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Original Research Article

XRD Studies, Spectral Characteristics, TGA and DFT of 2.4-
Diamino-6-phenyl-1,3,5-triazine: Phenylthioacetic acid
Cocrystal

Abstract

The title compound was prepared by crystallizing together the conformers
namely 2,4-diamino-6-phenyl-1,3,5-triazine (DAPT) and phenylthioacetic acid (PTAA)
in methanol. The compound crystallized in the orthorhombic space group Pca2; with
a=123842) A, b =18.698 (3) A, c = 7.0428(11) A, V = 1630.8(5) A%, and Z = 4. The
compound existed as a 1:1 cocrystal. The dihedral angle between the two formers is
50.89(9)°. The primary and secondary interactions between DAPT and PTAA form two
different discrete chains C(3) that link the DAPT ribbons in adjacent layer. LC-MS
indicates the transfer of a proton from the acid to the base, whereas SCXRD exhibited a
neutral-single interaction.

Keywords: Molecular cocrystal, DAPT:PTAA, XRD, TGA, DFT
1. Introduction

6-Aryl-2,4-diamino-1,3,5-triazines have been reported as new ligands with
potential multi-coordination modes [1], cross linkers in coatings [2], vermin-micro
capsules with slow-release potentiality [3], and corrosion resistant agents on metal
surfaces [4]. Investigations concerning 6-substituted 2,4-diamino-1,3,5-triazine are
focused in their properties in molecular recognition [5]. They also find applications in
colorants [6] for making laser dyes, optical data storage devices, and liquid crystal
display.

Phenylthioacetic acid (Ph-S-CH,-COOH) (PTAA) is a synthetic precursor for a
variety of Ph-S-containing compounds such as PhSCH,=C=0, PhSCH,CON=C=S,
PhSCH,CO,;Me, PhSCH,NO,, MeCH=C(NO,)SPh, PhSCHCICO,H, PhSCH,Cl, and 2-
(phenylthio)methyl-1-oxazolidine derivatives [7-12]. Phenylthioacetic acid is used as a
free radical quencher in laser flash photolysis experiments [13]. Ph-S-CH,.COOH in its
triplet excited state undergoes intermolecular electron transfer allowed by hydrogen

abstraction and decarboxylation producing alkyl radicals, which are the active initiator
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radicals in photo-induced polymerization. Derivatives of PTAA such as
o-hydroxyphenylthio)acetic acid and benzal-bis-(B-thiopropionic) acid are shown to be
anti-tuberculotic [14-15]. The present work is focused on the XRD studies, spectral
characteristics, and TGA of 2,4-diamino-6-phenyl-1,3,5-triazine:phenylthioacetic acid

cocrystal.

2. Experimental
2.1 General

The FT-IR spectra were recorded in pellet form with spectral grade KBr on a
JASCO FT-IR 410 spectrometer in the range 4000400 cm™. ESI mass spectra were
obtained on an Agilent 1100 series LC/MSD spectrometer. Thermogravimetric
Analysis (TGA) experiments were performed on EXSTAR SII TG/DTA 6300
analyzer in the temperature range 50-800°C under atmospheric conditions at a heating
rate of 10°C/min. The single crystal XRD structure of 2,4-diamino-6-phenyl-1,3,5-
triazine:phenylthioacetic acid cocrystal was determined using a BRUKER APEX 2
X-ray (three-circle) diffractometer.

Intensity datasets were collected at room temperature on a BRUKER SMART
APEXII CCD [16] area-detector diffractometer equipped with graphite
monochromated Mo-Ka radiation (A = 0.71073 A). The data were reduced using the
program SAINT and empirical absorption corrections were carried out using the
SADABS [17]. The structures were solved by direct methods using SHELXS-97 and
subsequent Fourier analyses, refined anisotropically by full-matrix least-squares
method using SHELXL.-97 [18] within the WINGX suite of software, based on F
with all reflections. All carbon-hydrogen’s were positioned geometrically and refined
by a riding model with Uisol.2 times that of attached atoms. All non-H atoms were
refined anisotropically. The molecular structures were drawn using the ORTEP-III
and POV-ray programs [19].

