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ARYLSULPHONATES OF SPIROPYRAZOLINES AND
O-TOSILATE-B-(BENZIMIDAZOL-1-YL)PROPIOAMIDOXYME
AS THE PRODUCTS
OF B-AMINOPROPIOAMIDOXIMES TOSYLATION

L. A. Kayukova®, G. P. Baitursynova'’, E. M. Yergaliyeva',
B. A. Zhaksylyk?, N. S. Yelibayeva?, A. B. Kurmangaliyeva®

1JSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan
2JSC «Al-Farabi KazNU», Almaty, Kazakhstan
E-mail: guni-27@mail.ru

Abstract: Introduction. Pyrazolinium structures have practically valuable biological
properties. Their methods of synthesis mainly consist in the reactions of cyclization of
steroid compounds containing an enone fragment with a variety of hydrazines. We have
previously obtained new spiropyrazolinium compounds by hydrolysis of 3-(B-heteroami-
no)ethyl-5-aryl-1,2,4-oxadiazoles and by arylsulfochlorination of B-aminopropioamido-
ximes. The aim of the work is to reveal the dependence of the structure of the final f-ami-
nopropioamidoximes tosylation products from the structure of the starting amidoxime and
strength of base. Methodology. The tosylation of f-aminopropioamidoximes was carried
out in chloroform using diisopropylethylamine as a base. The synthesis was carried out at
room temperature for 15-20 h. The progress of the reaction was monitored by TLC. After
completion of the reaction, the precipitate was filtered off, followed by evaporation of the
filtrate and additional precipitation of the product; the combined precipitates were recrys-
tallized from isopropanol. Results and discussion. The products of tosylation of f-amino-
propioamidoximes were obtained in 45-65% yields and identified using physicochemical
and spectral [IR, NMR (*H and **C)] characteristics, tosylation of p-aminopropioamido-
ximes (B-amino group: piperidin-1-yl, morpholine -1-yl, thiomorpholin-1-yl, 4-phenyl-
piperazin-1-yl) proceeds with the formation of spirocyclic compounds — arylsulfonates of
2-amino-1,5-diazaspiro [4.5]-dec-1-ene-5-ammonium; tosylation of B-(benzimidazol-1-
yl)propioamidoxime gives the product on the oxygen atom of the amidoxime group.

Key words: B-aminopropioamidoximes, tosylation, leaving group, IR spectroscopy,
NMR spectroscopy.

Introduction. The drugs currently sold in the pharmaceutical market are
based on heterocyclic compounds. From the point of view of the breadth of
biological activity, pyrazoline is of paramount importance among them. The five-
membered pyrazoline heterocycle contains two adjacent nitrogen atoms. The vast
majority of of biologically active pyrazolines are 2-pyrazolines or 3,4-
dihydropyrazoles [1,2].
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2-pyrazolines (3,4-dihydro-2H-pyrazoley

To develop effective and potent drugs molecules with a pyrazoline fragment
of natural and synthetic origin are being investigated all over the world. In the last
decade reviews summarizing certain aspects of the well-developed field of
medicinal chemistry of pyrazoline derivatives have appeared [5-12].

Thus, the review [5] summarizes this area, beginning from the pyrazoline
structures that have found application in therapy, then examines the developed
pyrazoline compounds that have reached the phases of clinical trials, and then
draws attention on a wide range of in vitro and in vivo results of studies of the
potentially highly active pyrazoline derivatives.

Methods for the synthesis of pyrazolines mainly consist in the reactions of
interaction of steroid compounds — chalcones containing an enone fragment with
substituted hydrazines [11, 17-19].

R1
2
H,C R NaOH CH4COOH R N

. C,Hs0H NH,NHR? N\__Rr
+ RCHO — R >
R1

Innovative, «green» methods for the synthesis of substituted pyrazolines are
being developed: activation of the reaction by ultrasound [11], microwave
radiation [18], thermal reactions without a solvent using a biodegradable maltose
catalyst [19].

Among the derivatives of -aminopropioamidoximes, we have accumulated
experience of spiropyrazolinium compounds formation [20-22]. Boulton-
Katritsky rearrangement is a transition pathway of 3-(p-heteroamino)ethyl-5-aryl-
1,2,4-oxadiazoles to 2-amino-8-oxa-1,5-diazaspiro[4.5]dec-1-ene-5-ammonium
spiropyrazoline benzoates and chloride. It turned out that the spiropyrazonium
structure is synthetically available already upon arylsulfochlorination of
B-(morpholin-1-yl)propioamidoxime [23]. In this case, the formation of
structural isomers, O-arylsulfo-p-(morpholin-1-yl) propioamidoximes, was not
observed.
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The aim of this work is the study of the effect of the base strength and the
structure of amidoximes on the structure of tosylation products of
B-aminopropioamidoximes, which may include spiropyrazoline derivatives. We
carried out interaction of -aminopropioamidoximes (f-amino group: piperidin-1-
yl, morpholin-1-yl, thiomorpholin-1-yl, 4-phenylpiperazin-1-yl, B-(benzimidazol-
1-yI) with tosyl chloride (TsCI) in CHCI; in the presence of diisopropylethylamine
(DIPEA) at room temperature.

RESULTS AND DISCUSSION

Products (6-10) were isolated in 45-65% yields and identified using
physicochemical characteristics and data from IR spectroscopy and NMR (*H and
B3C) spectroscopy (Tables 1-4).

