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Xiilasa: Bu todqiqat isinde mangan (II) ionlarinin flavonoid dihidrokversetin (DHQ) ils sulu miihitde komp-
leks omologalmo reaksiyasi genis sokildo Oyronilmis vo prosesin optimal sortlori miioyyan edilmisdir.
Tadgiqgatin asas magsadi kompleks amalogalma reaksiyasina tasir edon asas amillorin — pH miihiti, temperatur,
reaksiya miiddati, reagentlorin mol nisbati vo ilkin konsentrasiyalarin mohsul ¢iximina tosirinin sistemli
sokilds arasdirilmasi olmusdur.Aparilan eksperimental naticolor géstormisdir ki, DHQ ilo mangan (II) duzla-
rinin qarsiliqh tesiri pH 6.9-7.9 intervalinda vo DHQ:Mn?"=1:1-1:3 mol nisbatinds aparildigda metal :
ligand=1:1 stexiometrik nisbato malik kompleks birlosms amals golir. Reaksiya sortlorinin optimallasdirilmasi
naticasindo maksimum mshsul ¢iximi (95%) asagidaki sortlords oslde edilmisdir: pH 7.7, temperatur 70°C,
reaksiya miiddati 15 doaqiqe, DHQ : Mn?" mol nisbati 1:1.5 va ilkin konsentrasiyalar miivafiq olaraq 0.020
mol/l va 0.030 mol/l. Miiayyan edilmisdir ki, pH-in artmasi flavonoidin deprotonlagsmasini artiraraq kompleks
omologoalmo qabiliyystini yiiksaldir, lakin yiiksok golovi miihitdo flavonoidin strukturunun doyismosi
sababindan bu proses zaiflaya bilar. Temperaturun 60°C-don 70°C-ya gadar artirilmasi reaksiyanin siiratini vo
mohsul ¢iximini artirsa da, daha yiiksok temperaturda shomiyyatli artim miisahide olunmamigdir. Reaksiya
prosesinin asas hissasi ilk 5—15 daqiqgs arzinda bas verir ki, bu da reaksiyanin siiratli kinetikaya malik oldugunu
gostorir.Kompleks birlosmanin torkibi vo qurulusu IQ spektroskopiyasi, termogravimetrik analiz (TG), dife-
rensial skan edon kalorimetriya (DSC), rentgen-fliioresans analizi (XRF) va elektron paramaqnit rezonans
(EPR) iisullan vasitasile otrafli tadqiq edilmisdir. Aparilan analizler noticesinds kompleksin ehtimal olunan
kimyavi formulu [MnL(OH)(H20):] kimi toklif olunmusdur.

Acar sozlor: dihidrokversetin, flavonoidlor, kompleks birlogsmosler, mangan ionlari, optimallagdirma, mahsul
¢iximi
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Giris

