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5-ARIL-2-AMINO-1,3,4-TIADIAZOLLARNING SHIFF ASOSLARI SINTEZI
Annotatsiya

2-(R-fenil)gidrazin-1-karbotioamidlar asosida olingan 5-(fenil, 2,4-dixlorfenil)-2-amino-1,3,4-tiadiazollarning aromatik aldegidlar
bilan reaksiyalari qulay sharoitlari topildi. Sintez gilingan 5-(R-fenil)-2-amino-1,3,4-tiadiazollar va azometin (Shiff asoslari)
hosilalari tuzilishi spektral usullar (1Q, 'H YAMR, ¥C YAMR) yordamida tasdiglangan, moddalarning fizik-kimyoviy
konstantalari aniglandi.

Kalit so‘zlar: 2-(R-fenil)gidrazin-1-karbotioamidlar, 5-(R-fenil)-2-amino-1,3,4-tiadiazollar va azometin (Shiff asoslari), sintez,
tuzilishi, 1Q, *H YAMR, 3C YAMR spektrlar.

CHUHTE3 OCHOBAHUI AP DA 5-APAJI-2-AMHAHO-1,3,4-THATAA30JIOB
AnHOTaLUA

Haiinens! ontuMaibHble YyCIOBUS peakiuil S-(denwn, 2,4-nuxnopdenmn)-2-amuHo-1,3,4-THaana3oloB ¢ apoOMaTHYeCKUMH
anpaerugamu. CtpoeHne cuHTe3upoBaHHbIX 5-(R-benwun)-2-amunol,3,4-tnanuazonos u azomernHoBbix (IIuddhoBsr ocHOBaHMs)
IPOU3BOAHBIX HOATBepkaeHbl crnekTpatbhbiMu (MK, 'H SIMR, ¥C SIMR) meromamu, ompefeieHbl (U3MKO-XMMUYECKHE
KOHCTAHTHI BEIIIECTB.

KnroueBbie ciaoBa: 2-(R-denwn)ruapasun-1-kapbornoamunss, 5-(R-denwn)-2-amino-1,3,4-tnaana3onsl #  a30METHHBI
(IIudposs ocHoBanus), cuntes, ciektpsl UK, 'H SIMR, 3C IMR.

SYNTHESIS OF SCHIFF BASES 5-ARYL-2-AMINO-1,3,4-THIADIAZOLES
Annotation
Optimal conditions for reactions of 5-(phenyl, 2,4-dichlorophenyl)-2-amino-1,3,4-thiadiazoles with aromatic aldehydes were
found. The structure of the synthesized 5-(R-phenyl)-2-aminol,3,4-thiadiazoles and azomethine (Schiff bases) derivatives was
confirmed by spectral (IR, *H NMR, 3C NMR) methods, the physicochemical constants of the substances were determined.
Key words: 2-(R-phenyl)hydrazine-1-carbothioamides, 5-(R-phenyl)-2-amino-1,3,4-thiadiazoles and azomethines (Schiff bases),
synthesis, IR spectra, *H NMR, 3C NMR.

Kirish. Tarkibida azot, kislorod, oltingugurt kabi geteroatomlarni tutgan besh azoli geterohalqali birikmalar kimyosi
organik kimyoning katta va muhim gismlaridan biri. Tiadiazollar, xususan, 5-almashingan-1,3,4-tiadiazollar va ularing 1,3,4-
tiadiazol-2-tion, 1,3,4-tiadiazol-2-aminlar kabi analoglari ushbu geterotsiklik birikmalar sinfining jadal rivojlanayotgan hamda
keng of‘rganilayotgan vakillari hisoblanadi. 5-Almashingan-1,3,4-tiadiazollar tadqiqotchilar e’tiborini nafaqat kimyoviy
o‘zgarishlarni o‘tkazish uchun keng imkonyatlari mavjudligi bilan [1-3], balki ularning ko‘plab hosilalari orasida turli biologik
faolliklarga ega birikmalarning borligi bilan ham jalb giladi [4-8]. Hozirgi vagtda 5-almashingan-1,3,4-tiadiazollar asosida
yaratilgan ko‘plab preparatlar amaliyotda qo‘llab kelinmoqda, bir qanchalari esa so‘nggi klinik sinovlar o‘tkazilmoqda. Ular
orasidan tibbiyot va qishloq xo‘jaligida keng qo‘llanilayotgan quyidagi preparatlarni misol qilib keltirish mumkin: diuretik -
atsetazolamid 1, antibakterial - sulfametazol 2, sefazolin 3, antidepressant - atibepron 4 [9], yalpi ta’sirli gerbitsidlar - etidibimuron
5, butiuron 6 [10]:
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Adabiyotlarda 1,3,4-tiadiazollar va ular ishtirokidagi turli reaksiyalar hagidagi ma’lumotlar XIX asrning oxirlaridan
boshlab paydo bo‘la boshlagan. Tiadiazol to‘g‘risidagi birinchi ma’lumot 1894 yili Bush tadgiqotlarida uchraydi [11]. U gidrazin
sulfatning uglerod disulfid bilan kaliy gidroksidining spirtli eritmasi ishtirokidagi ta’sirini amalga oshirgan. Tiadiazollar asosidagi
tadgiqotlar ko‘p yillardan beri olib borilishiga garamay, ushbu geterotsiklni, hususan, 5-almashingan-2-amino-1,3,4-tiadiazollarni
turli hosilalari sintezi va ulani keyingi kimyoviy o‘zgarishlarini o‘rganish xozirgi kunda ham dolzarb masalalardan biri.

