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Highlights

* Novel thiazoles/thioureas are designed via pharptam@ modeling against 5-LOX.
* Most compounds found active against 5-LXitro enzyme inhibition studies.

* The best compoundn? from thiazole serieacts as a competitive 5-LOX inhibitor.
* The most potent thioureaf, inhibits 5-LOX via non-competitive (redox) mechsmi.

» Docking studies demonstrate binding mode of thepmiitive inhibitors.



ABSRACT

Human 5-Lipoxygenase (5-LOX) is a key enzyme tadetor asthma and inflammation.
Zileuton, the only drug against 5-LOX, was withdrafkom the market due to several problems.
In the present study, the performance of rationdigigned conjugates of thiazol®) @nd
thiourea B) scaffolds from our previously reported 2-amines44 thiazole(1) is reported. They
are synthesized (total 31 derivatives), charaadriand tested against the 5-LOX enzyime
vitro and themode of action of the most active ones are detexthi©@ompoun@m exhibited an
ICs0 0f 0.9 £ 0.1 pM acting through competitive (nokag) mechanism, unlike Zileuton, and
found to be devoid of radical scavenging properti€@mputational studies are in good
agreement with the experimental data supportingéshanism of action. Another lead molecule
from the thiourea serie8) 3f, exhibited an 1G, of 1.4 + 0.1 puMagainst 5-LOX whose mode of
action is redox type (non-competitive). It is preing to note that the activities displayed by
both the lead inhibitor&m and3f, are better than the commercial drug, Zileutond{E 1.5+

0.3 uM). These inhibitors could be further devebtbps drugs against inflammation.



1. Introduction

Chronic inflammation is implicated in a variety diseases including asthma, allergy, arthritis,
cancer, cardiovascular and respiratory tract desrdl-3]. These inflammatory diseases are
directly or indirectly related with the alteratioms the production of leukotrienes (LTs) and
prostaglandins (PGs) in the arachidonic acid (AAthgvay [4,5]. Several studies have
demonstrated that 5-lipoxygenase (5-LOX) is an irtggad enzyme which catalyzes AA for the
production of several LTs. It oxygenates AA intdSphydroperoxyeicosatetraenoic acid (5-
HPETE) and further dehydrates to leukotriene A4AHLY [6,7] Therefore, 5-LOX is regarded as
a valid target against inflammation in the drugcdigery. In the past several years, different
classes of low molecular weight 5-LOX inhibitorse(iredox, non-redox and iron chelator) have
been developed [8]. Inhibitors including benzoquie® [9], benzimidazoles [10] and triazole
caffeic acid esters [11] have been shown to inhiig enzyme effectively. The only 5-LOX
inhibitor which could enter the market as an anfiammatory drug for the treatment of asthma
was, Zileuton, with an I§3~1 uM [12] But its use is restricted, due to drawbagkBver toxicity
and short half-life, [13] thereby, creating a direed for the design and development of new

chemical entities against inflammation.

Pharmacophore modeling is one of the widely useategjies in the ligand-based drug design.
Pharmacophore is a set of features comprising bbktd donor, H-bond acceptor, hydrophobic
centroid and aromatic center, essential for theymezligand interaction in the active molecule
[14]. Thiazole is a unique heterocycle containintpur and nitrogen atoms and is considered
as a building block of many drug candidates in wiedli chemistry. They are known to have
antimicrobial, anticancer, anti-inflammatory andidfV properties [15-17]. Previous reports

have shown that N,4-diaryl-1,3-thiazole-2-amineivdgives containing thiazole as the basic



moiety are selective inhibitors of 5-LOX and COXIB]. A series of 4-monosubstituted 2-
aminothiazole pirinixic acid derivatives bearingaitole as core molecule have been reported as
dual 5-LOX and mPGES1 inhibitors [19]. Recentlyar®ino-4-aryl thiazoles1j have been
identified by us as a potent competitive type di@X inhibitors [20]. In continuation of our
earlier work, a series of novel (4-(4-substitutduemqyl)-2-(substituted amino-1-yl)thiazol-5-
yh)(phenyl)methanone derivative®)(have been designed and synthesized by us witierbet
efficacy and potency (Figure 1). With an aim torease the potency of basic thiazole
pharmacophore, hydrophobic centroids and H-bon@ptoc features were introduced in the
molecule 2) by incorporating benzoyl group at th8 &nd substituted secondary’)(2mine at
the 2% positions in the thiazole ring. Different aryl stitutions at the  position of the thiazole
ring are incorporated to investigate the effectbehzoyl and % amine substituents on the

potency against 5-LOX enzyme.

The known drug, Zileuton (N-(1-benzo[b]thien-2-yig)-N-hydroxyurea) and a compound in
clinical trial, MLN977 (1-(4-(5-((4-fluorophenoxy)ethyl)tetrahydrofuran-2-yl)but-3-ynyl)-1-
hydroxyurea) from N-hydroxyurea series have N-hygltwea group in common. MLN977 has
also been discontinued in Phase Il clinical tridde to side effect, namely elevations in liver
enzyme [21]. Perhaps, N-hydroxyurea group is actimpugh free radical-mediated lipid
peroxidation of cell membrane and possibly resgiedor the hepatotoxicity [22,23]. Based on
these facts as well as to achieve improved safetfyigp of the drug candidate, the scaffold has
been modified by replacing the urea with a thiougeaup as the basic moiety and the designed
another series of novel compound®. (Further structural modifications are carried duyt
substituting both the nitrogens of the thioureae Tirst nitrogen is substituted with a secondary

amine and the other with a substituted benzoyl g&tN-H position inJ) (Fig. 1).
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Fig. 1. General structures of novel scaffolds2) énd B(3) including @) previously reported compound

considered as the starting scaffold for the desfgnolecule2.

This paper discusses the ligand based drug desigiegy including pharmacophore modeling
and then synthesis of a series of (4-(4-substitutgidenyl)-2-(amino-1-yl)thiazol-5-
yh)(phenyl)methanone2j and 4-substituted-N-(amino-1-carbonothioyl)benin(3) scaffolds.
In vitro 5-LOX inhibitory activity as well as their mechamisof action of these synthesized

compounds is also studied.

2. Results and discussion

2.1. Design

Thiazole is a vital core scaffold present in selvaradicinally significant natural and synthetic
compounds. Previous studies indicate that 2-amiaoy# thiazole is an effective 5-LOX
inhibitor, among which compount exhibits the highest activity with an 4€of ~10 uM [20].

To further improve the potency and bring down tkig lvalue of moleculel, hydrophobic
centroids and H-bond acceptor features are intredl(Eig. 2). The reason for introducing these

features are based on pharmacophore studies atdesuelow.
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Fig. 2 Design of novel compound (4-(4-substituted pheByfamino-1-yl)thiazol-5-
yl)(phenyl)methanone 2f and 4-substituted-N-(amino-1-carbonothioyl)benzem 3) from 1 and
Zileuton respectively.

2.2. Pharmacophore elucidation

A pharmacophore is a set of essential features tesedrrelate the biological activities for a
group of compounds with their chemical structui2$, 25]. To determine the features essential
for 5-LOX inhibition, a pharmacophore model was @leped from the group of known 5-LOX
inhibitors reported in the literature, namely, Zien, Atrleuton, MLN977, Licofelone,

Siteleuton, and PF4191834 (Fig. 3).
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Fig. 3 Structures of known 5-LOX inhibitors.

Zileuton is a well-known drug from N-hydroxy urearies available for asthma with restrictions.
Atrleuton and MLN977 are under phase Il clinicals. The latter has been discontinued due to
liver enzyme elevations. All these three inhibitbi@/e a common group, namely N-hydroxy
urea. Licofelone is a multi-targeted inhibitor fetAP, mMPGES1 and 5-LOX with a pyrrolizine
ring. Siteleuton is a coumarin derivative undenickl trials and is terminated due to liver
toxicity. PF4191834, with a pyrazole moeity is &stve 5-LOX inhibitor under clinical trial
and is effective for pain and inflammation [26,27hese six inhibitors have a four-point
pharmacophoric features (Ph model) containing twdrdphobic centroids (Hyd) and two H-
bond acceptors (Acc2) (Figure 4a). Hence, compo@dnds designed by introducing a
hydrophobic centroid and H-bond acceptor in compldymamely a benzoyl group is inserted at
the 8" position and substituted secondary)(@mine at the ¥ position in the thiazole ring.
Compound,3, is designed by incorporating a benzoyl group (Heb@tceptor) at the N-H

position in the thiourea moiety (Fig. 2).



An in-house conformational database of the desigimedpounds (listed in Table 1 and 2) are
created and set as a query against Ph model.fdurgd that all the features of Ph model are
mapped with the best molecu?en as well as eight other compounds from the (4-@s8tuted
phenyl)-2-(amino-1-yl)thiazol-5-yl)(phenyl)methare(®) series. Similarly, all the four common
pharmacophore features required for the 5-LOX iitibib (as per Ph model) are mapped offto
as well as fourteen other compounds of the 4-swibsti-N-(amino-1-carbonothioyl)benzamide

(3) series (Fig. 4).

Fig. 4 a) Pharmacophore (Ph model) for 5-LOX inhibitgesnerated by pharmacophore elucidation in
MOE 2016.0801 with 3D spatial relationship and getrin distances in A b) 3f mapping with Ph model

; €) 2m mapping with Ph model. Pharmacophore featuresctézpiare Hyd- Hydrophobic (green) and
Acc2- H-bond acceptor (orange). Distances are give!.



2.3. Chemistry

The multi-step synthesis of 4-substituted-N-(amlrcarbonothioyl)benzamide84-q) and (4-
(4-substituted phenyl)-2-(amino-1-yl)thiazol-5-ghenyl)methanone®4-n) is accomplished as
shown in schemes 1 and 2 respectively. The inteatesdBa-g) and lead compound24-n)
were synthesized according to the procedure destiib the literature with some modification
[28,29]. The first step in the scheme 1 includes flormation of substituted benzoyl
isothiocyanates. This is achieved when substitbeaizoyl chloride in toluene is added to the
mixture of ag. solution of potassium thiocyanatd aatrimide. This is followed by the addition
of a secondary amine to the aromatic layer at 8€&5stirring at room temperature for 2 h to

obtain various benzamide3a-q) (Schemel).

step 1
0] o)
I KSCN, Toluene i
e /’LL‘\ - ,-’:';-:_\ 7 \\N_—_C:S
ﬂ \J' cl Phase tranfer L ]
Ry ~ catalyst (cetrimide) Ry~
0] step 2 o ﬁ
I J
K NHR R, Toluene N
I'/%‘T'/ "N=C-=S 2 = m‘")l/ H NRiR,
Rs,_.)l\:;:" 0° C to room temp. Rs/*'w/""
3(a-q)

NR R, = Piperidine, Morpholine, Pyrrolidine,
N-Benzylmethylamine, N-Methyl
aniline, N-Phenyl Piperazine,
Diphenylamine.

