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Abstract

A series of thiazole derivatives 1-21 were prepared, characterized by EI-MS and *HNMR
and evaluated for a-glucosidase-inhibitory potential. All twenty one derivatives showed
good a-glucosidase inhibitory activity with 1Csy value ranging between 18.23+0.03 to
424.41 £ 0.94 uM when compared with the standard acarbose (ICsp, 38.25 = 0.12 uM).
Compound (8) (ICsp, 18.23 + 0.03 M) and compound (7) (ICsp = 36.75 £ 0.05 uM)
exhibited outstanding inhibitory potential much better than the standard acarbose (I1Cso,
38.25 £ 0.12 uM). All other analogs also showed good to moderate enzyme inhibition.
Molecular docking studies were carried out in order to find the binding affinity of
thiazole derivatives with enzyme. Studies showed these thiazole analogs as a new class of

a-glucosidase inhibitors.
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1. Introdcution

a-Glucosidase (EC. 3.2.1.20) is a membrane-bound enzyme located at the epithelium of
the small intestine [1]. It specifically hydrolyzed the a-glucopyranoside bond, thus
releasing a/an a-D-glucose from the non-reducing end of the sugar [2]. It plays role.in
carbohydrates digestion and glycoprotein processing. Its inhibitors are be used to treat
diabetics, HIV and cancers [3,4]. Clinical trials showed that the a-glucosidase inhibitors
improved long-term glycemic control as measured by decreased hemoglobin Alc
(HbAZc) in patients with type Il diabetes and delayed the development of type Il diabetes
in patients with impaired glucose tolerance [5]. Recently, there had been widespread
interest in a-glucosidase inhibitors, partly because of their potential as therapeutic targets,
especially the inhibition of these enzymes had been found to help control postprandial
blood glucose levels in diabetic patients [6,7], and can have profound effects on
maturation, transport, and secretion of glycoproteins and can alter cell-cell recognition
processes [8-10].

Several sugar a-glucosidase inhibitors, including acarbose, voglibose, and miglitol are
clinically used in the effective treatment of type-2 diabetes mellitus [11]. However, such
inhibitors, which are of great structural diversity, require tedious multi-steps for
preparation. Amongst the various types of glucosidase inhibitors, also non-sugar
derivatives have drawn considerable attention. Indeed, there is great structural diversity
amongst glucosidase inhibitors, which are not based on a sugar scaffold [12-14].

In addition, a-glucosidase inhibitors may serve as a viable tool for better understanding
of some biochemical processes in which a-glucosidase functions [15].

The thiazole and its derivatives are very much important in nature because they are
present in thiamine that acts as a coenzyme for the oxidative decarboxylation of a-keto
acids. It is also present in the skeleton of penicillin which is the most significant and the
first one of the broad spectrum antibiotics [16]. Thiazole containing molecules such as
sulfathiazole is used as an antimicrobial drug, ritonavir as antiretroviral drug, abafungin
as antifungal drug, bleomycine and thiazofurin as antineoplastic drugs [17,18]. Thiazole
containing compounds such as nizatidine is used as antihistaminic, niridazole as

schistosomicidal and nitazoxanide as antiprotozoal [19].



Our research group is in struggle to discovered new biologically important scaffold which
are simple molecules, easy to synthesize, high yielding and have no boring chemistry. In
a continued effort in search for biologically active molecules [20-27], here we are
reporting synthesis of thiazole derivatives and their a-glucosidase inhibition activity not
published earlier.

2.0. Result Discussion

2.1. Chemistry

The synthesis of thiazole derivatives 1-21 (Scheme 1) was carried out by two-step
reactions. In the first step, different substituted benzaldehyde/acetophenone (1 mmol) was
mixed with thiosemicarbazide (1 mmol) in methanol in the presence of few drops of
glacial acetic acid and refluxed for 3-5 hours. Completion of reaction was checked by
periodic TLC. After completion of reaction, it was filtered and washed with methanol to
obtained pure product in poor yield to good yield 0.175g to 0.300g depending on
different attached substituents.

In second step, the product obtained in the first step (1 mmol) was mixed and refluxed
with chloro or methoxy phencyl bromide (1 mmol) for 3-5 hours. Completion of reaction
was monitored by periodic TLC. After completion of reaction, the reaction mixture was
filtered and washed with hexane; pure product was obtained in good yield. The structures
of all derivatives (1-21) were confirmed by different spectroscopic techniques, such as *H
NMR and EI-MS.

Insert Scheme-1 here

Insert Table 1 here

2:2. a~-Glucosidase inhibition

Compounds 1-21 showed a variable degree of a-glucosidase inhibition with 1Csy value
ranging between 18.23 + 0.03 to 424.41 + 0.94 uM when compared with standard
acarbose (ICsp = 38.25 £ 0.12 uM).

Out of these 21 analogues, two compounds exhibited potent a-glucosidase inhibition.
Compound 8 (ICsp = 18.23 + 0.03 uM) and 7 (ICso = 36.75 = 0.05 uM) exhibited

outstanding activity better than the standard acarbose.