Natijalar va ularning tahlili. Yuqoridagi fikrlardan kelib chigib, ushbu tadgiqot ishimizda biz oldingi yillarda [12-16]
boshlagan 5-almashingan-1,3,4-tiadiazollarni o‘rganishni davom etdirib, bu gurux birikmalariga turdosh bo‘lgan 2-amino-5-aril-
1,3,4-tiadiazollar va ularning xosilalarini sintezi hamda kimyoviy o‘zgarishlarini amalga oshirishni davom ettirdik. 5-Aril-2-amino-
1,3,4-tiadiazollarni sintez qilib olishda adabiyotlarda yoritilgan almashingan benzoy kislotalar va tiosemikarbazidni sulfat kislota
muxitida gizdirish bilan olib borilgan tajribalarimiz kutilgan natijani bermadi. Bu xolatdan kelib chiggan xolda biz tadgigotlarimiz
uchun tanlab olingan tiadiazollarni boshga usul bilan sintezini amalga oshirdik. Sintezning birinchi bosgichida almashingan
benzoy kislotalarining gidrazidlari (benzoy va 2,4-dixlorbenzoy kislotalarining gidrazidlari) va ammoniy rodanidning (NH4sSCN)
ekvimolyar miqdorlarini etanolda (HCI ishtirokida) 7-8 soat davomida gaynatish bilan reaksiyalari amalga oshirildi. Natijada
tegishli 2-(aril)gidrazin-1-karbotioamidlar mos ravishda 3,4 78 va 85% unumlarda sintez gilib olindi:
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R =H (1,3,5), 2-4Cl, (2,4,6). i = NH,SCN, C,HsOH, HCl, 78 °C. ii = H,SO, 20-25 °C.

Olingan 2-(aril)gidrazin-1-karbotioamidlar 3,4 och qaymoq rangli kristallar bo‘lib, ularning tuzilishi *H va 3C YAMR
spektlari natijalari bilan tasdiglandi. Masalan, 2-(2,4-dixlorbenzoil)gidrazin-1-karbotioamid 4 ‘H YAMR spektrida 7.24, 7.34 va
7.78 m.u.da aromatik xalqa protonlariga tegishli singlet xamda dublet ko‘rinishidagi signallar, 7.43 m.u. da esa, NH2 guruxi
protonlari singlet signali, 9.37 va 10.25 m.u. larda mos ravishda moddaning gidrazin guruxidagi NH protonlari singlet signallari
kuzatildi. 3C YAMR spektri ma’lumotlari ham olingan birikmaning tuzilishiga mos keladi: 127.15 m.u. (S-5'), 129.60 (C-6),
131.86 (C-3"), 132.72 (C-1"), 133.23 (C-2"), 135.93 (C-4'), 165.09 (C-1), 182.39 (C-4).

Keyingi bosgichda 2-(aril)gidrazin-1-karbotioamidlarni 3,4 uzoq vaqt (20 soat) xona xaroratida konsentrlangan H2SO4 da
uzluksiz aralashtirish bilan olib borilgan geteroxalgalash natijasida magsaddagi 5-(fenil, 2,4-dixlorfenil)-2-amino-1,3,4-tiadiazollar
82 va 85 % unumlarda olindi. Sintez gilingan 5-(2,4-dixlorfenil)-2-amin-1,3,4-tiadiazolning *H YAMR spektrida 7.24 m.u.
soxasida keng singlet ko‘rinishidagi NH2 guruxi protonlari signallari xamda aromatik xalqadagi tegishli protonlarning 7.36 (1H,
d, J=9.6, Ar-H-5"), 7.49 (1H, s, Ar-H-3"), 8.03 (1H, d, J=8.6, Ar-H-6") dublet va singlet signallari mavjud. Bu birikmaning 13C
YAMR spektridagi uglerod atomlari signallari ma’lumotlari uning tuzilishini to‘liq isbotlaydi: 127.88 m.u. (S-5'), 129.43 (C-6"),
130.07 (C-3"), 131.55 (C-1"), 131.67 (C-2"), 135.02 (C-4"), 150.91 (C-5), 170.78 (C-2).

Shunday qilib, 5-aril-2-amino-1,3,4-tiadiazollarni yaxshi unumlarda sintez qilishning qulay usuli tegishli
benzoiltiosemikarbazidlarni xona xaroratida sulfat kislotada geteroxalgalash ekanligi topildi.

Ma’lumki, 5-almashingan-2-amin-1,3,4-tiadiazollarning ko‘plab xosilalari turli biologik faolliklarga ega [17-19]. Ana
shunday biologik faolliklarga ega bo‘lgan 5-almashingan-1,3,4-tiadiazollarning ko‘plab xosilalarini olish va ularning turli
xsusiyatlarini, shu jumladan, farmakologik faolliklarini o‘rganish xozirgi vaqtda anchagini dolzarb vazifa hisoblanadi.
Tadgiqotlarimizni sintez qilib olingan 5-(fenil, 2,4-dixlorfenil)-2-amino-1,3,4-tiadiazollarning 5,6 bir gator xosilalarini olish
magsadida ularning aromatik aldegidlar bilan reaksiyalarini o‘rganish bilan davom ettirdik:
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R 5,6 R 7-13
R =H, R' = 3-OH (7), 4-OH (8), 4-NO, (9), 4-N(CH,), (10), 3-4(OCH,), (11), 4-Br (12). R = 2-4 Cl,, R' = 4-
N(CHs), (13). i = C,HsOH, C4Hg, CH3COOH, R' - CgHsCOH.

