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Abstract: 3-Thiazolylcoumarin derivativesl-14 were synthesizedvia one-pot two step
reactions, and screened fior vitro a-glucosidase inhibitory activity. All compounds sVexl
inhibitory activity in the range of 1§ = 0.12 + 0.01-16.20 + 0.28V as compared to standard
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spectroscopic techniques such as EI-MS, HREI-MSNMR and**C-NMR. CHN analysis was
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Introduction

Being important class of heterocyclic compoundsintarins have been reported to exhibit wide
spectrum of biological activities, and continuouslyraised significant attention of researchers
due to valuable consequences on human health assviesser toxicity [1,2]. A wide spectrum
of pharmacological activities was associated witbumarins such as antioxidant [3,4],
antiinflammatory [5], anticoagulant [6], antibac&di{7], cytotoxic effects [8,9], anticancer [10],
antiHIV [11,12] and dyslipidemic activities [13]. oc@marin derivatives also reported as
vasorelaxant [14], free radical scavengers [1§)|dr sensitizers [16] and lipid-lowering agents
[17].

Heterocyclic ring thiazole has the privilege to thee core part of medicinally important
compounds [18], due to its noteworthy pharmacoklgactivities including anti-inflammatory
[19], anticonvulsant [20], analgesic [21], pestaid22], antiviral [23], antituberculosis [24],
antimicrobial agents, anticancer [25], antitumo6][Zand enzyme inhibition activities [27].
Thiazole scaffold has also reported to possess amatliapplications in hypertension [28],

schizophrenia [29], and in the cure of allergied] 3

a-Glucosidase enzyme catalyzes the breakdown okpotharides into monosaccharides which
are able to absorb in small intestine and leadfigbetes mellitus. TypH diabetes is the most
common type and responsible for nearby 5% deatlbatiio [31]. a-Glucosidase enzyme
catalyzes the reaction by hydrolyzing theglucosidal bond of isomaltose oligosaccharides
(linear and branched) and releases feeP-glucose which is mainly responsible to cause
hyperglycemia [32]. Inhibition of enzyme activitg bne of the simplest way to treat tyfie
diabetes mellitus by slowing the absorption proec#sgiucose in intestine [33]. Amongst the
glucosidase inhibitors, acarbose, miglitol, andINmmge are being clinically used for the cure of
type II diabetes mellitus [34-36] and also used as afadie, anticancer and antiHIV agents
[37-39]. Unfortunately, these are 50% less effectthan other antidiabetic agents such as
sulfonylurea and metformin. These medications e associated with some side effects which
include diarrhea, flatulence and abdominal discetmi0]. So, it is limiting factor to use the

drug alone and often use in combination with otr@rdiabetic drugs to improve the efficacy.

Our research group has identified a number of beyetic compounds for their effectiveness in

medicinal chemistry [41-47] and has already pulelisboumarin and thiazole as potential classes
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of a-glucosidase inhibitors, separately, (Figure-1),498 which prompted us to broaden the
spectrum of our research for further evaluationthefse heterocycles in search of potent
glucosidase inhibitor. Therefore, we designed a ridybscaffold by incorporating all
pharmacophores (coumarin, thiazole, hydrazide)smgle molecule to check theglucosidase
inhibition. New skeleton of 3-thiazolylcoumarin detives1-14 were synthesizeda “one pot”

two step reaction. The reaction is well suited igh latom economic in industrial process due to
bringing out three pharmaceutically active pharnpacoes within a single scaffold with lack of
hazardous wastes. To the best of our knowledgesythihesized compounds are never reported
before chemically and medicinally. Superior aciestof compoundd-14 againstz-glucosidase
enzyme in comparison of standard acarbose provetypothesis. All compounds found to be

non-cytotoxic.
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Figure-1: Rationale of the Current Study
Results and Discussion

Chemistry

3-Thiazolylcoumarin derivatives were synthesized‘dye pot” two step reaction. In first step,
different benzohydrazide derivatives were treatedh wcommercially available benzene

isothiocyanates in ethanol (Scheme-1), to affordstmicarbazide intermediates within 30



minutes. In second step, resulted intermediate ngedeyclization reaction when treated with 3-
(bromoacetyl) coumarin in presence of catalytic amoof trimethylamine, to afford 3-

thiazolylcoumarin derivatives. Reaction mixture wafluxed for 3 h to afford the products in
the form of precipitates which were collected filtration and crystallized from ethyl acetate to
get the pure products in high yields. Synthesizsivdtivesl-14 were characterized by different
spectroscopic techniques EI-MS, HREI-M$-NMR and **C-NMR. CHN analysis was also

performed.
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Scheme 1: Syntheses of 3-Thiazolylcoumarin Derivags

Stereochemical Assignment of Iminic Double Bond biNOESY

E-Isomer Z-Isomer

Figure-2: Isomers of Products

Purity of 'H-NMR spectra of all compounds showed the formatibsingle isomer, eitheZj or

