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Abstract

the Streptomyces 85E strain.

DATPMs were synthesized by the acid-catalysed Baeyer condensation of 4-substituted benzaldehydes
and aniline in good yields. The materials were purified by column chromatography and characterized by FTIR,
'H-3CNMR and elemental analysis. The optimized ligands were docked with the IKKa, (PDB code: 3BRT) using
the MOE-Dock module and are found to obey Lipinski’'s Ro5 cut-off limits. The computational results revealed that
the DATPMSs, like other derivatives of TPM, could be potential anticancer drugs. Moderate protein kinase inhibitory
activity was exhibited by samples 2 and 3 by displaying inhibition bald zone of 10 and 9 mm respectively against
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Introduction

Cancer has been emerged as leading cause of the deaths claiming
around 13% of the all reported death round the globe. Though the
chemotheraptic methods has progressed alot in the recent years yet there
is always a need of developing new highly potent anticancer drugs with
less toxicity and high specificity [1]. In the recent years, triarymethyl
motif has been identified as anticancer agent in the mice cells. It has
been shown that the triphenylmethyl containing compounds cause the
death of melanoma cells in mice cells with reduced toxicity to normal
cells of human bone marrow even high doses were tolerated by the
mice cells [2]. Several new compounds with triarylmethyl groups have
been designed and synthesized successfully. Particularly, clotrimazole,
an antifungal agent with imidazole and triarylmethyl groups, inhibits
the growth of cancer cells in culture [3] as well as in cancerous mouse
models [3,4]. The mode of action of this triarylmethyl motif underlies
in its ability to inhibit translation mediated by depletion of intracellular
Ca* concentrations and also by inhibition of glycolysis by prompting
the detachment of mitochondrial bound hexokinase [3,5]. 3,3-diaryl-
1,3-dihyroindoles, an indole modified triarylmethanes, possess
antiproliferative activity against cancer cell lines in cell culture [6,7].
Previously, Triarylmethanes (TAMs) have been found to be potent
against digestive and intestinal parasitic worms and other protozoa like
filariae, trichomonads, and trypanosomes [8]. Arthur et al. [9] prepared
some triarylmethane derivaties with hydroxyl groups active against
hyaluronidase and polyarthriltis moreover phenol derivatives of TAM
have been known to reveal antioxidant properties, antitumor activity,
and inhibitory activity toward histidine protein kinase.

Molecular docking techniques are powerful tools in the field of
drug designing [10,11]. These methods enable us to study how the
target macromolecule responds to the ligand when placed in the non-
covalent fashion. DOCK [12], Autodock [13], and Molecular Operating
Environment (MOE) [14] are the extensively used computational
programs to study the ligand-target interactions. Thus, screening of
the non-active drugs can be done before performing experiments to
minimize the cost and time for the development of the potential drugs
[15].

4, 4-Diaminotriphenylmethanes (DATPMs) are di-amino
derivatives of (TPMs). DATPMs have been extensively used as dyes,

precursors in polyimide synthesis and other high performance
polymers and as corrosion inhibitor of copper [16]. They have been
employed as antifungal agents in fish hatcheries [17] and also in host-
guest chemistry [18] of crown ethers. The most celebrated method
to synthesize the DATPMs is Baeyer’s condensation where aniline
is treated with benzaldehyde in presence of an acid [19]. Copious
methods have been reported so far for the synthesis of these interesting
materials with various catalysts namely dry HCI [20], acid Zeolites
[21], p-Toluenesulphonic acid [22], 12-Tungstophosphoric acids
[19] and microwave conditions [16]. Though DATPMs contain TAM
ring so it could be interesting to know about their biological and
pharmaceutical properties especially anticancer activity for which
triarylmethyl motif is renowned but the materials are not being tested
for anticancer activities so far. The present work is all about synthesis,
structural characterization, computational studies and wet lab analysis
of DATPMs. We have successfully synthesized five DATPMs with
different functional groups at para position of the aromatic ring using
aniline hydrochloride as a proton donor catalyst and para-substituted
benzaldehydes. The docking studies of the all synthesized DATPMs
revealed that, like other triarylmethyl derivaties, they could be
promising candidates as anticancer agents.