Bitki mongoli xammal komponentlori ilo biogen
metallarin birlogsmoalorinin miixtalif xastaliklorin
miialicesindo rolu getdikca artir.
Mikroelementlor arasinda manqgan xiisusi maraq
dogurur, ¢linki o,genis bioloji aktivliyo malik
hoyati ohomiyyatli ~ metaldir. Mangan
fermentlorin aktiv morkozlorno daxil olan vacib
mikroelementdir, mithiim biokimyovi
proseslordo istirak edir vo hiiceyra meta-
bolizmindo miihiim rol oynayir. Metabolizmda
istirak edir, orqanizmi sorbast radikallarin zorarli
tosirlorindon qoruyur, toxuma bdyiimasi vo
regenerasiya proseslorini stimullagdirir, A, C vo
B qgrupu vitaminlorinin monimsonilmasini
yaxsilagdirir, hipoglisemik  tosir  gostorir,
insulinin normal ifrazinda istirak edir vo onun
tosirini  giiclondirir, homg¢inin hematopoezi
aktivlogdirir  [1-4]. Mimkiin  oksidlosma
doracolorinin miixtsalifliyine baxmayaraq, canli
orqanizmlordo manqgan osason koordinasiya
ododi 6 olan Mn(II) vo Mn(Ill) komplekslori
soklinda mévcuddur. Mn?* ionlart Mg?* vo Ca?*
ionlari ilo birlikds nuklein tursularinin miisyyon
konformasiyasinin qorunmasinda miihiim rol
oynayir. Manqanin markazi sinir sistemindoki
bioloji rolu hiiceyro membranlarinin normal
qurulus vo sabitliyinin tomin edilmosi ilo
olagadar ola bilor. Mn** ionlar1 toxuma tonoffii-
siindo, qalxanabonzor vozin hormonu olan
tiroksinin  sintezindo istirak edir, enerji
balansinin normallasmasina komok edir, immun
sisteminin faaliyyatini yaxsilasdirir, interferon
sintezi liglin vacibdir vo slimiik metabolizminda
miihiim rol oynayir [1-3, 5]. Mangan hamg¢inin
bitkilorin bdyiimasino miisbot tosir gdstorir v
ikinci doracoli metabolitlorin  torkibini  vo
kimyovi qurulusunu doyisir [6].

Tohliikosiz dorman vasitolorinin hazirlanmasi
mogsadilo todqgiqatcilar getdikco daha gox tobii
birlogsmolors, xiisusilo flavonoidloro miiraciot
edirlor. Bu maddalor yiiksok vo miixtalif bioloji
aktivliyi asag1 toksiklik vo sonaye baximindan
olcatanliq ilo birlosdirir. Miioyyon nisbatlordo
mangan vo flavonoidlorin birlikds tosirinin
simiik  toxumast hiiceyrolori olan ilkin
osteoblastlarin ~ hoyat  qabiliyystino  vo
differensiasiyasina sinergetik tosir gostordiyi
siibut edilmisdir [5].

Mangan (II) komplekslarinin flavonoidlarin
glikozidlori vo onlarin uygun aqglykonlar1 ilo

omolo golmosi miixtalif flavonoid ndvlori iizra
kiitla-spektrometriya iisulu ilo tadqiq edilmisdir:
flavon diosmin, flavonollar rutin va kversetin,
flavanonlar hesperidin vo naringin, izoflavonlar
genistin vo genistein turs vo golovi miihitlords,
homginin komok¢i ligand kimi 2,2'-bipiridin
olavo edilmoklo iiglii komplekslor soklindo
Oyranilmisdir. Oksar hallarda [MII(L-H)L]" tipli
birlosmolor omolo golir, burada L flavonoid
ligandir; rutin osason [MII(L-H)]" tipli
komplekslor omolo gotirir. pH-in  artmasi
flavonoid molekullarinin  deprotonlagmasini
giiclondirir vo naticads [MII(L-H):] tipli elektrik
neytral komplekslorin omalo golmasi miimkiin
olur [7]. Etanol miihitindo oldo edilmis,
Met:L=1:1 stexiometrik nisbatino malik manqgan
(I) ilo kversetinin kompleks birlosmasi
Staphylococcus aureus  vo  Klebsiella
pneumoniae bakteriya stamlarina qarsi yiiksok
aktivlik gostorir, bu aktivlik penisilinin tesiri ilo
miiqayise oluna bilar, homginin Bacillus cereusa
qars1 shomiyyatli bakterisid tasira malikdir [8].