R; = H, OCHs, F, NO,

Scheme 1 Synthesis of 4-substituted-N-(amino-1-carbonothienzamide 3a-q) derivatives.

The synthesis of (4-(4-substituted phenyl)-2-(aring)thiazol-5-yl)(phenyl)methanone

derivatives 2a-n) is performed by Hantzsch thiazole synthesis ptoce[28,29]. Condensation
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of 2-bromoacetophenone with equivalent amount afoua benzamides in the presence of
catalyst, triethylamine, in acetonitrile at %0 results in [1+4] thiazole ring formation to gi2a-

n (Scheme 2).

(I) ? \r':"\”
o /’IJ\\ 7 {\. o. \__,J'Z"I
[ “\I H NRiR; ,~-'”~~‘T-J«’\_,Br Triethylamine 7 —N
- B ——————————— { I\ P i W
R3/ o~ + ~F Acetonitrile 'L;-:;:/“'*".if\./ 4\S" ‘NR‘]RZ
Reflux, 70 °C o
2(a-n)
NR4R, = Piperidine, Morpholine, Pyrrolidine,

N-Benzylmethylamine, N-Methyl aniline,
N-Phenyl Piperazine, Diphenylamine.

R; = H, OCH; F,NO;

Scheme 2 Synthesis of (4-(4-substituted phenyl)-2-(amingbthiazol-5-yl)(phenyl)methanon@4-n)
derivatives.

2.4. 5-LOX inhibitory activity

The anti-inflammatory potencies of these synthesi2esubstituted amino-4-substituted phenyl
thiazol-5-yl phenyl methanones2g-n) and N-(substituted carbonothioyl)-4-substituted
benzamides3a-g) at a concentration of 10 UM are evaluated in frel assay using partially
purified human recombinant 5-LOX enzyme (Tablesnil @). The activity is determined by
measuring the product, 5-HPETE, produced from AR @$[30,31]. Most of the test compounds
from both the series are found to be significaaityive against the enzyme 5-LOX. Zileuton is
used as the positive control while DMSO (2%, v/slae negative control. The former inhibited

5-LOX by 86.9+ 2.2 % (Table 1as expected while vehicle control (2% DMSO in assagture
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solution) did not show any inhibition. Compoun@s and 3f exhibited excellent activities,

almost comparable to Zileuton.

Table 1: 5-LOX inhibition and antioxidant activities of (4-substituted phenyl)-2-(amino-1-yl)thiazol-
5-yl)(phenyl)methanone derivativeain). Data are expressed as means + SD obtained fnoee t

independent experiments.

R3

% 5-LOX % scavenging
Cé)g&id Structure Inhibition +  of DPPH + SD
SD (10 pM) (20 pM)

(Ol
1 2a Q%NQ 852+82  85%0.2

(o]

(.
2b 3
2 s%”C\o 85.3 + 6.6 9.5+0.7

0]

. 2c QO Ba'e 753+38 .. o,

(0]

2d C N~ 53.1+15  3.6+2.9
(O A
(o]
C \N\%Nﬁ: 67.8+2.9
S \
(0]

5 2e Q
Ol
6 2 S\MCN@ 38.3t29  -07+12

0]

O \Z\>\NQ
O

46+3.8

48.6+£ 0.7 -4.7+0.3

7 29 )
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8 2h 62.0£9.4 96+14
9 2i
17.7+2.9 19+1.8
2j
10 67.8+15 8.2+46
11 2k 50.2+ 4.4 .0.8+0.4
2]
12 53.1+2.9 78+16
13 2m 928+07 11821
14 2n 796+15  -2.8+1.0
Zileuton

86.9+2.2 17.8+1.2

Ascorbic HOV\HSiTO
acid = - 84.1+0.5

HO OH

2.5. Srructure activity relationship (SAR) of 5-LOX inhibition

Analogues of2 and 3 are synthesized to evaluate the roles of the subésts, R, R
(hydrophobic) and R(H-bond acceptor) in the parent molecule for thieibition of 5-LOX.
Previous study with thiazole derivatives had inteda that compound (Fig. 1) was the most
potent 5-LOX inhibitor with an 165 of ~10 uM [20]. Interestingly, introducing a benzoyl reselu
and a 2amine (diphenylamine) in the central thiazole r{&)gyielded a highly potent compound,

2m, which was 11-folds more active than the formeihvah 1G of 0.9 £ 0.1uM (Table 3). In
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2m, the presence of an electron donating methoxyp(&d) in the 4’-position of the phenyl
helps to increase the hydrophobicity of the aroenegntroid which is attached at tH gosition

of the thiazole ring (Fig. 4d) and thus might bepansible for the high enzyme inhibition.
Docking studies which is discussed later also ssiggleat the methoxy group could be
potentially involved in the ionic interactions (Hd acceptor and donor) with the carbonyl
groups of the amino acids, lle673, Vall75 and Phgitirthe lipophilic side chain of the protein.
The inhibitory activity of2m is better than that of the standard drug, Zileyt@s, = 1.5+ 0.3
UM) (Table 3). SAR studies indicate that when meyhis replaced with nitro2n (79.6 + 1.5 %

at 10 uM, (Table 1) the activity decreases by one fold Whiéght be due to the decrease in the
electron density at the-position of the aromatic ring through a resonant@drawing effect of
the nitro group. Removal of methoxy or nitro grd&s = H, i.e. without any substituent), results
in a 50 % reduction in the activity (compoufg 48.6+ 0.7 %). Insertion of another bulky 2
amine (N-phenyl piperazine) at th& position of the thiazole ring, does raiter the efficiency
against 5-LOX (compoun®f: 38.3+ 2.9 %). Nevertheless, further variation in the sitlosnts at
the R by —OCH, 2| (53.1+ 2.9 %)and —NGQ, 2j (67.8+ 1.5 %) increases the potency by 1.5 to
1.8 times when compared & (Table 1). Surprisingly, there is a large increaséhe potency
when R = H is retained and bulky’2mine group at the"2position of the thiazole ring (R

R,) is exchanged by smaller’” 2mines such as piperidin@a (ICso = 3.1 + 0.1uM) or
morpholine,2b (ICso = 2.3 + 0.2uM) (Table 3). However, these smalle? &mines are not
tolerated by any electron donating (-Ogkr withdrawing group (fluoro) at thezRosition.
Thus, a considerable loss in potency is see2hi(62.0 £ 9.4 %) and2k (50.2 = 4.4 %).
Therefore, sustainingR= H and decreasing the bulkiness 8f &mine (R and R) yields

analogues2d, 2eand 2c, with high activity. Compared to substituent, N-mgthenzyl amine,
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2d (53.1 £ 1.5 %), the N-methyl aniline analog@e,(67.8 = 2.9 %) is more potent. Insertion of
an electron donating group such as methoxysahRd leads to a considerable decrease in the
potency (compoun@i: 17.7+ 2.9 %).2c (75.3 + 3.8 %)with a smaller 2 amine (pyrrolidine)

substitution when compared to thatit leads to 1.5 times more activity (Table 1).

Table 2 5-LOX inhibition and antioxidant activities of 4dsstituted-N-(amino-1-
carbonothioyl)benzamide derivative3afq). Data are expressed as means + SD obtained toee t
independent experiments.

S
AR

N
H R,

ot
0

% 5-LOX % scavengin

S.No. nggjﬂd Structure Inhibition + of DPPH + SD
SD (10 uM) (20 uM)
O S
x
15 3a @*,’j O 56.8+2.3 237 +0.7
(e} S
16 3b @*u N 79.4+17 191416
_o
i L
17 3c @*u 0 245+45  256+2.8
1A
18 3d @*N T@ 80.7+3.8  18.4+0.9
A
19 3e @ALH ry@ 787+28  13.2+04
(o] S
M
20 3f PREY
1 913+38 24107
o} S
@ 733+6.6  11.3+1.6
i
22 3h /@*N N 86.0+1.9  218+07
~o H O
O s
23 3 @*u*@ 80.7+3.8
F 5.9+0.9
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(o] S
. x
3 O)LN N 68.3+7.2 940
24 j - N L:g 3.9+0.1
(0] S
3K @AHJAN/
25 o 265+ 1.5 7.4+0.2
[e] S
26 3l Miiﬁm g
1D 766+15  203+35
(0] S
27 3m SRRy 20559 91413
F L0

S
P
3n Foma'y

|®
30 AT
29 \[) 36.8+2.2 3.7+0.7

S
30 3p \OJ[:rlﬂiggf:j
31 3q @i ”iN@

ON C) 30.9+3.7 4.7 +5.3

28 23.6+2.9 6.3+0.9

19.2+5.2 8.1+3.5

Another set of analogues with thiourea as the basieity @) with different secondary amines
(at R, and R positions) are synthesized retaining the preserideenzoyl (H-bond acceptor
property) group which is critical for activity. Theighly potent compound in this serie¥,
(Table 3) with bulkiest 2amine (phenyl piperazine) substitution replacingaRd R while
benzoyl having no substitution {R H) showed an I§ of 1.4 £ 0.1 uM (91.3 + 3.8 % at 10
MM) against 5-LOX. This activity is found to be apyximately similar to the standard drug,
Zileuton (IGo = 1.5+ 0.3 pM). Replacement of hydrogensjRat the para-position of the
benzoyl ring with an electron withdrawing group<isias nitro,3l (76.6 = 1.5 %) showed a
marginal reduction in the potency whereas considerboss in inhibitory activity is observed
with fluoro, 3n (23.6 + 2.9 %)Table 2). An electron donating methoxy gro8p,(36.8 = 2.2 %)

also could not improve the potency. Bulkyanines such as benzyl methyl amide, or methyl
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aniline,3e or diphenyl amine3g, showed high inhibitory activities (of 80.7 + 3.8 ¥8.7 + 2.8

% and 73.3 = 6.6 % respectively). A drastic lospatency is observed when hydrogen airR
3d is substituted with methoxy group produciBlg (26.5 + 1.5 %). Similar effects are observed
with methoxy analogue3p (19.2 £ 5.2 %), and nitro analogugq (30.9 = 3.7 %). However,
exchanging bulkier amine with smallet @mines such as piperidine 3o led to a significantly
improved compound3h, with an IGy of 3.3 + 0.2 uM. There is little change in actvithen
methoxy is replaced with fluoro substitue8t,(ICso = 3.8 + 0.2 uM). But removal of either of

the two substituents, g& H), led to a drop in the potency (compota)l.