Protein kinases modifies other proteins by adding phosphate group
to them chemically i.e., they cause the phosphorylation of the proteins.
Phosphorylation cause a change in the target proteins by altering
enzyme activity, cellular location or association with other proteins
[23]. Most protein kinases proceed on serine and threonine while
some act on tyrosine and some act on all the three [24]. Deregulated
phosphorylation by protein kinases is one of the persistent cause of
disease specially cancer because it cause change in genetic signaling in
tumorigenesis. So the agents that cause the inhibition of protein kinases
could be encouraging mark for cancer treatment [25]. In the present
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study Streptomyces 85E strain was used for the assay to analyze the
possible inhibitors of protein kinase. Protein kinases are involved in the
aerial hyphae formation of Streptomyces, so the extract that will inhibit
the protein kinases, there will be no hyphae formation and bald zone
will appear which will be perspective for their kinase inhibitory activity.

Experimental
Materials

4-Hydroxybenzaldehyde (98%, Aldrich), 4-Nitrobenzaldehyde
(98%, Aldrich), 4-Methoxybenzaldehyde (98%, Aldrich), benzaldehyde
(Reagent plus, = 99%), 4-chlorobenzaldehyde (97%, Aldrich) and
Aniline (extra pure 99.5%, Acros Organic) were used as received. All
reactions were carried out in anhydrous conditions and under static
pressure of nitrogen. All the reactions were monitored through thin
layer chromatography using pre-coated silica gel glass plates (layer
thickness 0.25 mm, HF-254, E. Merck). Products were purified by
Column chromatography on E. Merck silica gel (0.063-0.040 mm).

Characterization

Infra-red measurements were obtained using an ATR-FTIR
spectrometer (Perkin Elmer). Each sample was measured over 64 scans
with resolution of 4 cm™ in the range of 600-4000 cm™.

'H and Carbon (*C) NMR spectra were carried out by the 400
MHz Bruker DPX-400 spectrometers (Provided by Cambridge Isotope
Laboratories) using solvent peak as reference. The NMR samples were
run in DMSO-d_ solvent. DMSO-d, was dried on molecular sieves
before using it for analysis.

Microanalysis, total carbon, nitrogen and hydrogen were
determined by a commercial elemental analyzer running under
computer control. Samples were precisely weighed on Mettler UMT2
microbalance into light weight tin capsules and then dropped into
combustion tube of the elemental analyser (Carlo-Erba EA 1108)
through which a constant stream of helium is maintained.

General procedure for synthesis of diamines

A mixture of aldehyde (0.041 mol), aniline (g, 0.1025 mol) and
aniline hydrochloride (0.53 g, 0.004 mol) was charged and stirred at
reflux at 120°C under a nitrogen flow for 3 h. The progress of reaction
was monitored by TLC in n-hexane: ethyl acetate (1:1) solvent system.
After the completion of the reaction, the mixture was cooled and 100
mL ethanol was added. The entire mixture was then heated to 80°C
to dissolve the lumpy material, cooled, and held overnight. Crystals
precipitated out, filtered off, and recrystallized in ethanol/ benzene.
Crude crystalline product was isolated and dried. The product was
washed with ethanol a few times to remove the aniline residue and was
again washed with water to remove the salts. Finally, the pure product
was obtained after column chromatography using 30% ethylacetate in
n-hexane as an eluent.
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Synthesis  of  4-(bis(4-aminophenyl)methyl)phenol  (1):
Diamine was prepared according to the general procedure using
4-Hydroxybenzaldehyde (0.041 mol, 5.104 g), Aniline (9.58 g, 0.1025
mol) and aniline hydrochloride (0.53 g, 0.004 mol). Yield 43%, R =0.27
in Ethyl acetate: n-Hexane, (1:1), mp=206-207°C. FTIR: 0 (cm™): 3440-
3340 (N-H), 3500-3300 (O-H), 2860 (CSPS-H), 1239 (C-0), 1610 (C=C
aromatic). Elemental Analysis for C H N, O in wt% (Calcd, found)
C=(78.60, 78.44), H=(6.25, 6.35), N=(9.65, 9.7). "HNMR (400 MHz,
DMSO-d,, ppm): 8, 4.84 (s, 4H, 2NH,), 5.05 (1H, CH), 6.45-6.85 (4dd,
12H, Aromatic protons), 9.12 (1H, OH, phenolic proton). *CNMR
(100 MHz, DMSO-dG, ppm): 54.2, 114.1, 115.1, 129.7, 130.1, 132.9,
136.4, 146.8, 155.6.

