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TAUTOMERISM OF 4-HYDRAZINOQUINAZOLINES: VIBRATIONAL
SPECTRA AND COMPUTATIONAL STUDY

The tautomerizm of 4-hydrazinoquinazoline molecule and its derivatives was investigated.
Geometry and thermodynamic parameters were computed theoretically using Gaussian 03 software.
All calculations were performed at the ab-initio (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) using PCM on the tautomeric equlibria
was evaluated. 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 using the same approach as geometry optimization and compared with experimental data.
The assignments of IR spectra modes were done. 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 rout of organic chemistry is searching and
synthesis of new compounds with promising properties for wide range of branches.
Various heterocyclic systems are suitable for this purpose due to structural diversity and
ability to functionalization. Presence of heteroatoms in aromatic rings causes fast
migration of proton between them and, thus, existence of tautomers. Knowledge that can
be obtained using experimental (NMR, vibrational spectroscopy) and theoretical
approaches about predominant form and influence of substituents of different types on
reactive centers is 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 previously described 3-substituted 2H-1,2,4-
triazino[2,3-c]quinazolin-2-ones [1]. Additionally, upon replacement of hydrazino group
with triazine ring, compounds show high biological activity.
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Migration of a proton between different nitrogen atoms in 4-hydrazinoquinazoline
results in three tautomeric forms. Therefore, N-H vibration in the IR spectrum can not be
a priori assigned to a certain tautomer. In this case it could be more informative to look at
vibrations associated with deformation of pyrimidine ring, since tautomeric forms are
discriminated by degree of conjugation between pyrimidine and benzene fragments.

Computational details. The geometry optimization and harmonic frequency
calculations of three equilibrium structures for 4-hydrazinoquinazolines (1-5 (a-c))
amino/imino tautomerization were performed employing 6-31G(d) [2] basis set with the
MP2 method [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 (1) tautomers using anharmonic approach in a gas
phase. 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 shape [4]. For visualization of anharmonic IR
spectra based on frequencies and intensities calculated by Gaussian 09 Swizard program,
revision 5.0 [5] was used.

Results and disscusion

Energies and relative stabilities. 4-Hydrazinoquinazoline is involved in amino-
imino tautomeric equilibrium. Due to proton transfer between hydrazone Nitrogen atom
and pyrimidine N; N; atoms one amino and two imino forms arise which are
distinguished as a-c. Earlier research involving aminothiazoles, 3-amino-1,2,4-triazin-5-
one and aminopyrimidine derivatives reveals that aromatic amino form is prevalence for
all aforementioned compounds [6-8]. This fact gives all reasons to presume amino form
of being predominant in our case as well.

The Relative Gibbs Free Energy, Population of 4-hydrazinoquinazoline tautomers
and its substituted derivatives are listed in Table 1. Numbering of atoms for
4-hydrazinoquinazoline is given above.

Calculations in a gas phase indicate that both imino forms (a, b) are less stable than
amino (on 21.61 and 10.31 kJ/mol for 4-hydrazinoquinazoline (1) respectively). Since
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 show, that polarity of a solvent does not change
the order Pc>Pb>Pa. It should be mentioned that contribution of tautomer a, which is
characterized by the highest dipole moment (Table 2), increases simultaneously with
dielectric constant of a solvent.

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

Interestingly, calculations in a gas phase predict increased abundance of imino
form b as substituent varies in a series 8-CH3;<H<6-Br<6-Cl<7-F where substituent
electron-withdrawing strength is becoming more pronounced.

Vibrational assignments. The second step of the present investigation was to
determine which of three possible IR spectra that correspond to different tautomers
calculated theoretically relates to the one obtained experimentally. The vibration spectra
of forms la-c based on ab initio quantum-chemical calculations at anharmonic level (2-4)
are shown in Figure 1. Some vibration movements of 4-hydrazinoquinazoline form are
presented in Figure 2.

In spite of using anharmonic corrections explicitly, overestimation of band
frequencies is still observed.
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Table 1
Values of Relative Gibbs Free Energy (AG,, kJ/mol) and Tautomers Population (P,%o) calculated at
MP2/6-31G(d) level of theory at T = 298.15 K

Gas 1,4-Dioxane Acetic acid Ethanol Water

Tautomer | AGy | P AGeg | P AGea | P AGg | P AGg | P
1

a 21.61 0.02 16.53 0.13 12.70 0.60 11.10 1.13 10.96 1.19

10.31 1.57 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 | 0.69 | 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 | 1097 | 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 14.44 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 21.54 0.02 16.07 0.14 11.75 0.85 9,51 2.07 8.98 2.55

b 9.20 2.43 454 | 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
Values of Relative Gibbs Free Energy (AG,, kJ/mol) and Tautomers Population (P,%o) calculated at
MP2/6-31G(d) level of theory at T = 298.15 K

