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Abstract. The non-alternant aromatic hydrocarbon azulene is gaining attention as a
modular building block for organic n-conjugated materials due to its dipolar structure
and unique electronic and optical properties.

Inthisstudy,newpyrrole-azulenen-conjugated co-oligomers—3,6-Bis(5-(1-azulenyl)
thiophen-2-yl)-2,5-di(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-1,4-dione 5 and 3,6-Bis(5-
(2-azulenyl)thiophen-2-yl)-2,5-di(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-1,4-dione 7 —
were synthesized by reacting 2-(1-Azulenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolanes
and 2-(2-azulenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolanes with 3,6-bis(5-bromo-
2-thienyl)-2,5-bis(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-1,4-dione via Suzuki-Miyaura
cross-coupling in the presence of a palladium catalyst. The chemical structure and
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purity of the synthesized co-oligomers 5 and 7 were confirmed using NMR (‘H and
BC), IR spectroscopy, mass spectrometry, and elemental analysis. It was established that
the resulting regioisomeric oligomers 5 and 7 are stable compounds and fully soluble
in organic solvents such as dichloromethane, chloroform, toluene, chlorobenzene, and
tetrahydrofuran at room temperature. This molecular design leverages both the dipolar
nature of azulene and its capability for protonation-deprotonation reactions through the
electron-donating five-membered ring. The photophysical properties of the pyrrole-
azulene m-conjugated co-oligomers were characterized by UV-Vis and fluorescence
spectroscopy. It was shown that, under protonation with trifluoroacetic acid, the co-
oligomers exhibit significant changes in their absorption spectra in the UV-visible
region, with increased intensity and a red shift of absorption maxima up to 830 nm,
indicating a significant reduction in the HOMO-LUMO energy gap due to extended
conjugation and enhanced m-electron delocalization. These results demonstrate that the
incorporation of azulene units into heterocyclic conjugated oligomer structures holds
great potential for developing new proton-sensitive organic functional materials.

Key words: azulene, m-conjugated azulenes, azulene oligomers, cross-coupling,
electron absorption, proton sensitivity.
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AHHOTAanuUsl. A3yleH — albTePHAHTTHI €MEC apoMaTThl KOMIPCYTEeK, OHBIH
epeKIIe IHITONbAI XUMHUSUIBIK KYPBUIBIMBI, COHJAl-aK epeKIle 3JIEKTPOHIBIK >KOHE
OIITHKAJIBIK KAaCHETTEpl jKaHa OPTaHHKAIbIK M-KOHBIOTAlUsUIaHFaH (YHKIMOHAIIBIK
MarepuanapAbl KypyFa apHalFaH bIKTUMall MOIYJBAIK KYPBUIBIC MaTepHalibl peTiHae
KOl Hazap ayaapTajbl.

Kymeicta  2-(1-Asynenun)-4,4,5,5-rerpamerni-1,3,2-auokcodopanangap  MeH
2-(2-Azynennn)-4,4,5,5-terpamerui-1,3,2-nnokcobopananiap Cysyku-Musiypa
Kpocc-0aliIaHbICTBIPY peakIUsIChIHIA TNaJDIaiidi KaTalu3aTOPbIHBIH KaThICybIMEH
3,6-buc(5-6pomo-2-tuenui)-2,5-0uc(2-3tuirexkcust ) nupposio[ 3,4-c Jnupposn-1,4-
JUOHMEH OpPEKETTECIN, KeJecli jKaHa MUPPOJIO-a3yleHI T-KOHBIOTalUsJIaHFaH
coronumepiep CUHTE3ETIL: 3,6-buc(5-(1-azynenun)ruoden-2-mn)-2,5-1u(2-
THATEKCHI ) TUppoIio| 3,4-cJmuppoi-1,4-nuoH 5 xoue 3,6-buc(5-(2-azynenun)ruoden-
2-mi)-2,5-nu(2-stunrekcun)muppoio| 3,4-cjuuppon-1,4-nuon 7. CuntesgenreH 5
koHE 7 COMOIMMEpIICeP/IiH XUMUSUTBIK KYpbhUIbIMBI MeH Ta3anbirbl SIMP ("H xone C),
UK crnekTpocKomusIChl, Macc-CIIeKTPOMETPHS KOHE JJIEMEHTTIK Talfay o/icTepiMeH
JONENACHl. AJIBIHFaH PErHoU30MEepii COMOMUMEPIEPAiH TYPaKThl KOCBUIBICTAp
CKEHI JKOHE IUXJIOPMETaH, XJI0podopM, TOJYOJ, XJIOPOCH30J, TeTparuapodypaH
CUSIKTBI OpTaHUKAIIBIK epiTKIINTepJe OeJiMe TeMIepaTypachlHAa TOJNBIK EpHUTiHI
aHBIKTAIIBl. MyHIall MOJEKYJIanblK KOHCTPYKIHUS a3yJeHHIH IUIONbIIK TaOUFaThIH
Jla, OHBIH DIEKTPOHIOHOPIBI Oec Mymieni cakuHa OOWBIHAA MPOTOHIAHIBIPY-
MPOTOHIAHCHI3IAH/BIPY peakUusIapblHa TYCYy KaOUIeTIH Jie maijaaHaThbIHbI
KOpPCETUITeH. AJIBIHFAH MUPPOIO-a3yJeH Il T-KOHBIOTAIMIIAHFAH COIOIMMEPIIEPIiH
¢doroduznkanbiK Kacuerrepi Ynerpakyirin-kepinerid (UV-Vis) xxoHe ¢ayopecueHus
CTHEKTPOCKOIUSACH]  QiCTepiMEH cumarTaiibl. YHIQTopcipke KBIIKBUIBI apKBLUIBI
NPOTOHJAJIFAH JKarjaiija comoiauMepiiepaiy YiabrpakyiriH-kepinetrin (UV-Vis)
aiiMarbIH/IA JKYTBHUTY CIIEKTPJICPiHIH aliTapibIKTail e3repicrepi 6alKanbl, OYII KYTHITY
MakCUMyMJapbiHbiH 830 HM-Te¢ JCHIH KbI3bUI BIFBICYbl JKOHE WHTCHCHBTUIITIHIH
apTybIMEH CHIATTANJBL. ByJl HOTHXKENep T-3NEKTPOHIAP/AbIH JICIOKATU3AIHSIChIHBIH
WIFalObl MEH KOHBIOTAIMSHBIH KEHEIOiHe OalIaHBICTBl €H JKOFaprbl 00C emec
MOJIEKYJIAJIBIK OpOUTANIb — €H TOMEHT1 00c¢ MoneKynanblk opoutans (HOMO-LUMO)
MOJICKYJIAJIBIK  OpOMTAIbIAPBIHBIH JHEPreTUKANIBIK —aJIIAKTHIFBIHBIH TOMEHJIETCHIH
KOPCETTI. AJIbIHFAH HOTHIKEIIEP a3yJIeH 11 OJIOKTap bl TeTEPOIMKIIII KOHBIOTAlUsJIaHFaH
OJIUTOMEPJICP/IIH ~ KYPbUIBIMBIHA ~ CHTI3Y[IH JKaHa MPOTOHJABIK  OPTaHHMKAJBIK
(GYHKIIMOHAIIBIK MaTepHalIap bl )Kacayra YJIKEH dJieyeTi 0ap eKeHiH Jaiemueii.

