 0
2k H Me Me 232.4¢ 47.5] 1 2.3¢ 272.0¢ 4 0 0
2 H Pr Pr 342.1¢ 47.5] 3 5.1¢€ 396.0¢ 4 0 1
2m OMe Et Et 291.6: 56.7¢ 4 3.2¢ 330.1( 5 0 0
2n OMe Me Me 25&.0C 56.7¢ 2 2.35 302.0% 5 0 0
20 OMe Pr Pr 367.7( 56.7¢ 4 5.1% 42610 5 0 1

Rule - - - <5 <500 <10 <5 <1

TPSA, topological polar surface area; NROTB, numiferotatable bonds; MW, molecular weight; LBglogarithm of compound partition
coefficient betweemn-octanol and water; HBA, number of hydrogen bondate; HBD, number of hydrogen bond acceptors.



Table 2. Invitro bacterial activity (uM) of thiazolyl coumarin deaitives2(a-0) against different microbial species.

MIC in uM Cytotoxicity
Compounds E. E. S S S M.
coli aerogenes typhi pneumoniae |  aureus tuberculosis | (ICso ug/mL)
2a 242 242 242 242 242 >194 >62.5
2b 23( 23( 23( 11¢F 23( 184 >62.5
2c 161 161 161 81 161 12¢ >62.t
2d 79 79 79 79 79 12¢€ >62.t
2¢€ 434 217 217 217 217 174 >62.t
2f 414 414 414 414 207 83 >62.t
20 15C 15C 15C 75 15C 60 >62.t
2h 73 73 73 73 73 >117 >62.t
2i 32¢ 32¢ 32¢ 16E 32¢€ >132 >62.t
2 20¢ 20¢ 20¢ 104 20¢€ - ND
2k 11% 11% 11¢ 11F 23C 184 >62.t
2 31¢ 15€& 15¢ 31€ 31€ - ND
2m 98 98 98 98 49 - ND
2n 10: 207 207 103 207 - ND
20 29: 29% 29:< 29% 29% - ND
BAC 56( 56C 56( 56C 56C - ND
Streptomycin 54 107 107 54 54 - ND
Kanamycin’ 12¢ 12¢ 12¢ 12¢ 25¢& - ND
Vancomycin’ 17:¢ 86 86 22 22 - ND
Isoniazid* - - - - - 1.3 >62.5

Results are mean values of triplicates assaysdicatesPositive control, (-) indicates no inhibition obsged, ND indicates not done,
BAC: 3-(2-bromoacetyl)-&-chrome-2-one.



Table 3. In-vitro anti-influenza activity in MDCK cells

Compounds | Bindingenergy | Antiviral activity (ICso, pg/mL)
(Kcal/mol) HINL H3N2
2a -5.66 4.84 >50
2b -2.80 >50 >50
2c -5.02 19.72 25.76
2d -4.60 >50 >50
2e -4.90 >50 >50
2f -3.14 >50 >50
2g -5.40 6.12 >50
2h -4.80 >50 >50
2 -3.60 >50 >50
2 -3.30 >50 >50
2k -5.20 9.13 >50
2 -3.03 >50 >50
2m -3.20 - -
2n -3.12 - -
20 -2.96 - -
Zanamivir -6.90 0.8 ND
Amantadine* ND >50 2.76

ICsp values are mean values of triplicates assaysndicatesPositive control,
(-) indicates no inhibition observed and (ND) irates not determined.
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Fig. 1. Design of hybrid thiazolyl-coumarin analogues anaicrobial agents
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Fig. 7. Binding mode of zanamivir into NA pocket (PDB co®B7E) showing charge-

charge interactions with a cluster of positivehaed side chains of the Arg triad (Arg118,
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Fig. 8. Binding mode of compoun@a at the binding site of neuraminidase (PDB code:
3B7E) showing hydrogen bond interactions (yellowtelb lines) with Arg triads: Argl18
(2.8 A°), Arg292 (3.1 A°), Arg371 (2.8 A°), and ABlY (1.8 A°).
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Scheme 1. Synthesis of thiazolyl coumarin derivativé$a-0). Reagents and reaction
conditions: (i) B, CHCl, 0-5 °C stirring, 4-5 h; (iiCHCl;, EtOH (2:1), reflux, 3 h.



Highlights
» A series of novel hybrid thiazolyl-coumarin derivatives has been synthesi zed.
e Compound 2h (MIC 73 uM) exhibited highest antibacterial activity.

» Compound 2g emerged as the most effective anti-tubercular (MIC 60 uM) and anti-

influenza agent (1Csp 6.12).

* Results of molecular docking provide a plausible binding interaction for the anti-

influenza activity.



