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Abstract: A series of hybrid Aldimine-type Schiff base derivatives including trimethoxyphenyl ring and 1,2,4-triazle-3-thiol/thione were
designed as tubulin inhibitors. The molecular docking simulations on tubulin complex (PDB: 1SA0) revealed that derivatives with nitro and /or
chloro or dimethylamine substitutes (4-Nitro, 2-Nitro, 3-Nitro, 4-CI-3-nitro, and 4-N(CHs)z) on the aldehyde ring were the best compounds with
remarkable binding energies (-9.09, -9.07, -8.63, -8.11, and -8.07 kcalmol’, respectively) compared to Colchicine (-8.12 kcalmol). These
compounds were also showed remarkable binding energies from -10.66 to -9.79 and -10.12 to -8.95 kcalmol™ on human (PDB: 1PD8) and
Candida albicans (PDB: 3QLS) DHFR, respectively. The obtained results of cytotoxic activities against HT1080, HepG2, HT29, MCF-7, and A549
cancer cell lines indicated that 4-Nitro and 2-Nitro substituted compounds were the most effective agents by mean ICs values of 11.84+1.01
and 19.92+1.36 uM, respectively. 4-Nitro substituted compound (5 uM) and 2-Nitro substituted compound (30 uM) were able to strongly inhibit
the tubulin polymerization compared to Colchicine (5 uM) and 4-Nitro substituted compound displayed ICso values of 0.16+0.01 uM compared
to that of colchicine (0.19+0.01 uM). This compound also showed the lowest MIC values on all tested microbial strains including three Gram-

positive, four Gram-negative, and three yeast pathogens.
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Introduction

Combretastatin A-4 (CA-4) (Figure 1), a natural product originated from the bark of South African willow tree Combretum caffrom, belongs to
the family of microtubule targeting agents (MTA) which exhibits strong growth suppression toward a wide range of human tumors including
multidrug resistant (MDR) cancer at nanomolar concentrations [1-3]. During the two last decades many structure-activity relationship (SAR)
studies have been performed to synthesize more potent analogs of CA-4 by madification or derivatization of C=C bond, or the aromatic rings A
and B (Figure 1) [4-6].

Most of the recently published articles mentioned that alteration of 3,4,5-trimethoxy pheny! group (TMP, ring A) of CA-4 negatively affected the
antimitotic activity [7-9]. In fact, the TMP group is the characteristic main ring of CA-4, Colchicine, and Podophyllotoxin (Figure 1),
accommodated to the hydrophobic pocket in the colchicine site of tubulin [7, 10]. Colchicine and its derivatives as well as N-deacetyl-N-(2-
mercaptoacetyl)-colchicine, DAMA-colchicine (the main tubulin ligand of PDB code 1SA0) (Figure 1), shows H-bonding contacts between
methoxy group of TMP ring and Cysf3241 as critical residues in the colchicine binding site (CBS) [11-13]. The common pharmacophore models
for colchicine binding inhibitors (CBIs) are including i) Nguyen model (three hydrogen bond acceptors (A1, A2, and A3), one hydrogen bond
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donor (D1), two hydrophobic centers (H1 and H2), and one planar group (R1)); in this model residues of Cysf3241, Leuf252, Asp251, Ala3250,
and Vala181 were introduced as hydrogen bond acceptors [14, 15], ii) Niu model (one hydrogen bond acceptor (HBA), one hydrogen bond
donor (HBD), one hydrophobic feature (HY), and one ring aromatic feature (RA)) in which Asnal01 was introduced as HBA [13], and iii) Da
model consisted of three hydrogen bond acceptors (including Vala181, LeuB252, and CysB241), a hydrogen bond donor (Thra179), and a
hydrophobic skeleton with four hydrophobic centers. It should be noted that the two last mentioned models were relatively derived from the
first model (Nguyen model) [16]. The critical role of this biologically active pharmacophore, TMP, not only identified for combretastatin
derivatives (via fitting to B-tubulin pocket) but also reported for a dozens of compounds exhibited diverse biological activities [1, 7]. For
example, Jeong et al. designed a series of heat shock protein (hsp90) inhibitors via connecting the TMP ring of PU3 (Figure 1) and resorcinol
ring of VER-49009 (Figure 1) to combat against gefitinib-resistant cell line of H1975 [17]. The obtained results showed that the designed hybrid
molecule (1) (Figure 1) was able to efficiently suppress the expression of the both hsp90 and endothelial growth factor receptor (EGFR) [17].
Furthermore, the TMP group is also present in the structure of Trimetrexate and Trimethoprim (Figure 1) identified as one of the most
important inhibitor of human and prokaryotic dihydrofolate reductase (DHFR), respectively [18]. In addition, the TMP ring exhibited the key
role in the structure of many synthesized compounds evaluated for antimicrobial, anti-HIV (by inhibition of reverse transcriptase activity), and
anti-leishmanial activity [19-21].

The chemistry of 1,2,4-triazole derivatives has gained broad attention due to their diverse biological activities such as anticancer, antimycotic,
antimalarial, and antitubercular as well as antiparasitic, herbicidal, analgesic, CNS stimulant, antianxiety, and antimigraine activities
(Rizatriptan) (Figure 1) [22-25]. The Aldimine-type Schiff bases of 1,2,4-triazole which successfully synthesized by Li et al. exhibited considerable
in vitro antitumor potencies against the both human liver cancer cell line (Bel-7402) and breast adenocarcinoma cells (MCF-7) [26]. This
pharmacophore (Aldimine-type Schiff base) has been also found in the structure of many well-known antibacterial drugs like Nitrofurantoin,
Nitrofurazone, and Furazolidone (Figure 1) [27]. Ganguly et al. reviewed the potential role of various metal chelates of the Schiff base N-(2-
hydroxy acetophenone) glycinate for overcoming formation of multi-drug resistance tumors via different mechanisms such as deactivating
the c-Raf-1 kinase and c-Ha-ras signalling pathway [28].

Bearing in mind the above mentioned facts regarding the biological activities of 1,2,4-triazole-3-thiol/thione derivatives, Schiff bases, and
noticeable properties of TMP ring, the present study was undertaken to design some novel Aldimine-type Schiff base derivatives of 4-amino-5-
(3,4,5-trimethoxybenzyl)- 1,2,4-triazole-3-thiol/thione as Hybrid pharmacophore structure (Scheme 1) as anti-tubulin agents based on the
molecular docking simulation against tubulin CBS followed by synthesis of the best compounds according to the binding energies and
effective interactions with CBS of tubulin. In addition, docking simulations were also performed on other protein targets including human
DHFR (hDHFR), hsp90, vascular endothelial growth factor receptor 2 (VEGFR2), Staphylococcus aureus and Candida albicans DHFR. Finally, the

cytotoxic and anti-tubulin activities as well as antimicrobial effects of the synthesized derivatives were evaluated.
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Figure 1. The structures of tubulin inhibitors (Combretastatin A-4, Colchicine, Podophyllotoxin, Noscapine, Nocodazole, and Rotenone), main ligand of the
docking protein targets, and other structures explained in Introduction section, (numbering of atoms in above structures was carried out in order to avoid

confusing of realizing the molecular docking results).

Results and discussion

Molecular docking

In the present study, hybrid pharmacophore structures comprising TMP, 1,2,4-triazole-3-thiol/thione, and Aldimine-type Schiff base were
designed in order to introduce novel anti-tubulin agents mimic CA-4 and Colchicine via interaction with CBS of aB-tubulin heterodimer.
Initially, the molecular docking simulation has been carried out with the X-ray crystal structure of tubulin-colchicine: stathmin-like domain
complex (PDB code: 15SA0) and interactions between compounds and CBS were reported. In parallel, other protein targets with TMP-containing
main ligand including hDHFR (PDB code: 1PD8), hsp90 (PDB code: 3MNR), and VEGFR2 (PDB code: 3CJF) were also selected for molecular
docking evaluations. Forty eight Aldimine-type Schiff base structures (the compounds A-01 to A-24 as E isomers and the compounds A-25 to
A-48 as Z isomers) (Scheme 1) were included in the docking studies for all above mentioned protein targets. These compounds were classified
in 3 main groups: i) compounds bearing hydroxyl, methoxy and ethoxy groups, mimicking the B ring of colchicine and CA-4, ii) structures with
nitro moiety, a hydrogen bond acceptor with electron withdrawing effect [29] and iii) compounds with 4-N(CHs). group substituted on the B
ring as well as the B-ring unsubstituted derivatives (Scheme 1).

a) Tubulin: The obtained results of interaction between tubulin and the designed compounds (Aldimine-type Schiff bases and compound (2),
standard inhibitors (Colchicine, Noscapine, Rotenone, Nocodazole and CA-4), and DAMA-colchicine are shown in Table 1. Because of various
hydrogen bond acceptor in pharmacophore models for CBls [13-16] and critical role of TMP ring for anti-tubulin agents [2] in this study
hydrogen bond interaction between Cysf241 and methoxy groups in TMP ring together with favorable binding energies were considered to
select the most suitable compounds. The results of docking study were categorized according to the binding energies and cluster ranks. The
first and second cluster ranks of DAMA-colchicine were found to be the interaction between TMP ring and Cysf3241 by binding energies of -8.2
and -8.1 kcalmol, respectively, while Colchicine showed the same interaction with binding energy of -8.12 kcalmol™ in its first cluster rank.
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Therefore, in the case of the designed compounds only the clusters with binding energy up to -8.1 kcalmol were reported (ranking energy 1 to
471 inTable 1).

The compounds with hydroxyl, methoxy and ethoxy moieties mimic B ring of CA-4 and Colchicine; the group i, did not display appropriate
binding energy with tubulin in CBS. In the first category of this group, compounds with 3-OH-4-OCH: moiety, H-Bond interaction was observed
between Cysf3241 and TMP ring by binding energies range of -8.01 to -7.35 kcalmol”’ which was not as good as DAMA-colchicine (-8.2 kcalmol
). In the case of the second category, 4-OH-3,5-diOCH; substituted compounds, only the thione tautomer in the both E and Z isomeric forms of
them exhibited this interaction by binding energy of -7.69 and -7.07 kcalmol’ for compounds A-26 and A-02, respectively. Among compounds
with 3-OC;Hs-4-OH moiety, the third category, only compound AR-03 (E isomer of thione form) interacted with this residue by TMP ring by AG of
-7.32 kcalmol'. The fourth (3,4-diCzHs substitute) and the fifth (3-OCH.O-4 substitute) categories of group i displayed new style of interactions;
the structures in the compounds A-04, A-16, and A-17 were completely flip flapped and their B ring substitutes exhibited H-bond interaction
with CysB241 while their TMP ring interacted with Asna101, Sera178, and Asna101 by binding energies of -7.93, -8.35, and -8.19 kcalmol”,
respectively. So, the last mentioned categories were not selected for synthesis step because the TMP ring was not involved in the H-bond
interaction with Cys3241 in theses conformers (Table 1).

