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Synthesis [1-(4-acetylphenyl)-3-(2-methylphenyl)|triazene: NMR,
Vibrational, X-ray Crystallography Characterization with HF/
DFT Studies
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[1-(4-acetylphenyl)-3-(2-methylphenyl)]triazene (AMT) was synthesized by experimental
methods, its chemical and spectrometric properties were studied by FT-IR, FT-Raman,'H-
NMR,"*C-NMR and X-ray single-crystal diffraction methods. The obtained results showed that
this structure has orthorombic system with space group of pbca and eight molecules in unit cell.
Its unit cell parameters comprise a=8.0665(2), b=8.0019(2) and ¢=21.5249(5). Then molecular
number of [1-(4-acetylphenyl)-3-(2-methylphenyl)]triazene (AMT) structure has been studied
by HF/DFT methods. However, FT-IR, FT-Raman,'H-NMR, '*C-NMR spectra were analyzed
that the obtained results for vibrational spectra and amount of chemical shift correspond
significantly with theoretical methods. Some structural parameters such as bonds length,
bonds angle and dihedral angle were studied using theoretical and experimental methods. The
parameters such as thermodynamical parameters, dipole moment, HOMO and LUMO energetic
values, electrophilicity (o), chemical potential(p), chemical hardness(n) and max amount of
electronic charge transfer (AN, ) are calculated for this compound in conclusion. The proposed
methods were successfully applied to the determination of vibrational spectra, chemical shift
amounts and structural parameters.

Keywords: Triazene, Crystal structure, Vibrational frequency, NMR.

Introduction

Triazenes are a group of compounds with diazo
amino functional group and they have high
stability to photo, thermo and acids [1-7]. They
commonly adopt a trans configuration in the
ground state [8]. Triazene compounds contain
intramolecular  charge-transfer ~chromophores
and, therefore, the presence of electron donating
and -withdrawing moieties will have appreciable
effect on their UV—vis absorption bands [9-11].
Triazene compounds have been used for the
preparation of several sensors for determination
of heavy metals [12, 13], and also used in solid-
phase extraction [14, 15]. They have been studied
for their anorectic activity and potency against
specific tumor cell lines [16-20], as well as
they have been applied as protecting groups in
natural product synthesis [21, 22] or used to form
heterocycles [23, 24]. Various compounds have
been prepared from these compounds, because of
linkage ability of them to carbonic nano tubes that
have important abilities especially in man’s body

metabolism [25]. A kind of these compounds
applied in agronomy chemistry for insecticides
and weeds synthesis [26, 27]. However, they have
been used in pigments synthesis [27]. Recently,
these compounds have been used as ligand to
complex synthesis because they have many
applications and abilities [11, 28-33]. In some
of the triazene complexes variance in molecular
structure and present creation possibility of
attractive molecular interactions, causes to sit
these compounds in super molecules family. The
super molecules can use from covalent slender
and reversible interaction such as Van der Waals
power or hydrogen bond for molecules collection
which causes to engender the new properties
catalytic activity, new magnetic characterization
and response to photo and the structure is applied
in many new tendencies [34-36]. This inorganic
compounds series can possess special properties
and high application, [1-(4-acetylphenyl)-
3-(2-methylphenyl)]triazene (AMT) can be
synthesized by many studies and consideration as
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a new type of triazene compound. Its properties
were performed some spectroscopic and
thermodynamics studies for further consideration.
Thus, FT-IR, FT-Raman, 'H-NMR, "*C-NMR
and X-ray single crystal diffraction were studied.
Then, this structure in levels HF and DFT were
calculated theatrically and the theoretical results
of IR vibrational spectra were analyzed Potential
Energy Distributions (PEDs) computation and
the obtained was compared with experimental
results. However, thermodynamic parameters
and electrophilicity value, chemical hardness,
chemical potential and max amount of electronic
charge transfer were calculated via the HOMO
and LUMO energetic values.

The electrophilicity index, which measures
the stabilization in energy when the system
acquires an additional electronic charge, AN from
the environment and is presented in terms of the
electronic chemical potential, p (the negative of
electronegativity, ¥) and the chemical hardness,
n. Both quantities may be approximated in terms
of the energies of frontier molecular orbitals
(Eomodnd € o) 8 U= (g,+€)/2 and n=¢g —¢,.
The Electrophilicity can also be approximated in
terms of the ionization potential (I) and electron
affinity (A) [37]. High values of p and low values
of m, characterize a good electrophone species.
The maximum amount of electronic charge AN __,
that the electrophone system may accept [37, 38].
While the quantity of ® describes the propensity of
the system to acquire additional electronic charge
from the environment, the quantity of AN
describes the charge capacity of molecule [37].

max

Experimental
General method

All materials were obtained from Sigma-
Aldrich and were used without further purification.
The Perkin Elmer RXI spectrometer was used
to obtain IR spectra and using KBr disks in the
frequency range of 4000-400 cm™'. The Almega
Thermo Nicolet Dispersive Raman spectrometer
was used to obtain Raman spectra in the frequency
range of 4200-100 cm™. Elemental analysis
was carried out using a Perkin—Elmer 2400(1I)
CHNS/O analyzer. Melting points were measured
on a Barnstead Electrothermal 9200 apparatus.
The solution absorbencies were monitored using
Perkin-Elmer Lambda 25 spectrophotometer,
using two matched 10 mm quartz cells. '"H NMR
and BC NMR spectra were recorded on Bruker
Avance 300 MHz spectrometer in deuterated

Egypt. J. Chem. 61, No. 2 (2018)

dimethylsulfoxide (DMSO-d,) solvent, and all
chemical shifts were reported in & unit downfield
from Me,Si. Crystallographic measurements
were recorded using graphite monochromated
Mo K radiation (A= 0.71073 A). The structure
has been solved by direct methods and refined by
full-matrix least-squares techniques on F2 using
SHELXTL [39]. The molecular structure plots
were obtained using Platon [40] and mercury
[41]. The weighted R-factor wR and goodness of
fit S and conventional R-factors R are based on F2
and F respectively [41-44].

