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Abstract: Acarbose, miglitol, and voglibose are the inhilstaf a-glucosidase enzyme and
being clinically used for the management of typeiflbetes mellitus. However, many adverse
effects are also associated with them. So, thelolewent of new therapeutic agents is an utmost
interest in medicinal chemistry research. Currént\sis based on the identification of new
glucosidase inhibitors. For that purpose, hydrdzamylthiazole based pyridine derivativ&s39
were synthesizedlia two step reaction and fully characterized by spscopic techniques El-
MS, HREI-MS, H-, and**C-NMR. However, stereochemistry of the iminic bamals confirmed
by NOESY. All compounds were subjected itovitro a-glucosidase inhibitory activity and
found many folds active (Kg= 1.40 + 0.01-236.10 + 2.20M) as compared to the standard
acarbose having ig value of 856.45 + 5.6@M. A limited structure-activity relationship was
carried out in order to make a presumption aboeatsthbstituent’s effect on inhibitory activity
which predicted that substituents of more negatideictive effect played important role in the
activity as compared to the substituents of legmtiee inductive effect. However, in order to
have a good understanding of ligand enzyme interast molecular docking study was also
conductedlIn silico study was confirmed that substituents like halsgédl) and nitro (NG
which have negative inductive effect were foundriake important interactions with active site

residues.

"Corresponding  Author khalid.khan@iccs.edu; _ drkhalidhej@gmail.com; Tel0922134824910; Fax.
00922134819018




Keywords: Synthesis; pyridine; hydrazinyl arylthiazole:glucosidase;in vitro; structure-
activity relationship; molecular docking.

Introduction

Type-ll diabetes mellitus is responsible for aro®8d death of global population-Glucosidase
enzyme catalyzes the hydrolysisee§lucosidal bond of complex carbohydrates and seledhe
monosacchariden{D-glucose) which is absorbable in small intestin@][1Hyperactivity ofa-
glucosidase enzyme resulted in elevated leveladdblucose in diabetic patients and termed as
hyperglycemia [3]. Inhibition ofx-glucosidase enzyme is one way to treat type-lbelias
mellitus by suspending the absorption of glucosentestine [4]. Acarbose, miglitol, and
voglibose are the drugs which are being clinicalbed for the treatment of type-Il diabetes
mellitus (Figure-1). These all are the inhibitorfs seglucosidase enzyme [5,6] but 50% less
effective than the other anti-diabetic drugs sushngetformin and sulfonylurea. However,
adverse effects are also linked to them such asmaipa! discomfort, diarrhea, and flatulence
[7]. Therefore, these medications are often ussombination with other anti-diabetic agents to
improve the effectiveness. So, it is still an ie&rin medicinal chemistry to develop a safer

medication to cure diabetes mellitus.

OH o
HO f
HO
HO
HOX ~ Me HO No">on
A OH oH /@
HHo o HN

OH OH

Acarbose OH OH Voglibose Miglitol

NH NH o

“//O)L R? Chlorpropamide (1st generation) R' = Cl, R> = L‘cﬁ)/

SNTONT ONH2 <

| H R . , ;

1 Tolazamide (1st generation) R" = Me, R* = N

Metformin R Q
Sulfonylureas

"Glucophage"
Gliclazide (2nd generation) R' = Me, R? = \/:Q

Glimepiride (2nd or 3rd generation) R! =




Figure-1: Clinical drugs for type Il diabetes mellitus

Heterocyclic rings are the basic motifs of varidaislogically active compounds and natural
products [8-11] and have received much attentiodrug discovery and lead optimization [12].
Specially, nitrogen-containing heterocycles havés lof applications in pharmaceuticals,
agrochemicals, and functional materials [13-14].f&sas pyridine is concerned, it is the basic
part of many natural products such as vitamyg &enzyme vitamin 8family, and various
alkaloids. These natural products exhibit many redgeng biological activities [15-17]
Polysubstituted pyridines have been used as amtipaintibacterial, and anticancer agents. These
were also used gsotassium channel openers for the cure of urinappntinence [18-20].
Furthermore, some derivatives were aslo found tdigaly selective ligands for adenosine
receptors [21], a potential targets for the idécation of new drugs to treat Parkinson’s disease,
asthma, hypoxia/ischaemia, kidney diseases, amepspi[22]. Thiazole ring is the core scaffold
of medicinally important compounds [23] and poss&gsificant biological potential such as
anticonvulsant, antiinflammatory, analgesic, abitculosis, antiviral, pesticidal, antimicrobial,

anticancer, antitumor, and enzyme inhibition atggi [24-32].

There are many reports available on thiglucosidase inhibitory activity of isolated natura
products such as monoterpenoids, triterpenes, gsegepnoids, isoindolin-1-oneg-terphenyl
scaffolds [33-37]. Our group has identified manyehecyclic compounds having promising
glucosidase inhibitory activity (Figure-2) [38-43figure-3 displayed that the new synthetic
compounds have structural resemblance such asimgyrithg, thiazole ring and hydrazine
moiety, with the already identified lead candidgtéigure-2) which prompted us to screen these
hybrid scaffolds fora-glucosidase inhibitory potential. It is worth-mieming that synthetic
compounds also have the same amidine moiety & iarttidiabetic agent “metformin” (Figure-
3).
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Figure-3: Rationale of the Current Study

This manuscript described the synthesis, structtiiatacterizationin vitro inhibition, andin
silico studies of arylated hydrazinyl thiazole based ¢ggg derivatives1-39 as well as
identification of lead compounds against thiglucosidase enzyme for the treatment of type-Ii
diabetes mellitus.

Results and Discussion
Chemistry

Arylated hydrazinyl thiazole based pyridine dernves 1-39 were synthesizedia two steps
reaction scheme. In the first step, 3-pyridinecadbdehyde or 2/3/4-acetylpyridine was treated
with thiosemicarbazide to afford thiosemicarbazortermediates] 13, 22, and31). Catalytic



amount of glacial acetic acid was used in the reactin second step thiosemicarbazone
intermediates 1, 13, 22, and 31) undergo the cyclization reaction with substitutgtenacyl
bromides to form thiazole ringia Hantzsch reaction (Scheme-1). Reaction progress wa
checked by thin layer chromatography (TLC). Aftempletion of the reaction, flask was kept
overnight at room temperature to afford precipgateesulting precipitates were washed with
distilled water and crystallized from ethanol tdoadl the pure products. Purity of compounds
were checkedia TLC analysis. Spectroscopic techniques EI-MS, HRE), *H-, and**C-NMR
were used to characterize the structures of synthempoundsl-39 (Table-1). However, 2D-
NMR (COSY, HSQC, HMBC, and NOESY) of representatarel structurally new compound
18 was also carried out.
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Scheme-1:Synthesis of hydrazinyl thiazole based pyridinevdgives1-39
Characteristic spectral feature of representative cmpound 18

'H- and**C-NMR spectra of compounti8 were recorded in DMS@. In *H-NMR spectrum,

the most downfield broad singlet of the NH whichdisectly attached to thiazole skeleton,



appeared ad; 11.47. Another downfield signal of H-6 of pyridiskeleton was appeared &
8.58 (d,Js 5= 4.4 Hz), showedartho coupling with H-5. Downfield chemical shift is dbe the
presence of more electronegative nitrogen atoortab position. H-3 of pyridine skeleton was
appeared in downfield region &t 8.03 (d,J; 4= 8.4 Hz), showedrtho coupling with H-4. A
singlet of H-2 was appeared af; 7.93. Signals of two protons H-4 and HiBere overlapped
and appeared a}; 7.85. The characteristic singlet of H-5' of thi@zmoiety was appeared at
7.60. H-5 was appeared as a triplet at 7.46)s(,6 = 8.0 Hz). Signals of two H“4 H-5"
overlapped and appeareddat7.37. The protons of iminic methyl was appeared ssglet aty
2.40 (Figure-4).
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Figure-4: '"H-NMR and"*C-NMR chemical shifts of compouri8

3C-NMR broad-band decoupled spectrum displayed sis@éen carbon signals, including six
guarternary, nine methine, and one methyl carbdhe quaternary carbon of thiazole ring,
attached to the more electronegative nitogen aifdrsatoms, was the most downfield signal
and appeared at 169.4. The second most downfield signal was theéegoary C-2 of pyridine
ring which is lying adjacent to nitrogen and imimend and appeared & 154.8. The quaternary
C-4 of thiazole and CH-6 of pyridine ring which areeditly attached to electronagative nitrogen
atom, were resonated & 149.1 ando- 148.5, respectively. The quaternary carbon of imvas
resonated at: 138.3. Two quaternary carbons of phenyl '‘Cadd C-1 were resonated ak
133.4 anda: 124.2, respectively. Four aromatic methine carb@id-2", CH-4', CH-5', and
CH-6") and three methine carbons of pyridine ring (CH-BI-& and CH-5) were appeared in
the usual aromatic regiodt 136-119. While characteristic C-8f thiazole ring was resonated at

a:106.1. The most upfield iminic methyl was appeaed:12.2 (Figure-4).



The C/*H-NMR chemical shifts were assigned on the basi€OSY, HSQC, and HMBC
correlations. Stereochemistry of the imine groupNE was found as=-configuration after
analyzing the NOESY spectrum in which iminic metipybtons (CH-C=N) showed NOESY
interaction with the NH (Figure-4).

EI-MS of compoundl8 showed the molecular ion peak [Mat m/z 328 and isotopic peak
[M+2]" atm/z330 in a ratio of 3:1 which confirmed the preseatehlorine atom. HREI-MS of
compound 18 displayed M at m/z 328.0544 with a composition of 16813CIN4S (Calcd.
328.0549) which confirmed the formation of the dadi molecule. However, the key
fragmentation pattern obeserved in the spectrurwetighat molecular ion undergo cleavage by

three ways4d-c).

@) Moleuclar ion M atm/z328 undergoes homolytic cleavage by the loss dhyheadical
to yield a cation am/z313 which will further fragmented to yield anotheation atm/z
223.

(b) In second way, moleuclar ion undergoes homolyteacage by the loss of pyridiyl
radical to afford a cation at/z250 which is also the base peak in the spectrum.

(c) In third way, moleuclar ion undergoes complex segeéhomolytic cleavage to afford a
radical cation atn/z79 (Figure-5).
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Figure-5: Key EI-MS fragmentation of compouri®

In vitro e-glucosidase inhibitory activities

All arylated hydrazinyl thiazole based pyridine idatives 1-39 were screened to evaluate
vitro a-glucosidase inhibitory activity. All compounds demnstrated excellent and potent
inhibitory activity in the range of 1§ = 1.40 + 0.01-236.10 = 2.20M as compared to the
standard acarbose @6 856.45 + 5.6@M) (Table-1).