2. 2 Computational methodology

All calculations were performed using Gaussian 09 software [20]. Gas phase
geometry was fully optimized at Density Functional Theory (DFT/B3LYP-6-31G(d))
method. The electronic properties were calculated from the Koopmans’ theorem and
the molecular properties like geometry, total energy, molecular electrostatic potential,

Egomo, Erumo, dipole moment, electron affinity, ionization potential, chemical
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potential, electronegativity, absolute hardness, softness, and nucleophilicity were
carried out as reported [21].

2. 3 Synthesis of DAPT:PTAA cocrystal

Equimolar amounts  2,4-diamino-6-phenyl-1,3,5-triazine ~ (DAPT) and

phenylthioacetic acid (PTAA) were separately prepared in dry methanol. One solution
was added slowly to the other. The mixture was kept undisturbed at ambient
temperature. After a period of two weeks, colorless cocrystals of DAPT:PTAA were
obtained in 75% yield.

3. Results and dicussion

3.11R spectra

IR spectrum was recorded to confirm the transfer of carboxylic proton from

PTAA to DAPT and also to identify the specific hydrogen bonds. If a proton transfer
occurs from the acid to N of the base moiety, very broad peaks would appear around
2500£100 cm™. However, absence of any such band in the IR of the cocrystal is
indicative of the nontransfer of proton from the acid to the base [22]. The IR spectrum
of the cocrystal shows C=O stretching frequency at 164lcm™ and —OH stretching
frequency at 3214 cm™. There are significant variations in the stretching frequencies of
—OH, C=N, and C=0 groups compared to those of the cocrystal formers. Changes in the
carbonyl frequencies in the crystal [23, 24], in general, indicate the formation of the
cocrystal. The C=0y; of the cocrystal (1641 cm'l) shows a difference of 64 cm™ from
that of the free acid, PTAA (1705 cm™). Thus, it is understood that the C=0 group 1is

involved in H-bonding.
3. 2 Mass spectra

The LC-MS mass spectrum of DAPT:PTAA in negative ion mode shows the base
peak at 167.04 (M+ of PTAA is 168.04). This indicates the loss of an amu by the acid.
The mass spectrum of DAPT:PTAA cocrystal in positive ion mode shows the base peak
at 188.08 (M+" of DAPT is 187.08). This is due to the acceptance of a proton by DAPT
from PTAA.

3. 3 Thermogravimetric analysis

TGA measurement of DAPT:PTAA shows that the cocrystal remains intact until
150°C. The first weight loss of 9.9% (calc.9.85%) may be due to the removal of one each
of NH3 and H,O molecules at 125.8-141.3°C. The second stage decomposition of the

3
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cocrystal occurs between 160 and 270°C (66%). There is a gradual decomposition after
180°C-400°C.

3. 4 Single crystal XRD analysis of the cocrystal DAPT:PTAA

Suitable single crystal of 2,4-diamino-6-phenyl-1,3,5-triazine:phenylthioacetic
acid (DAPT:PTAA) was placed in a cooled nitrogen gas stream at 90 K on a Nonius
Kappa CCD diffractometer fitted with an Oxford Cryostream cooler with graphite-
monochromated Mo-Ka radiation. Data reduction and cell refinement was done using
‘Denzo and Scalepack. The structure is determined by direct methods and difference-
Fourier techniques. SIR97 and SHELXL97 programs were used to solve and refine the
crystal structures [25-28]. The chemical structure of DAPT:PTAA is given in Fig.1.

NH,
N7 SN
>
H,oN N
o H
jO/
s

-

Fig. 1. The chemical structure of DAPT:PTAA

The software used to prepare the crystallographic details was PARST97 [29].
Crystallographic data and structural refinement for the cocrystal is summarized in

Table 1. Hydrogen bond geometries of the DAPT: PTAA cocrystal are given in Table 2.