Table 3: ICsovalues of the best six analogues against 5-LOX ez cell free assay, their pseudoperoxidase

activity and mechanism of action.

. % Redox absorbance Type of
C((:)(;?j[;d Structure 5'L(I)():( m(h"t\)/'l;'on’ (at 10 uM of 13(S)- mechanism
so tH HpODE and inhibitor)

B
2a ﬁ%
Q s NQ 3.1+0.1 +0.6 Non-redox

2b e
@ T ° e 2.3+0.2 +2.1 Non-redox
HyCO
om NS\MQ 0.9+0.1 Non-redox
) @ +29.4 (Competitive)
A
3f o g 1.4+0.1 -46.2 Redox
O (Non-competitive)
(0] S
g 3.3+x0.2
3h \0/©)Lﬁ “O -35.3 Redox
o S
3i HJLI\O 3.8+0.2 nd nd
F
HO O

Zileuton [p\ <”‘/<NH -49.6 Redox
s oy 15+03
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‘-’ indicates % decrease in absorbance due to eopsan of 13(S)-HpODE
‘+’ indicates % increase in absorbance
nd - not determined

2.6. Kinetics of 5-LOX inhibition

A steady-state enzyme kinetic analysis of these mvost active inhibitors2m and 3f) was
performed at three different concentrations (0,n8l 40 pM) in the presence of different
concentrations of the substrate (AA) to determiveinitial rate [30,32]. The Lineweaver-Burke
plot for the compoun@m shows that all the lines intersect on the y-amdidating, it acts as a
competitive inhibitor (Figure 5a). The value of Vimwas found to be constant at these three
concentrations (0.39 £ 0.02, 0.38 + 0.02, 0.38 &10nmol/min) whereas the Km values
increased (0.42 + 0.15, 0.99 £ 0.26, 1.51 = 0.20) wNth increasing concentration @m.
Lineweaver—Burk plot for the other compour3dl, shows that all the three lines are intersecting
in the left hand side of the y-axis (Fig. 5b). AMmax (0.48 = 0.02, 0.40 £+ 0.01, 0.34 £ 0.01
nmol/min) decreases while Km values are almostteong0.7761 + 0.22, 0.7904 + 0.13, 0.7674
+ 0.09 uM) for increasing concentration 8f indicating non-competitive (mixed) type of
inhibition where inhibitor may be binding to bothet free enzyme and the enzyme-substrate

complex.

g 10uM

6 3f
(a) a4 5uM (b) a ;0 I}\;M
'y
Control %

- v e Control

4
L} T I T T T T L] T
0.5 0.0 0.5 1.0 15 1.0 05 0.0 0.5 1.0

1s] s
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Fig. 5 The Lineweaver-Burk plots for compounals2m tested at 5 and 10 pM concentrations an8fb)

tested at concentrations 5 and 10 uM. [S] = Sutesi{®&A) concentration, V = Velocity of reaction.

Control (no inhibitor, 0 uM).
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2.7. Pseudoperoxidase activity and redox mechanism

Competitive (non-redox), redox and iron chelatimg three well-known reported mechanisms
through which compounds inhibit the 5-LOX enzyme38. Moreover, competitive inhibitors
bind to the active site of the enzyme while iroelators chelate the metal iron thereby, blocking
the active site and thus exhibit the inhibitoryiatt. In contratst, redox inhibitors act by
converting the active form of iron to inactive staty redox process and hence inhibit the activity
of the enzyme [34]. 5-LOX is a non-heme iron camitey enzyme having E&ion in the
activated form which is reduced to’Fén the presence of a redox inhibitor. Inactivatedous

ion can consume lipid peroxide to reactivate theoxe cycle of the enzyme. In the
pseudoperoxidase activity assay, the consumptiod3¢%)-hydroperoxyoctadecadienoic acid
(13(S) HpODE) in the presence of an inhibitor isedmined which is a measure of the redox
potential of the inhibitor [35].

Redox inhibitory activities om, 2a, 2b, 3fand3h are elucidated here. The decrease in the
amount of peroxide substrate, 13(S) HpODE is datexdhat 234 nm (Fig. 6). The best 5-LOX
inhibitor, 3f, is found to decrease the absorbance by 46.2360rs (Table 3, Fig. 6¢) indicating
significant degradation of the hydroperoxide prddtiuus suggesting its redox behaviour. While
Zileuton, a known redox 5-LOX inhibitor shows 4%&degradation of the hydroperoxide (Fig.
6a). Compound@h also shows considerable degradation of the peeof@8.3 %) indicating that

it also disrupts the redox cycle of the enzyme. [&/Bm does not decrease the absorbance
(indicating that it does not disturb the redox eydFig. 6b). However, the graph shows an
increase in the absorbance as afunction of timés Ftrease might be due to an unknown
reaction in the assay mixture leading to UV absocbaat the same wavelength in the absence of

redox activity or compound itself exhibiting UV chaterisitcs. Also, when compouBd alone
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is tested without the enzyme at the same waveleagtliincrease in the absorbance is observed
as a function of time. Similar increase in absodeais reported in literature while performing
pseudoperoxidase activity which is attributed te #tbove mentioned reasons [36,37]. This
compound does not exhibit redox activity and prdypainds to the active site of the enzyme as
a competitive inhibitor as seen from the L-B plbig( 5a). Compound£a and2b did not show
any considerable reduction in the absorbance wita {Fig. 6d, f). So they may be inhibiting the

enzyme through non-redox mechanism.

2.8. DPPH radical scavenging activity

There is a close relationship betwee®-LOX inhibitor and its radical scavenging property
because several of them are known to change tlttion state of the iron from ferric (Eeto
ferrous (F&" present in the enzyme [38]. Radical scavengitiigcof all the compounds at 20
MM is determined by using free radical, 2, 2-dipitenpicrylhydrazyl(DPPH) assay method
[39]. Ascorbic acid is used as the standard whidhlgted 84.1 £ 0.5 % antioxidant activity at
20 uM (Table 1). Most of the compounds from both sleries showed poor radical scavenging
property, wherea8f and3h showed 24.1 + 0.7 and 21.8 + 0.7 % activity retipely (Table 2).
Pseudoperoxidase activity also indicates that tlsesepounds act on the enzyme through the
redox mechanism. While, Zileuton exhibited 17.8 .2 % free radical scavenging activity
(Table 2), compound®m, 2a and2b showed relatively lower antioxidant activities @1 2.1,

8.5 + 0.2 and 9.5 + 0.7 % respectively) indicatthgt they probably act through a non-redox
mechanism. Pseudoperoxidase activity assay alscaied that these three compounds do not
follow the redox mechanism. L-B plot has also diearevealed that compourzin acts through

the competitive mode of inhibition.



21

2.9. Molecular docking studies

The experimental studies indicated that compowms2a and2b act as competitive inhibitors
so these ligands were docked into the active $itkeoenzyme, 5-LOX to understand their mode
of binding and interaction they made with the aethite amino acid residues. The docking was
not performed for the compour®f which was found to be acting through non-compsiti
mode. The crystal structure of the protein (pdBtBy) was obtained from Brookhaven Protein
Data Bank (PDB) and docking was performed with Maolar Operating Environment (MOE
2016.0801) software. Compourain showed several interactions with the active sgdues
with a binding score of -7.0 kcal/mol (Fig. 7). Th@CH; group of the phenyl linker attached to
the 4" position of the thiazole ring interacts with 18673.74 A), Val175 (4.11 A) and Phel77
(3.69 A) in the hydrophobic pocket of the protdimough H-bond. 2amine containing phenyl
groups are also seen to make H-bonds with Asn19B ), Lys183 (4.21 A) and Phe610 (4.09
A). Polar amino acid residues such as GIn609 and1®@ are observed to possess pi-H

interactions with one of the phenyl ring df@mnine and benzoyl ring respectively (Fig. 7).
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Fig. 7. Binding of compoun®m with 5-LOX. (a) Ligplot showing residues involvém the interaction
between the amino acids of the enzyme with comp@umd(b) Docked pose of compoudh in a stick
model. Interactions are shown by dotted lines. @wocarbon: grey, hydrogen: cyan, nitrogen: blue,

sulphur: yellow, fluorine: green and oxygen: red.

Molecular docking oR2a also showed appreciable interactions in the aditeeof 5-LOX with
binding score of -5.1 kcal/mol. Side chain H-bomderactions between piperidine ring and
lle673 (3.99 A), Val175 (3.91 A) and Asn180 (3.6Bdhd between hydrogen of phenyl ring at
the 4" position of thiazole moiety and carbonyl of Asn{886 A) are observed. This side chain
phenyl ring also exhibits arene pi-H interactiorthallys183. Similar type of pi-H interaction is

also seen with benzoyl group and Asn180 (Fig. 8).
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Fig. 8 Binding of compounca with 5-LOX. (a) Ligplot showing residues involvéad the interaction
between the amino acids of the enzyme with comp@andb) Docked pose of compour2é in a stick
model. Interactions are shown by dotted lines. @wocarbon: grey, hydrogen: cyan, nitrogen: blue,

sulphur: yellow, fluorine: green and oxygen: red.
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Compound2b with a docking score of -5.3 kcal/mol is found gossess side chain H-bond
interactions with morpholine and 11673 (3.96, 3&)0and Val175 (3.99, 3.48 A). Also, a back
bone H-bond donor is detected between sulphuriatate ring and Gly174 (3.49 A) (Fig. 9).

These computational studies indicate that thesepoands (competitive and non-redox mode)
bind effectively through H-bond and pi-H interacisowith the amino acid residues in the active

site of the enzyme.

Fig. 9: Binding of compoun®b with 5-LOX. (a) Ligplot showing residues involvéua the interaction
between the amino acids of the enzyme with comp@mdb) Docked pose of compoud in a stick
model. Interactions are shown by dotted lines. @wpocarbon: grey, hydrogen: cyan, nitrogen: blue,

sulphur: yellow, fluorine: green and oxygen: red.

2.10. Pan-Assay | nterference Compounds (PAINS)
Chemical compounds which react non-specificallyhwitultiple biological targets and often
depict false positives in high throughput screesingd they are interpreted as PAINS. On the

contrary, a selective inhibitor or drug-like moléewvill interact specifically with the target
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protein. But These PAINS show activity in many gsshecause of probably due to covalent
modifications, chelation, autofluorescence, aggl@tien or degradation of the target protein
[40]. Many classes of compounds have been categbras PAINS including rhodanines,

isothiazolones, enones, and quinones [41,42]. &oimportant to determine if compounds that
are being studied as drug candidates posses tlrastugal features which may lead to them to
be classified as PAINS. The currently synthesiza@dzbles and thioureas were tested using

ZINC15 database and found to be PAINS negative.

