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Abstract
In this study, the synthesis novel of seven nevapyio[5,1-c][1,2,4]triazin derivative
disperse dyestuffs was reported. First, 2-aryllgoina-3-ketiminobutyronitriles were
synthesized and reacted with hydrazine hydrate ffiarda 5-amino-4-arylazo-3-methyl-1H-
pyrazoles. The 5-amino-4-arylazo-3-methyl-1H-pyftagowere diazotised and coupled with
ethyl benzoylacetate to give ethyl pyrazolylazoZmtacetate. The final product was heated in
glacial acetic acid and seven new pyrazolo[5,1;2]ftriazine dyestuffs were synthesized
FT-IR, 'H NMR and elemental analysis techniques were usedharacterize synthesized
dyestuffs. Density functional theory calculation thoels were used for to determine the
molecular geometries and spectroscopic properfigheonew seven dyestuffs. The acquired

results from calculations and experiments are comfeach other.
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1. Introduction

Pyrazoles and their substituted derivatives exhibiide variety of biological and
pharmacological activitiegl-8] and also find application in photograpf8; 10] and as dyes
[11,12]. Some pyrazoles were reported to have nonnucledsldfel reverse transcriptase
inhibitory activity[3,7,8, 13-16].

Azolo annulated [1,2,4]triazines can be consida®dosteres of purine bases. Due to a
wide and profound biological activifyl7-21], this family of heterocyclic compounds causes a
growing interest of researchers working in thedebf medicinal chemistry and pharmacology.
Pyrazolo[5,1-c][1,2,4]triazines are similar in iwre to nucleic bases, can act as metabolites
and are useful as antiviral and antitumor agghf$. In the literature, pyrazolotriazines have
been reported to have cytotoxicity against cane#s [22, 23]. Berger and coworkers reported
that specific polysubstituted pyrazolo[5,1-c][1]®#zines inhibit selectively B-Raf kinase
activity, and are preferred for the treatment oR8f kinase related disorders [24]. Therefore,
the development of new methods and the synthesiewly fused 1,2,4-triazine derivatives is
of great importance.

Many patents and articles in the literature idgntthe synthesis and dyeing
characteristics of monoazo dyestuff on a heteracydupling componeni25-28]. There are
very few studies involving monoazo dyestuff basadiwe pyrazolo[5,1-c][1,2,4]triazine ring.
In connection with our interest in this class ofmounds, our study group has reported the
synthesis of some pyrazolo[5,1-c][1,2,4]triazine®®-B1]. In this article, we present the
synthesis of seven new monoazo dyestuff based ®@mpyhazolo[5,1-c] [1,2,4]triazine ring
system.

In the recent years, there has been great interabe quantum chemical calculations
especially density functional theory (DFT) methadsich use to determine the properties of

the molecular, optical and electronic structurethefsmall and big sized chemical molecules at



low computational time3d2-35]. In this paper, as a part of continuous studiesun research
group, we synthesised new pyrazolo derivatives cdradacterized by elemental analyses, FT-
IR, 'H- NMR spectroscopic methods. Also, we studied loa éstimated of the geometry
optimization, the vibrational frequencies, the ciemhshifts and the electronic properties of
azo dyestuff because of their cytotoxic activitymedical and usage as a polyester/polyamide

dye in industrial applications.

2. Experimental
2.1. General details

The chemicals utilized in the synthesis were s@oplirom Aldrich and Merck
Chemical Company without any purification. Suitappectroscopic grade solvents were used.

IR spectra were recorded via Perkin EImer UATR T#®-IR) SpectrophotometerH
NMR spectra were obtained on Agilent 400/55 anmnedl 400 in DMSO-d6 utilizing TMS as
the internal reference and chemical shiffswere reported in ppm. Melting points of dyestuffs

were determined using Electrothermal 9100 meltimigtpapparatus and not corrected.

2.2. Synthesis of 2-arylhydrazone-3-ketiminobutyronitriles (1a-g) and 5-amino-4-arylazo-
3-methyl-1H-pyrazoles (2a-g)
la-g and 2a-g were synthesized according to the literati8&38]. The general route

for the synthesis dfa-g and2a-g is outlined inScheme 1.