Table 1 Crystal data and structure refinement parameters for the 2,4-diamino-6-phenyl-

1,3,5-triazine:phenylthioacetic acid (DAPT:PTAA) cocrystal

Empirical Formula CI7H17N 028
Formula weight 355.41
Temperature 110.15K
Wavelength 0.71073A°
Crystal system Orthorhombic
Space Group Pca?2l
Unit cell dimensions a=12.384(2) A’
b=18.698(3) A’
c=7.0428(11) A°
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Volume, V 1630.8(5) A”
z 4

Density (calculated) 1.448 Mg/m’
Absorption coefficient 0.221 mm’'
F(000) 744

Crystal size

0.81x0.16x0.04 mm’

Theta range for data collection

1.972 to 28.837°

Index ranges

-16<=h<=16, -25<=k<=24,
O<=1<=9

Reflections collected

29764

Independent reflections

4111 [R(int)=0.0380]

Completeness to theta = 25.242°

99.8 %

Absorption correction

Semi-empirical from Equivalents

Max. and Min. transmission

0.7458 and 0.7088

Refinement Method

Full-matrix-least squares F~

Date/restraints/parameters

4111717227

Goodness of Fit on F*

1.055

Final R indices [1>2sigma(I)]

R1 =0.0324, wR2 =0.0766

R indices (all data)

R1 =0.0368, wR2 =0.0796

Absolute structure parameter

0.01(2)

Extinction coefficient

n/a

Largest different peak and hole

0.387 and -0.201e.A°?

Crystal Structure of DAPT:PTAA shows that the molecule crystallized in Pca2,
space group existing as a 1:1 co-crystal. The ORTEP diagram and packing arrangement
of the title compound are shown in Fig.2. It consists of one molecule of 2,4-diamino-6-
phenyl-1,3,5-triazine (DAPT) and one molecule of 2-phenylthioacetic acid (PTAA) in
the asymmetric unit. The dihedral angle between the triazine moiety of DAPT and

thioacetyl moiety of PTAA is found to be 50.89(9)°.
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Fig. 2 ORTEP view of DAPT:PTAA with displacement ellipsoids drawn at 50 %
probability level

Twisting of the acid and 3° amino groups across the O-H---N hydrogen bond

gives the neutral-single interaction motif as shown below.

O—H------- N>\_
H
0O
The crystal structure shows that there is no proton transfer from the carboxyl
group of PTAA to the DAPT in the asymmetric unit. The predicted intermolecular
hydrogen bonding motif N>-H-O, is observed between the nitrogen of DAPT and
carboxyl group of PTAA. It could be noticed that steric requirements warrant the

H-bonding to occur between N, and H-O,- and naturally the other nitrogens are spared.
3. 5 H-Bondings in the cocrystal DAPT:PTAA

Each PTAA combines with one unit of DAPT through O(2)-H(2)-N(2) hydrogen
bonding with Etter’s graph set designator D forming discrete molecules [30].
The O(2)---N(2) distance is 2.663A. This bond is essentially linear, with an angle about
hydrogen atom 167.0°. The normal bond length of -O-H is 0.835A. As the carboxylic
proton of PTAA forms hydrogen bonding with the N, of DAPT, the bond length of the —
O-H is slightly increased (0.84 A) Fig. 3.
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Fig. 3 Supramolecular sheets through N-H...N, N-H...O, C-H...S hydrogen bonds and
C-H...n interaction. [Symmetry codes: (i) -1/2+x, 1-y, z; (ii) 1/2+x, 1-y, z; (iii) 1/2-x, y,
-1/2+z; (iv) 1/2-x,y,1/2+z].