Compounds 2, 21, 18, 9 and 16 also showed good inhibition with 1Cs value 43.26 + 0.07,
46.39+0.05, 55.43 = 0.08, 68.52 + 0.08 and 99.16 = 0.51 uM respectively. All other
derivatives also showed good to moderate activities. The order of increase ICso values of
remaining compounds is as 17 < 14 <6 <20 <11 <13 <15 <5 <1 <19 <3 <10 <4 <12.

The most active analog among the series is 8 having 4-OH at R! and 4-Cl at R®. The
second most active compound is 7 having 4-benzyloxy group at R* and 4-Cl at R®. From
this study it was observed that by changing substituents at R* and R® greatly influence the
potential of compounds.

The molecular docking studies were performed in order to know the mechanism of
enzyme inhibition and binding interaction of these thiazole analog inside the binding
pocket of a-glucosidase.

2.3. Molecular modeling and docking studies

The resulting anti-a-glucosidase activity of the tested compounds, especially compound 8
along with control acarbose prompted us to perform molecular docking study to
understand the ligand-protein interactions in detail. The compound 8 and acarbose were
docked into the active site of a-glucosidase (Asp214, Glu276, Asp 349 and Arg439) [28].
In general, the most active compound 8 formed three strong hydrogen bonds with active
site residues (one with Glu276 and two with Arg439). As the number of hydrogen bond
increased, it contributes toward the total strength of hydrogen bonding network. In case
of compound 8, along with the important residues in the pocket, one additional hydrogen
bond is formed with pocket residue Asn347 (Figure-1). As the total number of hydrogen
bonds become four hence compound 8 exhibited good fitting inside the pocket site with
docking score -11.4139.

Insert Figure-1 here

The control, Acarbose, make three hydrogen bonds with the active site residues Asp214,
Glu276 and Asp349.The strength of hydrogen bonds made by acarbose is relatively
strong as compared to compound 8 but due to its bulky size it has some clashes with
Arg439, Phel58 and leu218. Therefore, these clashes reduce its activity as compared to

compound 8. These results were also confirmed by the docking score. The control,



acarbose, due to its clashes didn’t fit well in the pocket and hence have a docking score -
9.177 while compound 8 has a good docking score -11.4139 Figure-2.

Insert Figure-2 here

The compound 12 is the least active and did not form hydrogen bonds with pocket
residues (Figure-3).

Insert Figure-3 here

2.4. a-Glucosidase Assay
The a-glucosidase inhibition activity was performed with slight modifications as given by
Pierre et al. Total volume of 100 xL reaction mixture contained 70 L. 50 mM phosphate
buffer pH 6.8, 10 xL test compound (0.5 mM in methanol) followed by the addition of 10
1L enzyme solution (0.057 units, Sigma Inc.) in the buffer. The contents were mixed,
pre-incubated for 10 min at 37 °C and pre-read at 400 nm. The reaction was initiated by
the addition of 10 L of 0.5 mM substrate (p-nitrophenyl glucopyranoside, Sigma Inc.).
After 30 min of incubation at 37°C, absorbance of p-nitrophenol released was measured
using Synergy HT 96-well plate reader, BioTek, USA. Acarbose was used as positive
control. All experiments were.carried out in triplicates. The percent inhibition was
calculated by the following equation:

Inhibition (%) = (Abs of Control — Abs of Test / Abs of Control) x 100
Active compound solutions were suitably diluted and their inhibition studies were
determined. Data obtained was used for the determination of 1Cs, values (concentration at
which there is 50% enzyme inhibition) using EZ-Fit Enzyme Kinetics Software (Perrella
Scientific Inc. Amherst, USA) [30]

3.0. Conclusion
Thiazole compounds (1-21) have been synthesized and evaluated for their a-glucosidase

inhibitory potential. All compounds showed varying degree inhibitory potential.
Compound 7 and 8 were found potent among the series with 1Csy value 36.75+0.05 and
18.23£0.03 uM respectively, as compared to standard acarbose (ICsp, 38.25+0.12 uM).
Consequently in silico studies were performed to recognize the binding mode of these
compounds. The structures of all derivatives (1-21) were confirmed by different

spectroscopic techniques such as *H NMR and EI-MS.



4. Materials and methods

NMR spectra were obtained with AVANCE AV 300 MHZ spectrometers. NMR spectra
were recorded by using DMSO and acetone as solvent. TMS was used as internal
standard. Finnegan MAT-311A spectrometer was used for electron impact mass spectra
(EI-MS) analysis. Cesium iodide was used as an internal standard for mass measurement.
All the above characterizations were performed at H.E.J Research Institute of Chemistry,
Karachi University Pakistan. Column chromatography was performed on silica gel (E.
Merck, type 60, 70-230 mesh). Pre-coated silica gel aluminum-plates (Kieselgel 60,
20x20 and 0.5 mm thick, E. Merck, Germany) were used for TLC analysis. Light of
wavelength 254 and 365 nm were used to visualize the chromatogram.

