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DFT STUDIES OF STRUCTURAL PARAMETERS, VIBRATIONAL
FREQUENCIES AND NMR SPECTRA OF 3-(1H-BENZOI[D]IMIDAZOL-
1-YL)-N'-(TOSYLOXY)PROPANIMIDAMIDE
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Abstract: Amidoxime derivatives have practically valuable biological properties. We
have previously obtained new spiropyrazolinium compounds by arylsulfo-chlorination of
B-aminopropioamidoximes, but in case of B-(benzimidazol-1-yl)pro-pioamidoxime we
have obtained O-substitution product — 3-(1H-benzo[d]imidazol-1-yl)-N'-(tosyloxy)pro-
panimidamide. The aim of the work is predicting of structural parameters (bond lengths,
bond angles), vibrational frequencies and NMR spectra of 3-(1H-benzo-[d]imidazol-1-yl)-
N'-(tosyloxy)propanimidamide. The calculations were performed using Gaussian
09 package. Structural parameters and vibrational frequencies was calculated using DFT
(B3LYP/B3PW91/WB97XD)/6-31G(d,p). *H and *C NMR was predicted using DFT
B3LYP/6-31G(d,p)-GIAO in DMSO. All calculated values are in good agreement with
experimental data. The calculated bond lengths and bond angles were compared with
results of X-ray structural analysis. The best correlation coefficient was 0.981 (calcu-
lations with B3LYP level). For bond angles, the best result was obtained with B3LYP
level (0.990). For vibrational frequencies correlation coefficients between the calculated
and experimental values were 0.997 (B3LYP), 0.996 (B3PW91) and 0.995 (WB97XD).
The most accurate method was used for predic-ting NMR spectrum. The correlation
coefficients between the experimental and calculated *H and **C chemical shifts were
0.949 and 0.999 respectively.

Key words: B-aminopropioamidoximes, tosylation, IR spectroscopy, NMR spectroscopy,
DFT method, Gaussian 09.
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Vazhev V.V. DFT studies of structural parameters, vibrational frequencies and NMR
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1. Introduction

Amidoximes can be used as intermediates for the synthesis of heterocyclic
compounds [1, 2]. They are usually used for derivatisation biologically active
compounds with various functional groups [3-5]. We previously reported [6] on
the results of para-toluenesulfochlorination of f-aminopropioamidoximes in the
presence of DIPEA, as a result of which, in the case of the initial - aminopro-
pioamidoximes (B-amino group: piperidin-1-yl, morpholin-1-yl, 4-phenylpipe-
razin-1-yl) toluenesulfonates of the corresponding spiropyrazolinium compounds
were obtained. It should be noted that the tosylation of B-(benzimidazol-1-
yl)propioamidoxime leads to the formation of O-arylsulfochlorination product —
3-(1H-benzo[d]imidazol-1-yl)-N'-(tosyloxy)propanimidamide.

Differences in the structure of the obtained compounds lead to differences in
their physicochemical characteristics, such as melting points, NMR shifts and
vibrational frequencies. The aim of this work is predicting of structural parameters
(bond lengths, bond angles), vibrational frequencies and NMR spectra of 3-(1H-
benzo[d]imidazol-1-yl)-N'-(tosyloxy)propanimidamide using DFT method with
the B3LYP, B3PW91 and WB97XD functionals and 6-31G(d,p) basis set. DFT
(density functional theory) is the modern computational method of quantum che-
mistry, that shows high predictive abilities when calculating molecular structures
and vibrational frequencies [7-9], and allows to use it for analytical purposes.
We have presented the results of calculations of structural parameters of
3-(1H-benzo[d]imidazol-1-yl)-N'-(tosyloxy)propanimidamide using DFT
B3LYP/6-31G(d,p) method. In this paper, we present a comparison of similar
calculations for several functionals (B3LYP, B3PW91 and WB97XD). The
DFT method makes it possible to simulate NMR spectra of organic molecules
[7, 10-12], which we represent in this work. All calculated values were compared
with experimental data.

2. Results and discussion

The bond lengths and bond angles calculated and obtained using X-ray
structural analysis are summarized in table 1. The correlation between the
experimental and calculated data is characterized by the correlation coefficient
(R), root mean square error (rms) and average differences (Av. dif.), given in the
table. The computed bond lengths differed from the experimental values by
0.023 A (1.6%) for B3LYP level, 0.021 A (1.5%) for B3PW91 level and 0.026 A
(1.8%) for WBI97XD level (on the average). The best correlation coefficient
between the experimentally found and calculated bond lengths in the case of
B3LYP level is 0.981. Using the level B3PW91, the correlation coefficient was
0.979, for the level WB97XD — 0.964. For bond angles, the best result was also
obtained at the B3LYP level (0.990). In the case of using both B3PW91 and
WBI7XD levels, correlation coefficient was 0.988. The calculated angles differ
from the experimental angles by 1.036° (0.8%), 1.145° (1%) and 1.152° (1%) at
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B3LYP, B3PW91 and WB97XD levels respectively. A comparison of the
calculated values and the X-ray data shows that the most accurate level for the
calculation of structural parameters is B3LYP level.

Table 1 — Bond lengths (A) and bond angles () for 3-(1H-benzo[d]imidazol-1-y1)-N'-(tosyloxy)
propanimidamide

Bond X-ray B3LYP B3PW91 WB97XD
1 2 3 4 5
Bond lengths (A)