DM, p(gas)
Tautomer | Gas | 1,4-Dioxane | Aceticacid | 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 2.91 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 main characteristic bands belong to aromatic compounds depicted on IR
spectra locate between 4000-500 cm™. The region above 1500 cm™ corresponds to
stretching vibrations of CH, CH,, CH;, N-H, C-N, C=0O groups other bands below
1500 cm™ are related to twisting, rocking and deformation vibrational modes of different
groups including skeletal vibrations.
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Fig. 1. The experimental (1) and predicted (2-4) 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 (la-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 1a/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 la-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 la, 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.

Usually, systems similar to those presented in this paper have a group of
bands in the region 1000 cm-1, which correspond to in-plane and out-of-plane
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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 1la.

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
guantum chemical investigation may further play an important role in understanding of
dynamics of these molecules.
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TAYTOMEPUA 4-TUAPAZUHOXHNHA3OJINHOB,
KOJIEBATEJIBHBIE CIIEKTPbBI U KOMIIBIOTEPHOE
MOJEJIUPOBAHHUE

HccnenoBana Tayromepuss 4-rupa3’HHOXHHA30JMHA H ero mnpou3BoaHbIX. IIpoBenen
TeopeTHYeCKHHl pacyeT reoMeTpUH H TEePMOAMHAMHYECKHX MapaMeTpPOB ¢ HCHOJIb30BaHHEM
nporpammbr Gaussian 03, ab-initio (MP2) meroma u cranmaptaoro 6-31G(d) GasucHoro naGopa.
IIpoananu3mpoBaHa M CONMOCTABJIEHA YHEPTUsI M OTHOCHTEJILHAS YCTOHYNBOCTH TAYTOMEPOB B Ta30Boil
¢aze. Oueneno BiausiHue pactBopuTeneii (1,4-IMOKcaH, YKCycHash KHCJI0TAa, 3TaHOJ H BOAa) Ha
TayTOMEpHOe paBHOBecHe ¢ ucnoiab3oBannemM PCM. YcTaHOB/IEHO, YTO PACTBOPHTENM BHOCHAT
He3HAYHUTEIbHBII 3 (PeKT B H3MEeHeHHe OTHOCUTEIbHOM cTa0HIbHOCTH.

Bo Bcex cayuyasax 4-rHAPa3sHHOXMHA30JMH CYIIECTBYeT NPEeNMYIIeCTBEHHO B BHIe aAMHUHO
¢opmbl. U3yueHo u3MeHeHHe TUMOJILHBIX MOMEHTOB. PaccunTaHbl aHrapMOHHYecKHe KoJIe0aHus 1JIst
He3aMelIeHHOro 4-ruapa3suHoXuHa30/uHA. [lomydyeHHble NaHHbIE COMOCTABJIEHBI C JIKCIEPHMEHTOM.
ITpoBeneno coornecenue momaoc 1 UK-cnekrpoB. PaccuntanHble JUIMHBI BOJTH H MX HHTEHCHBHOCTH
IS aMHHO (pOPMBI XOPOIIO COTJIACYIOTCS € IKCIIEPUMEHTAIbHBIMH.

Kniouesvie crosa: tayromep, 4-ruapasuHOXuHa30nuH, ab-initio, MK-crmekTpsl, aHrapMOHHYECKOE
MpUOIIKEHNE.
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TAYTOMEPIA 4-T'TAPASUHOXIHA3OJIIHIB, KOJIMBAJIBHI
CIHHEKTPU TA KOMIT'IOTEPHE MOJIEJITFOBAHHSA

Jocainzxeno Tayromepiro 4- rinpasunoxinazosiiny Ta iioro noxigaux. IlpoBeneHo TeopeTHyHui
PO3paxyHoOK reoMeTpii i TepMogMHAMIYHUX MapaMeTpiB 3 BUKopHcTaHHAM nporpamu Gaussian 03, ab-
initio (MP2) merony i cranaaptHoro 6-31G (d) 6asucuoro uadopy. IlpoanasizoBaHo i cmiBcraBieHo
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eHepriio Ta BigHOCHY cTiliKicTh TayTOMepiB y rasosiii ¢asi. Ouineno BB po3unHHuKiB (1,4-giokcaH,
OLTOBA KHMCJIO0TA, €TAHOJ i BOJa) HA TayTOMepHY piBHoBary 3 BukopuctanusM PCM. BcranosiieHo ,
110 PO3YMHHUKH BHOCSITH He3HAYHUH edeKT y 3MiHYy BiTHOCHOI cTabi1bHOCTI.