4.1. Computational Methods

The three dimensional structure of a-glucosidase for Saccharomyces cerevisiae has not
been solved up to yet. However, only a few homology models have been reported for
this enzyme previously [31-33]. The three dimensional coordinates of none of these
model are publically available. So an attempt was made to construct a 3D model of a-
glucosidase by homology modeling using the same protocol as described by Burke et al
based on the crystal structure of Saccrhromyces cerevisiae isomaltase (3AJ7.pdb) [33].
The amino acid sequence of a-glucosidase from Saccharomyces cerevisiae was retrieved
from UniProt protein resource data bank (http://www.uniprot.org/) under the access code
P53341. 3D structure was built using homology modeling tools implemented in MOE
2013. The constructed model was subjected to energy minimization upto 0.05 RMS
garadient using AMBER99 force field in order to get stable bond energies. The final
refine structure was then used for docking purpose. All the synthesized compounds were
sketched using Builder program implemented in MOE 2013 and were converted into their
respective 3D structure. Subsequently, the energy of compounds was minimized up to
0.05 gradients using the MMFF94x force field. All compounds were docked into active
pocket of a-glucosidase using the Triangular Matching docking method and 30
conformations of each compound were generated with docking score. Each complex was

analyzed for interactions and their 3D images were taken.



4.2. General procedure for synthesis of thiazole derivatives

The synthesis of thiazole derivatives 1-21 (Scheme 1) was carried out by two-step
reactions. In the first step, different substituted benzaldehyde/acetophenone (1 mmol) was
mixed with thiosemicarbazide (1 mmol) in methanol in the presence of few drops_ of
glacial acetic acid and refluxed for 3-5 hours. Completion of reaction was checked by
periodic TLC. After completion of reaction, it was filtered and washed with methanol to
obtained pure product in poor yield to good yield 0.175g to 0.300g depending on
different attached substituents.

In second step, the product obtained in the first step (1 mmol) was mixed and refluxed
with chloro or methoxy phencyl bromide (1 mmol) for 3-5 hours. Completion of reaction
was monitored by periodic TLC. After completion of reaction, the reaction mixture was
filtered and washed with hexane; pure product was obtained in good yield. The structures
of all derivatives (1-21) were confirmed by different spectroscopic techniques, such as *H
NMR and EI-MS.

4.2.1. (E)-4-(4-Chlorophenyl)-2-(2-(3-nitrobenzylidene)hydrazinyl)thiazole (1)

Yield: 33%; Solid m.p. 257 °C; *H-NMR: (DMSO-ds, 300 MHz): J 12.4 (s, 1H, NH), 8.4
(br.s, 1H, H-2), 8.2 (dd, Js6 = 1.2, J45 = 8.1 Hz , 1H, H-4), 8.1 (s, 1H, HC=N), 8.0 (d,
Jos = 7.8 Hz , 1H, H-6), 7.8 (d, Jsr2v57¢» = 8.4 Hz , 2H, H-3"/5"), 7.7 (t, Jsis6 = 8.1 Hz,
1H, H-5), 7.4 (m, 3H, H-5"/2"/6"); *C NMR (75 MHz, DMSO-ds): 171.4, 150.3, 148.4,
143.1, 134.5, 134.1, 132.1, 131.0, 129.7, 129.1, 129.1, 128.6, 128.6, 126.0, 121.3, 105.2;
EI-MS: m/z (rel. int. %): 358 (M*, 51), 210 (100), 174 (43), 168 (52), 102 (15); MS: as
calculated 358.0291 and found 358.0286.

4.2.2.(E)-2-(2-(1-(2-Bromo-4-nitrophenyl)ethylidene)hydrazinyl)-4-(4-
chlorophenyl)thiazole
)

yield: 50%:; Solid m.p. 262 °C; *H-NMR: (DMSO-ds, 300 MHz): J 12.8 (s, 1H, NH), 8.2
(m, 2H, H-3/5), 8.1 (d, J3-2vs¢ = 6.3Hz , 2H, H-3"/5"), 8.0 (m, 1H, H-6), 8.1 (d,
Jorznerss = 8.7THz |, 2H, H-2"/6"), 7.5 (s, 1H, H-5"), 3.3 (s, 3H, Me); **C NMR (75 MHz,
DMSO-dg): 171.4, 168.4, 152.2, 150.0, 141.5, 134.1, 132.2, 131.0, 129.1, 129.1, 128.6,



128.6, 126.5, 123.1, 122.4, 105.1, 16.2; EI-MS: m/z (rel. int. %): 449 (M*, 18), 221 (17),
149 (15), 137 (31), 83 (100); MS: as calculated 449.9553 and found 449.9545.

4.2.3. (E)-4-(4-Chlorophenyl)-2-(2-(2-nitrobenzylidene)hydrazinyl)thiazole (3)

Yield: 50%; Solid m.p. 260 °C; *H-NMR: (DMSO-ds, 300 MHz): § 12.5 (s, 1H, NH), 8.4
(s, 1H, HC=N), 8.0 (d, J3». 27576~ = 8.1 Hz , 2H, H-3"/5"), 8.0 (d, Js465 = 8.4 Hz , 2H, H-
316), 7.7 (t, Jass = 7.5 Hz, 1H, H-4), 7.6 (t, Jsias = 7.2 Hz, 1H, H-5), 7.4 (m, 3H, H-
5'72"/6™); 3¢ NMR (75 MHz, DMSO-dg): 171.4, 150.1, 147.6, 143.1, 134.6, 134.1,
131.7, 131.0, 130.2, 129.1, 129.1, 128.6, 128.6, 128.2, 124.1, 105.2; EI-MS: m/z (rel. int.
%): 358 (M", 54), 210 (100), 168 (91), 83 (68), 44 (56); MS: as calculated 358.0291 and
found 358.0295.