Synthesis

The synthetic route is shown in Scheme 1.
A 1000 ml flask was charged with 300 g of ice
and 150 ml of water and cooled to 0°C in an ice
bath; then, it was added by 3.38 g (25 mmol) of
4-Aminoacetophenone and 4.70 g (50 mmol) of
hydrochloric acid (d = 1.19 g ml), a solution of
NaNO, containing 1.80 g (25 mmol) in 25 ml of
water was added in 20 min under electromagnetic
stirring solution. After further stirring for 15 min,
the solution containing 2.7 ml (25 mmol) was
slowly added to resulting solution. The mixture
was maintained at pH 7-8 by adding appropriate
amount of aqueous sodium acetate. The mixture
was stirred at room temperature for 1.5 h. The
yellow product (yield 95%) was filtered off,
washed with water and dried in vacuum. The solid
was dissolved in 30 ml pure acetonitrile (stored
in a freezer). Orange plate like crystals, which
has a melting point of 148-150 °C, was obtained
by slow evaporation of the solvent in a week.
Infrared and NMR spectra and CHN analysis,
were confirmed the AMT structure; 'H-NMR (300
MHz, DMSO-d,) 6 7.19-7.93 (8H, m, phenyl
protons), 12.71(1H, s, NH), 2.42 (3H, s, methyl),
2.51 (3H, s, acyl). BC {'H} NMR (300 MHz,
DMSO-d,) 6 17.49,26.35,112.85, 113.28, 117.16,
126.64, 127.48, 130.00, 130.28, 130.72, 130.96,
133.10, 145.88, 147.55, 196.16. IR (KBr, v cm
N: 3217.86 (N-H), 3065.53 (C-H,sp?), 1432.52-
1596.66 (C=C), 2919.01, 2985.36 (methyl),
1169.59 (N-N), 1659.42 (C=0). Elemental Anal.
Calc. for C _H N.O (253.3 g mol"): C, 71.13;
H, 5.97; N, 16.59. Found: C, 71.11; H, 5.90; N,
16.62%, CCDC No is 1430754.

Computational details

The molecular structure of AMT in grand state
is designed preparatory and initial improvement
was done on the structure with density function
theory and Hartree-Fock methods. Thus, the
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Scheme 1. Synthetic route for the new compound (AMT).

Gaussian 98wprogram package [45], with three
different methods HF/B3LYP method with
6-311G (d, p) and B3LYP/6-31G (d) basis sets
were used. After the improvement, the vibrational
frequency value was calculated and after the
calculations, obtained results were extracted
and analyzed with Gauss view 03 software [46].
Vibrational frequencies were exploited with their
intensity value and for further consonance of the
theoretical vibrational frequencies value with the
experimental value was used from scaled factor
0.909 for HF/6-311G (d, p), 0.960 for B3LYP/6-
31G (d) method and also 0.967 for B3LYP/6-311G
(d, p) method, then started to perform calculations
apposite to NMR amounts. For calculation of
the NMR amounts GIAO method was used.
However, all the chemical shifts were reported
based on TMS as a reference [47]. The VEDA 4
software was used for analysis of the obtained
spectra and calculation PEDs percent amounts
[48]. All the calculations were done with Pentium
IV computer, Intel® CORE™ i7 inside™1.73 GHz
job processing with 4 GB of RAMinto Windows*?
agent.

Result and Discussion
Description of the crystal structure

AMT  structure is  obtained  during
crystallization process in alcoholic environment.
This structure is shown in Fig. 1. This structure
has orthorombic system with space group, pbca
with 8 unit cell molecule that these parameters
are comprising of a=8.0665 A, b=8.0019 A and
c=21.5249 A (Table 1). In this structure amount
of R(int) for reflection was 0.0306 (Fig. 2). The
molecular formula of this structure is C H N,O
and its molecular weight is 253.3. The obtained
amounts for some bonds length as N11-C5=1.422
A, N14-C18=1.391 A demonstrate approximation
the results with the obtained amounts for similar
molecules like the DMPF that for C—N bond
has 1.4130 A, 1.2840 A, 1.3479 A amounts
[49] and in  N,N-bis(2,6-dimethylphenyl)-N-
oxidoformamidinium compound C—N bond length

amount is 1.322 A [50] also in Benzamideoxime
structure amount of C-N bend is 1.350 A [51].
N11-N12 bond length is 1.262 A that has double
state. In N14-N12 the bond length is 1.332 A
which is simple form. However, for N11-N12—
N14 presents an angle approximately 113.2 (%)
and also there are N12 -N11-C5=112.1, N12—
N14-C18=119.3 (°). The most important dihedral
angles present in C5-N11-N12-N14=179.9 and
C18-N14-N12-N11=179.0 (°) that are similar
to the results of bonding angles in DMPF and
Benzamideoxim structures [49, 51]. The AMT
structure is able to produce polymer with eight
cell unit that is done with very strong hydrogen
bond production (Fig 2).

Figure 1 shows the AMT optimal structure
with atoms number. This structure recovered by
B3LYP method 6-31G (d) and 6-311G (d, p) basis
sets, HF method and 6-311G (d, p) basis set. The
results were reported in Table 2. The obtained
results for the bonds length, bonds angle and also
the dihedral angle are similar to experimental
results. For example, C5-C9—C13, C26-C29-
030, C2-C5-N11 bonding angle use B3LYP/6-
311G (d, p) method respectively is 121.3 (°), 120.8
(°) and 123.9 (°). That completely consonant with
structure X-ray results that obtained respectively
121.2 (°), 120.4 (°) and 122.4 (°), of course these
results completely consonant with the results of
similar compounds as DMFP and N, N-bis(2,6—
dimethylphenyl)-N-oxidoformamidinium
[49, 50]. The bonds length comparison also
demonstrates this order. However, the bond length
amount for Carbon—Oxygen bond was obtained
1.212 A by use of experimental method, 1.191
A by use of HF method and 1.217 A by use of
DFT method. The obtained results show Carbon—
Carbon bond length in Carbonyl group is a little
further into rings C—C bond length. Attention to
the experimental results, HF and DFT C26-C29
is respectively 1.482 A, 1.495 A and 1.493 A, and
for C29-C31 is 1.486 A, 1.515 A and 1.520 A.
The considered results of ring bonds length are
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(b)

Fig. 1. (a) Serial number of atom and optimized structure of AMT structure performed byB3LYP/6-311G (d, p)
method, (b) The molecular structure of the title compound, displacement ellipsoids are drawn at 50%

probability level.

also under effect of mesomery and resonance
and adopt closely to each other amounts. The
difference of dihedral angles may be ascribed
to the intermolecular forces such as Van der
Waals interactions and crystal packing forces
in the crystal. All of the theoretical calculations
were done in gas phase while the experimental
calculations are computed in solid phase. But
many of the obtained results via the theoretical
calculations were close to the experimentally
obtained amounts.