Table-1: In vitro a-glucosidase inhibitory activities of synthetic qooundsl-39

Cﬁg‘p' R IC 50+ SEM? [1M] Cﬁg‘p' R IC 50+ SEM? [1M]
Category “A”
6 2
1 . 120.20 + 1.10 7 28.50 + 0.25
2 6"@" 177.10 + 1.10 8 46.20 + 0.40
5" 3
)
5" 3"
3 v 236.10 % 2.20 9 6.10 + 0.01
5" 3"
v
6" 2"
4 NG 61.60 + 0.50 10 70.10 + 0.68
-
5 113.10+1.10 11 23.50 +0.20
6 96.20 + 0.80 12 13.40 +0.10
Category “B”




13 - 120.60 + 1.10 18 5.50 +0.10
14 24.10 + 0.24 19 1.40 + 0.01
15 86.20 + 0.80 20 23',', 13.10 £ 0.15
NO,
16 ’ 54.40 + 0.60 21 . 6.40 + 0.10
" OH
17 T 41.60 + 0.45
0
Br
Category “C”
22 - 86.40 +0.70 27 21.10 £0.20
23 36.10 + 0.30 28 2.50 +0.01
>
24 i 163.20 + 1.40 29 23',', 35.60 +0.35
NO,
o
25 40.10 + 0.40 30 . 8.10 +0.10
OH




" 2"
26 | oI, 53.60 + 0.50
0
Br
Category “D”
31 - 115.50 + 1.10 <IN I (A 26.20 +0.24
32 N 124.40 + 1.20 37 11.60 + 0.15
s 3"
>
5" 3" ) .
33 4 168.50 + 1.40 38 | ° 2 31.10 +0.30
6’” 2 77 No,
5" R
e
34 63.10 + 0.55 39 10.10 +0.10
" 2"
35 i y 85.10 £0.80 Standate Acarbose 856.45 + 5.60
0
Br

4Cso(mean + standard error of mean); Standérthibitor for a-Glucosidase).

Structure-activity relationship (SAR)

Limited structure-activity relationship (SAR) wastionalized by observing the different
substitution pattern at the aryl part (R). Althowhconstant structural features such as pyridine
ring, thiazole ring, and Schiff base moiety aredaty playing their part in demonstrating the
inhibitory potential, however, the varying featurgsch as aryl ring “R” are responsible for

variation in the inhibitory activity (Figure-6).
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Figure-6: General structural features of syntheticcompounds

For better understanding of structure-activity tietaship, compounds were categorized into four
categories “A-D”, on the basis of four differentabemicarbazone intermediates which are the
precursors of rest of the cyclized products. Thiusarbazone intermediates suchlafCs, =
120.20 + 1.1QuM), 13 (ICso = 120.60 + 1.1Q:M), and 31 (ICso= 115.50 + 1.1Q:M) showed
potent and comparabéeglucosidase inhibitory activity as compared todtrd acarbose (k=
856.45 + 5.6Q«M). Although intermediat@2 (ICso= 86.40 + 0.7Q:M) showed more enhanced
activity than intermediatd and positional isomer22 and 31. Might be the compoun@2

attained the conformation which will better intdradth the active site (Figure-7).

M
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IC59=12020+1.104M  ICs5=120.60%1.10uM  ICsy=86.40 + 0.70 uM ICso = 115.50 + 1.10 uM

Figure-7: Structure-activity relationship of thiosemicarbazone intermediates 1, 13, 22, 31

Results depicted in Table-1 showed that most of djdized products displayed far better
activity than thiosemicarbazone intermediates. @&impounds2-12 belongs to category “A”
showed many folds enhanced activity in the rangg #06.10-236.1QuM as compared to the
standard acarbose @&= 856.45 + 5.6QM). Compound9 (ICso = 6.10 + 0.01uM) with m,p-
dichloro substitutions at aryl ring showed morenttmndred folds better activity than standard
acarbose. lIts structurally similar compouh@ (ICsp = 70.10 + 0.68«M) with o,p-dichloro
substitutions showed eleven times less activity thdt shows that dichloro groups are playing a
crucial part in the activity when present ratta and para positions. However, mono-chloro
compounds? (ICsp = 28.50 + 0.25M) and 8 (ICsp = 46.20 + 0.4QuM) showed many folds

11



decreased activity as compared to dichloro comp®&u(feigure-8). It showed that number and
positions of the substituent like chloro played important role in exhibiting the inhibitory
potential. Activity of compounds (ICso= 28.50 + 0.25%M) and8 (ICsp= 46.20 + 0.4Q:M) can
compared with compounds (ICsp = 96.20 + 0.80uM) and 5 (ICso = 113.10 + 1.10uM),
respectively, having the bromo instead of chlorbput two fold decreased activity was
observed. In case of compounts (ICsp = 23.50 + 0.2Q:M) and 12 (ICsp = 13.40 + 0.1Q:M)
having nitro and hydroxy groups, respectively, #idveactivity was observed. It was experienced
that compounds with substituents having more negéatiductive effect such as Cl, N@nd OH
showed more potent inhibition than the compounds V&ss negative inductive effect (Figure-
8).

T J—@

ICso=70.10 = 0.68 uM ICso = 28. 50 +0.25 uM

ICSO 6. 10:|:001 ,llM
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OH

KR R .

N N~ z N N’ ~ Br

O o0 o Ok
S 7, S

N N

ICso = 13.40 £ 0.10 M ICso = 96.20 % 0.80 #M

Figure-8: Structure-activity relationship of compounds 5-12

Similar activity trend was observed in the categtBy like category “A”. m,p-Dichloro
substituted analo9 (ICso= 1.40 = 0.01uM) was found to be the most active derivative @& th
whole series and six hundred times more active tharstandard acarbose {G 856.45 = 5.60

12



#M). Mono-chloro derivativel8 (ICso = 5.50 + 0.10uM) was found to be less active than
dichloro compound 9 (ICsp= 1.40 + 0.01M). Similarly, bromo substituted compounds such as
16 (ICs50 = 54.40 = 0.6QuM) and 17 (ICso = 41.60 + 0.45:M) showed less inhibitory activity.
Compounds having substituents like OH and,MOch as compound® (ICso= 13.10 + 0.15
uM) and21 (1ICsp = 6.40 + 0.1QuM) demonstrated good inhibitory potential than toenpound

14 (1Cs50 = 24.10 = 0.24uM) with no substitution and compourid (ICso = 86.20 + 0.8QuM)
with biphenyl as R (Figure-9).

C')\ J’O Me Q Br

~-N._N ::3
N z
Cl)\ YJ’O IC —550*010 CI)\]\ \r/
s uM _N S

ICsy=13. 10 +0.154M ICsy = 54.40 % 0.60 uM

oo PO I o o

ICSO 1. 40 +0.01 [lM
ICsy = 6.40 + 0.10 xM IC5p =41. 60 +0.45uM

Me Me
V0 oo
T Oy
_N S N S
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Figure-9: Structure-activity relationship of compounds 14-21

It is worth-noting that the most active derivatigé category “C” was again found to be a
dichloro analog28 (ICso = 2.50 + 0.01xM). Absence of chloro group giara position as in
compound27 (ICso= 21.10 + 0.2Q«M) showed a decreased activity. Compo@adICso= 8.10

+ 0.10uM) with them-hydroxy substitution also showed potent inhibiti@witching of hydroxy

to nitro group as ir29 (ICso = 35.60 + 0.3%:M), a decreased activity was observed. Similarly,
bromo substituted compounds (ICso= 40.10 + 0.4Q:M) and26 (ICso= 53.60 + 0.5Q:M) were
demonstrated less inhibition than hydroxy and rsubstituted derivatives. Compoud (1Cs

= 163.20 £ 1.4QuM) with the biphenyl ring as “R” was found to beethteast active among
13



category “C”. Least activity of biphenyl derivativeight be either due to the increased carbon

load or it is not fulfilling the conformational ragement to fit well in the active site (Figure-10)
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Figure-10: Structure-activity relationship of compaunds 23-30

In case of category “D”, compourD (ICso = 10.10 + 0.1QuM) with m-hydroxy substitution
was found to be the most active derivative and aamg37 (ICso= 11.60 + 0.15:M) with m,p-
dichloro substitutions was the second most actigentyer of this category. CompouB@ (ICso=
26.20 £ 0.24uM) with m-chloro group showed less activity than dichlor@lag. Switching
from chloro to bromo group as in case of compoBWECsy= 63.10 + 0.55:M) and 35 (ICsp=
85.10 = 0.8QuM), a less inhibition was experienced. Similarlpmpound38 (ICso = 31.10 *
0.30uM) with m-nitro group also showed comparable activity whk tnost active compounds
of this category. However, compouB@ (ICsp = 124.40 + 1.2Q:M) with no substitution and
compound33 (ICsp= 168.50 + 1.4Q«M) with biphenyl ring as “R”, were found to be l¢astive

analogs of this category (Figure-11).
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Figure-11: Structure-activity relationship of compaunds 32-39

In a nut shell, the whole series was found to be riore potent than standard acarbose.
However, the limited structure-activity relationgshirevealed that the compounds with
substituents having more negative inductive effeete found to be more potent than the
compounds with the substitutions with less negaiiveductive effect. To rationalize the
interaction of these compounds with the active gitenzymejn silico studies were also carried

out.
Molecular docking studies

All synthetic derivatived-39 were docked into the binding pocketmfjlucosidase enzyme by
using the Molecular Operating Environment (MOE)taafe and Triangular Matching docking
method (default). Ten different conformations faclke compound were generated. Ligands were
allowed to be flexible during the docking in orderacquire the minimum energy structures.
Ligands were ranked by the scores from the GBVI/Wifg#ling free energy calculation in tie
field by using the software which is the score loé tast stage. For all the scoring functions,

lower scores show the more favorable pose. Theaoked conformation of each derivative was
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selected for further analysis on the basis of duglscore §). At the end of docking, the
predicted ligand-protein complexes were analyzed mfmlecular interactions and their 3D

images were taken by using LigPlot implemented DBV
Interactions details of synthetic compounds

The catalytic site of the modeledglucosidaseon the basis ofhe crystallographic structure of
Saccharomyces cerevisigmaltase (PDB code 3AJ7) is composed of Asp21427®, and
Asp349 residues. The molecular docking studies disdosed some other important residues
like Pro309, Phel57, Asn347, Arg312, Glu304, His2@Ad His348 in thex-glucosidase
inhibition which showed a slightly different dockirprofile in thea-glucosidase inhibition. To
discuss the interactions details of ligands andegmpall the thirty nine synthesized compounds
were classified into four different groups on thasis of their structural similarities. The

comparative analysis of ligand-protein interacti@rseach group was carried out in detail.
Interactions of the hydrazonomethyl pyridine 4-arykhiazole group of compounds

Compounddl and2-12 are classified as hydrazonomethyl pyridine 4-phtirazole compounds
on the basis of their structural similarities. &lese compounds have common hydrazonomethyl
pyridine 4-phenylthiazole group in their structurdgcording to the Ig value, compoun®
(ICs0 = 6.10 £ 0.01uM) was the most active compound of this group. F@glRa showed that
compound was well fit into the binding cavity of-glucosidase showing four interactions with
the residues Pro309, Phel57, and Asn347. Pro3@Rieets participated in side chain hydrogen
donor interaction with theara-chlorine of dichlorobenzene. Phel57 showed #aloydrogen
interactions with ther-electrons of dichlorobenzene and thiazole moidtythe compound.