4.2.4. (E)-4-(4-Chlorophenyl)-2-(2-(1-(4-(piperidin-1-yl)phenyl)ethylidene)hydra-
zinyl)thiazole (4)

Yield: 43%:; Solid m.p. 280 °C; *H-NMR: (DMSO-ds, 300 MHz): 6 7.9 (m, 4H, H-
3"/5"/2/6), 7.4 (m, 4H, H-2"/6"/3/5), 7.2 (s, 1H, H-5"), 3.3 (s, 3H, Me), 3.0 (s, 10H, H-
2"/3"/4"/5"/6"); *C NMR (75 MHz, DMSO-dg):  171.6, 168.7, 151.8, 150.1, 134.2,
131.0, 130.0, 130.0, 129.1, 129.1, 128.7, 128.7, 127.0, 111.8, 111.8, 105.1, 54.7, 54.7,
25.4, 25.4, 24.3, 17.1; EI-MS: m/z (rel. int. %): 410 (M", 54), 375 (20), 299 (29), 210
(100), 168 (91), 83 (68), 44 (56); MS: as calculated 410.1332 and found 410.1327.

4.2.5. (E)-4-((2-(4-(4-Chlorophenyl)thiazol-2-yl)hydrazono)methyl)-N,N-dimethyl-

aniline (5)

Yield: 38%; Solid m.p. 270 °C; *H-NMR: (DMSO-ds, 300 MHz): § 8.0 (s, 1H, HC=N),
7.8 (d, Jsr21576» = 6.3 Hz , 2H, H-3"/5"), 7.6 (m, 2H, H-2/6), 7.4 (d, J2» 3765 = 6.6 Hz ,
2H, H-2"/6"), 7.3 (d, J32, = 6.3 Hz , 1H, H-3), 7.2 (d, Js5 = 6.3 Hz , 1H, H-5), 7.2 (s, 1H,
H-5"), 3.0 (s, 6H, 2Me); *C NMR (75 MHz, DMSO-dg): 171.5, 153.2, 150.1, 143.2,
134.2, 131.0, 129.1, 129.1, 128.8, 128.8, 128.1, 128.1, 123.1, 111.8, 111.8, 105.0, 41.2,
41.2; EI-MS: m/z (rel. int. %): 356 (M", 3), 210 (100), 168 (39), 147 (46), 43 (87); MS:
as calculated 356.0862 and found 356.0854.

4.2.6. (E)-4-(4-Chlorophenyl)-2-(2-(naphthalene-2-yl-methylene)hydrazinyl)thiazole (6)



Yield: 32%; Solid m.p. 276 °C; *H-NMR: (DMSO-ds, 300 MHz): 6 8.3 (s, 1H, HC=N,
8.0 (d, J5», 27576 = 8.4 Hz , 2H, H-3"/5"), 7.9 (m, 5H, H-2/3/4/5/8), 7.5 (m, 2H, H-7/6),
7.4 (d, 3y 3065 = 8.4 Hz , 2H, H-2"/6"), 7.2 (s, 1H, H-5"); *C NMR (75 MHz, DMSO-
ds): 171.6, 150.1, 143.2, 134.2, 136.0, 133.8, 131.0, 129.1, 128.6, 128.6, 128.4, 128.0,
127.9, 127.9, 127.1, 126.8, 126.1, 126.1, 105.1; EI-MS: m/z (rel. int. %): 363 (M*, 18),
210 (87), 168 (35), 153 (100), 127 (33); MS: as calculated 363.0597 and found 363.0590.

4.2.7. (E)-2-(2-(4-(Benzyloxy)benzylidene)hydrazinyl)-4-(4-chlorophenyl)thiazole (7)

Yield: 81%; Solid m.p. 278 °C; *H-NMR: (DMSO-ds, 300 MHz): 8.0 (s, 1H, HC=N),
7.8 (d, J3r2vsr g = 6.3 Hz , 2H, H-3"/5"), 7.6 (d, Jy73765* = 6.3 Hz/y 2H, H-2"/6"), 7.4 (d,
Jo3e5 = 5.4 Hz , 2H, H-2/6), 7.3 (m, 5H, H-2"/3"/4""/5""/6""),7.2 (s, 1H, H-5"), 7.0 (d,
Jazss = 6.6 Hz , 2H, H-3/5), 5.1 (s, 2H, OCHy); *C NMR (75 MHz, DMSO-dg): 171.6,
161.2, 150.1, 143.2, 136.5, 134.2, 131.0, 130.1, 130.1, 129.1, 129.1, 128.7, 128.7, 128.7,
128.7, 127.5, 127.0, 127.0, 126.1, 114.2, 114.2, 105.1, 70.7; EI-MS: m/z (rel. int. %): 429
(M*, 17), 214 (53), 91 (100), 65 (22); MS: as calculated 419.0859 and found 419.0848.
4.2.8. (E)-2,6-Di-t-butyl-4-((2-(4-(4-Chlorophenyl)thiazole-2-yl)hydrazono)methyl)-
phenol (8)