Vibrational assignments

The AMT molecule consists of 34 atoms, so
it has 96 normal vibrational modes. The observed
vibrational assignments and analysis of AMT
were discussed in terms of fundamental bands.
Table 3 lists the wave numbers of bands observed
in FT-IR and FT-Raman spectra (Fig 3) of AMT.
The scaled theoretical frequencies and infrared
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intensities calculated by HF/DFT methods of the
AMT were also shown in Table 3. Some bands
predicted in FT-IR spectra were not observed in
the experimental spectrum of AMT molecule (Fig
4). An overall scaling factor has been applied to
the calculated frequencies for these levels. The
scaling factors are 0.909, 0.960 and 0.967 for
HF/6-31G (d, p), B3LYP/6-31G (d) and B3LYP/6-
311G (d, p) respectively. The relativity between
calculation and experiments results were studied
and the linear function formula was obtained; Y=
0.969X + 15.38 for HF/6-311G (d, p); where R?
is 0.996, Y= 0.946X + 39.96 for B3LYP/6-31G
(d); where R? is 0.971, Y= 0.946X + 39.96 for
B3LYP/6-31G (d); where R? is 0.971, and Y=
0.963X + 35.27 for B3LYP/6-311G (d, p); where
R?is 0.998 (Fig 5).

C-H vibrations
The C-H vibration type is ranged associated
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to molecule structure. Usually C—H stretching
vibration in hetro aromatic compounds is
observed in frequency range between 2850-
3200 cm™. In N, N—di(p—thiazole)formamidine
structure this type of vibration was shown in
region 3112, 3113, 3071 and 2978 ¢m’', and in
2—chloro—N—(diethylcarbamothioyl) benzamide,
structure, C—H stretching was observed in region
2872 cm'to 3091 cm [52], in the AMT structure,
three important vibrations 2741, 2919 and 2985
cm!, duration FT-IR method and four important
vibration 2774, 3020, 3060 and 3123 cm by
FT-Raman method were observed. The obtained
results were confirmed use of B3LYP and HF
theoretical methods. However, for C-H bending
vibrations, there were two in—plane and out—of
plane vibrational states. A vibration in range of
1000 cm to 1300 cm™ was attended for aromatic
in—plane bending vibration. The most important
of these bending vibrations were observed use
B3LYP/6-311G (d, p) method 1141, 1151, 1162
and 1200 cm™. Those results were confirmed by
PEDs analyses which were close to the AMT
results that its in—plane vibrations were 1277,
1253, 1247, 1139 and 1136 cm™". Intensity of these
vibrations was approximately fine and strong. The
vibrations 1033, 1030, 1012 and 974 cm! were
seen use of B3LYP/6-311G (d, p) method for C-H
out—of plane bending vibration. The C—H bending
vibrations 1110, 1078, 1045 and 1021 cm™', C-H
also was recognizable in experimental results that
have the week intensity to in—plane vibrations.

C=0 and CH, vibrations

The C—H bending vibrations were observed
on two forms. For aromatic ring C—H that have
SP?hybridation was seen 3065 and 3040 cm™ use
FT-IR method, 3123, 3060 and 3020 cm™in FT-
Raman method. The obtained theoretical results
and PEDs analyses have demonstrated this. But
the bending C-H for CH, was seen in region sub
3000 that 2919 cm™ and 2985 cm' was seen using
the FT-IR and 2774 ¢m™ in FT-Raman, because the
CH, hybridation is SP* meanwhile for C=O was
seen a vibration of 1659 cm™ in FT-IR and 1754
cm™ in FT-Raman, 1780 cm™ in HF method, 1699
cm™ in B3LYP/6-31G (d) method and 1693 cm'
in B3LYP/6-311G (d, p) method, that its intensity
was very much in FT-IR spectrum. In 2-chloro-
N-(diethylcarbamothioyl) benzamide structure
was observed use of the FT-IR method vibration
amplitude in region 1655 cm™ and use of the
B3LYP the vibration amplitude in region 1723

cm! that were very close with the AMT structure
result. But the bending vibrations for C—O was
seen also in 588, 559, 496 c¢cm in the FT-IR
spectrum. Those theoretical vibrations confirm
this topic use the B3LYP/6-311G (d, p) method.

C-C vibrations

Carbon—Carbon vibration will different in the
various parts of structure. The C-C stretching
vibrations are changed in region 1430 to 1625
cm™. In general, the bands are of variable
intensity and are observed at 1625-1590 cm™,
1590-1575 cm™, 1540-1470 cm™, 1465-1430
cm'and 1380-1280 cm™ from the wave number
ranges given by Varsanyi [53] for the five bands
in the region. The C=C stretching vibration in the
FT-IR spectrum was observed in region 1521,
1586 and 1596 cm™, in the FT-Raman spectrum
was observed in region 1600 cm™'. These results
were completely consonance with the theoretical
results in the B3LYP/6-311G (d, p) method this
vibration was observed in region 1560, 1566, 1587
and 1589 cm™. The obtained results were similar
to the obtained vibrations amplitude for C=C in
DMFP and N, N-di(p-thiazole)formamidine
[49, 50]. But C—C—C bending vibration was
observable in the FT-IR spectrum in region 496,
559, 623, 646 and 696 cm! that was observed
use the theoretical calculations in the B3LYP/6-
311G(d, p) level of theory, the bending vibrations
in region 525, 551, 599, 619, 639 and 703 cm™.
In DMFP structure the C—C—C vibrations were
seen in region 800, 618, 573 and 483 cm'that
are close and similar to obtained results. For the
AMT structure [49], of course, it is mention that
the intensity of these peaks was at middle region
and approximately week. In the Benzamideoxime
structure this vibration was seen use experimental
methods in region 600 cm™' and 625 cm™' [51].
But the PEDs shows which of vibrations maybe
not seen individual at frequency, but closing of the
theoretical and the experimental was respectively
and detectable.

