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TeopernyHi KBAaHTOBO-XIMiYHI METOIM
BCE yacrimie BUKOPHUCTOBYIOTBCS B
JOCHIDKEHHSIX BJIACTHBOCTEH HOBOCHHTE30Ba-
HUX CIONYK. 30Kpema, s MOJISIIOBaHHS Ta
BHU3HAYCHHS HaNHOTBII CTaOLIBHIX
KoH(popMmaniii y posumHax [1], cmekpo-
(hOTOMETPUYHMX XapaKTEePUCTUK OapBHUKIB Ta
oJIiMepiB [2-4],  KOMILIEKCOYTBOPIOIOYOI
30aTHOCTI [5], BU3HAYCHHS pEaKliifHUX ICHTPIB
[6-8] Ta perio-cenekTuBHOCTI peakmiii [9-11].
Kpim ToOro, BCe OinbIlle BUKOPHUCTOBYIOTHCS
KBAHTOBO-XIMIYHI METOIM IS IOCIIKEHHS Ta
MPOTHO3YBaHHS  TIOTEHINHOI  OiomoriyHol
akTUBHOCTI [12-14]. OqHak BpaxOBYIOUH BEJIHKI
po3Mipu  OIOJNIOTIYHHX  MOJICKYJI-MillICHEH, 3

TOYKH 30py CKOHOMIT MAIIIMHHOTO
(po3paxyHKOBOr0)  Yacy,  JOLITBHUM €
BUKOPUCTAaHHS  HAIIBEMIIIPHYHAX  METOJIIB.

3BUYANHO, YACTO /ISl BpaXyBaHHS CIICIU(IIHIX
CJIEKTPOHHUX €(eKTiB HEOOXiAHO MPOBOAUTH
pospaxyuku wmeromamu ab initio, DFT, a6o
HaBiTh PoOst Hartree-Fock IIpore, xoua 6 Ha
cTamii omnTuMmizanii TreoMeTpii, MOIIEHUM €
BUKOPWCTAHHS JENICBIINX HAIliBEMITIpHIHUX
NDDO (neglect of diatomic differential overlpp
METO/IIB.

BpaxoByloun BuiIe BKa3aHe, B JaHii
poboTi MM  TpOBEIM  BaNigaIlilo  pAIy
HAMBEMITIPUYHUX METOIB 3 TOUYKH 30py ix
aIeKBaTHOCTI JUI1 IPOTHO3YBAaHHS PiBHOBAXKHHUX
JIOBXUH 3B S3KIB y PI3HOMAaHITHUX a30JbHUX
cucreMax. Taka  mepeBipka  Hapasli €
Ha/I3BUYAHO aKTyaJlbHOIO, aJDKe MpH camiit
po3po0Ii METOIB, SIKi MU PO3TISLAANN B JTaHii
poboTi, aBTOpH OINTBINIE 30CEPEIKYBAIH yBary
Ha  aJeKBaTHOCTI  NPOTHO3YBaHHS  TEIUIOT
YTBOpEHHsI, 1 HE CTUIBKM yBaru HPUAUISUIN
reoMeTpUYHUM TapameTpam. Cepen METOIIB, AKi
mu posmsiganu €. AM1 [15], PM3 [16], RM1
[17], PM6 [18], PM7 [19].

Bubip came a30oipHHX cHCTEM OOYMOBIIE-
HUA IIUPOKUM CIIEKTPOM iX  OiomorigHoi
aKTHBHOCTi. 3okpema, moximni [1,2,4]rpu-
aszomo[1,5-allipuMiguHy TPOSIBISIOTE  IPOTH-
nyxauanay [20], antuBipycHy [21], repbinumny
[22] Ta ¢ynrimmany [21] aktuBHOCTI. OKpim
toro, 3amimeni [1,3]riazono[1,2,4rpuazonu
BOJIOMIIOTh OaKTEPUIMIHOK Ta (YHTIIUIHOIO
[23-27] akTUBHICTIO, TPOSBISIOTH HPOTH-
3ananbHy aito [28-30], Ta MOXKYTh 3MEHIITYBaTH
iMOBipHiCTh BUHHKHEHHs mogarpu [30].

Puc. 1. O6paHi a30/1bHI CTPYKTYPH.