Yield: 100%:; Solid m.p. 287 °C; *H<NMR: (DMSO-ds, 300 MHz): § 7.9 (s, 1H, HC=N),
7.7 (d, J372msm 6 = 6.3 Hz ', 2H, H-3"/5"), 7.4 (s, 2H, H-2/6), 7.0 (s, 1H, H-5"), 6.9 (d,
Joraerse = 6.6 Hz , 2H, H-2"/6"), 3.7 (s, 3H, OMe), 1.3 (s, 18H, 6Me); **C NMR (75
MHz, DMSO-dg): 171.6, 150.1, 156.8, 143.2, 136.1, 136.1, 134.2, 131.0, 129.1, 129.1,
128.7, 128.7,125.4, 123.6, 123.6, 105.1, 36.4, 36.1, 36.1, 36.1, 34.2, 34.2, 31.4, 31.4; El-
MS: m/z(rel. int. %): 441 (M*, 18), 216 (35), 210 (100), 174 (37), 168 (59); MS: as
calculated 441.1642 and found 441.1650.

4.2.9. 1-((E)-(2-(4-(4-chlorophenyl)thiazol-2-yl)hydrazono)methyl)-3-((2)-(2-(4-(4-
chlorophenyl)thiazol-2-yl)hydrazono)methyl)benzene (9)

Yield: 85%; Solid m.p. 278 °C; 'H-NMR: (DMSO-ds, 300 MHz): ¢ 12.2 (s, 2H, 2xNH),
8.0 (s, 2H, 2xHC=N), 7.8 (d, J3" 2757 = 8.4 Hz , 4H, 2xH-3"/5"), 7.6 (s, 2H, 2xH -5"), 7.4
(m, 8H, H-2/3/5/6, 2xH-2"/6"); *C NMR (75 MHz, DMSO-d¢): 171.6, 171.6, 150.1,
150.1, 143.1, 143.1, 136.1, 136.1, 134.2, 134.2, 133.7, 133.7, 131.4, 131.3, 129.2, 129.2,
129.2,129.2, 128.7, 128.7, 128.7, 128.7, 128.6, 128.2, 105.1, 105.1; EI-MS: m/z (rel. int.

9



%): 549 (M", 18), 338 (22), 210 (100), 168 (59), 82 (13); MS: as calculated 549.4973 and
found 549.4964.

4.2.10. 5-(4-chlorophenyl)-2-((E)-2-(4-((E)-(2-(4-(4-chlorophenyl)thiazol-2-
yl)hydrazono)methyl)benzylidene)hydrazinyl)thiazole (10)

Yield: 86%; Solid m.p. 290 °C; *H-NMR: (DMSO-ds, 300 MHz): 6 10.4 (s, 2H, 2xNH),
8.2 (m, 4H, 2xHC=N, H-3"/5"), 7.8 (m, 6H, 2xH-2"/6", H-3"/5"), 7.4 (m, 4H, H-2/4/5/6),
7.2 (s, 2H, 2x H-5"; *C NMR (75 MHz, DMSO-dg): 171.6, 171.6, 150.1, 150.1, 143.2,
143.2, 134.2, 134.2, 133.7, 133.7, 131.3, 131.3; 131.0, 131.0, 129.1, 129.1, 129.1, 129.1,
128.7, 128.7, 128.7, 128.7, 128.3, 128.3, 105.1, 105.1; EI-MS: m/z (rel. int. %): 549 (M,
20), 338 (17), 210 (100), 168 (38), 128 (36); MS: as calculated 549.4973 and found
549.4964.

4.2.11. (E)-5-((2-(4-(4-Chlorophenyl)thiazole-2-yl)hydrazono)methyl)-2-methoxy-phenol
(11)

Yield: 52%: Solid m.p. 281 °C; *H-NMR: (DMSO-ds, 400 MHz): 6 8.1 (s, 1H, HC=N),
7.8 (d, 3372757 6» = 6.3 Hz , 2H, H-3"/5"), 7.4 (d, Jp37675» = 6.3 Hz , 2H, H-2"/6"), 7.3 (M,
2H, H-2/5), 7.1 (dd, J6, = 1.8, Js5 = 6.3 Hz , 1H, H-6), 7.0 (s, 1H, H-5"); *C NMR (75
MHz, DMSO-de): 171.6, 152.1, 150.1, 147.1, 143.1, 134.2, 131.0, 130.1, 129.1, 129.1,
128.7,128.7,122.7, 115.8, 112.2, 105.1, 56.0; EI-MS: m/z (rel. int. %): 359 (M", 18), 210
(60), 101 (32), 59 (81), 43 (100); MS: as calculated 359.0495 and found 359.0486.