Table 2 Hydrogen Bonds
D-H....A d (D-H) d (H...A) d (D...A) <(DHA)
A A A deg
0(2)-H(2)..N(2) 0.84 1.84 2.663(2) 167.0
N(4)-H(4A)...O(1)#1 0.88 221 2.985(2) 146.1
N(4)-H(4B)...N(3)#2 0.88 2.17 3.036(2) 165.9
N(5)-H(5B)...N(1)#3 0.88 2.15 3.017(2) 167.4

When there is an insufficient pKa difference between the COOH and amino
group, proton transfer does not occur to form any hydrogen bond such as N*-H--"O. In
the cocrystal, each DAPT molecule links two different PTAA molecules through
AO2-H..N2 and N4-H...01" [symmetry code: 1/2-x, y, -1/2+z] hydrogen bonds. Here,
the dihedral angle between the phenyl ring and the thioacetyl group of PTAA is found to
be 11.51(11)°. The DAPT molecule forms its centro symmetric dimers via two pairs of
N4-H...N3' [symmetry code: -1/2+x, 1-y, z] and N5-H..N1" [symmetry code: 1/2+x, 1-y,
z] hydrogen bonds to form two different R22(8) heterosynthons [31, 32] and extends as a
supramolecular ribbon along the a axis. On each side of the supramolecular ribbon, a

ring motif R3’(13) involving one DAPT and two PTAA molecules is formed via
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156 N-H...O, O-H...N and weak C-H...S hydrogen bonds. The Cl16-H..S1™ [symmetry code:
157 1/2-x, 'y, -1/2+z] hydrogen bond links symmetry related PTAA molecules. The
158 continuous occurrence of R22(8) and R33(13) ring motifs develop two dimensional
159 supramolecular sheet extending along a axis as shown in Fig. 4 The two different
160 discrete chains C(3) formed by the primary and secondary interactions between DAPT
161 and PTAA molecules link DAPT ribbons in the adjacent layer.

=20

Q A c3)

C(3) ;
»
e eE

162

163 Fig. 4 Symmetry Codes: 1/2-x, y, 1/2+z; (v) 1-x, -y, -1/2+z

164 The supramolecular sheets in adjacent layer are further connected by two
165 different C-H...m interactions [33]. This weak interactions occur between phenyl C-H
166 group (C11 and C15) of PTAA molecule and aromatic ring CgiV (symmetry code:1/2-x,
167 y, 1/2+z) and Cg" (symmetry code: 1-x, -y, -1/2+z) with d(C...7) distance of 3.642(3)
168 and 3.510(2)A and d(H...w) = 2.90 and 2.72 A, respectively (Fig. 4). The crystal structure
169 is stabilized by the face-face m-m stacking force that is found between the parallel
170 presence of triazine moiety of DAPT and the phenyl ring of PTAA.

171 3. 6 Supplementary Information:

172 The complete set of structural parameters has been deposited in CCDC (Cambridge
173 Crystallographic Data Centre) with the CCDC deposition number 1061731. These data
174 may be obtained free of charge from The Cambridge Crystallographic Data Centre via
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175 www.ccdc.cam.ac.uk/ data request/cif (or from the Cambridge Crystallographic Data
176 Centre; Postal Address: CCDC, 12 Union Road, Cambridge CB21EZ, UK

177 3. 7 Theoretical studies

178 The DFT method represents good correlation between the calculated
179 geometrical parameters and the single crystal XRD (SCXRD) data. This method also
180 helps in the calculation of the other parameters for the acid (PTAA) and the cocrystal
181 (DAPT:PTAA). Table 3 reveals that the geometrical parameters of theoretical studies
182 are nearly the same as the experimental ones for the acid (PTAA) and the cocrystal
183 (DAPT:PTAA). The acid (PTAA) and the cocrystal (DAPT:PTAA) have been studied
184 theoretically in the absence of their SCXRD data using the B3LYP/3-21G(d) level of
185 theory. Thus we have investigated the electronic structures of the acid (PTAA) and
186 the cocrystal (DAPT:PTAA) using the DFT method. Fig.5 shows the optimized
187 structures of the acid (PTAA) and the cocrystal (DAPT:PTAA). Cocrystal
188 (DAPT:PTAA) has lower energy (-1480.18eV) than the acid (PTAA) (-621.02eV)
189 and triazine (-853.67) (Table 3).

