
651

J. Indian Chem. Soc.,
Vol. 95, June 2018, pp. 651-659

Synthesis, crystal structure, molecular docking and cytotoxicity of Zwitterionic 3-(4-amino-3-
imino-5-oxo-2,3,4,5-tetrahydro-[1,2,4]triazin-6-yl)-propionic acid
S. Parveena, Hung Huy Nguyenb and S. Govindarajan*a

aDepartment of Chemistry, Bharathiar University, Coimbatore-641 046, Tamilnadu, India
bDepartment of Chemistry, VNU University of Science, 19 Le Thanh Tong, Hanoi, Vietnam

E-mail: drsgovind@yahoo.co.in
Manuscript received 13 February 2018, revised 29 March 2018, accepted 31 May 2018

A new 3-(4-amino-3-imino-5-oxo-2,3,4,5-tetrahydro-[1,2,4]triazin-6-yl)-propionic acid monohydrate has been synthesised by the
condensation reaction of -ketoglutaric acid with diaminoguanidine. The compound exists as zwitter ion, with the hydrogen
atom of carboxylic group being transferred to the exocyclic imine nitrogen atom of triazine moiety. The zwitterionic condensed
product was characterised by single crystal X-ray diffraction, elemental analysis, FT-IR, UV-Vis NMR and Mass spectroscopies,
and TG-DTA methods. This salt crystallises in monoclinic system of space group P21/c with a = 6.4871(3) Å, b = 9.1562(5)
Å, c = 14.9555(8) Å, = 97.519(2)º, Z = 4 and R1/wR2 [I  2(I)] = 0.0512/0.1092. The structural units are held together by
extensive array of N-H...O, O-H...O and C-H...O interactions and lattice water acts as a linker. The epidermal growth factor
receptor (EGFR) is a tyrosine kinase receptor that is frequently expressed in epithelial tumours. The EGFR was the first re-
ceptor to be proposed as a target for cancer therapy, and the compound was subjected into the target protein in molecular
docking approach. It was observed that the compound decreased the viability of MCF-7 cells in dose dependent level with
the IC50 value of 15.2 g/mL and the morphology studies indicate that the compound induces apoptosis.
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Introduction
The 1,2,4-triazines are nitrogen-containing heterocycles

possessing considerable interest because of high biological
activities such as pesticide properties (herbicides, fungicides,
insecticides, plant growth stimulants and inhibitors) and phar-
maceutical activities, e.g. neurotropic, cardiotropic,
bronchodilatory, vasodilatory, antifungal and anthelminthic
ones1,2. Analysis of literature shows that 3-substituted 1,2,4-
triazine-5 ones are mainly synthesized by cyclocondensation
of -keto acids with thiosemicarbazides and thiocarbo-
hydrazide and hydrazine derivatives3–5. The reactions are
performed in two stages: initial formation of the correspond-
ing -keto acid hydrazones followed by their cyclization to
give the target triazines. The synthetic potential of this method
is limited because the starting -keto acids obtained by multi-
stage procedures are hardly available3–5. Bis-hydrazones
derived from carbono- and thiocarbonohydrazides having
both open chain and closed macrocyclic systems were stu-
died6,7.

Our research group has been focusing on the condensa-
tion reaction and salt forming ability of hydrazine derivatives
with variety of carboxylic acids8–11 and carbonyl com-
pounds12. Our recent report showed that the reaction be-
tween aminoguanidine and oxalic/sulpho acetic acid has led
to zwitterionic salt via condensation13. In this line, we are
interested in finding both condensation and neutralisation
ability of hydrazine derivatives by careful selection of start-
ing compounds. -Ketoacids are of wonderful candidates
and possess interesting biological properties. Similarly,
diaminoguanidine (DAG), diacidic base is known to have
extensive applications in both chemical and biological sys-
tems14. Lieter and Strojny15 synthesised triazine by condens-
ing -dicarbonyl compounds, in particular benzil with
diaminoguanidine with very low yield. To the best of our knowl-
edge no attempt has been made to synthesise molecular
salt based on DAG, except the pyruvate Schiff base derived
from aminoguanidine that has been reported in its zwitteri-
onic form by Turta et al. 16. The aim of the present work is to
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investigate the structural versatility of Schiff base to form
supra molecular hydrogen bonding assemblies. And we re-
port here the synthesis, crystal structure, molecular docking
and cytotoxicity of zwitterionic triazine derivative.