Ha puc. 1 npencraBieHo CTPYKTYpH, sKi
MH O0palmd B SKOCTI MOJIEIBHUX OO0 EKTIB:
a) TPUIUKIIYHY cucteMy 7-0pomo-2-(6pomo-
metwn)-2,3,5,6,7,8rekcarimpo[1,3]riazomno[2,3":
3,4][1,2,4rpuazono[1,5-@]mipuminne-9-iro 1,
sKa MICTHUTh KOHAeHcoBaHi 1wk [31];
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0) 3-mermnrio-4-penin-5-peninamino-1,2,41pu-
a30ll y BUIJIAAI IPOTOHOBAHOTO KaTioHy 2 [7];
B) N-[3-6em3mn-5-(2,3aubpomo-Tporniaamino)-
3H-[1,3,4}riagiazon-2-inineH]| 6enzamin 3 [32].

Pe3yabTaTH Ta iX 00roBOpeHHA

ExcnepumeHTanpHi  IOBXWHH 3B’ SI3KiB
BU3HAYCHI 32 JIOMIOMOTOI0 PEHTTEHOCTPYKTYP-
HOTO aHaji3y MOHOKPHUCTATIYHHX 3pa3KiB fK
omucaHo B uiteparypi [31, 7, 32]. Ilpum
omnTuMizamii reomerpii kaTioHiB 1 Ta 2 He
Opasncs 10 yBard BimMoBigHI poTuiionu. Kpim
TOTO, y Baiijamii METOIIB HE PO3TIISIAIHCS
3B’ SI3KM YTBOPEHi aToMoM ['imporeny.

Ta6auns 1. ExciepumeHTanbsHi Ta po3paxoBaHi
3HAYEHHS JOBXXHUH 3B’ A3KIB Mixk atromamu Atl Ta
AT12y crionymi 1. Bei 3sHauennst npuseaeni B A

ATl|AT2|EXp. |[PM7 |PM6 |PM3 |AM1 |RM1

S1 |C1|1.7384.7377| 1.72401.72711.67701.7040

S1 [C3 | 1.849H.8840| 1.8641.86911.82721.8502

N3 |C1 |1.284H.3310] 1.33541.33271.35021.3422

N3 [N2 |1.39491.3747| 1.37791.39001.35991.3896

C1 |N1|1.37661.4271| 1.4401.43541.44311.4271

Brl|C6 |1.96371.9586| 1.965#1.94141.93482.0008

C3 |C2|1.53051.54761.54161.54591.54411.5419

C3 |C8(1.508[71.51061.51151.50361.50291.5047

N2 [C7 |1.451]11.46641.48621.48511.46061.4807

N2 [C4 | 1.33511.39481.41451.38571.414711.4001

N1 [C2 |1.45781.46401.48211.48251.44501.4744

N1 [C4 |1.33551.37821.38861.38871.38821.3854

C7 |C6|1.505p1.53181.53321.51361.53231.5218

C4 |N4 |1.3034 1.35761.38071.39151.36681.3563

C6 |C5|1.50881.53281.53521.51251.53251.5234

C8 |Br2|1.9612 1.95531.95531.94681.9208§2.0023

N4 |C5 |1.45741.48211.49691.48911.45311.4767
MAE 0.02560.03210.02910.03600.029§
RMSD 0.03180.04020.03700.04310.0358

Tabmursg 1 MicTUTh €KCIIEPUMEHTANBHI Ta
po3paxoBaHi 3HAYEHHS JOBXKHH 3B S3KIB JUIS
ctpyktypu 1. BpaxoBylouum — CTaTHCTHYHI
XapaKTePUCTHKHU pO3paxoBaHUX JIOBXKUH
3B'S3KiB, a caMe CepeaHI0 a0COMIOTHY MOXUOKY
(mean absolute error — MAEXYa cepenne
KBaJ[paTHYHE  BiIXHUJICHHS
deviation — RMSD)mosxHa CTBepIKyBaTH, IO
meron PM7 € walfitoynimumM, 1 BIAMOBIiIHI
BeTHUMHM MaioTh 3Hauenns 0.0256 Ara 0.0318
A. Haiiripmi pesymsratn otpumani ams AM1
laminbproniany. 3okpema, cepenHsi aOCOIIOTHA
moxubka cxmana 0.0360 A, a cepemne
kBanparnyHe BinxwmieHHs 0.0431 A.