X

K/N\/\C/N\OH WNHZ
14 ILIH2 CHCI; DIPEA N o
o /J o_QOCHS
3 8
+ mi@cm
b 6-9

X=CH, (1, 6), (0] (2, 7), S (3, 8), PhN (4, 9)
N—
N
“NCF SOH

5 N2 chcl, pipea
—_—

. C'%OY rt
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Table 1 — Physicochemical characteristics of B-aminopropioamidoximes tosylation products
6-10

. . Found,%
Comp. | Yield, | Time,| M.p,, Ry | MW Calculated, % Gross
% h C c " N formula
55.36 7.12 12.91
6 62 15 230 0.24 | 325.43 5486 | 663 | 1241 C15Hp3N305S
51.36 | 6.47 | 12.83
* = 2290 200 2£:09
7 65 15 | 218220 | 0.13 | 327.40 50.86 599 1251 C14H51N30,S
8 56 | 20 | 255 | 008 |34346 | 3000 | 220 | 12831 CLHNO:S,
59.36 6.47 13.53
9 50 15 290 0.10 | 402.51 5968 | 651 | 1392 CyoHz6N403S
56.55 | 5.06 | 15.63
10a 45 15 163—-165 | 0.67 | 358.42 56.97 545 15.11 C17H1gN4O5S

*Note. M.p. of compound 7 obtained in [23], is 220-222 °C; R¢— 0.14.

In the IR spectra of the synthesized substances 6-10, there are bands of
asymmetric and symmetric stretching vibrations of the SO, group in the region v
1131-1190 cm™ and 1347-1380 cm™, bands of stretching vibrations of double
bonds C=C in the region v 1600-1617 cm™ and the bands of stretching vibrations
of the C,, —H bonds in the region > 3000 cm™ (Table 2).

Table 2— IR spectra of B-aminopropioamidoximes tosylation products 6-10

Stretching vibrations of bonds, v, cm?
Comp.. V 502
Ve=N | Ve=c asym. sym. V(N-H)2 Vesp3-H Vesp2-H
6 1641 | 1616 1131 1380 3415 2848, 2912 3115, 3210
7 1643 | 1600 | 1190, 1127 - 3466 - 3236, 3328, 3388
8 1652 | 1611 | 1132,1189 | 1347 3427 | 2810, 2913, 2985 | 3162, 3233, 3289
9 1642 | 1599 | 1131, 1189 | 1347 3421 | 2770, 2848,2910 3115, 3286
10a | 1648 | 1617 1190 1358 3417 2791, 2920 3110, 3237
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The 'H NMR spectra of the products 6-10 contain doublet signals of the
para-substituted phenyl group in the region of & 7-8 ppm and the signal of the
para-methyl substituent in the range ¢ 2.29-2.38 ppm. The signal of the amino
group of compounds 6-10 is observed in the range of & 6.80—7.33 ppm. The
interacting groups of a- and B-methylene protons give two triplet signals in the
regions 6 2.50-3.17 ppm and 6 3.82—4.33 ppm (Table 3).

Products 6-9 are characterized by a high melting point (214-290 °C) and
low R¢ values (0.08-0.24) (Table 1), which are characteristic for the spirocyclic
compounds — arylsulfonates of 2-amino-8-oxa-1,5-diazaspiro[4.5]-dec-1-en-5-
ammonium [23].

Table 3 — 'H NMR spectra of p-aminopropioamidoximes tosylation products 6-10

Chemical shift, 5, ppm (J, Hz)
Comp. (CHy)3(11) N(+)(CH
B : 2)2 [ax| para- | NH,
wCHy | BCHz | XM 1 by eq 2] | CHiGH) | (2H) | oM
(12-14)
o | 300t | 382 DO 33am @H), | o0 |, | 71d(2H,7.0)
(@H.7.0)|(2H.7.0) | g7/ | 344m (1) 7.47d (2H, 7.0)
o | 313t | zext | adam | 34ImQ@H), | Lo || 711d(2H.7.0),
@H,7.0)|@H,70)| @m) | 3esmeH) | 2 28| 748d (2H, 7.0)
g | 312t | 387t | 332m | 288m(QI). | ,,0 |,aq| 7110 (2H7.0)
@H,7.0)|@H,7.0)| @m) | 3semH) | 2 331 747d (2H, 7.0)
7.10d (2H, 7.0),
o | 317t | 395t | 3sem | 348mQH) | Lo |, | 7484 (2H,7.0)
@H,7.0)|@H,7.0)| @) | 395mQ@H) | : and 6.87, 7.02,
7.27m (5H)
7.18-7.64 m, 7.99 s,
10a (22H5$t0) (2ﬁ3§t0) ; ; 238 | 6.80| 7.36d(2H, 7.0)
X0 XE 7.70d (2H, 7.0)

Compound 10 has m.p. 163-165 °C and, in contrast to the compounds 6-9,
has a significantly higher value of R; 0.67.

In addition, the broadened signal of the protons of the NH, group of
compounds 6-9 is in the range of 6 7.28-7.33 ppm (Table 3) — in the same region
as the analogous signal of 2-amino-8-oxa-1,5-diazaspiro[4.5]dec-1-ene-5-
ammonium arylsulfonates (6 7.29-7.48 ppm) [23]; while the signal of the NH,
group of the compound 10 was determined at 5 6.80 ppm, which is close to the
position of the analogous signal of NH, group of the O-acylation products of -
(piperidin-1-yl)propioamidoxime (3 6.58-6.77 ppm) [24].

In the **C NMR spectra the signal of the carbon atom of the C=N bond of the
pyrazolinium ring of compounds 6-9 is present at 6 169.10 ppm; and for
compound 10 — at 6 158.04 ppm (Table 4).
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Table 4 — *C NMR spectra of B-aminopropioamidoximes tosylation products 6-10

Chemical shift, 5, ppm

Comp.
6-CHy | B-CH,| N(+)(CH,), | X(CH,), | para-CH, Copz C=N
21.0 (2C), 126.0 (2C), 1285 (2C),
6 | 315 | 607 | 64320 |300S| 212 | 13000y 1aaaiic) | 1685
126.0 (2C), 128.6 (2C),
7| 314|621 | 63200) [62400) | 212 | 3000 saticy | 1680
8 | 314 |625| 647020) |28200) | 212 | 126000, 1285Q0), 1 169

138.0 (1C), 146.0 (1C)
126.0 (2C),
128.5(2C),138.0 (1C),
9 315 | 615 | 62.9(2C) | 445(2C) | 213 | 146.3(1C), 116.3 (2C), | 169.1
129.6 (2C),

120.4 (1C), 149.9 (1C)
1285 (2C), 130.0 (2C),
133.5(1C), 144.7
(1C),110.8 (1C), 119.8
(1C), 121.9 (1C), 122.7
(1C),134.0 (1C), 143.7
(1C), 144.3 (1C)

10a 31.2 | 416 - - 21.6 158.0

Based on a comparison of physicochemical and IR and NMR spectral data of
products 6-9 and product 10, it is a priory assumed that product 10 is an O-
tosylsulfo derivative of -(benzimidazol-1-yl)propioamidoxime — 3-(1H-
benzo[d]imidazol-1-yl)-N'-(tosyloxy)propanimidamide (10a).