In vitro tacriibolordo Met:L=1:2 nisbatinds 4'-
metoksi-5,7-dihidroksiizoflavon ilo manqgan (II)
kompleksinin yiiksok sisoleyhino aktivliyi vo
selektivliyi askar edilmisdir. Bu kompleks
agciyor karsinomast A549, usaqligq boynu
xorcongi hiiceyrolori HeLa, hepatoselliilyar
karsinoma HepG2, yogun bagirsaq
adenokarsinomas1 SW620 va siid vozi xorgongi
hiiceyrolori MDA-MB-435 kimi bes insan
xorcong hiiceyra  xottino qars1  tosirlidir.
Kompleks sarbast izoflavon vo Mn2+ ionu ilo
miiqayisado daha giiclii boyilimo inhibisiyasi
gostorir vo effektivlik baximindan sisplatini
iistoloyir. Kompleksin A549, HepG2, SW620 vo
MDA-MB-435 hiiceyralorina tosiri  hiiceyra
dovriiniin geyri-spesifik marhalosindos dayanma
yaradaraq apoptozu induksiya edir [9].

Etanol miihitinds alds edilmis bu kompleks
agciyor karsinomast A549, usaqligq boynu
xor¢gongino aid “6lmoz” HeLa hiiceyralori,
hepatoselliilyar karsinoma HepG2, yogun
bagirsaq adenokarsinomasi SW620 vo siid vozi
xor¢ongi  hiiceyralori MDA-MB-435  daxil
olmagqla bes insan xargong hiiceyra xottine qars1
aktivlik gostormisdir. Bu kompleks sorbost
izoflavon vo Mn*' ionu ilo miigayisodo daha
giiclii boyiimo inhibisiyas1 tosiri gostorir vo
effektivlik baximindan sisplatini istaloyir.
Kompleksin A549, HepG2, SW620 vo MDA-
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MB-435 hiiceyraloring tosiri hiiceyra dovriiniin
qeyri-spesifik morhalasinde dayanma yaradaraq

hiiceyro apoptozunu induksiya edir [9].
Flavonoid—metal komplekslorinin (KM)
qurulus—xiisusiyyot  olagolorinin ~ (QSAR)

Oyranilmasi istiqgamotinde todqiqatlar aparilir.
Bu todqgiqatlar kvant-kimyovi deskriptorlara
osaslanan  modellor  vasitesilo  kimyavi
birlosmoalorin  qurulusuna  osason  onlarin
xiisusiyyaetlorini prognozlagdirmaga imkan verir
[10].

Moagqsad

Bu isin mogsedi Mn?'  ionlarmin
dihidrokversetin ilo sulu miihitdo kompleks
omoalogolmo  reaksiyasint  dyronmok  vo
optimallagdirmaqdir.  Dihidrokversetin  ilo
manqgan kompleksinin sintezi {i¢lin ilkin
reagentlor kimi “Agac kimyasi” MMC
torofindon istehsal olunmus DHQ [11] vo suda
hall olan mangan duzlar—
Mn(CH3COO)2-:4H20, MnCI2-4H20 vao
MnSO4:-5H20 (analitik tomizlik deracesindo)
istifado edilmisdir. DHQ vo manqan duzlarinin
sulu mohlullart pH nozarsti altinda daimi
qarigdirilmaqla qizdirilmigdir. Talob olunan pH
doyori NH3;  mohlulu olave  etmoklo
tonzimlonmisdir. Reaksiya mohlulunun pH
doyori 6.9-7.9 intervalinda, temperaturu 60—
90°C arasinda, reaksiya miiddoti isa 545 doqigo
arasinda doyisdirilmisdir. ilkin komponentlorin
mol nisbati DHQ:Mn?*=1:1-1:3 olmus, DHQ-
nun konsentrasiyasi iso 0.015—-0.030 mol/l togkil
etmisdir. Sintezin sonunda almman ¢dokiintii
vakuum altinda siiziilmiis, avvalca artiq duzlarin
uzaqglasdirilmasi ii¢ilin su ilo, daha sonra iso ilkin
DHQ izlorinin aradan galdirilmasi {igiin etanol
ilo  yuyulmusdur. Cokiinti ovvalco 50°C
temperaturda nomliyi 7%-don ¢ox olmayana
qadar, daha sonra iso 105°C temperaturda sabit
kiitlo alinana qoador qurudulmusdur. Naticoda
boz-qohvoyi rongli, suda vo etanolda hall
olmayan, DMSO-da iso ¢ox zoif hall olan toz
halinda birlosmolor oldo edilmisdir [12]. pH
olemolori Expert-pH cihazi ilo aparilmigdir.
Kompleksda  mangan  miqdar1  rentgen-
flioresans analizi (XRF) isulu ilo toyin
edilmisdir. Olgma ii¢iin niimunalor 0.3q kiitlado
gotiirilorok bor tursusu altlhiq iizorindo tablet
soklindo hazirlanmigdir. Olgmolor Bruker (Al-