Reaksiyalarni olib borishni qulay sharoitlarini topish magsadida tajribalar 5-fenil-2-amino-1,3,4-tiadiazol 5 va 4-
dimetilamino-benzaldegidlar misolida o‘tkazildi. Tajribalar reagentlarning teng miqdorlarini etil spirtida va quruq benzolda xona
(22-25°C) va erituvchilarning gaynash xaroratlarida (78, 80°C) katalitik miqdordagi muz sirka kislotasi (CH3COOH), uchftor sirka
kislotasi (CFsCOOH) yoki sulfat kislotasi (H2SO4) ishtirokida olib borildi. Bunda ko‘zlangan maqgsaddagi 10 birikmani faqat
benzolda muz sirka kislotasi ishtirokida 8 soat gaynatish natijasida 60% unum bilan ajratib olishga erishildi. Boshqga sharoitlarda
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maxsulotlar ajratib olinmadi — ba’zi xollarda olingan xosilalar saqichlanib (osmolenie) qoldi, yoki individual ko‘rinishda ajratib
olishni imkoni bo‘lmagan bir nechta moddalar aralashmasi olindi. Sintez gilingan (E)-N,N-dimetil-4-(((5-fenil-1,3,4-tiadiazol-2-
il)imino)metil)anilin 10 birikmasini etil spirtida gayta kristallanganda och sariq rangli kristallar ajratib olindi (Rf 0.61 (xIf: spirt
10:1), Tsuyuqt 199-200 °C). Birikmaning 1Q- spektrida C=N guruxiga xos bo‘lgan soxada vs=n 1614 sm* yutilish signali borligini
ko‘rishimiz mumkin. Moddaning *H YAMR spektrida dastlabki 5-fenil-2-amino-1,3,4-tiadiazolning 7.24 m.u. soxasida keng
singlet ko‘rinishidagi NHz guruxi signali yo‘qolib, yangi azometin (N=CH-) guruxining bitta protoni 8.70 m.u. soxasida singlet
signali paydo bo‘lishi amino gurux bo‘yicha yangi xosila olinganini ko‘rsatadi. SHu 10 birikmaning -N-(CHs)2 guruxi protonlari
singlet ko‘rinishida 3.11 m.u. soxada namoyon bo‘lishi, ikki aromatik xalqa protonlari ularga xos bo‘lgan soxalarda tegishli
signallar berishi - 6.74 m.u. (2H, d., J=9, Ar-H-3",5"), 7.43-7.49 (3H, m., Ar-H-3",5"4"), 7.81 (2H, d., J=8.9, Ar-H-2",6"), 7.85-
7.90 (2H, m., Ar-H-2',6") hamda **C YAMR spektri ma’lumotlari - 40,30 m.u. (S-9,10), 111.82 (S-3",5"), 122.46 (C-2',6"), 126.71
(C-17), 127.54 (C-3',5"), 129.41 (S-2",6"), 130.89 (S-4"), 132.79 (C-1"), 154.17 (S-4"), 164.73 (C-5), 166.88 (C-7), 174.77 (S-2)
sintez qilib olingan 10 hosilaning tuzilishiga to‘liq isbotlaydi.

Analogik reaksiya sharoitlarida 5-(fenil, 2,4-dixlorfenil)-2-amino-1,3,4-tiadiazollarning boshga aromatik aldegidlar (3-
gidroksi-, 4- gidroksi-, 4-brom-, 4-nitro-, 3,4 dimetoksibenzaldegid) bilan tegishli 7-13 xosilalari (reagentlar nisbati 1:1, benzol,
CH3COOH, 80°S) 55-65% unum bilan sintez gilindi. Bunda eng yugori unumlar 4-nitrobenzaldegid (67%), 3-gidroksi-, 4-gidroksi-
, 4-dimetilamino-benzaldegidlar (65% dan) bilan olindi. 4-Brom benzaldegid va 3,4 dimetoksi-benzaldegid bilan olingan
hosilalarning unumi nisbatan kamroq bo‘lib, ular 55% ni tashkil etdi. Olingan barcha hosilalar etanolda qayta kristallangandan
keyin och sariq yoki limon rangli kristal moddalar, ularning tuzilishi 1Q-, H va 3C YAMR spektri ma’lumotlari asosida
tasdiglandi.

Sintez gilingan moddalarning ba’zi fizik-kimyoviy konstantalari jadvalda keltirilgan.

Tajriba gismi. 5-(2,4-Dixlorfenil)gidrazin-1-karbotioamid sintezi. Ekvimolyar migdordagi almashingan 2,4-dixlorbenzoy
kislota gidrazidi vaammoniy rodanidni (NH4SCN) etanolda HCl ishtirokida 7-8 soat davomida gaynatildi. Reaksiya borishi YUQX
bilan kuzatib borildi. Reaksion aralashma xona xaroratigacha sovitilganda tushgan cho‘kma filtrlab olindi, 1-2 marotaba sovuq
etanol va suv bilan yuvildi, olingan och gaymoq rangli kristallar ochiq havoda quritildi.

5-(Aril)-2-amino-1,3,4-tiadiazollar sintezi

2-(Aril)gidrazin-1-karbotioamidlar 3,4 (0,05 mol) va 20 ml. H2SO4 aralashmasini xona xaroratida magnit aralashtirgich
bilan 24 soat aralashtirildi. Reaksion aralashmani maydalangan muz ustiga quyib, ammiak eritmasi bilan ishqoriy muxitgacha
keltirildi. Xosil bo‘lgan oq rangli cho‘kma filtirlab olindi, suv bilan bir necha marotaba yuvili. Olingan oq rangli moddalar ochiq
xavoda quritildi.

5-(Fenil, 2-4 dixlorfenil)-2-amino-1,3,4-tiadiazollarning aromatik aldegidlar (3-gidroksi-, 4-gidroksi-, 4-brom-, 4-nitro-, 3-
4 dimetoksi-benzaldegid) bilan kondesatsiyasi reaksiyalari (umumiy usul)

5-(Fenil, 2-4dixlorfenil)-2-amino-1,3,4-tiadiazol 5,6 (0,001 mol) va tegishli aromatik aldegid (0,001 mol) aralashmasi 0.2
ml muz sirka kislotasi ishtirokida benzolda (8 ml) 8-10 soat davomida gaynatildi. Reaksiya aralashmasi sovitib, hosil bo‘lgan
cho‘kma filtrlab olindi va bir necha marotaba suv bilan yuvili. Olingan sarg‘ish rangli kukunsimon moddalar ochiq havoda quritildi
va etanolda gayta kristallandi.