In addition, we obtained quantum-chemical confirmation of the
advantageousness of the formation of spirocyclic tosylation products of f-
aminopropioamidoximes 6-9 with negative values of A4,G° — the Gibbs energy of
the chemical reaction (-95.44 — -131.42 kJ/mol) and the disadvantage of the
formation of a spiro structure with a positive values of 4,G° for B-(benzimidazol-
1-yl)propioamidoxime at 31.76 kJ/mol) [25].

Our experiment showed that there is no dependence of the structure of the
products on the strength of the base, since when using EtzN (pKa = 10.7) during
the arylsulfochlorination of B-(morpholin-1-yl)propioamidoxime [23] a number of
spiroderivatives were obtained, as well as when using DIPEA as a base (basicity
pKa = 11.4) in the case of tosylation of a series of B-aminopropioamidoximes
(1-4) with six-membered heterocycles in the p-position (piperidin-1-yl,
morpholin-1-yl, thiomorpholin-1-yl, 4-Ph-piperazine -1-yl).

X-Ray structural analysis data will be useful confirmation of the compounds
6-10 structure.

Conclusion. Thus, the tosylation of B-aminopropioamidoximes (B-amino
group: piperidin-1-yl, morpholin-1-yl, thiomorpholin-1-yl, 4-phenylpiperazin-1-
yl) proceeds to obtain spirocyclic compounds — tosylates of 2-amino-1,5-
diazaspiro [4.5]-dec-1-en-5-ammonium; tosylation of p-(benzimidazol-1-
yl)propioamidoxime gives the product at the oxygen atom of the amidoxime
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group. As a result of our studies, along with the expected product — O-tosyl-p-
(benzimidazol-1-yl) propioamidoxime, a number of the structurally new, isomeric
spiropyrazolinium compounds was obtained. This indicates on their
thermodynamic advantage in comparison with the products of O-acylation.
Analysis of the literature data shows that among of the pyrazolines derivatives
there are no examples of doubly charged spirocompounds with ammonium
nitrogen in the head of the bridge and any anion as a counterion.

EXPERIMENTAL PART

IR spectra were obtained on a Thermo Scientific Nicolet 5700 FTIR
instrument in KBr pellets. *H and *C NMR spectra were recorded on a Bruker
Avance 11l 500 MHz NMR spectrometer (500 and 126 MHz, respectively).
Melting points were determined on a TPL apparatus (Khimlabpribor, Russia). The
progress of the reaction was monitored using Sorbfil TLC plates (Sorbpolymer,
Russia) coated with CTX-1A silica gel, grain size 5-17 um, UV-254 indicator.
The spots were developed in I, vapors and in the UV light of a chromatoscope (A
254 nm) «TCX 254/365» (PETROLASER). The eluent for the analysis is a
mixture of EtOH—benzene, 1:1 + a few drops of a 25% aqueous solution of NHs.
Microanalysis according to the Pregl method was carried out on an elemental
analyzer with the absorption of CO, and O; isolated during combustion with a
two-degree repetition of combustion.

Tosylation of B-aminopropioamidoximes (1-5) was performed in dried
CHCI; with tosyl chloride in the presence of DIPEA, purchased from Sigma-
Aldrich and used without purification. Solvents for synthesis, recrystallization,
extraction and TLC analysis (EtOH, i-PrOH, benzene, CHCI;) were purified
according to the standard procedures described for each solvent.

Synthesis of p-aminopropioamidoximes tosylation products 6-10 (general
method). To a solution of 0.0029 mol of B-aminopropioamidoximes 1-5 in 20 ml
of CHCI; 0.0029 mol of DIPEA was added. The reaction mixture was cooled to -1
°C, and a solution of 0.0029 mol of tosyl chloride in 2 ml of chloroform was
added dropwise with stirring. The reaction mixture was then allowed to warm to
room temperature and stirred until completion of the reaction. The progress of the
reaction was monitored by TLC. The formed white precipitates of tosylchlorides
6-10 were filtered off and recrystallized from i-PrOH.

2-Amino-1,5-diazospiro[4.5]dec-1-en-5-ammonium tosylate (6). The reaction
time was 15 h. The yield of 2-aminospiropyrazolylammonium tosylate (6) was
0.59 g (62%), m.p. 230 °C, R;0.24.

2-Amino-8-oxa-1,5-diazospiro[4.5]dec-1-ene-5-ammonium tosylate (7). The
reaction time was 15 h. The yield of 2-aminospiropyrazolylammonium tosylate
(7) was 0.65 g (65%); m.p. 218-220 ° C, R¢ 0.13.

2-Amino-8-thio-1,5-diazospiro[4.5]dec-1-ene-5-ammonium tosylate (8). The
reaction time was 20 h. The yield of 2-aminospiropyrazolylammonium tosylate
(8) was 0.5 g (56%); m.p. 255 °C, R¢ 0.08.
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2-Amino-8-phenyl-1,5,8-triazaspiro[4.5]dec-1-ene-5-ammonium tosylate (9).
The reaction time was 15 h. The yield of 2-aminospiropyrazolylammonium
tosylate (9) was 0.15 g (50%); m.p. 290 °C, R¢ 0.10.