C,-C3 1.378 1.391 1.389 1.385
C,-C; 1.400 1.400 1.399 1.398
Cs-Cy 1.403 1.409 1.407 1.408
C4-Cs 1.383 1.393 1.390 1.387
Cs-Cs 1.397 1.397 1.396 1.395
Ce-Cs 1.399 1.416 1.414 1.406
N;-C, 1.355 1.381 1.375 1.373
N;-Cs 1.385 1.388 1.383 1.380
N;-Cg 1.458 1.451 1.448 1.451
N,-C; 1.312 1.307 1.306 1.304
N,-C; 1.396 1.389 1.384 1.385
Cs-Cy 1.531 1.545 1.531 1.530
Cys-Cyo 1.511 1.507 1.505 1.507
N3-Cyo 1.330 1.366 1.359 1.355
N4-Cyo 1.294 1.294 1.292 1.391
04-Ny 1.491 1.455 1.435 1.435
$1-04 1.589 1.671 1.661 1.646
$1-0, 1.430 1.458 1.453 1.446
S;1-03 1.432 1.458 1.453 1.444
S1-Cia 1.751 1.781 1.773 1.777
Cu-Cpp 1.390 1.396 1.394 1.391
C11-Cis 1.393 1.396 1.393 1.390
C1-Ci3 1.384 1.392 1.390 1.389
C13-Cy4 1.390 1.402 1.401 1.399
C14-Css 1.392 1.403 1.400 1.399
C14-Cy7 1.505 1.509 1.504 1.506
Cl1s5-Cyg 1.378 1.392 1.391 1.389
N3-Cyo 1.330 1.366 1.359 1.355
R - 0.981 0.979 0.964
rms - 0.023 0.021 0.026
Av.dif. - 0.011 -0.006 -0.007
Bond angles (°)
C1-N;-Cq 106.5 105.8 | 105.9 105.7
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Continuation table 1

1 2 3 4 5
C1-N;-Cq 127.8 126.7 126.9 129.4
C1-N»-C; 104.3 104.4 104.3 104.2
C,-Cs-Cy 121.6 121.4 121.4 121.4
C»-C1-Cs 119.8 119.8 119.7 119.7
Cs-Cy-C; 117.7 118.1 118.1 118.0
Cs-CyCs 121.8 1215 1216 1215
C4-Cs-Cs 116.1 116.8 116.6 116.6
Cs-Ce-C; 122.9 122.4 122.5 122.8
Cs-Ni-Cg 125.5 127.3 127.1 124.9
N;-Ce-Cs 131.8 132.6 1325 131.9
N;-Ce-C; 105.3 105.0 104.9 105.3
Ni-C;-N, 114.1 114.4 1145 114.5
N;-Cg-Co 113.6 112.6 111.6 112.2
N,-C-C, 130.3 129.8 129.8 130.0
N,-C;-Cs 100.8 110.4 110.4 110.3
Cg-Co-Cio 113.6 111.7 1139 110.2
N3-C10-Co 119.6 118.0 117.4 118.2
N,-C10-Co 113.0 115.9 116.9 116.1
N-Cio-N, 1275 125.9 125.6 125.6
C10-N4-O; 107.5 108.1 108.3 107.9
N,-0-S, 1111 1111 111.0 110.3
0,-51-0, 102.3 101.9 101.7 102.4
0,-51-05 110.5 108.8 109.0 110.1
0:-5:-Cys 103.4 103.5 103.3 101.4
0,-51-05 119.3 122.1 122.3 121.8
0,-5:-C1s 109.4 109.5 109.5 110.5
04-5:-Cys 110.6 109.2 109.2 108.7
$1-C11-Cs 119.2 119.6 119.6 119.3
$1-C11-Cay 120.0 119.0 119.0 119.5

C1-C11-Cis 120.8 1214 121.4 121.3

C1-C16-Cis 118.9 118.8 118.9 118.9

C1-C12-Cis 119.0 118.9 118.9 119.0

C14-C15-Cis 121.7 121.2 121.2 121.2

C12-C15-Cus 1215 121.2 121.2 121.1

C13-C14-Cis 118.2 1185 1185 1185

Ci5-C14-C17 120.8 120.7 120.8 120.5

C15-C14-C17 121.0 120.8 120.7 121.0

R — 0.990 0.988 0.988
rms - 1.036 1.145 1.152
Av.dif. - -0.079 0.045 0.155
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Molecular structure of 3-(1H-benzo[d]imidazol-1-yl)-N'-(tosy-loxy)pro-
panimidamide with atomic numbering:

Hs
Ha &y e /HS
N
’ Hl\\Cl/ 7(:3/ \He
14
His
Hyg—Cr— —N/ \ Hie
l 2 Oy CQ_C{O
Hio - H
Ce _H; 19
H11/ \ C4\H Oze—!z—cs/\ />C11—(€14-H20
Sl\c 8 \ H
5‘H9 l)|3 Ci3—Cp2 #
/ \
10 Hig Hy,

As shown by the above calculations, the use of this approximation is a
reliable theoretical method for solving molecular modeling problems. High
accuracy of molecular modeling and structure parameters prediction is a
prerequisite for adequate modeling of the vibrational spectrum. The analysis of
the calculated (DFT B3LYP, B3PW91, WB97XD) and experimental vibra-
tional frequencies was carried out. Table 2 shows the characteristic vibrational
frequencies of the compound. In the IR spectra of 3-(1H-benzo[d]imidazol-1-yl)-
N'-(tosyloxy)propanimidamide, symmetric and asymmetric stretching vibrations
of the SO, group located in the region 1190 cm™ and 1358 cm™. According to
calculations using B3LYP level, the corresponding vibrations of this group are
displaced in the region 1161 cm™ and 1365 cm™. For B3PW91 method the
prediction is more accurate: symmetric vibrations 1180 cm™ and asymmetric ones
1370 cm™. The least accurate method turned out to be the WB97XD level
(1130 cm™ and 1430 cm™ respectively).

The C=C stretching band was strongly seen in the region v 1617 cm™,
whereas the calculated values was displaced in the regions 1634 cm™, 1640 cm™,
1663 cm™ for B3LYP, B3PW91, WB97XD calculations respectively. Experi-
mental stretching vibrational mode of Csp>~H bonds was observed in the region >
> 3000 cm™ also was observed in this area for all calculations. Calculated C=N
vibration at B3LYP (1671 cm™) and B3PW91 (1625 cm™) levels showed slight
deviation from the experimental value, while WB97XD calculation (1640 cm™)
was in good agreement with experiment (1648 cm™). The stretching (N-H),
vibrations observed in the region of 3417 cm™ are significantly shifted in all the
calculated spectrum. This significant difference may be attributed to the physical
and electronic effect of neighboring atoms.
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Table 2 — Most characteristic experimental and vibrational frequencies of 3-(1H-benzo[d]imidazol-
1-y1)-N'-(tosyloxy)propanimidamide

Stretching vibrations of bonds, v, cm™
Method Vso2 R
Vc=N | Vc=c V(N-H)2 VCsp3-H Vesp2-H s
asym. | sym.
Experimental | 1648 | 1617 | 1358 | 1190 | 3417 22792% 31103237 | - | -
B3LYP 1671 | 1634 | 1365 | 1161 | 3586 %%‘éi 3181, 3235 | 0.997 | 75
B3PWO1 1625 | 1640 | 1370 | 1180 | 3621 %%59% 3194, 3243 | 0.996 | 80
WBO7XD | 1640 | 1663 | 1430 | 1130 | 3657 %%;03 3216, 3227 | 0.995 | 91

Correlation analysis was studied, and the correlation coefficients between the
calculated and experimental vibrational frequencies are 0.997 (B3LYP), 0.996
(B3PW91) and 0.995 (WB97XD). In general, the calculated frequencies are in
good agreement with the experimental data, which makes it possible to use them
for analytical purposes.