Tyiiin ce3aep: asyneH, m-KOHBIOTAIMSIIAHFAH a3yJCHICP, a3yJeH OIUromeplepi,
Kpocc-0aitIaHbICTBIPY, EKTPOHAAP/IBI KYTY, TPOTOHAAPFA CE31IMTaJIBIK.
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AnHoTaumus. HeanbrepHaHTHBIM apoOMaTUYECKU YIJIEBOJOPOJ a3yJieH Kak
MOTEHIMATBHBIA MOTYJIHBINA CTPOUTENBHBIN OJIOK JIJIsl CO3/IaHHSI HOBBIX OPraHUYECKUX
T-COTIPSDKEHHBIX (DYHKIIMOHANBHBIX MaTEpUANIOB MPUBJIEKAET BCE OOJIbIIE BHUMAHHS
Onarozapsi CBoei yHUKaJIbHOW JUMOIBHON XUMHUECKOM CTPYKTYPE, a TAK)KE 0COOCHHBIM
ANIEKTPOHHBIM U ONITUYECKUM CBOHCTBaM.

B nannHoii pabGote B3aumopeiictBueM 2-(1-Azulenyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolanes u 2-(2-Azulenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolanes ¢ 3,6-Bis(5-
bromo-2-thienyl)-2,5-bis(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-1,4-dione B  ycioBuAx
Kkpocc-couetanusi Cy3yku—Mustypbl B TIPUCYTCTBUH MaJJIaJUEBOTO Karajau3aropa
OBUIM CHHTE3MPOBAHBI HOBBIC IMHUPPOJI0-a3yJCHOBBIE TT-COMPSIKCHHBIE CO-OJIUTOMEPHI:
3,6-Bis(5-(1-azulenyl)thiophen-2-yl)-2,5-di(2-ethylhexyl)pyro-lo[3,4-c]pyrrole-1,4-
dione 5 wu 3,6-Bis(5-(2-azulenyl)thiophen-2-yl)-2,5-di(2-ethylhexyl)pyrrolo[3,4-c]
pyrrole-1,4-dione 7. XuMudeckoe CTpPOCHHME W YHCTOTAa CHHTE3UPOBAHHBIX CO-
onuromepoB 5 u 7 6butn okazansl IMP (IMP 'H u '*C), UK, macc-cniekrpoMeTpueit
W JJIEMEHTHBIM aHAJIM30M. YCTAHOBIECHO, YTO TMOJYYCHHBIE PETHOM30MEpPHBIC CO-
OJIUTOMEPHI 5 1 7 SIBISIOTCS CTAaOMIIBHBIMU COCIMHEHHUSMU M TIOTHOCTBIO PACTBOPUMBI
B OpraHMYEeCKHX pACTBOPUTENSIX, TAKWX KakK JUXIOPMETaH, XJOpOo(pOpM, TOIYOI,
xnopOeH3o0i1, TerparuapodypaH npu KoMHaTtHOW Temmeparype. I[lokazaHo, dTO
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Takasi MOJIEKYJISIpHAs KOHCTPYKLUS MCIONb3YeT KaK AWUIIOINbHYIO IPUPOAY Aa3YJICHA,
Tak M €ro CIocoOHOCTh K PEakUusM NPOTOHUPOBAHUS — ACMPOTOHHPOBAHUS IO
ANEKTPOHOJOHOPHOMY ISITUWICHHOMY HUKITY. DoTodusnyeckre CBOWCTBA MOTYYEHHBIX
MTUPPOJIO-a3yJICHOBBIX T-COMPSDKEHHBIX CO-OJIMTOMEpoB oxapakTtepuzoBanbl UF-Vis
u (QIayopecueHTHOH cnekrpockonuei. [lokazaHo, 4YTO, MOTYYEHHBIE CO-OIUTOMEPHI
B YCJIOBUSIX TPOTOHUPOBAHUS TPHU(PTOPYKCYCHOH KHCIOTOM AEMOHCTPUPYIOT
3HAUUTETbHbIC W3MEHEHHUS CIEKTPOB MorIouieHuss B YD-BUIUMOH o001acTH ¢
MOBBIILIEHUEM MHTEHCUBHOCTH U KPAaCHBIM CMELICHUEM MAaKCHUMyMOB IONIOLICHHS
710 830 HM, yka3bIBaolllee Ha CYLIECTBEHHbIE YMEHBIIEHUS SHEPreTHYECKOW IIenn
MoJiekysipHbeIX opbutaneiit HOMO-LUMO BcnenctBue pacliMpeHHs CONPSKEHHS
A pOCTa JCJIOKAIU3ALUK T-NIEKTPOHOB. llomydeHHBbIE pe3ynbrarbl NEMOHCTPUPYIOT,
YTO BBEACHHE a3yJICHOBBIX 3BEHBEB B CTPYKTYPY I'€TEPOLIUKIMYECKUX CONPSKEHHBIX
OJIMTOMEPOB HMEIOT OOJBIIONW MOTEHUWAN Uil pa3pabOTKH HOBBIX TMPOTOHHBIX
OpraHnyecKuX (GyHKIHOHATBHBIX MaTePUAIIOB.

KuroueBble ci10Ba: a3yneH, mT-CONpsHKEHHBIE a3yJIeHbI, OJIMTOMEpPHI a3yJieHa, Kpocc-
COUYETaHue, MOITIOLEHUE IEKTPOHOB, YyBCTBUTEIILHOCTD K IIPOTOHAM.