3-(1H-Benzo[d]imidazol-1-yl)-N'-(tosyloxy)propanimidamide (10).

The reaction time was 15 h. The yield of O-tosylation product of B-
(benzimidazol-1-yl)propioamidoxime 10 was 0.4 g (45%); m.p. 163-165 °C, R¢
0.67.
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Pe3rome

APWICYJIb®@OHATBI CIIUPOIIUPA30JIUHOB U O-TO3UJIAT-B-
(BEH3UMUIA30J1-1- L) TPOMMMOAMUJTOKCUMA KAK MTPOJAYKTbI
TO3WJINPOBAHUS B-AMHUHOIIPOIIMOAMUIOKCHUMOB

JI.A. Kawkoed', I'.II. Baiimypcuinosa® , 3.M. Epzanueea’, b.A. Kaxcoiivik 2
H.C. Enuéaesa’, A.b. Kypmanzaﬂueeal‘

'AO «MucTHTYT XMMEYeckuX Hayk uM. A B. Bextyposa», Anmartsl, Kasaxcraun
2A0 «KasHY um. Anp-Dapabn» Anmarsl, Kazaxcran
E-mail: guni-27@mail.ru

Bseoenue. TlnpazonuHueBbIe CTPYKTYPHI 001aal0T MPAKTUIECKH EHHBIMU OHOJIO-
TMYECKUMH CBOMCTBaMH. X crocoOBl CHHTE3a, B OCHOBHOM, 3aKITIOYAIOTCSI B PEaKIUsIX
LIUKJIN3AIUN CTEPOUIHBIX COCTUHEHHUH, COAEPKAlMX SHOHOBBINH ()parMeHT C 3aMelleH-
HbIMU rHapazuHamMu. Hamu panee mpu ruapomnuse 3-(B-rerepoaMuno)stui-5-apui-1,2,4-
OKCaJMa30J0B M IpPU apHICYJIb(OXIOPUPOBAHNH [3-aMHHONPOIMOAMHUIOKCUMOB TIOJTY-
YEeHBI HOBBIE CIIMPOIHMPA30JIMHUEBBIE COeUHEHNUs. [[enb amotl pabombi COCTOUT B BBISB-
JICHHU 3aBUCHMOCTH CTPOEHHsI KOHEUHBIX MPOJYKTOB TO3WIHUPOBaHHS [3-aMHUHONPOIHO-
AMHJIOKCUMOB OT CTPOEHHsSI MCXOJHOI'0 aMUJIOKCHMA U CHJIBI OCHOBaHUs. Memodonozus..
TosunupoBanue -aMHHONPOITMOAMHOKCHMOB BBINIOJIHEHO B XJIOpo(opMe C HCHOIb30-
BaHHEM JIMM30IPONMWIATHIAMIHA B KayecTBe OCHOBaHUs. CHHTE3 MPOBOJMICS MPU KOM-
HaTHOHM Temmeparype B TedeHHe 15-20 4. Xon peakuuu KOHTPOJIHPOBAJICS C MOMOIIBIO
TCX. Ilocne oxkoHYaHHS PEaKIMH OCaJOK OT(WIBTPOBBIBAIH C IMOCIEAYIOIIUM yTapH-
BaHMEM (HUIbTpPAaTa M JOMOJHUTEIBHBIM BBIACICHHEM OC3/IKa MPOJYKTa; 0ObeIUHEHHbIC
0Ca/IKM TIEepEKPUCTAIUIN30BBIBAIIN U3 M30IIponaHoia. Pesyivmamor u obcyacoenue. Ipo-
JOYKTBI TO3WJIMPOBAHMS [-aMHHONIPONHOAMHUIOKCHMOB TIOJTydeHBI ¢ BeIxoaamu 45—65% u
HICHTH(HUIMPOBAHBI ¢ TIOMOIIBIO (PH3HKO-XHMHUYECKHX ¥ criekTpanbubix [MK-, SMP (*H
1 °C)] XapaKTepHCTHK, TO3MIMPOBAHHE [-aMHHONMPIIMOAMHIOKCUMOB (B-aMHUHOrpyIIa:
nunepuanH-1-mi, MopdonuH-1-nn, Tnomopdonun-1-un, 4-penmwt-nunepasun-1-mm) npo-
TekaeT ¢ 00pa3oBaHUEM CIUPOLMKINYECKUX COSITUHEHHH — apuiICyIb(OHATOB 2-aMHUHO-
1,5-nuazacmupo[4.5]-nen-1-en-5-ammonus; To3mwupoanue B-(0eH3uMuUIa30-1-mn)npo-
MTMOaMHIOKCHMA JIaeT IPOAYKT MO aTOMY KHUCJIOPOAA aMUAOKCUMHOM TPYIIIHI.

KnaioueBble cioBa: [-aMUHONPONTMOAMHUAOKCHMBI, TO3WIMPOBAHUE, YXOJSIIASL
rpynna, MK-cnekrpockonusi, cnekrpockomnust AMP.
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Ty#ingeme

B-AMHUHOINIPOITMOAMUJOKCUMIEPIIH TO3UJIAHABIPY OHIM/IEPI
PETIHJEI'T CHUPOIIUPA3OJIMHJAEP MEH O-TO3UJIAT--
(BEH3UMHNAA30.JI-1-1J1) TIPOITMOAMUJOKCHUM APUJICYJI®OHATTAPBI

JLA. Kamxoeal, I.II Eaﬁmypct)moeal*, A.M. Epzafmeeal, B.A. Kaxcoubix?,
H.C. Enubaesa’ , A.b. I(ypmauzaﬂueeal’

1AK «A.b. BexTypOB aTBIHIAFBI XUMUS FRUIBIMIAPBIHBIH HHCTHTYTED», AJIMATHI,
Kazakcran