Thus, the most accurate method for predicting the geometry and vibration
frequencies of the compound under study is DFT with the B3LYP functional and
6-31G(d,p) basis set. This method was used to calculate the *H and **C NMR
spectrum of 3-(1H-benzo[d]imidazol-1-yl)-N'-(tosyloxy)propanimidamide in
DMSO. The experimental and calculated *H and **C chemical shift values are
presented in table 3.

Table 3 - 'H and **C NMR spectra of 3-(1H-benzo[d]imidazol-1-yl)-N'-(tosyloxy)propanimidamide

Chemical shift, 5, ppm
lH lSC
Atoms Experimental B3LYP Atoms Experimental B3LYP
1 2 3 4 5 6
H1 7.99 8.28 Cl 158.0 158.8
H2 7.64 7.85 C2 119.8 124.2
H3 7.18 7.73 C3 121.9 126.3
H4 7.18 7.78 Cc4 122.7 126.5
H5 7.64 8.18 C5 110.8 114.4
H6 4.33 4.52 Ccé6 1335 140.4
H7 4.33 4.35 C7 143.7 147.7
H8 2.50 2.70 Cc8 31.2 415
H9 2.50 3.14 C9 41.6 49.2
H10 6.80 454 C10 1447 153.2

20




ISSN 1813-1107, elSSN 2710-1185

Ne 4, 2021

Continuation table 2

1 2 3 4 5 6
H11 6.80 5.56 Cll1 134.0 142.9
H12 7.36 7.84 C12 128.5 133.4
H13 7.70 8.36 C13 130.0 134.5
H14 7.70 8.37 Cl4 144.3 149.0
H15 7.36 8.11 C15 128.5 131.8
H16 2.38 2.40 Cl6 130.0 133.8
H17 2.38 2.85 C17 21.6 30.4
H18 2.38 2.85 - - -

R 0.949 R 0.999

S 0.751 S 2.135

The calculated 'H chemical shift values are in good agreement with the
experimental values, except those of H10 and H11 (deviation of 2.26 and 1.24 re-
spectively). These deviations can be explained by the peculiarities of the
functional and basis set combination used. No significant deviations are observed
in **C shifts. For 'H and **C chemical shifts, significant correlation coefficients
were obtained between the experimental and calculated values (0,949 and
0,999 respectively).

3. Conclusion

A quantum chemical study of the molecular structure and vibrational
frequencies of  3-(1H-benzo[d]imidazol-1-yl)-N'-(tosyloxy)propanimidamide
is reported. Computed geometrical and electronic parameters at DFT-B3LYP,
-B3PW91, -WB97XD/6-31G(d,p) confirmed by X-ray analysis and IR spectro-
scopy. Good correlation coefficients between experimental and calculated values
make it possible to use the DFT method to predict the molecular structure and
interpret the IR spectra of synthesized compound and its analogues. *H and **C
NMR chemical shifts was calculated using the DFT-B3LYP/6-31G(d,p)-GIAO in
DMSO. Results show very good agreement with experimental data. The correla-
tion coefficients between the experimental and calculated *H and **C chemical
shifts are 0.949 and 0.999 respectively. The calculated NMR spectrum can be
used for analytical purposes.

4. Experimental part

Methods for obtaining 3-(1H-benzo[d]imidazol-1-yl)-N'-(tosyloxy)pro-
panimidamide, characteristics and identification were published in [6].

The paper uses bond lengths and angles in 3-(1H-benzo[d]imidazol-1-yl)-N'-
(tosyloxy)propanimidamide crystal obtained as a result of X-ray analysis. The
experimentally established crystal and molecular structure of the compound will
be published later.
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IR spectra were obtained on a Thermo Scientific Nicolet 5700 FTIR instru-
ment in KBr pellets. *H and *C NMR spectra were recorded on a Bruker Avance
111 500 MHz NMR spectrometer (500 and 126 MHz, respectively).