Introduction. The development of a new strategy for the synthesis of functional
materials is of considerable interest in terms of improving electronic devices such as
molecular switches, field effect transistors (OFETs), light emitting diodes (OLEDs),
solar cells (OSCs), nonlinear optical (NLO) and others (Wang, et.al.,2004; Dong, et.al.,
2016; Ou, et.al.,2019; Kurotobi, et.al., 2006; Cristian, et.al., 2004;Yamaguchi, et.al.,
2016; Nishimura, et.al., 2015). In this direction, research focuses on the application of
various building blocks that can fine-tune the electronic structure of the material and
lead to improved efficiency and productivity of devices (Foggi, et.al., 2003; Mrozek,
et.al., 2001; Ito, et.al., 2003; Salman, et.al., 2005).

To date, the most effective molecules as a building block are non-alternative aromatic
hydrocarbons, for example, azulenes. The choice of azulene 1 was predetermined by its
unusual polarized structure, which can be considered as a tropylium cation condensed
with a cyclopentadienyl anion (Figure 1). Azulene, in contrast to its isomer naphthalene,
is colored dark blue due to the reduced aromaticity in conjunction with the large dipole
moment of the order of 1.08 D (Chiu, et.al., 2014). Along with this, its low ionization
energy and increased electron affinity provide tuning photophysical properties similar
to fullerene compounds (Xia, et.al., 2014).

Here we report the synthesis of novel pyrrole-azulene n-conjugated co-oligomers 5 and
7, via Suzuki — Miyaura cross-coupling reaction using Pd(PPh,), as catalyst. This molecular
design takes advantage of both the dipole nature of azulene and its ability to undergo
protonation-deprotonation reactions along the electron-donor five-membered cycle.

Methods and Materials. NMR spectra of 'H and '*C were recorded on a Jeol ECA-
500 MHz spectrometer in CDCI3 at room temperature using tetramethylsilane (TMS)
as an internal standard. The NMR spectrometer operating frequencies were 500,15
MHz ('H) and 100,61 MHz ("*C). IR spectra were recorded on a Fourier spectrometer
Avatar-360 in KBr tablets. Mass spectra (EI, MALDI-FT) were taken on a Thermo
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Fisher Scientific LTQ FT Ultra mass spectrometer. Absorption spectra were recorded on
a Shimadzu UV-1800 spectrophotometer.

Commercially available reagents and solvents: azulene, Bis(pinacolato)diboron,
3,6-Bis(5-bromo-2-thienyl)-2,5-bis(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-1,4-dione,
Pd(PPh,),, [IrCl(cod)],, Ag,CO,, THF, toluene, DMF and others were used without
further purification. Bromoazulene 2 and 2-(2-Azulenyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane 6 were synthesized according to the literature methods.

2-(1-Azulenyl)-4,4,5, 5-tetramethyl-1,3,2-dioxaborolane (3). To the mixture of
1-bromoazulene 2 (54 mg, 0.3 mmol) and Bis(pinacolato)diboron (83 mg, 0,33 mmol)
in THF (5 mL) was added Pd(PPh,), (12 mg, 0,01 mmol) and Ag,CO, (275 mg, I mmol)
under argon. The mixture was stirred at 75 °C for 18 hours and then cooled to room
temperature. Water (20 mL) was added and then extracted with dichloromethane (3 x 20
mL). The combined organic extracts were dried over MgSO,, evaporated in vacuo and
finally purified by column chromatography on silica gel using hexane: EtOAc (4:1) to
give a violet crystal (66 mg, 88% yield). M.p. 56-57°C. "H NMR (CDCI,, 500,15 MHz):
6 1.43 (s, 12 H), 7.30 (t,J=9.7 Hz, 1 H), 7.40 (t, ] =9.9 Hz, 1 H), 7.43 (d, J=3.7 Hz,
1 H), 7.68 (t, J=9.9 Hz, 1 H), 8.36 (d, J =3.7 Hz, 1 H), 8.42 (d, J = 9.5 Hz, 1 H), 9.20
(d, ] =9.7 Hz, 1 H). "C NMR (CDCl,, 100,61 MHz): 524.96, 82.89, 119.03, 124.64,
125.13,136.42, 137.39, 138.24, 144.62, 145.59, 147.07. HRMS (EI): m/z [M]" calcd for
C,H ,BO, 254.1927; found, 254.1909.

3,6-Bis(5-(1-azulenyl)thiophen-2-yl)-2,5-di(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-
1,4-dione (5). To the mixture of 33,6-Bis(5-bromo-2-thienyl)-2,5-bis(2-ethylhexyl)
pyrrolo[3,4-c]pyrrole-1,4-dione 4 (68 mg, 0,1 mmol) and 2-(1-Azulenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane 3 (56 mg, 0,22 mmol) in toluene (5 mL) and DMF (0.5
mL) were added Pd(PPh,), (12 mg, 0.01 mmol) and Ag,CO, (181 mg, 0,66 mmol)under
argon. The mixture was stirred at 85°C for 18 hours and then cooled to room temperature.
Water (20 mL) was added and then extracted with dichloromethane (3 x 20 ml). The
combined organic extracts were dried over MgSO,, evaporated in vacuo and finally
purified by column chromatography on silica gel using hexane: EtOAc (2:3) to give a
dark blue solid (46 mg, 60% yield). IR v/cm-1: 1610 cm-1 (C=0). 'H NMR (CDCIL,
500,15 MHz): 0.72—-1.10 (m, 30H), 4.25 (br, m, 4H), 6.50 (br, m, 4H), 7.05-7.07 (m, 2H),
7.62-7.83 (m, 7H), 8.0 (m, 2H), 8.21-8.25 (m, 1H), 8.53-8.51 (m, 2H). "C NMR (CDCI,,
100,61 MHz): 6 10.7, 13.9, 23.1, 23.6, 28.6, 30.4, 39.4, 46.6, 106.5, 109.9, 118.5 119.1,
123.1, 124.9, 125.2, 132.4, 134.7, 135.9, 136.2, 137.8, 139.1, 143.4, 143.7, 155.4, 161.3.
HRMS (EI): m/z [M]" caled for C, H,N,O,S,776.3725; found, 776.3705