Experimental
Material and methods:
All reagents and chemicals used were of analytical re-

agent grade (A.R.) and of highest purity. Doubly distilled wa-
ter was used as a solvent for preparation. Elemental analy-
sis for C, H, and N were performed on a Vario-ELIII elemen-
tal analyser. The IR spectrum was recorded on a JASCO-
4100 spectrophotometer as KBr pellets in the range of 4000–
400 cm–1. NMR spectra were recorded on a Breuker Avance
III spectrometer operating at 400 MHz for 1H and 100 MHz
for 13C. 1H/13C NMR chemical shifts are reported in ppm
and tetramethyl silane (TMS) used as an internal reference.
Mass spectrum was performed on high resolution JEOL
GCMATE II GC-MS double focusing instrument with elec-
tron impact ionisation mass spectrometer. Simultaneous TG-
DTA studies were done on a Perkin-Elmer Pyris Diamond
thermal analyser and the curves obtained in air using plati-
num cups as holders with 3 mg of the sample at the heating
rate of 10ºC/min. Absorption spectral analysis were performed
using JASCO V-630 UV-Visible spectrophotometer with
quartz cuvettes of path length 1 cm.

The single crystal used for the structure determination of
the compound was found to be a non-merohedral twin with
two components. The integration using Apex2, resulted in a
total of 37181 reflections. 6486 reflections (853 unique) in-
volved component 1 only (mean I/ = 16.9), 6520 reflections
(860 unique) involved component 2 only (mean I/ = 13.4),
and 24175 reflections (2301 unique) involved both compo-
nents (mean I/ = 14.9). The data were corrected for ab-
sorption using Twinabs17. Using Olex218, the structure was
solved by direct methods (SHELXT)19 with only the non-over-
lapping reflections of component 1. The structure was re-
fined with the ShelXL20, using the HKLF 5 routine resulting
in a BASF value of 0.3974(18). All hydrogen atoms including
hydrogen atoms of water molecules are located with the riding
model.

Preparation:
An aqueous solution (20 mL) of 1,3-diaminoguanidine

monohydrochloride (0.125 g, 1 mmol) was added to 20 mL
aqueous solution containing -ketoglutaric acid (0.146 g, 1
mmol) and stirred for an hour. The resulting clear solution
was concentrated over a waterbath to reduce half of its vol-
ume and then kept at room temperature for crystallisation.
Light pink colour crystals formed after three days were sepa-
rated, washed with cold methanol and air dried. Yield: 89%,
elemental analysis (Found: C, 33.65; H, 5.67; N, 32.55.
C6H11N5O4 Calcd.: C, 33.18; H, 5.10; N, 32.24%); UV-Vis
(10–3 M, max, nm ( [M–1 cm–1])): 243 (23200), 303 (20800);
FT-IR (KBr, cm–1): 3420 (OH), 3250 (NH), 1661 (C=N), 1613,
1422 (COO–), 1050 (N-N); 1H NMR (400 MHz, DMSO-d6, ,
ppm): 7.07(s, NH), 5.50 (s, H2O), 2.79–2.76 (t, 7.0 Hz, CH2),
2.58–2.54 (t, 7.0 Hz, CH2); 13C NMR (100 MHz, DMSO-d6):
163.19 (C8), 152.88 (C4), 140.17 (C5), 134.06 (C1), 20.19
(C7), 20.0 (C6).

Molecular docking study:
The chemically synthesized compound is docked against

the target protein tyrosine kinase (PDB: 1M17). The binding
of small molecule to large protein targets is central to numer-
ous biological processes and the accurate prediction of the
binding modes between the ligand and protein is of funda-
mental importance in modern structure based drug design.
Python 2.4-language was downloaded from https://
www.python.org/download/releases/2.4/, Cygwin (data stor-
age) was simultaneously downloaded from www.cygwin.com,
Molecular graphics laboratory (MGL) tools and Auto Dock
1.5.6 was downloaded from http://mgltools.scripps.edu/Sup-
port, Chem sketch was downloaded from http://www.
acdlabs.com/resources/freeware/chemsketch/.

Evaluation of cytotoxicity:
The inhibitory concentration (IC50) value was evaluated

using an MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide] assay. The medium was replaced with fresh
medium containing serially diluted synthesized compound,
and the cells were further incubated for 48 h. The culture
medium was removed, and 100 L of the MTT solution was
added to each well and incubated at 37ºC for 4 h. After re-
moval of the supernatant, 50 L of DMSO was added to
each of the wells and incubated for 10 min to solubilize the
formazan crystals. The optical density was measured at 620
nm in an ELISA multi well plate reader (Thermo Multiskan
EX, USA). The OD value was used to calculate the percent-
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age of viability using the following formula.