Y Bcix Bunmaakax 4-rigpasuHoXxiHa30J1iH iCHy€ nepeBaHo y BUrisiai amiHo ¢opmu. Buueno
3MiHy AMIOJLHUX MoOMeHTiB. Po3paxoBaHi aHrapMoHiuHi KoJIMBaHHA [Js He3aMilieHoro 4-
riapasuHoxinazoJiny. OTpumani aaHi cniBcraBiieHi 3 ekciepuMenToM. IIpoBeeHo BinHeceHHs cMyr
A IY-conekrpiB. Po3paxoBaHi 10B:KMHM XBWJb Ta iX IHTeHCHMBHOCTI 1 amiHo ¢opmu 100pe
Y3TOKYIOThCS 3 eKCIIepUMEHTOM.

Kniouosi  cnosa: Ttaytomep, 4-rigpasuHoxiHazosiH, ab-initio, [Y-cmexkTpu, aHrapMoHiuHE
HaOIMKEeHHS.
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REACTIONS OF 2,3-DIHYDRO-1,5-BENZODIAZEPINONES-2
DERIVATIVES QUATERNIZATION

0. O. I'artonoB

Jninponempogcoxuii nayionanvuuil ynigepcumem imeni Onecs I'onuapa, np. I'acapina, 72,
Lninponempoescox 49010, Ykpaina

PEAKIISI KBATEPHIZALIT MOXITHUX 2,3-TUTTAPO-1,5-
BEH30/IA3ENTHOHIB-2

A. A.T'anonos
JInenponemposckuil Hayuonanonwulll ynugepcumem umenu Onecsa I onuapa, np. I'acapuna, 72,
Jlnenponemposck 49010, Ykpauna

PEAKIIMA KBATEPHU3ALIUA ITPOU3BOJAHBIX 2,3-TUT'UIPO-1,5-
BEH30AUA3EIIMHOHOB-2

[Mokazano, urto ankmwinpoBanue 1-aaxkuia-4-meTui-2,3-Turuapo-1,5-6eH3oqHa3eNUHOHOB-2
AJKWJITAJOTeHNIAMH NPUBOIMT K 00Pa30BaHMI0 YeTBEPTHYHBIX coJieil. YCTaHOBJIEHO, YTO B OTJIMYHE
0T ATKHWIMPOBAHHS He3aMellleHHbIX B Mojo:xkeHuu 1 1,5-0eH30AMa3eNMHOHOB-2, A1 NPOTeKAHHUS
peaknuy KBaTepPHU3AIMH HEOOXOAUM 0O0JbIIOI M30BITOK AJIKWJITajJoreHuaa u JiuteasHoe (18-46 1)
KunsiyeHue B 6eHzosie. YeTBepTHYHBIE COJTH BbIeTeHBI ¢ BbIX0A0M 45-77% B BHIe KPHCTAJLJIHYECKHX
ocaakoB wian Macesd. Ha BbIX0J 4eTBepTHUYHBIX coJleil cyliecTBeHHOe BJMSIHHEe 0Ka3bIBaeT MPHPOJa
AJKWJITAJOTeHNIa M 3aMecTHTeJst B mojoxkenunn 4. He ynanoch MoJy4uTh 4YeTBePTHUYHBIE COJIH,
HCIOJIB3YS B KadecTBe cyOcTpaTtoB 1-ankmi-4-¢eHui-2.3-muruapo-1,5-6eH3onua3enuHoHbI-2, naxe
NpH KUNSYeHUH ¢ MOAMCTHIM MeTHJOM B Oen3oje B TedeHne 80 4. CTpyKTypa CHHTe3MPOBAHHBIX
coeMHEeHN# MoATBep:kIeHa ¢ moMobio JaHHbIX UK-cnexkTpoB u ciektpos AMP .

Kniouesvie cnosa: 1,5-muruapoden3oana3enmHOHBI-2, aTKUINPOBAHIE, KBATEPHU3AIN.

BBelleHI/le. Cpezu/I HCIIOJIB3YEMBIX B HACTOAIIECC BPpEMA B MEANINHE IICUXOTPOITHBIX
CpcaACTB ocoboe MECTO 3aHUMaroT TPAHKBUJIN3AaTOPbL - IMPOU3BOJAHBIC
1,4-6CH30}_II/I33CHI/IHOB. CHeKTp ux (bapMaKOJ'IOFI/ILIGCKOFO HeﬁCTBHH XapPaKTCPU3yCTCA
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