Asn347 was found in anotherhydrogen interaction with the-electrons of terminal pyridine

group.

Compoundl1l is the second most active compounds¢l€ 23.50 + 0.20uM) in this group
formed three noticeable interactions with the bugdsite residues Arg312, Glu304, and His348
as displayed in Figure-12b. Arg312 showettydrogen interaction with the pyridine ring of

compound.
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A side chain hydrogen donor interaction was alswipeed between Glu304 and the sulfur of
thiazole. The third interaction was backbone hydrogcceptor interaction between His348 and
oxygen of the nitro group of nitrobenzene moiety.

Figure-12c showed that compoundICso = 28.50 + 0.25u1M) is forming three interactions with
active site residues Asn347, Phe577, and His27834& was involved in side chain hydrogen
acceptor interaction with the nitrogen of hydrazogeup. Phel77 showed-hydrogen
interaction with the thiazole group and His279 fedranother-hydrogen interaction with the
chlorobenzene ring of the compound.

CompoundB with ICsp value 46.20 + 0.4QM is the fourth most active compound in this group
and showed two different interactions with the dass Glu276 and His279 as shown in Figure-
12d. Glu276 showed a hydrogen donor interactioh e sulfur of thiazole group. His279 was
observed im-hydrogen interaction with the chlorobenzene group.

Structural features such as presence of a groupmatre negative inductive effect like halogen
and nitro (NQ) groups were found to show good interaction modd active nature of
compound. Among halogens, Cl containing compouneieviound superior than Br. Similarly,
NO; group containing compound ) showed good result than compounds having singerC
However, compounds containing two Cl groups na¢ta-para position 8) showed best
interaction mode than nitro containing compounde bBhief interaction detail of this group and
group?2i.e. compoundl to 11, 13 and22 is given in Table-1S (see the supporting inforovagti

In addition to the catalytic residues, moleculacldog studies of hydrazonomethyl pyridine 4-
phenylthiazole compounds predicted that residuke Fro309, Phel57, Asn347, Arg312,
Glu304, His279, and His348 have also played an rtapbrole in thex-glucosidase inhibition.
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Figure-12: 3D pictures of the docked conformationg) ¢ompound9, (b) compoundll, (c)
compound?, and ¢) compound

Interactions of the hydrazonomethyl pyridine methanethioamide group of compounds

In order to discuss the interaction detail, compisuhy 13 and 22 were placed in the second
group on the basis of their structural similaiig; having a common hydrazonomethyl pyridine
methanethioamide group. Compoufidshowed two important interactions with the resglue
Asp349 and His111 (Table-1S). Acidic Asp349 showegide chain hydrogen donor interaction
with nitrogen of thiourea group and His111 formethyarogen acceptor interaction with the
sulfur of the same group of compound (Table-1S)m@ound 13 showed single H-donor
interaction with Asp214 usingitrogen of thiourea group. Compour#®, the most active
compound of this group formed three interactionthhe residues Asp349, His111, and Phel77
(Table-1S). Asp349 showed H-donor interaction wfita nitrogen of thiourea linker and an H-
acceptor interaction was observed between thersoifthiourea and His111l. Whereas, Phel77
formed az-hydrogen bond with the system of pyridine moiety of compound (Table-1S).

Thiourea group and pyridine wiffara attachment were observed as active moieties srgtiaiup
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of compounds. Interactions of the hydrazonomethytidine methanethioamide group of
compounds predicted the possible inhibitory roleHi$111 and Phel77 in addition to the
catalytic site residues Asp214 and Asp349.

Interactions of the ortho-hydrazonoethyl pyridine 4-arylthiazole group of canpounds
Compounds14 to 20 were grouped on the basis of structural similaiity a common
hydrazonoethyl pyridine 4-phenylthiazole group. @ound19 showed highest activity (Ko =
1.40 = 0.01uM) in this group as well as in all of the synthesizompounds and showed four
important interactions with the residues Asp349n2kl, His279, and Phe300 as shown in
Figure-13a. Asp349 formed H-donor interaction wsthifur of thiazole moiety and a similar
interaction was observed between Asn241 @ada-Cl of dichlorobenzene group of the
compound. A z-hydrogen interaction was found between His279 andsystem of
dichlorobenzene of compound. Anothehydrogen bond was observed between Phe300 and
thiazole ring.

Compoundl8 the second most active membersg€ 5.50 + 0.1QuM) of this group was found
forming three interactions with the residues Asp4PBel57, and Arg312 as shown in Figure-
13b. Acidic Asp408 showed H-donor interaction wghlfur of thiazole group and Phel57
formed z-hydrogen interaction with chlorobenzene ring a¢ tompound. Anothet-hydrogen
interaction was found between the same chlorobenzely and basic Arg312. Compou@d
with 1Csp value of 13.10 + 0.15M is the thirdmost active compound in this group and showed
two different interactions with the residues Gluz0wl Phel57 as shown in Figure-13c. Glu304
showed a hydrogen donor interaction with the sulfuthiazole group. Phel57 was observed in
7-m interaction with the nitrobenzene group. Compoidaccording to 16 value, the fourth
member (IGy = 24.10 + 0.244M) of this group showed single H-acceptor inte@tsi with the
Asn347 using the lone pair of N of pyridine ring &i®wn in Figure-13d. The addition of a
methyl group adjacent to pyridine ring in the menrshef this group was observed to improve the
interaction mode particularly for the compoundsihg\wCIl/NO; groupsi.e. 19, 18 and20. The
summary of interactions of compounds of this grand group 44 to 39) is given in Table-2S
(see the supporting information). The docking peotf the ortho-hydrazonoethyl pyridine 4-
arylthiazole group of compounds discloses the itibito role of some additional important
residues like Arg312, glu304, Phel57, Asn241, HisZzahd Phe300, making the target more

interesting for further investigation.
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Figure-13: 3D pictures of the docked conformations) ¢ompoundl9, (b) compoundl8, (c)
compound0, and ¢l) compoundL4

Interactions of the para/meta-hydrazonoethyl pyridine 4-arylthiazole group of canpounds

On the basis of structural similarity ipara/metahydrazonoethyl pyridine 4-phenylthiazole
groups, compound4?2, 21, 23 to 39 were grouped together. According to thesl@alue,
compound®8 (ICsp = 2.50 = 0.01uM) is the most active compound of this group. klesar from
Figure-14a that compourt8 is showing three interactions in the binding cawit a-glucosidase
with the residues Glu304, Phel57, and Arg312. GluBOinvolved in side chain H-donor
interaction with the sulfur of thiazole moiety obrapound. Phel57 showed zahydrogen
interactions with ther-electrons of dichlorobenzene ring of the compowrd312 was found in
anotherz-hydrogen interaction with the-electrons of the same dichlorobenzene group.
Compound?1 with ICsgvalue of 6.40 £ 0.1@tM also showed considerable interactions with the

active site residues. The binding mode of compa®eé shown in Figure-14b. Compou2d
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showed interactions with Asn241, Phel77, and HisA88241 formed H-donor interaction with
the OH group of phenolic moiety of compound whileelP77 and His279 formeghydrogen
interactions with ther system of thiazole and phenolic ring, respectiv€lgmparing the binding
mode of compoun@1 and28 it was observed that dichlorobenzene group in @mgd28 and
phenolic group in21 imparts almost similar interaction strength. one polar and twor-
hydrogen interactions. Compouf3f, apara analog of compoun#l, showed three-hydrogen
interactions with the active site residues HisZ3B158, and Arg312 as depicted in Figure-14c.
His245, Phel58, and Arg312 formeehydrogen interactions with the system of pyridine,
thiazole, and phenolic ring, respectiveRara attachment of pyridine ring in compourdd
resulted int-interactions only with no hydrogen bond as comgdmecompound®1. The meta
analog of compoun@1 and30, compound39 also showed three interactions, a hydrogen bond
and twoz-interactions as presented in Figure-14d. Asp40@&peaed H-donor bonding with the
lone pair of sulfur of thiazole. Whereas Phel57 ArgB12 formedz-hydrogen interactions with
thiazole and phenolic ring, respectively. In additto OH and CI groups, thgara attachment of
pyridine ring in this group of compounds were olisdraccountable for their good interaction
modes. Regarding the binding site residues invgltbd docking profile of thepara/meta
hydrazonoethyl pyridine 4-arylthiazole group of qguunds was observed almost similar to the
docking profile of hydrazonomethyl pyridine 4-ph#hijazole compounds. The interaction detail
given in Table-1S and -2S clearly predict the iitmly capability of all these synthetic
compounds for-glucosidase enzyme. The docking study of theythinie synthetic compounds
and the valuable variations of their binding sesidues in addition to the catalytic site of the

enzyme may lead to further investigate the impaeasf these very interesting interactions.
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Figure-14: 3D pictures of the docked conformations) ¢ompound28, (b) compound?1, (c)
compound30, and ¢(I) compound9

Conclusion

Synthetic hydrazinyl arylthiazole based pyridineridiives 1-39 were screened fow-
glucosidase inhibitory activityn vitro. All analogs exhibited potent inhibition in thenge of
ICs0 = 1.40-236.10uM as compared to the standard acarboseg,#C856.45 + 5.60uM).
Molecular docking study was conducted to understiedligand-enzyme interactions and the
structure-activity relationship. This study ideid a library of lead molecules which can be
used in further advance research in order to olatgiowerful inhibitor fow-glucosidase enzyme

for the development of insulin-independent antidiatagents.
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Experimental
Materials and Methods

All reagents and solvents were purchased from Sigldach, USA. Thin layer chromatography
(TLC) was performed on pre-coated silica gel, GB-@derck, Germany). Spots were visualized
under ultraviolet light at 254 and 366 nm. Massctewere recorded under on MAT 312 and
MAT 113D mass spectrometers. Thed-, *C-NMR were recorded on Bruker AM
spectrometers, operating at 300, 400 and 500 MHe. chemical shift values are presented in
ppm ©), relative to tetramethylsilane (TMS) as an in&¢istandard and the coupling constait (

are in Hz.