The calculations were performed using Gaussian 09 package. The molecular
structure of compounds was fully optimized using density functional theory at the
B3LYP, B3PW91 and WB97XD levels with 6-31G(d,p) basis set. The absence
of imaginary (negative) frequencies in the calculation results indicates that a
local minimum was found. The NMR chemical shifts were calculated at
DFT-B3LYP/6-31G(d,p) in DMSO. Gauge-including atomic orbitals (GIAO)
approximation was used [13]. Chemical shifts were derived on a 6-scale in
relation to the TMS.
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Tyilingeme
DFT 9AICIMEH 3-(1H-BEH3O[D|JUMHUA30JI-1-UJI)-N'-
(TO3NJITIOKCMITPOIMAHUMHUJAMUATIH K¥PBIIIBIM/IBIK
IHAPAMETPJIEPIH, TEPBEJIMEJII ’KUIJIIKTEPIH )KOHE AMP-CIIEKTPIH
3EPTTEY
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AMUIOKCUM TYBIHIBIIAPHI iC KY31HAE KYHIBI OMONOTHSIIBIK KaCHETTepre Me OObII
keneai. OcblFan JeliH B-aMUHONPONHOAMUAOKCUMACPII apHiICyIb(OXIIOpIIay KOJIBIMEH
KaHa CIUPONHUPA30IMHIUN KOCHUIBICTAPBIH ajiFaH 00NaThIHOBI3, Oipak P-(6eH-3uMEIa3011-
1-un)nponmoamugokcum  karpaiibiaga  3-(1H-6enso[d]umunazon-1-um)-N'-(To3mnok-
CH)TIPOIIAHMMHIAMU]] O-aJIMACTBIPbUIFAH ©HIMI ANBIHIBI. ByJl *KYMBICTBIH Mak-caTbl 3-
(1H-6en30[d]umunazon-1-wmm)-N'-(TO3UIOKCH)TPONAHUMHUAAMH]  KYPBUIBIMIBIK — Mapa-
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MeTpiepin (OGaiilaHbIC Y3BIHIBIFEI MEH OYpBIITAPHI), TepOenIMeni KuiTiKkTepid sxone IMP
CcrieKTpiH Goimkay Gobin TabbuTamsl. bapneik ecenreymep Gaussian 09 GarmapramachiH
KOJNJaHa OTBIPBIN, KYPBUIBIMABIK MapaMeTpiep XoHe TepOemic xwuimik-tepi DFT
(B3LYP/B3PW91/WB97XD)/6-31g(d,p) xemerimen ecemreminm. H sxome *C SIMP
criektpiik 6omkay JIMCO-ga DFT B3LYP/6-31G(d,p)-GIAO konmaHy apKbLIbI XYpri-
3inmi. bapislk ecenTeniHreH MoHAEp TOXKIpHOENiK MamiMeTTepre coiikec keneni. Ecenre-
JIHTeH Y3BIHABIKTAp MeH OaifjlaHpic OyphIITAphl PEHTIEHIIK KYPBUIBIMJIBIK Tallaay
JIepeKTEepIMEH CaNBICTHIPBUIABL. baiilaHbic Y3BIHIBIFBIHBIH €H JKOFapbl KOPPESLHs
ko3¢ durmenti 0.981 kepcerti (B3LYP dhyHKIMOHAIIBIFBIH KOJIIAHY aPKBLIbI €CEHTEY).
Banentrik Oypslmtap yiiH eH »orapbl koppemsiius koddouunenti B3LYP nenreiiimen
(0.990) opriaaanasl. TepOenmeni KUUTIKTEp YIIIH €CENTEreH JXOHE TIKIPUOLTiK MOHIEP
apacheIHaFel Koppessuus koddduimentrepi 0.997 (B3LYP), 0.996 (B3PW91) xone
0.995 (WB97XD) mounepin kepcerri. [lalimananbiiran omicTepain eH HakThickl SIMP
criekTpin Gomkay yimniH Tammamgsl. ‘H okome C ecemTermiHreH oHe TOXipHOETiK
XUMHSIIBIK ayBICYJIap apachlHIAFel Koppersmus kodhdumnuenTi coiikecinme 0.949 sxone
0.999 monzepai Kypaitasl.

Tyidinai ce3nep: P-ammHOMpommoaMuaokcumaep, tosmnaey, MK-cmexrpockomus,
SAMP cniextpockonusicel, DFT omici, Gaussian 09.

Pe3iome
HN3YUEHUE CTPYKTYPHBIX TAPAMETPOB, KOJTEBATEJBHBIX YACTOT
U AMP CIIEKTPA 3-(1H-BEH3O[D|JUMHMIA30JI-1-UJI)-N'-
(TOSUJIOKCM)ITPOIMAHUMHUJIAMUIA METO/IOM DFT

3.M. Epzanuesa®’, /. A. Kawkosa', A.B. Bonozucanuna®, I'11. Baiimypcuinosa',
B.B. Baxces®

Y40 «Hnemumym xumuueckux nayx umenu A.B. Bexkmyposa», Anmamel, Kasaxcman
Hncmumym snemenmoopeanuueckux coedunenuii Poccutickoii Axademuu nayk
umenu A. H. Hecmeanosa, Mockea, Poccus

*Kocmanatickuii coyuanbHo-mexHuteckuii yHusepcumem umMeni akademuxa

3. Anoamoicapa, Kocmanaii, Kazaxcman

E-mail: erg_el@mail.ru

[Tpou3BoaHBIE aMUIOKCHMOB OOJIQIAIOT NMPAKTUYECKH LEHHBIMH OHOIOTHYECKHMHU
cBoiicTBamu. Panee HaMu OBUIM TOJy4YEHBI HOBBIC CHHMPONHMPA30JMHHUEBBIC COCIMHCHHUS
ITyTeM apwicyIb(HOXIOPUPOBAHUS [3-aMHHONIPOITHOAMHUIOKCHIMOB, HO B cirydae [3- (OeH3u-
MH1a30J1- 1-HIT)IpOITHOaMHII0KCHMa HaMu ObLT mosrydeH npoaykt O-3amemnienus — 3-(1H-
6en3o[d]umunazon-1-m)-N'-(Tozmwnokcn)nponannmugamuy. Lexs HacTosmerd padOTHI
COCTOMT B IIPOTHO3MPOBAHUH CTPYKTYPHBIX NapaMeTpoB (IJIMH U YIJIOB CBsA3el), Kojeba-
TeNbHBIX 9acToT U SIMP crextpa 3-(1H-6en3o[d]umunazon-1-wn)-N'-(To3mnokcu)mpormna-
HUMUJamMuaa. Bee pacueTsl ObLTH BBIMOHEHBI C MCIIOJIB30BAHUEM MPOTPAMMBbI Gaussian
09 CrpykTypHBIE TapaMeTpbl U KojeOaTenbHble YaCTOThl PACCUUTAHBI C WIOJIB30BaHUEM
DFT (B3LYP/B3PW91/WB97XD)/6-31G(d,p). Ilpormosuposanme ‘H u 3C SIMP
criekTpa npoBoaminock ¢ npumenenuem DFT B3LYP/6-31G(d,p)-GIAO B IMCO. Bce
paccuMTaHHBIC 3HAYCHMS XOPOMIO COMIACYIOTCA C JKCHEPHUMEHTAIBHBIMHM JIAHHBIMU.
PaccunranHble UIMHBL W YTJIBI CBsi3ed cpaBHHMBanmuch ¢ JaHHBIMH PCA. Jlyummit
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k03¢ duLKeHT Koppesiuuy AauH cBsizeil coctaBmi 0.981 (pacuer ¢ npuMeHeHreM (QyHK-
nronana B3LYP). [lns BaJeHTHBIX YIVIOB JIyYIIHH KOI(QQUIMEHT KOPPEISLHUU TaKXkKe
nocturayT ¢ ypoBaeM B3LYP (0.990). Jlns koyieOaTenbHBIX YacTOT KO3(PQHUIIUEHTHI
KOPPEJSIIMM MEXIYy PacCUYMTAHHBIMH M SKCIEPHMEHTAIBHBIMA 3HAUYEHHSMH COCTaBHIIH
0.997 (B3LYP), 0.996 (B3PW91) u 0.995 (WB97XD). Haubonee TOYHBINH U3 HCIOIb-
30BaHHBIX METOZOB OBUT BHIOpaH s MporHo-zuposanus crektpa SIMP. Koaddunnent
KOPPEJSIIUN MEXIY PacCUNTAHHBIMH WM JKCIIEPHMEHTAIBHBIMA XMMHYECKHMHU CIBUTAMH
'H 1 3C pasrpr 0.949 1 0.999 cOOTBETCTBEHHO.