maniya) istehsali olan S4 Pioneer dalga-dis-
persiyali rentgen spektrometrindo aparilmigdir.
Noticolorin  diizgiinliiyii tam oks olunma
rentgen-fliioresans analizi (TXRF) ilo yox-
lanilmisdir. 20 mq niimuns vo 2.0 ml ikiqat dis-
tillo olunmus sudan hazirlanmis suspenziya (10
ul) kvars altliga ¢okilmis vo 50°C temperaturda
elektrik plitosindo qurudulmusdur. Analitik
xotlorin intensivliyi Bruker (Almaniya) istehsali
olan S2 PICOFOX spektrometrindo 0l¢iil-
miisdiir.

Spektrometr (Bruker, Almaniya) istifado
olunmusdur. Daxili standart kimi rubidiumun
(Rb, Merck) tok elementli standart mohlulundan
istifado edilmigdir. Naticalorin diizgiinliyli Stu-
dent t-testindon istifado etmoklo
giymatlondirilmis vo iki metodun naticolori
arasinda sistematik forqin olmadigi miioyyon
edilmigdir (hesablanmig t doyori 0.52 olub,
cadval iizra t (0.05; 24) = 2.06 doyarindon kigik-
dir).

IQ spektrlor Varian 3100 FT-IR cihazinda
KBr tableti (2.5 mq/300 mq KBr) soklinds geyda
alinmigdir. Termoqravimetrik vo kalorimetrik
analizlor Netzsch sirkotinin STA 449 F3 Jupiter
cihazinda dinamik rejimdo  (niimunsnin
qizdirilma stirati 10°C/daq) azot axini (qaz axini
— 30 ml/doq) soraitinds aparilmisdir. EPR spek-
trlori Bruker ELEXSYS E-580 spektrometrinds
(X-diapazon, 9.7 GHz) kvars ampullarda (dia-
metri 3 mm) asagidaki sortlorlo geydo
alinmigdir: amplituda modulyasiyasi — 10.0 Gs,
tezlik modulyasiyas1 — 100 kHz, skanlarin orta
say1 — 1, saho diapazonu — 5000 Gs / markozi
saha — 3480 Gs, zaman sabiti — 0.04 s, kon-
versiya miiddoti — 0.12 s, mikrodalga giicli —
0.6325 mW (otaq temperaturunda). Spin kon-
sentrasiyasi molum isulla [13]
giymatlondirilmis vo CuCl2 standart kimi isti-
fado olunmusdur.

Metodlar

IQ spektr (v, sm™): 3427 (O-H), 1612 (Ar),
1564 (C=0), 1497, 1435, 1269 (C-0-C), 606
(Met—0). Tapilmais, %: C 40.1; H 3.8; Mn?** 14.1.
Hesablanmis, %: C 43.8; H3.9; Mn?>" 13.4; M =
411. Empirik formula: C15H16010Mn. Yiiksok
farmakoloji aktivliys malik yeni bioloji aktiv
maddalarin axtarigt magsadils va flavonoid dihi-
drokversetin ilo biogen metal ionlarinin kom-
pleks omologolmo reaksiyalarinin  sistemli
todqgiqatlarinin davami olaraq [14-19], Mn?*
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ionlarinin DHQ ilo sulu miihitdo reaksiyasi
oyranilmigdir. Mangan (II)-DHQ-su sisteminda
kompleks birlogsmonin omoalo golmasi tigiin opti-
mal sortlorin miisyyon edilmesi moagsadils
mohsul ¢iximina va tarkibina tasir edon amillor-
pH, mahlulun temperaturu, reaksiya miiddati, il-
kin reagentlorin mol nisbati vo onlarin konsen-
trasiyalari - qiymatlondirilmisdir.