2AK «Anp-Dapabu ateiHaarel Kaz¥ V» Anmarel, Kazakcran

E-mail: guni-27@mail.ru

Kipicne. TInpa3zonuH KypbUIBIMIAphI iC JKY3iHAE KYHJbl OMOJIOTHSUIBIK KacHeTTepre
ue. OnapiblH CHHTE39/1 CTepiHeri3iHeHOPHIHOACKAHTU Pa3HHAEPMEHEHOH (parMeHTi
6ap cTepouATH KOCHIIBICTAPABIH IUKIIM3AINs PeaKHsUIapblHaH Typaabl. BypbiH 013 jxaHa
CIIMPONHMPA30JIMH KOCBUIBICTAphIH 3-(B-reTepoaMuHo)3THI-5-apmi-1,2,4-okcaauazonaap-
Ibl TUAPOJIM3JCY JKOHE [3-aMHHONPONMAaMHIOKCUMIIEPAl apwicyab(poxiopiay apKbUIbI
anraH OONATHIHOBIZ. Byn scymvicmoly Makcamel — B-aMIHOTIPOITMAMHUIOKCUMICPIIH TO-
3WICHYIHIH COHFBI OHIMAEP] KYPBUIBIMBIHBIH OacTamKpl aMUAOKCHMHIH KYpPBUIBIMBIHA
TOYeJAUIIriH amy. ddicmenme. P-AMUHOMPOIHOAMHIOKCUMICPAl TO3MIACY Ke3iHe Heri3
peTiHAe IUU3OMPONIIATHIAMUHII TaiJanana OTBIPHIN, XJopodopmaa OpBIHAAJIbL.
Cunte3 6enme TemnepatypaceiHga 15-20 carart Goiisl xxypri3inmi, peakuus 6apsicet TLC
KeMeriMeH OakputaHibl. Peaknusi askraaraHHaH KeliH TyHOa cy3imin aneiHabl, (ui-
TPaTThI Kaiita OyJIaHIbIPy 9/ICIHEH KEHiH TYCKEH TYHOAHBI alJbIHFbI aJbIHFAH TYHOaMeH
OipiKTipisIin, N30MPONAHONIaH KaiiTa KpUCTaNJaHIbIpy 9/1IiCIMEH ajiblHFaH OHIMJI Ta3ap-
TBIN ANIBIK. Homuoicenep men manxviaay. B-AMUHOIPOMHMOAMUIOKCUMAEPIIH TO3MIaH-
IBIpY eHiMaepi 45-65% MIBFBIMAAPEIMCH AJBIHFAH XOHE (DU3UKA-XUMUSUIBIK KacHETTe-
piven cnextprik [UK-, SMP (*H xome °C)] cumarTaManapbHbIH KOMETiMEH aHBIKTAl-
FaH, }-aMHHONPIHOaMHUIOKCUMAEPIIH TO3MIaHybl (B-aMUH TOOBI: MUNepuIuH-1-11, Mop-
¢omun-1-un, tHOMOpdomuH-1-mn, 4-peHwnr-numepasuH-1-wT) COMPOUMKINI KOCBLIBIC-
Tap — 2-aMuH-1,5-11azacnupo apuIcynb(pOHATTAPBIHBIH TY3UTyiMeH oeTeni[4.5]-nen-1-eH-
5-amMoHMiT; TpormmoaMuAoKcuM [-(0eH3uMIIa301-1-11) TO3WIAHABIPYHl AMHUIOKCHM
TOOBIHBIH OTTET1 aTOMbI OOMBIHIIIA OHIM Oepei.

Tyiin ce3nep: [-aMHHONPONHMOAMHUIOKCHUMIEP, TO3WIAHABIPY, MBIFY ToOBI, MK-
criekTpockonusi, AMP criekTpockonusichl.
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Foinvimu srcapuananvimoaposly ImuKacsl

Pepakuusiiiblk anka skoHe "Ka3zakcTaHHBIH XUMHUS KYPHAJbl'" FHUIBIMH KYyp-
HaNbIHBIH (OyaaH opi — XKypnan) O6ac pepakrtopsl '"JKapusiianbiMaap skeHiHaeri
ITHKA KomuTeTi" (Committee on Publication Ethics - COPE)
(http://publicationethics.org/about), "Eyponaibik FHUIBIMH peaaKkTopiap KaybIMaac-
Teirpl" (European Association of Science Editors — EASE) (http://www.ease.org.uk)
JKIHE "FpLIbIMHA JKapUsiJIaHbIMIAP 1edi JKOHIHAeri KOMHTETTIH"
(http://publicet.org/code/) KaGbLIAAHFAH XAABIKAPAJIBIK CTAHAAPTTAPABLI YCTAHAIbI.

bacna kpi3MmeriHzeri ofinerciz TaxipubeHi OonabplpmMay MakcarbiHaa (IUiaruar,
JKaJIFaH aKIaparThl YCBbIHY JXOHE T.0.) KOHE FBUIBIMH JKapHSJIaHBIMAAPIBIH KOFaphl
carachblH KaMTaMachl3 €Ty, aBTOPJIbIH aJlFaH FhUIBIMUA HOTHO)KENEPiH XKYPTIIBUIBIKIIEH TaHy
MaKcaThIH/a PeNaKIHSIIBIK KEHECTiH apOip MYIIeci, aBTOp, peleH3eHT, COHai-aKk bacrma
IIPOLIECiHE KATBICATBIH MEKEMeJIEp STUKANBIK CTaHIapTTap/bl, HOpMaJap MEH epexesepai
CaKTayFa YKoHE OJIApIBIH OY3BUTYBIH OONIBIpMay VINiH OapIbIK IIapajapisl KaObuImayra
MiHgerTi. Ochl MpoLecKe KaThICYIIbUIAPABIH OapiIbIFBIHBIH FBUIBIMH JKapUsUIAHBIM STH-
Kachl epekeliepiH cakTaybl aBTOPIAPIbIH 3UATKEPIIK MEHIUIK KYKBIKTAPbIH KaMTaMachl3
eTyre, OacbUIBIM CallaChlH apTTHIPYFa JKOHE aBTOPJIBIK MaTepHalapibl JKeKe TyJIFaiap-
JIbIH MY/JJIeC] YIIIIH 3aHChI3 Maijanany MYMKIHAICIH OOJIABIpMayFa bIKIAJ eTe/Il.