As presented in Table 1, the compounds of group ii were the best compounds based on their binding energy ranks. The first cluster of
compound A-30, bearing 4-OCHs-3-nitro group on B ring, was not displayed H-bonding with CysB241 while O atom of nitro group interacted
with NH moiety of Glya144 (1.819 A) (binding energy of -8.38 kcalmol™) (Table 1). The second cluster rank of this compound represented H-
bond between CysB241 and TMP ring by binding energy of -7.4 kcalmol. The E isomer of this compound, A-06, displayed such interaction in
the first cluster rank by AG of -7.43 kcalmol but none of Z and E isomer of the thiol tautomeric forms of this category (bearing 4-OCHs-3-nitro
group on Bring) in the first cluster rank exhibited this interaction and also favorable binding energy (-7.85 and -7.94 kcalmol, respectively). in
the second category of group ii, the 2-nitro substituted, A-19 displayed the first H-bond interaction between CysB241 and TMP ring by binding
energy of -8.57 kcalmol™ in its 4" cluster rank compared to Colchicine and DAMA-colchicine (-8.12 and -8.2 kcalmol’, respectively) (Table 1)
(Figure 2a). It should be noted that the first cluster rank of this compound (AR-19), the second order of rank energy, exhibited H-bond
interactions between thiol group and Leuf3248 (2.001 A), N3 atom of C ring with Alaf3250 (1.881 A), and nitro group with Glya144 (2.218 A) by
binding energy of -9.07 kcalmol', while the TMP ring was near to LeufB248 and LysB254 (Table 1) (Figure 2b). In the thione form of this
compound (A-07), placed at 29" rank by binding energy of -8.3 kcalmol’', the TMP ring was surrounded by CysB241, LeuB248, LeuB255, and
AlaB250 while nitro group of B ring and N2 atom of C ring interacted with Glya144 (2.033 A) and AlaB250 (2.034 A), respectively (Table 1). The Z
isomers of this category (compounds A-43 and A-31) placed at 4" and 6* rank of binding energies (-9.00 and -8.97 kcal/mol, respectively), did
not display interaction between Cysf241 and TMP ring (Table 1). The first cluster rank of 3-nitro substituted compounds (A-44, A-08, A-20,
and A-32), the third category of group ii, exhibited docking energies in the range of -8.69 to -8.26 kcalmol™ but did not display H-bonding with
Cysf3241 (Table 1). This category was selected for synthesis step because of favorable binding energy. However, the TMP ring of these
compounds interacted with Cys3241 by binding energies of -7.73, -7.23,-7.57, and -7.65 kcalmol, respectively. The fourth category of group ii,
the 4-nitro substituted, was the best category according to their binding energy. The compound A-21 was taken the first energy rank (-9.09
kcalmol); this conformer interacted with Glya144 and GInB247 by nitro and thiol group, respectively while the TMP ring was buried into
hydrophobic pocket (Leu255, Ala250, Leuf3248) of CBS (Table 1) (Figure 2c). Its thione form, A-09, displayed these interactions (except for H-
bond between SH group) by binding energy of -8.75 kcalmol”, and also showed m-cation interaction between the Bring and LysB254 (Table 1).
The Z isomer of this compound, A-33, was placed in the third rank of energy (binding energy of -9.01 kcalmol’') (Table 1). The compound A-45
exhibited m-cation interaction between Lysf254 and B ring, and also H-bond interaction between nitro and thiol group with Glya144 and
Sera178, respectively (binding energy of -8.88 kcalmol) (Table 1). In the last category of group ii, the 4-chloro-3-nitro substituted, in the both
of E isomeric forms (compounds A-10 and A-22) the TMP ring interacted with CysB241 (the first cluster rank) by docking energies of -8.11 and -
7.96 kcalmol”, respectively (Table 1). However, the Z isomeric forms of them, A-34 and A-46, exhibited such interaction in the 4 and 5%
cluster ranks by binding energies of -7.73 and -7.53 kcalmol’, respectively. To sum up, in this group, H-bond interaction between Glya144 and
nitro substitutes were observed in compounds with favorable binding energies (A-21, A-19, A-33, A-43, A-31, A-45, A-09, A-20, A-30, and
A-07) in the range of -9.09 to -8.3 kcalmol (Table 1). The same results were reported by Zhao et al. who observed that the most potent tubulin
polymerization inhibitor interacted with Glya144 via hydrogen bond in CBS [30]. This interaction was also reported for other tubulin inhibitor
agents [29].

Although in the first category of group iii, bearing 4-N(CHs), all compounds (A-11, A-23, A-35, and A-47) exhibited H-bond interaction
between TMP ring and Cysf241 in CBS by binding energies of -8.07, -7.85, -7.48, and -7.74 kcalmol, respectively, only A-11 displayed binding
energy higher than -8.00 kcalmol™ (Table 1). In the second category of this group, only the first cluster of thione forms (compounds A-36 and
A-12) displayed H-bond interaction between CysB241 and TMP ring by binding energies of -7.64 and -7.38 kcalmol, respectively. Therefore,

none of the compounds in this category were suitable for synthesis step.
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To sum up, the 4-Cl-3-nitro, 2-, 3-, and 4-nitro and 4-dimethylamine substituted benzaldehydes were used for synthesis of Aldimine-type Schiff
base derivatives.

The molecular simulation results of compound 2 revealed the H-bonding interaction between Cysf3241 in CBS and TMP at cluster rank 2
(thione form, Tn) and cluster rank 1 (thiol form, Tl) by binding energies of -5.48 and -5.89 kcalmol’, respectively.

Total rank of binding energy for all designed compounds, standard inhibitors, and DAMA-colchicine was 650 levels among which the worst
binding energy of Aldimine-type Schiff bases and compound 2 belonged to the cluster rank 90 (R-14) and 28 (Tn) with binding energy of -5.15
and -4.84 kcal/mol, respectively. All of the Aldimine-type Schiff bases exhibited well binding energy compared to CA-4 in their first cluster ranks
while the docking binding energies of all selected compounds for synthesis were better than Noscapine, Rotenone, Nocodazole and CA-4
(Table 1).

Table 1. Top rank of AutoDock binding energy (up to-8.1 kcalmol-1) between Colchicine binding site of tubulin (PDB code: 1SA0) and designed compounds main

ligand, and standard inhibitors.

AG® K
Rank® Compound Cluster Rank® H-Bonding® (distance, A)
(kcal/mol) (uM)

B:GIn247: O -- H2 (2.093)

1 A-21 1 -9.09 0.22
a: Gly144: HN -- O1-Nitro(1.795)
B:Leu248: 0 -- H2 (2.001)
2 A-19 1 -9.07 0.23 B: Ala250: HN -- N3 (1.881)
a: Gly 144: HN -- 02 -Nitro (2.218)
3 A-33 1h -9.01 0.25 a: Gly144: HN -- O2-Nitro (1.821)
B:GIn247: O -- H2 (1.948)
4 A-43 1 -9 0.25
a: Gly144: HN -- O2-Nitro (1.777)
B: Leu248: O -- H2 (1.987)
5 A-19 2 -8.98 0.26 B: Ala250: HN -- N3 (1.858)
a: Gly144: HN -- O1-Nitro(1.808)
6 A-31 1 -8.97 0.27 a: Gly144: HN -- O1-Nitro(1.796)
a:Ser178:0--H2 (2.146)
7 A-45 1 -8.88 0.31
a: Gly144: HN -- 02-Nitro (1.863)
B:GIn247:0-- H2 (2.202)
8 A-21 2 -8.86 0.32
a: Gly144: HN -- O2-Nitro (1.731)
a:Ser178: 0 -- H1(1.996)
9 A-33 2 -8.83 0.34
a: Gly144: HN -- O1-Nitro(1.876)
10 A-09 1 -8.75 0.39 a: Gly144: HN -- O1-Nitro(1.806)
a:Val181: HN -- 02-Nitro (2.031)
11 A-34 1 -8.7 0.42
B: Cys241: HG - N2 (2.107)
B:Leu248: 0 --H2 (2.018)
12 A-44 1 -8.69 043
a: Gly144: HN -- O1-Nitro(1.798)
13 A-08 1 -8.63 047 a: Gly144: HN -- O1-Nitro(1.768)
B:Ala317: 0 -- H2 (1.992)
14 A-46 1 -8.63 0.48
a: Val181: HN -- 02-Nitro (2.183)
15 A-08 2 -8.62 0.48 a: Gly144: HN -- O2-Nitro (1.746)
B:GIn247:0--H2 (2.107)
16 A-21 3 -8.61 0.49
a: Gly144: HN -- O2-Nitro (1.807)
17 A-09 2 -8.6 0.49 a: Gly144: HN -- 02-Nitro (1.677)
a: Gly144: HN -- 02-Nitro (1.732)
18 A-09 3 -8.58 0.51

a:Ser178: HG--N2 (1.973)
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A-32

A-07

DAMA-

colchicine”

A-17

A-07

A-08

Colchicine

-8.57

-8.56

-8.53

-8.47

-8.39

-8.38

-8.38

-8.35

-8.35

-8.26

-8.26

-8.25

-8.22

-8.19

-8.15

-8.12

-8.12

-8.11

-8.07

052

053

0.56

0.59

0.71

0.76

083

0.88

0.89

0.98

1.00

1.07

1.12

.11

1.14

1.21

a: Val181: HN -- O1-Nitro(1.944)
B: Lys352: HZ -- O2-Nitro (2.078)
B: Cys241: HG-- 02 (2.173)

a: Gly144: HN -- O2-Nitro (1.792)
a: Ser178: HG-- N2 (2.203)
B:GIn247:0--H2 (2.116)

a: Gly144: HN -- O2-Nitro (1.719)
a: Gly144: HN -- O1-Nitro(1.814)
a: Ser178: HG -- N2 (1.935)

a: Gly144: HN -- O1-Nitro(1.785)
a: Ala250: HN -- 02 (2.217)