pH-in mohsul ¢iximma vo kompleksdo
metalin miqdarma tosirini qiymatlondirmok
liclin reaksiyalar pH 6.9-7.9 intervalinda
(Cadval 1) 70°C temperaturda, 15 doqiqo or-
zindo vo mangan ionlarinin ciizi artiq miqdari
(DHQ : Mn?" = 1:1.5) soraitindo aparilmigdir.

Mohlulun pH-1 6.9-dan 7.7-ys gadar artdiqda
kompleksin ¢ixim1 manqan asetati ilo reaksiyada
2.4 dofodon ¢ox, manqgan xloridi ilo 2.5 dofo vo
mangan sulfat1 ilo 3 dofo artmisdir. pH 7.9-a
qodor daha da artirildigda iso ¢iximda artim

miisahido olunmamigdir. ©On bdyiikk artim pH
7.1-7.2 kecid intervalinda qeyde alinmigdir:
mangan asetati, xloridi vo sulfati {i¢lin miivafiq
olaraq 1.6, 1.7 vo 2.1 dofa. Bu hal onunla izah
olunur ki, DHQ-nun minimal pKa doyori
7.3+0.1-dir [20] va bu doyers yaxin pH sorait-
indo flavonoidin protonlagsma doracasi ohomiy-
yotli derocado azalir vo o, kompleks
omologalmoys qadir formaya kegir. pH>7.9 isti-
fadosi mogsadouygun deyil, ¢linki qolovi
miihitdo flavonoidin antioksidant aktivliyino
cavabdeh olan katexol fragmentinin depro-
tonlasmasi bag vera bilor [21-27]. pH<6.9 oldu-
gda mohsul ¢iximi 30%-don az olmusdur. Bu,
ehtimal ki, mohlulda flavonoidin osason pro-
tonlasmis formada moévcud olmasi ilo izah olu-
nur vo bu forma kompleks amologolmoys mey-
illi deyil [20].

Cadval 1. pH-1n mohsul ¢iximina vo kompleks birlosmads metalin miqdarina tasiri

Mangan duzu Ph KS ¢iximi % Mn?*" migdar1 %
Mn(CH:COO),-4H,0 6.9 39.0 15.4
7.1 46.3 16.7
7.2 74.2 15.1
7.4 75.6 14.5
7.7 95.0 14.1
79 95.0 15.8
MnCl;-4H,0 6.9 353 15.3
7.1 333 14.4
7.2 55.7 15.5
7.4 71.8 17.1
7.7 90.3 15.0
7.9 90.2 15.6
MnSO4-5H,O 6.9 27.3 16.1
7.1 27.3 17.4
7.2 58.4 15.6
7.4 72.7 15.0
7.7 82.0 14.1

Element analizi, rentgen-fliioresans analizi
(XRF) vo tam oks olunma rentgen-fliioresans an-
alizi (TXRF) naticalari gostarir ki, tadqiq olunan
pH intervalinda biitiin hallarda reaksiyanin
aparilmast metal : flavonoid ligand=1:1 stexi-
ometrik nisboto malik birlosmonin  omola
golmasina sabab olur. Kompleks birlosmado
metalin miqdar1 mahlulun pH dayarindan asili
olaraq shamiyyaetli doyisikliklore moaruz qalmur.
Mohlulun  temperaturunun  vo  reaksiya
miiddotinin  Mn(I) ilo DHQ kompleksinin
¢iximina tosirini qiymotlondirmok {i¢lin 60—

90°C temperatur intervali (Cadval 2) vo 5-45
doqgiqo miiddot (Sokil 1) istifado edilmisdir.
MnClz-4H20 Mn?* ionlarimin manbayi kimi isti-
fado olunmusdur, pH iso 7.7 olmusdur

Cadval 2. Mahlulun temperaturunun kompleks
birlogsmanin ¢iximina tasiri.