N-H vibrations

In AMT is presented one hydrogen linked
to nitrogen group. In all hetrocyclic compounds
N—H stretching vibration is recognizable in region
3000 cm™'to 3500 cm!. Tsuboi [54] reported the
N-H stretching frequency at 3481 cm™ in aniline.
However, in DMFP structure the N—H stretching
vibration obtained experimentally in region 3301
cm ' and by B3LYP/6-311+G (d, p) method in
region 3448 cm [49]. In N, N—di(p—thiazole)
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Fig. 2. A view of the crystal packing down the a-axis for the title compound. Hydrogen bonds are shown as dashed
lines.
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Fig. 5. Correlation between experimental and theoretical frequencies [HF/6-311G (d, p) and B3LYP/6-311G

(d, p) methods].

formamidine structure the N-H stretching
vibration in region 3258 cm™! was observed [50].
The FT-IR spectrum results showed the value of
the N-H stretching vibration in AMT with very
strong intensity in region 3217 cm™ and the FT-
Raman also shows how this vibration with lighter
intensity in region 3532 cm™. However, the
results of HF/6-311G (d, p), B3LYP/6-31G (d)
and B3LYP/6-311G (d, p) methods showed the
N-H vibration respectively in frequencies 3463,
3344 and 3369 cm™!, for the in—plane bending
vibration was observed in regions 1231, 1456 and
1507 cm 'use B3LYP/6-311G (d, p) method. For
similar compounds such as N, N—di(p—thiazole)
formamidine, these vibrations were obtained in
region 1278, 1410 and 1545 cm™ and the out—of
plane the N—H bending vibration was observed in
region 603 cm—1. This vibration was obtained in
region 565 cm™! for the structure and N, N—di(p—
thiazole) formamidine [50]. In Benzamideoxime
structure, the bending N-H vibration same
amplitude was observed in region 3233 cm’!
and 3262 cm ! that correspond with the obtained
results for AMT [51].

C-N vibrations

In aromatic amines C—N range is variable in
region 1200 cm™ to 1330 cm™. In compounds
such as benzoxazolethe C—N stretching vibration
obtained as 1332 cm! (FT-IR), 1315 ¢cm™' (FT-
Raman) and 1315 cm™' (HF) [55]. However, in the
DMEFP structure the vibration value was observed
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by B3LYP method in 1253 cm™ and by FT-Raman
method in region 1285 cm ™' [49]. In 2—chloro—N—
(diethylcarbamothioyl) benzamide structure the
C-N vibration amplitude was obtained in region
1221 cm™'and 1203 cm' that are related to Carbon
linked to N—H [52]. For BDMF structure, there
are two C—N stretching vibration region. The first
vibration is related to Carbon linked to Nitrogen
with double bond, which its vibrational amplitude
is variable between 1260 cm ™' to 1330 cm ' and the
second vibration is correlated to Carbon linked to
N-H group, that the vibrational amplitude is placed
in higher frequency that is demonstrated use PEDs
analysis by FT-IR spectrum consideration. The
C-N stretching vibration was observed in 1206
cm'. That it possesses strong peak intensity. The
FT-Raman spectrum considers shows the C-N
vibration in 1232 cm™'. The theoretical studies
in level B3LYP/6-311 G (d, p) demonstrate the
experimental results and show the C—N vibration
amplitude related to Carbon linked to nitrogen
in regions 1200 cm™and 1231 cm™, related
to Carbon linked to N-H in 1537 cm™'. Some
bending vibrations of C-N are able to observe
with approximately middle intensity using FT-IR
method in 407 cm™ and 588 cm™ that correspond
completely with theoretical results in B3LYP/6-
311G (d, p) level that shows these vibrations in
408 cm'and 599 cm™.

N=N and N-N vibrations
In AMT structure N-N bond presents in
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TABLE 1. Crystal data and structure refinement.

Empirical formula C . H,N.O

Formula weight 253.3

Temperature (K) 296 (2)
Wavelength (A) 0.71073

Crystal system, space group

Unit cell dimensions

a(A),a()

b(A).B()

c(A).70)

Volume (A3)

Z, Calculated density (Mg/m?)
Absorption coefficient (mm)

F (000)

Crystal size (mm)

Theta range for data collection (deg)
Max/min. indices A, k, [
Reflections collected

Independent reflections [R (int)]
Completeness to theta = 27.00 (%)
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

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

R indices (all data)

Largest diff. peak and hole (e.A‘3)

Orthorhombic, Pbca

8.0665 (2), 90.0000
8.0019 (2), 96.7170 (10)
21.5249 (5), 90.0000
1379.84 (6)
4,1.219
0.079
536
0.2x 0.4 x 0.3
2.61 to 27.00
-10/10, -10/10, -27/27
47440
3009 [0.0306]
99.80
Full-matrix least-squares on F?
3009/0/181
1.057
R,=0.0431, oR,=0.1178
R,=0.0612, wR,=0.1366

0.187 and -0.161
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TABLE 2. Computed and experimental bond distances (A), bond angles (), torsion angles (°) for AMT structure.