General procedure for the synthesis of thiosemicadwone derivatives of pyridine (1, 13, 22,
and 31)

3-Pyridinecarboxaldehyde or 2/3/4-acetylpyridin® (@mol), thiosemicarbazide (10 mmol) and
2-4 drops of glacial acetic acid in ethanol (10 riritp a 100 mL round-bottomed flask. Reaction
mixture was refluxed for 3 hours. Reaction progress checked by periodic TLC. After
reaction completion, solvent was evaporated andecproduct was washed with distilled water
and then hexane. Product was crystallized fromnetha

General procedure for the synthesis of hydrazinyl g/lthiazole based pyridine derivatives
1-39

Thiosemicarbazone¥#/13/22/31 (1 mmol), phenacyl bromides (1 mmol) and trietaghine (1

mmol) in ethanol (15 mL) were refluxed for 3 h irdd.00 mL round-bottommed flask. Reaction
progress was checked by periodic TLC. Precipitatese formed after keeping the flask
overnight at room temperature. The solid producs Viilhered, washed with excess distilled

water and dried in vacuum. Product was crystallizenh ethanol to afford pure title compounds.
2-(Pyridin-3-ylmethylene)hydrazinecarbothioamide (3

Yield: 89%; m.p: 227-224C; *H-NMR (400 MHz, DMSO#dg)  11.55 (s, 1H, NH), 8.91 (dk.4
= J,6= 2.0 Hz, 1H, H-2), 8.55 (dls 4= 1.6 Hz,Js5= 4.8 Hz, 1H, H-6), 8.26 (m, 2H, H-4, NH
8.10 (brd.s, 1H, N}), 8.05 (s, 1H, H-7), 7.24 (m, 1H, H-3fC-NMR (125 MHz, DMSOdg): &
178.2, 150.2, 148.7, 139.2, 133.8, 130.1, 123.7MEIm/z (% rel. abund.): 179.9 (1 100),
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120.0 (57), 105.0 (74), 76.0 (60), 51.0 (17); HRESF Calcd for GHgN4S: m/z = 180.0470,
Found 180.0477.

4-Phenyl-2-(2-(pyridin-3-ylmethylene)hydrazinyl)thiazole (2)

Yield: 89%; m.p: 204-205C; *H-NMR (400 MHz, DMSO#€g) § 12.47 (s, 1H, NH), 8.89 (db.4
= 1.6 Hz, 1H, H-2), 8.64 (dds4= 1.6 Hz,Js5= 5.2 Hz 1H, H-6), 8.27 (dls= 8.0 Hz, 1H, H-
4), 8.09 (s, 1H, H-7), 7.86 (& 3= Jg» 5= 7.2 Hz, 2H, H-2", 6")7.65 (m, 1H, H-5), 7.24 (tlz-

@ 4y = Js @, 67 = 7.6 Hz, 2H, H-3, 5), 7.37 (S1H, H-5), 7.31 (t)a (3" 5 = 7.6 Hz, 1H, H-1);

13C-NMR (100 MHz, DMSOde): 6167.8, 146.7, 145.0, 136.9, 135.7, 134.5, 131.8,61228.6,
127.6, 125.5, 125.5, 125.1, 117.2, 104.3; EI-M& (% rel. abund.): 280.0 (M 68), 176.0
(100), 134.0 (77); HREI-MS Calcd for&11,N,S: m/z= 280.0783, Found 280.0797.

4-(Biphenyl-4-yl)-2-(2-(pyridin-3-ylmethylene)hydrazinyl)thiazole (3)

Yield: 89%; m.p: 203-205C; 'H-NMR (300 MHz, DMSOsg) § 12.38 (s, 1H, NH), 8.81 (s, 1H,
H-2), 8.56 (dJs 5= 4.8 Hz, 1H, H-6), 8.07 (ovp, 2H, H-4, 7), 7.95 J¢ 3= Je- 5= 8.1 Hz, 2H,
H-2", 6"), 7.73 (dJs, 2= s+ 6= Jp v = Jo, 5v = 8.4 Hz, 4H, H-3", 5",'2, 6", 7.49 (ovp4H,
H-5', 3", 4", 5"), 7.38 (t,J5 (4. 6= 7.2 Hz, 1H, H-5)"*C-NMR (100 MHz, DMSOd,): 5168.0,
150.2, 149.5, 147.6, 139.6, 139.1, 138.1, 133.2,913.30.5, 128.9, 128.9, 127.5, 126.8, 126.8,
126.5, 126.5, 126.1, 126.1, 124.1, 104.2; EI-M& (% rel. abund.): 356.0 (M 77), 252.0
(100), 210 (44); HREI-MS Calcd for,¢H:6N4S: m/z= 356.1096, Found 356.1118.

4-(2-(2-(Pyridin-3-ylmethylene)hydrazinyl)thiazol-4yl)benzonitrile (4)

Yield: 89%; m.p: 252-254C; *H-NMR (300 MHz, DMSO#g) § 12.42 (s, 1H, NH), 8.80 (s, 1H,
H-2), 8.55 (dJs5= 4.5 Hz, 1H, H-6), 8.07 (s, 1H, H-7), 8.04 (ds= Jo- 3= Js~ 5»= 8.1 Hz, 3H,
H-4, 2', 6"), 7.87 (d,Js, »= Js- 6= 8.1 Hz, 2H, H-3", 5")7.66 (s,1H, H-5'), 7.45 (m, 1H, H-5),
7.24 (t, 332 4y = Jsarey = 7.6 Hz, 2H, H-3, 5”), 7.37 (s,1H, H-5'), 7.47 (m, 1H, H-5);°C-
NMR (100 MHz, DMSOe€): 0 168.3, 149.9, 148.8, 147.9, 138.6, 132.6, 132.@,6,3130.1,
126.0, 126.0, 123.9, 118.9, 118.9, 109.6, 107.8MEIm/z (% rel. abund.): 305.0 (M 78),
201.0 (100), 159.0 (81),79.0 (9), 51.0 (6); HREI-Malcd for GgH1iNsS: m/z = 305.0735,
Found 305.0760.
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4-(3-Bromophenyl)-2-(2-(pyridin-3-ylmethylene)hydrazinyl)thiazole (5)

Yield: 89%; m.p: 206-208C; *H-NMR (300 MHz, DMSO¢) 6 12.37 (s, 1H, NH), 8.80 (s, 1H,
H-2), 8.55 (dJs 5= 4.2 Hz, 1H, H-6), 8.06 (ovp, 3H, H-4, 7, 6")86.(d,Js 5= 7.5 Hz, 1H, H-
4", 7.51 (s1H, H-5%), 7.47 (ovp, 2H, H-2"5"7,39 (t,Js 4, 6= 7.8 Hz, 1H, H-5)*C-NMR (125
MHz, DMSO-dg): 5168.1, 149.8, 148.8, 147.9, 138.4, 136.8, 132.6,8,3.30.2, 130.1, 128.1,
124.3, 123.9, 122.0, 105.6; EI-M8/z (% rel. abund.): 358.1 (M 50), 360.1 (M + 2 , 50),
254.0 (100), 174.0 (100), 51.1 (6JREI-MS Calcd for GsH1iBrN,S: m/z= 357.9888, Found
357.9894.

4-(4-Bromophenyl)-2-(2-(pyridin-3-ylmethylene)hydrazinyl)thiazole (6)

Yield: 89%; m.p: 222-224C; *H-NMR (300 MHz, DMSO¢s) 6 12.36 (s, 1H, NH), 8.80 (s, 1H,
H-2), 8.55 (dJs 5= 4.5 Hz, 1H, H-6), 8.06 (s, 1H, H-7), 8.06 (§s= 8.4 Hz, 1H, H-4), 7.81 (d,
Jp 3= Jor, 5= 8.4 Hz, 2H, H-2", 6"), 7.60 (dg-, 2= Js+ 6= 8.4 Hz, 2H, H-3", 5")7.47 (t,J5 4. 6)
= 5.1 Hz, 1H, H-5), 7.43 ($H, H-5";**C-NMR (100 MHz, DMSOdg): 5168.1, 149.9, 149.4,
147.9, 138.4, 133.8, 133.8, 132.6, 131.5, 131.8,3,327.5, 123.9, 120.5, 104.9; EI-M8Bz (%
rel. abund.): 358.1 (K 52), 360.1 (M + 2, 50), 256.1 (91), 174.1 (100), 79.0 (10); HRES-
Calcd for GsH11BrN,S: m/z= 357.9888, Found 357.9900.

4-(4-Chlorophenyl)-2-(2-(pyridin-3-ylmethylene)hydrazinyl)thiazole (7)

Yield: 89%; m.p: 223-225C; *H-NMR (300 MHz, DMSO#s) 6 12.36 (s, 1H, NH), 8.80 (s, 1H,
H-2), 8.55 (dJs 5= 4.5 Hz, 1H, H-6), 8.06 (s, 1H, H-7), 8.06 (5= 9.3 Hz, 1H, H-4), 7.87 (d,
Jo 3= Jor, 5= 8.4 Hz, 2H, H-2", 6"), 7.47 (ov@H, H-5, 5, 3", 5")XC-NMR (125 MHz,
DMSO-de): & 168.1, 149.8, 149.3, 147.9, 138.3, 133.4, 13136,9, 130.2, 128.6, 128.6, 127.2,
127.2, 123.9, 104.€EI-MS m/z(% rel. abund.): 314.0 (M53), 316.0 (M+ 2, 20), 210.0 (100),
168.0 (42), 51.0 (7); HREI-MS Calcd forgEl1:CIN,S: m/z= 314.0393, Found 314.0415,

4-(3-Chlorophenyl)-2-(2-(pyridin-3-ylmethylene)hydrazinyl)thiazole (8)

Yield: 89%; m.p: 202-204C; *H-NMR (300 MHz, DMSOds) 6 12.37 (s, 1H, NH), 8.80 (s, 1H,
H-2), 8.55 (dJs 5= 3.9 Hz, 1H, H-6), 8.06 (ovp, 2H, H-4, 7), 7.89 18!, H-2"), 7.83 (dJe" 5=
7.5 Hz, 1H, H-6"), 7.51 (4H, H-5Y), 7.45 (M2H, H-4", 5"),7.40 (t,J5 4, 6= 7.8 Hz, 1H, H-5);
3C-NMR (75 MHz, DMSO€g): 6168.1, 149.8, 149.0, 147.9, 138.4, 136.5, 133.2,6,3.30.5,
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130.2, 127.2, 125.1, 124.0, 123.9, 105.6; EI43 (% rel. abund.): 313.9 (M47), 315.9 (M+
2, 18), 209.9 (100), 167.9 (100), 79.0 (6), 5B HREI-MS Calcd for GH1:CINS: m/z =
314.0393, Found 314.0406.