Temperatur, | KS ¢iximi % Mn? miqdart %
°C
60 74.2 15.5
70 90.3 15.0
80 88.8 14.7
90 89.5 15.9
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Sakil 1- Mahsul ¢iximinin reaksiya miiddatindan asililigi

Reaksiya qarigigiin temperaturu 60°C-don
70°C-yo artirildigda kompleks birlosmonin
ciximi 1.2 dofodon ¢ox artmigdir (Cadval 2).
Qarisigin - temperaturu  90°C-yo  qodor
artirildigda iso mohsul ¢iximinda olave artim
miisahido olunmamigsdir. Tadqiq olunan temper-
atur intervalinda temperaturun doyismosi kom-
pleksdo metalin miqdarina tosir gdstormir.

Mohsulun osas hissosi reaksiyanin ilk 5
doqigosindo amolo golir. Reaksiya miiddoti 10—
15 doqigoys qodor artirildigda birlogmonin
ciximi  76.5%-don  88.0-90.3%-0  qodor
yiiksolmisdir. Reaksiya qarisigir 45 doaqiqoyo
godoar saxlanildigda iso mohsul ¢iximinda slave
artim miisahido olunmamusdir. ilkin komponent-
lorin mol nisbati DHQ : Mn?*=1:1-1:3 inter-
valinda doyisdirilmisdir (Cadval 3). Reaksiya
70°C temperaturda, 15 doqiqe miiddstinds vo
pH 7.7 soraitindo aparilmigdir. DHQ-nun ilkin
konsentrasiyas1 0.02 mol/l olmusdur.

Reaksiya mohlulunda Mn?* ionlarinin payinin
1:1-don 1:1.5-9 gadar artirilmasi biitiin tagqdim
olunan duzlar {¢iin kompleks birlosmonin
ciximint artirir. Mn?* ionlarinin paymin 1:2-ya
qader daha da artirilmasi ise yalniz manqan sul-
fat istifads olunduqda ¢iximin artmasina sobab
olur.

Mn?* ionlarinin mohluldaki miqdar1 daha da
artiritldigda mohsul ¢iximinda slavs artim miisa-
hids olunmur. Reaksiya moahsulunun an yiiksok
ciximi (95.0%) DHQ : Mn?" = 1:1.5 ilkin mol
nisbotindo miisahido olunur. Dihidrokversetinin
manqan asetat ilo reaksiyasinda mohsulun torki-
bindo metalin miqdar1 shomiyyatli doyisiklikloro
moruz qalmir vo bu, Met:L=1:1 stexiometrik
nisboto malik birlosmoyo uygun golir.

Naticalor

Mn?* ionlarinin dihidrokversetin ilo sulu
mohlullarda kompleks omologolmasi todqiq
edilmigdir. Gostorilmisdir ki, reaksiyanin pH
6.9-7.9 intervalinda, ilkin reagentlorin
DHQ:Mn?**=1:1-1:3 mol nisboatindo vo DHQ-
nun 0.015-0.030 mol/l ilkin konsentrasiya-
larinda aparilmasi metal : ligand = 1:1 stexi-
ometrik nisboto malik kompleks birlosmanin
omals golmasing sabab olur.

Mn?* ionlarimin DHQ ilo sulu mohlulda
reaksiyasinin gortlori mohsul ¢iximina gors opti-
mallagdirilmigdir: pH 7.7, temperatur 70°C,
reaksiya miiddati 15 doqige, mol nisboti

DHQ:Mn*=1:1.5, ilkin konsentrasiyalar
0.020 mol/l DHQ vo 0.030 mol/l Mn?*,
reaksiyada Mn(CHsCOO):-4H-0 istifado olun-
magqla. Bu sortlordo birlosmonin ¢iximi1 95%
toskil etmisdir.