Scheme 1 her e about



2.3. Synthesis of pyrazolo[5,1-c][1,2,4]triazine derivative dyestuffs (4a-Q)

The synthesize@a-g compounds (0.01 mol) were dissolved in a mixturataiming
glacial CHCOOH and concentrated HCI (20 ml, ratio 1: 1), #mal solution was cooled to O-
5°C. Then NaN@solution (0.69 g, 0.01 mol) prepared in 10 m| @ftev was added dropwise
to this solution cooled at 0-5 °C with vigorousrratig for 1 h. The clear diazonium salt
solution was added dropwise to a solution of eblgrizoyl acetate (1.92 g, 0.01 mol) prepared
in pyridine (10 mL) and cooled (0-5 °C). The pHtbe coupling mixture was kept at 7-8
throughout the coupling by adding aqueous sodiuetade.Stirring was continued at 0-5 °C
for 4 hours and diluted with cold water (50 ml).eTrecipitated products were filtered, washed
several times with water, dried and recrystallifenn DMF-H,O to give ethyl pyrazolylazo
benzoylacetaté3a). The obtained product (3a) was refluxed for 4 honrglacial CHCOOH
(30 ml). The solvent casted out and the final pobduas collected by filtration and dried. It
was recrystallized from DMF4® (3:1) and orange crystals of tha dyestuff were obtained.
This procedure was also used to synthesis dyesthffs(Scheme 2). Elemental analyzes and

melting points of the dyestuffs obtained are listedable 1.

Scheme 2 her e about

Table 1 here about

3. Computational details

Quantum chemical calculations were performed atBBEYP levels of theory with the
Gaussian 16, Rev. BO1 packa@d][and GaussView 6.0.16lQ] was used for visualization of
the structure. Geometries were optimized to théaloninima at theab initio DFT level 6-

31G(d,p) basis set. The optimized structures wesed uor the calculations of vibrational



frequencies, NMR chemical shift, electronic absorptspectrum and Natural Bond Orbital
(NBO) analysis. We have calculated the chemicaftstof them in the ground state to
differentiate the basis from the experimental cloainshifts and geometric parameters by using
DFT (B3LYP) method. And also, time-dependent degnfiinctional theory (TD-DFT) was
used to examine the electronic absorption spectiimase calculations are worthy for ensuring

comprehend the chemical shifts and molecular paemsne

4. Results and Discussion
4.1. Molecular geometry

The geometric structures of tHa-g compounds obtained from B3LYP/6-31G(d,p) methods
are represented fhigure 1 along with the atom numbering schemes. #Faenolecule has got
47 atoms and their basic vibrational modes are TB84b, 4e and4g molecules have got 51
atoms and their basic vibration modes are 147. &land4f molecules have got 50 atom
and 114 basic vibration mode&; molecule has got 47 atoms and 137 basic vibratiodes.
The azo double bonds (N=N), the carbonyl singledblenghts (C-O) and the carbonyl double
bond lenghts (C=0) are computed in the range 3413267 A, 1.338- 1.341 A and 1.215-

1.214 A, respectively.
Figure 1 here about
4.2. Tautomerization

'H-NMR spectra of the dyestuffs showed £bf ethoxy group peak at 0.99-1.00 ppm
and -OCH- of ethoxy group peak at 4.17-4.18 ppm. Ald;NMR spectra of the dyestuffs
did not show any the OH group peak. FT-IR spectth® dyestuffs also did not show any the

OH group peak. These suggest that these dyestutfeeda-g form and not in thé&a-g form.



The structures of azo dyestuffs are thought to shewn inScheme 2. Furthermore, it is

believed that the newly synthesized dyestuffs ddawe a tautomeric structure.
4.3. Vibrational analysis

The FT —IR spectra ofa-g dyestuffs shows aromatic-El bands at 3097-3051 ¢m
aliphatic G-H bands at 2996-2973 ¢mazo (N=N) bands at 1579-1516 ¢nearbonyl (C = O)
bands at 1728-1714 ¢frand G-O bands at 1086—1014 ¢As for corresponding B3LYP/6-
31G(d,p) methods, aromatic-8 bands, aliphatic €H bands, azo (N=N) bands, carbonyl (C =
0) bands and €0 bands have been calculated as the values iratiye of 3207-3178 ch
3059-3016 cnf, 1598-1505 cnl, 1801-1798 cm and 1058-994 cih respectively.