Tabauus 2. ExkciepuMeHTanbHi Ta po3paxoBaHi
3HAaYEHHS TOBXXHH 3B’ A3KiB M aromamu ATl ta
AT2 y crionymi 2. Bei 3sHauennst npuseaeni B A

ATl|AT2|EXxp. |PM7 |[PM6 |PM3 |AM1 |RM1

C9 |S1|1.772H.80941.79001.80161.74571.7869

N1 [C2 |1.317851.33941.34411.34861.36141.351(

N1 [N2 |1.367(1.37281.37921.36891.34731.3804

S1 |C2|1.7324.74811.72831.73641.67711.7141

C2 |N3 |1.36471.41511.43041.42241.42791.4171

N2 |C1 |1.304(1.38071.39571.37831.39761.3875

N3 [C1 |1.34361.39801.41171.40431.40981.4025

N3 [C101.46081.42871.44911.45061.41931.4324

C1 |N4 |1.34121.35161.37601.39931.37111.3572

C4 |C51.365(1.39221.39731.39001.39251.3884

C4 |C3|1.356(11.39761.40281.39901.40941.3959

C5 |C6 | 1.353H..39561.39961.39231.39541.3921

C11)C10]1.37501.397711.40301.39961.41051.3959

C11)C12/1.38721.39221.39691.389§1.39241.3889

C10/C15/1.34521.39731.40201.39921.40961.3951

N4 |C3 |1.4241.43681.45651.45321.42481.4322

C3 |C8|1.3833.396711.40201.39891.40931.3944

C6 |C7|1.3593.39421.39931.39221.39481.3904

C12/C13|1.34371.39551.40021.39291.39561.3921

C15/C14{1.38351.39241.39791.39041.39321.389§

C13/C14{1.36851.39511.39931.39241.39491.3911

C8 |C7]1.361(1.39371.39801.39041.39321.3903

MAE 0.03070.03550.03190.03860.0295

RMSD 0.03580.04160.03780.04420.0354

(root-mean-square

ExcnepumenTtanpHi  Ta  po3paxoBaHi
3HAYEHHS JIOBXKUH 3B S3KIB  CTPYKTypH 2
MpeICTaBIICHI B TabmuIi 2. 3rigHo
pO3paxOoBaHUM CTAaTHCTUYHAM TOXUOKaM, B
JaHoMmy Bumanky wmerox RM1 e nHaibinbm
HaOIiHAM 13 CEpemHbOI0  aOCONIOTHOIO
MOXHOKOIO 0.0295 A ma cepeHIM
KBaJpaTHyHUM BigxuineHHsM piBauM 0.0354 A.
Opnax meton PM7 Takox € moBoii HamiMHUM i3
BinmoBignumu moxubkamu MAE = 0.0307 Ara
RMSD = 0.0358 A3noBy, maiiripuii 3naueHHs
oTpumMani MetomoM AMI1 — BigmoBigHI cepemaHs
abcomoTHa TOXHOKa Ta CepelHE KBaJPATHIHE
BigxuneHHs piBHi 0.0386 Ara 0.0442 A.

BignosiaHo, Ta0IHIA 3  MICTHUTh
eKCTIICpUMCHTAIbHI Ta PO3paxoBaHI 3HAYCHHS
JIOBXUH 3B’ sA3KiB I CTpyKTypu 3. 1 3HOBY,
HalikpamuM BusBuBcs meton PM7. Cepemus
abcomortHa moxmOka ckmama 0.0255 A, a
CepelNHE KBaJpaTWYHE BIIXWICHHS BiIIOBiAacE
0.0324 A.Jlyxe GNU3BKOIO € TOUHICTH METOIY
RM1 (MAE = 0.0257 A, RMSD = 0.0324 A).
Haiimenmr Onu3bKi 110 ©KCHEPUMEHTAILHUX
OTpUMaHi 3HAYEHHS 3 BUKOPUCTAHHSAM METOMY
PM3. Tak, cepenHst abCOMIOTHA TOXMOKA CKIana
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0.0279 A, a cepenne xBagpatMuHe BiIXwIaeHHs — CyTTeBo Oimbmi 3a PM7, 3okpema, cepemss

cxmano 0.0389 A. abcomortHa moxmOka ckmama 0.0280 A, a
CepelNHE KBaJpaTWYHE BIIXWICHHS BiIIOBiAaE

Tadauns 3. EkcriepuMeHTanbHi Ta po3paxoBaHi 0.0343 A. Haiiripuii 3HaueHHs oTpuMaHi 3a

3HAYEHHS JOBXXHUH 3B A3KIB Mixk aromamu Atl Ta nomnoMoror meroxy AM1.