TG vo DSC metodlar1, element analizi vo
XRF molumatlar1 (TXRF ilo tosdiqlonmis),
hamg¢inin EPR spektroskopiyast asasinda kom-
pleks birlosmonin on ehtimal olunan torkibi
[MnL(OH)(H20)2] vo onun strukturu toklif
edilmisdir.
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INVESTIGATION AND OPTIMIZATION OF THE COMPLEXATION REACTION OF MANGA-
NESE (II) IONS WITH DIHYDROQUERCETIN IN AN AQUEOUS MEDIUM

Assoc. Prof. Gulnara ABDULLAYEVA
Azerbaijan State Oil and Industry University
Department of Chemistry and Technology of Inorganic Substances
E-mail: gulnare-abdullayeva@rambler.ru

Nurlan MAHARRAMLI
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E-mail: meherremov.nurlan5@gmail.com

Teyfa SHARIFOVA
Laboratory Assistant, Azerbaijan State Oil and Industry University
Department of Chemistry and Technology of Inorganic Substances
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Abstract: In this research work, the complex formation reaction of manganese (II) ions with flavonoid dihy-
drocversetin (DHQ) in aqueous medium was widely studied and optimal conditions of the process were deter-
mined. The main purpose of the study was systematic investigation of the influence of the main factors affect-
ing the complex formation reaction—pH environment, temperature, reaction time, mole ratio of reagents and
initial concentrations on product output. The experimental results showed that when the interaction of DHQ
and manganese (II) salts is carried out in the pH range of 6.9—7.9 and in the ratio of DHQ:Mn2.=1:1-1:3 moles,
a complex compound with a metal : ligand=1:1 stoichiometric ratio is formed. As a result of the optimization
of the reaction conditions, the maximum yield (95%) was obtained under the following conditions: pH 7.7,
Temperature 70°C, reaction time 15 minutes, DHQ : Mn2" mol ratio 1:1.5 and initial concentrations of 0.020
mol/l and 0.030 mol/l, respectively.It has been established that an increase in pH increases the ability of the
flavonoid to form a complex by increasing its deprotonation, but in a highly alkaline environment, this process
may be weakened due to a change in the structure of the flavonoid. Although increasing the temperature from
60°C to 70°C increased the reaction rate and product output, no significant increase in higher temperatures
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was observed. The main part of the reaction process occurs within the first 5-15 minutes, which indicates that
the reaction has rapid kinetics.The composition and structure of the complex compound were studied in detail
using IR spectroscopy, thermogravimetric analysis (TG), differential scanning calorimetry (DSC), X-ray flu-
orescence analysis (XRF) and electronic paramagnetic resonance (EPR) methods. As a result of the analysis,
the probable chemical formula of the complex was proposed as [MnL(OH)(Hz0)2].

Keywords: dihydrocversetin, flavonoids, complex compounds, manganese ions, optimize, yield
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MAPTAHIIA (IT) C AUTAJIPOKBEPIIETUHOM B BOJHOI CPEJIE
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E-mail: meherremov.nurlan5@gmail.com

Teiipa LHHIAPUDOBA
JlaGopaHT, A3epOaiiKaHCKHii TOCYJaPCTBCHHBINA YHUBEPCUTET HEM)TH U MIPOMBIILICHHOCTH
Kadenpa «Xumust 1 TEXHOJOTHUSI HEOPraHUUECKUX BEIIECTBY
E-mail: hteyfa@gmail.com