Pepakuysira xenin TyckeH OapiibIK FBUIBIMH Makajanap MiHAETTI TYple €Ki jKaKThl
nronyaal eteni. JKypHasl peAakiMschl MaKaJIaHBIH JKypHaJI HpoQuiiHe, pecimaey Ta-
JlanTapelHa COWKECTIriH Oenrijielai jkoHe OHbl KOJDKa30aHbIH FBUIBIMH KYHIIBUIBIFBIH
AMKBIHIAWTBIH JKOHE MaKala TaKbIphIObIHA HEFYpJIbIM JKaKblH FBUIBIMM MaMaHJaH-
JbIpysapel 0ap €Ki Toyenci3 peneH3eHT — MaMaHIapAbl TaraibIHIAWTBIH JKYPHAIIBIH
JKayarnTbl XaTIIBICBIHBIH OipiHIN KapayblHa >xiOepemi. Makanagapisl peneH3HsIIay bl
pemaKuMsIIBIK KEeHEeC XOHE PEHaKIHMIBIK alKa MYIIelepi, COHmal-ak Oacka enmepHiH
IIaKBIPBUTFAH PELEH3CHTTEPI JKy3ere acblpaabl. Makanara capanrama XKyprizy ymIiH Oen-
rim Oip pemeH3eHTTi TaHAay Typaisl memiMai bac penakrop KaOsuinainbel. Penensusiiay
Mep3iMi 2-4 anTaHbl Kypaijabl, OipaK peUeH3eHTTIH OTiHilIl OOMbIHIIA OJI y3apThUIYbI
MYMKIH.

Penakumsi MeH peleH3eHT Kapayra KiOepuireH kapusiianOaraH MaTepualiiapIbly
KYNUSUTBIIBIFBIH CaKTayFa Kenuiiik Oepeni. XKapusiiay Typayibl MICMIIMAL KypHAJIBIH
pelaKIMsIIbIK ANKAChl pelieH3MsIayiaH KeiliH kaObuinaiapl. Kaxer OonraH karnaiijna
KOJDKa30a aBTOpJapra pElEH3SHTTEp MEH peAaKkTOpJap/AblH ecKepTyliepi OoifbIHIIa
IIBICBIKTaYFa JKi0episienti, colaH KeliH o Kaiita pereH3usulanapl. Pegakiust sTuka epe-
XKeJlepiH Oy3raH jkardalija MakajJaHbl JKapusulaylaH Oac TapTyra Kykpuibl. Erep akrma-
paTTHI IJIaruaT Jer caHayFa KEeTKUTIKTI HeTi3 0oJica, jKayarnThl peJaKTop KapusuiayFa KOl
Oepmeyi Kepek.

ABTOpJIAp peIakLUsAFa YCHIHBUIFAaH MaTepUuaiapAblH jKaHa, OYphIH KapusiaHOaraH
JKOHE TYITHYCKA CKCHIITHE KUK Oepeai. ABTOpIIAp FhUIBIMH HOTHXKEICPIIH CEeHIMIi-
Jiri MeH MaHbBI3IBUIBIFbIHA, COHJAH-aK FBUIBIMHM 3THKA KarMIaTTapblH CaKTayra, artar
aiiTkaH/a, FRUIBIMU ATHKaHbI Oy3y (akxTtijepine xon Oepmeyre (FBUIBIMH JEpEKTEp.i Ty-
KBIPBIMAAY, 3€pTTEY JePEKTEepiH OypManayra oKeJeTiH OypMmaiay, Ilaruar KoHe KajFaH
TEH aBTOPJIBIK, KalTanay, 6acka ajgamaap/blH HOTHKEJIEpiH HEMJIEHY KaHe T. 0.) kayan-
ThI OOJIA/IBL.

MakasaHsl peakuusFa xidepy aBTopiapblH MaKaJaHbl (TYITHYCKala HeMece 0acka
TUIIepre Hemece Oacka Tinaepre aynapbiiFaH) Oacka sKypHanra(kKypHainapra) Oepme-
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TeHiH JXoHe OyJ1 MaTepuall OYpbHIH JKaprsutaHOaFaHBIH OUTipesni. OWTece, Makaia aBTop-
Japra aBTOPJBIK KYKBIKTHI OY3FaHbl YIIIH MaKajgaHbl KaObLigamay Typajibl YCHIHBICIICH
nepey Kaitapeuiaabl. backa aBTop >XyMbICBIHBIH 10 maiibI3bIHaH acTaMblH OHBIH aBTOP-
JIBIFBIH JKOHE JIEPEeKKe3re ciaremecis ce30e-ce3 Keurpyre xoi Oepinimeiii. AbIHFaH
(hparMeHTTEep HEMECe MAIiMIEMENIep aBTOp MEH 0acTanKel KO3/l MIHAETTI Typae KepceTe
OTBIpBIN acanybl kepek. lllamaman Thic Kemripy, COHIai-aK Ke3-KeIreH HbICAHIaFbl
IUTArHAT, OHBIH 1IITHIE PACIMICIMETeH AOUEKCO3Iep, 63repTy HeMece Oacka ajaaMaapablH
3epPTTEYJICPiHIH HOTH)KEJICPIHE KYKBIKTAp HEMJCHY O3THKAIBIK €MEC JKOHE KOJAKChI3.
3eprTey OapbichiHa KaHmad nma Oip Typlae ocep STKeH OapiiblK agaMaapiblH YJICCiH
MOMBIH/AY KaXKeT, aTall aiiTKaHIa, MaKajiajia 3epTTey JKYPri3y KesiHae MaHbI3Ibl OOJIFaH
KYMBICTapFa ClITeMelNep YChIHBLTYbI Kepek. Kocalkpl aBTOpIapblH apachlHaa 3epTTeyre
KaTbICIIaFaH afaMIapasl KepceTy OoIMaiIbl.