B: Lys352: HZ -- 02-Nitro (1.895)
a: Val181: HN -- O1-Nitro(2.003)
B: Cys241: HG -- N3 (2.050)

a: Gly144: HN -- 02-Nitro (1.819)
a: Gly144: HN -- 02-Nitro (1.835)
a: Val181: HN -- O1-Nitro(1.772)
B: Lys352: HZ -- 02-Nitro (1.856)
B: Cys241: HG- 01 (1.98)

B: Asn258: 0 -- H2 (2.079)

B: Cys241: HG -- O (3-OFEt) (1.979)
a:Ser178: HG -- 01 (1.793)

a: Gly144: N -- 02-Nitro (2.033)
B: Ala250: HN -- N2 (2.034)

a: Gly144: HN -- O1-Nitro(1.754)
a:Ser178: HG -- 03 (2.146)

B: Lys352: HZ -- O1-Nitro(1.94)
B: Cys241: HG-- 02 (2.155)
a:Val181: HN -- O2-Nitro (1.985)
a:Asn101: HD-- 01 (2.244)
a:Ser178:HG--03(2.213)
a:Val181:HN--N2 (2.171)

B: Cys241: HG-- O (3-OFt) (1.977)
a:Thr179:0 (2.013) - H4
B: Cys241: HG-- 01 (1.889)

B: Cys241: HG-- O (4-OFEt) (2.181)
a:Val181: HN -- N3 (2.085)
a:Asn101: HD -- 03 (1.996)

B: Lys352: HZ -- 02-Nitro (1.918)
B: Cys241: HG-- 01 (1.9)

a: Val181: HN -- O2-Nitro (2.212)
a: Gly144: HN -- 02-Nitro (2.129)
B: Cys241: HG - O1 (1.956)
a:Val181: HN -- 02-Nitro (1.826)
B: Cys241: HG-- 01 (2.139)

B: Cys241: HG -- O1 (1.956)
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Noscapine
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CA-4

-8.07

-8.00

-7.81

-6.86

a:Asn101: HD -- 08 (2.144)

1.21
B: Cys241: HG - 02 (1.829)
B: Ala250: HN -- 04 (2.211)
1.37
B:Lys254: HZ - O1 (2.015)
a:Asn101: HD -- O5 (1.906)
1.87
a:Thr179: 0 --H3 (2.187)
a:Val181:HN -- 05 (2.11)
9.44

B: Cys241: HG -- 03 (2.049)

aSorting based on binding energy; ® No. of cluster; < Estimated AG binding; ¢ Estimated inhibition constant, K; (uM); ¢ Chain:

residue with H-bonding: group -- atom no. (distance, A);'Residues without H-bonding near TMP ring in hydrophobic

pocket; 9m-cation interaction between B-ring and Lysp254; " N-deacetyl-N-(2-mercaptoacetyl)-colchicine, the main ligand

in tubulin (PDB code: 1SA0).
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Figure 2. Interactions of compounds in colchicine binding site (CBS) of aB-tubulin (PDB code: 1SA0). Left: 3D-view, The a and B chains were showed in turquoise
and yellow color, respectively. Residues labels of a chain and B chain indicated by black and red color, respectively. H-bonding interaction were showed by green
dots and wired spheres. a) blue structure, the first conformer of 1 cluster rank of A-21; b) blue structure, the first conformer of 1 cluster rank of A-19; ¢) blue

structure, the first conformer of 4" cluster rank of A-19; Right: 2D-view, Black dashed lines indicate hydrogen bonds, salt bridges, and metal interactions. Green

solid line show hydrophobic interactions and green dashed lines show - and m-cation interactions, the figure created by The ProteinPlus Webserver

http://poseview.zbh.uni-hamburg.de/pdb_files.

b) DHFR
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-hDHFR: The molecular docking studies for all of Schiff base derivatives were performed and the output docking files (.dlg file) ranked based on
binding energies. Analyses of docking results were reported based on the first 22 ranking binding energies of 48 designed compounds, main
protein ligand (2,4-diamino-5-methyl-6-[(3,4,5-trimethoxy-N-methylanilino)methylipyrido[2,3-d]pyrimidine) and standard inhibitors
(Trimetrexate, Methotrexate and Trimethoprim). The compound A-10, 4-chloro-3-nitro B ring substituted in E thione isomeric form, was the
best structure according to the binding energy (-10.66 kcalmol') comparted to the main protein ligand, Trimetrexate, Methotrexate, and
Trimethoprim (-9.75, -9.4, -9.31, and -7.81 kcalmol’, respectively and binding energy rank of 22, 52, 66, and 331, respectively) (Table 2). The
best conformer of this compound exhibited H-bond interaction between nitro group and Gina35 (2.103 A) (Figure S-1a, see the Supplementary
Material). Its TMP ring showed m-t interaction with Tyra121 and NDP300 (NADPH dihydro-nicotinamide-adenine-dinucleotide phosphateand)
and also Tyra121 displayed such interaction with C ring of this compound while the main ligand exhibited only m-m interaction between TMP
ring and Phea31 (Figure S-1b, see the Supplementary Material). The TMP ring of compound A-10 was almost overlaid on pyrido[2,3-
d]pyrimidine ring of the main ligand while two structures were completely flip flapped in the active site of hDHFR (Figure S-1a and Figure S-1b,
see the Supplementary Material).

In conclusion, the selected compounds of the previous section (compounds with 4-Cl-3-nitro, 2-, 3-, and 4-nitro substituted) were exhibited
appropriate binding energies against hDHFR (18 of 24 cluster rank) and even better than the main ligand, Trimetrexate, Methotrexate and
Trimethoprim (Table 2).

-Microbial DHFR: According to the above obtained docking results and also the presence of the 1,2,4-triazole moiety in the structure of
designed compounds, the microbial protein targets (DHFR from S. aureus, PDB code: 2W9S and C. albicans, PDB code: 3QLS) were added to the
docking studies. All of structures were showed better binding energies compared to Trimethoprim against the both applied protein targets
(binding energy of -7.59 and -7.12 kcalmol’' against DHFR from S. aureus and C. albicans, respectively).

The compound A-01 represented H-bond interaction between NH moiety in C ring and Sera49 (1.868 A), OH group in B ring with Phea92 (2.189
A), and OCH; moiety in TMP ring with Hisa23 (2.043 A) by binding energy of -9.57 kcalmol' against DHFR from S. aureus (Figure S-1c). In
addition, this compound displayed m-m interaction between C ring and Phea92 (Figure S-1c¢, see the Supplementary Material). Alike compound
A-01, the best conformer of compound A-10 was also displayed all of the mentioned interactions except for interaction of OH group in B ring
with Phea92 (Figure S-1d, see the Supplementary Material).

The molecular docking results of C. albicans DHFR were better than S. aureus target (Table 3). The compound A-22, thiol form of A-10,
displayed the highest binding energy (-10.12 kcalmol’) compared to Trimetrexate, main ligand, Methotrexate and Trimethoprim (C. albicans
DHFR binding energies 0f-9.03, -8.83, -8.18, and -7.12 kcalmol™, respectively and binding energy rank of 19, 29, 58, and 272, respectively). in
addition to H-bond interaction with Sera61 which observed in the main ligand and standard inhibitors, this compound (A-22) represented two
additional H-bond interactions with Arga72 and nitro group as well as m-m interaction between Phea36 and TMP ring like Trimetrexate
(Quinazoline ring) (Figure S-1e and Figure S-1f, see the Supplementary Material). Consequently, the compounds A-22, A-20, A-10, A-08, and
A-09 (previously selected in the tubulin section) were found to be more efficient than the main ligand, Methotrexate and Trimethoprim
against C. albicans DHFR (Table 3).

Table 2: Top rank of AutoDock binding energy (the first 22 clusters) between other three protein targets and designed compounds/ main protein target ligands/

standard inhibitors.

hDHFR (1PD8) hsp90 (3MNR) VEGFR-2 (3CJF)

Rank® Compound Clut AG* Compound  Clu. AG Compound  Clu. AG
1 A-10 1 -10.66 Ligand® 1 -13.14 Ligand® 1 -8.93
2 A-22 1 -10.6 A-34 1 -9.6 Ligand 2 -8.3
3 A-08 1 -10.46 Ligand 2 -9.59 A-45 1 -8.12
4 A-22 2 -10.16 Ligand 3 -9.53 Ligand 4 -8.04
5 A-06 1 -10.15 A-20 1 -9.39 A-42 1 -7.98
6 A-10 2 -10.15 Ligand 4 -9.39 A-22 1 -7.95
7 A-18 1 -10.15 A-32 1 -9.25 A-20 1 -7.88
8 A-10 3 -10.10 A-18 1 -9.25 A-44 1 -7.87
9 A-20 1 -10.00 A-06 1 -9.15 A-20 2 -7.83
10 A-22 3 -9.98 A-10 1 -9.11 A-34 1 -7.71
11 A-20 2 -9.90 A-18 1 -9.09 A-22 2 -7.68
12 A-22 4 -9.88 A-08 1 -9.07 A-18 1 -7.67
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13 A-21 1 -9.86 A-08 2 -9.07 A-20 4 -7.65

14 A-17 1 -9.86 A-46 1 -9.07 A-32 1 -7.6
15 A-08 2 -9.83 A-14 1 -9.06 A-45 2 -7.6
16 A-18 2 -9.83 A-18 2 -9.03 A-46 1 -7.59
17 A-06 2 -9.82 A-18 3 -8.94 A-30 1 -7.53
18 A-05 1 -9.82 A-16 1 -8.92 A-21 1 -7.5
19 A-19 1 -9.82 A-34 2 -8.9 A-34 2 -7.45
20 A-09 1 -9.81 A-30 1 -8.88 Ligand 5 -7.45
21 A-10 4 -9.79 A-20 2 -8.88 A-07 1 -7.43
22 Ligand" 1 -9.75 A-44 1 -8.87 A-33 1 -7.42

@ Sorting based on binding energy; ® No. of cluster; < Estimated AG binding (Kcalmol'); ¢ 2-[(3,4,5-trimethoxyphenyl)amino]-4-(2,6,6-
trimethyl-4-oxo0-4,5,6,7-tetrahydro-1H-indol-1-yl)benzamide, main ligand of hsp90 (PDB code: 3MNR); ¢ N4-(3-methyl-1H-indazol-6-yl)-
N2-(3,4,5-trimethoxyphenyl)pyrimidine-2,4-diamine, main ligand of VEGFR-2 (PDB code: 3CJF); ' 2,4-Diamino-5-methyl-6-[(3,4,5-
trimethoxy-N-methylanilino)methylipyrido[2,3-dIpyrimidine, main ligand of hDHFR (PDB code 1PD8).