AT12y crionyni 3. Bei 3Hauennst npuseaeni B A

ATl|AT2|EXp. |PM7 |PM6 |PM3 |AM1 |RM1 ExcnepuMeHTaIbHA YACTHHA
Brl|C181.97331.97591.98601.95741.95292.0348

C1 |N1|1.32081.29301.35531.287711.31911.2988§

Opalli 3 pPE3yAbTATIB PEHTTEHOCTPYKTYPHOI'O
C10{C11|1.49181.50591.50961.49981.49881.4977 P pesy P TPYKIYP

C11/C16|1.37271.39491.40131.39651.39841.3917 Zﬁfé?;yngs}f;ﬁl yMﬁigngﬁlfM Og:g}r'ge[HSH%
C11/C12/1.38301.39551.40231.39561.39851.3904 Y '
C12/C13/1.35801.39241.39691.39081.39451.390( Tonanbury ONTHMI3ALIIO TEOMETPIi NPOBOAMIH
C13/C14|1.35101.39441.39901.39061.39481.3894  pisiumu ~ NDDO  T'aminbronianamu 32
C15/C14/1.35771.39351.39841.39091.39541.390Q0  Jomomoroto  mporpamu  MOPAC216  [34].
C16|C15/1.39601.39341.39781.39021.39391.3892 [TigroToBKy BXigHHX MOPACHaIiB TPOBOIUIH
C17|C18/1.51011.53771.53831.51151.53401.524d uepes inTepdeiic nporpamu Gabedit [35].

C18/C19/1.46701.50691.50931.48661.50801.4941
C19Br2 [1.96461.95991.96521.954711.92782.0144 BHCHOBKH
C2 |N4 [ 1.30411.31961.34331.32071.34291.3325
C3 |N1 | 1.35971.40891.38011.43851.40741.4244
C4 |C9 | 1.39501.39621.40431.39591.39971.3915
C4 |C3 | 1.493M.47791.47441.48731.48111.4771
C5 |C4 | 1.386R.39831.40611.39681.40351.3941
C6 [C7 | 1.37901.39481.39941.39111.39581.3003  ©OPaHuX a30JIbHIX cacrem, Kl
C6 |C5 | 1.3631.39191.39541.39011.39271.3886 BUKOPUCTOBYBAIMCA B AKOCT1 BallAaIlIMHOTO
C7 |C8 [ 1.3770.39421.39851.391(1.39431.3893 Habopy. I1oTpiOHO BIAMITHTH, IO HAWHOBILIMM
C8 [C9 [1.39211.39311.397(31.39071.39521.3905 meron PMY7 € B miomy HaiOuIbII TOYHUM i
N2 [C2|1.34711.37931.37751.42141.397711.3856 HAIIHNAM, SIK I TEPHATUBY IOLIIIBHO
N2 [C171.44681.47141.47831.47731.43991.4633 BUKOPHCTOBYBaTH METOJ RM1. [Ipore, metoxn

N4 [N3 |1.38051.38011.389391.40271.35081.3864  \ 101 moBanms BeMKIX CHCTCM, B TOMy ducti

O |C3[1.24311.21461.291581.21481.25891.2245 ; 1y e
S [C2 | L.74101.80471.80511.79031 76271 7730  CTCPOUMKIIMHNX, NpOsiBUB cebe jK HAHripunid
METOAO, SAKUH Mae HaI/I61HBIH1 3HAUYCHHA

S |C1]|1.743]1.82691.80661.80921.76221.7961
MAE 0.02550.02640.02790.02470.0257 CTaTUCTHIHAX TOXHOOK. Ocs oMy,
RMSD 0.03240.03120.03890.03060.0324 ~ Bukopucrauus ~ PM7  Tamineromiany €
ONTUMAJIBHUM i1 HaAIMHOIO MOJEIIOBAaHHS
OO0’ equaBmn  BCl OTpI/IMaHi 3HAYCHHS TCOMCTPHUYHUX r[apaMeTpiB A30JIbHUX CUCTEM.
PO3paxOBaHUX Ta CKCIIEPUMEHTATBHUX JIOBXKHH
3B'SI3KiB B OJUH BamijanidHuii HaOip, MH Cnucox BUKOPHCTAHMX JIKepet
OTPMMAaJIM 3HAYEHHS CTATUCTUYHHX MOXHOOK
IUISL BCIX TPBOX CTPYKTYp (Tabmurs 4).

PosrnsgnyTi  HamiBeMmipuuHi ~ MeTOAM
JMIEMOHCTPYIOTh Pi3HY TOYHICTH PO3PaXOBAHUX
JIOBXXKWH 3B’ S3KIB IO BiJHOUICHHIO JIO TPHOX

1. Bevziuk K., Chebotarev A., Snigur D., Bazel Y.,
Fizer M., Sidey V. Spectrophotometric and theore-

Ta6mmust 4 Cepents aGCOMOTHA TOXHOKa Ta tical studies of the protonation of Allura red AGda
B Pl Ponceau 4RJ. Mol. Struct2017, 1144, 216-224.