3,6-Bis(5-(2-azulenyl)thiophen-2-yl)-2,5-di(2-ethylhexyl)pyrrolo[3,4-c]pyrrole-
1,4-dione (7). To the mixture of 3,6-Bis(5-bromo-2-thienyl)-2,5-bis(2-ethylhexyl)
pyrrolo[3,4-c]pyrrole-1,4-dione 4 (68 mg, 0,1 mmol) and 2-(2-Azulenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane 6 (56 mg, 0,22 mmol) in toluene (5 mL) and DMF
(0.5 mL) were added Pd(PPh,), (12 mg, 0.01 mmol) and Ag,CO, (181 mg, 0,66 mmol)
under argon. The mixture was stirred at 85 °C for 18 hours and then cooled to room
temperature. Water (20 mL) was added and then extracted with dichloromethane (3 x
20 mL). The combined organic extracts were dried over MgSO,, evaporated in vacuo
and finally purified by column chromatography on silica gel using hexane: EtOAc (2:3)
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to give a dark blue solid (61 mg, 80% yield). IR (KBr): 1610 cm-1 (C=0). 'H NMR
(CDCl,, 500,15 MHz):  0.72 (m, 6H), 1.08 (m, 24H), 4.26 (m, 4H), 7.00 (m, 2H),
7.40-7.43 (m, 2H), 7.59-7.68 (m, 2H), 7.76 (m, 2H), 7.86-7.90 (m, 2H), 8.12 (m, 2H),
8.34 (m, 2H), 8.27 (m, 2H). *C NMR (CDCI3, 100,61 MHz): 6 10.6, 14.1, 23.3, 23.6,
28.5, 30.4, 39.4, 46.8, 107.7, 113.0, 113.6, 123.4, 124.5, 132.7, 136.6, 137.0, 137.1,
141.3, 145.0, 155.3, 161.2. HRMS (ED): m/z [M]" caled for C, H,)N,O,S, 776.3725;
found, 776.3707.

Results and discussion. Synthetic routes leading to pyrrole-azulene conjugated co-
oligomers 5 and 7 are shown in Schemes 1 and 2. As can be seen from Scheme 1,
bromoazulene 2 was synthesized according to the literature methodology (Merkhatuly,
et.al,, 2023). The borylation reaction of 2 with Bis(pinacolato)diboron in THF in
the presence of Pd(PPh,), then leads to the key compound 2-(1-Azulenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane 3 in high 88% yield.

Further, the Suzuki-Miyaura cross-coupling reaction between pyrrole-dione 4 and 3
in toluene in the presence of Pd(PPh,), catalyst gives the final co-oligomer 5 in good 60%
yield. Another key molecule 2-(2-Azulenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 6
(Scheme 2) was prepared by direct C,-H borylation of azulene according to the literature
methodology (Kurotobi, et.al.,2003).

Similarly, the Suzuki-Miyaura reaction between 4 and 2-(2-Azulenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane 6 results in the co-oligomer 7 product with high yield
of 60%. The obtained regioisomeric co-oligomers 5 and 7 are completely soluble in
organic solvents such as dichloromethane, chloroform, toluene, tetrahydrofuran at room

temperature.
1

Figure 1. Polarized resonance structure of azulene 1.

7
» i 0 Br Bpin), o By

C4H,

N
-CoH

C,Hy

4

Scheme 1. Reagents and conditions: (i) NBS, DCM, tt; (ii) Pd(PPh,),, Ag,CO,, THF, 75°C; (iii)
Pd(PPh3) » Ag,CO,, toluene, DMF, 60°C.

139



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

(Y @i, o
i B/‘oi
1 6

C4H9

Scheme 2. Reagents and conditions: (i) [IrCl(cod)],, 2,2-bpy, cyclohexane, reflux; (ii) Pd(PPh,),,
Ag,CO,, toluene, DMF, 60°C

The absorption spectra of co-oligomers 5 and 7 in UV-Vis range in dichloromethane
(DCM) at room temperature are presented in Figure 2 and the corresponding data are
summarized in Table 1. To evaluate the efficacy of m-conjugation through a thienyl
spacer, the electron spectra of the co-oligomers were compared with the baseline
pyrrolopyrrole-dione 8 (Table 1, Figure 2). As can be seen, 5 and 7 show significant
redshifts in the visible region at 110 and 133 nm relative to compound 8, indicating the
decrease in the energy gap of the frontal molecular orbitals of HOMO-LUMO due to the
expansion of the m-conjugation and the growth of delocalization of m-electrons.

It should be noted that regioisomeric co-oligomers 5 and 7 show significant
absorbances in the long wavelength part of the spectrum in the range 560-720 nm,
which are characteristic of materials of solar cells and near IR dyes (Kurotobi, et.al.,
2006; Cristian, et.al.,2004; Yamaguchi, et.al., 2016). In addition, there is one broad band
in the spectrum and the hypsochromic shift at 23 nm of the absorption maximum of 5
compared to 7. This can occur as the result of the decrease in the energy gap HOMO
- LUMO with the C, replacement of the five-membered azulene cycle 7, showing the
discrete vibration structure (Figure 2).
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Table 1 - UV-Vis absorption data for 5, 7 and 8 in DCM (1x10-° M) at rt

Absorption
Co-oligomers Unprotonated Protonated
Solvent A M g, Mlem™! Solvent ¢ Ao M
5 416 4000 420
DCM 601 15200 TFA/DCM (2:8) 586
650 17000 628
431 8800 433
7 620 19000 622
DCM 673 21000 TFA/DCM (2:8) 798
355 14600 352
8 DCM 500 21000 498
540 37500 TFA/DCM(2:8) 538
“ DCM/TFA = volume to volume
4
5
2
8
3
o1
=
2
:5 2
2
-
1
[
350 A0 530 630 T50

Wavelength, nm

Figure 2. UV-vis absorption spectra of 5, 7 and 8 in DCM at 1t.

Under the conditions of protonation of co-oligomers 5 and 7 with trifluoroacetic acid
(when adding 5%, 10%, 15% and 20% TFA) in DCM (Figure 3, Table 1), the significant
changes are observed in the electron spectra with the slight (about 22 nm) shift in the
absorption maximum at 5 compared to the very significant (about 198 nm) red shift
at oligomer 7. For comparison, starting compound 8 was subjected to the same acid
treatment and its absorption spectra showed no change in absorption (Table 1). This
observation indicates that protonation proceeds exclusively along the azulene part of
molecules 5 and 7, which gives the 6 m-electron tropylium cation (Figure 1), and not
along the nitrogen atoms of the pyrrolopyrrole-dione link.

Stepwise changes in absorption spectra in the visible region during protonation of
TFA were also found.

When 20% TFA was added, oligomer S showed the decrease in absorbance at 650
nm and the appearance of new bands with maxima at 586 and 628 nm (Figure 3, a). At
TFA concentrations of 15 and 20%, 7 shows the new absorption band at 830 nm, which
gradually shifts to the blue region to 798 nm with increasing intensity and isosbestic
point at 693 nm (Figure 3, b). In addition, color changes are observed in solutions of
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co-oligomers 5 and 7 when different amounts of TFA are added (Figure 3). So, solution
5 goes from blue to dark blue, and 7 from blue to dark green.