Table 3: Top rank of AutoDock binding energy (the first 22 clusters) between two microbial protein targets with designed compounds/ main protein target

ligands/standard inhibitors.

DHFR (2W9S) DHFR (3QLS)
S. aureus C. albicans
Rank® Compound Clu* AG* Compound  Clu. AG
1 A-01 1 -9.57 A-22 1 70?12
2 A-05 1 -9.52 A-20 1 -9.83
3 A-27 1 -9.47 A-10 1 -9.8
4 A-39 1 -9.38 A-15 1 -9.62
5 A-01 2 -9.34 A-10 2 -9.56
6 A-10 1 -9.31 A-14 1 -9.53
7 A-13 1 -9.31 A-18 1 -9.44
8 Methotrexate 1 -9.23 A-08 1 -9.42
9 A-09 1 -9.2 A-20 2 -9.37
10 A-05 2 -9.15 A-22 2 -9.35
11 A-01 4 -9.14 A-22 3 -9.34
12 A-01 5 -9.14 A-08 2 -9.33
13 A-17 1 -9.08 A-10 3 -9.27
14 A-44 1 -9.07 A-22 4 -9.26
15 A-06 1 -9.03 A-06 1 -9.24
16 A-27 2 -9.03 A-06 2 -9.18
17 A-21 1 -9.03 A-18 2 -9.09
18 A-11 1 -9.01 A-06 3 -9.03
19 A-05 3 -8.93 Trimetrexate 1 -9.03
20 A-32 1 -8.92 A-08 3 -9.02
21 A-38 1 -8.91 A-22 5 -9
22 A-22 1 -8.9 A-09 1 -8.99
29 Ligand® 1 -8.83

aSorting based on binding energy; ® No. of cluster; © Estimated AG binding (Kcalmol');  6-
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methyl-5-[3-methyl-3-(3,4,5-trimethoxyphenyl)but-1-yn-1-yllpyrimidine-2,4-diamine, main
ligand of C. albicans DHFR (PDB code: 3QLS); ¢ Themain ligand of S. aureus DHFR (PDB
code:2W9S)

¢) Hsp90 and VEGFR2: The hsp90 and VEGFR2, as additional protein targets, were also selected and all designed Schiff bases were subjected to
simulation using the similar method described for hDHFR. The molecular docking results was reported based on the first 22 ranking binding
energies of 48 designed compounds and the main protein ligands. In the case of the both targets (hsp90 and VEGFR2), main ligands exhibited
the highest binding energies (-13.14 and -8.93 kcalmol’', respectively) (Table 2).

The O atoms of nitro group in the compound A-34, the best compound against hsp90 by binding energy of -9.6 kcalmol’, interacted with H
atom of crystallographic water and Lysa58 in hsp90 active site, in addition to its NH moiety of C ring which interacted by another
crystallographic water while the TMP ring showed -1 interaction with Phea138 (Figure S-2a, see the Supplementary Material). The
interactions of the second compound, A-20, were including H-bonds between thiol (C ring) and methoxy (TMP ring) moiety with
crystallographic waters and also nitro group of B ring with Lysa58 by distances of 2.179, 2.241, and 2.188 A, respectively (Figure S-2b, see the
Supplementary Material). The crystallographic water molecules in the active site of hsp90 interacted with carbonyl groups and NH, moiety of
the main ligand; while methoxy groups in the TMP ring and NH. moiety interacted with Lysa58 (H-bond and m-cation interactions) and
Aspa93, respectively (Figure S-2¢, see the Supplementary Material).

The compound A-45 exhibited higher binding energy (-8.12 kcalmol™) for VEGFR2 compared to other compounds by H-bond interactions
including nitro group with Asna921 (2.225 and 1.86 A), N atom of C ring with Cysa917 (1.827 A), and the methoxy moiety of TMP ring with
(501043 (L-peptide linking, 1.907 A) (Figure S-2d, see the Supplementary Material) while the main ligand interacted by N atom of its
pyrimidine ring with Cysa917 (2.006 A) (Figure S-2e, see the Supplementary Material). The TMP ring of compound A-22 was almost overlaid on
the same ring of the main ligand and this compound showed H-bond interactions by methoxy, N atom of C ring, and nitro group of B ring with
Asna921 (2.06 A), Cysa917 (2.049 A), and CSO1043 (1.715 A), respectively, and also exhibited -t interaction between Phea916 and its C ring
(Figure. S-2f, see the Supplementary Material).

To sum up, the compounds bearing 2-, 3-, 4-nitro, 4-chloro-3-nitro group on B ring (R-21, A-19, A-33, A-43, A-31, A-45, A-09, A-34, A-44, A-
08, A-46, and A-10 for tubulin; A-10, A-22, A-08, A-20, A-21, A-19, and A-09 for hDHFR; A-10, A-09, A-44, A-21, A-32, A-22, and A-34 for
S. aureus DHFR; A-22, A-20, A-10, A-08, A-09, and A-34 for C. albicans DHFR; A-34, A-20, A-32, A-10, A-08, and A-46 for hsp90; and A-45,
A-22, A-20, A-44, A-34 for VEFGR2) (Table 1, Table 2, and Table 3) were the most effective derivatives based on the molecular simulation
results. Furthermore, their E isomeric forms exhibited better docking results for tubulin heterodimer compared to Z isomers. Finally, the
compounds substituted by 2-, 3-, 4-nitro, 4-chloro-3- nitro, and 4-dimethylamine moieties on B ring were selected for synthesis step according
to favorable docking results for tubulin heterodimer as main target (Table 1).

Chemistry

A series of selected Aldimine-type Schiff base derivatives obtained from docking studies were synthesized following the reaction outlined in
Scheme 1. The both methods (I and Il in Scheme 1) were modified for the synthesis of compound 2 but method Il (fusion method) was applied
for synthesis of recent compound because of the higher reaction yield (the yields of method | and Il were 24% and 43% [31], respectively). The
crude product was recrystallized from methanol to give compound 2 as precursor for Aldimine-type Schiff base derivatives. Thereafter,
different aromatic aldehydes were added to compound 2 in the presence of few drops of HCI (Conc.) and absolute ethanol at 90—100 °C for
6—10 h, followed by immediately recrystallization from ethanol. The structures of these compounds were confirmed by FT-IR, '"H NMR, >C NMR,
and mass spectral data.

Whereas the imine group (C=N) was reported as a photo-sensitive functional group. Most of imine-containing structures exhibited two
isomerization manner; thermal isomerization (cis = trans) and photochemical isomerization (trans = cis) [32]. In the present study, all of
compounds were synthesized in dark conditions and all of synthesis process (refluxed, work up, and recrystallization) were carried out in one
day without elapsing time. Furthermore, the 'H-NMR spectra of all synthesized compounds displayed one peak for -N=CH- (imine) (6 =
9.61—10.41 ppm). Meanwhile, the related calculated integrals indicated that almost one of the E or Z isomers was synthesized. In addition to E
and Z isomeric states, these structures were able to tautomeric forms (thione and thiol). It must be noted that the FT-IR spectra of compounds
almost displayed the both tautomeric forms (thione/thiol). However, the 'H-NMR spectra displayed one peak for -NH/SH - (6 = 10.77-13.87
ppm).

This article is protected by copyright. All rights reserved.



E isomer Z isomer R
thione thiol thione thiol
\
=N
A-01 A3 A-25  A-37 3-OH, 4-OCHj
A-02 A4 A-26  A-38  4-OH, 3,5-diOCH;
0 ;. A03 A5 A-27  A-39 3-0OC;Hs, 4-OH
6 ~ |groupi A-04 A-18 A-28  A-40 3,4-diOC;Hg
A-05  A-17 A-29  A-41 3-OCH,0-4'
o] A06 A-18 A-30  A-42  4-0CHj, 3-NO,
(o] /
A-07 A-18 A-31  A-43  2-NO,
A-08  A-20 A-32  A-44 3-NO,
groupii a.09 A-21 A-33  A-45  4-NO,
A-10 A-22 A-34 A48 4-Cl, 3-NO,
... A11 A23 A-35 A-47  4-N(CHj),
Group it a2 a-24 A36 A48 H

Schiff base derivatives

- 0 W
o~E12) < r~en Y
R\/\B/ Thione form R\/.B/ Thiol form

Scheme 1. General reaction scheme for the synthesis of target compounds: Reagents and conditions: () Conventional method: (a) SOCI, refluxed 2 h, (b) NoH,,
ethanol (abs.) refluxed 8 h, (c) KOH, CS;, ethanol (abs.) refluxed 9 h, (d) N.H,, ethanol (abs.) refluxed 9 h; (i) Solvent free (fusion) method: (e) 1) dropwise, stirred at 0-
5°C, 2) refluxed 3 h, (f) fusion 140 °C and 170 °C for 6h in two steps, (g) ethanol (abs.), HCI (Conc.), refluxed for 6-10 h.

There are several experimental methods for studying such isomerization including flash photolysis, NMR-, IR- and UV/Vis-spectroscopy. The
same methods have been also applied for studying tautomeric transformations in solutions and in crystalline state [32, 33]. Recently, the
quantum chemistry, the theoretical method, was applied for investigation of the stable forms of imine-containing compounds [32-34].
Therefore, we used geometry optimization for investigation of the stable forms of designed structures. So, compounds bearing 4-Nitro group
on Bring (compounds A-09, A-21, A-33, and A-45) were chosen as candidates for computational methods of quantum chemistry.

As it can be seen the E isomers were more stable than Z isomers, and also the thione forms of two isomers were the most stable tautomer
(Table 4).