Experimental and theoretical results are tabulaté&dhble 2.
Table 2 here about

The correlations values {Rbetween these experimental and theoretical datadch
molecule are computed and presented @ble 2. The compoundle has the most coherent
correlation with the value of 0.9998 aAd compound has the least coherent correlation value
with the value of 0.9965 which can be seefiigure 2. These correlation values indicated that

experimental and the theoretical data are veryresti@ach other.
Figure 2 here about
4.4.'H NMR analysis

'H NMR spectra offa-g dyestuffs showed at.94—7.07 ppm (aromatic H), 4.18-4.17
ppm (OCH), 2.74-2.69 ppm (pyrazole GHand 1.00-0.99 (ethoxy G} respectively. On the
other hand, the theoreticki NMR data f#a-g dyes) obtaineffom B3LYP/6-31G(d,p) method

are collectedn Table 3 together with the experimental data.



Table 3 here about

As for corresponding B3LYP/6-31G(d,p) methods, aatonH peaks, OCHpeaks, pyrazole
CH;s peaks and ethoxy GHbeaks have been calculated as the values of 8134ppm, 4.70-
4.35 ppm, 2.90-2.85 and 1.75-1.38 ppm, respectividig compounda has the most coherent
correlation with the value of 0.9968 aAd compound has the least coherent correlation value
with the value of 0.9912 which can be seefiigure 3. These correlation values indicated that

experimental and the theoretical data are veryresti@ach other.

Figure 3 here about

4.5. Electronic Properties
The electronic properties of a molecule are dedagh with the energy of HOMO

(Highest Occupied Molecular Orbital) and LUMO (LastdJnoccupied Molecular Orbitals)
molecular orbitals. Beside the electronic propertige chemical reactivity, stability, optical
properties and bioactivity of a molecule also deiee with these parameterdl| 42]. The
difference between HOMO and LUMO orbitals indicates chemical reactivity of a molecule.
If the difference is small the kinetic stability afmolecule is low so the intermolecular charge
transfer is very high between the electron donat anceptor groups. Whehable 4 is
examined, the lowest energy gap belongs to dyedtuifith 1.06 eV. On the other hand, the
largest energy gap belongs to dyes#ifivith 3.35 eV.

Table 4 here about
In compound4d, the -CH group is attached to the p-position and the comgdwas a more
linear structure. In compourdt, the -CH group is attached to the meta position and iseclos
to the azo group containing an unpaired electran pae binding of the Cklgroup to the
phenyl ring from different corners indicates tHa teta-position dyglf) may be less reactive

due to the steric effect and the p-position ¢4&) may be more reactive due to its planar



nature. The other parameters; | (ionization poadnti A (electron affinity), y
(electronegativity)n (hardness), S (softness),(electronic chemical potential) and (global
electrophilicity index) values of dyestudf, 4b, 4c, 4e, 4f and4g are nearly similar. Because
of the delocalization of the conjugatedonds, the HOMO-LUMO orbitals are located in the
aromatic rings and azo groups, as degure 4 and 5.

Figure 4 here about

Figure 5 here about
The absorption spectra were computed using the FD-Bhethod in combination with the
same functional, basis set in gas phase and imafbton. The calculated maximum absorption
wavelengths Xmax, and electronic transitions are shownTiable 5. The highest electronic
absorption bands are calculated at 531.9 nm irpgase and 517.2 nm in chloroform by using
TD-DFT/B3LYP/6-31G(d,p) level fodg and also they can be attributeeé>n* and non*
transitions. They were determined that these baudex by the transitions of HOMG-1
LUMO (78%), HOMO-1» LUMO+1(14%), HOMO — LUMO (6%). The corresponding
peaks for compoundda-f in chloroform were obtained at 507.6 nhm HOMOS&-1LUMO
(79%), 499.1 nm with the contribution HOMG-L LUMO (84%), 504.7 nm with the
contribution HOMO-1 LUMO (86%), 505.6 nm with the contribution HOMO-2 LUMO
(84%), 503.2 nm with the contribution HOMO-2 LUMO (84%) and 507.2 nm with the
contribution HOMO-1— LUMO (84%), respectively, as can be seeit @able 5. These values
are also similar with the obtained from the gassphealculations. The contribution rate of
HOMO-LUMO orbitals are determined by using the G&uisn 2.2 prograifd3].