3. Conclusion

5-LOX is an important target in the leukotrienehedy which is implicated in asthma and other
inflammatory disorders. The drug, Zileuton, is withwn from the market due to its non-
selective nature. In the present study, novel itdnib of the enzyme 5-LOX, were designed
using pharmacophore modeling technique, and themidally synthesized (31 compounds) and
tested against this enzyme. Out of 31 compoundthegized, 19 compound&d, 2f, 2g, 2i, 2j,
2k, 2I, 2m, 2n, 3d, 3f, 3h, 3i, 3k, 3l, 3m, 3n, 3@p) are completely novel as verified by
Scifinder and for other 12 compounda( 2b, 2c, 2e, 2h, 3a, 3b, 3c, 3e, 3g, 3j),3w reports
are available for their biological activity againstLOX in literature. Our previous studies
identified a thiazole inhibitor 1} ICso ~10 pM). Introduction of hydrophobic and H-bond
acceptor properties in the moleculg) (by incorporating a benzoyl group at th& &nd
substituted secondary %2amine at the ¥ positions respectively in the basic thiazole mpiet
provided a potent analogu2ng) with an IGg of 0.9 £ 0.1 uM. This compound is found more
potent than the drug, Zileuton @& 1.5+ 0.3 uM). Another compoundf) exhibited an |G, of

1.4 £ 0.1 pM. Structure activity relationship seslirevealed that the presence of electron
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donating groups such as metho2ynj at 4'- position along with nitrogen containingogps, 2
amine as bulky side chain in scaffoR) (ncreases the hydrophobicity in the molecule s
leads to high inhibitory potency. In contrast, &i2° amine side chain in moietg)(does not
require any substitution atzlRosition @f) to possess high potency. Pharmacophore studies al
indicated that the presence of hydrophobic and ktbacceptor is essential for the enzyme
inhibition (Figure 4). Additional experiments suab pseudoperoxidase, kinetic and antioxidant
assays gave a clear picture that the best comp@mgdacts through a competitive mode of
inhibition (non-redox process)3f, on the other hand acts by non-competitive (redox)
mechanism. This compound also has high antioxidativity. Computational analysis was in
good agreement with the experimental data. Theradax inhibitors,2a, 2b and 2m interact
with the protein through H-bond and pi-H interangan the active site (Fig. 7). Highly potent
both redox and non-redox type of 5-LOX inhibitoase reported here which could act as novel

chemical entities for further development as amiafiBmmatory drugs.

4. Experimental

4.1. General

All solvents and reagents were purchased from atensuppliers Sigma-Aldrich Chemie
GmbH (Steinheim, Germany), Alfa-Aesar GmbH & Coefldham, England), Acros Organics
(Geel, Belgium) and Thermo Fisher Scientific (Walth United States) and were used without
further purification.*H and**C NMR spectra were obtained on Bruker AVANCE IlI05BIHz
(AV-500) NMR Spectrometer using CDCand DMSO-@ as solvents with tetramethylsilane
(TMS) as an internal standard. Chemical shif)safe expressed in parts per million (ppm) and

coupling constants (J) values are expressed irz Ifeiz) unit. High resolution mass spectra
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(HRMS) were recorded on Thermo Scientific OrbitEie Mass spectrometer equipped with
dual pressure linear ion trap coupled with highdfierbitrap Mass analyzer. IR spectra were
recorded on Perkin Elmer Spectruml FT-IR instrunweithh a resolution of 1.0 cthand MIR
450-4000 crit. Melting points were recorded in capillaries on KBAJmelting point apparatus
and are uncorrected. Synthetic reactions were m@uitby thin layer chromatography (TLC) on
TLC Silica gel 60G ks, plates from Merck KGaA (Darmstadt, Germany), Nddire. Column
chromatography was performed using- 620 mesh silica. Visualization of compounds wasedo
using UV light or iodine chamber. Purities of aflet compounds synthesized here were 95 % or

higher.

4.1.1. General procedure for the synthesis of compounds 3a-g. Substituted benzoyl chloride (1.5
mmol) in 10 mL toluene was added to a mixture afeamys solution of potassium thiocyanate
(2.9 mmol) and cetrimide (Scheme 1). The reactianture was stirred for 2 h at room
temperature. Aromatic yellow layer was separatechfaqueous layer. N,N-dialkylamines (1.5
mmol) was added to the aromatic layer &C0and stirred at room temperature for 3-4 h. The
solid obtained was filtered and the crude produas washed with saturated aqueous sodium
bicarbonate solution, dried in vacuo and furtherystallized with ethanol/ethyl acetate to obtain

pure products.

4.1.1.1. N-(piperidine-1-carbonothioyl)benzamide (3a). Cream solid, yield 74 %, mp 114-115
°C. IR (KBr, cmi') 3439 (N-H str), 3168 (aromatic C-H str), 1650 i@nC=0 str), 1580 (N-H
bend), 1530 (aromatic C=C str), 1250 (aromatic @n@rN str)."H NMR (500 MHz, CDC}) :
8.46 (s, 1H, NH), 7.86 (d} = 7.2 Hz, 2H, Ar-H), 7.60 (] = 7.4 Hz, 1H, Ar-H), 7.50 () = 7.7
Hz, 2H, Ar-H), 4.19 (s, 2H, piperidin-H), 3.62 (&H, piperidin-H), 1.84 — 1.73 (m, 6H,

piperidin-H). °C NMR (126 MHz, CDGJ) 6: 178.25, 163.19, 132.94, 132.62, 128.82, 127.82,
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53.05, 52.77, 26.04, 25.25, 23.66. HRMS (E8&Y for Ci3H16N.0S [M + Naf calcd 271.0876,

found 271.0880.

4.1.1.2. N-(mor pholine-4-carbonothioyl)benzamide (3b). White solid, yield 67 %, mp 124-126
°C. IR (KBr, cm) 3452, 3243 (N-H str), 3021 (aromatic C-H str)pi&amide C=0 str), 1580
(N-H bend), 1523 (aromatic C=C str), 1269 (aromatidne C-N str), 1114 (morpholine C-O-C
str).™H NMR (500 MHz, CDCY) 6: 8.61 (s, 1H, NH), 7.86 (d,= 7.7 Hz, 2H, Ar-H), 7.61 (t] =
7.4 Hz, 1H, Ar-H), 7.50 (tJ = 7.6 Hz, 2H, Ar-H), 4.25 (s, 2H, morpholin-H),88. (s, 4H,
morpholin-H), 3.68 (s, 2H, morpholin-H}*C NMR (126 MHz, CDCJ) §: 179.34, 163.34,
133.18, 132.32, 128.97, 127.83, 66.23, 52.51, 5HHEMS (ESI)nVz for Ci2H14N20.S [M +

Na]" calcd 273.0668, found 273.0670.

4.1.1.3. N-(pyrrolidine-1-carbonothioyl)benzamide (3c). White solid, yield 64 %, mp 120-123
°C. IR (KBr, cni') 3442 (N-H str), 3145 (aromatic C-H str), 1644 i@nC=0 str), 1579 (N-H
bend), 1537 (aromatic C=C str), 1253 (aromatic @an@rN str)."H NMR (500 MHz, CDC}) :
8.56 (s, 1H, NH), 7.81 (d} = 7.7 Hz, 2H, Ar-H), 7.55 (§ = 7.4 Hz, 1H, Ar-H), 7.44 () = 7.6
Hz, 2H, Ar-H), 3.85 (tJ = 7.0 Hz, 2H, pyrrolidin-H), 3.67 (8 = 6.7 Hz, 2H, pyrrolidin-H), 2.05
—1.99 (m, 2H, pyrrolidin-H), 1.98 — 1.92 (m, 2Hrmwlidin-H). **C NMR (126 MHz, CDG)) 6:
176.59, 163.51, 133.13, 132.76, 129.03, 128.17,543.10, 26.43, 24.84. HRMS (E&fjz for

C12H14N20S [M + HJ caled 235.0900, found 235.0900.

4.1.1.4. N-(benzyl(methyl)carbamothioyl)benzamide (3d). Cream solid, yield 93 %, mp 112-115
°C. IR (KBr, cm®) 3450, 3186 (N-H str), 3071 (aromatic C-H str)2@{methyl C-H str), 2892
(CH, C-H str) 1682 (amide C=0 str), 1580 (N-H bend39%aromatic C=C str), 1483 (C-H%p

bend), 1260 (amine C-N sttH NMR (500 MHz, CDCJ) 4: 8.60 (s, 1H, NH), 7.90 (d = 7.5
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Hz, 2H, Ar-H), 7.61 (tJ = 6.9 Hz, 1H, Ar-H), 7.56 — 7.44 (m, 4H, Ar-H)A41. (t,J = 7.3 Hz,
2H, Ar-H), 7.34 (tJ = 7.2 Hz, 1H, Ar-H), 5.31 (s, 1H, GH 4.82 (s, 1H, Ch), 3.35 (s, 1H, N-
CHs), 3.19 (s, 2H, N-Ch). *C NMR (126 MHz, CDGJ) : 181.54, 163.52, 134.86, 133.08,
132.51, 128.93, 128.83, 127.94, 127.88, 59.65,74MRMS (ESI)m/z for CigH16N-0S [M +

Na]" calcd 307.0876, found 307.0880.