Table 4. Total energy (Hartree and KImol') values of the structures considered (B3LYP/6-31+G*) of 4-Nitro substituted Aldimine-type Schiff base

(E12) SH
o

Calculated energies
Isomericform  Tautomericform Compound

Hartree kJmol"
E Thione A-09 -1783.400719  -4682318.587577
E Thiol A-21 -1783.372632  -4682244.846445
z Thione A-33 -1783.387754  -4682284.549387
z Thiol A-45 -1783.362811 -4682219.059650

Considering the higher stability of E isomers in quantum study and also the NMR results and synthesis conditions (that were described above),

it seems that we synthesized and isolated the E isomers in synthesis steps.

Biological activity

a) Cytotoxicity assay: The potential cytotoxic effects of synthesized compounds against five cancer cell lines HT1080, HepG2, HT29, MCF-7, and
A549 were evaluated by MTT assay. Doxorubicin, Colchicine, and Methotrexate were used as standard positive controls. The mean ICso value of
4-Nitro substituted compound, Doxorubicin, Colchicine and Methotrexate against five mentioned cell lines was 11.84+1.01, 7.09+0.56,
3.83+0.20, and 0.40+0.03 uM, respectively. The compound 4-Nitro substituted compound (ICso value of 5.28+0.72 uM) was more active than
Doxorubicin (ICso value of 6.12+0.47 uM) against HT29 cell line. The obtained pattern of mean ICso values (4-Nitro> 2-Nitro> 4-Cl-3-Nitro>3-
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Nitro> 4-N(CHs): substituted compounds > compound (2) were approximately in agreement with the docking results on tubulin (R-21 (4-
Nitro) > A-19 (2-Nitro) > A-08 (3-Nitro) >A-10 (4-Cl-3-nitro) > A-11 (4-N(CHs),> compound 2) (Table 1 and Table 5). The comparison of the
ICso values of compound 2 and Aldimine-type Schiff bases revealed the critical role of Schiff base pharmacophore for increasing the cytotoxic
activity (Table 5). It must be noted that the position of the nitro group could also positively affected the cytotoxicity. For example, 4-nitro
substituted compound inhibited the cell lines by mean ICso value of 11.84+1.01 uM while the 3-nitro substituted compound showed mean ICso

value of 74.97+5.86 uM. In addition, the presence of 4-chloro moiety in compound A-10 (4-Cl-3-Nitro) improved the inhibitory effect

(approximately two fold) compared to 3-Nitro substituted compound (Table 5).

Table 5. In vitro cytotoxic activities (ICso£S.E., uM) of the synthesized compounds and the standard controls.

A N g TNH
NH N—
N
o HN SH
SH /0
- 2 d Schiff bases
R—y
Compound R HT1080 HepG2 HT29 MCF-7 A549 Mean
2 - 75.59+20.53 125.00+11.99 214.39+8.48 144.74+13.45 279.49+15.74 167.85+14.04
A-07/19 2-Nitro 17.98+0.32 24.21+1.70 19.82+1.87 25.36+2.59 12.25+0.30 19.92+1.36
A-08/20 3-Nitro 120.22+5.4 107.72x1.67 91.19+13.57 32.08+1.77 23.65+6.88 74.97+5.86
A-09/21 4-Nitro 13.74+0.48 17.21£043 5.28+0.72 9.67+1.36 13.32+£2.07 11.84x1.01
A-10/22 4-CI-3-Nitro 73.52%1.74 23.17+0.95 16.72+0.26 71.96%1.11 43.53%1.71 45.78+1.15
A-11/23 4-(CH;3), 117.02+9.64 26.22+1.79 41.81%1.18 74.58+2.09 79.89+4.89 67.90+3.92
Doxorubicin - 12.69+1.23 6.74+0.48 6.12+0.47 3.57+0.32 6.40+0.31 7.09+0.56
Colchicine - 3.76+0.31 5.10£0.27 3.35+0.05 4.08+0.31 2.87+0.06 3.83+0.20
Methotrexate - 0.74+0.05 0.29+0.02 0.39+0.04 0.19+0.01 0.43+0.01 0.40+0.03

The obtained results of the present study was in accordance to Banimustafa et al. who synthesized a series of 3-(trimethoxyphenyl)-2(3H)-
thiazole thiones as combretastatin derivatives and evaluated their antiproliferative activity [35]. They found that the most potent agent
inhibited the growth of T47D, MCF-7, and MDA-MB-231 cell lines by ICso of 16.3£3.7, 19.7+0.8, and 11.8+1.3 ugml”, respectively [35]. Among
the combretastatin derivatives (1-aryl-6-(3,4,5-trimethoxyphenyl)-3(Z)-hexen-1,5-diynes) designed and synthesized in the study of Lo et al. the
most effective compound was able to arrest the cell growth of A549, AGS (gastric cancer), and PC-3 (prostate cancer) by ICsy value of 3.99, 0.13,
and 0.51 uM, respectively [36]. Determination of the cytotoxic activity of a new series of 4 3,4-disubstituted-5-(3,4,5-trimethoxyphenyl)-4H-
1,2,4-triazoles (as combretastatin analogs) revealed that the most active compound was able to inhibit HT-29, MCF-7, and HepG2 cell lines by
the ICso values of 126.40, 63.72, and 31.72 uM, respectively [5].

b) Anti-tubulin assay: Following evaluation the cytotoxic effect of the synthesized derivatives, the ability of the most efficient compounds for
inhibition of tubulin polymerization in vitro was demonstrated. As illustrated in Figure 3, 4-nitro substituted compound (was able to strongly
inhibit tubulin polymerization and appeared to be even more potent than the reference compound Colchicine via elongation of tubulin
polymerization procedure in the both applied concentrations of 5 uM and 15 uM. This compound elongated the tubulin assembly time
compared to control (tubulin protein in the absence of any compound). The percent of tubulin polymerization inhibition in the case of 4-nitro
substituted compound at two concentrations of 5 uM and 15 uM were found to be 78.2% and 81.5%, respectively, in comparison to control
(Figure 3). Considering to the higher inhibition of tubulin assembly in the presence of 4-nitro substituted compound the ICs of this compound
was determined and found to be 0.161+0.014 uM compared to that of Colchicine (0.189+0.012 uM). Although, 2-nitro substituted compound
(30 uM) arrested the assembly of tubulin (inhibition percent of 59.7%) the inhibitory effect was found to be lower than Colchicine (5 uM,
inhibition percent of 73.4%) (Figure 3). The positive effect of Paclitaxel (as a tubulin stabilizing agent) on polymerization of tubulin was also

presented in Figure 3.
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Figure 3. Effects of 4-Nitro and 2-Nitro substituted compounds (A-09/21 and A-07/19, respectively) on tubulin polymerization. Each compound was added to
tubulin solution (4 mgmi’) prepared in P-GEM (general tubulin buffer containing 10.2% glycerol supplemented with 1 mM GTP) followed by monitoring of Ass

using a Synergy 2 multi-mode plate reader during 60 min (intervals of 30 s) incubation at 37 °C.

The obtained results of this section are in accordance with the molecular simulation studies which showed 4-nitro substituted compound (the
best compound according to docking binding energy for tubulin) had hydrogen bonding interaction with GInf3247 by SH group of 1,2,4-
triazole-5-thiol ring and Glya144 by nitro group while TMP moiety in A ring was well buried inside the hydrophobic pocket including LeufB255,
LysB254, and AlaB250 in CBS (Figure 2c). On the other hand, 2-nitro substituted compound displayed two interaction models with CBS in af3-
tubulin heterodimers. The first model with energy binding of -9.07 kcalmol exhibited hydrogen bonding with LeuB248, Ala3250, and Glya144
whereas TMP ring was placed near Leuf3248 and Lysf3254 in the hydrophobic pocket (Figure 2b). The second model with binding energy of -
8.57 kcalmol™ showed hydrogen bonding between methoxy group in TMP ring and CysB241 together with oxygen atoms in nitro group
exhibited hydrogen bonding with Vlaa181 and LysB352 (Figure 2a). This conformer was well buried in hydrophobic pocket and interacted by
LeuB255, Leuf3248, Metfi259, AlaB3317, and AlaB316 (Figure 2a). It seems that these two compounds (4-nitro and 2-Nitro substituted
compound) represented different models in CBS of af-tubulin heterodimer; i) H-bonding interaction with CysB241 [13] and ii) H-bonding
contacts with Glya144 [29, 30]. Furthermore, in the both models the hydrophobic interaction of TMP ring with critical hydrophobic residues of
CBS in aB-tubulin was observed.

¢) Antimicrobial assay: As represented in Table 6, which summarized the obtained results of antimicrobial activity of the synthesized
compounds, 4-nitro substituted compound was the most active agent against all the three Gram-positive bacterial strains used in the present
study by MIC" value of less than 8 ugml’'. 4-Nitro substituted compound was the second effective compound inhibited the growth of Gram-
positive bacteria at concentration of 16 ugml'. Evaluation the antimicrobial effects of other three Aldimine-type Schiff bases (3-nitro, 4-Cl-3-
nitro, and 4-N(CH); substituted compounds) and 2 on Gram-positive bacterial strains revealed the MIC values of above 32 ugml’ among
which compound 2 exhibited the lowest antibacterial activity against B. subtilis by MIC of 512 ugml-'.

The same pattern of efficacy (4-Nitro>2-Nitro>4-Cl-3-nitro>3-Nitro=4-N(CHs): substituted compounds > 2) was attained after comparison of
the results obtained from antibacterial activity of the tested compounds against Gram-negative bacteria (Table 6).

In the case of yeast pathogens, C. neoformans was the most resistant strain which inhibited by 4-Nitro substituted compound at concentration
of 32 ugml’' (Table 6). The observed MICs of 2-Nitro, 3-Nitro, 4-Cl-3-nitro, and 4-N(CHs). substituted compounds against C. neoformans were
foundto be 128 ugml™, 512 ugmi”, 512 ugml', and 512 ugml, respectively (Table 6).

' The minimum inhibitory concentration
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Table 6. The minimum inhibitory concentration (MIC, ugml') of the synthesized compounds and the standard controls against the tested microorganisms.