OD value of experimental
sample

% of viability = ————————————— × 100 (1)
OD value of experimental

control

Induction of apoptosis:
The MCF-7 cells that were grown on cover slips (1×105

cells/cover slip) incubated for 6–24 h with compound at the
IC50 concentration, and they were then fixed in an
ethanol:acetic acid solution (3:1; v/v). The cover slips were
gently mounted on glass slides for the morphometric analy-
sis. Three monolayers per experimental group were photo
micrographed. The morphological changes of the MCF-7
selected cells were analyzed using Nikon (Japan) bright field
inverted light microscopy at 40x magnification. Approximately
1 L of a dye mixture (100 mg/mL acridine orange (AO) and
100 mg/mL ethidium bromide (EtBr) in distilled water) was
mixed with 9 mL of cell suspension (1×105 cells/mL) on clean
microscope cover slips. The selected cancer cells were col-
lected, washed with phosphate buffered saline (PBS) (pH
7.2) and stained with 1 mL of AO/EtBr. After incubation for 2
min, the cells were washed twice with PBS (5 min each) and
visualized under a fluorescence microscope (Nikon Eclipse,
Inc, Japan) at 400x magnification with an excitation filter at
480 nm. Likewise the cells were placed on glass coverslip in
a 24-well plate and treated with compound for 24 h. The fixed
cells were permeabilised with 0.2% Triton X-100 (50 L) for
10 min at room temperature and incubated for 3 min with 10
L of DAPI by placing a coverslip over the cells to enable
uniform spreading of the stain. The cells were observed un-
der (Nikon Eclipse, Inc, Japan) fluorescent microscope.

Results and discussion
The triazine derivative was prepared by the direct con-

densation of -ketoglutaric acid with diaminoguanidine in

aqueous medium. In this reaction both condensation and
neutralisation are possible. Initially condensation prevails over
neutralisation resulting Schiff base formation and in turn in-
ternal condensation (ring closure reaction) occur leading to
triazine compound. Subsequently, there is a proton transfer
from the carboxyl group to the exocyclic imine part of triaz-
ine. The synthetic route of new zwitterionic triazine is out-
lined in Scheme 1. The compound is stable in air and highly
soluble in ethanol, methanol and water. Our attempt to pre-
pare this compound in methanol, ethanol and acetonitrile was
unsuccessful. Also the reaction of aminoguanidine with -
ketoglutaric acid did not yield any desired product.

Structural description:
The molecular structure with atom labelling scheme of

the salt is depicted in Fig. 1. The compound crystallizes in
monoclinic system in the space group P21/c with Z = 4. Crys-
tallographic data are presented in Table 1 and selected bond
parameters are summarized in Table S1 and S2. The asym-
metric unit consists of zwitterionic condensed salt and a water
molecule. The C5-N1 bond distance is 1.289(3) Å that is
appreciably close to that of C=N confirming the formation of
Schiff base16,21. The triazine ring and the carboxylate group
are arranged in same plane in the structure. In addition, a
proton transfer occurs from propionic part of ketoglutaric acid
to imine nitrogen of guanidine moiety resulting internal salt
formation. This was confirmed by the variation in the C-O
bond distances dc-o of the carboxylate group i.e. 1.246(3)
(C8-O9), 1.282(3) (C8-O8) Å in relation to its asymmetric
nature13.

Similarly three crystallographically independent C-N bond
lengths in the guanidinium moiety (1.312(3) (C1-N3), 1.342(3)
(C1-N2), 1.362(3) (C1-N4) Å) of triazine was observed. The
results are comparable to that of, e.g. diaminoguanidinium
sulphate22, diamino-guanidiniumazotetrazolate23 and
diaminoguanidinium 3-nitro-1,2,4-triazol-5-one24.