4.2.12. (E)-4-(4-Methoxyphenyl)-2-(2-(1-(3- nitrophenyl)ethylidene)hydrazinyl)thia-zole
(12)

Yield: 74%; Solid m.p. 290 °C; *H-NMR: (DMSO-ds, 300 MHz): 6 8.5 (s, 1H, H-2), 8.2
(t, Jass 6154 = 7.8 Hz, 2H, H-4/6), 7.8 (d, Jpv 3765 = 8.7 Hz , 2H, H-2"/6"), 7.7 (t, Jsip.4 =
8.1 Hz, 1H, H-5), 7.1 (s, 1H, H-5"), 6.9 (d, J37 27576 = 8.7 Hz , 2H, H-3"/5"), 3.7 (s, 3H,
OMe), 2.4 (s, 3H, Me); **C NMR (75 MHz, DMSO-dg):  171.6, 168.6, 160.4, 150.1,
134.8, 134.2, 131.7, 131.7, 128.4, 128.4, 126.0, 126.4, 125.2, 114.7, 114.7, 105.1, 55.7,
17.0; EI-MS: m/z (rel. int. %): 368 (M", 100), 205 (77), 164 (93), 149 (26), 82 (46); MS:
as calculated 368.4096 and found 368.4096.

4.2.13. (E)-2-(2-(Anthracen-9-ylmethylene)hydrazinyl)-4-(4-methoxyphenyl)thiazole (13)
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Yield: 73%; Solid m.p. 277 °C; *H-NMR: (DMSO-ds, 300 MHz): § 12.3 (s, 1H, NH), 9.2
(s, 1H, HC=N), 8.6 (m, 3H, H-2/6/10), 8.1 (d, Js478 = 8.1 Hz , 2H, H-5/7), 7.8 (d,
Jyrsuersr = 8.4 Hz |, 2H, H-2"/6"), 7.6 (m, 4H, H-3/4/8/9), 7.1 (s, 1H, H-5"), 6.9 (d,
Jsnausrer = 8.7 Hz , 2H, H-3"/5"), 3.7 (s, 3H, OMe); *C NMR (75 MHz, DMSO-ds):
171.6, 160.5, 150.1, 143.2, 131.7, 131.7, 128.7, 128.7, 128.7, 128.4, 128.4, 128.0, 128.0,
128.0, 128.0, 125.4, 125.4, 125.4, 125.4, 125.1, 123.8, 114.7, 114.7, 105.1, 55.7; EI-MS:
m/z (rel. int. %): 409 (M*, 45), 203 (100), 191(21), 176 (26), 101 (15), 88 (25); MS: as
calculated 409.5029 and found 409.5020.

4.2.14. (E)-4-((2-(4-(4-Methoxyphenyl)thiazol-2-yl)hydrazono)methyl)-N,N-
dimethylaniline (14)

Yield: 38%; Solid m.p. 264 °C; 'H-NMR: (DMSO-dgs, 300 MHz): § 7.9 (s, 1H, HC=N),
7.7 (d, 2365 = 8.7 Hz , 2H, H-2/6), 7.4 (d, Jp7 3767 5»=8.7 Hz , 2H, H-2"/6"), 7.0 (s, 1H,
H-5"), 6.9 (d, J3 256 = 8.7 Hz , 2H, H-3/5), 6.7 (d, J37 275 ¢ = 9.6 Hz , 2H, H-3"/5"), 3.7
(s, 3H, OMe), 2.9 (s, 6H, 2Me): **C NMR (75 MHz, DMSO-dg): 171.6, 160.5, 153.2,
150.1, 143.2, 128.4, 128.4, 128.1, 128.1, 125.2, 123.1, 114.7, 114.7, 111.7, 111.7, 105.1,
55.7, 41.0, 41.0; EI-MS: m/z (rel. int. %): 352 (M*, 100), 206(100), 191 (91), 164 (65),
147 (67); MS: as calculated 352.1358 and found 352.1350.

4.2.15.  (E)-4-(4-Methoxyphenyl)-2-(2-(naphthalen-2-yl-methylene)hydrazinyl)thiazole
(15)

Yield: 32%; Solid m.p. 291 °C; *H-NMR: (DMSO-ds, 300 MHz): ¢ 12.2 (s, 1H, NH), 8.1
(s, 1H, HC=N), 8.0 (s, 1H, H-8), 7.9 (m, 4H, H-/3/4/5/8), 7.8 (d, J2»36"5» = 6.6 Hz , 2H,
H-2"/6"), 7.5 (m, 2H, H-6/7), 7.1 (s, 1H, H-5"), 6.9 (d, J5»27s"6» = 6.6 Hz , 2H, H-3"/5"),
3.7.(s, 3H, OMe); EI-MS: m/z (rel. int. %): 359 (M", 48), 206 (100), 191 (22), 164 (33),
153 (79); MS: as calculated 359.1092 and found 359.1099.