~ =N\
NH
~ N—
o HZN/
o SH
- 2
Gram-positive bacteria Gram-negative bacteria Yeast strains
Compound R
1° 2 3 44 5¢ 6f 7° 8" 9 10
2 - 256 512 256 1024 1024 512 1024 >1024 512 >1024
A-07/19 2-Nitro 16 16 16 32 16 <8 <8 16 32 128
08/20 3-Nitro 64 64 32 128 128 64 64 256 256 512
09/21 4-Nitro <8 <8 <8 16 16 <8 <8 <8 <8 32
10/22 4-CI-3-Nitro 32 64 32 64 64 32 64 64 64 512
11/23 4-(CHs), 64 64 32 128 128 64 64 256 256 512
Ciprofloxacin - 2 4 1.33 2.67 2 2 2 - - -
Fluconazole - - - - - - - - 8 8 16

a Staphylococcus aureus (ATCC 29213); ° Bacillus subtilis (ATCC 6051); < Micrococcus luteus (ATCC 4698); ¢ Pseudomonas aeruginosa (ATCC 27853); ©
Klebsiella pneumoniae (ATCC 13883); ' Escherichia coli (ATCC 25922); 9 Salmonella typhi (ATCC 6539); " Candida albicans (ATCC 10231); ' Candida utilis
(ATCC 9950);Cryptococcus neoformans (ATCC 32045).

The both applied standard antibacterial (Ciprofloxacin) and antifungal (Fluconazole) agents represented lower MICs compared to the tested
compounds, except for 4-Nitro substituted compound which inhibited the growth of C. albicans and C. utilis at concentration below 8 ugml'.
Huczyriski, et al. evaluated the antibacterial effect of some colchicine derivatives against standard and clinically isolated and methicillin-

resistant S. aureus and S. epidermidis. They reported an MIC range of 32-256 ugml" compared to those of Ciprofloxacin (0.125-64 ugml’) [37].
Conclusions

To sum up, forty eight new Aldimine-type Schiff base bearing 3,4,5-trimethoxyphenyl ring and 1,2,4-triazole-3-thiol/thione were designed and
the best compounds according to the obtained results of the molecular docking study on tubulin complex (PDB code: 1SA0) were synthesized,
and evaluated for cytotoxicity, anti-tubulin and antimicrobial activities. 4-Nitro substituted compound was introduced as the best compound
in all applied biological assay and inhibited polymerization of tubulin at concentration of 5 uM. This compound represented higher anti-
tubulin activity compared to Colchicine (ICso values of 0.16£0.01 uM 0.19+0.01 uM, respectively).

Experimental

Molecular docking

The molecular docking simulations were executed using AutoDock 4.2 software [38] by Lamarckian Genetic Algorithm (LGA). The X-ray
crystallographic structures of tubulin-colchicine: stathmin-like domain complex; human, S. aureus, and C. albicans DHFR; hsp90 and VEGFR2
were obtained from protein data bank (http://www.rcsb.org/) with PDB codes of 1SA0, 1PD8, 2W9S, 3QLS, 3MNR, and 3CJF, respectively and
then the non-necessary moieties were deleted (ligands, non-important chains and co-enzymes and crystallographic waters except for hsp90).
Structures of proteins were prepared using prepare PDB file for docking programs (http.//swift.cmbi.ru.nl/servers/html). Other preprocessing
steps were carried out by AutoDock Tools 1.5.6 (ADT) [39]. The Kollman charge was assigned for the proteins and non-polar hydrogens were
merged. For ligands, structures were drawn using MarvinSketch 6.2.2 [40] and optimized by HyperChem software with semi-empirical PM3
method. Targets and ligands were prepared according to the tutorial of AutoDock Tools [39]. The grid maps of proteins were calculated by
AutoGrid (a part of AutoDock software) [41]. The coordinates of center in grid box was superposed on root point on intrinsic ligands and then a
grid box of 40x40%40 points in x, y, and z directions was built. All of the default parameters remained unchanged except for root mean square
deviation (RMSD) tolerance of 1 A and 250 docking runs measured for each ligand. The interactions of docked complex protein-ligand
conformations were analyzed using AutoDock Tools 1.5.6 software [42]. Analyses for tubulin were performed according to clustering
histogram of docking log file (.dlg) results of AutoDock. However, for other targets, results of clustering histogram was sorted based on the

lowest energy of each compounds compared to ligands or standard inhibitors and only the first 22 cluster ranks were reported.
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Chemistry

All chemicals were obtained from commercial suppliers of Merck Chemicals except for 3,4,5-trimethoxyphenyl acetic acid which provided by
Alfa acer Co. (Karlsruhe, Germany). Melting points were identified with an Electrothermal 9200 capillary melting point apparatus. Bruker
ALPHA FT-IR spectrometer was used for IR spectra (KBr discs). NMR ('H and ">C NMR) spectra in CDCl; and/or DMSO-ds solutions were taken on
Bruker (400.13 MHz for 'H and 100.61 MHz for °C at 25°C) spectrometers using TMS as internal standard. All chemical shift values were
measured as & (ppm). Splitting patterns are as follows: s, singlet; d, doublet; m, multiplet; b, broad; dd (doublet in doublet). Mass spectra were
recorded on an Agilent technologies 5973 network mass selective detector (MSD) operating at an ionization potential of 70 eV. Elemental
analyses were performed on an ECS 4010 CHNSO analyzer (Costech INC.). The purity of the compounds was evaluated by silica gel-coated
aluminum sheets (Merck, Darmstadt, Germany) by thin-layer chromatography. The column chromatography was carried out using standard
silica gel 60 (70-230 mesh) obtained from Merck chemicals. IUPAC names for all the novel compounds were given with the aid of MarvinSketch
6.2.2 [40].

a)  General procedure for the synthesis of 4-amino-3-[(3,4,5-trimethoxyphenyl)methyl] 4,5 -dihydro-1H-1,2,4-triazole-5 -thione (Tn),
4-amino-5-(3,4,5-trimethoxyphenyl)methyl] 4H-1,2,4-triazole-3-thiol (Tl) (compound 2) (Scheme 1)

-Conventional method (1I): The 3,4,5-trimethoxyphenyl! acetic acid (3) (2.262 g, 10 mmol) was added to SOCI; (30 mi) and refluxed at 75 °C for 2
h in water bath followed by vacuum evaporating of the resulting solution to give compound 4. Consequently, a solution of hydrazine hydrate
80% (12 ml) was added dropwise to compound 4 in absolute ethanol (30 ml) at 0-5 °C for 30 min and then refluxed at 85 °C for 8 h. The
obtained mixture was evaporated in vacuum and the resulting semi-solid resin was purified using short column chromatography (n-
hexane:ethyl acetate 70:30) to obtain compound 5. A solution of potassium hydroxide (0.168 g, 3 mmol) in absolute ethanol (10 ml) was then
added to a solution of 5 (0.481 g, 2 mmol) in absolute ethanol (40 ml) and stirred at 0-5 °C for 30 min followed by drop wise addition of carbon
disulfide (1 ml) by a syringe for 30 min. The mixture was stirred at RT for 30 min and refluxed at 90 °C for 9 h. Subsequently, the suspension was
concentrated by vacuum evaporation, acidified by HCl 4 N (pH 1-2), stirred for 1 h at 0-5 °C and kept overnight in freezer. Compound 6 was
obtained after filtration, drying and purification by recrystallization from ethanol. Hydrazine hydrate 80% (17 mi) was then added dropwise
into a solution of compound 6 (2.259 g, 8 mmol) in absolute ethanol (30 mi) at RT for 30 min and refluxed for 9 h. The resulting mixture was
concentrated by vacuum evaporation and cold ethanol:water (30:70) solution was then added to give a solid, filtered and dried. The solid was
recrystallized from methanol to give compound 2 as white crystals (Scheme 1). All synthesis and workup procedures were done away from the
light.
Milky white crystal; yield 24%; m.p. 171.8-173.6°C (methanol).
-Solvent free (fusion) method (1l) [31]
1) General procedure for the synthesis of thiocarbazide (7)
A solution of hydrazine hydrate 80% (30 mi) was stirred at 0-5 °C for 10 min and consequently, carbon disulfide (10 ml) was added dropwise
over 30 min. The mixture was then stirred for 45 min and then refluxed at 75 °C for 3 h. Thereafter, the solution was cooled, and precipitated
solids was filtered and dried. Compound 7 was purified by 4 times recrystallization from water and stored in the darkness (Scheme 1) [31].
2) General procedure for the synthesis of 4-amino-3-(3,4,5-trimethoxyphenyl)methyll-4,5-dihydro-1H-1,2,4-triazole-5-thione (Tn),
4-amino-5-[(3,4,5-trimethoxyphenyl)methyl] 4H-1,2,4 -triazole-3-thiol (TI) (2)
An equimolar mixture of compounds 3 (2.262 g, 10 mmol) and 7 (1.062 g, 10 mmol) was firstly heated and stirred on an oil bath at 130-140 °C
for 5.5 h and then at 160-170 °C for 20 min. The boiling water was then added and stirred vigorously at RT for 30 min. The mixture was cooled
and stirred at 5-10 °C for 1 h followed by filtering and drying. Compound 2 was then obtained by recrystallization from methanol. Alf synthesis
procedures were conducted away from the light (Scheme 1) [31].
Milky white crystal: yield 43%, m.p. 172.2—173.8 °C (methanol); FT-IR (KBr) Umax (cm™): 3297.1, 3242.5 (N—H stretching), 3071.2, 3016.1
(Aromatic C—H stretching), 2926.7, 2835.1 (Aliphatic C—H stretching), 2749.6 (SH), 1606.1 (C=N), 1590.8 (C=C), 1332.2 ((—N), 1242.8, 1124.3
(C=0). 'H NMR (400.13 MHz, CDCl:) & (ppm): 3.77 (s, 3 H, 4-OCHs in A ring), 3.79 (s, 6 H, 3-, 5-OCH; in A ring), 3.97 (s, 2 H, —CH>—), 4.56 (s, 2 H,
NH:), 6.47 (s, 2 H, 2-, 6-H in A ring), 11.26 (s, 1 H, SH/NH tautomer in C ring). >C NMR (100.61 MHz, CDCls) & (ppm): 31.43 (~CH>-), 56.21 (3-, 5-
OCH3), 60.87 (4-OCHs), 106.03 (C2, C6 in A ring), 129.64 (C1 in Aring), 137.35 (C4in A ring), 152.02 (C1in Cring, 153.47 (C3, C5in Aring), 167.34
(C4in Cring). EI-MS: m/z calcd. for Ci2H1sN4O3S [M]* 296.09; found 296.4 [M]*(100.00), 297.4 [M+1]* (16.15), 298.4 [M+2]* (6.07), 280.4 [M-NHJ*
(56.79), 264.3 [M-S]* (4.67), 181.4 [(Trimethoxyphenyl-CH2)*] (8.83); Anal. calc. for Ci2H1sN4OsS (296.09): C 48.64, H 5.44, N 18.91, S 10.82; Found:
C4851,H5.25,N 18.59,511.09.