Scheme 1. Synthetic route of triazine derivative.
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In the crystal, symmetry related molecules are hydrogen
bonded via carboxylate oxygen (O9) and the amino hydro-
gen (N5-H5B). This results in the formation of one dimen-
sional chain running parallel to b-axis when viewed down-a
(Fig. 2). Lattice water plays a vital role in strengthening the
network, in which it acts as a bifurcated acceptor to the amino
group. In this chain, each molecule is linked by N-H...O hy-
drogen bonds through N3-H3B...O10 and N5-H5A...O10 to
generate  R2

1(7) ring motif as shown in Fig. 2.
Furthermore, the anionic and cationic parts of the zwitter

ion are hydrogen bonded so as to create R1
2(4), R2

1(6), R2
2(8)

ring motifs achieved through N-H...O interactions, thus cre-
ating 2D layer structure. The antiparallel sheets are connected
by C6-H6B...O9 (3.48 Å) interactions resulting in three di-
mensional supramolecular network as shown in Fig. 3.

Spectral characterization:
The 1H and 13C NMR spectra have been recorded for

the compound in DMSO-d6 solution and are  shown in Figs.
4 and 5. In 1H NMR spectrum, appearance of a broad signal
at 7.07 ppm has been assigned to NH protons. A peak at
5.50 ppm with an integration corresponds to two protons is
assigned for a lattice water molecule. The methylene pro-
tons of ligand nearer to carboxylate and  azomethine groups
are observed in the region between 2.79–2.76 and 2.58–
2.54 ppm respectively. The 13C NMR spectrum revealed  six
signals that are due to the six magnetically different carbons
present in the compound. The carboxylate (COO–) and car-
bonyl (C=O) carbon signals appeared in the most downfield
shift at 163 and 152 ppm respectively. Two signals at 140

Table 1. Crystallographic data
Compound
Empirical formula C6H11N5O4
Formula weight 217.20
Temperature (K) 100.0
Crystal system monoclinic
Space group P21/c
a (Å) 6.4871(3)
b (Å) 9.1562(5)
c (Å) 14.9555(8)
(º) 90
(º) 97.519(2)
(º) 90
Volume (Å3) 880.68(8)
Z 4
calc (g/cm3) 1.638
(mm–1) 0.138
F (000) 456.0
Crystal size (mm3) 0.25×0.2×0.15
Radiation MoK ( = 0.71076)
2 range for data collection (º) 6.336 to 56.624
Index ranges –8  h  8, 0   k  12,

0  l  19
Reflections collected 2249
Independent reflections 2249 [Rint = 0.0507,

Rsigma = 0.0303]
Data/restraints/parameters 2249/0/141
Goodness-of-fit on F2 1.121
Final R indexes [I > = 2 (I)] R1 = 0.0512, wR2 = 0.1092
Final R indexes [all data] R1 = 0.0642, wR2 = 0.1161
Largest diff. peak/hole/e Å–3 0.47/–0.50

Fig. 1. Molecular structure of the compound.
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Fig. 2. Crystal packing of compound viewed down a-axis.

Fig. 3. Third dimensional created by C-H...O interactions - down b.

and 134 ppm corresponds to azomethine carbons of triaz-
ine. A doublet at 20 ppm is assigned to methylene carbons.

Mass spectrometry is a micro analytical technique that
provides characteristic information pertaining to the struc-
ture and molecular weight of the compounds. Mass spec-
trum of the compound (Fig. 6) shows peak at 217.4 match-
ing exactly with the composition of the compound. A base
peak at m/z 199 corresponds to the anhydrous zwitterion
which again confirm the overwhelming stability.

Thermal study:
Thermal analysis provides information regarding the ther-

mal stability of the compound. The TG exhibits three distinct
steps of decomposition in accordance with DTA (Fig. S1).

Initially, the compound shows an endotherm in DTA at 92ºC
corresponding to dehydration of lattice water molecule with
the weight loss of 8.00% (Calcd. 8.33%). The anhydrous
compound undergoes decarboxylation endothermically
(265ºC) resulting triazine derivative (C5H9N4O: Obsd.
28.00%; Calcd. 28.57%) as an intermediate, which further
decomposes exothermically at 615ºC to give gaseous end
products.

Molecular docking studies:
The epidermal growth factor receptor (EGFR) defines a

family of tyrosine kinase receptors (TKRs) including ErbB2/
HER2, ErbB3/HER3 and ErbB4/HER425,26. As a cell surface
protein that binds to epidermal growth factor, its binding to a
ligand induces receptor dimerization and tyrosine auto phos-

JICS-10
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phorylation and leads to cell proliferation, of which altered
activity has been implicated in the development and growth
of many tumours27. EGFR is the cell-surface receptor and
cancer biomarkers. It’s over expression or over activity has
been associated with a number of cancers, including breast,
lung, ovarian, and anal cancers. Many therapeutic ap-

proaches are aimed at the EGFR28. A variety of evidence
suggests that over expression of EGFR has been associ-
ated with oncogenic activity such as breast, colorectal, ova-
rian and non-small cell lung cancers29. Since then EGFR
has been identified as a promising target for the treatment of
many human cancers. The development of potent EGFR

Fig. 5. 13C NMR spectrum in DMSO-d6 solvent.