(E) (Figure-2). However, in order to confirm the sehemistry of iminic double bond, nuclear
overhauser enhance spectroscopy (NOESY) was pertbron one of the synthesized
compounds. Spectrum showed many NOESY interactisosie of them confirmed the&)(
stereochemistry of the compounds. Amidic NH and’Hbbthiazole moiety showed strong
NOESY interaction with H-4 of coumarin ring, as$bearts of the molecule are close in space.
The distinctive weak NOESY interaction of H;&" and H-3, 5" with the H-4 of coumarin as

well as the absence of NOESY interaction with tHey8roxy benzamide ring confirmed that the
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ring is close in space with coumarin ring as wellfar apart from the benzamide ring. These

observations confirmed th#stereochemistry of the iminic double bond (Fig8&g-

Hot

Compound 9

Bold double headed arrow = Strong NOESY interaction
Dashed double headed arrow = Weak NOESY interaction

Figure-3a: NOESY Interactions between Protons of Qompound 9

Figure-3b clearly displayed that the formationZelsomer is more favorable as comparecto
isomer. As in case a-isomer, rings Rand R are far apart from each other and free from steric
any hindrance, however, Rnd R are much closed iB-isomer to create steric hindrance, and

brings out the instability in the molecule.

Unstable E-Isomer More Stable Z-Isomer

Figure-3b: Comparison of Stability of E- and Z-Isomer

Table-1: In vitro a-glucosidase inhibitory activity and docking scomds3-thiazolylcoumarin

derivativesl-14
| Comp. No. | R | R, | (ICs0+ SEM)® | Docking (S) Score |
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a-Glucosidase Inhibitory Activities

All the synthetic compounds were screened to chiek in vitro a-glucosidase inhibitory
activity. Results showed that all compounds foumchave excellent inhibitory activity in the
range of 1Gy = 0.12 + 0.01-16.20 + 0.238V, when compared to the standard acarboseg, 6C
38.25 + 0.12uM) (Table-1). H-Chromen-2-one moiety, thiazole as well as arengsriwere
collectively played vital role in exhibiting thetadgty. However, it was observed that compounds
having both electron donating and withdrawing gsoulisplayed strong potential. To verify
these observations molecular docking study wasopedd. Cytotoxic studies demonstrated that

these compounds are also non-cytotoxic.
Molecular Docking

There was two aims of docking studies: specifioatrral modeling and accurate prediction of
activity [50]. Molecular docking protocol applied find out the interactions between inhibitors
and active site of the target protein. To study ititeractions of molecular recognition, MOE-
Dock method was utilized [51] which allows the hgis to be flexible during docking so that the
ligands can adjust their different conformationstie binding pocket of the receptor. 3D
structures of the 3-thiazolylcoumarin derivativesrev built in builder tool of MOE and 3D

protonation. Energy minimization was carried outéach compound and saved in mdb file for
further assessment in molecular docking. 3D Modealedcture of thex-glucosidase was 3D

protonated and then energy minimization was camwigdand allowed the protein to dock to the
fourteen synthetic compounds with most of the defaarameters of the MOE. However, for the
best results, we also applied refinement “forcdfiehnd rescoring function “London dG”

implemented in MOE docking protocol. The bindingdaoof the ligands in the pocket of the

protein was predicted by using the Pymol software.
Interactions Detail

All the synthetic compounds showed significamisilico inhibitory activities. The compounds
ranging from1-9 have same Rsubstituent.e., methoxy benzene but different Broups (Table-
1). Among these compounds, the better interactiodas were observed for compouddsnd?.
Compound7 showed the docking score 5.6593and its docking analysis revealed that this

compound formed three interactions with the resdeleel157, Tyr313 and Arg312 of the target
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protein. Phe300 involved in arene-cation interactiath the benzene ring of thédZhromen-2-
one moiety and Arg312 formed another arene-catitraction withtert-butyl benzene group of
the compound. However, Tyr313 interact with theelgrair of oxygen of methoxy benzene as
given in the Figure-4b. Compourddshowed the docking scof#4.4937and the 3D interaction
binding mode of the compound was observed haviregtimteractions with the residues His279,
Arg312 and Asn347. Arene-cation interaction waseolsd between His279 amdelectrons of
the dimethyl benzene moiety of the compound. Arg8ikblayed arene-cation interaction with
the H-chromen-2-one moiety of the same ligand. Asn34vhé&al polar interaction with the
oxygen of H-chromen-2-one group of the inhibitor as shownhe Figure-4a. The increased
activities and good predicted interactions of thesmpounds might be due to the presence of the
species having electron donating inductive eff&g) (.e. tert-butyl (compound?) and dimethyl
(compound4) as compare to compounds 3, 4, 5, 6 and8 (Table-1). Comparatively, more
active compound® (from 1-9) displayed three polar interactions with the ree&l Asn241 and
Arg312 with the docking scorel5.8567 Asn241 interacted with the lone pair of the keto-
oxygen of H-chromen-2-one moiety, whereas Arg312 establishdinteraction with oxygen
atom of methoxy benzene group of the ligand (Figibe The phenolic group at;Rosition is
not directly involved in bonding with the receptatoms, however, it increased the overall
polarizability of the compound. The good biologicadtivity observed for compounfl as
compare with compound and7 might be due to the establishment of three paiteractions
with the active site residues, whereas only singiar contact was observed in case of
compounds4 and 7 (Figure-4a and 4b). Compouridhaving methoxy group giara position
(R1) showed two interactions with the residues Tyr2i®l Phe300 of the receptor protein
(Figure-5a), while compounél with methoxy group abrtho position (R) displayed only one
arene-cation interaction with the residue His23Bnilarly, compound3, having two methoxy
groups (R) atortho andpara positions, and compour with two methoxy groups at twoeta
positions, both displayed two interactions with B0@& Asn347 and Tyr313, Asn347,
respectively. The positions of the methoxy groupshiese two compounds showed negligible
effect in thein-silico study. The docking scores for all compounds akergiin Table-1.
Compound with bromo benzene substituent atd®so showed two interactions. Arg312 formed
arene-cation contact with bromo benzene moietyHis@79 established the same contact with

the H-chromen-2-one moiety of the compound.