KiaroueBble cjioBa: (-aMHHONPONMOAMHIOKCUMEI, To3wnupoBanue, UK cmekrpo-
ckormwst, criekrpockormst IMP, DFT merox, Gaussian 09.
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Foinvimu scapuanansimoapoviyy ImuKacyl

PenakuusiislKk anka xoHe '"Ka3akCTaHHBIH XUMHS JKYyPHAJbI" FHUIBIMH
sKypHaJIbIHBIH (0yaaH 9pi — Kypnan) 6ac pexrakrops! ""Kapusiansimaap :keHingeri
3THKA KomMuTeTi" (Committee on Publication Ethics - COPE)
(http://publicationethics.org/about), "Eyponanbik FBUIBIMH peIaKkTOpJap KaybIMaac-
Teirpl" (European Association of Science Editors — EASE) (http://www.ease.org.uk)
JKOHE "FpLILIMH JKapusiJIaHbIMIAP Aaedi JKoHingeri KomurerTiy"
(http://publicet.org/code/) kaGbLIIaHFAH XAABIKAPATIBIK CTAHAAPTTAPABI YCTAHABI.

Bacma kpI3MeTiHZeTi ominerci3 ToxipuOeHi OonaplpMay MakcaTbliHIa (IUIaruar,
JKaJIFaH aK[aparThl YCbIHY JXOHE T.0.) KOHE FBUIBIMH IKapPHUSJIAHBIMAAPIbIH IKOFapPhI
carnachblH KAMTaMachl3 €Ty, aBTOPJIbIH aJIFaH FhUIBIMUA HOTHXKENEPIH XKYPTIIBUIBIKIICH TaHY
MaKCaThIH/Ia PEAAKIMSIBIK KEHECTIH opOip MYIIeci, aBTOp, PELEH3CHT, COHIal-aK Oacma
MPOIIECiHE KATBICATHIH MEKEMEJIep dTHKAJIBIK CTaHAapTTap/Ibl, HOpMAJap MEH epexerep i
CaKTayFa YKOHE OJIapbIH OY3bUTYBIH OOJIIBIpMAy VIINIH OapJibIK IIapajiapibl KaObuigayra
MiHzeTTi. OChl TPOLECKE KATHICYIIBLIAP/IBIH OapIbIFbIHBIH FHUIBIMHU KAPUSUIAHBIM 3TH-
Kachl epeKeNepiH CaKTaybl aBTOPIAPIBIH 3UATKEPIIIK MEHIIIK KYKBIKTApBIH KaMTaMachi3
eTyre, 0achUIBIM CallachlH apTTHIPYFa XKOHE aBTOPJIBIK MaTepUANIApIbl XKEKe TYIIFanap-
JIBIH MYZJIEC] YIIiH 3aHCHI3 NaiJalaHy MYMKIHIITIH OOJIIpIpMayFa BIKITAT eTeIi.

Penakmmsra kemin TyckeH OapiblK FRUIBIMH MaKallalap MIiHIAETTI TYpAE €Ki JKaKThI
monygaH erexmi. JKypHan pemakiisichl MaKaJaHBIH JKypHalI HpogmiiiHe, peciMaey Ta-
JIanTapblHa COMKECTIriH Oenrijeiial *oHe OHBbI KOJDKa30aHBIH FBHUIBIMH KYHIBUIBIFBIH
AMKBIHIANTBIH JKOHE MaKala TaKbIPhIObIHA HEFYpJIbIM JKaKblH FbUIBIMH MaMaHJaH-
JbIpyJiapel 0ap €Ki Toyenci3 peleH3eHT — MaMaHIapAbl TaraibIHIAWTBIH JKYPHAIIBIH
JKayarnThl XaTIIBICBIHBIH OipiHIN KapaybiHa >xiOepemi. Makanangapabl peleH3HsIIay bl
pelakIMsIIbIK KeHEeC JKOHE PEAaKLMUIBIK allka Myllelepi, coHpaii-ak Oacka enaepiiH
MIaKBIPBUIFAH PELCH3CHTTEPI JKy3ere achlpaabl. Makanara capanrama XKyprizy yiiH Oen-
rim Oip peleH3eHTTi TaHaay Typaisl memiMai bac penakrop kaOsuinaiabel. Penensusiay
Mep3iMi 2-4 anTaHbl Kypaiael, OipaK pelEeH3eHTTIH OTiHimI OOMbIHIIA OJI y3apTHUTYEI
MYMKiH.

Penakuusi MeH pelleH3eHT Kapayfra kiOepiireH kapusiaHOaFraH MaTepHalAapabIH
KYIISUTBUTBIFBIH  CaKTayra Kemurmik Oepeni. JKapusmay Typanbl memiMzi >KypHaIIBIH
PEeNaKIMsIIbIK aJKachl pereH3usIaydaH KeiliH KaOpuimaiinel. Kaker OonraH >karmaiina
KOoJDKa3z0a aBToOpJapra pPELEH3EHTTEP MEH pelaKTOpIapAblH ecKepTyiepi OoibIHmIa
MBICBIKTayFa KiOepineni, cogan KeiH oNl KalTa perneH3usuIaHaibl. Penakius 3Tuka epe-
JKeNlepiH Oy3faH JKarjaiia MaKajJaHbl JKkapuslayJaH O0ac TapTyra Kykbuibl. Erep akma-
PATTHI IJIarKaT Je CaHayFa KETKUIIKTI Heri3 00J1ca, )KayamnThl PeJaKTOp XKapusuiayFa K0T
Oepmeyi Kepek.