b)  General method for the preparation of aldimine-type Schiff bases
Suitable aromatic aldehydes (10 mmol) and few drops of HCI Conc. were added to a mixture of compound 2 (2.964 g, 10 mmol) in absolute

ethanol (60 ml). The mixture was then refluxed for 6-10 h with stirring, and consequently poured into crushed ice to give a solid which was
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filtered, washed with cold water, dried, and recrystallized from ethanol to give a series of Schiff bases. All above mentioned steps were
performed away from the light (Scheme 1).
E-4{[(2nitrophenyl)methylidene]amino}-3{(3,4,5 trimethoxyphenyl)methylj4,5 -dihydro-1H-1,2,4 triazole-5 thione (A-07), E-
4{[(2-nitrophenyl)methylidene]amino}-5{(3,4,5 trimethoxyphenyl)methyl]4H-1,2,4 triazole-3 thiol (A-19)
Yellow powder; yield 65%; m.p. 198.6-200.6 °C (Ethanol); FT-IR (KBr) Umax (cm'): 3257.87 (N-H stretching), 3090.24, 3015.40 (aromatic C-H
stretching), 2969.26, 2925.76, 2902.39 (Aliphatic C-H stretching), 1593.92 (C=N), 1565.78 (C=C), 1536.07, 1345.79 (NO.), 1335.99 (C-N),
1262.26 (C=S), 1244.99, 1121.25 (C-0). "H NMR (400.13 MHz, CDCl5) 6 (ppm): 3.70 (5, 6 H, 3-, 5-OCHs in A ring), 3.75 (s, 3 H, 4-OCHs in A ring),
4.03 (s, 2 H, -CH>-), 6.43 (s, 2 H, 2-, 6-H in A ring), 7.61-7.71 (m, 2 H, 4'-, 5'-H in B ring), 7.93 (dd, J=7.58, 1.67 Hz, 1 H, 3'-H in B ring), 8.06 (dd,
J=7.84, 1.41 Hz, 1 H, 6'-H in B ring), 10.41 (s, 1 H, -N=CH-), 11.03 (s, 1 H, SH/NH tautomer in C ring). >C NMR (100.61 MHz, DMSO-ds) & (ppm):
31.27 (-CHz-), 56.15 (3-, 5-OCHs), 60.40 (4-OCHs), 106.78 (C2,C6 in A ring), 125.37 (C3' in Bring), 127.39 (C1 in A ring), 129.46 (C6' in B ring),
131.01 (C1"in Bring), 133.39 (C5' in Bring), 134.41 (C4' in Bring), 136.87 (C4 in Aring), 149.17 (C2"in Bring), 151.30 (C1" in Cring), 153.28 (C3,
C5inAring), 155.94 (-N=CH-), 162.04 (C4" in C ring). EI-MS: m/z calcd. for CisH1sNsOsS [M]* 429.11; found 429.5[M]* (5.41),430.6 [M+1]" (1.84),
431.4 [M+2]* (0.57), 383.5 [M-NO.J* (2.34), 281.4 [3-(3,4,5-trimethoxybenzyl)-1H-1,2,4-triazole-5(4H)-thione]* (27.72), 230.3 [(4-((2-
nitrobenzylidene)amino)-4H-1,2,4-triazol-3-yl)methylium]* (49.92), 103.3 [Benzonitrile]* (100.00). Anal. calc. for C1sH1oNsOsS (429.11): C 53.14,
H4.46,N 16.31,5 7.47; Found: C 53.46, H4.33, N 16.54,5 7.19.
E-4-{[(3-nitrophenyl)methylidene]amino}-3-[(3,4,5-trimethoxyphenyl)methyl]-4,5-dihydro-1H-1,2,4-triazole-5-thione (A-08), E-4-{[(3-
nitrophenyl)methylidenelaminoj-5-[(3,4,5-trimethoxyphenyl)methyl]-4H-1,2,4-triazole-3-thiol (A-20)
Pale yellow powder; yield 79%; m.p. 214.5-216 °C (Ethanol); FT-IR (KBr) Umax (cm): 3104.87, 3057.59 (aromatic C-H stretching), 2944.15,
2838.93 (aliphatic C—H stretching), 2787.54 (S-H), 1587.63 (C=N), 1535.29, 1350.81 (NO;), 1335.03 (C-N), 1289.31 (C=S), 1249.14, 1122.18 (C-
O). 'H NMR (400.13 MHz, CDCl3) & (ppm): 3.71 (s, 6 H, 3-, 5-OCHs in Aring), 3.73 (s, 3 H, 4-OCHs in A ring), 4.09 (s, 2 H, -CH>-), 6.47 (s, 2 H, 2-, 6-H
inAring), 7.62 (t, ]=7.96 Hz, 1 H, 5'-H in Bring), 8.03 (dt, ]=7.71, 1.28 Hz,1 H, 6'-H in Bring), 8.31 (ddd, J=8.22, 2.31, 1.03 Hz, 1 H, 4'-H in B ring),
8.69 (t, J=1.93 Hz, 1 H, 2'-H in Bring), 10.15 (br. s, 1 H, -N=CH-), 10.77 (s, 1 H, SH/NH tautomer in C ring). *C NMR (100.61 MHz, DMSO-ds} &
(ppm): 31.38 (-CH>-), 56.13 (3-, 5-OCH; in A ring), 60.38 (4-OCHs in A ring), 106.70 (C2,C6 in A ring), 123.05 (C4' in Bring), 127.23 (C2" in B ring),
131.03 (C1in Aring), 131.34 (C5'in Bring), 134.41 (C1"in Bring), 135.03 (C6'in Bring), 136.85 (C4 in A ring), 148.80 (C3'in Bring), 150.93 (C1" in
Cring), 153.30 (C3, C5 in A ring), 160.76 (-N=CH-), 162.02 (C4" in C ring). EI-MS (%): m/z calcd. for CioH1sNsOsS [M]* 429.11; found 429.4
[M]*(29.9),430.5 [M+1]* (7.11), 431.4 [M+2]* (2.49), 352.4 [M-NO; and S]* (3.00), 281.4 [3-(3,4,5-trimethoxybenzyl)-1H-1,2,4-triazole-5(4H)-
thione]* (59.00), 103.3 [Benzonitrile]* (48.05), 91.3 [Cyclohepta-2,4,6-trien-1-ylium] (100.00). Anal. calc. for CioH19NsOsS (429.11): C 53.14, H
4.46, N 16.31,S 7.47; Found: C 53.42, H4.07, N 16.54,S 7.18.
E-4-{[(4-nitrophenyl)methylidene]amino}-3-[(3,4,5-trimethoxyphenyl)methyl]-4,5-dihydro- 1H-1,2,4-triazole-5-thione (A-09), E-4-{[(4-
nitrophenyl)methylidene]lamino}-5-[(3,4,5-trimethoxyphenyl)methyl}]-4H-1,2,4-triazole-3-thiol (A-21)
Yellow powder; yield 85%; m.p. 240.3-240.8 °C (ethanol); FT-IR (KBr) Umax (cm”'): 3104.71, 3062.59 (aromatic C-H stretching), 2950.04, 2840.98
(aliphatic C-H stretching), 2777.92 (SH), 1596.30 (C=N), 1579.03 (C=C), 1521.43, 1342.27 (NO.), 1316.41 (C-N), 1283.64 (C=S), 1253.52, 1125.52
(C-0). "H NMR (400.13 MHz, CDCl5) & (ppm): 3.72 (s, 6 H, 3-, 5-OCHs in A ring), 3.75 (s, 3 H, 4- OCHs in A ring), 4.09 (s, 2 H, -CH>-), 6.46 (s, 2 H, 2-,
6-Hin Aring), 7.97 (d, J=8.73 Hz, 2 H, 2'-, 6'-H in Bring), 8.29 (d, J=8.73 Hz, 2 H, 3'-, 5'-H in Bring), 9.83 (br. 5., 1 H,-N=CH-), 10.83 (s, 1 H, SH/NH
tautomer in C ring). PC NMR (100.61 MHz, CDCls + DMSO-ds) & (ppm): 36.27 (-CH,-), 60.76 (3-, 5-OCHs), 65.26 (4-OCHs), 110.92 (C2,C6 in A
ring), 128.88 (C3', C5" in Bring), 134.07 (C2', C6' in Bring), 135.27 (C1in Aring), 143.74 (C4 in Aring), 153.27 (C1"in Bring), 154.39 (C4' in Bring),
155.65 (C3, C5 in A ring), 157.93 (-N=CH-), 160.86 (C1" in C ring), 166.94 (C4" in C ring). EI-MS (%): m/z calcd. for CioH1sNsOsS [MI* 429.11;
found 429.4 [M]*(35.35),430.4 [M+1]* (9.42), 431.4 [M+2]* (2.42), 296.3 [4-Amino-3-(3,4,5-trimethoxybenzyl)-1H-1,2,4-triazole-5(4H)-thione]*
(52.47), 281.3 [3-(3,4,5-trimethoxybenzyl)-1H-1,2,4-triazole-5(4H)-thione]* (100.00). Anal. calc. for CioHisNsOsS (429.11): C 53.14, H 4.46, N
16.31,57.47; found: C 53.27, H4.19, N 16.51, S 7.09.
E-4-{[(4-chloro-3-nitrophenyl)methylidene]aminoj-3-[(3,4,5-trimethoxyphenyl)methyl]-4,5-dihydro- 1H-1,2,4-triazole-5-thione (A-10),
E-4-{[(4-chloro-3-nitrophenyl)methylidene]aminoj-5-[(3,4,5-trimethoxyphenyl)methyl]-4H-1,2,4-triazole-3-thiol (A-22)
Pale yellow solid; yield 79%; m.p. 243.3-244 °C (ethanol); FT-IR (KBr) Umax (cm™): 3099.79, 3060.86 (aromatic C-H stretching), 2994.57, 2947.26,
2833.93 (aliphatic C-H stretching), 2779.42 (SH), 1597.83 (C=N), 1583.16 (C=C), 1537.31, 1359.18 (NO.), 1334.65 (C-N); 1281.56 (C=S), 1254.98,
1128.35 (C-0), 758.85 (C-Cl). "H NMR (400.13 MHz, DMSO-ds) & (ppm): 3.50 (s, 3 H, 4-OCHs in A ring), 3.57 (s, 6 H, 3-, 5-OCHs in A ring), , 4.04(s, 2
H, -CH»-), 6.53 (s, 2 H, 2-, 6-H in A ring), 7.88 (d, J/=8.22 Hz, 1 H, 6'-H in B ring), 8.13 (dd, J=8.48, 2.06 Hz, 1 H, 5'-H in B ring), 8.55 (d, J=1.80 Hz, 1
H, 2'-H in Bring), 10.24 (s, 1 H, -N=CH-), 13.87 (s, 1 H, SH/NH tautomer in C ring). >*C NMR (100.61 MHz, DMSO-ds) 6 (ppm): 31.23 (-CH»-), 56.16
(3-, 5-OCHs), 60.39 (4-OCHs), 106.74 (C2,C6 in A ring), 124.99 (C2" in B ring), 128.74 (C1 in A ring), 131.06 (C5' in B ring), 133.01 (C6' in B ring),
133.33(C4'in Bring), 133.58 (C1'in Bring), 136.84 (C4 in Aring), 148.72 (C3'in Bring), 151.14 (C1" in Cring), 153.28 (C3, C5 in Aring), 158.56 (-
N=CH-), 162.01 (C4" in C ring). EI-MS (%): m/z calcd. for CioH1sCINsOsS [M]* 463.07; found 463.4 [M]*(35.39),464.4 [M+1]* (8.51), 465.4 [M+2]*
(13.42), 466.4 [M+3]* (3.43), 467.4 [M+4]* (1.01), 429.5 [M-CI]* (2.17), 296.4 [4-amino-3-(3,4,5-trimethoxybenzyl)-1H-1,2,4-triazole-5(4H)-
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thione]* (16.01), 281.4 [3-(3,4,5-trimethoxybenzyl)-1H-1,2,4-triazole-5(4H)-thione]* (100.00), 266.3 [4-(3,4,5-trimethoxybenzyl)-1,2-diazete-3-
thioll* (96.03). Anal. calc. for CisH;sCINsOsS (463.07): C49.19, H3.91, N 15.10, 5 6.91; Found: C 49.45, H3.78, N 15.32, 5 6.52.
E-4-({[4-(dimethylamino)phenyllmethylidene}amino)-3-[(3,4,5-trimethoxyphenyl)methyl]-4,5-dihydro-1H-1,2,4-triazole-5-thione (A-
11), E-4-({[4-(dimethylamino)phenylimethylidene}amino)-5-[(3,4,5-trimethoxyphenyl)methyl]-4H-1,2,4-triazole-3-thiol (A-23)
Pale yellow crystal: 62%; m.p. 160-162°C (ethanol); FT-IR (KBr) Umax (cm'): 3289.87 (N-H stretching) 3112.56, 3043.07 (aromatic C-H
stretching), 2922.49, 2933.76 (aliphatic C-H stretching), 1613.47 (C=N), 1586.56 (C=C), 1371.18 (C-N); 1300.50 (C=S), 1244.21, 1132.56 (C-0).
"H NMR (400.13 MHz, CDCls) & (ppm): 3.10 (s, 6 H, 4-N(CHs) in Bring), 3.73 (s, 6 H, 3-, 5-OCHs in A ring), 3.80 (s, 3 H, 4-OCHs in A ring), 4.08 (s, 2
H, -CHz-), 6.55 (s, 2 H, 2-, 6-H in Aring), 6.74 (d, J=8.99 Hz, 2 H, 3'-, 5'-H in Bring), 7.75 (d, J=8.99 Hz, 2 H, 2'-, 6'-H in B ring), 9.61 (br. s, T H, -
N=CH-), 11.43 (br. 5., 1 H, SH/NH tautomer in C ring). ®C NMR (100.61 MHz, CDCl5) & (ppm): 31.80 (-CH>-), 40.16 (4-N(CHs): in B ring), 55.96 (3-,
5-OCHs), 60.81 (4-OCHs), 106.14 (C2,C6 in Aring), 111.55 (C3', C5'in Bring), 119.40 (C1'in Bring), 130.31 (C1 in A ring), 130.68 (C2', C6'in Bring),
136.97 (C4 in Aring), 151.15 (C1" in Cring), 153.21 (C3, C5 in Aring), 153.31 (C4' in B ring), 161.97 (C4" in C ring), 164.06 (-N=CH-). EI-MS (%):
m/z calcd. for C21H2sNsOsS [MIT 427.17 found 427.5 [M]* (8.53),428.5 [M+1]* (1.99), 429.5 [M+2]" (0.69), 381.5 [M- CHs and S]* (2.10), 352.4[M-
N(CHs): and SJ* (3.42), 296.4 [4-Amino-3-(3,4,5-trimethoxybenzyl)-1H-1,2,4-triazole-5(4H)-thione]* (3.67), 281.4 [3-(3,4,5-trimethoxybenzyl)-
1H-1,2,4-triazole-5(4H)-thione]* (18.29), 146.3 [4-(dimethylamino)benzonitrile]* (59.59), 103.3 [benzonitrile]* (42.77), 91.3 [Cyclohepta-2,4,6-
trien-1-ylium]* (100.00). Anal. calc. for C21H2sNs035 (427.17): C 59.00, H 5.89, N 16.38, S 7.50, Found: C 58.79, H5.78, N 16.77, 5 6.99.