Asn347

y o His279 4
rg312 / ( . Y
hr307

Figure-4: Docked conformer of the compounds(a), 7 (b) and their interactions with the
residues of the-glucosidase protein.
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Figure-5: Docked conformer of the compoufih), 9 (b) and their interactions with the residues
of thea-glucosidase protein.

Among the compoundsl@-14), compoundsl?2, 13 and 14 having similar group (dichloro
benzene) at Rbut different groups at {Roosition (Table-1) showed three interactions wité
active site residues. Compoud@ with two methoxy groups airtho andpara positions (R)
interacted with the residues Phe300, Tyr313 and2AsnPhe300 formed arene-arene contacts
with the H-chromen-2-one moiety and Tyr313 interacted with dlxygen of methoxy group of
the compound. Asn241 bonded to the N atom of anmidiety as presented in Figure-6a. Due to

the presence of the electron donating groups (Gvene side and electron withdrawing groups
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(Cl) on the other side of the compound might berdason of its polarizability and hence good

activity.

Compound13 with tert-butyl benzene at Ralso formed three interactions with the active
residues of the target protein as shown in therEigb. Phel57 and Arg439 formed arene-arene
contact with ther electrons otert-butyl benzene moiety and a polar bond with thegexyatom

of the H-chromen-2-one group of the compound. Tyr313 bonethe N atom of amidic
moiety. The activity of compound3 might be driven by the polarizability as in case o
compoundl2, due to the presence of electron donating grtasplfutyl) at one end and electron
withdrawing groups (Cl) at another end. Comparkmg tructures of compound8 and7 which
have about similar structures, the only differemceat R position (Table-1). As a result of
structural similarity, both compounds showed intéca with almost similar active site residues
i.e. Phel57 and Tyr313 (Figure-4b and 6b). The minfierdince in observed interactions for
compounds/ and13 might be due to the difference in geometries eséhmolecules attributed

by structural difference at,Rosition.

a b
; - %349
ZESTN }
%924

Figure-6: Docked conformer of the compourd® (a) 13 (b) and their interactions with the
residues of the-glucosidase protein.

The 3D binding mode of compourdl, the most active compound in the series, showezkth
interactions with the residues Phe300, Arg312 argh241. Arene-arene interaction was
observed between Phe300 amcktlectrons of the dichloro benzene group of the pmmd.

Arg312 displayed arene-cation interaction with genolic part of the ligand. Asn241 formed
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polar interaction with the oxygen oH2chromen-2-one group of the inhibitor as shownhae t
Figure-7. Unfortunately, we are unable to expl&i@ good activity of compount¥4 as compare
to compoundsl2 and 13. This might be due to the minor difference in matof substituents
present at Rposition in these compounds as these groups haug abmilar electron donating

effect.

In case of compoundy 10, 11 and14, all these compounds have similar dkoup but different
R» groups (Table-1). On the basis okd@alue, compound4 was more active as comparedo
10 and 11 The docking results showed that compoudddinteracted with three active site
residues (Asn241, Arg312 and Phe300) as compacertpoundd which interacted with only
two active site residues (Asn241 and Arg312) (Feghiand 5b). The increase biological activity
of compoundl4 might be due to the interaction with more actiite sesidues as compare to
compound9. The difference in the activities and binding medé these compounds might be

attributed by the different Ryroups present in these compounds.

is245

Figure-7: Docked conformer of the compoud and its interactions with the residues of the
glucosidase protein.
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From the biological activity and molecular dockistudies of these compounds, we have
experienced that compounds having electron riclecgmt one end and electron withdrawing or
electronegative centers at the other end were nsde for adequate-glucosidase inhibitory

activity.

Conclusion

3-Thiazolylcoumarin derivatived-14 were found to have superion vitro a-glucosidase
inhibitory activity in the range of 1§ = 0.12 + 0.01-16.20 + 0.28V as compared to standard
acarbose (I = 38.25 = 0.12uM). Molecular docking study was carried out in arde get
insights about the molecular interaction of compmsuwith the active site of enzyme. Superior
activity of compounds suggest that these may sasviead molecules for further research for

getting powerfub--glucosidase inhibitors.
Experimental
Materials and Methods

Analytical grade reagents and solvents were puethgdsom Sigma-Aldrich and used as
received. Thin layer chromatography was performedpre-coated silica gel, GF-254. Spots
were visualized under ultraviolet light at 254 @86 nm. Mass spectra were recorded under
electron impact (El) on MAT 312 and MAT 113D magearometer. ThéH- and **C-NMR
were recorded on Bruker AM spectrometer, operairn@00, 400 and 500 MHz instruments. The
chemical shift values are presented in ppnrelative to tetramethylsilane (TMS) as an in&rn

standard and the coupling constahtgre in Hz.
In Vitro a-Glucosidase Inhibition Assay