4.1.1.5. N-(methyl(phenyl)carbamothioyl)benzamide (3€). Light yellow solid, yield 84 %, mp
117-119°C. IR (KBr, cmi') 3455, 3195 (N-H str), 3029 (aromatic C-H str)329methyl C-H
str), 1695 (amide C=0 str), 1597 (N-H bend), 15afihatic C=C str), 1436, 1382 (C-H’sp
bend), 1261 (amine C-N stH NMR (500 MHz, CDCJ) &: 8.45 (s, 1H, NH), 7.52 (ddl =
24.9, 17.9 Hz, 3H, Ar-H), 7.42 — 7.34 (m, 7H, Ar;13)78 (s, 3H, N-Ch). °C NMR (126 MHz,
CDCl;) ¢: 180.55, 162.84, 145.29, 132.92, 132.67, 129.48.78, 127.90, 127.55, 125.54,

45.59. HRMS (ESIz for CsH1aN,0S [M + HJ calcd 271.0900, found 271.0900.

4.1.1.6. N-(4-phenylpiperazine-1-carbonothioyl)benzamide (3f). Cream solid, yield 75 %, mp
122-125°C. IR (KBr, cm') 3434, 3259 (N-H str), 3058 (aromatic C-H str)p@qamide C=0
str), 1599 (N-H bend), 1532 (aromatic C=C str), 3,27221, 1161 (amine C-N st’H NMR
(500 MHz, CDC4) 6: 8.58 (s, 1H, NH), 7.89 (dl = 8.0 Hz, 2H, Ar-H), 7.63 (1) = 7.2 Hz, 1H,
Ar-H), 7.52 (t,J = 7.5 Hz, 2H, Ar-H), 7.32 (t} = 7.6 Hz, 2H, Ar-H), 6.95 (dd] = 12.5, 7.8 Hz,
3H, Ar-H), 4.40 (s, 2H, piperazine-H), 3.86 (s, 2biperazine-H), 3.40 (d) = 22.6 Hz, 4H,
piperazine-H)*C NMR (126 MHz, CDG)) 6: 179.18, 163.34, 150.35, 133.17, 132.41, 129.32,
129.00, 127.86, 120.56, 116.46, 51.65, 51.20, 4&18652. HRMS (ESI)nWz for CigH19N30S

[M + H] " calcd 326.1322, found 326.1321.



29

4.1.1.7. N-(Diphenylcarbamothioyl)benzamide (3g). Fluorescent yellow solid, yield 97 %, mp
113-115°C. IR (KBr, cm?) 3431, 3220 (N-H str), 3064 (aromatic C-H str)91§amide C=0
str), 1591 (N-H bend), 1503 (aromatic C=C str), 2,35256 (amine C-N strYH NMR (500
MHz, CDCk) &: 8.59 (s, 1H, NH), 7.48 (d,= 7.7 Hz, 4H, Ar-H), 7.38 (] = 7.3 Hz, 2H, Ar-H),
7.14 (dd,J = 8.6, 6.9 Hz, 6H, Ar-H), 6.96 (d,= 8.2 Hz, 2H, Ar-H), 6.81 (t) = 7.3 Hz, 1H, Ar-
H). *C NMR (126 MHz, CDG)) 5: 182.45, 162.32, 145.72, 143.17, 132.82, 129.28,3D,
128.99, 128.80, 127.64, 127.47, 126.89, 120.99,8BLHRMS (ESI)/z for C,oH16N20S [M +

H] ™ calcd 333.1056, found 333.1052.

4.1.1.8. 4-Methoxy-N-(pi peridine-1-carbonothioyl)benzamide (3h). Cream solid, yield 56 %, mp
122-124°C. IR (KBr, cni') 3283 (N-H str), 3054 (aromatic C-H str), 2939 {nyé C-H str),
1647 (amide C=0 str), 1605 (N-H bend), 1528, 1484rfatic C=C str), 1264, 1186 (amine C-
N str), 1024 (C-O str)H NMR (500 MHz, CDCJ) &: 8.38 (s, 1H, NH), 7.83 (§ = 9.9 Hz, 2H,
Ar-H), 6.98 (dd,J = 17.9, 8.7 Hz, 2H, Ar-H), 4.18 (s, 2H, piperidi); 3.89 (d,J = 9.3 Hz, 3H,
O-CH), 3.61 (s, 2H, piperidin-H), 1.76 (d,= 33.8 Hz, 6H, piperidin-H):*C NMR (126 MHz,
CDCl) ¢: 182.53, 178.48, 165.91, 164.06, 163.38, 162.79.91, 124.73, 123.44, 114.44,
114.12, 55.55, 53.08, 52.78, 26.06, 25.28, 23.80W8 (ESI)m/z for Ci4H18N20,S [M + H]”

calcd 279.1162, found 279.1156.

4.1.1.9. 4-Fluoro-N-(piperidine-1-carbonothioyl)benzamide (3i). Fluorescent yellow solid, yield
41 %, mp 172-174C. IR (KBr, cm) 3301, 3157 (N-H str), 1683 (amide C=0 str), 1682+
bend), 1536, 1503 (aromatic C=C str), 1231 (amird &tr), 1008 (C-F str)*H NMR (500
MHz, CDCL) 6: 8.54 (s, 1H, NH), 7.88 (dd,= 8.8, 5.2 Hz, 2H, Ar-H), 7.24 — 7.08 (m, 2H, Ar-
H), 4.18 (s, 2H, piperidin-H), 3.60 (s, 2H, pipenid), 3.26 — 3.06 (m, 1H, piperidin-H), 1.89

(dt, J = 11.7, 5.9 Hz, 1H, piperidin-H), 1.77 @@= 41.6 Hz, 4H, piperidin-H)**C NMR (126
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MHz, CDCk) o: 178.06, 166.58, 164.55, 162.27, 130.47, 130.28,75, 116.15, 115.98, 53.01,
52.77, 44.96, 26.05, 25.26, 23.84, 22.55, 22.20MBRESI) m/z for HRMS (ESI)m/z for

Ci3H1sFN2OS [M + HJ ™ calcd 267.0962, found 267.0961.

4.1.1.10. 4-Methoxy-N-(mor pholine-4-carbonothioyl)benzamide (3j). Cream solid, yield 53 %,
mp 108-11FC. IR (KBr, cm®) 3321 (N-H str), 3019 (aromatic C-H str), 2924 {nyk C-H str),
1658 (amide C=0 str), 1610 (N-H bend), 1524, 1484rfatic C=C str), 1262, 1234 (amine C-
N str), 1113 (morpholine C-O-C), 1028 (C-O stil. NMR (500 MHz, CDC}) §: 8.47 (s, 1H,
NH), 7.82 (d,J = 8.9 Hz, 2H, Ar-H), 6.97 (d] = 8.8 Hz, 2H, Ar-H), 4.25 (s, 2H, morpholin-H),
3.97 — 3.79 (m, 7H, morpholin-H and O-H3.67 (s, 2H, morpholin-H}*C NMR (126 MHz,
CDCl) ¢: 182.53, 179.55, 165.91, 164.06, 163.56, 162.729.9b, 124.40, 123.44, 114.45,
114.21, 66.26, 55.58, 52.58, 51.63. HRMS (B8 for C,3H16N-0sS [M + H] calcd 281.0954,

found 281.0952.

4.1.1.11. N-(Benzyl(methyl)carbamothioyl)-4-methoxybenzamide (3k). White solid, yield 61 %,
mp 142-144°C. IR (KBr, cm') 3450, 3189 (N-H str), 3070 (aromatic C-H str)4@9 2845
(methyl C-H str), 1682 (amide C=0 str), 1604 (N-&hd), 1543, 1487 (aromatic C=C str), 1393,
1357 (C-H spbend), 1253, 1222, 1187 (amine C-N str), 1024 (64® 'H NMR (500 MHz,
DMSO-dg) 6: 10.75 (s, 1H, NH), 7.97 (d,= 8.7 Hz, 2H, Ar-H), 7.46 (d] = 7.4 Hz, 2H, Ar-H),
7.39 (t,J = 7.6 Hz, 2H, Ar-H), 7.32 (t) = 7.1 Hz, 1H, Ar-H), 7.04 (d] = 8.8 Hz, 2H, Ar-H),
5.31 (s, 2H, N-Ch), 3.84 (s, 3H, O-Ch), 3.07 (s, 3H, N-Ch). *C NMR (126 MHz, DMSO#d)

0: 183.13, 163.98, 163.10, 135.92, 131.06, 128.98,84, 125.20, 114.14, 58.28, 55.97. HRMS

(ESI) mVz for C17H15N20,S [M + HJ* caled 315.1162, found 315.1164.
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4.1.1.12. 4-Nitro-N-(4-phenyl piperazine-1-car bonothioyl)benzamide (3l). Yellow solid, yield 40
%, mp 156-158C. IR (KBr, cm) 3440 (N-H str), 1682 (amide C=0 str), 1604 (N-ehd),
1596, 1543 (aromatic C=C str), 1504 (nitro N-O,st291, 1229, 1145 (amine C-N stti
NMR (500 MHz, DMSOe) J: 8.30 (d,J = 8.9 Hz, 1H, Ar-H), 8.16 (d] = 8.9 Hz, 1H, Ar-H),
7.23 (dd,J = 16.1, 7.7 Hz, 3H, Ar-H), 6.95 (§,= 8.7 Hz, 3H, Ar-H), 6.81 (tdJ = 7.3, 3.9 Hz,
1H, Ar-H), 4.07 (s, 1H, NH), 3.26 (s, 2H, piperaziH), 3.20 — 3.17 (m, 3H, piperazine-H), 3.07
— 3.04 (m, 3H, piperazine-H}*C NMR (126 MHz, DMSOds) &: 182.76, 177.28, 163.60,
151.36, 150.82, 149.46, 141.68, 130.20, 129.45,702319.74, 119.66, 116.11, 115.98, 49.11,
48.36, 47.98, 44.75. HRMS (EStWz for CigH1gN4OsS [M + H]™ calecd 371.1172, found

371.1169.

4.1.1.13. 4-Fluoro-N-(mor pholine-4-carbonothioyl)benzamide (3m). Cream solid, yield 47 %,
mp 125-126°C. IR (KBr, cm') 3350 (N-H str), 3022 (aromatic C-H str), 2950736amide
C=0 str), 1608 (N-H bend), 1547, 1482 (aromatic Cst€), 1250 (amine C-N str), 1120
(morpholine C-O-C), 1010 (C-F st’H NMR (500 MHz, CDC}) d: 8.62 (s, 1H, NH), 7.88 (dd,
J=28.6, 5.2 Hz, 2H, Ar-H), 7.18 (8,= 8.5 Hz, 2H, Ar-H), 4.25 (s, 2H, morpholin-H)88.(d,J

= 28.4 Hz, 4H, morpholin-H), 3.66 (s, 2H, morpheti). °C NMR (126 MHz, CDG)) &:
179.11, 166.71, 164.68, 162.29, 130.50, 130.43,4828116.27, 116.09, 66.21, 52.51, 51.56.

HRMS (ESI)mVz for C;sH13FN,O,S [M + HJ" caled 269.0755, found 269.0755.