CEpE/IHE KBa/IPATHMHE BIIXWICHHA N0 TPLOM 2. Bazel Ya., LeSkova M., Rl M., Sandrejova J.,

ctpykTypam. Bei sHauenns npuseseni B A Simon A., Fizer M., Sidey V.Structural and
Hoxuokn |PM7 |PM6 |PM3 |AM1 |RM1 spectrophotometric  characterization — of  2-[4-
MAE 0.0272 0.0307 0.0294 0.0320 0.0280  (dimethylamino) styryl]-1-ethylquinolinium iodidesa
RMSD 0.0334 0.0371 0.0381 0.0387 0.0343  a reagent for sequential injection determination of

tungsten.Spectrochim. Acta Part.£2018, 196, 398—
Haiikpami pesynapraté  oTpumani 3a  405.
nomomororo Meromy PM7 (MAE = 0.0272 A, 3. Bevziuk K., Chebotarev A., Fizer M., Klochkova
RMSD = 0.0334 A). RM1 e Xxopomoro A., Pliuta K., Snigur D. Protonation of Patentedi®l|

AlIbTEPHATHBOK — MOXHOKM IaHOrO METOLY HE Vv in_aqueous soluti_ons: theoretical and experimenta
studies.J. Chem. Sci2018, 130, 12-1-12-10.
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4. Fizer O., Fizer M., Studenyak Ya. Photostabiity = molecular models. 76. AM1: A new general purpose

plasticized polyvinyl chloride membranes:

theoretical study.Malaysian Journal of Analytical

Science®017, 21, 1257-1265.

a quantum mechanical molecular mod&l.Am. Chem.

So0c.1985, 107(13), 3902—3909.
16. Stewart J.J.P. Optimization of parameters for
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Bazel Ya. On the structure of 1989, 10(2), 209-220.

transition metals complexes with the new tridentatel7. Rocha G.B., Freire R.O., Simas A.M., Stewalkt J.
dye of thiazole series: Theoretical and experimentaRM1: A reparameterization of AM1 for H, C, N, O,

studies.J. Mol. Struct2017, 1149, 669-682.
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Lendel
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OPTIMIZATION OF SEMI-EMPIRIC TECHNIQUES FOR MODELIN G OF
BOND LENGTH IN AZOLE SYSTEEMS

Fizer M.M., Fizer O.1., Syrokhman I.M., Slivka M.V., Balog I.M., Krivovyaz A.O., Lendel V.G.

Theoretical quantum-chemical methods are intengiveded in studies and prediction of
different properties of newly synthesized compouridaus, QC methods can be used for modeling
and determination of the most stable conformatinrsolutions, spectrophotometric characteristics of
dyes and polymers, complexation ability, determamatof reactivity centers and regio-selectivity.
Moreover, quantum-chemical methods are widely dsedtudy and prediction of potential biological
activity. However, given the large size of targ@ébldgical molecules, to save machine time and
resources, it is useful to use much cheaper sentiealpmethods. Definitely, it is often necessamy t
make calculations &b initio, DFT or even post Hartree-Fock methods, but &t leathe geometry
optimization phase, it is wise to use fast semieicgli NDDO (neglect of diatomic differential
overlap) methods.

Taking into account the above, in this paper weehalidated a set of semiempirical methods
from the point of view of their accuracy for pretibey of equilibrium bond lengths in various azole
systems. Such an examination is currently relevamong the methods we have considered: AM1,
PM3, RM1, PM6, PM7.

The choice of azole systems is given by a wide @aofybiological activity. In particular,
derivatives of [1,2,4]triazolo[1,5-a]pyrimidine ekit anti-tumor, antiviral, herbicidal and fungieid
activity. Moreover, substituted [1,3]thiazolo[1,Br#azoles have bactericidal and fungicidal actjiyvit
exhibit anti-inflammatory effects and can be usetteéat gout.

The considered semiempirical methods show diffeaextiracy about calculated bond lengths
in three selected azole systems. We must notetlteahewest PM7 method is generally the most
accurate and reliable. Correspondingan absolute error (MAE$ 0.0272 A and root-mean-square
deviation (RMSD) is 0.0334 A. As an alternative, advise to use the RM1 method. Despite that
AML1 is often used to simulate large systems, it $ta@wn to be the worst method with the highest
statistical errors. In general, we have recommendse PM7 Hamiltonian for reliable modeling of
geometric parameters of azole systems.

Keywords: semi-empirical methods; 1,2,4-triazole; azole;dtangth.