a-Glucosidase inhibitory potential of all synthe8i¢hiazolylcoumarin derivatives were checked
by reported method [52]. Typically;glucosidase activity was performed in phosphatéeb®0
mM of pH 6.8 which contains 5% v/v dimethyl sulfdei PNP glycoside was used as a
substrate. The inhibitors were pre-incubated witizyene for half an hour at 37T. Then
substrate was added and the enzymatic reactioperésmed for 60 min at 3T. Absorbances

were measured by spectrophotometer at 400 nm. 3$eyavas carried in triplicate with five
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different concentrations around thesdGralues that were calculated in the first turn loé t

experiments, and the mean values were adopted.
Protein Model Preparation

The sequence of the target protesg(ucosidase) was retrieved from the uniprot in FAST
format and protein-blast [53] was carried to gsttémplate in protein databank [54]. The 3D
crystal structures of the template Pdb Id: 3A47 #swetrieved from the protein databank.

Homology Modeling

First the sequence in FASTA format was copied astqul in the sequence editor of the MOE
(Molecular Operating Environment) software and ifOEl window the 3D structure of the
template protein was opened. Chainl and chain2 ethotve target and template protein
sequences, respectively. RMSD value of target-tatapsequences was calculated prior to
homology modeling. In model refining tool Intermati was set to Medium, Final model to
Medium, using scoring function Generalized Bornivok Integral (GB/VI). The Force field
was set to Amber99 with Salvation RField. Total36f models were generated, and the final
refine model was loaded to MOE window.

General Experimental Procedure for the Syntheses @-Thiazolylcoumarin Derivatives 1-
14

Substituted benzohydrazide derivative (1 mmol),stitided benzene isothiocyanate (1 mmol)
were taken in ethanol (10 mL) into a 100 mL roumdttmed flask were refluxed for half an
hour. Intermediate formation was carefully monitbriey thin layer chromatography (TLC).
After the consumption of both starting materialgbB8moacetyl) coumarin (1 mmol) and
trimethylamine (1 mmol) were added into above nmtand further refluxed for 3 h. TLC was
taken in order to check the reaction progress.rAftenpletion of reaction, reaction mixture was
poured onto about 100 g crushed ice. Precipitatye Wormed which were filtered to get crude

products which were crystallized from ethyl acetatafford pure products in high yields.

(2)-4-Methoxy-N-(2-((4-methoxyphenyl)imino)-4-(2-oxo-#i-chromen-3-yl)thiazol-3(2H)-
yl)benzamide (1)

13



Dark green solid; Yield: 72%H-NMR (400 MHz, DMSOe€): §10.33 (s, 1H, NH), 8.76 (s, 1H,
H-4), 7.81 (d, > 3ve" 5 = 8.8 Hz, 2H, H-2, 6"), 7.51 (d,J> 365 = 8.8 Hz, 3H, H-5, 2 6"),
7.30 (t,J76=J78= 6.8 Hz, 1H, H-7), 7.12 (dg" 25 g = 8.8 Hz, 2H, H-8, 5"), 7.03 (d,Jg7 =

9.2 Hz, 1H, H-8), 6.94 (dlz' 2516 = 9.2 Hz, 2H, H-3 5"), 6.90 (t,Js,7 =Js,7 = 8.8 Hz, 1H, H-8),
4.76 (s, 1H, 5, 3.82 (s, 3H, OCh), 3.72 (s, 3H, OCH; **C NMR (75 MHz, DMSOdg): J
164.6, 159.1, 159.0, 158.2, 155.8, 154.1, 153.2,114130.4, 128.4, 128.4, 128.1, 127.8, 125.6,
125.2, 124.1, 122.0, 122.0, 118.2, 116.0, 115.8,211114.3, 114.3, 100.2, 55.7, 55.5; Anal.
Calcd for G7H21N3OsS, C = 64.92, H =4.24, N = 8.41; Found C = 64196; 4.26, N = 8.44; El
MS mvz (% rel. abund.): 499 (M, 2), 457 (30), 429 (5), 326 (21), 313 (100), 282); HRMS
(E1) calcd for G7H21N30sS: m/z = 499.1202, found 499.1182.

(2)-N-(2-((4-Methoxyphenyl)imino)-4-(2-oxo-H-chromen-3-yl)thiazol-3(2H)-yl)benzamide
2)

Dark green solid; Yield: 80%H-NMR (400 MHz, DMSO€k): 510.41 (s, 1H, NH), 8.80 (s, 1H,
H-4), 7.88 (m, 1H, H-5), 7.56 (m, 4H, H123", 5" 6"), 7.36 (m, 4H, H-8,'3 5"), 6.95 (d,
Joaves = 9.2 Hz, 2H, H-2, 6"), 6.87 (m, 3H, H-6, 7,"), 3.70 (s, 3H, OCH); **C NMR (75
MHz, DMSO4dg): §164.6, 159.3, 159.0, 158.2, 155.7, 153.1, 14132,0, 132.0, 130.4, 128.7,
128.7, 128.2, 127.8, 127.3, 127.3, 125.6, 125.2,112122.1, 118.0, 116.2, 115.1, 115.1, 100.2,
55.7; Anal. Calcd for gH19N304S, C = 66.51, H = 4.08, N = 8.95; Found C = 661%3; 4.06,

N = 8.97; EI MSWz (% rel. abund.): 470 (K, 2), 456 (100), 441 (66), 427 (9), 410 (3), 385 (
364 (18), 336 (6); HRMS (EI) calcd forgH:dN30,4S: m/z = 469.9096, found 469.9092.

