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TAUTOMERISM OF 4-HYDRAZINOQUINAZOLINES: VIBRATIONAL
SPECTRA AND COMPUTATIONAL STUDY

The tautomerism of 4-hydrazinoquinazoline and its derivatives was investigated. Geometry and
thermodynamic parameters were computed theoretically using Gaussian 03 software. All calculations
were performed at the MP2 level of theory using the standard 6-31G(d) basis. Energetics and relative
stabilities of tautomers were compared and analyzed in a gas phase. The effect of solvents (1,4-dioxane,
acetic acid, ethanol and water) on the tautomeric equlibria was evaluated using PCM. It was
determined that solvents induced slight changes in the relative stability. In all cases 4-
hydrazinoquinazoline exists predominantly as the amino form. The variation of dipole moments was
studied. The anharmonic vibrational wavenumbers for unsubstituted 4-hydrazinoquinazoline were
calculated at MP2/6-31G(d) level and compared with experimental data. The modes of IR spectra were
assigned. The calculated herein wavenumbers and intensities of amino form are in good agreement
with those observed experimentally.
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Introduction. The most important route of organic chemistry is searching and
synthesis of new compounds with promising properties for different areas. Various
heterocyclic systems are suitable for this purpose due to structural diversity and
possibility to functionalization. The presence of heteroatoms in aromatic rings induces
fast migration of proton between them and, thus, existence of tautomers. Knowledge that
can be obtained using experimental (NMR, vibrational spectroscopy) and theoretical
approaches on predominant form and influence of substituents of different types on
reactive centers are also important. This paper presents the results of quantum-chemical
investigation of tautomeric properties in various substituted 4-hydrazinoquinazolines (1-
5) which used as precursors for synthesis of biologically active 3-substituted 2H-1,2,4-
triazino[2,3-c]quinazolin-2-ones [1].
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Migration of a proton between the different nitrogen atoms in 4-
hydrazinoquinazoline results in three tautomeric forms. Therefore, N-H vibrations in the
IR spectra can not be a priori assigned to a certain tautomer. In this case it could be more
informative to look at the vibrations associated with the deformation of pyrimidine ring,
since the tautomeric forms are discriminated by the degree of conjugation between the
pyrimidine and benzene fragments.

Computational details. The geometry optimization and harmonic frequency
calculations of the three equilibrium structures for amine/imine tautomerization of 4-
hydrazinoquinazolines (1-5 (a-c)) were performed employing 6-31G(d) [2] basis set at
MP2 level [3] in a gas phase and taking into account solvent effects using PCM model.
Since harmonic approximation overestimates vibrational frequencies we also calculated
IR spectra of 4-hydrazinoquinazoline tautomers (1 a-c) in a gas phase using anharmonic
approach. The assignment of calculated wavenumbers was aided by the animation option
in GaussView 3.0 graphical interface for Gaussian programs, which gives a visual
presentation of harmonic vibrational modes [4]. For visualization of anharmonic IR
spectra calculated by Gaussian 09 Swizard program, revision 5.0 [5] was used.

Results and disscusion
Energies and relative stabilities. 4-Hydrazinoquinazoline is involved in amine-imine
tautomeric equilibrium. Due to the proton transfer between the hydrazone nitrogen atom
and the pyrimidine Ny N3 atoms one amino and two imino forms arise, which are labeled
as a-c (Scheme 1). Earlier research on aminothiazoles, 3-amino-1,2,4-triazin-5-one and
aminopyrimidine derivatives revealed that aromatic amino form prevalled in all
aforementioned compounds [6-8]. This fact gives all reasons to hypothesize that amino
form is predominant in our case as well.

The relative Gibbs free energy, populations of 4-hydrazinoquinazoline tautomers
and their substituted derivatives are listed in Table 1. The numbering of atoms for
4-hydrazinoquinazoline is given in Scheme 1.

Calculations in the gas phase indicate that both imino forms (a, b) are less stable
than the amino one (by 21.61 and 10.31 kJ/mol for 4-hydrazinoquinazoline (1)
respectively). Since the properties of the medium may have a remarkable effect on the
tautomeric equilibrium, we studied the population of 4-hydrazinoquinazoline tautomers in
various solvents, including 1,4-dioxane, acetic acid, ethanol and water.

Analysis of tautomeric population shows, that polarity of the solvent does not
change the order P.>P,>P, (Table 2). It should be mentioned that contribution of tautomer
a, which is characterized by the highest dipole moment, increases simultaneously with the
dielectric constant of the solvent.