Table5 hereabout

4.6. Natural Bond Orbital (NBO) Analysis

Additionally, the 6-31G(d,p)/B3LYP level were pemfioed to the natural bond orbital

(NBO) calculations for the complexda-g. NBO analysis provides a favorable charge transfer



or conjugation interaction in the molecular systeand also uses work on intermolecular
binding and interaction between bondd][ The E? value computed from the NBO analysis
show the energy of interaction between the elecarmzeptor and the electron donor and the
larger value demonstrates an intense interactiondss electron donors and electron acceptors
[45].

As seen from th& able 6, the calculated & values presented that the significant charge flows
generally occurred from the lone pair of the caratoms of the pyrazole ring (C13 or C14) to
the n* bond of (N22-N23) which have stabilization enengythe range of 331.89 -338.67
kcal/mol. Also, electron densities given in thable 6 are another evidence of the larger
electron delocalization.

Table 6 here about
5. Conclusions

Seven new pyrazolo[5,1-c][1,2,4]triazine derived alyestuffs have been synthesized.
Characterization of these molecules was achieved FByIR and 'H NMR spectrum
measurements. Molecular structures of azo dyessyffshesized according to FT-IR afid
NMR results were found to be #a-g form. The structures, electronic and vibrationpanies
of novel azo dyestuffs examined by density funcilomethods. The vibration frequencies of
some of the main peaks found with the help of d@rpemtal and theoretical studies are
compatible with each other and correlation valuesenwobtained between 0.9965 and 0.9998.
The 'H NMR data obtained by experimental and theoretitatlies are also compatible with

each other and their correlation values ranged H@868 to 0.9912.
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Figure Captions

Figure 1: The calculated optimized structure ofsiyts 4a-g.

Figure 2: Linear regression results obtained bytical and experimental infrared values of

4a-g compounds.

Figure 3: Linear regression results obtained byprigtical and experiment#H NMR values of

4a-g compounds.

Figure 4: HOMO-LUMO orbitals diagram of the dye$sifa-g.

Figure 5:Atomic composition of dyestu#d.

Tables

Table 1. Elemental analysis of dyestufésg.

Table 2. FT-IR data for dyestuffs-g.

Table 3.*H NMR data for dyestuffda-g.

Table 4. Electronic parameters of dyestdtisy.

Table 5. Calculated absorption wavelengths, engmyie oscillator strengths 4é-g using the
TD-DFT method at the B3LYP/6- 31G(d,p) level.

Table 6. Remarkable stabilization interactionshisda-g.



Figure Captions

Figure 1: The calculated optimized structure of dyestuffs 4a-g.

Figure 2: Linear regression results obtained by theoretical and experimental infrared values of
4a-g compounds.

Figure 3: Linear regression results obtained by theoretical and experimental *H NMR values
of 4a-g compounds.

Figure 4: HOMO-LUMO orbitals diagram of the dyestuffs 4a-g.

Figure 5: Atomic composition of dyestuff 4d.

Tables

Table 1. Elemental analysis of dyestuffs 4a-g.

Table 2. FT-IR datafor dyestuffs 4a-g.

Table 3. 'H NMR data for dyestuffs 4a-g.

Table 4. Electronic parameters of dyestuffs 4a-g.



Highlights

Seven new azo dyestuffs have been synthesized.

Dyestuffs have been characterized by FT-IR and *H NMR.
Theoretical studies have been done with DFT cal culation method.
Theoretical and experimental results are consistent.

Natural Bond Orbital (NBO) Analysis.
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