(2)-2,4-DimethoxyN-(2-((4-methoxyphenyl)imino)-4-(2-oxo-2i-chromen-3-yl)thiazol-
3(2H)-yl)benzamide (3)

Dark green solid; Yield: 76%4H-NMR (400 MHz, DMSOe€): §10.25 (s, 1H, NH), 8.83 (s, 1H,
H-4), 7.80 (tJ76=J75 = 8.0 Hz, 1H, H-7), 7.65 (dls s = 8.4 Hz, 1H, H-5), 7.51 (db 3/g'5 =

9.2 Hz, 2H, H-2, 6"), 6.94 (d,J32v5 ¢ = 8.8 Hz, 2H, H-3 5"), 6.89 (m, 2H, H-6, 8), 6.79 (d,
Jensn = 8.8 Hz, 1H, H-B), 6.73 (bd.s, 1H, H'3), 6.69 (d Js"¢ =8.4 Hz, 1H, H-8), 4.89 (s, 1H,
H-5'), 3.86 (s, 3H, OCH), 3.83 (s, 3H, OCHJ, 3.71 (s, 3H, OCH); *C NMR (75 MHz, DMSO-
ds): 0164.7, 163.1, 159.3, 159.2, 158.2, 155.7, 1531,2, 136.3, 130.4, 129.3, 128.4, 127.7,
125.8, 125.3, 122.0, 122.0, 118.2, 116.3, 115.3,2,1110.4, 110.2, 100.0, 98.2, 55.8, 55.8,
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55.6; Anal. Calcd for &H»3N306S, C = 63.51, H = 4.38, N = 7.93; Found C = 631935 4.36,
N = 7.91; El MS/z (% rel. abund.): 529 (M, 4), 496 (18), 467 (3), 401 (5), 356 (4), 343)(16
HRMS (EI) calcd for GgH23N306S: m/z = 529.1308, found 529.1280.

(Z2)-N-(2-((4-Methoxyphenyl)imino)-4-(2-oxo-H-chromen-3-yl)thiazol-3(2H)-yl)-2,4-
dimethylbenzamide (4)

Dark green solid; Yield: 78%H-NMR (400 MHz, DMSOe€): §10.37 (s, 1H, NH), 8.83 (s, 1H,
H-4), 8.00 (dJgn 5" = 6.0 Hz, 1H, H-B), 7.78 (t,Js5 = Js.7 = 6.0 Hz, 1H, H-6), 7.66 (dls ¢ = 6.4
Hz, 1H, H-5), 7.52 (dJo 376 5157 6" = 6.8 Hz, 3H, H-2, 6", 5"), 7.49 (s, 1H, H-4), 7.45 (876776
=6.0 Hz, 1H, H-7), 7.22 (s, 1H"} 7.19 (d,Js7 =6.4 Hz, 1H, H-8), 6.94 (dly 2v5.¢ = 6.8 Hz,
2H, H-3', 5", 4.89 (s, 1H, H-%, 3.72 (s, 3H, OCH), 2.56 (s, 3H, Ch), 2.33 (s, 3H, Ch); °C
NMR (75 MHz, DMSOsdg): 0 164.7, 159.3, 159.0, 158.4, 155.7, 153.1, 14138.11 137.0,
132.2, 131.2, 130.3, 128.4, 127.8, 127.4, 126.6,612.25.2, 122.0, 122.0, 118.2, 116.0, 115.1,
115.1, 100.2, 55.6, 21.7, 19.4; Anal. Calcd fegHz3sN3O,S, C = 67.59, H = 4.66, N = 8.45;
Found C = 67.57, H = 4.63, N = 8.47; EI M®z (% rel. abund.): 497 (K, 9), 470 (10), 372
(24), 358 (20), 350 (44); HRMS (EI) calcd foggH2aN30,S: m/z = 497.1409, found 497.1403.

(2)-3,5-DimethoxyN-(2-((4-methoxyphenyl)imino)-4-(2-oxo-21-chromen-3-yl)thiazol-
3(2H)-yl)benzamide (5)

Dark green solid; Yield: 74%H-NMR (400 MHz, DMSOd): 08.76 (s, 1H, H-4), 8.00 (56

= 7.6 Hz, 1H, H-5), 7.80 (tl;6=J;8= 7.2 Hz, 1H, H-7), 7.51 (ds 7 =8.4 Hz, 1H, H-8), 7.46 (t,
Js5=Js7= 7.2 Hz, 1H, H-6), 7.34 (dp 3/6' 5 =8.8 Hz, 1H, H-2,6"), 7.06 (d J3' 256 =8.8 Hz,

1H, H-3'5"), 6.50 (s, 1H, H-2, 4", 6"), 4.79 (s, 1H, H-9, 3.77 (s, 3H, OC}},3.61 (s, 6H,
20CH,); °C NMR (75 MHz, DMSOdg): J 164.8, 161.5, 161.5, 159.3, 159.0, 158.2, 155.8,
153.1, 141.2, 136.1, 130.6, 128.4, 127.8, 125.6,22122.2, 122.2, 118.3, 116.0, 115.2, 115.2,
105.3, 105.3, 103.9, 100.0, 55.9, 55.7, 55.7; ABalcd for GgH23N306S, C = 63.51, H = 4.38,