The type and position of the substituent in the aromatic ring do not affect the trend
mentioned above and still lead to the dominance of tautomer c.

Interestingly, calculations in the gas phase predict the increase abundance of imino
form b in the series 8-CH3;<H<6-Br<6-Cl<7-F where substituent electron-withdrawing
strength becomes more pronounced.

Vibrational assignments. The second step of the present investigation was to
determine which of the three calculated IR spectra of the different tautomers matches the
one obtained experimentally. Calculated at anharmonic level vibrational spectra of forms
la-c are shown in Figure 1B — D. Some vibration movements of 4-hydrazinoquinazoline
form are presented in Figure 2.

Some overestimation of band frequencies is still observed after anharmonic
corrections.

36



ISSN 2306871 X. Bicuuk /IninponerpoBcbkoro yHiBepcurery. Cepist «Ximis», 2013. Bum. Ne 19

Table 1
Relative Gibbs free energies (AGye, kJ/mol) and tautomer populations (P,%) calculated at MP2/6-
31G(d) level of theory at T = 298.15 K

Gas phase 1,4-Dioxane Acetic acid Ethanol Water
Tautomer | AGy | P AGeg | P AGg | P AGea | P AGg | P
1
a 2161 | 0.02 | 16.53 0.13 12.70 0.60 11.10 1.13 | 10.96 1.19
10.31 157 7.81 4.16 12.03 0.79 9.96 1.78 | 10.16 1.64
0.00 | 98.42 0 95.71 0 98.61 0 97.10 0 97.20
2
a 27.87 0 22.91 0.01 17.40 0.09 15.77 0.18 | 15.37 0.21
b 11.88 | 0.84 | 9.21 242 | 1253 | 065 | 1238 | 069 | 1231 | 0.71
c 0 99.16 0 97.57 0 99.26 0 99.14 0 99.09
3
a 22.10 | 0.01 | 15.88 0.16 12.03 0.77 11.38 1.01 | 11.01 1.16
b 8.34 3.39 6.81 6.09 9.13 2.47 10.97 1.19 8.99 2.61
c 0 96.59 0 93.75 0 96.76 0 97.79 0 96.24
4
a 20.61 | 0.02 | 1444 0.26 10.37 1.47 8.38 3.27 8.24 3.37
b 8.56 3.11 4.63 13.46 7.92 3.93 9.70 1.93 7.68 4.23
C 0 96.86 0 86.28 0 94.61 0 94.80 0 92.39
5
a 2154 | 0.02 | 16.07 0.14 11.75 0.85 9.51 2.07 8.98 2.55
b 9.20 2.43 4.54 13.87 8.19 3.56 8.10 3.64 8.10 3.62
C 0 97.56 0 85.99 0 95.58 0 94.29 0 93.83

Table 2
Dipole moments calculated at MP2/6-31G(d) level of theory

DM, p (gas phase)
Tautomer | Gas phase | 1,4-Dioxane | Acetic acid | Ethanol | Water
1
a 5.29 6.54 7.47 7.92 8.04
b 1.83 2.10 2.28 2.59 2.63
c 2.31 2.79 3.16 3.34 3.38
2
a 5.56 6.89 7.87 8.35 8.46
b 1.85 2.09 2.25 2.33 2.34
c 1.95 2.40 2.74 2.90 2.94
3
a 5.48 5.48 6.28 6.68 6.78
b 4.38 4.38 4,77 4.87 5.01
c 2.91 291 3.33 3.54 3.59
4
a 6.21 7.54 8.53 9.02 9.13
b 3.66 4.16 4,70 4.64 4.99
C 0.47 0.75 0.99 1.10 1.13
5
a 6.19 7.51 8.50 8.98 9.10
b 3.70 4.20 4,74 4.99 5.05
C 0.50 0.79 1.02 1.14 1.17

The region above 1500 cm™ corresponds to the stretching vibrations of CH, CH,,
CHjs, N-H, C-N, C=0 groups; the bands below 1500 cm™ are related to twisting, rocking
and deformation vibrational modes of different groups as well as skeletal vibrations.
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Fig. 1. The experimental (a) and predicted (b-d) at MP2/6-31G(d) level of theory IR spectra of
4-hydrazinoquinazoline
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Fig. 2. Some vibration movements of 4-hydrazinoquinazoline form (1a-c)

N-H vibrations:

N-H stretching frequencies in pyrimidine ring (imino forms (1a/b)) and hydrazine
fragment (amino form (1c)) were detected theoretically at 3468/3355/3467 cm™ for
tautomers la/lb/lc. The calculated wavenumbers do not contradict experimentally
obtained value 3320 cm™. These modes are expected as reported N-H vibrations at
3483/3482 cm™ in 2-quinazoline/4-quinazoline systems [9] and 3477 cm™ in the case of
tegafur (six membered ring with two Nitrogen atoms) [10].