Synthesis of 4-((4-aminophenyl)(phenyl)methyl)benzenamine
(2): Diamine was prepared according to the general procedure using
benzaldehyde (0.041 mol, 4.39 g), Aniline (9.58 g, 0.1025 mol) and
aniline hydrochloride (0.53 g, 0.004 mol). Yield 47%, Rf=0.37 in Ethyl
acetate: n-Hexane, (1:1), mp=92-94°C. Elemental Analysis for C ;H, N,
in wt% (Calcd, found) C=(83.18, 83.3), H=(6.61, 6.90), N= (10 21,
9.97). FTIR: © (cm): 3449, 3359 (N-H), 2929, 2834 (C_-H), 1617
(C=C aromatic). 1H NMR (400 MHz, DMSO-d,, in § (ppm) 4.86 (s,
4H, 2NH,), 5.17 (1H, CH), 6.46-6.26 (M, 13H, Aromatlc protons). *C
NMR: (100 MHz, DMSO-d,, ppm): 55.0, 114.2, 126.1, 128.4, 129.3,
129.8, 132.3, 146.2, 147.0.

Synthesis  of  4-((4-aminophenyl)(4-chlorophenyl)methyl)
benzenamine (3): Diamine was prepared according to the general
procedure using 4-Chlorobenzaldehyde (0.041 mol, 5.94 g), Aniline
(9.58 g, 0.1025 mol) and aniline hydrochloride (0.53 g, 0.004 mol).
Yield 55%, Rf=0.31 in Ethyl acetate: n-Hexane, (1:1), mp=109-111°C.
Elemental Analysis for C;H _N,Cl in wt% (Calcd, found) C=(73.9,
73.75), H=(5.55, 6.71), N=(9.07, 9.95). FTIR: ¥ (cm™): 3428, 3348 (N-
H), 2962, 2857 (C -H), 1618 (C=C aromatic). '‘HNMR (400 MHz,
DMSO-d,, ppm): &, *4.95 (s, 4H, 2NH,), 5.23 (1H, CH), 6.52-7.36 (4dd,
12H, Aromatic protons). *CNMR (200 MHz, DMSO—dﬁ, ppm): 54.2,
114.2,128.4,129.7,130.7, 131.1, 131.75, 145.3, 147.2.

Synthesis of 4-((4-aminophenyl)(4-methoxyphenyl)methyl)
benzenamine (4): Diamine was prepared according to the general
procedure using 4-Methoxybenzaldehyde (0.041 mol, 5.57 g), Aniline
(9.58 g, 0.1025 mol) and aniline hydrochloride (0.53 g, 0.004 mol).
Yield 47%, R=0.32 in Ethyl acetate: n-Hexane, (1:1), mp=128-130°C.
Elemental Analysis for C, H, N,O in wt% (Calcd, found) C=(78.92,
78.62), H=(6.62, 6.45), N=(9.2, 8.88). FTIR: © (cm™): 3406, 3331 (N-
H), 2959, 2836 (C -H), 1605 (C=C aromatic), 1240 (C-O). 'H NMR:
(400 MHz, DMSO- d ppm): 3.70 (s, 3H, OCH,), 4.85 (s, 4H, 2NH)),
5.11 (1H, CH), 6.45- 6 97 (4dd, 12H, Aromatic protons) BC NMR: (100
MHz, DMSO—d6, ppm): 54.2, 55.4, 113.8, 114.1, 129.7, 130.2, 132.7,
138.2, 147.0, 157.6.

Synthesis  of  4-((4-aminophenyl)(4-Nitrophenyl)methyl)
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benzenamine (5): Diamine was prepared according to the general
procedure using 4-Nitrobenzaldehyde (0.041 mol, 6.196 g), Aniline
(9.58 g, 0.1025 mol) and aniline hydrochloride (0.53 g, 0.004 mol).
Yield 47%, Rf=0.30 in Ethyl acetate: n-Hexane, (1:1), mp=125-127°C.
Elemental Analysis for C ;H,_N,O, in wt% (Calcd, found) C=(71.46,
70.96), H=(5.37, 5.50), N=(13.16, 13.12). FTIR: © (cm™): 3420-3355 (N-
H), 2932, 2825 (CSPS-H), 1609 (C=C aromatic), (NO, group). 'H NMR:
(400 MHz, DMSO—dﬁ, ppm): 4.57 (s, 4H, 2NH2), 5.44 (1H, CH), 6.62-
8.15 (4dd, 12H, Aromatic protons). *C NMR: (100 MHz, DMSO-d,,
ppm): 55.0, 114.3, 123.1, 129.8, 130.2, 131.6, 146.9, 154.2.