Parameters X-ray HF/6-311G (d, p) B3LYP/6-31G (d) B3LYP/6-311G (d, p)
Bond length (A)
030-C29 1.212 (19) 1.191 1.224 1.217
N11-N12 1.262 (16) 1.214 1.263 1.257
NI11-C5 1.422 (19) 1.421 1.415 1.414
N14-N12 1.332(2) 1.328 1.341 1.337
N14-C18 1.391 (2) 1.384 1.389 1.389
C18-C21 1.381 (2) 1.391 1.405 1.402
clsen Fil- e £
C3-C6 1.372 (3) 1.383 1.394 1.392
C1-C2 1.375 (2) 1.381 1.390 1.387
C2-C5 1.391 (2) 1.389 1.405 1.403
C5-C9 1.394 (2) 1.395 1.413 1.410
C20-C22 1.373 (2) 1.376 1.385 1.382
C22-C26 1.387 (2) 1.393 1.407 1.404
26029 1382 (3) 11495 1405 11493
i £ 2 &
C9-C13 1.504 (3) 1.511 1.510 1.508
C21-C24 1.374 (2) 1.380 1.389 1.387
Bond Angles ()
NI12-N11-C5 112.1 (12) 115.5 115.2 115.6
NI12-N14-C18 119.3 (13) 122.2 122.9 112.1
C21-C18-N14 119.5 (13) 118.3 118.4 118.3
C21-C18-C20 119.7 (13) 119.5 119.7 119.6
N14-C18-C20 120.7 (14) 122.3 122.0 122.1
Lt I oy
C1-C2-C5 120.3 §17g 120.3 120.4 120.4
C2-C5-C9 120.1 (15) 120.7 120.3 120.3
C2-C5-N11 123.4 (14; 122.8 124.1 123.9
C9-C5-N11 116.4 (14 116.4 115.6 115.9
NI11-N12-N14 113.2 (12) 113.5 111.7 112.1
C22-C20-C18 119.5 (14 119.5 119.4 119.5
C20-C22-C26 121.5 (14 121.8 121.7 121.7
C22-C26-C24 118.0 (13) 118.0 118.2 118.2
C22-C26-C29 119.1 (13) 118.7 118.5 118.5
C24-C26-C29 122.7 (14) 123.3 123.3 123.3
030-C29-C26 120.4 (15 120.7 120.8 120.8
030-C29-C31 119.6 (14 120.4 120.3 120.4
C26-C29-C31 119.9 (14) 118.9 118.9 118.8
C3-C6-C9 121.7 (18; 121.5 121.6 121.6
C6-C9-C5 117.5 (17 118.0 118.1 118.1
C6-C9-C13 121.1 (17 120.6 120.7 120.6
C5-C9-C13 121.2 (15 121.4 121.2 121.3
C24-C21-C18 120.1 (13 120.1 120.1 120.1
C21-C24-C26 120.9 (14) 121.2 121.0 121.0
Dihedral Angles(")
N12-N14-C18-C21 178.1 (14) 179.3 179.6 179.1
N12-N14-C18-C20 -1.6 (2) -0.6 -0.3 -0.9
C6-C3-C1-C2 -1.6 (3) 0.3 0.0 0.1
C3-C1-C2-C5 0.3 (3) 0.3 0.1 0.2
C1-C2-C5-C9 2.3(3) -1.1 -0.3 -0.5
C1-C2-C5-N11 -178.5 (16) -179.1 -179.7 -179.5
N12-N11-C5-C2 11.3(2) -23.0 -4.5 -7.8
NI12-N11-C5-C9 -169.4 (14) 159.0 176.1 173.1
C5-N11-N12-N14 179.9 (13 178.5 179.3 178.9
C18-N14-N12-N11 179.0 (14 177.1 179.6 179.3
C21-C18-C20-C22 -0.1(2) -0.2 -0.1 -0.1
N14-C18-C20-C22 179.7 (15) 179.8 179.9 179.8
C18-C20-C22-C26 -0.5(3) .1 0.0
C20-C22-C26-C24 0.6 (2) 0.0 -0.0 0.0
C20-C22-C26-C29 179.0 (15) 180.0 -180.0 180.0
(C22-C26-C29-030 -2.8(2) 0.1 0.1 -0.1
(C24-C26-C29-030 175.4 (16 -179.9 179.9 179.8
C22-C26-C29-C31 177.3 (15 -179.9 179.9 179.8
craspol i 2
1-C3-C6- . -0. -0.1 -0.1
C3-C6-C9-C5 2.1 23; -0.6 -0.1 -0
C3-C6-C9-C13 -176.2 (2) 179.9 -179.9 -180.0
C2-C5-C9-C6 -3.4(3) 1.2 0.3 0.5
NI11-C5-C9-C6 177.3 (16) 179.3 179.7 179.6
C2-C5-C9-C13 174.8 (18) 179.3 -179.9 -179.8
NI11-C5-C9-C13 -4.4(3) -1.2 -0.5 -0
N14-C18-C21-C24 -179.2 (15) -179.9 -179.9 -179.8
C20-C18-C21-C24 0.6 (2) 1 0.1 1
C18-C21-C24-C26 -0.4(2) 0.1 -0.0 -0.0
C22-C26-C24-C21 -0.2 (2) -0.1 -0.0 -0.1
(C29-C26-C24-C21 178.44 (14) 180.0 180.0 179.9
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TABLE 3. Vibrational wavenumbers obtained for AMT structure at B3LYP/6-31G (d), B3LYP/6-311G (d, p) and
HF/6-311G (d, p) method [harmonic frequency (cm™), IRint (Kmmol™)].