4.2.16. (E)-2-(2-(4-(Benzyloxy)benzylidene)hydrainyl)-4-(4-methoxyphenyl)thiazole (16)

Yield: 81%; Solid m.p. 310 °C; *H-NMR: (DMSO-ds, 300 MHz): 6 7.9 (s, 1H, HC=N),
8.0 (d, Jozi65 = 6.6 Hz , 2H, H-2/6), 7.5 (d, Jow3memsn = 6.3 Hz , 2H, H-2"/6""), 7.4 (d,
Jysmersr = 5.4 Hz | 2H, H-2"/6"), 7.3 (m, 2H, H-3"/5""), 7.2 (t, Jamsms» = 6 Hz, 1H, H-
4™, 7.1 (s, 1H, H-5"), 7.0 (d, Ja 2556 = 6.6 Hz , 2H, H-3/5), 6.9 (d, J3» 2757 = 6.3 Hz , 2H,
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H-3"/5"), 5.1 (s, 2H, OCH>), 3.7 (s, 3H, OMe); **C NMR (75 MHz, DMSO-dg): 128.7,
127.5, 128.7, 127.0, 127.0, 136.5, 114.3, 161.2, 144.2, 70.5, 130.1, 126.0, 130.3, 143.1,
171.6, 128.4, 114.7, 105.1, 128.4, 114.7, 125.2, 150.1, 160.4, 55.6; EI-MS: m/z (rel. int.
%): 415 (M*, 10), 206 (88), 191 (17), 149 (18), 91 (100); MS: as calculated 415.1354
and found 415.1349.

4.2.17. (E)-2,6-Di-tert-butyl-4-((2-(4-(4-Methoxyphenyl)thiazol-2-yl)hydrazono)-
methyl)phenol (17)

Yield: 99%; Solid m.p. 282 °C; 'H-NMR: (DMSO-ds, 300 MHz): §.7.9 (s, 1H, HC=N),
7.7 (d, Jy 365 = 6.3 Hz , 2H, H-2"/6"), 7.4 (s, 2H, H-2/6), 7.0°(s, 1H, H-5"), 6.9 (d,
Jsramsner = 6.6 Hz , 2H, H-3"/5"), 3.7 (s, 3H, OMe), 1.3 (s, 18H, 6Me); *C NMR (75
MHz, DMSO-dg): 171.6, 160.5, 156.8, 150.1, 143.2, 136.1, 136.1, 128.4, 128.4, 125.2,
125.4, 123.6, 123.6, 114.7, 114.7, 105.1, 55.8, 34.3; 34.3, 31.4, 31.4, 31.4, 31.4, 31.4,
31.4; EI-MS: m/z (rel. int. %): 437 (M*, 22), 261(32), 206 (100), 191 (30), 164 (61); MS:
as calculated 437.2137 and found 437.2130.

4.2.18.  1-((E)-(2-(4-(4-Methoxyphenyl)thiazol-2-yl)hydrazono)methyl)-3-((2)-(2-(4-(4-
methoxy phenyl)thiazol-2-yl)hydrazono)methyl)benzene (18)

Yield: 86%; Solid m.p. 279.°C; *H-NMR: (DMSO-ds, 300 MHz): ¢ 11.5 (s, 2H, NH),
8.2 (s, 1H, H-2), 8.0 (s, 2H, 2xHC=N), 7.9 (s, 2H, 2xH-5"), 7.7 (d, Jp" 3765 = 8.7 Hz ,
4H, 2xH-2"/6"), 7.6 (d, Jasies = 7.5 Hz , 2H, H-4/6), 7.5 (m, 1H, H-5), 6.9 (d, J3» 27576 =
8.7 Hz , 4H, 2xH-3"/5"), 3.7 (s, 6H, 2-OMe); *C NMR (75 MHz, DMSO-d): 171.6,
171.6, 160.4, 160.4, 150.1, 150.1, 143.2, 143.2, 133.7, 133.7, 131.4, 131.1, 128.4, 128.4,
128.4, 128.4, 128.3, 128.3, 125.2, 125.2, 124.8, 124.6, 114.6, 114.6, 105.1, 105.1, 55.7,
55.7; ESI/MS; calculated for and found EI-MS: m/z (rel. int. %): 540 (M*, 59), 309 (66),
206 (100), 191 (42), 149 (46), 128 (37); MS: as calculated 540.1402 and found 540.1410.

4.2.19. 5-(4-methoxyphenyl)-2-((E)-2-(4-((E)-(2-(4-(4-methoxyphenyl)thiazol-2-
yhhydrazono)methyl)benzylidene)hydrazinyl)thiazole (19)

Yield: 85%; Solid m.p. 284 °C; *H-NMR: (DMSO-ds, 300 MHz): & 11.5 (s, 1H, NH), 8.0
(s, 2H, 2xHC=N), 7.9 (s, 2H, 2xH-5"), 7.7 (d, J27376"5» = 8.7 Hz , 4H, 2xH-2"/6"), 7.6 (d,
Joses =7.5Hz, 2H, H-2/6), 7.6 (d, J3256 = 7.5 Hz , 2H, H-3/5), 6.9 (d, J3»27576 = 8.7
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Hz , 4H, 2xH-3"/5"), 3.7 (s, 6H, 20Me); **C NMR (75 MHz, DMSO-dg): 171.6, 160.4,
160.4, 150.1, 150.1, 143.2, 143.2, 133.7, 133.7, 131.2, 131.2, 128.4, 128.4, 128.4, 128.4,
128.3, 128.3, 125.2, 125.2, 125.1, 125.1, 114.6, 114.6, 105.1, 105.1, 55.7, 55.7; EI-MS:
m/z (rel. int. %): 540 (M*, 29), 390 (54), 206 (100), 191 (37), 149 (35); MS: as calculated
540.1402 and found 540.1415.