Molecular docking

Preparation of receptor: Molecular Operating Environment
(MOE 2014) by Chemical Computing Group (CCG) was used for
the current studies [26]. The protein preparation steps involved 3D
protonation, energy minimization, and active site identification. The
crystal structure of the IKKa was retrieved from a protein data bank
[27]. The co-crystallized bound water molecules were stripped off
from the crystal structure. Receptor was energy minimized and 3-D
protonated by using the structure preparation module of MOE. Since
3BRT devoid of any co-crystallized ligand, therefore, active site was
identified by using the site finder module offered by MOE program.
In order to visualize the binding pocket, alpha spheres were created
followed by the generation of dummy atoms on the centers of these
spheres. The pocket was found to be a deep cavity lined with the amino
acid residues including both hydrophobic and hydrophilic amino acids.
The protein IKKa, (PDB code: 3BRT) comprises of four chains.

Preparation of ligands: The ligand files for molecular docking
studies were prepared in Molecular Operating Environment (MOE-
2014). 3D Structure of ligand molecules by making use of builder
module of MOE program was drawn. Ligand preparation was
comprehensive collection of tools, inclusive of 3D protonation
and energy minimization by using MMFF94 with 0.001 iteration
criterion [28]. This exercise generated lower energy, stable, accurate
and minimized 3D models. The optimized geometries were saved in
molecular data base file for further studies.

Molecular docking studies: The optimized ligands were docked
with the IKKa, (PDB code: 3BRT) using the MOE-Dock module. For
docking simulations, default MOE docking parameters such as triangle
matcher algorithm with two rescoring functions such as London dG and

GBVI/WSA dG were utilized to generate 30 poses of each compound.
As a result of docking run mdb output files were generated enclosing
all docking results with scoring and multiple conformations of ligands.
All the docked conformations were analyzed and the best scored pose
for each compound was selected for further studies of interaction
evaluation. The 2D ligand-protein interactions were visualized using
the MOE ligand interaction function and recorded in Table 1.

Protein kinase inhibition assay: Streptomyces 85E strain was used
for the protein kinase inhibition assay, in which hyphae formation
was detected to explore the efficacy (potency) of the sample [25].
Refreshed culture of Streptomyces was used for spreading spores
and lawn formation (mycelia fragments) on sterile plates containing
minimal ISP4 medium. About 20 pg of final concentration of sample
(2 ul from 10 mg/ml of DMSO) was loaded on sterile 6 mm filter paper
discs, which were placed immediately right on the surface of the plate
implanted with Streptomyces 85E. Surfactin loaded on disc was used
as positive control while DMSO was used as negative control. After
loading of samples, plates were kept for incubation at 30°C for 72 h
(time required for hyphae formation in Streptomyces 85E). The results
were noted by measuring the bald zone of inhibition around the discs on
which sample were loaded. The assay was run three times. The samples
showing inhibition zone of >12 mm were significant and IC_  of such
samples were found at lower concentration, the lowest concentration
at which it inhibits the growth of microbial was the IC, of that sample.

Results and Discussion
Synthesis of the DATPM compounds

All of the diamines were synthesized by the Baeyer condensation
of substituted aldehydes and aniline in the presence of an acid
catalyst (aniline hydrochloride) in excess of aniline under solvent free
conditions. The protonation of aldehyde group by the proton provided
by aniline hydrochloride facilitates the nucleophilic attack of amino
activated para position of aniline. The ortho isomer, from the attack
of ortho position of aniline, is also formed as byproduct. The reaction
mixture was obtained as highly viscous material which was then
tediously purified by recrystallization from ethanol/ benzene followed
by column chromatography. The formation of this viscous solution is
because of the mixture of product and byproduct in excess of aniline.

Binding Energy (kcal/mol) H-Bonding
- Hydrophobic | Electrostatic Polar
Entry Structures ICy (M) s London dG ":Les"i’:‘;:::;g Distance (A) Interactions | interaction | interaction
HN Q O NH,
. i . GIn 729
1 O -13.3775 -10.5158 GIn 730 1.41 Lys90 GIn86
OH
N~ S~ )NH;
. i . Asn-712 Lys 90
2 -11.9687 -10.7363 Thr-726 Glu729 GIn 86
H
N~ S~ )NH;
. ; . Glug6 GIn86 Glu729
3 -11.8013 -10.3447 1.62 Met94 ASn372 Lys90
Cl
HN- Y )-NH, Glu89
4 -12.8138 -9.4370 Thr726 1.43 | u Ser85 GIn86
Yo, Glu729
5 . OOO e 130787 | 10,0690 Thr-726 Met 94 Lys90 GIn-86
T ’ ’ Glug9 Phy-89 Glu729 Asn732

Table 1: Molecular docking studies of synthesized compounds against 1KKa (PDB code: 3BRT).
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Molecular docking studies of the synthesized diamines