It should be noted that neutralization of acidic solutions 5 and 7 with triethylamine
leads to the reduction of the original UV-vis spectra of neutral states, which indicates a
completely reversible protonation-deprotonation process.

Absorbance
Absorbance

T T T T T
350 450 550 650 750 850 950

0
350 450 550 650 750 B30
‘Wavelength, nm

Wavelength, nm

Figure 3. UV-vis spectra (a) 5 and (b) 7 under TFA protonation conditions in DCM.

Conclusion. Thus, new pyrrole-azulene n-conjugated co-oligomers 5 and 7 were
synthesized by the Suzuki-Miyaura cross-coupling reaction with high yields. Co-
oligomers show significant redshifts in the visible region relative to the parent molecule:
in neutral states up to 673 nm, and in protonated states up to 830 nm, which indicates
significant decreases in the energy gap of the frontal molecular orbitals of HOMO-
LUMO, due to the expansion of conjugation and growth of delocalization of n-electrons.
Solutions of the resulting co-oligomers in DCM were also found to significantly change
color when different amounts of trifluoroacetic acid were added. The results show that
the incorporation of azulene units into the heterocyclic conjugated oligomer structure
has great potential for the development of novel proton functional materials. It should
be noted that the obtained co-oligomers are analogues of previously synthesized
fluorene-azulene -conjugated copolymers: poly[2,7-(9,9-dioctylfluorene-2-azulenyl-
alll-azulenyl-alt3-azulenyl-alt[ 1-azulenyl], which are used in practice as fluorescent
proton materials.

References

Wang F., Lai Y.-H., Han M.-Y. (2004) Stimuli-Responsive Conjugated Copolymers Having Electro-
Active Azulene and Bithiophene Units in the Polymer Skeleton: Effect of Protonation and p-Doping
on Conducting Properties. Macromolecules, 2004.-V.37(9). P.3222-3230. DOI: https://doi.org/10.1021/
ma035335q (in Eng.)

Dong J.-X., Zhang H.-L. (2016) Azulene-based organic functional molecules for optoelectronics.
Chinese Chemical Letters,2026.-V. 27(8). P. 1097-1104. DOLI: https://doi.org/10.1016/j.cclet.2016.05.005
(in Eng.)

Ou L., Zhou Y., Wu B., Zhu L. (2019) The unusual physicochemical properties of azulene and azulene-
based compounds. Chinese Chemical Letters, 2029.-V.30(11).P. 1903—-1907. DOI:https://doi.org/10.1016/;.
cclet.2019.08.015 (in Eng.)

142



Volume 1, Number 462 (2025)

Kurotobi K., Kim K.S., Noh S. B., Kim D., Osuka A. (2006) A Quadruply Azulene-Fused Porphyrin
with Intense Near-IR Absorption and a Large Two-Photon Absorption Cross Section. Angewandte
Chemie International Edition, 2022.-V.45(24). P. 3944-3947. DOL:https://doi.org/10.1002/anie.200600892
(in Eng.)

Cristian L., Sasaki ., Lacroix P.G., Donnadieu B., Asselberghs I., Clays K., Razus A.C. (2004) Donating
Strength of Azulene in Various Azulen-1-yl-Substituted Cationic Dyes: Application in Nonlinear Optics //
Chemistry of Materials, 2004.-V.16(18). P. 3543-3551. DOI: https://doi.org/10.1021/cm0492989 (in Eng.)

Yamaguchi Y., Takubo M., Ogawa K., Nakayama K., Koganezawa T., Katagiri H. (2016) Terazulene
Isomers: Polarity Change of OFETs through Molecular Orbital Distribution Contrast. Journal of the
American Chemical Society, 2016.-V. 138(35). P. 11335-11343. DOI: https://doi.org/10.1021/jacs.6b06877
(in Eng.)

Nishimura H., Ishida N., Shimazaki A., Wakamiya A., Saeki A., Scott L. T., Murata Y. (2015) Hole-
Transporting Materials with a Two-Dimensionally Expanded n-System around an Azulene Core for Efficient
Perovskite Solar Cells. Journal of the American Chemical Society, 2015.-V.137(50). P. 15656—-15659.DOI:
https://doi.org/10.1021/jacs.5b11008 (in Eng.)

Foggi P., Neuwahl F.V.R., Moroni L., Salvi P.R. (2003) S1 — Sn and S 2 — S n Absorption of Azulene:
Femtosecond Transient Spectra and Excited State Calculations. The Journal of Physical Chemistry A,
2003.-V.107(11). P. 1689-1696. DOL:https://doi.org/10.1021/jp021313e (in Eng.)

Mrozek T., Gorner H., Daub J. (2001) Multimode-Photochromism Based on Strongly Coupled
Dihydroazulene and  Diarylethene.  Chemistry, 12001.-V.7(5).P.1028-1040.  DOI:https://doi.
org/10.1002/1521-3765(20010302)7:5<1028::AID-HEM 1028>3.0.CO;2-7 (in Eng.)

Ito S., Inabe, H., Morita N., Ohta K., Kitamura T., Imafuku K. (2003) Synthesis of Poly(6-
azulenylethynyl) benzene Derivatives as a Multielectron Redox System with Liquid Crystalline Behavior.
Journal of the American Chemical Society, 2003.-V.125(6).P. 1669-1680. DOI:https://doi.org/10.1021/
ja0209262 (in Eng.)

Salman H., Abraham Y., Tal, S., Meltzman S., Kapon M., Tessler N., Speiser S., Eichen Y. (2005)
1,3-Di (2-pyrrolyl) azulene: An Efficient Luminescent Probe for Fluoride. European Journal of Organic
Chemistry, 2005. - V. 25 (11). P.2207-2212. DOL: https://doi.org/10.1002/¢joc.200500012 (in Eng.)

Chiu C., Wang H., Brunetti F.G., Wudl F., Hawker C.J. (2014) Twisted but Conjugated: Building Blocks
for Low Bandgap Polymers. Angewandte Chemie International Edition, 2024.-V.53(15). P. 3996-4000.
DOIL: https://doi.org/10.1002/anie.201400674 (in Eng.)

Xia J., Capozzi B., Wei S., Strange M., Batra A., Moreno J.R., Amir R.J., Amir E., Solomon G.C.,
Venkataraman L., Campos L. M. (2014) Breakdown of Interference Rules in Azulene, a Nonalternant
Hydrocarbon. Nano Letters, 2024.- V.14(5). P. 2941-2945. DOI: https://doi.org/10.1021/n15010702 (in
Eng.)