Fig. 4. 1H NMR spectrum in DMSO-d6 solvent.
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Fig. 6. Mass spectrum of the compound.

Fig. 7. Docked conformation of EGFR with compound (a); binding
modes of compound (b).

inhibitors has become an increasingly attractive area for dis-
covering new anti-cancer drugs. Recently, different com-
pounds have been investigated as novel EGFR inhibi-
tors30–34, which include thienopyrimidine, thiazolo[4,5-
d]pyrimidine, arylaminopyrimidine, pyrazolo[3,4-d]pyrimidine,
and pyrrolotriazine derivatives. Therefore, studies on the
TKIs-EGFR interactions might provide some useful insights
or clues for developing effective anti-EGFR drugs.

To gain more understanding on structure-activity relation-
ships observed for EGFR-tyrosine kinase, molecular dock-
ing was performed on binding model of EGFR (PDB: 1M17).
Analysis of docking results revealed that the compound pos-
sesses binding energy of –10.12 kcal/mol. The 2D binding
model of the compound with EGFR receptor is depicted in
Fig. 7. In the binding model, compound bound through amino
acid residues resulting two hydrogen bonds. Hydrogen bond
interactions between receptor and compound are shown as
dotted lines in Fig. 7. One conventional hydrogen bond was
observed between the nitrogen atom of triazine ring moiety
with the oxygen atom of Asp 950 and another hydrogen bond
was formed between the carboxylate oxygen and nitrogen
atom of Arg 953. This attributed to the reason that compound
showed good inhibition against EGFR kinase receptor. Com-
pound is well interacted with cancer cells through EGFR re-
ceptors rather than the normal cells. These findings have
provided a rationale for the development of novel anticancer
agents that target EGFR receptor.

Cytotoxicity:
Historically, the biomedicinal properties of triazine com-

pounds were previously investigated as anticancer drug3–5.
Therefore the salt was screened for cytotoxicity against MCF-
7 by MTT method using Doxorubicin as a reference. It dis-
played potent activity with the IC50 value of 15.2 g/mL. It
was further examined for possible cytotoxicity against HBL-
100 (normal breast cell line) and found that the compound
exhibited weak cytotoxicity against HBL-100 (21.23 g/mL).
The results indicated that compound had good selectivity
between the selected cancer cell line (MCF-7) and a normal
cell line (HBL-100).

Induction of apoptosis:
To induce apoptosis, MCF-7 human breast cancer cells

were cultured in the presence of increased concentration of
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triazine compound and cellular morphology was observed
with a phase contrast microscope (Fig. 8A). While the con-
trol cells have a round morphology, phase-contrast micro-
graphs reveal that the compound induces increased cell
shrinkage, membrane blebbing and forms floating cells, com-
pared to the control in a dose-dependent manner (Fig. 8A(b
to d)). Chromatin condensation was also detected using the
fluorescent DNA binding dye (AO/EtBr). As shown in Fig. 8B,
the untreated MCF-7 cancer cells (control) did not show any
significant adverse effect compared to the compounds treated
cancer cells (Fig. 8B(b-d)). It can be observed that with the
addition of compounds (b-d) to the MCF-7 cancer cells, the
green colour of cells are converted into orange/red which is
due to induced apoptosis and the nuclear condensation ef-
fect. Further confirmation of apoptosis came from the DAPI
staining assay (Fig. 8C). Compound treated MCF-7 cancer
cells show bright fetches which indicate the condensed
chromatins and nuclear fragmentations and it is comparable
to the control.

position to give gaseous products in the temperature range
100–650ºC.

The supra molecular structure was stabilized by a variety
of intermolecular contacts including N-H…O, O-H…O, C-
H…O interactions that generate three-dimensional network.
The carboxylate oxygen (O9) acts as tetrafurcated acceptor
and favours the creation of 3D network. Molecular docking
studies with EGFR receptor revealed good binding affinity
with an energy of –10.12 kcal/mol and resulting two conven-
tional hydrogen bonds towards preferential aminoacid resi-
dues. The compound displayed potent activity with the IC50
value of 15.2 g/mL and morphology studies further con-
firmed the induced apoptosis.
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