Erep xymbicTa Kate TabblUIca, peJakTopra Te3 apana xabapiay Kepek jkoHe Oipre
TY3€Ty TypaJbl meniM KaObliaay Kepek.

Komxkasbansl xapusiiayiad 0ac TapTy Typaibl IIEIIM PEUEH3EHTTEP/IH YChIHBIM-
JlapblHa COWKEC PEeJaKIMSUIBIK aJIKa OTHIPBICHIHIA KaObUIIaHabl. PeIaKIUsIIbIK allKaHbIH
memiMiMeH JKapusilayFa YCHIHBUIMaraH Makana Kaiita Kapayra KaObUimaHOanmbl.
Kapusinaynan Oac Tapry Typasibl xabapiama aBTOpPFa AIIEKTPOHABIK IOIITA aPKbUIbI
xibepineni.

Pepakuysiiblk ajika MakajgaHbl JKapusuiayFa xiOepy Typalisl menriM KaObliiaraHHaH
KeHiH peakuust OyJ1 Typajibl aBTOpFa Xadapiai/pl JKoHe >Kapusiiay Mep3iMiH KepceTesi.
PereH3usuapipIH TYMHYCKaIaphl )KypPHAIbIH PEJaKIMsACHIHA 3 KbUT OOWBI caKTanaipl.
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ImuKa HayuHbIX RYOIUKAUUL

PenakuuoHHAs KOJUIErHsl M TJIABHBI PEIaKTOp HAYYHOIo KypHajia «XuMH-
geckmii skypHaa Kasaxcrama» (mamee — 7KypHain) Npuaep:KHBAOTCH TPHHATHIX
MEKIYHAPOAHBIX cranaapToB «Komurera 3THKH mo nyGaumxamusam» (Committee on
Publication  Ethics — COPE)  (http://publicationethics.org/about), «kEBpomeiickoit
accouMaluy HAyYHbIX pegakrTopos» (European Association of Science Editors — EASE)
(http://www.ease.org.uk) u «KomuTera mo JTHKe HAyYHBIX MyOJHKAIMIA»
(http://publicet.org/code/).

Bo usbexaHue HeTOOpPOCOBECTHOW MPAKTUKKA B IMyOJIMKANMOHHOW ESTEIBHOCTH
(HHaFl/IaT, H3JI0OKCHUEC HEJOCTOBCPHBIX CBeJIeHI/lﬁ u le) " B ICJIAX 06ecnequMﬂ BBICOKOI'O
Ka4yecTBa HAay4YHBIX ITyOJIMKAlWH, PU3HAHUS OOLIECTBEHHOCTHIO, MOJYYEHHBIX aBTOPOM
HaYYHBIX Pe3yJIbTaTOB, KaXKbIi WIEH pelaKIIMOHHOTO COBETa, aBTOP, PELIEH3EHT, a TAKXKE
YUPEXKICHHUS], yJacTBYIONINE B U3ATEIILCKOM IpoIiecce, 00sI3aHbl COOI0NATh ATHYECKHUE
CTAHIAapThl, HOPMBI M TpaBWIA M IPHHHUMATh BCE MEpBl JUIA NPEIOTBPAILCHUS HX
Hapywenuid. CoOloieHne NpaBWJl STUKH HAay4HBIX ITyOJIIMKAMHd BCEMH YYaCTHHUKAMH
3TOTO IpOIIecca CIIOCOOCTBYET OOECIIEUSHUIO IPaB aBTOPOB Ha MHTEIUIEKTYaTbHYIO CO0-
CTBEHHOCTb, NOBBIIICHUIO Ka4yeCTBa W3JAHMUSA U HCKIIOYECHHIO BO3MOXKHOCTH HEIPaBO-
MEPHOTO HCIIOJIb30BAHMUS aBTOPCKUX MaTEPHAIOB B HHTEPECaX OTIEIbHBIX JIUII.

Bce HayuHble cTaThbu, NOCTYNHMBIIME B PEAAKIHIO, IOUIEKAT 00s13aTEIBHOMY
JBOMHOMY cllerioMy perieH3upoBaHuio. Penakuus XXypHana ycTaHaBIMBaeT COOTBETCTBHE
crathu npodunto JKypHana, TpeOoBaHUSAM K O(QOPMIICHHIO U HAINpPaBJsIET €€ Ha MepBOe
paccMOTpeHHE OTBETCTBEHHOMY cekperapio JKypHayia, KOTOpPBIH ompenensier Hay4dHYIo
LICHHOCTh PYKOIMCH ¥ Ha3HAa4YaeT JBYX HE3aBHCHMBIX PELEH3CHTOB — CIICIMAINCTOB,
UMeoLIMX Hanboliee OIM3KKME K TEME CTaTbU HaydHBIE CIIelMaIn3alii. PerieH3upoBanue
cTaTeil OCYLIECTBIISCTCS WICHAMU PEJaKIHOHHOTO COBETA M PENAKUMOHHOW KOJUICTHH, a
TaKKe MPUIJIAIICHHBIMA PELEH3CHTaMH JAPYTHX CcTpaH. PemieHue o BBIOOpE TOro WIIH
WHOTO PeleH3EHTa VISl MPOBEACHHS SKCIIEPTH3bl CTaThU NMPUHUMACT TJIaBHBIH PENaKTop.
Cpox pelieH3upOBaHMs COCTaBiIsAeT 2-4 HeNenHu, HO MO MPOChOe peleH3eHTa OH MOXKET
OBITH TIPOJICH.