Sintez gilingan moddalarning fizik-kimyoviy konstantalari

T/p Mo yia HoMH Panrn Teyioxs °C Ry Vuym, %
1 Bensorumpasun OK 112-114 0.46 78
2 2-4-JTnxsi0pOeH30ruapasu 0K 163-166 0.48 70
3 2-(pernin)ruipasun-1-kapGoTHOAMHL OK 153-157 0.47 78
4 2-(Juxsopdennn)rupasun-1-kapooTHoamMu OK 89-91 0,61 85
5 5-tennn-2-amuno-1,3,4-tnammazon 0K 233-234 0,63 78
6 5-(Jluxnopdennn)-2-amuno-1,3,4-tuaanazon 0K 102-103 0.48 86
7 (E)-3-((5-dennn-1,3,4-rnamasoln-2-ui) IMHHO )METHIT) peHOIT 04 CapuK 218-220 0,46 65
8 (E)-4-((5-dennn-1,3,4-rnamasol-2-ui) IMHHO )METHIT) peHOI 04 CapuK 259-260 0,48 65
9 (E)-1-(4-uurpodenmn)-N-(5-dpenn-1,3,4-Tnagmuason-2-mi)MeTaHUMHH 04 CapuK 238-239 0,64 67
10 (E)-N,N-mimernn-4-(((5-ernn-1,3,4-Traana3o1-2-1l) MMAHO )MCTIIT) aHHIIHH 04 CapHK 199-200 0,61 65
11 (E)-1-(3,4-mmerokcudennn)-N-(5-denns-1,3,4-Traamazon-2-11) METAaHHMHH 04 CapHK 159-160 0,51 55
12 (E)-1-(4-6pomodenmn)-N-(5-denni-1,3,4-THaanazon-2-Hi)MeTaHHMIH 04 CapuK 200-201 0,62 55
13 (E)-4-(((5-(2,4-nuxuopoenmn)-1,3,4-Tuagmason-2-uin) umuuo) metnin)-N, N-1mmernianning TYK CapuK 219-220 0,66 72

Xromatografik sistema: xloroform-etanol, 24-1

Xulosa. Shunday qilib, 2-(R-fenil)gidrazin-1-karbotioamidlar asosida olingan 5-(fenil, 2,4-dixlorfenil)-2-amino-1,3,4-
tiadiazollarning bir gator aromatik aldegidlar bilan reaksiyalari qulay sharoitlari topildi. Sintez gilib olingan 5-(R-fenil)- 2-amino-
1,3,4-tiadiazollar va azometin (SHiff asoslari) hosilalari tuzilishi spektral usullar (IQ, *H YAMR, *C YAMR) yordamida to‘liq
tavsiflandi, moddalarning fizik-kimyoviy konstantalari aniglandi.
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SYNTHESIS OF COLORED GLASSES AND THEIR PHYSICAL AND CHEMICAL PROPERTIES
Annotation

On the basis of a three-component system were synthesized transparent and colored glass containing Cr20s, Mn20s, Fe203, Ni2Os
Y203, Ce203, Nd20s and Er20s. There were investigated physicochemical properties of the obtained glass samples, including the
ability to transmit light using the IR spectrum. Glass mixtures were analyzed using the differential thermal method and glass
samples were analyzed using the electron microscopic method. There were shown possibilities of using synthesized colored glass
at the processing of art panels and stained glass.

Key words: stained glass, transparent, colored glass, density, light refractive index, chromium, manganese, iron, nickel, yttrium,
cerium, neodymium, erbium.

CHUHTE3 IBETHBIX CTEKO.JI U UX ®U3UKO-XUMHUUYECKHUE CBOMCTBA
AHHOTaALHSA

Ha ocHOBe TpeXKOMITIOHEHTHO! CHCTEMBI CHHTE3HPOBAHBI IIPO3PauHbIe W LBETHBIE CTekia, comepskamme Crz0s, Mn20s, Fe20s,
Ni203 Y203, Ce20s3, Nd203 u Er203. HcciaenoBas! GU3NKO-XHMHUYECKHE CBONCTBA MONYYSHHBIX 00pa3LoOB CTEKIa, B TOM YHCIIC
CIOCOOHOCTD MPOITyCKaTh CBeT ¢ wucmons3oBanneM HWK-crektpa. CMecH CTekiIa aHAIM3HPOBANNCH C HCHOIb30BAHHEM
QG depeHIMaNTbHO-TEPMAYECKOTO  METOMa, a o00pasibl CTeKiIa AaHAJW3UPOBANKCH C  HCIOJNB30BAHHEM DIEKTPOHHO-
MHUKPOCKOINYECKOr0 MeToa. [I0Ka3aHbl BO3MOKHOCTH HCIIOJB30BAHUS CHHTE3UPOBAHHOTO IBETHOTO CTEKIA MPH pa3paboTke
XYJ0XKECTBEHHBIX MAHHO W BUTPAXKEH.

KitroueBbie ciIoBa: BUTPaK, IPO3PAUHOE, [IBETHOE CTEKIIO, INIOTHOCTD, TIOKA3aTElb IPETIOMIICHHS CBETA, XPOM, MAPTaHeEll, JKeNe30,
HUKEIb, UTTPHA, Cepruil, HEOIUM, SPOH.

GAMMA RANGLI SHISHALAR SINTEZI VA ULARNING FIZIK-KIMYOVIY XOSSALARI
AHHOTaALIUSA

Uch komponentli sistema asosida quyidagi tarkibida Cr20s, Mn20s, Fe203, Ni2O3 Y203, Ce203, Nd203 va Er203 bo‘lgan shaffof
va rangli shishalar sintez gilingan. Olingan shisha namunalarining fizik-kimyoviy xossalari, jumladan 1Q spektri yordamida nurni
o‘tkazish qobiliyati o‘rganilgan. Shisha omuxtalari differensial-termik usulida va shisha namunalari esa elektron mikroskopik
usulida tahlil gilingan. Sintez gilingan rangli shishalarni badiiy panno va vitrajlar ishlab chigishga foydalanish imkoniyatlari
ko‘rsatilgan.