N = 7.93; Found C = 63.53, H = 4.40, N = 7.90; Eb Wz (% rel. abund.): 529 (M, 2), 487
(40), 459 (5), 372 (14), 356 (19), 342 (100); HRIED) calcd for GgH23N306S: m/z = 529.1308,
found 529.1305.
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(2)-2-Methoxy-N-(2-((4-methoxyphenyl)imino)-4-(2-oxo-#i-chromen-3-yl)thiazol-3(2H)-
yl)benzamide (6)

Dark green solid; Yield: 81%H-NMR (400 MHz, DMSOe€): 510.33 (s, 1H, NH), 8.75 (s, 1H,
H-4), 7.73 (d Js 6= 7.6 Hz, 1H, H-5), 7.53 (m, 4H, H-7",2", 4", 7.23 (d Jg 7 = Jen5 = 8.0 Hz,
2H, H-8, 8"), 7.11 (t,J76 = J7 = 7.2 Hz, 1H, H-7), 6.94 (dlz 456 = 8.8 Hz, 2H, H-8 5),
6.89 (bd.m, 2H, H-8, 5"), 3.87 (s, 3H, OCH), 3.72 (s, 3H, OCHJ; *C NMR (75 MHz, DMSO-
ds): 0164.7, 159.3, 159.0, 158.2, 157.4, 155.7, 15341,2, 133.2, 131.8, 130.3, 128.2, 127.7,
125.6, 125.2, 122.2, 122.0, 121.0, 118.3, 118.6,211115.1, 115.1, 111.3, 100.2, 55.8, 55.6;
Anal. Calcd for G/H21N30sS, C = 64.92, H = 4.24, N = 8.41; Found C = 64196; 4.26, N =
8.39; El MSm/z (% rel. abund.): 499 (K, 2), 475 (2), 456 (6), 441 (4), 371 (27), 364)(2D7
(100); HRMS (EI) calcd for &H21N30sS: m/z = 499.1202, found 499.1185.

(2)-4-(tert-Butyl)- N-(2-((4-methoxyphenyl)imino)-4-(2-oxo-B-chromen-3-yl)thiazol-3(H)-
yl)benzamide (7)

Dark green solid; Yield: 729%H-NMR (400 MHz, DMSOdg): 08.77 (s, 1H, H-4), 8.00 (56
=7.2 Hz, 1H, H-5), 7.80 (6= J; = 7.2 Hz, 1H, H-7), 7.51 (dg 7 =8.4 Hz, 1H, H-8), 7.46 (t,
Jo5=Js7= 7.2 Hz, 1H, H-6), 7.37 (m, 6H, H.23", 5", 6", 2", 6"), 7.05 (d,J3n 215 g» = 8.8 Hz,
2H, H-3",5"), 4.78 (s, 1H, H-9, 3.77 (s, 3H, OCH}, 1.22 (s, 9H, 30CH; *C NMR (75 MHz,
DMSO-dg): 5164.7, 159.3, 159.0, 158.2, 155.7, 154.6, 15341,2, 130.4, 128.8, 128.2, 127.7,
127.0, 127.0, 125.6, 125.3, 125.1, 125.1, 122.2,2,2118.3, 116.0, 115.2, 115.2, 100.3, 55.7,
34.0, 31.2, 31.2, 31.2; Anal. Calcd fooB8,7N30,4S, C = 68.55, H = 5.18, N = 7.99; Found C =
68.52, H = 5.15, N = 7.9EI MS m/z (% rel. abund.): 523 (¥, 6), 483 (62), 468 (9), 455 (11),
352 (34), 339 (75), 324 (100); HRMS (El) calcd 050H2/N30,S: miz = 525.1722, found
525.1692.

(2)-4-Bromo-N-(2-((4-methoxyphenyl)imino)-4-(2-oxo-B-chromen-3-yl)thiazol-3(2H)-
yl)benzamide (8)

Dark green solid; Yield: 77%H-NMR (400 MHz, DMSOe€): 510.44 (s, 1H, NH), 8.76 (s, 1H,
H-4), 7.79 (m, 2H, H-3 5"), 7.58 (d,Js 6= 8.4 Hz, 1H, H-5), 7.52 (m, 2H, H'¥26"), 7.33 (m,
3H, H-6, 7, 8), 7.05 (d}» 36" 5 = 8.8 Hz, 2H, H-2, 6"), 6.95 (d,J3' 25" 6' = 8.8 Hz, 2H, H-3,5"),
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4.80 (s, 1H, H-5, 3.72 (s, 3H, OCH); *C NMR (75 MHz, DMSOek): J164.7, 159.3, 159.0,
158.1, 155.7, 153.2, 141.1, 131.5, 131.5, 131.0,413129.8, 129.8, 128.2, 127.7, 125.4, 126.3,
125.1, 122.3, 122.3, 118.2, 116.0, 115.1, 115.0,21(5.6; Anal. Calcd for £H1gBrNs0,S, C
=56.94, H = 3.31, N = 7.66; Found C = 56.92, H.343N = 7.64; El MSwz (% rel. abund.):
547 (M, 2), 549 (M+2, 2), 505 (23), 479 (5), 376 (19)3360), 347 (22), 329 (37); HRMS (EI)
calcd for GgH18BrN3O4S: m/z = 547.0201, found 547.0192.