Pepakuusi M peneH3eHT rapaHTUPYIOT COXPAaHEHHE KOH(QHAECHIMAIbHOCTH He-
oIy 0JIMKOBaHHBIX MaTepUaJIOB IIPUCIIAHHBIX Ha paccMOTpeHue pabot. Pemienue o myomu-
KalMd TPUHAMAETCs pelakiMOHHOW Kojuteruei JKypHana mocie peneH3MpOBaHMUS.
B ciryyae He00X0IMMOCTH PYKOIIMCh HAINpaBIsIeTCsl aBTOpaM Ha JOpadOTKy IO 3ame-
YaHUSIM PELCH3EHTOB M PEJAaKTOpOB, IOCIIE YEro OHa MOBTOPHO peleHsupyercs. Penax-
LUl OCTaBIISIET 3a COOOW NMPaBO OTKJIOHWUTH IyOJIMKAIMIO CTAaThU B CIIydae HapyIICHHS
npaBmiI STUKH. OTBETCTBEHHBIH PEIaKTOp He JOJDKEH JOMYCKaTh K IyOJMKanuu HHOOp-
MaLUIo, €CIIM UMEETCs JOCTaTOYHO OCHOBAHHH 110J1araTh, YTO OHA SIBJISCTCS IUIATHATOM.

ABTOPBI TAPaHTUPYIOT, YTO NPEACTABICHHBIC B PENAKIUIO MaTepPHUAIIbl SBISIOTCS
HOBBIMH, paHee HEOIyOJMKOBaHHBIMH M OPHIMHAJIBHBIMH. ABTOPHI HECYT OTBETCT-
BEHHOCTb 3@ JOCTOBEPHOCTh U 3HAYMMOCTb HAyUYHBIX PE3yJIbTaTOB, a TAKXKe COOJIIOICHHUE
NPUHIMIIOB HAYYHOH 3THKH, B YaCTHOCTH, HeIOMyLleHHe (PaKTOB HapyLIeHWs Hay4HOMH
oTuKK ((pabpukanusi HAy4HBIX AaHHBIX, (Qanbcudukaiys, Beaylas K HCKaKeHUIO HCClle-
JIOBaTEJIbCKUX JIAHHBIX, IJIarMaT W JI0)KHOE COaBTOPCTBO, AyOJMpOBaHUE, MPHCBOCHUE
qyKHX Pe3yJIbTaTOB U Ap.)

HamnpaBnenune craTby B peakLUIO O3HAYAET, YTO aBTOPHI HE MEPEAaBaln CTaThio (B
OpHTHHAJIE WK B NIEPEBOIE HA APYTHE SA3BIKH WM C APYTUX SA3BIKOB) B APYTOM *KypHau(bl)
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W 4TO 3TOT MaTepuan He OblI paHee OMyOJMKOBaH. B NMpOTMBHOM ciydae cTaThs He-
MEJICHHO BO3BPAIAeTCsl aBTOPAaM C PEKOMEHJAIMEl OTKJIOHUTh CTAaThl0 32 HapyILICHHUE
aBTOPCKUX MpaB. He momyckaeTcst mocimoBHOE KomupoBaHue 6osee 10 mporeHToB padoTh
JIpyroro aBTopa 0e3 yKa3aHHS €ro aBTOPCTBA U CCHIJIOK Ha MCTOYHHK. 3aMMCTBOBAHHBIC
(parMeHTHl WIN YTBEPXKICHUS MOJDKHBI OBITH O(QOPMIIEHBI C 00sA3aTeNIbHBIM yKa3aHUEM
aBTOpa M IEPBOMCTOYHMKA. Upe3aMepHble 3aMMCTBOBAHUS, a TAKXKE IUIArMaT B JIIOOBIX
¢dopmax, BkIroYas Heo()OPMIICHHBIE IIMTATHI, NepedpaspoBaHUe WM IIPUCBOCHUE IIPaB
Ha pE3YyJbTAaTbl YYXKHUX HCCJ’IC}IOBaHHﬁ, HEOTUYHBI U HCTIPUCMIICMBI. HCO6XO[I,I/IMO npu-
3HaBaTh BKJIaJl BCCX JIMI], TaK WJIK HHA4YC IIOBJIHABIIMX Ha XOJ HUCCJICAOBAHUA, B 4aCT-
HOCTH, B CTaThe JOJDKHBI OBITh IPEICTABIEHBI CCHUIKM Ha pabOThl, KOTOPHIE HMEIH
3Ha4YeHHEe NP NPOBEACHUH HccienoBaHus. Cpeayu coaBTOPOB HEJOIYCTHMO YKa3bIBaTh
JIMILI, HE Y4aCTBOBABIIMX B NCCJIEJOBAHHH.

Ecmu obHapykeHa omuOka B paboTe, HEOOXOAUMO CPOYHO YBEAOMHTDH PEIaKTOpa
BMeECTE NPHUHATH PEIIeHHEe 00 UCTIPABICHUH.

Pemenne 00 oTkasze B ImyOnMKanyuy pyKONWCH NMPHHUMAETCS HAa 3acCEJaHWH PElaK-
LIMOHHOM KOJUIETUH B COOTBETCTBHU C PEKOMEHIAIMAMH PELEeH3eHTOB. CTaTbs, HE PEKO-
MEH/JIOBaHHAsl PEIICHUEM PEIAKIHOHHOM KOJUIETMH K MyOJHKanud, K IOBTOPHOMY
paccMotpernto He mpuHHMaetca. Coobmierne 00 OTKasze B IyOJHKAIMH HaIpaBiIIeTCs
aBTOPY I10 3JIEKTPOHHOH 110YTE.

ITocne mpunsTUA penkosuiernei XKypHana pelieHus o JIONMycKe CTaThbM K IyOuu-
KallK peAakuust ”HPOPMHUPYET 00 ATOM aBTOpa M YKa3bIBaeT CPOKH ImyOnukannu. Opuru-
HaJIBI peLeH3Uil XpaHsTcst B pepakiyy JKypHaia B TedeHue 3 JIeT.
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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. Verbatim 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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