L L )

Nl IS N

11

12

13
14
15

17
18
19
20
21
22
23

24

25
26
27
28
29
30
31

32

33

34

35

36
37
38

39
40
41
42
43

44

FT-IR

407m
457w

483w
496vw

559m

588w

623m
646m
696m

714m

728s

788vw

820m
837s

854vw

938w

959m

Experimental(cm™)

FT-

Raman

342vs

801vw

Scaled

15
22
43
63

79

118
126
138
158
173
189

213

239
279
316
336
390
412
416
464
469
488
521

527

547
560
596
603
622
644
706

732

736

769

788

817
828
861

890
925
943

979

983

Theoretical wavenumber (cm™)

HF/6-311G (d, p)

IR, '

int
0.56
2.68
0.89
1.89

0.18

2.57
0.07
1.07
0.01
0.92
3.88

8.62

7.48
0.03
9.75
2.13
28.57
11.41
0.04
8.48
3.07
15.99
64.56

4.28

15.95
5.36
34.19
8.60
30.04
7.81
9.60

16.49
14.36

48.92

2.89
29.45
43.45

1.78
6.45
42.18
0.02
2.06

12.80

Scaled

4
26
44
70

78

108
130
137
154
178
182

200

237
275
314
320
386
403
405
450
464
484
521

537

546
574
594
606
614
635
700

707

709

753

769

791
812
829

850
911
912
917
927

947

B3LYP/6-31G (d)

IR "

int
1.04
0.90
0.73
1.47

0.40

0.07
0.98
0.44
0.15
1.90
431

5.17

7.65
0.07
9.34
0.01
36.44
0.04
7.61
3.34
1.23
0.33
0.24

0.40

10.24
0.71
6.32
90.80
34.37
8.64
16.84

11.42
0.15
28.88

3.76

23.03
0.74
26.85

1.00
0.01
0.91
1.51
75.35

B3LYP/6-311G

Scaled

6
28
44
69

78

107
130
140
149
178
183

201

238
276
316
323
388
406
408
453
467
486
525

542

551
579
599
611
619
639
703

716

722

760

772

794
816
834

855
918
923
924
935

964

Il‘inlb
0.96
0.90
0.73
1.69

0.30

0.13
0.45
0.37
0.15
1.79
3.64

6.38

7.73
0.08
10.29
0.02
35.33
0.03
7.80
5.99
1.61
2.87
0.25

1.30

9.21
2.61
6.77
79.39
35.49
8.16
16.71

22.31
0.10
29.60

5.97

25.44
1.18
31.98

1.69
6.74
0.03
78.21
1.78

PED(%)®

T1TNNNC + 70rCCNN
18FNNNC + 45INNCC
208CNN + 208NNN + 308NNC + 146NCC

79rcccc

17FCCCN + 18MCCCC + TTFCNNN +
16ACCCC

29INNNC + 28MHCCC + 22IHCCC
19FHCCC + 12CCCN + 130CCCC
103CNN + 168CNN + 108NCC + 128CCC
34THCCC + 34MHCCC + 22THCCC
138CCC

26NNNC + 18INNCC

12ICCCC + 15MCCCC + T4TCNNN +
200CCCC

106NCC + 235CCC + 145CCC
25MCCCC + 26ACCCC + 12ANCCC
326CCC
14rCCCC + 33TCNNN
1580CC + 126NNN
10MHCCC + 40rCCCC + 28rcccc
158CCN + 128NCC + 138CCC + 2238CCC
10rHCCC + 22ICCCC + 30MCCCC
138CCC + 113CCC + 218CCC
13rCCCC + 10AOCCC + 41ANCCC

140CC + 1030CC + 118CCC + 195CCC

11THCCC + 21TCCCN + 10rCCCC +
17rcccc

1650CC + 118CCC
25THCCC + 3400CCC
150CC + 2350CC + 106NNC
88HNNN
158CCC + 145CCC + 1286CCC
143CCC + 118CCC + 105CCC

13vCC + 12vCC + 183CCC

15MHCCC + 15MHCCC + 11ICCCC +
11rcccc

14rCCCC + 35ICCCC + 14ICCCC

15MHCCC + 15MHCCC + 16M'HCCC+
21rcccc

16vCC +245CCC

5S5MHCCC + 23MHCCC
208CCC
55THCCC + 18MHCCC + 12ANCCC

21THCCC + 24MHCCC + 36M'HCCC
158NNN + 108CCC
24THCCC + 58MHCCC
30vCC + 13MHCCC + 13MHCCC

28MHCCC + 32MHCCC + 25THCCC

37MHCCC + 19MHCCC + 19THCCC +
17rcccc
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TABLE 3. Cont.