4-(3,4-Dichlorophenyl)-2-(2-(pyridin-3-ylmethylenehydrazinyl)thiazole (9)

Yield: 89%; m.p: 237-238C; *H-NMR (300 MHz, DMSOss) 6 12.38 (s, 1H, NH), 8.80 (s, 1H,
H-2), 8.55 (dJss= 4.5 Hz, 1H, H-6), 8.06 (ovp, 3H, H-4, 7, 2")85(dd,Js 2= 1.5 Hz,Jg 5=
8.4 Hz, 1H, H-6"), 7.67 (dls-, = 8.4 Hz, 1H, H-5"), 7.57 (4H, H-5), 7.47 (m, 1H, H-5)°C-
NMR (75 MHz, DMSOe€): J 168.2, 149.9, 148.0, 147.9, 138.6, 135.1, 132.8,4,3130.8,
130.2, 129.7, 127.1, 125.5, 123.9, 106.2; EI4MS (% rel. abund.): 347.9 (\83), 349.9 (M+
2, 71), 243.9 (100), 207.9 (69), 79.0 (10), 5B)) HREI-MS Calcd for GH1ClLN.S: m/z=
348.0003, Found 347.9995.

4-(2,4-Dichlorophenyl)-2-(2-(pyridin-3-ylmethylenehydrazinyl)thiazole (10)

Yield: 89%; m.p: 166-168C; *H-NMR (300 MHz, DMSO¢) 6 12.36 (s, 1H, NH), 8.80 (s, 1H,
H-2), 8.55 (dJs5= 4.2 Hz, 1H, H-6), 8.06 (ovp, 2H, H-4, 7), 7.90 J¢ 5= 5.4 Hz, 1H, H-6"),
7.69 (d,Js» 5= 1.8 Hz, 1H, H-3"), 7.51 (ovj@H, H-5, 5', 5")*3C-NMR (100 MHz, DMSOd):
5167.2, 149.9, 147.9, 138.4, 132.6, 132.5, 132.2,01331.5, 130.2, 130.2, 129.7, 127.5, 123.9,
109.5; EI-MSm/z (% rel. abund.): 348.0 (M 36), 350.0 (M + 2, 21), 243.9 (100), 208.0 (37),
79.0 (7), 51.0 (6); HREI-MS Calcd fori110Cl:N4S: m/z= 348.0003, Found 348.0003.

4-(3-Nitrophenyl)-2-(2-(pyridin-3-ylmethylene)hydrazinyl)thiazole (11)

Yield: 89%; m.p: 240-24XC; *H-NMR (300 MHz, DMSOds) 6 12.47 (s, 1H, NH), 8.81 (s, 1H,
H-2), 8.67 (s, 1H, H-2"), 8.56 (ds 5= 4.5 Hz, 1H, H-6), 8.31 (dly 5= 7.5 Hz, 1H, H-4"), 8.16
(d, J6» 5= 8.4 Hz, 1H, H-6"), 8.07 (ovp, 2H, H-4, 7), 7.(@8p, 2H, H-5', 5"), 7.47 (m, 1H, H-5);
13C-NMR (100 MHz, DMSOdg): J168.4, 150.0, 148.3, 148.2, 147.9, 138.7, 136.2,71.3.31.6,
130.2, 130.2, 124.0, 122.1, 119.9, 106.8; EI-M& (% rel. abund.): 325.2 (M 40), 221.1
(100), 175.1 (29), 78.0 (7), 51.0 (6); HREI-MS @hfor CisH1:Ns0,S: m/z= 325.0633, Found
325.0647.
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3-(2-(2-(Pyridin-3-ylmethylene)hydrazinyl)thiazol-4yl)phenol (12)

Yield: 89%; m.p: 231-23%C; *H-NMR (400 MHz, DMSOdg) 6 12.30 (s, 1H, NH), 9.41 (s, 1H,
OH), 8.79 (s, 1H, H-2), 8.54 (d¢5 = 3.6 Hz, 1H, H-6), 8.05 (ov2H, H-4, 7), 7.46 (m]1H, H-
5), 7.27 (ovp, 3H, H52", 6"), 7.19 (t,J5 (467 = 7.6 Hz, 1H, H-B), 6.70 (d,Js 5= 8.0 Hz, 1H,
H-4"); ®*C-NMR (75 MHz, DMSOe€l): J165.8, 152.1; EI-MSn/z (% rel. abund.): 296.1 (M
84), 192.0 (100), 164.0 (29), 150.0 (81), 79.1 (Z1)0 (10); HREI-MS Calcd for £H1:N40S:
m/z= 296.0732, Found 296.0720.

2-(1-(Pyridin-2-yl)ethylidene)hydrazinecarbothioamde (13)

Yield: 89%; m.p: 158-16(C; 'H-NMR (400 MHz, DMSOdg) § 10.28 (s, 1H, NH), 8.56 (ds s
= 3.6 Hz, 1H, H-6), 8.41 (dk 4= 6.3 Hz, 1H, H-3), 8.37 (s, 1H, NH 8.11 (brd.s, 1H, N},
7.78 (t,d4 3, 5= 6.0 Hz, 1H, H-4), 7.34 (m, 1H, H-5), 2.37 (s, 3Bkk); *C-NMR (75 MHz,
DMSO-dg): 0179.0, 154.6, 148.3, 148.1, 136.3, 123.8, 120.8); E2-MS m/z (% rel. abund.):
194.1 (M, 100), 179.1 (71), 134.1 (59), 106.0 (68), 78.2)(%51.0 (26); HREI-MS Calcd for
CgH10N4S: m/z= 194.0626, Found 194.0630.

4-Phenyl-2-(2-(1-(pyridin-2-yl)ethylidene)hydraziny)thiazole (14)

Yield: 89%; m.p: 125-12&C; *H-NMR (400 MHz, DMSO#€g) § 11.45 (s, 1H, NH), 8.57 (dgs

= 4.0 Hz, 1H, H-6), 8.03 (dk4= 8.4 Hz, 1H, H-3), 7.88 (OV[8H, H-4, 2", 6"), 7.42 (ovp, 4H,
H-5', 3", 4", 5%), 7.31 (t)s 4. 6= 7.6 Hz, 2H, H-5), 2.40 (s, 3H,_ GH*C-NMR (75 MHz,
DMSO-de): 5169.3, 154.6, 149.2, 148.3, 138.3, 136.8, 133.9,(,2128.5, 127.5, 125.5, 124.2,
123.4, 104.4, 21.7, 12.2; EI-M®/z (% rel. abund.): 294.1 (i1 100), 216.1 (53), 189.1 (85),
134.0 (39), 79.1 (47), 51.0 (10); HREI-MS Calcd 0reH1N4S: m/z = 294.0939, Found
294.0927.

4-(Biphenyl-4-yl)-2-(2-(1-(pyridin-2-yl)ethylidenehydrazinyl)thiazole (15)

Yield: 89%; m.p: 173-176C; "H-NMR (400 MHz, DMSO#g) § 11.47 (s, 1H, NH), 8.58 (dss

= 4.4 Hz, 1H, H-6), 8.04 (ds 4= 8.0 Hz, 1H, H-3), 7.98 (o~ 3= Jo- 5:= 8.0 Hz, 2H, H-2", 6"),

7.86 (t,J4 5.5= 8.0 Hz, 1H, H-4), 7.73 (ovp, 4H, H-5, 8", 5"), 7.49 (ovp, 3H, H2 4", &"),

7.38 (t, 33 457 = 5 arem =7.2 Hz, 2H, H-3', 5), 2.41 (s, 3H, ChH); **C-NMR (100 MHz,

DMSO-de): 5169.4, 154.9, 148.6, 147.0, 139.0, 136.6, 133.8,9,2128.9, 127.5, 126.8, 126.8,
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126.4, 126.4, 126.2, 126.1, 126.1, 124.3, 123.9,5,1104.8, 12.3EI-MS m/z (% rel. abund.):
370.2 (M, 100), 292.2 (41), 265.1 (69),79.1 (23), 51.0 EBREI-MS Calcd for GHgNaS: m/z
= 370.1252, Found 370.1226.

4-(3-Bromophenyl)-2-(2-(1-(pyridin-2-yl)ethylidenehydrazinyl)thiazole (16)

Yield: 89%; m.p: 90-92C; *H-NMR (400 MHz, DMSOe) 6 11.47 (s, 1H, NH), 8.58 (dls 5=

4.4 Hz, 1H, H-6), 8.09 (s, 1H, H-2"), 8.03 (d4= 8.0 Hz, 1H, H-3), 7.89 (dk- 5»= 7.6 Hz, 1H,
H-6"), 7.86 (t,Js 35= 8.4 Hz, 1H, H-4), 7.53 (4H, H-5'), 7.49 (dJs 5:= 8.0 Hz, 1H, H-4"),
7.39 (ovp, 2H, H-5, 5"), 2.40 (s, 3H, @HC-NMR (100 MHz, DMSOdg): J169.5, 154.8,
148.5, 147.6, 136.5, 130.8, 130.7, 130.1, 128.2,5,2124.3, 123.4, 119.5, 106.0, 105.8, 12.3;
EI-MS m/z (% rel. abund.): 372.1 (M 92), 374.0 (M+ 2 , 100), 296.0 (70), 267.0 (82), 174.0
(M, 49), 79.0 (88), 51.0 (10); HREI-MS Calcd forg813BrN,S: m/z = 372.0044, Found
372.0076.