Geometry optimization method

All calculations were performed by Gaussian 98W software [43]. The geometry optimizations of all four compounds were carried out at the
B3LYP density functional study by using basis set of 6-31+G*. The calculated energies of all compounds in hartree and kimol' units are

displayed in Table 4.

Biological activity

a) Cytotoxicity assay: The MTT based cytotoxicity assay was used for evaluation of the inhibitory activity of the synthesized compounds. The
applied cell lines (A549, HT1080, HT29, HepG2, and MCF-7) were purchased from Iranian Biological Resource Center (IBRC) Tehran, Iran and
sub-cultured in DMEM medium containing 10% FBS and antibiotics including penicillin (100 unitsml') and streptomycin (100 ugmi’) at 37 °C
in a CO; incubator (5% CO.). The attached cells were then removed at logarithmic phase of growth and 15000 cells was consequently
transferred to each well of flat bottom 96-well microplate followed by incubation at 37 °C for 24 h. The attached cells were then exposed by the
tested compounds (final concentration range of 0.195-300 uM), Doxorubicin (final concentration range of 0.500-16 uM), Colchicine (final
concentration range of 0.016-16 uM), and Methotrexate (final concentration range of 0.031-8 uM) (all as positive controls) and incubated for
further 24 h. The culture media of the treated sample was subsequently replaced by 20 ul DMEM medium containing MTT (5 mgml’) and
incubated for an additional 4 h followed by dissolving the produced formazan crystal using DMSO (100 ul) and measuring the related
absorbance at 570 nm. All mentioned procedures were repeated three times and the obtained results were applied for determination of ICso.

b) Tubulin inhibitory studies: Tubulin polymerization assay was determined by monitoring the change in turbidity (Assnm) according to the
protocol described by supplier (Cytoskeleton, Denver, CO, USA). In brief, into the desired well of a half volume 96-well microplate 10 uf of 10X
concentration of the selected compound and 100 ul of ice cold tubulin solution [prepared by re-suspending of the purified lyophilized porcine
brain tubulin in glycerol containing G-PEM buffer (80 mM PIPES pH 6.9, 1 mM EGTA, 0.5 mM MgCl,, 1 mM GTP, and 10.2% (v/v) glycerol)] were
added and the related optical density at 340 nm was monitored by a Synergy 2 multi-mode plate reader (Biotek, Winooski, VT, USA) during 60
min (intervals of 30 s) incubation at 37 °C. In addition, tubulin polymerization inhibition percent (TPI%) was calculated using the following

equation:

TPI% = [1 - (xaﬁ)] x 100

Where MaxAT and MaxAC were regarded as maximum absorbance of the test and control, respectively. In the case of colchicine and the most
potent compound the ICsp was also evaluated after measuring the TPI% in the presence of different concentrations of each compound.

¢) Microplate-based antimicrobial activity determination: To estimate the antimicrobial effect of the prepared compounds a modified method
of Ahmed et al. [44] and Aumeeruddy-Elalfi et al. [45] was conducted as follow. Firstly, a serial dilution of each synthesized compound (8-1024
ugml’) was prepared in 96-well round-bottle microplate and the freshly prepared inoculum of each tested microbial pathogen
(Staphylococcus aureus, ATCC 29213; Bacillus subtilis, ATCC 6051; Micrococcus luteus, ATCC 4698; Pseudomonas aeruginosa, ATCC 27853;
Klebsiella pneumoniae, ATCC 13883; Escherichia coli, ATCC 25922; Salmonella typhi, ATCC 6539; Candida albicans, ATCC 10231; Candida utilis,
ATCC 9950; and Cryptococcus neoformans, ATCC 32045) was added to the desired well to reach final concentration of 10° CFUmI’. After
incubation of the microplates at 37 °C for appropriate time (24 h for bacterial strains, 48 h for Candida species and 72 h for C. neoformans) an
amount of 40 ul of the tetrazolium salt (2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl tetrazolium chloride, INT, 0.6 mgml’) was added to each

well and their absorbance was measured at 490 nm after 20 min incubation at 37 °C. The MICs was then determined based on the lowest
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concentration in which no absorbance at 490 nm was detected. In a similar trial, un-inoculated media and inoculated media inserted by each
microbial strain was applied as negative and positive control, respectively. The antifungal drug Fluconazole (final concentration range of 1-16
ugml’) and antibacterial agent Ciprofloxacin (concentration range of 0.5-8 ugml') were applied as standard control. Three independent

replicate of each experiment was conducted and mean of the obtained results were reported.

Supplementary Material

Supporting information for this article is available on the WWW under http://dx.doi.org/10.1002/MS-number.
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