4.1.1.14. 4-Fluor o-N-(4-phenyl pi per azine-1-car bonothi oyl ) benzamide (3n). White solid, yield 41
%, mp 148-150C. IR (KBr, cm') 3429, 3260 (N-H str), 3048 (aromatic C-H str)62amide
C=0 str), 1587 (N-H bend), 1522 (aromatic C=C <tP70, 1211 (amine C-N str), 1013 (C-F
str). 'H NMR (500 MHz, CDCY) J: 7.91 (dd,J = 8.8, 5.2 Hz, 2H, Ar-H), 7.32 (dd,= 8.7, 7.3

Hz, 2H, Ar-H), 7.20 (tJ = 8.6 Hz, 2H, Ar-H), 6.95 (tJ = 8.8 Hz, 3H, Ar-H), 4.40 (s, 2H,
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piperazine-H), 3.84 (s, 2H, piperazine-H), 3.39Jd& 33.5 Hz, 4H, piperazine-H}*C NMR
(126 MHz, CDC}) ¢: 179.03, 166.71, 164.68, 162.39, 150.30, 130.80,45, 129.34, 128.57,
128.54, 120.63, 116.48, 116.29, 116.11, 51.60,5%14B.97, 48.59. HRMS (ESly/z for

Ci1gH1sFN3OS [M + HJ calcd 344.1227, found 344.1224.

4.1.1.15. 4-Methoxy-N-(4-phenyl pi perazine-1-car bonothioyl)benzamide (30). White solid, yield

51 %, mp 135-137C. IR (KBr, cm®) 3433, 3269 (N-H str), 3039 (aromatic C-H str)329
(methyl C-H str), 1653 (amide C=0 str), 1585 (N-¢ht), 1526 (aromatic C=C str), 1449 (C-H
sp’ bend), 1285, 1210 (amine C-N str), 1029 (C-O $H)NMR (500 MHz, CDC}) ¢: 8.51 (s,
1H, NH), 7.85 (dd, = 8.9, 1.9 Hz, 2H, Ar-H), 7.31 (dd,= 8.7, 7.3 Hz, 2H, Ar-H), 7.01 — 6.92
(m, 5H, Ar-H), 4.40 (s, 2H, piperazine-H), 3.91 18], piperazine-H), 3.90 (s, 3H, O-G}3.84

(s, 1H, piperazine-H), 3.39 (d,= 34.2 Hz, 4H, piperazine-H}*C NMR (126 MHz, CDG)) &:
182.54, 179.41, 165.92, 164.06, 163.55, 162.85,3150.29.99, 129.87, 129.32, 124.48, 123.46,
120.53, 116.45, 114.45, 114.22, 55.59, 51.70, 5148195, 48.61. HRMS (ESIy/z for

C19H21N30,S [M + H]" caled 356.1427, found 356.1427.

4.1.1.16. N-(diphenylcar bamothioyl)-4-methoxybenzamide (3p). Fluorescent yellow solid, yield
54 %, mp 126-128C. IR (KBr, cm®) 3436, 3218 (N-H str), 3067 (aromatic C-H str)529
(methyl C-H str), 1688 (amide C=0 str), 1587 (N-eht), 1508 (aromatic C=C str), 1467 (C-H
sp’bend), 1260 (amine C-N str), 1036 (C-O st.NMR (500 MHz, CDC}) &: 8.69 (s, 1H, Ar-
H), 8.04 (d,J = 8.9 Hz, 1H, Ar-H), 7.61 (d] = 8.8 Hz, 2H, Ar-H), 7.32 — 7.24 (m, 4H, Ar-H),
7.10 (d,J = 8.3 Hz, 2H, Ar-H), 7.04 — 6.91 (m, 2H, Ar-H)86.(d,J = 8.8 Hz, 2H, Ar-H), 3.92
(s, 1H, NH), 3.85 (s, 3H, O-GH) °C NMR (126 MHz, CDCJ) §: 182.80, 165.33, 163.31,

161.83, 160.82, 145.76, 143.13, 132.98, 129.80,32927.38, 126.89, 124.87, 120.98, 117.80,
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114.34, 114.04, 55.72, 55.50. HRMS (E8&i)z for Cy1H1gN20S [M + H] ™ calcd 363.1162,

found 363.1157.

4.1.1.17. N-(diphenyl carbamothioyl)-4-nitrobenzamide (3q). Light yellow solid, yield 42 %, mp
149-151°C. IR (KBr, cm') 3429, 3220 (N-H str), 3059 (aromatic C-H str)84§amide C=0
str), 1578 (N-H bend), 1542 (aromatic C=C str), 8.%ditro N-O str), 1256 (amine C-N stfH
NMR (500 MHz, DMSO#g) 6: 11.57 (s, 1H, NH), 8.23 (d, = 8.9 Hz, 2H, Ar-H), 7.84 (d] =
8.9 Hz, 2H, Ar-H), 7.38 (tJ = 7.4 Hz, 4H, Ar-H), 7.31 (d] = 7.6 Hz, 4H, Ar-H), 7.26 — 7.22
(m, 2H, Ar-H). **C NMR (126 MHz, DMSQdg) J: 184.20, 162.33, 150.02, 143.89, 138.62,
131.17, 129.97, 129.65, 129.60, 127.71, 127.25,242423.88, 120.10, 117.19. HRMS (ESI)

m/z for C0H1sN30sS [M + H] calcd 378.0907, found 378.0903.

4.1.2. General Procedure for the Synthesis of Compounds 2a-n. Benzoyl thiourea3a-q (1
mmol) was treated with 2-bromoacetophenone (1 mmwolthe presence of base catalyst
triethylamine in acetonitrile and reaction mixtws refluxed at 76C till completion of the
reaction monitored with TLC (Scheme 2). Solvent wamoved under reduced pressure. Crude
solid obtained was washed with diethyl ether amtlystallized from ethanol/ethyl acetate to get
pure products. Also pure product was eluted froduroa chromatography with hexane/ethyl

acetate.

4.1.2.1. Phenyl(4-phenyl-2-(piperidin-1-yl)thiazol-5-yl)methanone (2a). Yellow solid, yield 70
%, mp 124-126C. IR (KBr, cm®) 3056, 3024 (aromatic C-H str), 1708 (C=0 strp1L§C=N
str), 1540 (aromatic C=C str), 1346 (thiazole CtN,sl296, 1250 (aromatic amine C-N str),
720, 702 (C-S strfH NMR (500 MHz, CDCJ) §: 7.46 (ddJ = 8.2, 1.2 Hz, 2H, Ar-H), 7.32 (dd,

J=8.1, 1.2 Hz, 2H, Ar-H), 7.24 (8 = 7.4 Hz, 1H, Ar-H), 7.15 — 7.05 (m, 5H, Ar-H), B.§s,
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4H, piperidin-H), 1.73 (s, 6H, piperidin-H}*C NMR (126 MHz, CDGJ) §: 188.70, 171.78,
159.81, 138.59, 135.23, 131.06, 129.91, 129.10,4928127.54, 122.13, 49.32, 25.23, 23.98.

HRMS (ESI)mz for CpHaN,0S [M + HJ caled 349.1369, found 349.1372.

4.1.2.2. (2-Mor pholino-4-phenylthiazol-5-yl) (phenyl)methanone (2b). Yellow solid, yield 97 %,
mp 126-128°C. IR (KBr, cmi®) 3041 (aromatic C-H str), 1710 (C=0 str), 1600 KCstr), 1534
(aromatic C=C str), 1347 (thiazole C-N str), 129264 (aromatic amine C-N str), 1112
(morpholine C-O-C), 723, 701 (C-S stiji NMR (500 MHz, CDCJ) &: 7.48 (d, J = 7.7 Hz, 2H,
Ar-H), 7.32 (d,J = 7.3 Hz, 2H, Ar-H), 7.26 (] = 7.4 Hz, 1H, Ar-H), 7.17 — 7.06 (m, 5H, Ar-H),
3.88 — 3.85 (m, 4H, morpholin-H), 3.69 — 3.66 (rh, 4norpholin-H).**C NMR (126 MHz,
CDCl) ¢: 188.84, 171.87, 159.12, 138.16, 134.85, 131.49.9D, 129.17, 128.69, 127.65,
122.96, 66.10, 48.10. HRMS (EStyz for CyH1gN20,S [M + H] ™ calcd 351.1162, found

351.1158.

4.1.2.3. Phenyl(4-phenyl-2-(pyrrolidin-1-yl)thiazol-5-yl)methanone (2c). Light yellow solid,
yield 57 %, mp 148-156C. IR (KBr, cni') 3056 (aromatic C-H str), 1689 (C=0 str), 1597 KC=
str), 1553 (aromatic C=C str), 1348 (thiazole CiN,sl328, 1283 (aromatic amine C-N str),
713, 698 (C-S strfH NMR (500 MHz, CDCJ) §: 7.43 (ddJ = 8.2, 1.2 Hz, 2H, Ar-H), 7.31 (dd,
J=8.2, 1.3 Hz, 2H, Ar-H), 7.22 (8,= 7.5 Hz, 1H, Ar-H), 7.12 (t) = 7.3 Hz, 1H, Ar-H), 7.07
(td,J = 7.5, 4.8 Hz, 4H, Ar-H), 3.61 (s, 4H, pyrrolidiy), 2.14 — 2.09 (m, 4H, pyrrolidin-H}*C
NMR (126 MHz, CDC{) J: 188.73, 168.61, 160.30, 138.59, 135.25, 130.925,94, 129.05,
128.47, 127.59, 127.51, 122.57, 49.73, 25.74. HRER) Mz for CyoH1N-0S [M + HJ calcd

335.1213, found 335.1173.
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4.1.2.4. (2-(Benzyl(methyl)amino)-4-phenylthiazol-5-y1)(phenyl)methanone (2d). Yellow solid,
yield 91 %, mp 126-127C. IR (KBr, cm') 3052 (aromatic C-H str), 2915 (methyl C-H str),
2878 (CH C-H str), 1823 (C=0 str), 1604 (C=N str), 155lofaatic C=C str), 1475 (C-H 3p
bend), 1331 (thiazole C-N str), 1285 (amine C-N, sti.3, 700 (C-S str)}H NMR (500 MHz,
CDCl) 6: 7.49 (d,J = 7.5 Hz, 2H, Ar-H), 7.42 — 7.34 (m, 7H, Ar-H)2B.(t,J = 7.4 Hz, 1H, Ar-

H), 7.15 (tJ = 7.3 Hz, 1H, Ar-H), 7.10 (q] = 7.9 Hz, 4H, Ar-H), 4.86 (s, 2H, N-GH 3.17 (s,
3H, N-CHy). *C NMR (126 MHz, CDG)) §: 188.74, 171.97, 159.74, 138.47, 135.93, 135.11,
131.17, 130.01, 129.15, 128.85, 128.57, 127.95,8427127.57, 122.84, 56.14, 38.05. HRMS

(ESI)miz for CoaH20N-0S [M + HJ calcd 385.1340, found 385.1340.