4-(4-Bromophenyl)-2-(2-(1-(pyridin-2-yl)ethylidenehydrazinyl)thiazole (17)

Yield: 89%; m.p: 177-18(C; 'H-NMR (400 MHz, DMSO€) 6 11.47 (s, 1H, NH), 8.57 (ds s

= 4.4 Hz, 1H, H-6), 8.03 (dk+= 8.0 Hz, 1H, H-3), 7.84 (dls 3= J,» 3= Js 5:= 8.4 Hz, 3H, H-
4,2",6"), 7.61 (s, 2= Js» ¢= 8.4 Hz, 2H, H-3", 5"), 7.45 (&H, H-5"), 7.37 (tJs 4.6= 5.6 Hz,
1H, H-5), 2.39 (s, 3H, CB; *C-NMR (100 MHz, DMSOds): J 169.4, 154.8, 149.6, 148.5,
138.3, 136.5, 131.5, 131.5, 127.6, 127.6, 124.3,412120.5, 119.5, 105.4, 12RI-MS m/z (%
rel. abund.): 372.1 (¥ 86), 374.0 (M+ 2, 100), 296.0 (50), 266.9 (84), 174.0"(M0), 79.1
(37), 51.0 (8); HREI-MS Calcd forigH13BrN4S: m/z= 372.0044, Found 372.0041.

4-(3-Chlorophenyl)-2-(2-(1-(pyridin-2-yl)ethylidenghydrazinyl)thiazole (18)

Yield: 89%; m.p: 128-13(C; *H-NMR (400 MHz, DMSO#€g) § 11.47 (s, 1H, NH), 8.58 (d s

= 4.4 Hz, 1H, H-6), 8.03 (ds4= 8.4 Hz, 1H, H-3), 7.93 (s, 1H, H-2"), 7.85 (0@b], H-4, 6"),
7.60 (s,1H, H-5), 7.46 (tJs 4. 6= 8.0 Hz, 1H, H-5), 7.37 (ovj2H, H-4", 5), 2.40 (s, 3H, G

13C-NMR (100 MHz, DMSOdg): 5169.4, 154.8, 149.1, 148.5, 138.3, 136.5, 133.8,5,327.2,
125.2, 124.2, 124.0, 123.4, 119.5, 106.1, 1ERMS m/z (% rel. abund.): 328.0 (I 100),
330.0 (M + 2 , 38), 250.0 (58), 223.0 (95), 79.0 (76), 5(%); HREI-MS Calcd for
Ci16H15CIN,S: miz= 328.0549, Found 328.0544.
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4-(3,4-Dichlorophenyl)-2-(2-(1-(pyridin-2-yl)ethylidene)hydrazinyl)thiazole (19)

Yield: 89%; m.p: 175-17&; *H-NMR (400 MHz, DMSO#€g) § 11.49 (s, 1H, NH), 8.58 (ds s

= 4.4 Hz, 1H, H-6), 8.12 (dp", = 2.0 Hz,1H, H-2"), 8.02 (dJs 4= 8.0 Hz, 1H, H-3), 7.87 (ovp,
2H, H-4, 6"), 7.68 (05, = 8.4 Hz, 1H, H-5"), 7.60 (4H, H-5"), 7.39 (t)s @4, 6)= 5.2 Hz, 1H,
H-5), 2.39 (s, 3H, CH; “®C-NMR (125 MHz, DMSOds): 6169.5, 154.7, 148.5, 147.6, 136.5,
135.2, 131.4, 130.8, 130.7, 127.2, 125.5, 124.3,4,2119.5, 106.7, 12.EI-MS m/z (% rel.
abund.): 362.0 (M 100), 364.0 (M+ 2 , 68), 283.9 (69), 256.9 (90), 207.9 (37), DOR9),
79.0 (82), 51.0 (10); HREI-MS Calcd forgBl1,CIoN,S: m/z= 362.0160, Found 362.0155.

4-(3-Nitrophenyl)-2-(2-(1-(pyridin-2-yl)ethylidene)hydrazinyl)thiazole (20)

Yield: 89%; m.p: 245-247C; *H-NMR (400 MHz, DMSOdg) 6 11.57 (s, 1H, NH), 8.72 (s, 1H,
H-2"), 8.58 (dJs5= 4.8 Hz, 1H, H-6), 8.33 (dk 4= 8.0 Hz, 1H, H-3), 8.16 (ddj-, == 0.9 Hz,
Jy 5= 8.0 Hz, 1H, H-4"), 8.04 (dk- 5»= 8.0 Hz, 1H, H-6"), 7.86 (tha, 5= 8.0 Hz, 1H, H-4),
7.73 (ovp,2H, H-5', 5"), 7.38 (tJ)s 4. ¢)= 7.2 Hz, 1H, H-5), 2.41 (s, 3H, GH *C-NMR (75
MHz, DMSO-ds): §169.7, 154.8, 148.6, 147.8, 138.4, 136.6, 136.2,5,3130.2, 124.3, 123.5,
122.0, 120.00, 119.6, 107.2, 1283:MS m/z(% rel. abund.): 339.2 (M 100), 261.2 (87), 234.1
(85), 79.1 (96), 51.0 (12); HREI-MS Calcd fors81aNs0,S: m/z= 339.0790, Found 339.0760.

3-(2-(2-(1-(Pyridin-2-yl)ethylidene)hydrazinyl)thiazol-4-yl)phenol (21)

Yield: 89%; m.p: 226-22&C; *H-NMR (400 MHz, DMSO¢) 6 11.41 (s, 1H, NH), 9.41 (s, 1H,
OH), 8.57 (dJs5= 4.4 Hz, 1H, H-6), 8.03 (dk 4= 8.0 Hz, 1H, H-3), 7.85 (th 35= 8.4 Hz, 1H,
H-4), 7.37 (tJs 4= 5.2 Hz, 1H, H-5), 7.34 (ovi@H, H-5', 2", 6"), 7.18 (I, 6n= 4.0 Hz, 1H,
H-5"), 6.71 (d,Js, 5= 8.0 Hz, 1H, H-4"), 2.39 (s, 3H, GH**C-NMR (75 MHz, DMSOgg): &
165.8, 152.1EI-MS m/z(% rel. abund.): 310.1 (M100), 232.1 (83), 205.1 (88), 79.1 (35), 51.1
(7); HREI-MS Calcd for GsH14N.OS: m/z= 310.0888, Found 310.0874.

2-(1-(Pyridin-4-yl)ethylidene)hydrazinecarbothioamde (22)

Yield: 89%; m.p: 229-231C; *H-NMR (400 MHz, DMSO#dg) ¢ 10.39 (s, 1H, NH), 8.57 (d.3
= Js5= 6.0 Hz, 2H, H-2, 6), 8.40 (brd.s, 1H, H8.11 (brd.s, 1H, NKJ, 7.89 (d,Js 2= J56=6.0
Hz, 2H, H-3, 5), 2.28 (s, 3H, GH *C-NMR (100 MHz, DMSOdg): J179.2, 149.7, 149.7,
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145.0, 144.6, 120.6, 120.6, 13B:MS m/z(% rel. abund.): 194.2 (\81), 179.1 (100), 160.1
(27), 120.1 (22), 78.0 (62), 51.0 (31); HREI-MS @hfor GH:1oN4S: m/z= 194.0626, Found
194.0633.

4-Phenyl-2-(2-(1-(pyridin-4-yl)ethylidene)hydraziny)thiazole (23)

Yield: 89%; m.p: 230-232C; 'H-NMR (400 MHz, DMSOe€) 6 11.54 (s, 1H, NH), 8.61 (dk 3
=Js5= 6.0 Hz, 2H, H-2, 6), 7.88 (dz", 3= Jg 5:= 7.6 Hz, 2H, H-2", 6"), 7.70 (dg2 = Js 6= 5.6
Hz, 2H, H-3, 5), 7.42 (t)32" 40= s, 69= 7.6 Hz, 2H, H-3", 5"), 7.39(4H, H-5"), 7.31 (t,
Jaz 5= 7.2 Hz, 1H, H-4"), 2.32 (s, 3H, GH'*C-NMR (100 MHz, DMSO#ds): 150.8, 150.0,
150.0, 144.8, 143.6, 134.7, 128.6, 128.6, 128.8,612125.5, 125.5, 119.7, 119.7, 104.7, 13.37,
EI-MS m/z (% rel. abund.): 294.0 (M 100), 189.1 (M, 32), 175.1 (58), 134.0 (88), 79.0 (34),
51.0 (14); HREI-MS Calcd for fgH14N4S: m/z= 294.0939, Found 294.0937.

4-(Biphenyl-4-yl)-2-(2-(1-(pyridin-4-yl)ethylidenehydrazinyl)thiazole (24)

Yield: 89%; m.p: 277-274%C; *H-NMR (400 MHz, DMSOdg) 6 11.52 (s, 1H, NH), 8.61 (db 3
=Js5= 4.4 Hz, 2H, H-2, 6), 7.97 (s> = Js6 = 8.4 Hz, 2H, H-3, 5), 7.73 (ovp, 6H, H-2", 8",

6", 2", "), 7.48 (ovp, 3H, H-5','8, 5", 7.38 (t,d4~ 375 = 7.2 Hz, 1H, H-8), 2.32 (s, 3H,
CHy); *C-NMR (75 MHz, DMSO#¢l): 5169.3, 149.9, 149.9, 149.7, 144.7, 143.6, 139.8,0,3
133.8, 128.9, 128.9, 127.4, 126.8, 126.8, 126.6,112126.1, 120.6, 119.7, 119.7, 104.9, 13.3,;
EI-MS m/z (% rel. abund.): 370.2 (M 100), 251.2 (M, 47), 210.1 (77), 79.1 (14), 51.0 (5);
HREI-MS Calcd for GH1gN4S: m/z= 370.1252, Found 370.1230.