The bands located at 634/622/513 cm™ for tautomers 1a-c arise from N-H wagging
movement. The values of modes match experimentally predicted frequency (661 cm™)
and data collected in [9]. The intensity of this vibration for tautomers 1a, 1b is much
lower compare to form 1c.

NH, vibrations:

The frequencies 1693 and 1704 cm™ for tautomers 1b and 1c respectively found
from the theoretical assignment belong to NH, scissoring vibration, which is supported by
obtained value 1718 cm™ for creatininium benzoate [11] and 1647 cm™ in the case of
3-amino-2-phenyl quinazolin-4(3H)-one [12]. In contrast to 1b and 1c, NH, scissoring
mode for tautomer 1a (1655 cm™) is negligibly low intense.

Bands at 1162, 1128 and 1230 cm™ for 1a, 1b, 1c tautomers were attributed to the
NH, wagging vibration.

C-H vibrations:

The existence of one or more aromatic rings can be determined from C-H
vibrations, which are typically exhibited around 3000 cm™ [13] as multiple weak bands
compared to aliphatic C-H stretching. In our case the computed wavenumbers of modes
corresponding to C-H vibrations are 3080, 3112, 3096 cm for 1a, 1b, 1c respectively.
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Usually, systems similar to those presented in this paper have a group of bands in
the region 1000 cm™, which correspond to in-plane and out-of-plane
C-H deformations of the benzene ring [14]. As follows from the theoretical predictions, in
our case C-H out-of-plane vibrations occur at 818 and 740 cm? for tautomers b,c
respectively. For tautomer a this mode assigned at 732 cm™. It is worth mentioning that
again the weakest band observes in the spectrum of the form la.

C-C, C-N, C=N vibrations:

The in-plane deformation of benzene and pyrimidine rings resulted from stretching
of C-N, C=N, C-C bonds was identified as a series of bands in the range 1400-1600 cm™.

The strongest band (761 cm™) in experimental IR spectrum in our opinion arises
from pyrimidine ring torsion vibration (out-of-plane movement). The latter is considered
similar to the results determined from ab initio study at 710/724/624 cm™ (forms 1a-c).
As could be seen form Fig.1, 1c is the only tautomer characterized by highly intensive
band.

The comparison of theoretically calculated IR spectra for each tautomer with
experiment ((Fig.1, (1)) shows that the spectrum of form 1c (Fig.1, (4)) is the most
reproducible.

The modes located at 600-900 cm™ due to out-of-plane C-H, N-H vibrations of
pyrimidine ring, appear in the experimental spectrum as strongest, which are supported
also by analysis of calculated spectra. Again, the relation between theoretically predicted
localization and intensity of bands in the tautomer 1c is in a good agreement with
experimental spectrum.

A series of signals calculated in the region of 1400-1600 cm™ is attributed to
stretching deformations of aromatic quinazoline system. The IR spectra of tautomers 1a,
1b are characterized by weak intensity of the same vibration modes which is resulted
from protonation of one of pyrimidine Nitrogen atoms followed by partial violation of the
conjugation between benzene and pyrimidine rings as a consequence.

Conclusions. The molecular geometry, energetical properties of 4-
hydrazinoquinazoline and its derivatives were calculated using MP2/6-31G(d) level of
theory. The IR spectra of three possible unsubstituted tautomers of 4-
hydrazinoquinazoline were simulated using the same approach.