ABTOpJIAp peaKiusaFa YChIHBUIFAH MaTepUalIap bl )KaHa, OYPhIH KapusiaHOaraH
JKOHE TYITHYCKa EKeHJIriHe Kenuimik oepeni. ABTOpiap FHUIBIMH HOTIKENEPAIH CEHIM/Ii-
Jri MEH MaHbBI3JbUIBIFbIHA, COHJAN-aK FBUIBIMH 3THKA KAFUJATTApbIH CaKTayFa, ararl
aliTkaHga, FRUTBIME STHKaHBI Oy3y (akrinepiHe »oa OepMeyre (FBUIBIMH JepeKTepIl TY-
KBIPBIMIAY, 3ePTTEY IepeKTepiH OypMmanayFa oKeleTiH Oypmanay, IUIaruar JKoHe JKajaraH
TEH aBTOPJBIK, KalTanay, 0acka agaMIapIslH HOTIDKEJIEPiH HeMIeHy JKoHe T. 0.) jkayar-
TBI OOJTAEL.

MaxkanaHsl peakiusra xidepy aBTopiIapaslH MaKaiaHsl (TYIHYCKaaa Hemece Oacka
Tinmepre Hemece 0acka Tinmepre ayaapbuiraH) Oacka >kKypHanra(kKypHajimapra) Oepme-
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TeHIH jkoHe OyJ1 MaTepuai OypbIH jkapusulaHOaraHbIH Olipeni. OnTIece, MaKaia aBTop-
JlapFa aBTOPJIBIK KYKBIKTHI Oy3FaHbl YIIIH MakajaHbl KaOblinamay Typajbl YCHIHBICIICH
nepey kaitapeuiaapl. backa aBTOp sKyMBICHIHBIH 10 MaibI3bIHAH acTaMblH OHBIH aBTOP-
JIBIFBIH JKOHE JEpEeKKe3re ciareMeciz ce30e-ce3 Keurpyre >koi Oepinimeizi. AJbIHFaH
(parmMeHTTEp HEMECE MATIM/IEMeNIep aBTOp MEH OacTarKpl Ke3Jli MIiHIETTI Typie KepceTe
OTBIPHIN Xacamybl kepek. lllamaman Thic Kemripy, COHIai-aKk Ke3-KEJIreH HBICaHIaFrbl
IUIaruaT, OHBIH iMIiHAE PocCiMIeIMereH qoieKco3ep, 03repTy HeMece 6acka agaMaapIbiy
3epTTEYNIEPiHiH HOTIKEJepiHe KYKBIKTap HEMICHY J3THKAIBIK eMeC JKOHE KOJAiChI3.
3eprrey OapbichiHa KaHgal na Oip Typlae ocep eTKeH OapliblK ajamIapAblH YJECiH
MOMBIHIAY KaKeT, aTall aliTKaHIa, MaKajaja 3epTTey JKYpridy Kes3iHae MaHbI3bl OOJIFaH
KYMBICTapFa CinTeMelep YChIHBUTYBl KepeK. Kocallkel aBTOpiaplblH apachblHAa 3epTTey-
re KaThICIaraH agaMaap/isl KepceTy OoaMaiiibl.

Erep »xymbicTa Kare TaObuIca, peJakTOpra Te3 apajaa xabapiay Kepek jkoHe Oipre
TY3€Ty TypaJbl LIeIiM KaObuiaay Kepek.

Komxkazbanel kapusiaynan Oac TapTy Typajibl INEIIM PpEIEeH3EHTTepAiH YCHI-
HBIMIapbIHA COWKEC PeaKIMsIIbIK ajlKa OTHIPBICHIH/IA KaOblaHaapl. PeakiisuIbK anka-
HBIH I[ICHIIMIMEH >KapusiayFa YChIHBUIMaFaH Makaia KailTa Kapayra KaObU1gaHOaijbl.
Kapusnaynan Gac TapTy Typansl XabapiamMa aBTOPFa DJICKTPOHJBIK MOIITA apKbUIbI
xKibepimesmi.

PenmakumsmbIK aka MaKaJlaHbI JKapHsUIayFa xKioepy Typaiibl MIeIiM KaObUlIaFraHHaH
KeWiH pemakmus Oy Typasibl aBTOpFa Xabapiaiiibl xKoHe Kaprsiay Mep3iMiH KepceTei.
Penen3usuapAbIH TYIHYCKaIaphl )KYPHAJIIBIH PEAAKIMACBIHAA 3 KBUT O0MbI caKTanapl.
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Omuka nayunvlx nyoaukayui

PepakuuonHasi KoJulerusi M TJIABHBIA pPeJaKTOP HAYyYHOIO KypHajia «XvMH-
yeckuiizkypHaa Kazaxcrana» (nanee — JKypHaua) npuaep:KuMBaroTCsl NPUHATHIX
MEXAYHAPOAHBbIX cTaHAapToB «Komurera 3THKHM mo myomukamusm» (Committee on
Publication Ethics — COPE) (http://publicationethics.org/about), «EBponeiickoii
accolManuy HAyYHBIX peaakTopo» (European Association of Science Editors — EASE)
(http://www.ease.org.uk) u «KomuTera mo »JTHKe HAYYHBIX MyOJIHKAIMIA»
(http://publicet.org/code/).