4.1.2.5. (2-(Methyl(phenyl)amino)-4-phenylthiazol-5-yl)(phenyl)methanone (2e). Brown solid,
yield 89 %, mp 118-128C. IR (KBr, cm®) 3058 (aromatic C-H str), 2932 (methyl C-H str),
1689 (C=0 str), 1635 (C=N str), 1594, 1579, 151@rtmtic C=C str), 1469, 1403 (C-H%p
bend), 1310 (thiazole C-N str), 1284, 1265 (aminl 6tr), 722, 697 (C-S strfH NMR (500
MHz, CDCH) 6: 7.50 (dd,J = 20.8, 9.6 Hz, 6H, Ar-H), 7.38 (1,= 7.7 Hz, 3H, Ar-H), 7.25 (1]

= 7.4 Hz, 1H, Ar-H), 7.16 () = 7.2 Hz, 1H, Ar-H), 7.10 (dt] = 10.4, 5.0 Hz, 4H, Ar-H), 3.69
(s, 3H, N-CH). **C NMR (126 MHz, CDGJ) §: 188.96, 171.44, 158.55, 145.35, 138.21, 134.79,
131.37, 130.20, 129.98, 129.18, 128.64, 127.82,6627125.49, 122.91, 40.41. HRMS (ES8iy

for Co3H18N20OS [M + HJ calcd 371.1213, found 371.1208.

4.1.2.6. Phenyl(4-phenyl-2-(4-phenyl piperazn-1-yl)thiazol-5-yl)methanone (2f). Light yellow
solid, yield 94 %, mp 180-18Z. IR (KBr, cmi') 3040 (aromatic C-H str), 1688 (C=0 str), 1605
(C=N str), 1576, 1521,1497 (aromatic C=C str), 1388Bazole C-N str), 1269, 1210, 1162
(amine C-N str), 719, 698 (C-S st NMR (500 MHz, CDC}) 6: 7.49 (d,J = 7.5 Hz, 2H, Ar-

H), 7.34 (t,J = 7.4 Hz, 4H, Ar-H), 7.28 (dJ = 8.7 Hz, 1H, Ar-H), 7.18 — 7.08 (m, 5H, Ar-H),
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7.01 (d,J = 8.1 Hz, 2H, Ar-H), 6.97 (tJ = 7.3 Hz, 1H, Ar-H), 3.89 — 3.83 (m, 4H, piperazin
H), 3.39 — 3.34 (m, 4H, piperazine-HfC NMR (126 MHz, CDGJ) §: 188.83, 171.64, 159.40,
150.83, 138.26, 134.96, 131.34, 129.92, 129.35,1729.28.66, 127.64, 122.98, 120.87, 116.96,

49.07, 47.99. HRMS (ESHVz for CoeH23N30S [M + H calcd 426.1635, found 426.1630.

4.1.2.7. (2-(Diphenylamino)-4-phenylthiazol-5-yl)(phenyl)methanone (2g). Light yellow solid,
yield 95 %, mp 192-19%C. IR (KBr, cni') 3056 (aromatic C-H str), 1712 (C=0 str), 1602 KC=
str), 1496, 1471, 1447 (aromatic C=C str), 133&f#ble C-N str), 1256, 1157 (amine C-N str),
720, 699 (C-S strfH NMR (500 MHz, CDCJ) J: 7.56 — 7.49 (m, 6H, Ar-H), 7.46 (= 7.8 Hz,
4H, Ar-H), 7.37 — 7.28 (m, 5H, Ar-H), 7.16 — 7.0%,(5H, Ar-H).**C NMR (126 MHz, CDGJ)

0: 189.10, 170.58, 158.08, 144.21, 137.99, 134.31.6D, 130.00, 129.77, 129.31, 128.59,
127.73, 127.61, 126.88, 126.19, 124.32. HRMS (ESH for CrsHoN-OS [M + HJ calcd

433.1369, found 433.1363.

4.1.2.8. (4-(4-Methoxyphenyl)-2-(piperidin-1-yl)thiazol-5-y1)(phenyl)methanone (2h). Yellow
solid, yield 43 %, mp 122-12%C. IR (KBr, cni') 3056, 3004 (aromatic C-H str), 1680 (C=0O
str), 1590 (C=N str), 1529 (aromatic C=C str), 18dBazole C-N str), 1292, 1249, 1163 (amine
C-N str), 1025 (C-O str), 708 (C-S st NMR (500 MHz, CDCJ) 6: 7.50 (d,J = 8.8 Hz, 2H,
Ar-H), 7.36 (dd,J = 8.2, 1.4 Hz, 2H, Ar-H), 7.13 (df,= 14.3, 7.0 Hz, 3H, Ar-H), 6.60 (d,=
8.8 Hz, 2H, Ar-H), 3.75 (s, 3H, O-GH 3.64 (s, 4H, piperidin-H), 1.72 (s, 6H, piperidil). *°C
NMR (126 MHz, CDC}) o: 187.59, 171.50, 162.19, 158.64, 135.36, 131.81,QR, 129.91,
129.10, 128.41, 127.67, 121.88, 112.89, 55.31, 84925.22, 24.00. HRMS (ESIyz for

C2oH22N205S [M + H] caled 379.1475, found 379.1470.
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41.29. (2-(Benzyl(methyl)amino)-4-(4-methoxyphenyl)thiazol-5-yl)(phenyl)methanone  (2i).
Brown oil, yield 92 %. IR (KBr, cm) 3060, 3028 (aromatic C-H str), 2930 (methyl CtH,s
2847 (CH C-H str), 1681 (C=0 str), 1599 (C=N str), 1544ofaatic C=C str), 1474 (C-H 3p
bend), 1327 (thiazole C-N str), 1252, 1172 (amini 6tr), 1028 (C-O str), 700 (C-S stfH
NMR (500 MHz, CDC}) 6: 7.51 (t,J = 8.1 Hz, 2H, Ar-H), 7.41 — 7.32 (m, 7H, Ar-H) 21—
7.07 (m, 3H, Ar-H), 6.62 (d] = 8.5 Hz, 2H, Ar-H), 4.85 (s, 2H, N-GH 3.75 (d,J = 12.1 Hz,
3H, O-CH), 3.16 (s, 3H, N-CH. *C NMR (126 MHz, CDGJ) §: 187.56, 173.28, 171.59,
162.26, 135.27, 131.56, 131.48, 131.09, 130.93,003029.15, 128.82, 128.47, 127.83, 127.67,
122.54, 113.05, 112.92, 55.32, 37.99, 25.37. HRESn/z for CysH22N20,S [M + H] ™ calcd

415.1475, found 415.1469.

4.1.2.10. (4-(4-Nitrophenyl)-2-(4-phenyl pi per azin-1-yl )thiazol -5-yl) (phenyl)methanone (2j). Pale
yellow solid, yield 57 %, mp 177-17C. IR (KBr, cm) 3041 (aromatic C-H str), 1686 (C=0
str), 1603 (C=N str), 1578, 1525 (aromatic C=C, st§15 (nitro N-O str), 1336 (thiazole C-N
str), 1266, 1211, 1161 (amine C-N str), 718, 69%5(&tr).'"H NMR (500 MHz, CDCY) §: 8.04 —
7.89 (m, 2H, Ar-H), 7.54 (dd] = 13.0, 7.8 Hz, 3H, Ar-H), 7.36 — 6.96 (m, 9H, ); 3.87 (d,J

= 18.9 Hz, 4H, piperazine-H), 3.37 (s, 4H, pipemazH). °C NMR (126 MHz, CDG)) &:
188.01, 172.27, 171.66, 164.45, 161.17, 156.14.685048.69, 147.38, 141.28, 138.22, 132.11,
130.69, 129.91, 129.76, 129.37, 129.10, 128.74.482828.03, 127.84, 122.77, 120.99, 117.00,

49.14, 48.11. HRMS (ESHVz for CogH2oN405S [M + H]* calcd 471.1485, found 471.1486.

4.1.2.11. (4-(4-Fluorophenyl)-2-morpholinothiazol-5-yl)(phenyl)methanone (2k). Yellow solid,
yield 78 %, mp 124-128C. IR (KBr, cm®) 3043 (aromatic C-H str), 1712 (C=0 str), 1602 {C=
str), 1538 (aromatic C=C str), 1346 (thiazole C4N),s1290, 1258 (amine C-N str), 1116

(morpholine C-O-C), 1011 (C-F str), 720, 700 (Ct$. ¢H NMR (500 MHz, CDCY) 6: 7.48 (dd,
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J=7.9, 3.8 Hz, 2H, Ar-H), 7.35 — 7.27 (m, 3H, A};H.18 — 7.09 (m, 2H, Ar-H), 6.77 (dd =
16.5, 8.6 Hz, 2H, Ar-H), 3.87 — 3.84 (m, 4H, morfidd), 3.67 (dd,J = 10.0, 5.1 Hz, 4H,
morpholin-H).**C NMR (126 MHz, CDGJ) §: 188.63, 187.34, 171.84, 165.54, 163.91, 161.84,
159.12, 157.92, 138.17, 134.76, 134.30, 131.78,7231131.55, 131.02, 129.87, 129.11, 128.81,
127.78, 122.73, 114.75, 114.57, 66.08, 48.08, 46488MS (ESI)M/z for CooHi7FN,0,S [M +

H]* calcd 369.1068, found 369.1068.

4.1.2.12. (4-(4-methoxyphenyl)-2-(4-phenylpiperazn-1-yl)thiazol-5-yl)(phenyl)methanone (21).
Light yellow solid, yield 88 %, mp 140-14Z. IR (KBr, cm®) 3045 (aromatic C-H str), 2988
(methyl C-H str), 1676 (C=0 str), 1604 (C=N st7Z, 1529 (aromatic C=C str), 1476 (C-H sp
bend), 1330 (thiazole C-N str), 1269, 1210, 1158i@ C-N str), 1026 (C-O str), 698 (C-S str).
H NMR (500 MHz, CDC}) §: 7.52 (t,J = 9.0 Hz, 2H, Ar-H), 7.41 — 7.31 (m, 4H, Ar-H)15.
(dt,J = 14.3, 7.0 Hz, 3H, Ar-H), 7.01 (d,= 7.9 Hz, 2H, Ar-H), 6.96 (J = 7.3 Hz, 1H, Ar-H),
6.62 (d,J = 8.9 Hz, 2H, Ar-H), 3.86 — 3.82 (m, 4H, piperazid), 3.75 (dJ = 11.3 Hz, 3H, O-
CHs), 3.38 — 3.34 (m, 4H, piperazine-HC NMR (126 MHz, CDCJ) J: 188.78, 187.59,
171.30, 162.42, 160.04, 159.25, 158.10, 150.87,1P3331.62, 131.40, 130.74, 129.90, 129.33,
129.17, 128.56, 127.76, 122.74, 120.82, 116.94,14]13112.99, 55.34, 49.06, 47.99. HRMS

(ESI)mvz for C,o7H25N30,S [M + H] calcd 456.1740, found 456.1731.