Kalit so‘zlar: vitraj, shaffof, rangli shisha, zichlik, nur sindirish ko‘rsatkichi, xrom, marganes, temir, nikel, ittriy, seriy, neodim,
erbiy.

Kirish. Respublikada bugunni kunda shisha materiallari sintez gilish va ularni olish texnologiyasini yaratish sohasida keng
gamrovli chora tadbirlar amalga oshirilib, muayyan ilmiy va amaliy natijalarga erishilmoqda. 2022-2026 yillarga mo‘ljallangan
Yangi O‘zbekistonning Taraqqiyot Strategiyasida noan’anaviy xomashyo va ikkilamchi resurslarni jalb qilish hisobiga xomashyo
bazasini kengaytirish, “Yashil iqgtisodiyot” doirasida chiqindisiz texnologiyalarni ishlab chigish va joriy etish belgilangan [1].
Bundan kelib chiggan holda mahalliy xomashyo komponentlari asosida, turli sanoat chigindilaridan foydalangan holda talab
darajasidagi materiallar, hamda butlovchi gismlar ishlab chigarish texnologiyalarni yaratish va ularni o‘zlashtirish kabi muhim
vazifalar belgilab berilgan.

Shisha materiallari shaffof holda rangsiz va turli hil gamma rangni namoyon etish xossasiga egaligi bilan, ularning
iste’molchilari hisoblangan xo‘jalik-maishiy, avtomobil, qurilish, farmasevtika, kosmetika va bir gator sanoat sohalarining asosiy,
hamda butlovchi gismi sifatida foydalaniladigan materiallari hisoblanadi. Shuningdek, shisha materiallari har bir hudud
igtisodiyotining rivojida strategik jihatdan muhim joy egallagan. Shisha materiallari ekologik toza, shaffof, yuqori nur o‘tkazish
hususiyatiga ega, atmosferaga chidamli, agressiv muhitlarga kimyoviy turg‘un, estetik jihatdan badiiy bezakli materiallar
bo‘lganligi tufayli muhim ilmiy va amaliy ahamiyatga ega.

Mavzuga oid adabiyotlar tahlili. Bezakli shishalar va vitrajlar qurilish sohasida oynalar va eshiklarga hamda bino va
inshoatlarning kirish gismida eng nafis va nozik badiiy bezak beruvchilar hisoblanadi [2-4]. Vitrajli shishalar metalli sinchlar orgali
ajratilgan rangli shishalar kompozisiyasi bo‘lib, afsuski, bunday rangli shishalar olishda qo‘llaniladigan ingrediyentlar hozirgi
kunda O‘zbekiston Respublikasiga chet eldan valyuta hisobiga keltiriladi. Ammo, respublikamizda rangli shishalar olishda
qo‘llaniladigan rang beruvchi xomashyolar bazasi yetarli bo‘lib, ishlab chiqarishni yo‘lga qo‘yish orqali yuqoridagi muammolarni
hal gilish mumkin.

Hozirgi vaqtda dunyoda ishlab chiqarish va xizmat ko‘rsatish sohalarining ehtiyojlarini ta’minlash uchun, turli hildagi
tabiiy va sun’iy xomashyo komponentlari asosida, rangsiz, rangli, shaffof va o‘ziga xos funksional hususiyatlarga ega bo‘lgan
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shisha materiallari sintez qilish, ularning tarkibini va olish texnologiyalarini ishlab chigish bo‘yicha ilmiy izlanishlar olib
borilmoqda [5-7].

PbO-SiOz2 sistemasi asosida rang beruvchi oksidlar - Cr20s, Mn20s, Fe20s, Ni2O3 va noyob yer elementlari oksidlari -
Y203, Ce203, Nd203, Er-0O3 dan foydalanib bir gator konsentratsion tarkiblardagi shisha namunalarining omuxta tarkiblari tuzilgan
va rangli shisha namunalari sintez gilingan, hamda ularning fizik-kimyoviy va funksional xossalari tadqiq etilgan [8, 9].

Tadgigot metodologiyasi. Termografiya usulining turlari juda ko‘p bo‘lib, ulardan eng asosiylaridan biri differensial
termik taxlil usulidir (DTT). Dastlabki moddalar va sistemalardagi issiglik effektlarini doimiy ravishda ro‘yhatga olish, qizdirish
vaqtida moddaning haroratini muntazam ravishda o‘Ichash yo‘li bilan amalga oshirildi. Moddaning harorati va vaqti yozish
koordinatalarida amalga oshirildi. Shisha omuxtalarini 1000°C haroratgacha gizdirilganda isitish tezligi minutiga 10°C ni tashkil
etdi [10-12].

Shishani xususiyatlarini aniglash uchun birinchi navbatda tegishli kompozitsiyalarning partiyalari tayyorlandi. Buning
uchun “kimyoviy toza” va “analiz uchun toza” markali materiallar ishlatildi. Shishani eritish 1050-1100 °C da silikat pechida
korund tigellarida amalga oshirildi. Shisha hosil bo‘lish maydoni vizual tarzda va MIN-4 mikroskopidan foydalangan holda
o‘rganildi. Rangli shisha uchun tayyorlangan shisha omuxtalari differensial-termik usulida va sintez gilingan rangli shisha
namunalari esa elektron mikroskopik usulida tahlil gilingan. Shishaning zichligi distillangan suvda gidrostatik tortish usuli orgali
o‘lchandi. Shishalarning nur sindirish ko‘rsatkichi esa immersion usuli bilan aniglandi.

Tahlil va natijalar. PbO-SiOz2 sistemasi asosida rangli shishalar ishlab chiqarish jarayoni ikki bosqgichdan iborat bo‘lib,
birinchi bosgichda rang beruvchi komponentlar sifatida o‘tish elementlarining oksidlaridan - Cr20s, Mn20s, Fe20s, Ni2O3
foydalanilgan.