4-(3-Bromophenyl)-2-(2-(1-(pyridin-4-yl)ethylidenehydrazinyl)thiazole (25)

Yield: 89%; m.p: 238-24(C; 'H-NMR (400 MHz, DMSOe€) 6 11.56 (s, 1H, NH), 8.61 (dk 3

= Js5 = 6.0 Hz, 2H, H-2, 6), 8.08 (s, 1H, H-2"), 7.88J 5= 7.6 Hz, 1H, H-6"), 7.70 (dk» =
Js6= 6.0 Hz, 2H, H-3, 5), 7.55 (4H, H-5"), 7.50 (dJs- 5= 8.4 Hz, 1H, H-4"), 7.39 (54", 6=

8.0 Hz, 1H, H-5"), 2.32 (s, 3H,_ GH BC-NMR (100 MHz, DMSO+dg): 0169.3, 149.9, 149.9,
144.6, 143.8, 136.8, 130.7, 130.0, 128.1, 124.2,12120.6, 119.7, 119.7, 106.2, 13.3; EI-MS
m/z (% rel. abund.): 372.0 (M90), 374.0 (M + 2, 93), 269.0 (19), 174.0 (100), 78.1 (20), 51.0
(9); HREI-MS Calcd for gH13BrN4S: m/z= 372.0044, Found 372.0045.
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4-(4-Bromophenyl)-2-(2-(1-(pyridin-4-yl)ethylidenehydrazinyl)thiazole (26)

Yield: 89%; m.p: 266-26&C; *H-NMR (400 MHz, DMSO#€g) § 11.57 (s, 1H, NH), 8.61 (db3
= Js5= 6.0 Hz, 2H, H-2, 6), 7.83 (dz~ 3= Jgr, 5= 8.8 Hz, 2H, H-2", 6"), 7.99 (Js2=Js 6 = 6.4
Hz, 2H, H-3, 5), 7.61 (), 2= Js» 6= 8.4 Hz, 2H, H-3", 5"), 7.47 (&H, H-5), 2.31 (s, 3H,
CHa); “C-NMR (75 MHz, DMSO€g): 6169.4, 149.9, 149.9, 144.7, 144.7, 143.7, 133.8,5.3
131.5, 127.5, 127.5, 120.5, 119.7, 119.7, 105.58; EB-MSm/z(% rel. abund.): 372.0 (1 90),
374.0 (M + 2, 93), 174.0 (100), 79.0 (19), 44.0 12); HRESMalcd for GeH13BrN,S: m/z=
372.0044, Found 372.0045.

4-(3-Chlorophenyl)-2-(2-(1-(pyridin-4-yl)ethylidenghydrazinyl)thiazole (27)

Yield: 89%; m.p: 248-25(C; 'H-NMR (400 MHz, DMSOe) 6 11.56 (s, 1H, NH), 8.61 (dk 3
=Js5=6.0 Hz, 2H, H-2, 6), 7.93 (s, 1H, H-2"), 7.85 Js" 5»= 7.6 Hz, 1H, H-6"), 7.70 (dk 2 =
Js6= 6.0 Hz, 2H, H-3, 5), 7.55 (8H, H-5'), 7.46 (tJ54" 6n= 7.6 Hz, 1H, H-5"), 7.36 (d4" 5=

7.6 Hz, 1H, H-4"), 2.32 (s, 3H, GHC-NMR (100 MHz, DMSOds): 4169.4, 150.0, 150.0,
149.2, 144.7, 143.9, 136.7, 133.5, 130.5, 127.8,312124.0, 119.7, 119.7, 106.3, 13.4; EI-MS
m/z (% rel. abund.): 328.1 (M 100), 330.0 (M + 2, 65), 223.0 (37), 174.0 (53), 78.1 (28), 51.0
(9); HREI-MS Calcd for ggH13CIN,S: m/z= 328.0549, Found 328.0577.

4-(3,4-Dichlorophenyl)-2-(2-(1-(pyridin-4-yl)ethylidene)hydrazinyl)thiazole (28)

Yield: 89%; m.p: 261-26C; *H-NMR (400 MHz, DMSO#€g) § 11.58 (s, 1H, NH), 8.61 (db3
= Jo5 = 6.0 Hz, 2H, H-2, 6), 8.11 (o~ &= 2.0 Hz, 1H, H-2"), 7.87 (ddg = 1.6 Hz,Js 5=
8.4 Hz, 1H, H-6"), 7.69 (ovp, 3H, H-3, 5, 5")BT.(s,1H, H-5), 2.32 (s, 3H, CH: “C-NMR
(100 MHz, DMSO#gg): §169.5, 150.0, 150.0, 148.2, 144.7, 144.0, 135.2,413130.9, 129.7,
127.2, 125.5, 119.8, 119.8, 107.0, 13.4; EI-M& (% rel. abund.): 362.1 (l1100), 364.0 (M
+ 2, 81), 208.0 (66), 119.1 (18), 78.1 (28), 5B HREI-MS Calcd for GH1,Cl.N,S: m/z=
362.0160, Found 362.0188.

4-(3-Nitrophenyl)-2-(2-(1-(pyridin-4-yl)ethylidene)hydrazinyl)thiazole (29)

Yield: 89%; m.p: 258-26(C; H-NMR (400 MHz, DMSO#ds) 6 11.65 (s, 1H, NH), 8.72 (s, 1H,
H-2"), 8.61 (d,Jz,g = J5,5: 6.0 Hz, 2H, H-2, 6), 8.32 (d4 5= 7.6 Hz, 1H, H-4"), 8.16 (ddﬁ o
= 1.6 Hz,Jo 5= 8.0 Hz, 1H, H-6"), 7.73 (ov@H, H-3, 5, 5', 5"), 2.33 (s, 3H, GHC-NMR
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(100 MHz, DMSO#gg): §169.7, 150.0, 150.0, 148.4, 148.3, 144.7, 144.6,213131.5, 130.3,
122.1, 120.0, 119.8, 119.8, 107.4, 13.4; EI-M& (% rel. abund.): 339.1 (\100), 261.1 (M,
51), 234.1 (76), 174.0 (80), 78.1 (72), 51.0 (2AREI-MS Calcd for GeHiaNsO,S: m/z =
339.0790, Found 339.0776.

3-(2-(2-(1-(Pyridin-4-yl)ethylidene)hydrazinyl)thiazol-4-yl)phenol (30)

Yield: 89%; m.p: 252-254C; *H-NMR (400 MHz, DMSO#s) 6 11.50 (s, 1H, NH), 9.41 (s, 1H,
OH), 8.60 (dJ23=Js 5= 5.6 Hz, 2H, H-2, 6), 7.69 (ds.2= Js6 = 6.4 Hz, 2H, H-3, 5), 7.30 (ovp,
3H, H-5', 2", 6"), 7.20 (5", 67= 8.0 Hz, 1H, H-5"), 6.71 (dls~ 5= 8.0 Hz, 1H, H-4"), 2.31 (s,
3H, CHy); “C-NMR (75 MHz, DMSOdg): J165.8, 152.1EI-MS m/z (% rel. abund.): 310.1
(M*, 100), 232.1 (38), 205.1 (34), 150.0 (84), 79.D)(FH1.0 (12); HREI-MS Calcd for
C16H14N40S: m/z= 310.0888, Found 310.0888.

2-(1-(Pyridin-3-yl)ethylidene)hydrazinecarbothioamde (31)

Yield: 89%; m.p: 228-23(C; 'H-NMR (400 MHz, DMSO#€g) § 10.30 (s, 1H, NH), 9.09 (do.4
= 6= 1.6 Hz, 1H, H-2), 8.55 (ddls 2= 1.2 Hz,Js5= 4.8 Hz, 1H, H-6), 8.32 (ovi2H, H-4,
NH.), 8.05 (brd.s, 1H, Nk, 7.40 (m, 1H, H-5), 2.31 (s, 3H, GH*C-NMR (100 MHz, DMSO-
de): 5179.1, 149.7, 147.8, 145.6, 133.9, 133.2, 123.27; -MS m/z (% rel. abund.): 194.0
(M*, 100), 179.0 (46), 120.0 (46), 105.0 (24), 78.0)(751.1 (26); HREI-MS Calcd for
CsH10N4S: m/z= 194.0626, Found 194.0638.

4-Phenyl-2-(2-(1-(pyridin-3-yl)ethylidene)hydraziny)thiazole (32)

Yield: 89%; m.p: 207-20&C; *H-NMR (400 MHz, DMSOdg) 6 11.39 (s, 1H, NH), 8.95 (dy4
= 0.8 Hz, 1H, H-2), 8.55 (dlgs= 4.0 Hz, 1H, H-6), 8.12 (dl,5= 8.0 Hz, 1H, H-4), 7.88 (dj-,
3= Jo 5= 7.6 Hz, 2H, H-2", 6"), 7.45 (fs(4.0)= 4.8 Hz, 1H, H-5), 7.42 (tla'2* 4= Jsa" 6= 8.0
Hz, 2H, H-3", 5"), 7.35 (4H, H-5), 7.31 (t)43" 5»= 7.6 Hz, 1H, H-4"), 2.35 (s, 3H, GH*C-
NMR (100 MHz, DMSOe€): 0 169.6, 150.8, 149.3, 146.9, 144.1, 134.8, 133.2,8/3128.6,
128.6, 127.5, 125.5, 125.5, 123.5, 104.4, 13.8MBEIm/z (% rel. abund.): 294.1 (i 100),
175.1 (31), 134.1 (63), 78.1 (23), 51.0 (9); HRESMalcd for GeH14N,S: m/z = 294.0939,
Found 294.09109.
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4-(Biphenyl-4-yl)-2-(2-(1-(pyridin-3-yl)ethylidenehydrazinyl)thiazole (33)

Yield: 89%; m.p: 245-247C; *H-NMR (400 MHz, DMSO#€g) § 11.42 (s, 1H, NH), 8.96 (da.4

= 1.6 Hz, 1H, H-2), 8.56 (dls 2= 3.6 Hz, 1H, H-6), 8.13 (dy 5= 8.0 Hz, 1H, H-4), 7.97 (- -

= Jo5'= 8.0 Hz, 2H, H-2", 68", 7.73 (ovp, 4H, H-3", ®", 6"), 7.73 (ovp, 4H, H-5, 5', 3", 5"),
7.38 (t,d4 35 = 7.2 Hz, 1H, H-4), 2.36 (s, 3H, CH); “*C-NMR (100 MHz, DMSO¢k): &
169.6, 150.4, 149.3, 146.9, 144.1, 139.6, 139.8,913.32.9, 128.9, 128.9, 127.5, 126.8, 126.8,
126.4, 126.4, 126.4, 126.1, 126.1, 123.5, 104.63;18I-MS m/z (% rel. abund.): 370.2 (M
100), 251.1 (M, 54), 210.1 (90), 119.1 (19), 78.1 (24), 51.0 AREI-MS Calcd for GH1gN4S:
m/z= 370.1252, Found 370.1274.