(2)-2-Hydroxy-N-(2-((4-methoxyphenyl)imino)-4-(2-oxo-Bi-chromen-3-yl)thiazol-3(ZH)-
yl)benzamide (9)

Dark green solid; Yield: 80%H-NMR (400 MHz, DMSOe€): 510.24 (s, 1H, NH), 8.77 (s, 1H,
H-4), 8.01 (dJs 6= 8.0 Hz, 1H, H-5), 7.80 (tl;6 = J75= 7.6 Hz, 1H, H-7), 7.51 (dg7=8.4 Hz,
1H, H-8), 7.46 (tJs5 = Js7 = 7.6 Hz, 1H, H-6), 7.25 (m, 3H, H526", 4"), 7.11 (d,Jgn5 = 7.6

Hz, 1H, H-8"), 6.98 (d J3' 2516 =8.8 Hz, 2H, H-3, 5"), 6.81 (d,Ja 4 = 8.0 Hz, 1H, H-3), 6.77

(d, Jsngn = Jgngr = 7.2 Hz, 1H, H-5), 4.81 (s, 1H, H-9, 3.73 (s, 3H, OCH); *C NMR (75
MHz, DMSO4de): §164.6, 159.3, 159.2, 159.0, 158.1, 155.7, 1531,4], 133.4, 130.3, 128.7,
128.5, 127.7, 125.8, 125.5, 122.0, 122.0, 121.9,711118.3, 117.7, 116.2, 115.1, 115.1, 100.2,
55.9; Anal. Calcd for @H10N30sS, C = 64.32, H = 3.94, N = 8.65; Found C = 64136; 3.91,

N = 8.63; EI MSmz (% rel. abund.): 458 (K1, 52), 443 (38), 415 (5), 312 (100), 299 (35), 266
(58); HRMS (EI) calcd for gsH19N30sS: m/z = 485.1045, found 485.1036.

(2)-N-(2-((3-Bromophenyl)imino)-4-(2-oxo-H-chromen-3-yl)thiazol-3(H)-yl)-3,5-
dimethoxybenzamide (10)

Dark green solid; Yield: 69%H-NMR (500 MHz, DMSOe€): §10.20 (s, 1H, NH), 8.79 (s, 1H,
H-4), 8.03 (dJs6= 8.0 Hz, 1H, H-5), 7.82 (tl;6 = J7s= 8.5 Hz, 1H, H-7), 7.53 (dg 7 =8.5 Hz,
1H, H-8), 7.48 (tJs5 = Js.7 = 7.5 Hz, 1H, H-6), 7.25 (m, 3H, H.26", 4"), 7.19 (d J3 251 ¢ =8.8

Hz, 2H, H-3, 5", 7.16 (d Js" 5" =7.5 Hz, 1H, H-8), 6.80 (m, 2H, H-3, 5"), 4.85 (s, 1H, H-5,
2.28 (s, 3H, Ch); **C NMR (75 MHz, DMSOsdg): J164.7, 159.3, 159.1, 158.5, 155.8, 153.1,
146.2, 136.7, 133.3, 130.6, 130.4, 130.4, 128.8,112127.8, 125.9, 125.3, 121.2, 119.7, 119.7,
119.7, 118.2, 117.6, 116.2, 100.3, 21.5; Anal. €&bc C7H20BrNs;OsS, C = 56.06, H = 3.49, N

= 7.26; Found C = 56.04, H = 3.47, N = 7.29; EI M& (% rel. abund.): 577 (M, 2), 579 (M+2
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, 1.8),451 (12), 436 (8), 360 (12); HRMS (EI) cafod Co7H20BrN3OsS: miz = 577.0307, found
577.0301.

(2)-N-(2-((3-Bromophenyl)imino)-4-(2-oxo-2H-chromen-3-yl)thiazol-3(2H)-yl)-2-
hydroxybenzamide (11)

Dark green solid; Yield: 75%H-NMR (400 MHz, DMSOe€): 510.04 (s, 1H, NH), 8.76 (s, 1H,
H-4), 8.01 (dJs6= 8.0 Hz, 1H, H-5), 7.80 (tl76 = J78 = 7.6 Hz, 1H, H-7), 7.63 (m, 2H, H 2
4"), 7.51 (d,Jg7=8.4 Hz, 1H, H-8), 7.46 (Us5=Js,7= 7.6 Hz, 1H, H-6), 7.41 (84 3 = 8.0 Hz,
1H, H-4"), 7.31 (d Je» 5 = 8.4 Hz, 1H, H-8), 7.26 (m, 2H, H-5 6"), 6.83 (dJ5" 4" = J5n " =7.6
Hz, 1H, H-8"), 6.79 (d,Jsn4 = 8.4 Hz, 1H, H-3), 4.83 (s, 1H, H-5; °C NMR (75 MHz,
DMSO-dg): 6164.6, 159.3, 159.0, 158.4, 155.7, 153.2, 15133,7, 130.4, 130.1, 128.8, 128.4,
127.8, 125.6, 125.2, 125.0, 123.7, 123.2, 121.%,3,2119.7, 118.2, 117.9, 116.3, 100.2; Anal.
Calcd for GsH16BrN3;O4S, C = 56.19, H = 3.02, N = 7.86; Found C = 56H 7 3.04, N = 7.89;
El MS mVz (% rel. abund.): 533 (K, 25), 535 (M+2, 27), 493 (7), 386 (6), 362 (137 (100),
317 (5); HRMS (EI) calcd for £H16BrN3O4S: mVz = 533.0045, found 533.0027.