10vCC + 108HCH + 126CCC + 24rHCCC

45 996 7.71 960 0.21 974 3.76 D orhee

46 010 024 977 331 975 0.26 23MHCCC + 58THCCC

47 989vw 984w 1016 0.19 986 1.16 989 1.03 383CCC + 245CCC + 175CCC

48 1035 5.08 1013 175 1012 1.01 13THCCC+ 1;’;;52%* 15MHCCC+

49 1043 1.81 1033 331 1030 2.62 'Oéﬁﬁgﬁ‘ék5gf?5?ngggccc +

50 1021w 1058 1.805 1898 3.62 1033 5.23 140CC + 100CC + 11vCC + 113HCC

51 1045w 1070 0.87 1054 151 1054 1.66 170CC+ 10"C(1:(;'r:|2"cccc +HITHCCC +

52 1078w 1085 13209 1094 5040 1095 61.23 100CC

53 1110s 1096 655 1102 4.03 1100 523 100CC + 100CC + 213HCC + 168HCC

54 112 335 1144 7829 1141 94.64 100CC + 258HCC + 163HCC + 248HCC

55 11535 162 1595 1155 45673 1151 46708 [ZONNHIIBHCC+ HSHCC + HSHCC +
143HCC

56 1169vs 1169w 1166 50223 1164 1105 1162 45.06 160NN + 198HCC

57 1180 1576 1180 11030 1180  95.68 230NN +210CC

58 12065 1197 11099 1202 113 1200 101 100CC + 35uNC + 108HCC

59 1232w 1217 11343 1237 75514 1231 78433 110CC + 240NC + 195HNN

60 1247vs 1222 23896 1246 13880 1241  100.88 200CC

61 1278s 1252 81771 1269 2832 1267 2345 110CC + 178HCC + 308HCC

62 12855 1265 370 1280 1773 1287 1803 183HCC + 11SHCC + 238HCC + 20 HCC

63 1201 1420 1304 6.96 1293 11.63 196CC + 170CC + 176CC + 180CC

64 1306m 1316 1177 1312 2066 1304 13.65 140CC + 210CC + 200CC

65 1358 1331w 1379 7008 1353  64.61 1305 81.97 243HCH + 378HCH + 238HCH

66 1379w 1401 0.28 1387 0.70 1372 217 265HCH -+ 423HCH + 265HCH

67 1418 4414 1406 4216 1402 39.82 280CC + 16uCC + 113HCC + 125HCC

68 1445 888 1426 1703 1419 8.18 195HCC + 163HCC + 105HCH

69 1429m 1447 224 1440 1212 1423 13.56 175HCH + 433HCH + 206HCH

70 14325 1455 974 1448 9.23 1432 7.50 363HCH + 415HCH + 17THCCC

71 1456 625 1450 5.3 1433 10.69 40SHCH + 378HCH + 17THCCC

7 1471 3459 1451 3198 1447 69.47 200NN + 175HCH

73 1494 2200 1465 3258 1456 10.17 165HNN + 128HCH

74 1483m 1506 2643 1474 3170 1468 30,34 185HCC + 196HCC + 105CCC

75 14995 1542 19516 1491 6847 1488 43.79 37WNN

76 1601 173.63 1511 34595 1507 40432 12VNN + 14VNC + 275HNN

7 15215 1600 1746 1563 75.61 1560 67.89 27CC + 22vCC

78 1622 38633 1570 1441 1566  20.96 32vCC + 115CCC

79 1586vs 1620 20888 1591 1210 1587 17.49 15vCC + 12vCC + 22vCC + 19vCC

80 1596vs  1600m 1687 25233 1595 47391 1580  463.68 30vCC + 10vCC + 11vCC

81 1659vs 1754w 1780 309.67 1699 19159 1693 20488 86vOC

82 274lvw 2060w 2887 5.07 2930 3.25 2932 3.34 43vCH + 43vCH + 14vCH

83 237w 2888 3326 2933 2824 2935 2859 40vCH + 31vCH + 28vCH

84 2365w 2939 2666 2986 1116 2986 15.72 S1vCH + 47vCH

85 2919w 2625w 2941 1887 2987 1555 2988 11.08 S0vCH + 50vCH

86 2085w 2774vw 2953 3357 3004 23.56 3005  24.64 22vCH + 70vCH

87 3020vw 2987 2276 3042 16.6 3040 17.19 86vCH

88 3016 419 3052 1177 3055 10.09 28vCH + 63vCH

89 3060vw 3020 1627 3055 1193 3058 1133 91vCH

90 3028 2068 3063 1647 3066 14.93 60vCH + 11vCH + 26vCH

91 3042 3733 3078 4049 3080  32.93 25vCH + 60CH + 10 CH

92 3050 1358 3083 1430 3086 10.66 91vCH

93 323vw 3060 042 3094 0.15 3091 0.10 92vCH

94 3040vw  3320vw 3062 5.45 3099 498 3100 433 92vCH

95 3065vs  338dvw 3078 391 3114 3.02 3114 2.29 92vCH

96 MTvw 3532w 3463 3615 3344 9.79 3369 10.77 100vNH

* w-weak; vw-very weak
" [Rint-IR intensity.
¢Potential energy distribution (PED) calculated B3LYP/6-311G (d, p). v stretching, 8: bending, I': torsion , A : out, PED less than 10% are not shown.
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TABLE 4. Theoretical and experimental 'H and C isotropic chemical shifts (with respect to TMS, all values in

ppm) for AMT structure.
Methods
Atomic
Number HF B3LYP B3LYP Exp
6311G (d, p) 6-31G (d) 6-311G (d, p)
H19 8.57 8.24 8.84 12.71
H27 9.00 8.24 8.53 7.93
H23 7.98 7.69 8.04 7.50
H7 8.00 7.65 8.02 7.48
H28 8.16 7.55 7.81 7.42
H4 7.55 7.09 7.38 7.39
H10 7.61 7.06 7.41 7.28
H8 7.58 7.03 7.32 7.25
H25 6.74 632 6.69 7.23
H16 2.97 2.69 2.90 333
H15 2.53 2.56 2.69 252
H33 2.43 2.44 2.58 251
H32 2.43 2.43 2.57 2.49
H34 221 1.84 2.01 2.48
H17 2.10 1.72 1.94 242
€29 191.47 184.14 196.24 196.16
Cs 150.81 139.57 153.33 147.55
C18 155.54 136.12 150.83 145.88
9 142.54 130.90 144.46 133.10
c22 143.47 125.87 137.47 130.96
Chemical C6 136.03 124.75 136.71 130.72
Shift C24 141.16 124.06 136.01 130.28
€26 131.27 123.94 136.71 130.00
C3 135.41 122.00 134.70 127.48
c1 131.88 120.02 132.18 126.44
c2 123.23 109.98 120.45 117.12
€20 113.64 106.55 117.28 113.28
c21 112.01 106.29 116.73 112.85
C31 26.73 25.75 2829 2635
C13 20.14 20.64 2226 17.49

TABLE 5. Correlation between theoretical and experimental methods for NMR property in AMT structure.

Correlation between Kind of NMR Equation R?

BC-NMR Y =1.009X + 3.491 0.988

HF/6-311G (d, p)
"H-NMR Y =0.850X + 0.736 0.848
BC-NMR Y =0.927X +2.953 0.988

Experimental B3LYP/6-31G (d)
"H-NMR Y =0.808X + 0.630 0.858
BC-NMR Y =1.004X +4.613 0.996

B3LYP/6-311G (d, p)

'"H-NMR Y =0.845X + 0.689 0.875
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two forms simple and doublet, and it causes
to have a different vibration in this region. The
FT-IR consideration shows how N-N stretching
vibration will be very much in 1153 cm™'and 1169
cm! that correspond with obtained amounts by
theoretical calculations in level B3LYP/6-311G
(d, p) that shows this vibration amplitude in 1151,
1167 and 1180 cm™. However for N=N stretching
vibration was observed in the FT-IR spectrum in
1499 cm™!' with middle intensity. The theoretical
calculation in level of B3LYP/6-311G (d, p)
theoretical results showed the same amplitude
of this vibration in region 1447 cm™ and 1448
cm™'. However, the bending vibration for N-N=N
is observed in (PEDs 15%) 918 frequency use
B3LYP/6-311G (d, p) method.