Merkhatuly N., Iskanderov A.N., Zhokizhanova S.K., Kokibasova G.T. (2023) Synthesis and Optical
Properties of n-Conjugated Azulenes. Russian Journal of Organic Chemistry, 2023. — V.59(5). P. 782-786.
DOI: https://doi.org/10.1134/S1070428023050068 (in Eng.)

Kurotobi K., Miyauchi M., Takakura K., Murafuji T., Sugihara Y. (2003) Direct Introduction of
a Boryl Substituent into the 2-Position of Azulene: Application of the Miyaura and Smith Methods to
Azulen. European Journal of Organic Chemistry, 2003(18). P.3663-3665. DOI: https://doi.org/10.1002/
€j0c.200300001 (in Eng.)

143



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

CONTENTS

A.A. Anarbayev, B.N. Kabylbekova, J.E. Khusanov, G. M. Ormanova
INVESTIGATION OF THE PROCESS OF OBTAINING A COMPLEX
PHOSPHOHUMATE MINERAL FERTILIZER..........cccooeoiiieieeeeeeeeeeeeeee e 5

G.Zh. Baisalova, A.A. Zhanybekova, A.B. Shukirbekova, B.B. Torsykbaeva,
Sh.K. Utzhanova

QUANTITATIVE DETERMINATION OF FLAVONOIDS IN ULMUS PUMILA
LEAVES BY SPECTROPHOTOMETRIC METHOD.........ccoccvviiiiiiiiiiieeecieeeeeeene 21

N. Bektenov, G. Koszhanova
QUANTUM-CHEMICAL MODEL CALCULATION REVIEW OF VERMICULITE
AND ITS BASED MODIFIED SORBENT........oooiiiiiiiiiiieeeciee e 33

G.M. Zhusipnazarova, R. Reshmy, A.S. Darmenbayeva, Zh.B. Mukazhanova,
G.B. Aubakirova

PRODUCTION AND STUDY OF PROPERTIES OF BIOLOGICAL COATINGS
BASED ON CELLULOSE OBTAINED FROM BARLEY AND FLAX STEMS......43

M. Ibrayeva, E. Sagindykova, Zh. Mukazhanova
ISOLATION OF IRIDOIDS FROM VERBASCUM MARSCHALLIANUM................ 57

L.K. Kazhygeldiyeva, B.Kh. Mussabayeva, A.N. Sabitova, L.K. Orazzhanova,
A.S. Seitkan

DETERMINATION OF THE CHEMICAL COMPOSITION AND ANTIOXIDANT
ACTIVITY OF FRUIT EXTRACTS FROM HIPPOPHAE RHAMNOIDES L.

AND CRATAEGUS SANGUINEA L. ..c..ooooeeeeeeeeeeeeeeeeeeeeee e 68

M.B. Kambatyrov, P.A. Abdurazova, U.B. Nazarbek, Y.B. Raiymbekov
FTIR SPECTROSCOPIC STUDY OF HUMIC ACIDS PRECIPITATION................ 79

N.B. Kassenova, R. Sh. Erkassov, N.N. Nurmukhanbetova, S.K. Makhanova,
G.K. Bekishova

THE INVESTIGATION OF SPIN-CROSSOVER IN TETRANUCLEAR IRON (II)
COMPLEXES BY MAGNETIC MEASUREMENTS.......cccviiiiiieeeeeeeee e 94

B.K. Massalimova, A.S. Darmenbayeva, Zh. Mukazhanova, K.A. Shorayeva,

N.V. Ostafeychuk

DEVELOPMENT AND STUDY OF CATALYSTS FOR DEHYDROGENATION
OF SATURATED HYDROCARBONS TO OLEFINS..........oooviiiieieeeeeeee 104

206



Volume 1, Number 462 (2025)

D.N. Makhayeva, Sh. Zhetesbayeva, G.S. Irmukhametova, Z.A. Kenessova
PREPARATION AND CHARACTERIZATION OF POLYMER FILMS BASED ON
IODINE COMPLEXED WITH POLY(2-ETHYL-2-OXAZOLINE).......c..cccvervennee. 121

N. Merkhatuly, S.B. Abeuova, S.K. Zhokizhanova, A. Sviderskiy, S.A. Kairoldin
INCLUSION OF AZULENE INTO THE BACKBONE OF CONJUGATED
OLIGOMERS: IMPROVEMENT OF PROTON SENSITIVITY AND
ELECTRONICABSORPTION.......ccctiiiitieieciecieieettetee ettt ettt se e sae e eenens 133

A.N. Nurlybayeva, A.E. Tulegen, K.B. Bulekbayeva, D.A. Kulbayeva,

G.K. Matniyazova

DETERMINATION OF COAGULATION THRESHOLDS

OF MOLYBDENUM-VANADIUM BLUE SOLS.......cccccciiiiiiiniiniiniiiienieeieeee 144

E.T. Talgatov, A.A. Naizabaev, A.M. Tynyshbay, A.S. Auezkhanova,

A.Z. Abilmagzhanov

INVESTIGATION OF COMPLEXATION OF RUTHENIUM (111) IONS

WITH POLYMERS. ...ttt 157

A.A. Tolepbergen, U. Amzeyeva, Ye. Shybyray, A.Baiseitova, J. Jenis
PHYTOCHEMICAL PROFILE OF UNDERGROUND PART OF CICHORIUM
INTUBYS L. ettt ettt ettt e s et e e e st et e seseeeneeneens 170

T.S. Khosnutdinova, A.O. Sapieva, N.A. Sultanova, Sh.A. Madieva
DEVELOPMENT OF A METHOD FOR OBTAINING A FLAVONOID COMPLEX
FROM THE AERIAL PART OF FERULA SONGARICA PALL. EX SPRENG.

WITH ANTIOXIDANT ACTIVITY ..o 183

D.Y. Shoganbek, S.A. Tungatarova, D.Yu. Murzin, T.S. Baizhumanova,

M. Zhumabek

DRY REFORMING OF METHANE ON Co-La-Al AND Co-Ce-Al CATALYSTS
PREPARED BY THE SCS METHOD........ccoiiiiiiiieeeeeeeeeee e 195

207



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

MA3MYHbI

A.A. Anapbaes, b.H. KaobL106exoBa, 7K.E. Xycanos, .M. OpmanoBa
KYPJEJII ®OCOOI'YMATTbI MUHEPAJI/IbI THIHAMTKBILII
AJTY TTIPOLIECCIH BEPTTEVY. ..ottt 5

IK. BaiicanoBa, A.A. ’Kanbi0exoBa, A.b. lllykupoexoBa, b.b. Topcbikdaesa,
II.K. YTxanoBa
ULMUS PUMILA XATIBIPAKTAPBIHAAFbI ®JTABOHOUITAP MOJILLIEPIH

H. bexTenos, I'. Koc:kanoBa
BEPMUKVYJINT XXOHE OHBIH HET'I3IHJAE MO/ IU®UKALINATIAHFAH
COPBEHTTIH KBAHTTBI-XUMUAJIBIK MOJIEJIIH ECEIITEYTE LIOJIY......... 33

I'M. Kycununa3zaposa, P. Pemvu, A.C. lapmen6aeBa, 7K.b. MykaskanoBa,

I'b. AybakupoBa.