4.1.2.13. (2-(diphenylamino)-4-(4-methoxyphenyl )thiazol -5-yl) (phenyl )methanone (2m).
Fluorescent yellow solid, yield 70 %, mp 148-1%n IR (KBr, cm®) 3056 (aromatic C-H str),
2921 (methyl C-H str), 1670 (C=0 str), 1596 (C=N,st492, 1470 (aromatic C=C str), 1446
(C-H sp bend), 1332 (thiazole C-N str), 1252, 1156 (aminl 6tr), 1026 (C-O str), 694 (C-S
str).'H NMR (500 MHz, CDC}J) §: 7.58 (d,J = 8.9 Hz, 2H, Ar-H), 7.52 (dd] = 8.6, 1.2 Hz, 4H,

Ar-H), 7.48 — 7.38 (m, 6H, Ar-H), 7.31 @,= 7.4 Hz, 2H, Ar-H), 7.14 (dt] = 14.3, 7.0 Hz, 3H,
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Ar-H), 6.63 (dd,J = 12.5, 8.9 Hz, 2H, Ar-H), 3.75 (d,= 16.8 Hz, 3H, O-CH). *C NMR (126
MHz, CDCk) &: 187.77, 170.01, 162.71, 156.70, 144.32, 134.83,.8D, 131.48, 130.52,
129.92, 129.73, 129.30, 128.48, 127.73, 126.72,1424.24.05, 113.10, 55.35. HRMS (ESi}

for CooH22N20,S [M + H] calcd 463.1475, found 463.1467.

4.1.2.14. (2-(diphenylamino)-4-(4-nitrophenyl)thiazol-5-yl)(phenyl)methanone (2n). Yellow
solid, yield 70 %, mp 193-19%. IR (KBr, cmi') 3054 (aromatic C-H str), 1708 (C=O str), 1605
(C=N str), 1520 (nitro N-O str), 1494, 1470, 1444ofmatic C=C str), 1338 (thiazole C-N str),
1257, 1154 (amine C-N str), 718, 697 (C-S $t)NMR (500 MHz, CDCY) &: 7.97 (d,J = 8.9
Hz, 2H, Ar-H), 7.56 (ddJ = 10.5, 8.0 Hz, 4H, Ar-H), 7.52 = 7.45 (m, 8H, A};H.38 — 7.33 (m,
3H, Ar-H), 7.20 (t,J = 7.8 Hz, 2H, Ar-H).23C NMR (126 MHz, CDG)) &: 188.27, 170.75,
154.95, 147.38, 143.92, 140.99, 137.91, 132.45,673029.91, 129.24, 128.12, 127.22, 126.17,

125.37, 122.82. HRMS (ESHhNVz for CgH19N303S [M + H] calcd 478.1220, found 478.1213.

4.2. Biological studies and assays

Human recombinari-LOX-pT3 plasmid was received as a kind gift frémof. Olof Radmark,
Karolinska Institute, Stockholm, Sweddrria—Bertani (LB) medium was purchased from BD,
Biosciences, USA. Zileuton, 13(S) HpODE) and Ardoimic acid were obtained from Cayman
Chemicals (Inalco, Milan, Italy). DPPH was procurtdm Sigma-Aldrich Chemie GmbH
(Steinheim, Germany). All other fine chemicals a&#leLC solvents were from Sigma-Aldrich
(Steinheim, Germany), Merck (Mumbai, India), Sigesearch Laboratories, Spectrocfieand

RANKEM®.
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4.2.1. Expression and purification of 5-LOX

Human recombinant 5-LOX in a pT3 plasmid vector wassformed intd. coli BL21 bacteria
and purification was performed as reported prejoyd3,44]. In brief, overnight grown
bacterial culture in LB medium with 150 pg/mL amihic at 37 °C until OQyy reached above
0.5 was induced with 0.5 mM of isopropyl-D-thiogatzpyranoside (IPTG), followed by
shaking overnight at 18C. Cells were pelleted out by centrifugation (Cémgye 5804 R,
Eppendorf AG) at 5000 rpm and 4 °C for 15 min agsged by incubating in 50 mM of
triethanolamine/HCI at a pH 8.0, 5 mM of ethylersdinetetraacetic acid (EDTA), 60 pg/mL of
trypsin inhibitor, 1 mM of phenylmethylsulphonyl@iide (PMSF) and 50Qg/mL of lysozyme.
Further, cell lysate was homogenized by sonicdo2 s and centrifuged (Centrifuge 5418 R,
Eppendorf AG) at 19000 x g and 4 °C for 15 min. Soptant was precipitated with saturated
ammonium sulfate (50 % w/v) during 45 min stirriog ice, centrifuged at 16000 x g and 4 °C
for 30 min. The pellet was resuspended in Phosphafered saline (PBS) containing 1 mM
EDTA and 1 mM PMSF and centrifuged at 100000 x @ &rfC for 70 min. The supernatant

collected was aliquoted and immediately used fab¢ activity assays.

4.2.2. 5-LOX inhibition assay in cell-free systems

For 5-LOX inhibition studies, an assay mixture @ning 25 mM of HEPES, 2-[4-(2-
hydroxyethyl)piperazin-1-yljethanesulfonic acid (gtB), 0.4 M of ethylenediaminetetraacetic
acid (EDTA), 10 mM of CaG] 4 mM of adenosine 5'-triphosphate (ATP) was adae8-LOX
aliquot. Solutions of test compounds (1) prepared in DMSO (2 % v/v) were mixed with the
assay mixture at 4 °C [44]. The 5-LOX enzyme atti@ssay was started by the addition of the

substrate AA at 30 uM. The activity was determingthg UV absorbance atAgax of 236 nm
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(Jasco V-550 UV-vis spectrophotometer) by measuting product formation of 5(S)-
hydroperoxy-6-trans-8,11,14-cis-eicosatetraenoid &-HPETE) from AA. Zileuton was used
as the positive control whose sf3vas found in agreement with the literature valli2].[ 1Cso
values of other compounds were determined usingt@®tad Prism version 5.01 from graph
between percentage inhibition and various inhikitooncentrations. Each assay was repeated

thrice and means £ SEM are given.

4.2.3. 5-LOX enzyme kinetic assay

The enzyme kinetics of human 5-LOX was studied finding the mechanism of action of
inhibitors. It was determined by measuring the fation of product, 5-HPETE at 236 nm in UV
spectrophotometer in the same way as 5-LOX actiaggay as described previously with
modifications [45]. Substrate (AA) concentrationsmaaried between 1-30 pM in the presence
of three fixed concentrations (0, 5 and 10 uM) rdgfibitor 2m and 3f. The rates of reactions
which are change in concentration over time, wéodqu against the substrate concentrations to
determine kK, and Vihax values. Lineweaver—Burk plot was plotted from tien-linear curve
fitting data results. All the experiments were dondriplicates. Calculations were performed

with GraphPad Prism 5.01.

4.2.4. Pseudoper oxidase activity assay

The pseudoperoxidase activity of 5-LOX determines tedox properties of inhibitors in the
presence of 13-HPODE as oxidising product. The xealdivity was monitered by the direct
measurement of decrease in oxidising product imgesf UV absorbance at 234 nm (Jasco V-

550 UV-Vis spectrophotometer). Reaction was iretiaby the addition of 10 uM inhibitor (a 1:1
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ratio to 13-HPODE) in buffer containing 50 mM patiasn phosphate (pH 7.4), 0.3 mM CaCl
0.1 mM EDTA, 200uM ATP, 10uM 13- (S)-HPODE. Zileuton, a known redox inhibitwas

used as the positive control [35,46].

4.2.5. DPPH radical scavenging assay

The antioxidant activity of test compounds was e&tdd using DPPH as described [39,47].
Briefly, test compounds at 20 uM were added tolatem of the stable free radical DPPH in
methanol (0.1 mM) and incubated for 30 min at rdemperature in dark. The absorbance was
recorded in Multimode Plate reader (Enspire PeBtmer, version 4.10.3005.1440) at 517 nm
and ascorbic acid was the reference molecule. Exrpats were repeated thrice and data are
given as mean + SEM. The percentage of radicalestfng property was calculated using
formula:

% Inhibition = (A - A x 100
A

where, A = absorbance of blank and-Aabsorbance of test sample.

4.2.6. Molecular docking

Molecular docking simulations were performed usiglecular operating environment (MOE;
version 2016.0801, Chemical Computing Group, Sedi@, Canada) software. The X-ray crystal
structure of human 5-LOX protein (PDB Code: 308¥swaken from PDB. Protein preparation
was done by removing all the heteroatoms such &srwaon-receptor ions. Kollmann charges

were assigned, hydrogens were added and energymwamized AMBER99 force field.
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Ligands were prepared by building their structusesd minimizing their energies using
MMFF94x force field in MOE. The key amino acids qanising of active site included: Trpl147,
Asn407, Thr364, His432, Phe421, Leu420, Phel77599pHis600, Tyrl81, Ala606, Leu373,
His367, Leu414, 1le406, His550, lle673 [48]. Theested ligand2a, 2b and 2m were then
docked into the active site of the prepared prot€he binding energies of the top 100 poses
were calculated using LondondG as 1st and GBVI/WSAS 2nd rescoring methodologies. The
docking poses with H-bonds and low binding freergies were used for analyzing ligand-

receptor interaction and considered as the befstrfthe protein.

4.2.7. Pharmacophore elucidation

The pharmacophore modeling of essential featurgsined for the biological activity was

performed in MOE; version 2016.0801, Chemical CotimguGroup, Quebec, Canada using
‘Pharmacophore elucidation’. Chemical structuresrewéuilt, energy minimized and

pharmacophore conformational library has been dgeel. Pharmacophore elucidation and
search are done on pharmacophore editor in MOE statikn for the query of hit molecules

[49]. The data is viewed in database viewer aneédgav .ph4 format.
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AA, Arachidonic acid; DMF, N,N-dimethylformamide; DMSO, Dimethyl sulphoxide; DPPH, 2,2
-diphenyl-1picrylhydrazyl; EDTA, Ethylenediaminetetra acetic acid; 5-HPETE, 5(S)
hydroperoxyeicosatetraenoic acid; 13(S) HpODE, 13(S)-hydroperoxyoctadecadienoic acid; 5-
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Phenylmethyl sulphonyl fluoride; TMS, Tetramethylsilane.
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