Pe3ome: B nanHO# nccnenoBaTenbckoi padoTe HIMPOKO M3ydeHa Peaknus KOMIUIEKCOOOpa30BaHUsI HOHOB
mapranna (II) ¢ dnaBononmom aurunpoxsepuerrnaoM (AI'K) B BoJHOI cpezie u olpelieieHbl ONTHUMalIbHbIE
ycnoBus npouecca. OCHOBHOH LENBIO HCCIIEA0BaHNS ObIJIO CUCTEMAaTHYECKOE N3yUeHHE OCHOBHBIX (PAaKTOPOB,
BIIMSIOLINX HA PEaKIMI0 KOMIUIEKCO0Opa3oBaHus-cpeasl pH, TeMnepaTypbl, BpeMEHH peakiiy, MOJIBHOTO OT-
HOILIEHUS pEareHTOB U BIUSHUS HaYaJbHBIX KOHIIEHTPAIMl Ha BBIXO MPOAyKTa. [I[poBeieHHbIe SKCTIepUMEH-
TallbHBIE Pe3yJIbTaThI MMOKa3au, 9To npu B3aumoeiicTeuu JI'K u coneii mapranma (II) B nuanazone pH 6,9—
7,9 u coortnourenun mMosel JIIK:Mn?" =1:1-1:3 o6GpasyeTrcss KOMIUIEKCHOE COEIMHEHHE CO CTEXHOMETPHYE-
CKMM COOTHOLICHHEM MeTauraurann=1:1. B pesynbrate onTHMHU3anMy yCIOBUI peakIU¥ MaKCHUMalbHBIN
BbIXOJ1 IpotykTa (95%) ObLI OJTyUeH MpH ciieayroimux yeinosusix: pH 7,7, temneparypa 70°C, Bpems peakiuu
15 munyT, JITK : Mn?** MonspHoe cootHomenue 1:1,5 u HavyanbHble KoHnenTparmu 0,020 mons/n u 0,030
MOJIB/JI COOTBETCTBEHHO. Y CTAaHOBJICHO, UTO MOBBILIEHHE pH MOBEIIIaeT criocoOHOCTH K KOMILIEKCOOOpa3oBa-
HUIO 32 CYET YBEIMYCHUS IETPOTOHUPOBaHUS (h1aBOHOMIA, OJTHAKO B BBICOKOIICIIOYHON Cpejie 3TOT MpoIiecc
MOJKET OBbITh 0CJIa0JICH U3-32 U3MEHEHHS CTPYKTYphI (hiaBoHoua. Temmnepatypsl B 60°C 1o 70°C-okoJ10 yBe-
JIMYUBAsi CKOPOCTh PEaKUM U MPOAYKT ¢1ximini artirsa, ¥ mpu 0oJiee BBICOKOHM TeMiepaType 3HaYUTEIbHBINA
poct HabmonaeTcs He 6pu10. OCHOBHAS YacTh IIPOIIECcca PEaKIIui IPOMCXOIUT B TEUCHHE MEPBBIX S5-15 MUHYT,
YTO yKa3bIBAET Ha TO, YTO PEAKINS IMEET ObICTPYIO KHHETHKY. KoMITIeKke 00beIMHEH s, COCTaB H CTPYKTYPa,
UK-cnexkrpockomnusi, Tepmorpasumerpuueckuii anamms (TI), anddepeHnuanbHbIX CKaHUPOBaHUE KOTOPHIE
kanopumetpus ([ICK), ananus pentren- ¢guyopecuenuus (AP®D) 1 3nekTpoHHBIX TapaMarHUTHBIA PE30HAHC
(OITP) MeTompI, C MOMOIIBIO TTOAPOOHO MCCIIeIOBAN. B pe3ynbpTaTe MpoBEACHHBIX aHAIM30B MperoiaracMas
XUMHu4eckas GpopMyiia KoMIuiekca Opiia npeanoxena kak [MnL(OH)(H ISO )).

KiroueBblie cioBa: TUrHAPOKBEPLETHH, (IIABOHOMIBI, CJIOKHbBIE COEANHEHHS, HOHBI MapraHila, ONTUMH3a-
U1, BBIXO/] TIPOJYKTa

11