190

191 Fig. 5 Optimized structure of DAPT:PTAA

192 3. 8 Frontier molecular orbitals

193 Frontier molecular orbitals (FMO) could provide information regarding the
194 inverse dependence of stabilization energy on orbital energy difference. Eyomo 1S, in
195 general associated with the electron donating ability of a molecule. High values of
196 Enomo are likely to express the tendency of the molecule to donate electrons to
197 acceptor molecules of lower energy MO. E;ymo, indicates the ability of the molecule
198 to accept electrons [34]. The binding ability of the molecule increases with increasing
199 HOMO and decreasing LUMO energy values. Thus, the lower the value of Eyymo, the
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200 most probable it is that the molecule would accept electrons. Fig. 6 reveals the

201 HOMO and LUMO of the cocrystal (DAPT:PTAA). Egomo and Epymo values of the

202 cocrystal are found to be -5.6235 and -1.4171 (ev) respectively (Table 3)..

203

204 HOMO

@ 4
f“ ’

205 9

206 LUMO

207 Fig. 6 HOMO and LUMO of the cocrystal (DAPT:PTAA)

208 The difference between the HOMO and LUMO energy levels (AE) of the

209 molecule is an important parameter determining the reactivity of the molecule. As AE

210 decreases (especially for the cationic species), the reactivity of the molecule increases

211 making the molecule less stable. Table 3 reveals that the HOMO-LUMO energy gap

212 AE of the cocrystal (DAPT:PTAA) is lower than that of acid (PTAA) and triazine.

213 Table 3 Molecular properties of the compound calculated using DFT at the B3LYP/6-

214 311G(d,p) basis set in gaseous phase

Dipole
AE EA () Total moment,
Compound | HOMO | LUMO (eV) IP (eV) (eV) X (eV) u (eV) nev) | ¢ (eV) (eV) | energy(eV) D

cocrystal | -5.6235 | -1.4171 | 4.2064 | 5.6235 | 1.4171 | 3.5203 | -3.5203 | 2.1032 | 04755 | 2.9461 | -1480.18 | 3.1456

Acid -5.4921 | -1.8292 | 3.6629 | 5.4921 1.8292 | 3.66065 | -3.6606 | 1.83145 | 0.5460 | 3.6584 -621.02 2.8989
Triazine | -6.0163 | -1.4555 | 4.5608 | 6.0163 | 14555 | 3.7359 | -3.7359 | 2.2804 | 0.4385 | 3.0602 | -853.67 0.1848

10
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[P—ionization potential; EA-electron affinity; j)—electronegativity; p—electrochemical
potential; n—absolute hardness; c—softness; w—nucleophilicity

The dipole moment, which is defined as the first derivative of the energy with
respect to an applied electric field, is mainly used to study the intermolecular
interactions such as van der Waals type dipole—dipole forces efc. The larger the dipole
moment, the stronger will be the intermolecular attraction [35]. The cocrystal
(DAPT:PTAA) has higher dipole moment (3.1456 D) which reveals it to be more
polar than the acid and triazine. Absolute hardness, 1, and softness, o, are important
properties to measure the molecular stability and reactivity. A hard molecule has a
large energy gap and a soft molecule has a small energy gap. Soft molecules are more
reactive than hard ones because they could easily offer electrons to an acceptor. For
the simplest transfer of electrons, absorption could occur at the part of the molecule
where ¢ has the highest magnitude whereas 1 has the lowest [36]. The nucleophilicity,
o, measures the electrophilic power of a molecule. It has been reported that the lower
the value o, the lower the capacity of the molecule to donate electrons [37]. Table 3
shows that cocrystal (DAPT:PTAA) has moderate energy gap (AE, 4.2064 eV).