Jadval
Rangli shisha namunalarining omuxta tarkiblari va xossalari

Shisha Omuxta tarkibi, mas.% Pishi-rishdagi Pishirish Nur sindirish Sintez gilingan shisha
namunalari PbO R203 SiOz yo‘qotishlar, % harorati, °C ko‘rsatkichi, np namunasi rangi
ShCr-3 71,72 1,36 Cr203 20,92 1,7636 1100 1,9145 To‘g-yashil
ShMn-3 77,68 1,41 Mn,O3 20,91 1,9037 1100 1,9134 Binafsha
ShFe-3 77,67 1,42 Fe,03 20,91 1,7625 1100 1,9128 To‘g-qo‘ng'ir
ShNi-3 77,63 1,47 Ni,O3 20,90 1,7616 1100 1,9105 Yashil
Shy-3 78,00 1,00 Y203 21,00 1,7542 1100 1,9223 Och sarig
ShCe-3 77,65 1,45 Se203 20,90 1,8355 1100 1,9195 Sariq
ShNd-3 77,62 1,48 Nd203 20,90 1,7610 1100 1,9185 Yashil
ShEr-3 77,47 1,68 Er,03 20,85 1,7575 1100 1,9182 Pushti

Ikkinchi bosgichda esa, noyob yer elementlarining oksidlari - Y203, Ce20s, Nd20s va Er20s ishlatilgan bo‘lib, ularning
shisha namunasining kristallanishga ijobiy ta’sir etishi sababli, shisha omuxtasini tuzishdagi asosiy komponentlari sifatida
ishlatishning maqsadga muvofiqligi ko‘rsatilgan.

Tadgiqot ishlari uchun shisha omuxtasining namunalari amaldagi reaktiv oksidlardan foydalanib tayyorlanganda, shisha
omuxtasi pishirishning maksimal harorati 1050-1100°C ni, ushlab turish davomiyligi 60 minutni tashkil etgan.

Rangli shisha uchun tayyorlangan shisha omuxtalari namunalarining ShCr-3, ShMn-3, ShFe-3, ShNi-3 differensial-termik
tahlili 1-rasm natijalariga ko‘ra, quyidagilarni ta’kidlash lozim: DTT termik egri chizig‘ida 5 ta endotermik va 2 ta ekzotermik
effektlar yuzaga kelganligi kuzatiladi. Hosil bo‘lgan endoeffektlar — 46°C dagi adsorbsion suvning chiqishiga, 400°C dagi
qo‘rg‘oshin oksidining parchalanishiga, 572-575°C oraligidagi kvarts polimorfizmiga, 660-690°C oraligidagi qo‘rg‘oshin silikati
kristall fazasining hosil bo‘lishiga, 810°C dagi qo‘rg‘oshin silikat kristall fazasining suyuqlanishiga bog‘liq bo‘ladi. Yuzaga kelgan
ekzotermik effektlar — 483°C dagi qo‘rg‘oshin ikki silikatining, hamda 690°C dagi ekzoeffekt esa qo‘rg‘oshin silikati kristall
fazalarining hosil bo‘lishi bilan tushuntiriladi.

Shers
ShMtn)

1-Rasm. ShCr-3, ShMn-3, ShFe-3 va ShNi-3 shisha omuxtasi namunalarining termogrammalari
Sintez qilingan rangli shishalarning strukturaviy xususiyatlari 1Q - spektroskopik usuli yordamida o‘rganilgan bo‘lib, ularning
zanjirli, gatlamli va [SiO4]* tetraedrik karkas hosil giluvchi anion tebranishlariga mos kelgan yutilish chiziglarini yuzaga
kelganligini ko‘rsatadi. Bunda Cr203, Mn203, Fe203 va Ni2Oz oksidlari tutgan shishalarning yutilish spektrida 900-1100 sm to‘lqin
uzunligi oralig‘ida keng yutilish chiziglarining aynigsa, 920-980 sm™ to‘lqin uzunligida chuqur maksimumga erishganini va 600-
800 sm da kuchsiz maksimum to‘lqin uzunligi kuzatiladi. 900-1000 sm™ to‘lqin uzunligidagi yutilish chizig‘i Si-O-Si fazaviy to‘r
holatidagi birikmalar valent tebr’aﬁiﬁhidan hisoblanadi.

- 288 -



0O¢‘zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/1/1 2025

2-Rasm. Tarkibida Ce203 bo‘lgan rangli shisha namunasining elektron mikroskop tasvirlari: x6700
Sintez qilingan rangli shisha namunalarining elektron mikroskopda olib borilgan tahlil natijalariga ko‘ra, 2-rasmda shuni

ta’kidlash lozimki, tarkibida Ce203 bo‘lgan rangli shisha namunasidagi asosiy o‘zgarishlar shishasimon tuzilishga ega bo‘lib, 2-
rasmdagi (a), (b) va (v) tasvirlar amorfga xos xususiyatni‘tavsiflaydi, bundan tashqari, erimagan kvarts zarralari ham kuzatiladi.

3-Rasm. Tarkibida Er203 bo‘lgan rangli shisha namunasining elektron mikroskop tasvirlari: x6700
Tarkibida erbiy oksidi bo‘lgan rangli shisha namunasini 3a-rasmdagi tasviri amorf tuzilish bilan tavsiflanadi, 3b-rasm va

3v-rasm tasvirlari kvartsning kolomorf mikrotuzilishining kichik gismiga ega, umumiy hajmining 40% silliglangan teksturaga
egaligi aniglangan.