NMR spectra

The obtained results for chemical shift,
BC-NMR and 'H-NMR amounts were reported
in Table 4. The obtained amounts calculated
theoretically using GIAO method, and these
calculations were spotted in three theoretical levels
B3LYP/6-311G (d, p), B3LYP/6-31G (d) and
HF/6-311G (d, p). TMS was spotted as a reference
for the obtained results and be closer to the
experimental amounts. Thus, the TMS chemical
shift amounts were calculated individually

ppa
156. 166

e

akA & O-T

100

using the above methods and were obtained the
results for the AMT structure based on that. After
the calculation, compared the theoretical and
experimental amounts, and obtained a diagram for
each method. Linear equation amounts reported
in Table 5. But noteworthy point in this spectrum
is H19 peak indication in region 12.7 ppm for the
experimental spectrum. That by perform HF/6-
311G (d,p), B3LYP/6-31G (d) and B3LYP/6-311G
(d, p) theoretical methods the amount of chemical
shift was obtained respectively in region 8.57,
8.24 and 8.84 ppm. However, for formamidines
the chemical shift amounts indicated in region 7
to 8 ppm for this type of hydrogen [49, 50]. But
for compounds with three adenine groups the
different experimental results showed that due
to difference of chemical environment of this
hydrogen, the chemical shift is appeared in lower
region or be deshield (Fig 6 and 7). To explain this
discrepancy, is stated that such theory calculations
and other NMR results were performed in gas
phase, while the experimental calculations were
done in solution phase. It represents that the
chemical shift amounts are under effect of solvent
experimentally.

Molecular electronic potential maps
First, the AMT structure was optimized by

17.495

Fig. 6. Show and comparison 13C-NMR spectrum obtained by experimental methods for the title compound.
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T
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Fig. 7. Show and comparison '"H-NMR spectrum obtained by experimental methods for the title compound.

HF/6-311G(d.p) Electrostatic Potential

0.0376

0.0085

-0.0204

()

B3LYP/6-31G(d) Lilectrostatic Potential
0.0529

(b)

Electrostatic ’otential

I -

B3LYP/6-311G(d.p)

0.0105

-0.0141

-0.0387

-0.0633

(©)
Fig. 8. (a) HF/6-311G (d, p), (b) B3LYP/6-31G (d) and (¢) B3LYP/6-311G (d, p) calculated 3D molecular electrostatic
potential of ATM (isosurface value 0.01 a.u.).
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B3LYP/6-311G (d, p) method for calculated
electronic potential amounts, then calculated the
electronic potential amounts in structure [56-60].
Molecular electronic potential maps (MEPM) in
fact determine conditions that present the most
electrophilic attack probability to these points
and they are reactivity value detector of various
parts of molecule. As Fig. 8 shows, the electronic
potential value is increased by going to blue
color, and it decreased by going to red color. The
electronic potential value had a negative amount
in apart that Oxygen exist, in areas that present
also Carbonic groups, the electronic potential is
closed to positive amounts namely the blue color.

Other molecular properties

The thermo dynamical parameters, dipole
moment and other energetic parameters were
reported in Table 6. For this purpose, three
methods HF/6-311G (d, p), B3LYP/6-31G (d) and
B3LYP/6-311G (d, p) were used. All parameters
were calculated in gas phase and the temperature
of 298.15 kelvin degrees, and the pressure of one
atmosphere, also the calculation of some associated
to HOMO and LUMO levels parameters such as
chemical hardness (1), chemical potential (),
electrophilicity () and max amount of electronic
charge transfer (AN ) was gestured in this table.

max-

Conclusions

First, the AMT structure was synthesized by
assigned crystallography method in laboratory
and for its recognition, was used 'H-NMR,
BC-NMR, FT-IR, FT-Raman and X-ray single
crystal diffraction methods, then considered the
thermodynamically parameters, chemical shift
value and also the vibrational frequencies using
HF/DFT theoretical methods with 6-311G (d, p)
and 6-31G (d) basis sets, thus the structure was
improved, then calculated the parameters. Three
scaled factor of transfer coefficient 0.909, 0.960
and 0.967 were used for three methods HF/6-311G
(d, p), B3LYP/6-31G (d) and B3LYP/6-311G
(d, p) for more corresponding of the theoretical
and experimental obtained results. However, the
vibrational spectra were analyzed using VEDA
4 software and the value of Potential energy
distributions was considered, then the theoretical
and experimental results were compared,
the obtained results showed the theoretical
amounts were closed to experimental results
and they correspond to each other completely.
The theoretical method B3LYP/6-311G (d, p)
showed the most corresponding with the obtained
experimental results, from three performed
theoretical methods.

TABLE 6. Theoretically computed energies (kcal.mol—1), zero-point vibrational energies (kcal.mol—1), rotational
constants (GHz), heat capacities (cal.mol-1.K-1), entropies (cal.mol-1.K-1), dipole moment (Debye),
molecular orbitals energies (6HOMO and eLUMO, eV), electronic chemical potential, p (eV), chemical
hardness, h (eV), electrophilicity, ® (eV) and maximum amount of electronic charge transfer for AMT

structure.
Parameters HF/6-311G(d, p) B3LYP/6-31G(d) B3LYP/6-311G(d, p)
Total energy -511303.316 -514430.903 -514561.463
ZPVE 182.25362 171.54501 170.34596
Rotational constant 1.26256 1.28386 1.28610
0.12369 0.12073 0.12099
0.11384 0.11054 0.11086
Entropy
Total 134.848 140.669 140.100
Translational 42.487 42.487 42.487
Rotational 34.158 34.1594 34.188
Vibrational 58.204 63.988 63.426
Heat capacity 61.675 65.739 65.940
Dipole moment(D) 3.9404 3.7862 3.7994
HOMO -0.29470 -0.20884 -0.21813
LUMO 0.07248 -0.07194 -0.08090
Chemical -0.11111 -0.14039 -0.14951
potential(p)
Chemical 0.36718 0.13690 0.13723
hardness(n)
Electrophilicity(m) 0.01681 0.07198 0.08144
ANmax 0.30260 1.02549 1.08952
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