According to the molecular orbital (MO) theory, HOMO and LUMO are the
most important factors affecting the bioactivity. The interaction between these
molecules and the receptor of bacteria are correlated to m—m or hydrophobic
interaction among these frontier molecular orbitals. If the charged parameters are
responsible for antimicrobial activity of these molecules, then the negative charges
mainly located on carbonyl O-atom may be said to interact with the positive portion
of the receptor. The N-H and C-H, being the most positively charged parts, can
interact with the negatively charged region of the receptor easily. We have finally
resolved that the HOMO and LUMO of the cocrystal is mostly having n-antibonding
type orbitals and thus, the electronic transitions from the HOMO to LUMO are mainly

derived from the contribution of n—* bands [38].

3. 4 Mulliken charge analysis

Generally, Mulliken atomic charge calculation has an important application of
quantum chemical calculations to molecular systems. It plays a vital role in the packing
of crystals in the solid state by means of intermolecular interaction and it has significant

influence on dipole moment, polarizability, electronic structure and vibrational modes

11
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[39]. The Mulliken charge analysis of the cocrystal DAPT:PTAA is calculated at the
HF and DFT/B3LYP levels and given in Table 4, corresponding population analysis
graph is shown in Fig. 7.

42 =3 H
=_|=
36 = H
[he—
33 = B
30 = C
e
i ——
E pr——
o '=.= ——
< 18 5]
“—
3
9 H
=
6 [— [ 53
3 O
e
T T T T T | T 1

T
08 06 04 -02 00 02 04 06 08 10
Charge (e)

Fig.7 Mulliken charge of DAPT:PTAA

All the hydrogen atoms of DAPT:PTAA are of positive nature and all nitrogen
atoms are negative. All carbon atoms have negative charges excepting the four carbon
atoms namely C19, C29, C30, and C31 that have positive charges since these carbon
atoms are situated between or aside the electronegative atoms (nitrogen and oxygen)
(Fig. 6). This reveals the intermolecular charge transfer between the ions and hence the
possibility of hydrogen bonding association and crystal packing especially, the
intermolecular charge transfer in the two N—H:--O and two N—H-:-N intermolecular
hydrogen bonds.

Table 4 Mulliken charge value of the cocrystal DAPT:PTAA

Atom Atom Mulliken charge
Number symbol
1 S 0.36278
2 (0] -0.34062
3 (0] -0.52373
4 H 0.41965
5 C -0.34798
6 C -0.14365
7 H 0.18155

12
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8 C -0.14806

9 H 0.1718

10 C -0.17395

11 H 0.1737

12 C -0.14951

13 H 0.16867

14 C -0.12862

15 H 0.17883

16 C -0.7884

17 H 0.26974

18 H 0.2748

19 C 0.50962

20 N -0.36158

21 N -0.55346

22 N -0.35806

23 N -0.75581

24 H 0.34639

25 H 0.35026

26 N -0.77732

27 H 0.34748

28 H 0.34809

29 C 0.08845

30 C 0.59142

31 C 0.58965

32 C -0.02729

33 C -0.08616

34 H 0.19134

35 C -0.18719

36 H 0.17307

37 C -0.14785

38 H 0.17253

39 C -0.18716

40 H 0.17287

41 C -0.0878

42 H 0.19155
262
263 4. Conclusion
264 The cocrystal  2,4-diamino-6-phenyl-1,3,5-triazine:phenylthioacetic  acid
265 (DAPT:PTAA) has been prepared. The IR(KBr) of DAPT:PTAA indicates changes in
266 the stretching frequencies of C=0 group ascertaining the formation of the cocrystal. The
267 recorded TGA of the cocrystal shows its thermal stability upto 180°C. The LC-MS mass
268 spectra indicate that proton transfer does occur under mass spectral (LC-MS) conditions
269 whereas the nontransfer of proton from PTAA to DAPT is noticed in SCXRD. Single

13
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crystal XRD of DAPT:PTAA displays the presence of a neutral-single interaction
(OH...N) between the two molecules. Further the crystal structure of DAPT:PTAA is

found stabilized by various H-bondings as well as n-n stackings.
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