The computational studies based on thermodynamical properties favor the amino
tautomer over its imino forms in four solvents with different polarity. Moreover, the
theoretical IR spectrum of form 1c is in a good agreement with experimental. The present
quantum chemical investigation may further play an important role in understanding of
dynamics of these molecules.
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HccaenoBana Tayromepus 4-rMIpPasMHOXMHA30/IHHA W ero npousBoaHbix. Ilposenen
TEOpPeTHYEeCKHii pacyeT reoMeTPUH M TEPMOJUHAMUYECKHUX IAPAMETPOB ¢ MCIOJIb30BaHHEM
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nporpammbl  Gaussian 03, wmeroxa MP2 wu craHgaptHoro GasumcHoro HaGopa 6-31G(d).
ITpoaHaIM3MpPOBaHA U CONMOCTABJIEHA YHEPTUsl U OTHOCHTE/IbHAS YCTOHYMBOCTh TAYTOMEPOB B ra30Boi
¢aze. OueneHo BiMsiHMe pacTBopHuTeseil (1,4-1MOKCAH, YKCycHasi KHCJIOTA, 3TAHOJI M BOJa) Ha
TayToMepHOe paBHOBecHe ¢ Hcnojb3oBanueM PCM. YcrTaHOBJIEHO, YTO PACTBOPUTEIM BHOCHAT
He3HAYUTENbHBI 3pPeKT B N3MeHeHHe OTHOCUTEILHOH CTa0UJIBbHOCTH.

Bo Bcex ciayuasix 4-rupa3sMHOXHHA30JIMH CYHIECTBYET NPEMMYIIECTBEHHO B BHIEe aAMHHO
(¢opmbl. U3ydyeno u3meHeHne AUNOJbLHBIX MOMEHTOB. PaccuuTaHbl aHTapMOHMYeCKHE KOJIe0aHus NI
He3aMeleHHOro 4-rHApa3uHOXHHAa30/uHa. TloTydyeHHbIe JaHHBIE CONMOCTABJEHBI C IKCIEPHMEHTOM.
ITpoBeneno coorHecenue nmosoc 1ias UK-cnekrpoB. PaccunTaHHbie JJIMHBI BOJH U UX MHTEHCHBHOCTH
ISt aMMHO ()OPMBI XOPOLIO COTJIACYIOTCS € IKCIEPUMEHTAIbHBIMHU.

Knoueevie cnosa: tayromep; 4-runpasuHoxuHazoiuH; ab initio; MK-crmeKkTpsl; aHrapMOHHYECKOE
npubIKeHue.
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C. 1. KoBanenko,” €xu JIeIUHCHKAI
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TAYTOMEPIA 4-T'TAIPASUHOXIHA3OJITHIB, KOJIMBAJIbHI
CIIEKTPU TA KOMIT'FOTEPHE MOJIEJTFOBAHH

Jocain:keno Tayromepiio 4- rigpasuHoxinasosiny Ta iioro noxignux. Ilposeneno reopernynmii
po3paxyHoK reoMetpii i TepMoaMHAMiYHMX mapaMeTpiB 3 BHKOpHcTaHHsM nporpamu Gaussian 03,
Meroxy MP2 i cranpaprhoro 6asucuoro Hadopy 6-31G (d). IIpoanasizoBaHo i cmiBcTaB/IeHO eHeprilo
Ta BiIHOCHY cTiiikicTh TayTOMepiB y raszosiii ¢asi. OuineHo BniuB po3unHHuKiIB (1,4-1iokcaH, ouTroBa
KHCJIOTA, €TaHOJI i BOJa) Ha TayToMepHY piBHoBary 3 BukopuctaHHsm PCM. BceranoBieHo , mo
PO3YUHHHMKHU BHOCATH He3HAYHMIA epeKT y 3MiHY BiTHOCHOI cTalinbHOCTI.

Y Bcix Bunmagkax 4-riipas’uHoOXiHa30J1iH iCHy€ nmepeBaxHO y BHIJsiAi amiHo ¢opmu. BuueHo
3MiHYy JHIOJBLHHUX MOMeHTIiB. Po3paxoBaHi aHrapMmoHiyHi Ko/JIMBaHHA [Jsl He3aMilleHoro 4-
riapasuHoxinasoiny. OTpumani faHi cmiBcrabiieHi 3 exciepuMmenToM. IIpoBeneHo BinHeceHHsI cMyr
A IY-conekrtpiB. Po3paxoBaHi M0B:KMHM XBWJIb Ta iX iHTeHCHMBHOCTI 1Js amiHO ¢opmu a0d6pe
Y3TOKYIOThCS 3 eKCIIepUMEHTOM.

Knouosi  cnosa: tayromep; 4-rigpasunoxinasomid; ab initio; I[Y-cmekTpu; aHrapMmoHidyHe
HaOMMKEeHHS.
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