(Z2)-N-(2-((3,4-Dichlorophenyl)imino)-4-(2-oxo-#-chromen-3-yl)thiazol-3(H)-yl)-2,4-
dimethoxybenzamide (12)

Dark green solid; Yield: 68%H-NMR (400 MHz, DMSOeg): §10.92 (s, 1H, NH), 8.82 (s, 1H,
H-4), 7.93 (d,J2¢ = 2.4 Hz, 1H, H-2), 7.68 (d,Je5ve"5" = 8.4 Hz, 2H, H-B 6"), 7.61 (d,
Jsgysn g = 8.8 Hz, 2H, H-5, 5", 7.51 (m, 3H, H-5, 7, 8), 6.74 (bd.s, 1H, M)36.70 (d,Js 5 =

8.0 Hz, 1H, H-6), 4.88 (s, 1H, H)53.88 (s, 3H, OC}H), 3.84 (s, 3H, OCH); *C NMR (75
MHz, DMSO4de): 5164.6, 163.1, 159.5, 158.2, 155.8, 153.2, 148386,6, 131.7, 131.6, 131.0,
130.6, 129.6, 128.4, 127.8, 125.6, 125.5, 120.0,6,2118.3, 116.2, 110.4, 110.2, 100.2, 98.4,
55.8, 55.6; Anal. Calcd for &H;4CloNz0sS, C = 57.05, H = 3.37, N = 7.39; Found C = 57H7,

= 3.34, N = 7.41; El M31/z (% rel. abund.): 538 (IOMe, 2), 388 (12), 365 (43), 313 (35);
HRMS (EI) calcd for GiH16CloN3OsS: miz = 567.0422, found 567.0418.
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(2)-4-(tert-Butyl)- N-(2-((3,4-dichlorophenyl)imino)-4-(2-oxo-H-chromen-3-yl)thiazol-
3(2H)-yl)benzamide (13)

Dark green solid; Yield: 65%H-NMR (400 MHz, DMSOdg): d11.10 (s, 1H, NH), 7.95 (bd.s,
1H, H-2"), 7.84 (d,J»n3wens = 8.0 Hz, 2H, H-2, 6"), 7.68 (m, 9H, H-4, 5, 6, 7, 8!"56", 3",
5™, 4.81 (s, 1H, H-9, 1.31 (s, 9H, 3Ch); **C NMR (75 MHz, DMSO€k): d 164.7, 159.5,
158.4, 155.7, 154.8, 153.2, 148.6, 131.7, 131.6,213.30.6, 128.7, 128.2, 127.8, 127.2, 127.2,
125.7, 125.5, 125.2, 125.2, 120.5, 120.3, 118.8,0,1100.2, 34.1, 31.4, 31.4, 31.4; Anal. Calcd
for CogH23CIoN3OsS, C = 61.71, H = 4.11, N = 7.44; Found C = 61H4; 4.13, N = 7.42; EI
MS mVz (% rel. abund.): 563 (M, 2), 565 (M+2, 2), 405 (9), 390 (19), 362 (3%6317), 330
(26), 218 (35); HRMS (ElI) calcd for,gH,3Cl,N303S: m/z = 563.0837, found 563.0834.

(Z2)-N-(2-((3,4-Dichlorophenyl)imino)-4-(2-oxo-#-chromen-3-yl)thiazol-3(2H)-yl)-2-
hydroxybenzamide (14)

Dark green solid; Yield: 70%H-NMR (400 MHz, DMSOdg): 59.98 (s, 1H, NH), 8.76 (s, 1H,
H-4), 8.00 (dJse= 7.2 Hz, 1H, H-7), 7.80 (tl76 = J76 = 7.2 Hz, 1H, H-7), 7.71 (m, 2H, H-2
6"), 7.51 (dJs7 = 8.4 Hz, 1H, H-8), 7.46 (tlss = 7.6 Hz, 1H, H-5), 7.30 (m, 3H, HL54", 6"),
6.86 (t,J5m 4 = Jsn g =7.2 Hz, 1H, H-B), 6.77 (d,Js»4» = 8.4 Hz, 1H, H-8), 4.81 (s, 1H, H-5;

3¢ NMR (75 MHz, DMSO+dg): 164.8, 159.5, 159.3, 158.2, 155.7, 153.1, 1483,4], 131.8,
131.4, 131.0, 130.6, 128.8, 128.4, 127.9, 125.6,31221.5, 120.7, 120.4, 119.7, 118.0, 117.8,
116.2, 100.2; Anal. Calcd for,§H15CI,N30,4S, C = 57.26, H = 2.88, N = 8.01; Found C = 57.23,
H = 2.86, N = 8.03; El M3z (% rel. abund.): 523 (M, 37), 495 (7), 481 (25), 453 (6), 350
(90), 337 (53), 304 (58), 288 (12); HRMS (EI) cafod Cp5H15CIoN304S: m'z = 523.0160, found
523.0152.
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Resear ch Highlights

> Synthesis of new 3-thiazolylcoumarin

> Hybrid of thiazole and coumarin

> a-Glucosidase inhibitory properties

> Molecular docking studies were carried out
> Useful in diabetic complications