The best docking poses of all 7 selected compounds produce
results in which all of them form a single cluster inside the active side
cleft of receptor as obvious from Figure 1. The compounds under
observation have higher binding affinity with the receptors, in the
narrow range of (BE=-13.38 to -11.80 kcal/mol: London dG=-10.73
to -9.9.43 kcal/mol). All the ligands formed strong hydrogen bonding
with the key residues such as Gln 730, Asn-712, Thr-726, Glu-86, Glu
89 except ligand 7. Ligand 7 found to stabilize itself inside the pocket
by tremendous other interactions with the key residues of the protein.
The most prominent role is played by the NH, group at phenyl ring as
this NH, formed strong. Both the NH, groups at phenyl rings formed
Hydrogen bonding in case of ligand 2, 5 and 6. Hydrogen bonding with
the key residues inside the pocket is thought to be strong determinant
for binding of ligand with the active residues. It is assumed that the
rigidity of the structures which rendered them planer is also the major
factor in determining the orientation patron and docking pose of the
ligand inside the pocket, which in turn lead the compounds to attain
the docking poses and orientate themselves in a fashion to form strong
hydrogen bonding therefore the 2™ major factor for the higher binding
affinity may be attributed to the greater number of hydrogen bonds
between ligand and protein.

Figure 2 depicts the preferred docked orientation of ligand 1 and 5
in the binding cavity of protein. No arene-arene and arene-H interaction
is observed in case of all 7 compounds however, the compounds 3, 5
and 7 showed hydrophobic interaction with the Meth-94, compound
7 also exhibited hydrophobic interaction with Phe-89, Phe-89 only
found interacting with the ligand 7. This phenyl ring is also involved in
hydrophobic interactions with protein residues Met-94. The compound
under observation corresponds to the binding energy and London
dG values of -10.70 and -9.50 kcal/mol, respectively. The tremendous
number of interactions with active site residues coupled with favorable
binding energy proclaim that this compound may serve as an effective
surrogate for the anticancer drugs. Another characteristic feature that
discriminates the binding mode of 7 from rest of the 6 ligands lies in that

Figure 1: Superimposition of top ranked (on the bases of BE) docked poses
inside the pocket.

e @
® @

Figure 2: 3-D interaction of best docking pose of ligand 1, and 2D interaction
of ligand 5.

No. of
rotatable MW HBA HBA TPSA logP(o/w)

bonds
1 3.0000 290.3660  3.0000 3.0000 72.2700 3.9470
2 3.0000 274.3670 = 2.0000 2.0000 52.0400 4.2550
3 3.0000 308.8120  2.0000 2.0000 52.0400 4.8470
4 4.0000 304.3930  3.0000 2.0000 61.2700 4.2110
5 4.0000 319.3640  5.0000 2.0000 97.8600 4.1900

Table 2: Drug likeness of synthesized compounds.

Diameter of growth inhibition zone in mm at 20 pg/disc

Sample code Clear Zone (mm) Bald Zone (mm)
01
02 9+0.73
03 10+0.98
04
05

Table 3: Protein kinase inhibition potential of various diamines against
Streptomyces 85E Strain.

the latter is stabilized in the active site by more nonpolar interactions
although no Hydrogen bonding is observed.

Lipinski’s rule of five

To determine the drug likeness of the synthesized compounds,
Molecular descriptors were calculated for all the synthesized compounds
by the ligand property calculation function of MOE (Table 2) and all
of them were found to obey Lipinski’s Ro5 cut-off limits, revealing the
fact that synthesized compounds could be the further studied as potent
anticancer drugs.

Protein kinase inhibition assay

Streptomyces 85E strain was used for the protein kinase inhibition
assay. Moderate activity was observed by CDA-01 and DA-01, while
other samples did not reveal any significant protein kinase inhibition
activity. The maximum bald zone was exhibited by CDA-01 i.e., 10
+ 0.98 mm followed by the DA-01 giving an inhibition bald zone of
9 £ 0.73 mm (Table 3). The active samples that have the capability
to inhibit the hyphae formation serve as protein kinases inhibitors
because they don't allow the Streptomyces to form hyphae by inhibiting
protein kinases and as a result bald zone appears. Uncontrollable and
deregulated phosphorylation leads to the development of cancer.
There is a need to explore the physiological role of protein kinases as
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protein kinase inhibitors can directly and quickly be used to arrest the
kinase activity endogenously in normal cells and tissues, as well as in
transformed cell lines [29].

Conclusions

Five diamines were synthesized and purified successfully. The
analyses of binding mode of the docked poses supported the fact that
all the five compounds could be effective anticancer drugs and assumed
to be active in anticancer assays.
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