APITA MEH 3bIFbIP CABAFBIHAH AJIBIHFAH LEJIJIFOJIO3A HET'I3IHAET'T
BUOJIOTUSIJIBIK XKABBIHIAPIIBIH JAUBIHIAJIYBI )KOHE KACUETTEPIH
BEPTTEY. oottt ettt ettt sttt et e b e e ta e e rb e et e e s tbeesbeesteestseassaessaenenas 43

M. HUo6paesa, J. CarunabikoBa, 7K. MykaxkaHoBa
VERBASCUM MARSCHALLIANUM-HAH UPUJOUATAPABI BOJIV..................... 57

JL.K. Kaxksireanuena, b.X. Myca6aeBa, A.H. CadurtoBa, JI.LK. Opa3xkanoBa,

A.C. CeiiTkaH.

HIPPOPHAE RHAMNOIDES L. XKOHE CRATAEGUS SANGUINEA L. ©CIMIK
JKEMICTEPIHIH, DKCTPAKTTAPBIHBIH XMMUSIJIBIK K¥YPAMbBIH J)KXOHE
AHTUOKCUJAHTTBIK BEJICEHAIIITTH AHBIKTAY......oooiiiiieeeeeeeeee 68

M.b. Kam6atsipoB, II.A. Adnypa3oBa, ¥.b. Hazapoek, E.b. Paiibim0exoB
I'VMUH KbIIIKBUIAAPBIH T¥HJBIPY YPIICIH UK-CITEKTPOCKOITHSJIBIK
BEPTTEY ettt ettt et e et et eee e bt e ne e e eneeeees 79

H.B. Kacenosa, P.III. Epkaco, H.H. Hypmyxan6eroBa, C.K. MaxaHoBa,

I'K. bexknmosa

MAT'HUTTIK ©JIIEVJIEP o AICIMEH TEMIPAIH, (II) TOPTAIPOJIbI
KEIEHAEPIH/IE CITMH-KPOCCOBEPHI BEPTTEV......ooociiiiieeeeeeeeee e 94

208



Volume 1, Number 462 (2025)

B.K. MacaaumoBa, A.C. [lapmendaena, ’K.b. Myka:xxanoBa, K.A. [llopaesa,

H.B. OcTtageiiuyx

KOMIPCYTEKTEPAI OJIE®OMHAEPTE JETUJAPJIEY YIIIH
KATAJIM3ATOPJITAPABI K¥PY XKOHE 3EPTTEVY....ccoiiieeeeeeeee 104

J.H. Maxaesa, LII. ’KetrecbaeBa, F'.C. UpmyxameToBa, 3.A. Kenecoa
MOJThIH OJIN(2-3THII-2-OKCA30JIMHMEH) KEIIEHI HETI3IH/IE
MOJIMMEPJIT YJIAIPJIEPAL AJTY dKOHE CUITATTAY....ccovveiveiierieieeie e 121

H. Mepxaryisl, C.b. AdeyoBa, C.K. KokuxanoBa, A. CBuaepckuii,

C.A. Kaiiponaun

KOCAPIAHFAHOJIMTOMEPJIEPHET'I3IHE ABYJIEHAIEHI'T3Y: ITPOTOHFA
CE3IMTAJIABIKITEHOJIEKTPOHABIK CIHIPYAIKAKCAPTY....ooveee 133

A.H. HypabioaeBa, A.E. Toeneren, K.b. bosexbaesa, /I.A. Ky.16aeBa,

I'K. MaTHusizoBa

MOJIMBJIEH-BAHA M1 KOK KOCBIJILICBIHBIH KOMBITY IIEKTEPIH
AHBIKTAY ...ttt sttt et 144

I.T. TanraroB, A.A. Haiiza6aeB, A.M. Teinbimoaii, A.C. Aye3xaHoBa,

A.3. AOnjbMar:;kaHoB

PYTEHMU (111) MOHJIAPBIMEH ITOJIMMEPJIEP/IH KEIIEH TY3YIH
BEPTTEY .ttt ettt ettt e et e et e e st eeenteeenteeenees 157

A.A. Tesen0epren, ¥. Om3eena, E. llIs10b1paii, A. bajicentoBa, 7K. 7Kenic
CICHORIUM INTYBUS L. ©CIMAIT'THIH XXEP ACTbI BOJITTHIH,
OUTOXUMUAJIBIK ITPODUMIIL......c.oooviiiiiiiiiiiiieiiiiecceceeee e 170

T.C. XocnytaunoBa, A.O. ConueBa, H.A. CyiranoBa, LII.A. ManueBa
AHTHUOKCUJIAHTTBIK BEJICEHIIJIIKKE ME FERULA SONGARICA PALL. EX
SPRENG. XXEP YCTI BOJIII'THEH ®JIABOHOWATHI KEIIEHAI AJIY S AICIH

S 11 0] 2 ORISR 183

JL.E. llloranbex, C.A. Tynraraposa, /[.LFO. Myp3un, T.C. baii:xkymaHoBa,

M. Kymadek

KTC SICIMEH JJAUBIHJIAJTIFAH Co-La-Al JKOHE Co-Ce-Al
KATAJIM3ATOPJIAPBIHJIA METAH/IbI K¥YPFAK PUDOPMAIJIAV................... 194

209



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

COJIEPKAHUE

A.A. Anap0aes, b.H. Kaob110exoBa, 2K.E. Xycanos, I'M. OpmanoBa
NCCIIEJOBAHUE IMTPOLECCA ITOJIYUEHU A KOMIIIEKCHOI'O
OOCOOI'YMATHOI'O MUHEPAJIBHOI'O YIOBPEHUSA. ... 5

I2K. BaiicasioBa, A.A. ’KanbiOekoBa, A.b. lllykupoexoBa, b.b. TopcbikoaeBa,
LK. YT:xanoBa