Bo u3bexxanne HemoOpPOCOBECTHOW MPAKTUKK B ITyOIMKAIMOHHOW NESATEIBHOCTH
(Tmaruat, u3710KeHNE HEIOCTOBEPHBIX CBEICHHH U JIp.) U B IENAX 00eCIiedeHHs BEICOKOTO
KayecTBa HAYYHBIX ITyONHMKaIWi, MpU3HAHUS OOIIECTBEHHOCTHIO, TONYYEHHBIX aBTOPOM
HAYYHBIX PE3YJIbTATOB, KaX/IbIil YWICH PEAAKIIMOHHOTO COBETA, aBTOP, PCIICH3CHT, a TAKXKE
YUPEXKIEHHUS], yJacTBYIOUINE B U3/ATEIILCKOM Ipoliecce, 00s3aHbl COO0NATh ATHYECKHUE
CTaHdapTbl, HOpPMbI W IpaBWjIa W NPpHUHUMATh BCC MCPbI I MNPEAOTBpAllCHUA HX
HapyureHuit. CoONro/ieHHe TpaBWI ITHKH HAYYHBIX ITyOJNUKAIMA BCEMH YYacTHUKAMU
ATOTO TpOIlecca CIIOCOOCTBYET 00SCIICYCHUIO IPaB aBTOPOB HA MHTEIUICKTYAIBbHYIO CO0-
CTBCHHOCTD, IOBBIIICHUAIO KAa4eCTBA W3JaHHUA W HCKIFOYCHUIO BO3MOXXHOCTH HEMPAaBO-
MEPHOTO HCIOJIH30BAHUS aBTOPCKUX MaTEpHAIIOB B HHTEPECAX OTACIHHBIX JIUII.

Bce HaydHBIE CTaThbW, IMOCTYNHBIINE B PENAKIHIO, MOUICKAT OO0S3aTCIFHOMY
JIBOWHOMY CIIENIOMY perieH3upoBaHuio. Pemakums XXypHana ycTaHaBIHMBaeT COOTBETCTBHE
ctatbu npodwto JKypHama, TpeOoBaHUAM K O(GOPMIICHHIO M HAIpaBISIET ¢ Ha MepBOe
paccMOTpeHHe OTBETCTBEHHOMY cekpeTapio JKypHana, KOTOpBIM OMpenenseT HayIHYIO
HCHHOCTb PYKOIIMCHU W HA3HA4YACT ABYX HC3aBUCHUMbLIX PCEICH3CHTOB — CICHUATINCTOB,
UMCIOIINX HanOosee OIM3KUE K TeME CTaThU HAYYHBIC CIICHUAIN3AIUK. PerieH3upoBaHme
CTaTel OCYLIECTBIISIETCS WICHAMHU PENAaKIMOHHOTO COBETa M PEJaKIMOHHOM KOJJIErHH, a
TaKXKe MPUTIAIICHHBIMU PEICH3CHTAMU IPYTUX CTpaH. PemreHue o BRIOOpE TOrO WU
HWHOTO PELEH3EHTA JUIS MPOBEICHUsI SKCIIEPTU3bI CTAThH MPUHUMAET TIaBHBIN PENaKTop.
Cpok peleH3upOBaHMs COCTABIICT 2-4 HEJENH, HO MO NPOCHOE PEIEH3EHTa OH MOXKET
OBITH MIPOJICH.

Penakuusi M pemeH3eHT rapaHTHPYIOT COXpaHCHHE KOH(HICHIMAIbHOCTH He-
OITyOJIMKOBAaHHBIX MAaTEPHUAIOB MIPHUCIAHHBIX Ha paccMOTpeHne paboT. Pemenne o my6mu-
KalluM IPUHUMAETC peAakUUMOHHOM Komulerned JKypHasa mocie peLeH3UpOBaHUs.
B ciry4ae He0OXOIMMOCTH PYKOIIMCh HAINpaBIIsIeTCsT aBTOpaM Ha A0pabOTKy IO 3ame-
YaHWUSAM PEICH3CHTOB W PEIaKTOpPOB, IOCIIE Yero OHa MOBTOPHO peueH3upyercsa. Pemaxk-
U] OCTABJISICT 332 COOOM MPABO OTKIOHUTH MyOJMKANKIO CTaThU B CIy4ae HapyIICHHS
npaBui STUKH. OTBETCTBEHHBIH PEIaKTOpP HE JOJDKEH JOIMYCKaTh K MyOJHKaiuu uHpop-
MAIHIO, €CJTH KMEETCSI JOCTATOYHO OCHOBAHMH T10J1araTh, 4TO OHA SBJISICTCS IUIAarHATOM.

ABTOPBI TAPAHTHUPYIOT, YTO NPEICTABICHHBIC B PEIAKIMIO MATCPHAIBl SIBIISIOTCS
HOBBIMH, paHee HEONMYOIMKOBAHHBIMA WM OPHIHHAJIBHBIMH. ABTOpPBI HECYT OTBETCT-
BEHHOCTH 32 JIOCTOBEPHOCTH M 3HAYMMOCTh HAYYHBIX PE3YNIbTAaTOB, a TaKXKe COOJIOJCHUE
MIPUHIIUTIOB HAYYHOW ITHKH, B YaCTHOCTH, HENOMyIIeHHEe (DAKTOB HAPYIICHHUS HAYIHOMH
STHKH ((habpuKanus HAYIHBIX JaHHBIX, (hanbCHUKAINS, BeAyas K NCKaKESHHIO HCCITe-
JOBAaTENbCKAX JAHHBIX, IUIATMAT W JIOKHOE COaBTOPCTBO, AyOIMpPOBAaHWE, MPHUCBOCHUE
YyXHUX Pe3yJIbTaToB U Ip.)

HanpaBieHnune cTtaTby B pelaKIIMIO 03HAYAET, YTO aBTOPHI HE MEepeaaBaiil CTaThIO (B
OpUTHHAJIE WK B IIEPEBO/IC Ha APYTHE A3BIKU UM C APYTHX SI3BIKOB) B IPYToH >KypHas(bI)
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U YTO ITOT Marepuayl He ObUI paHee ONyOJMKOBaH. B NpPOTHMBHOM cilyuae cTaTbsi He-
MeJUIEHHO BO3BpallaeTcs aBTOpPaM C PEKOMEHJAlMeH OTKIOHUTH CTAaThlO 32 HapylleHHE
aBTOpCcKUX npaB. He nomyckaercs nocioBHoe kKonupoBanue Oosee 10 npoueHToB paboThl
Jpyroro aBropa 0e3 yKa3aHHsI €ero aBTOPCTBA M CCHIJIOK Ha MCTOYHHMK. 3aMMCTBOBAHHBIC
(parMeHTHl WM YTBEP)KACHHS JOJDKHBI OBITH O(OPMIIEHBI C 00S3aTENbHBIM yKa3aHHEM
aBTOpa M NEPBOMCTOYHMKA. Upe3aMepHble 3aMMCTBOBAHMS, a TaKXKe IUIarvaT B JIIOOBIX
(dopmax, BKITIO4ass HeopOpMIICHHBIC LUTATHI, IepedpasupoBaHre WIHA MIPUCBOCHHUE IIPaB
Ha pe3yJibTaThl Uy)KUX HCCIECIOBAaHWH, HE3THUHBI M HempuemseMmbl. Heobxomumo mnpu-
3HaBaTh BKJIAJ BCEX JMI, TAaK WINM MHA4Ye MOBIMABLIMX HAa XOJ MCCIIENOBAHUS, B 4acT-
HOCTH, B CTaThe IOJDKHBI OBITH NPEICTAaBIEHBI CCBHUIKM Ha DPAbOTHI, KOTOPHIE HMEIH
3HaYeHNE NPH NPOBEACHUM HccienoBaHus. Cpeau coaBTOPOB HENOIYCTHMO YKa3bIBaTh
JINII, HE YU4aCTBOBAaBUIMX B UCCJIICAOBAHNH.