4.2.20.  (E)-2-Methoxy-5-((2-(4-(4-methoxyphenyl)thiazol-2-  yl)hydrazone)methyl)-
phenol (20)

Yield: 52%; Solid m.p. 270 °C; *H-NMR: (DMSO-ds, 300 MHz): 6 7.8 (s, 1H, HC=N),
7.7(d, Jyr3v6v5 = 6.6 Hz , 2H, H-2"/6"), 7.2 (d, J26 = 0.9 Hz , 1H,H-2), 7.1 (s, 1H, H-5"),
6.9 (m, 4H, H-3"/5"/5/6), 3.7 (s, 6H, 20Me); *C NMR (75 MHz, DMSO-dg): 171.6,
160.4, 152.1, 150.0, 147.0, 143.1, 131.2, 128.2, 128.2, 125.1, 122.6, 115.8, 114.7, 114.7,
112.2, 105.1, 56.2, 55.7; EI-MS: m/z (rel. int. %): 355 (M, 30), 206 (100), 191 (27), 164
(54), 149 (43); MS: as calculated 355.0991and found 355.0999.

4.2.21.  (E)-4-((2-(4-(4-Methoxyphenyl)thiazol-2-yl)hydrazono)methyl)benzene-1,2-diol
(21)

Yield: 86%; Solid m.p. 287 °C; *H-NMR: (DMSO-ds, 300 MHz): 6 7.8 (s, 1H, HC=N),
7.7 (d, Js6 = 6.6 Hz , 1H, H-5), 7.2 (d, J¢5 = 6.6 Hz , 1H, H-6), 7.1(d, J,6 = 1.5 Hz , 1H,
H-2), 7.0 (s, 1H, H-5"), 6.9 (d, J,376"5» = 6.6 Hz , 2H, H-2"/6"), 6.7 (d, J37 2757 ¢» = 6 Hz ,
2H, H-3"/5"), 3.7 (s, 3H, OMe); **C NMR (75 MHz, DMSO-dg): 171.5, 150.1, 149.4,
146.0, 143.2, 133.1, 131.1, 129.1, 129.1, 128.6, 127.4, 127.4, 123.1, 117.2, 116.2, 105.1,
46.5; EI-MS: m/z (rel. int. %): 341 (M, 30), 217 (100), 191 (27), 164 (54), 149 (43); MS:
as calculated 341.0834 and found 341.0823.
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Scheme, Table and Figures captions
Scheme-1; Synthesis of thiazole derivatives 1-21
Table-1; a-Glucosidase inhibitory potential of thiazole derivatives 1-21

Figure-1; The recognized binding modes and molecular interactions of the thiazole
analog 8 in the active site of a-glucosidase.

Figure-2: The recognized binding modes and molecular interactions of .the control,
Acarbose in the active site of a-glucosidase.

Figure-3: The recognized binding modes and molecular interactions of thiazole analog
12 in the active site of a-glucosidase.
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Figure-3:
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Table-1:

S. No. R’ R’ R’ ICs0+ SEM? (ULM)
NO,
1 \©/ Y 4-Cl 219.85+1.12
2 @f CHa 4-Cl 43.26 + 0,07
O,N Br
3 ©\/ H 4-Cl 239.18+1.08
NO,
4 /@O CHs 4-Cl 387.52+1.13
\
5 -~ @\ H 4-Cl 205.46+1.17
6 H 4-Cl 175.25+0.97
7 @AOQ/ H 4-Cl 36.7 5+0.05
OH
8 >l\©/k H 4-CI 18.230.03
9 \©/ H 4-Cl 68.52+0.08
10 /©/ H 4-Cl 341.91+1.15
OMe
11 /@[ H 4-Cl 176.43+1.12
OH
NO,
12 \Cf CH; | 4-OMe 424.41+0.94
13 OOO H 4-OMe 191.72+0.73
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14 /N©\ H 4-OMe 145.81+0.26

15 H 4-OMe 193.55+0.41

16 /@Ovﬂj H 4-OMe 99.16+0.51

OH

17 >l\©/k H 4-OMe 123:32+0.83

18 \©/ H 4-OMe 55.43+0.08

19 /©/ H 4-OMe 226.32+0.95
OMe

20 /@[ H 4-OMe 175.72+0.84
OH
OH H

21 /@[ 4-OMe 46.39+0.05
OH

Acarbose - - 38.25+0.12
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Highlights:

» Synthesis of Thiazole Derivatives

In vitro a-glucosidase inhibitory activity

Identification of a novel class of a-glucosidase inhibitors

Structure-activity Relationship established
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Molecular docking
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