Xulosa va takliflar. Xulosa qilib aytganda, qo‘rg‘oshin-silikatli rangli shisha namunalarini sintez gilishda Cr203, Mn20Os,

Fe203, Ni20s, Y203, Ce203, Nd203 va Er20s lardan foydalanib, gamma rangdagi shisha materiallarining namunalari sintez gilingan
va ularning asosiy funsional, estetik va fizik-kimyoviy xossalari kompleks tadgiq etilgan. Rangli shisha omuxtalari differensial-
termik usulida va sintez gilingan rangli shisha namunalari esa elektron mikroskopik usulida tahlil gilingan.
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KINETIC AND THERMODYNAMIC ANALYSIS OF NON-ISOTHERMAL DECOMPOSITION OF WEAKLY
BASED ANION EXCHANGER
Annotation

Thermal analysis of a weakly basic anion exchanger with amidine groups based on a copolymer of acrylonitrile with divinylbenzene
was carried out. Two decomposition ranges were found: | (26.39-278.63°C) — dehydration and destruction of labile fragments (Ea
~ 55 kJ/mol), I (278.63—-600.89°C) — destruction of the polymer chain and functional groups (Ea = 180 kJ/mol). Thermodynamic
parameters were calculated. It was found that the material is stable up to 400°C and suitable for high temperature applications.
Key words: TGA, DSC, anion exchanger, amidine groups, thermal stability, activation energy, thermokinetics.

KAHETUYECKA 1 TEPMOJNHAMMWYECKAA AHAJIN3 HEU30TEPMHAYECKOT O PA3JIOKEHUS
CJIABOOCHOBHOI'O AHUOHUTA
AnHOTaLUA

IIpoBenéH TepMuueckuii aHaIHM3 cIaGOOCHOBHOTO aHUOHHTA C aMHUIMHOBBIMHU TPYIIIAMH Ha OCHOBE CONOJIMMEpPa aKPHIOHUTPHIIA
¢ quBuHMITOEH30510M. OOHAPYKEeHBI 1Ba HHTepBasia pasnoxenus: [ (26,39-278,63 °C) — neruaparanus u pa3pyueHue Ta0uIbHBIX
¢parmenToB (Ea = 55 k/Ix/monp), 11 (278,63-600,89 °C) — mecTpykuus nmoinuMepHOU 1enu W (GyHKIHOHaNBHBIX rpymmn (Ea =
180 x[Ix/Moip). PaccunTansl TepMOAMHAMHUYECKHE TTApaMeTpPhL. Y CTAaHOBIICHO, 4TO Marepuain ycroituus 1o 400 °C u npurojeH
JUISL BRICOKOTEMITEPaTyPHBIX TIPIMEHEHNH

Knrouessie cioBa: TT'A, JICK, aHHOHUT, aMUAMHOBBIE TPYIIIBL, TEPMOCTONKOCTD, SHEPIHs aKTUBALMH, TEPMOKHHETHKA.

KUCHSIZ ASOSLI ANIONITNING NOIZOTERMIK PARCHALANISHI KINETIK VA TERMODINAMIK TAHLILI
Annotasiya

Akrilonitrilning divinilbenzol bilan sopolimeri asosidagi amidin guruhli kuchsiz asosli anion almashinuvchining termik tahlili

o‘tkazildi. Ikki parchalanish oralig‘i aniglandi: I (26,39-278,63°C) — labil bo’laklarni suvsizlantirish va destruksiyasi (Ea = 55 kJ/

mol), 11 (278,63-600,89°C) — polimer zanjiri va funktsional guruhlarning destruksiyasi (Ea~180 kJ/mol). Termodinamik parametrlar

hisoblab chiqilgan. Materialning 400°C gacha chidamliligi va yuqoria haroratlarda ishlatilish mumkinligi aniglangan.

Kalit so‘zlar: TGA, DSC, anionit, amidin guruhlari, issiglikka chidamlilik, aktivlanish energiyasi, termokinetika.

Beenenne. I3BecTHO, 4TO (yHAAMEHTAJIbHOEC IOHHMAHHE IMPOIECCOB JECTPYKIHU IOJMMEPOB HMEET BaKHOE
TEOPETHIECKOE M PAKTHIECKOE 3HAUCHHUE, TaK KaK H3YUCHHE TEPMUYECKOTO TOBEICHUS MTOJUMEPOB, B YACTHOCTH, HOHOOOMEHHBIX
MAaTEpHAIOB TO3BOJSIET PACKPBHITh MEXAHH3MBI DA3lOKCHHUS MOMMMEPHON Marpuibl M (QYHKIHOHAIBHBIX TPYIII, a TaKkKe
B3aMMOJICHCTBHE MEXIy HHMH TIPH TOBBINICHHBIX TeMIlepaTypax. [Ipn 3TOM 3HaHHE KWHETHIECKHX W TEPMOIMHAMIIECKAX
apaMeTpoB HEOOXOOUMO Ul MOCTPOCHHS JOCTOBEPHBIX MOJENEH, OIMCBHIBAIOIINX IIPOLECCHl JECTPYKINH, JCrpajaliid M
XUMHYECKHUX MpeBparienuii [1-2].

CononMepsl akKpUJIOHATPUIIA € IUBHHIIOCH30JI0M SIBJISIOTCS OJHHUMH M3 HanOoJiee 4acTo HCIONb3YeMBbIX MOJHMEPOB,
CIy’KalluX OCHOBOM JUisi (PYyHKIHOHATM3UPOBAHHBIX AHHOHHTOB, COYETAKONIMX MEXAaHWYECKYI0 MPOYHOCTh M XHMHUYECKYIO
aKTHBHOCTh.  VICcrieoBaHHe TEPMHUUYECKOH YCTOWYMBOCTH aHHOHHTA MMEET MPAaKTHYECKYI0 3HAYHMOCTh B MPOMBILIIICHHOCTH,
MOCKOJIBKY OHa BIIMSICT Ha JIOJTOBEYHOCTh AHHOHMTA, €ro paboduii pecypc, YCTOWYHBOCTH MPH CYIIKE, TepMOOOpaboTKe U
XpaHeHuH. [103TOMY B YCIOBHSX SKCIUTyaTal[dd MPU TEMIEPATYypPHBIX KOJeGaHHsAX HEO0OXOJUMO 00ecrnevYnTh MHHHMAIbHBIC
M3MEHEHHUsI COPOIMOHHBIX CBOMCTB [3-4]. [ToMHMO 3TOTO YCTOWYIMBOCTH K TEPMHUYECKOM ASCTPYKIMH TTO3BOISIET MHOTOKPATHO
HCIIONB30BaTh AaHMOHUTHI, CHIDKAs. OTXOMBI M 3aTPaThl HA YTIIN3AuMIo. 110 9TOM MpUYrHe MOHUMAHKE IyTel TepPMOAECTPYKIHH
HEOOXOAMMO JUTsl pa3paboTKH IKOJOTHYECKH GE30MAaCHBIX METONOB YTHIM3ALUH U TePMHIECKOH mepepaboTKH OTpabOTaHHBIX
HOHHUTOB. BMecTe ¢ TeM, aHaJIM3 TePMOCTaOMIBHOCTH MOMOTAET BBISBHUTH CIabble MecTa B CTPYKTYpe Marepuajia W IpOBECTH
HaNpaBJICHHYI0 MOU(BHUKAILIHIO — HATPUMED, YCHUIICHHE CIIMBKH, BBEICHHE TEPMOCTAOHIM3UPYIOIINX TPYII, H3MEHEHHE YCIOBH
MOJIMMEPHU3ALIHH.