Ecnu obHapysxena ommnbka B pabore, HEOOXOIUMO CPOYHO YBEAOMHTH PEAAKTOPA U
BMECTE IIPUHSITH pellieHrne 00 UCIPaBICHHN.

Pemenne 00 oTkasze B ImyOnuKalMy PyKOIMCH NMPHHUMAETCS HAa 3aceJaHUM pelak-
LIMOHHOM KOJUIETNH B COOTBETCTBHH C PEKOMEHJAIMSIMH pelieH3eHTOB. CTaTbs, HE peKo-
MEHJIOBAaHHAsl PEIICHWEM pPEAAKIMOHHOM KOJUIErMH K MyOJNMKalud, K ITOBTOPHOMY
paccMmoTpennio He mpuHEMaercs. CooOmeHne 00 oTka3e B MyOJMKAIlUN HANPaBIAETCS
aBTOPY MO 3JIEKTPOHHON TIOUTE.

[Mocne mpuHATHA penkoiuiernei JKypHana pelieHds o JIOMyCKe CTaThH K IyOIu-
KallM{ pelaklusi HHPOPMHUPYET 00 3TOM aBTOpa U yKa3bIBaeT CPOKH IyOaukanuu. Opuru-
HaJIbl pereH3ni XpaHarTcs B peaakunu JKypHaia B TedeHne 3 JeT.
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Ethics of scientific publications

The editorial board and editor-in-chief of the scientific journal “Chemical
Journal of Kazakhstan” (hereinafter - the Journal) adhere to the accepted
international standards of “the Committee on Publication Ethics” (COPE)
(http://publicationethics.org/about), “European Association of Science Editors -
EASE” (http://www.ease.org.uk) and“Committee on the Ethics of Scientific
Publications™ (http://publicet.org/code/).

Public recognition of the scientific results obtained by the author, each member of
the editorial board, author, reviewer, as well as institutions involved in the publishing
process is obliged to comply with ethical standards, norms, and rules and take all
measures to prevent violations thereof. This is needed to avoid unfair practice in
publishing activities (plagiarism, presentation of false information, etc.) and to ensure the
high quality of scientific publications. Compliance with the rules of ethics of scientific
publications by all participants in this process contributes to ensuring the rights of authors
to intellectual property, improving the quality of the publication, and excluding the
possibility of illegal use of copyright materials in the interests of individuals.

All scientific articles submitted to the editorial office are subject to mandatory
double-blind review. The editorial board of the Journal establishes the correspondence of
the article to the profile of the Journal, the requirements for registration and sends it for
the first consideration to the executive secretary of the Journal, who determines the
scientific value of the manuscript and appoints two independent reviewers - specialists
who have scientific specializations closest to the topic of the article. Reviewing of articles
is carried out by members of the editorial board and editorial board, as well as invited
reviewers from other countries. The decision on choosing a reviewer for the examination
of the article is made by the editor-in-chief. The review period is 2-4 weeks, but it can be
extended at the request of the reviewer.

The editorial board and the reviewer guarantee the confidentiality of unpublished
materials sent for consideration. The decision on publication is made by the editorial
board of the Journal after reviewing. The manuscript is sent to the authors for revision
based on the comments of reviewers and editors if necessary. After which, it is re-
reviewed. The editors reserve the right to reject the publication of an article in case of a
violation of the rules of ethics. The executive editor should not allow information to be
published if there are sufficient grounds to believe that it is plagiarism.

The authors guarantee that the submitted materials to the editorial office are new,
previously unpublished, and original. Authors are responsible for the reliability and
significance of scientific results, as well as adherence to the principles of scientific ethics,
in particular, the prevention of violations of scientific ethics (fabrication of scientific data,
falsification leading to distortion of research data, plagiarism, and false co-authorship,
duplication, appropriation of other people's results, etc.).

The submission of an article to the Editorial Board means that the authors did not
transmit the article (in original or translation into other languages or from other
languages) to another journal (s), and this material has not been previously published.
Otherwise, the article is immediately returned to the authors with a recommendation to
reject the article for copyright infringement. VVerbatim copying of more than 10 percent of
another author's work is not allowed without indicating his authorship and links to the
source. Borrowed fragments or statements must be made with the obligatory indication of
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the author and the source. Excessive borrowing as well as plagiarism in any form,
including unofficial quotations, paraphrasing, or appropriation of rights to the results of
other people's research, is unethical and unacceptable. It is necessary to recognize the
contribution of all persons, who in one way or another influenced the course of the
research in particular the article, should contain references to works that were of
importance in the conduct of the research. Among the co-authors, it is inadmissible to
indicate persons who did not participate in the study.

If an error is found in work, it is necessary to notify the editor and together make a
decision on the correction.

The decision to refuse publication of the manuscript is made at a meeting of the
editorial board by the recommendations of the reviewers. An article not recommended for
publication by the decision of the editorial board is not accepted for reconsideration. The
refusal to publish is sent to the author by e-mail.

After the editorial board of the Journal decides on the admission of the article for
publication, the editorial board informs the author about it and indicates the terms of
publication. The originals of the reviews are kept in the editorial office for three years.
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