KOJIMYECTBEHHOE OIIPEAEJIEHUE ®JIABOHONAOB B JINCTBAX

ULMUS PUMILA CIIEKTPO®OTOMETPUYECKUM METOJOM.................. 21

H. bekrenos, I'. Koc:kanoBa
OB30P KBAHTOBO-XUMUNYECKOI MOJEJIN PACYETA BEPMUKYJIUTA
N MOJUDOUITNPOBAHHOI'O COPEEHTA HA ET'O OCHOBE.............ccuvvveenee. 33

I'M. Kycununa3zaposa, P. Pemvmu, A.C. lapmenbaeBa, /K.b. Mykaxanosa,
I'b. Ay6akupoBa

CUHTE3 U U3YUEHUE CBOMCTB BUOJIOTMYECKMX [TOKPLITUI HA
OCHOBE LIEJUTFOJIO3BI, [TOJIYYEHHOM U3 CTEBEJIEN SUYMEHS

M. Ubpaesa, J. CarunabixoBa, 7K. MykaxkaHoBa
BBIAEJIEHUE NPMJIOUJOB 113 VERBASCUM MARSCHALLIANUM...........57

JL.K. Kaxbireaguena, b.X. Mycataea, A.H. CaduroBa, JI.LK. Opa3zxanoBa,

A.C. CeiiTkan

OITPEJIEJIEHUE XMMUYECKOI'O COCTABA I AHTUOKCUJJAHTHOM
AKTUBHOCTU DKCTPAKTOB ITJIOJIOB PACTEHUI HIPPOPHAE
RHAMNOIDES L. 1 CRATAEGUS SANGUINEAL ..ccccooiiiiiiiiieeeeeee e, 68

M.b. Kam6arsipos, I1.A. Adnypa3oBa, ¥Y.b. Hazapoek, E.b. Paiibim0exoB
UK-CITEKTPOCKOITMYECKOE NCCJIEAOBAHUE OCAXJIEHWA
TYMUHOBBIX KHCTIOT......ccoiiiiiieiiniiiteieenieeteente ettt 79

H.B. Kacenosa, P.III. Epkacos, H.H. Hypmyxan6eroBa, C.K. MaxaHoBa,

I''K. beknmoBa

HUCCIEJOBAHUE CITMH-KPOCCOBEPA B TETPASIJIEPHBIX KOMITJIEKCAX
JKEJIE3A (II) METOAOM MATHUTHBIX VBMEPEHUWM. ..o, 94

210



Volume 1, Number 462 (2025)

B.K. MacaaumoBa, A.C. [lapmendaena, ’K.b. Myka:xxanoBa, K.A. [llopaesa,

H.B. OcTtageiiuyx

PA3SPABOTKA U U3YUYEHUE KATAJIM3ATOPOB J1J1 JETUAPUPOBAHU A
YIJIEBOAOPOAOB O OJIEDUHOB........oeiiiiiiiiiiiiieeeiiee et 104

J.H. Maxaesa, L1I. KerecbaeBa, I.C. UpmyxameToBa, 3.A. KenecoBa
[TOJIYUEHUE 1 XAPAKTEPUCTUKA ITIOJIUMEPHBIX [IJIEHOK HA OCHOBE
KOMITJIEKCA MIOJIA C ITOJIN (2-2THJI-2-OKCA3OJIMHOM)........c.coec... 121

H. Mepxaryasl, C.b. AdeyoBa, C.K. Koku:kanosa, A. CBuaepckui,

C.A. Kaiipoaaun

BBEJAEHUE A3YJIEHA B OCHOBY COIIPAXKEHHBIX OJIMTOMEPOB:
YJYUIIEHUE IPOTOHHOM UYBCTBUTEJILHOCTU U SJIEKTPOHHOI'O
TTOTTIOIIEHMSL. ...ttt e 133

A.H. Hypabi6aeBa, A.E. Toseren, K.b. bosiex6aesa, [I.A. Kyab0aeBa,

I'K. MaTHuszoBa

OIIPEJIEJIEHUE ITOPOI'OB KOAT VJISALIUM 30JIE
MOJIUBJIEH-BAHAJIUEBBIX CUHEW...........oooeoeeeeeeeeeeeeeeee e 144

J.T. Taararos, A.A. Haiiza6aeB, A.M. Teinbimoaii, A.C. Aye3xaHoBa,

A.3. AOWJIbMar;kaHon

NCCIIEJOBAHUE KOMIIVIEKCOOBPA3OBAHIM S NOHOB

PYTEHUS (I1I) C ITOJIUMEPAMI........c.oveiiiiieiieee et 157

A.A. Tosnenoepren, ¥. Am3eeBa, E. llIpi0bipaii, A. baiiceuToBa, K. ’Kenuc
®UTOXUMUYECKUI [TPOD®UIIb ITOJ3EMHOM YACTU CICHORIUM
INTYBUS L. ettt ettt et e et e et e sraaeessaeessaeenssaesnseensns 170

T.C. XocuytaunoBa, A.O. CanueBa, H.A. CynranoBa, LLI.A. ManueBa
PA3BPABOTKA CITOCOBA TTOJIYYEHU A ®JTABOHOUIHOI'O KOMITJIIEKCA
13 HAJI3EMHOM MACCHI FERULA SONGARICA PALL. EX SPRENG.,
OBJIAZTAIOIIEI'O AHTUOKCUJJAHTHON AKTUBHOCTBIO.........oco........ 183

J.E. llloranbek, C.A. Tyuraraposa, /I.10. Myp3un, T.C. baiizkymanoBa,

M. Kymadek

CYXOU PUGOPMUHI METAHA HA KATAJIM3ATOPAX CO-LA-AL 1
CO-CE-AL ITPUTTOTOBJIEHHBIX METOJAOM CBC.......cccccevvevvveeeeeeveevenenn .. 194

211



Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see http://
www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the described work has not been published previously (except in the form of an abstract or
as part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in
any other language, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences
of the Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by
the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
only accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic
of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will
monitor and safeguard publishing ethics.

IpaBuna ohopmiIeHUS CTAThU ISl MYOIMKAIUMK B )KypHAJIC CMOTPETh Ha caiiTax:
www:nauka-nanrk.kz
http://chemistry-technology.kz/index.php/en/arhiv
ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Jupexrop otaena nuzganus HayuHbix xkypHasioB HAH PK 4. bomanxwvizer
Penaxropst: /J.C. Anenos, K 11 Ooen
Bepctka Ha komnbtotepe //]. JKadvipanosoi

[Moxnucano B nevars 26.03.2025.
®opmar 60x88'/,. Bymara odcernas. Tleuars — pusorpag.
13,5 n.o. 3aka3 1.

Hayuonanvnas akademus nayk PK
050010, Anmamut, yn. lleguenxo, 28, m. 272-13-19