4-(3-Bromophenyl)-2-(2-(1-(pyridin-3-yl)ethylidenehydrazinyl)thiazole (34)

Yield: 89%; m.p: 204-205C; *H-NMR (400 MHz, DMSO#s) 6 11.41 (s, 1H, NH), 8.95 (s, 1H,
H-2), 8.55 (dJss= 4.0 Hz, 1H, H-6), 8.12 (ovp, 2H, H-4, 6"), 7.88 Js5-= 8.0 Hz, 1H, H-4"),
7.51 (s,1H, H-5Y), 7.49 (ovp, 2H, H-5, 2"), 7.39 (w4 ¢7= 8.0 Hz, 1H, H-5"), 2.35 (s, 3H,
CHa); **C-NMR (100 MHz, DMSOdg): 5169.6, 149.3, 148.9, 146.9, 144.3, 136.9, 133.3,83
130.7, 130.0, 128.1, 124.3, 123.4, 122.0, 105.9; E3-MSm/z(% rel. abund.): 372.0 (194),
374.0 (M + 2, 94), 174.0 (100), 119.1 (44), 78.1 (52), 5{1@); HREI-MS Calcd for
C16H13BrN4S: m/z= 372.0044, Found 372.0076.

4-(4-Bromophenyl)-2-(2-(1-(pyridin-3-yl)ethylidenehydrazinyl)thiazole (35)

Yield: 89%; m.p: 244-248C; 'H-NMR (400 MHz, DMSOe) 6 11.42 (s, 1H, NH), 8.95 (dy4

= 1.6 Hz, 1H, H-2), 8.55 (dds»= 0.8 Hz,Js 5= 5.2 Hz, 1H, H-6), 8.11 (d45= 8.4 Hz, 1H, H-
4), 7.83 (dJp3-= Js» 5= 8.8 Hz, 2H, H-2", 6"), 7.60 (d3- 2= Js-6-= 8.8 Hz, 2H, H-3", 5"), 7.45
(ovp, 2H, H-5, 5, 2.34 (s, 3H, G *C-NMR (100 MHz, DMSOde): §169.7, 149.6, 149.4,
146.9, 144.3, 134.0, 133.4, 132.9, 131.5, 131.3,5,2127.5, 123.5, 120.5, 105.3, 13.8; EI-MS
m/z (% rel. abund.): 372.0 (M88), 374.0 (M + 2, 81), 174.0 (100), 119.1 (43), 78.0 (51), 51.0
(17); HREI-MS Calcd for gH13BrN4S: m/z= 372.0044, Found 372.0079.

4-(3-Chlorophenyl)-2-(2-(1-(pyridin-3-yl)ethylidenghydrazinyl)thiazole (36)

Yield: 89%; m.p: 196-197C; ‘H-NMR (400 MHz, DMSO#€g) § 11.42 (s, 1H, NH), 8.95 (dp4
= 1.6 Hz, 1H, H-2), 8.56 (dg5= 4.4 Hz, 1H, H-6), 8.12 (dlu 5= 8.0 Hz, 1H, H-4), 7.93 (s, 1H,
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H-2"), 7.84 (dJg 5= 7.6 Hz, 1H, H-6"), 7.51 (4H, H-5"), 7.45 (ovp, 2H, H-5, 5"), 7.36 (@; 5"

= 8.0 Hz, 1H, H-4"), 2.35 (s, 3H, GHC-NMR (100 MHz, DMSOds): §169.7, 149.4, 149.1,
146.9, 144.4, 136.8, 133.5, 133.4, 132.9, 130.3,212125.2, 124.0, 123.5, 106.0, 13.8; EI-MS
m/z (% rel. abund.): 328.1 (1100), 330.1 (M + 2, 34), 174.1 (38), 119.1 (37), 78.0 (55), 51.0
(14); HREI-MS Calcd for gH13CIN4S: m/z= 328.0549, Found 328.0546.

4-(3,4-Dichlorophenyl)-2-(2-(1-(pyridin-3-yl)ethylidene)hydrazinyl)thiazole (37)

Yield: 89%; m.p: 239-241C; 'H-NMR (400 MHz, DMSOe¢) 6 11.44 (s, 1H, NH), 8.95 (dg4

= 1.6 Hz, 1H, H-2), 8.55 (dls 5= 3.6 Hz, 1H, H-6), 8.11 (ovp, 2H, H-4, 2"), 7.@Bl, Js» = 1.6
Hz, Js" 5:= 8.8 Hz, 1H, H-6"), 7.67 (dls-¢-= 8.4 Hz, 1H, H-5"), 7.57 (4H, H-5'), 7.46 (m1H,
H-5), 2.34 (s, 3H, Ch); *C-NMR (100 MHz, DMSOds): §169.8, 149.4, 148.1, 146.9, 144.6,
135.3, 133.3, 132.9, 131.4, 130.9, 129.6, 127.8,5,2123.5, 106.6, 13.8; EI-M&/z (% rel.
abund.): 362.1 (M 100), 364.0 (M + 2, 87), 208.0 (46), 119.1 (20), 78.1 (13), 54 HREI-
MS Calcd for GgH12CIoN4S: m/z= 362.0160, Found 362.0149.

4-(3-Nitrophenyl)-2-(2-(1-(pyridin-3-yl)ethylidene)hydrazinyl)thiazole (38)

Yield: 89%; m.p: 235-237C; *H-NMR (400 MHz, DMSOdg) § 11.52 (s, 1H, NH), 8.96 (d 4

= 1.6 Hz, 1H, H-2), 8.72 (s, 1H, H-2"), 8.56 §d5= 4.4 Hz, 1H, H-6), 8.32 (dly-5-= 7.6 Hz,
1H, H-4"), 8.15 (ovp, 2H, H-4, 6"), 7.73 (oVvpH, H-5', 5"), 7.46 (m, 1H, H-5), 2.36 (s, 3H,
CHs); *C-NMR (100 MHz, DMSOdg): 5169.9, 149.4, 148.3, 148.3, 146.9, 144.6, 136.3,313
132.9, 131.5, 130.2, 123.5, 122.0, 120.0, 107.19;1BI-MS m/z (% rel. abund.): 339.2 (M
100), 234.2 (46), 174.1 (49), 119.1 (83), 78.1 (84)0 (22); HREI-MS Calcd for £H13Ns0,S:
m/z= 339.0790, Found 339.0781.

3-(2-(2-(1-(Pyridin-3-yl)ethylidene)hydrazinyl)thiazol-4-yl)phenol (39)

Yield: 89%; m.p: 202-204C; *H-NMR (400 MHz, DMSO¢) 6 11.35 (s, 1H, NH), 9.41 (s, 1H,
OH), 8.95 (s, 1H, H-2), 8.55 (ds 5= 3.6 Hz, 1H, H-6), 8.11 (dl 5= 8.0 Hz, 1H, H-4), 7.45 (m,
1H, H-5), 7.29 (ovp, 3H, H-5', 2", 6"), 7019 By, 67= 8.0 Hz, 1H, H-5"), 6.70 (ddy-¢-= 1.6
Hz, J;r5= 8.0 Hz, 1H, H-4"), 2.34 (s, 3H, GH*C-NMR (75 MHz, DMSO#dy): 5169.3, 157.5,
149.7, 149.2, 147.7, 146.8, 136.0, 133.4, 132.8,4,2123.4, 116.4, 114.5, 112.4, 104.1, 13.7;
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EI-MS m/z (% rel. abund.): 310.1 (M 100), 191.1 (35), 150.0 (77), 119.1 (40), 78.4)(51.0
(19); HREI-MS Calcd for @H14N4OS:m/z= 310.0888, Found 310.0909.

Bioassay protocol
a-Glucosidase Inhibition Assay
Baker’s Yeasta-glucosidase inhibition assay

The enzyme inhibition was carried out accordinghi® protocol previously reported by Taéia

al. [44]. Test sample (1pL) was premixed with 50 mM phosphate buffer (85 (pH 6.8),0-
glucosidase solution (25L) (a stock solution of 1 mg/mL in phosphate bufferas diluted to
0.0625 U/mL with the same buffer just before theag$ and pre-incubated at %7 for 10 min.
The reaction was initiated with the addition 5 mMMHAG (25xL) (dissolve 1.5 mg in 1 mL of
phosphate buffer) and absorbance at time 0 minuéss measured. The reaction mixture was
then incubated at 37C for 30 min and absorbance at time 30 minutes maasured. For
negative control, the test samples were replacéld RIMSO (10uL) and acarbose was used as
positive control. The enzymatic hydrolysis of théstrate was monitored based on the amount
of p-nitrophenol released in the reaction mixture bgeasbation at 405 nm using a microplate
reader. All experiments were carried out in trigtec and the results are expressed as the mean +

SD of three determinations.

The percentage (%) inhibition ef-glucosidase inhibitory activity was calculated ngsithe
equation:

(ABO minutes_ AO minute)control _ (ASO minutes_ AO minut3experiment

% Inhibition = x 100
(A3O minutes_ AO mmukjcontrol

Molecular Docking Studies

The 3D structure for-glucosidase oSaccharomyces cerevisiagas predicted in this study by
using same protocol as described by [45]. The pmmsequence ofa-glucosidase for
Saccharomyces cerevisiagas retrieved from UniProt (Access code P53341) template
search was performed using Protein BLAST agairst?BB. The crystallographic structure of

Saccharomyces cerevisiggomaltase (PDB code 3AJ7). Resolution 1.30 A) with4% of
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sequence identity with the target was selected tasnalate due to its highest sequence identity
among the given templates. Ten different modela-gfucosidase were generated and refined
with AMBER99 forcefield and the best of them wasested and evaluated. The developed
model was then subjected to energy minimizationtay0.05 gradients and the quality of the
modeled structure was assessed by RamachandréPr@B84 plot. The evaluation of backbone
Psi andPhi dihedral angles fa-glucosidase model revealed that 94.8% residuds li@avored
region, 4.8% residues lie in allowed region andyo@l3% residues lies in outlier region.
Analysis of ProSA shows the Z-value of -10.76 iatiieg no significant deviation from the score
determined for the protein of similar size. Theulssof both Ramachandran and ProSA plots

reflect the accuracy of our modeled structure tade in docking protocol.

Three dimensional structures of all the compoun@sewbuilt by using Molecular Builder
Module program implemented in MOE and saved as dbjniile for molecular docking.
Subsequently, the energy of all the compounds wasmzed up to 0.05 Gradient using MMFF

94s forcefield implemented in MOE.
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Highlights:

> Hydrazinyl arylthiazole based pyridine derivatives 1-39 were synthesized and fully
characterized by various spectroscopic techniques.

> All compounds were evaluated for in vitro a-glucosidase inhibitory activity.

> All compounds found to be many folds active as compared to the standard acarbose.

> Structure-activity relationship was rationalized by the molecular docking study.