B 970ii CBSI3M, H3yYCHHE TEPMUYECKON YCTONYUBOCTH HOBOTO aHHOHUTA C AMHIMHOBBIMH IPYIINAM SBJISETCS KIHOUEBBIM
9TaIoM IIPHU €ro pa3paboTke, BHEAPSHUH U MPOMBILIICHHON SKCIUTyaTalli KaK B COPOLIMOHHBIX TEXHOJOTHSIX, TaK M B CMEKHBIX
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o0JlacTsIX XMMHYECKOil WHkeHepuu. Llenbro MaHHOTO WCCIICNOBAaHMS SIBIISIETCS OMNpENeNieHHe TEePMHYECKOil CTaOMIBHOCTH,
U3y4YeHHE CTaMil U BO3MOKHBIX MEXaHU3MOB TEPMHUYECKOT0 PA3JIOKEHHsI COIOJIMMEPa aKpUIIOHUTPHIIA ¢ IMBUHUIOEH3010M (AH-
JIBB) u cnaboocnoHoro annonuta AH-/IBB-TOA, moay4eHHOTo Ha €T0 OCHOBE.

0O630p JauTepatypbl. VcciieoBaHNS NOKAa3bIBAIOT, YTO TEPMUUECKas CTAOMIBHOCT aHUOHUTOB 3aBHCHT OT CTPYKTYDBI
MOJMMEPHON MaTPHILBI U NPUPOs! GYHKIMOHANBHBIX Ipymni. Hampumep, B 0630pHoi#t ctatse I1.E. Tyaynosa u H.I'.Ilonsuckoro
paccMaTpHUBAIOTCSI MEXaHU3MBI J1e3aMUHHUPOBAHUS M JETpajallii aHHOHWTOB IIPH HAarpeBaHUM, a TAKKe BIMSHHE PAa3IMIHBIX
(haxTOpOB Ha ATU MPOLECCH. BBISBICHO, YTO AHHOHUTHI, COAEPIKAIINE aMHIIHHOBEIE TPYIITEL, JEMOHCTPUPYIOT CIeU(UIecKue
TepMHUYECKHe cBOWCTBa. MccienoBaHus ITOKA3bIBAIOT, YTO TakWe (GYHKIHMOHAIBHBIE TPYIIBl MOTYT BIMSATH Ha TEPMHUYECKYIO
CTabMJIBHOCTh U COPOLMOHHBIC XapaKTCPUCTHKH MOJUMEPOB [5-6]. AHHOHHTBI Ha OCHOBE COIIOJIMMEPOB AKPHIOHHTPHIA U
JMBHHUIOCH30JIa UCHOJIB3YIOTCS B YCIIOBHSX, I/Je BO3MOJKHBI BHICOKHE TEMIIEPAaTYphl M arpecCHBHbIC XMMHYECKUe cpenpl. Mx
TepMHUYECKash YCTOMYMBOCTh 00ECIeurBaeT HaeKHOCTh U A(Q(GEKTUBHOCT B TAKUX NMPUIOKCHUAX. [IOHUMaHHE TEPMHUYECKOTO
HOBEACHUS. aHUOHUTOB BaXXHO IJI pa3paboTKK 3G ()EKTUBHBIX METOJOB MX YTHIM3ALUM U NepepadoTKU, 0COOCHHO B KOHTEKCTE
9KOJIOTHYECKUX TPEOOBAHMUIA M YCTOWYMBOTO pa3BUTHs [7].

Metonosiorusi ucciaeqoBaHus. B nmaHHOM wuccienoBaHud TpoBeAeHBI TepMmorpaBuMmerpuyeckuid anamus (TT'A) u
mudpepertmansHo-ckanupyromas kagopumerpus (JICK wmm ATA — muddepennmansHeii TepMUUECKUil aHaIN3) COIOIMMepa
akpwioHuTpuiaa ¢ auBuHmiOenzonom (AH-IIBB) u cnaGoocHoBHOro aHuoHHWTa ¢ aMuauHOBbIME rpymmamu (—C(=NH)-
N(CH2CH20H)3), mony4enHoro mytém xummdeckoit Mogudukanu AH-JIBb mon neiictBuem tpustanonamuna (TDA). TTA u
JICK aHanu3bl HpOBEACHBI B HEH30TEPMHUYECKUX YcIoBusaX ¢ momouipio DTG-60, TG/DTA Simultaneous Measuring Instrument
(Inmansy, SAmonus) npu ckopocty Harpesa 10 rpag/mMuH B cpeze aprona (80 Miu/mMuH).

Jis kuHeTHYeCKuX pacy€ToB mpuMeHNMBI MeToabl @puamana, O3asei—Pruaaa—Y ot (OFW), Kuccunmkepa u Koanapr-
Pendepna [8]. B pamkax mccieqoBaHHUs HCIIONB30BAHBI CIEAYIOLINE OOLINE YPABHEHHS:

YpaBHEHHE CKOPOCTHU:

da
_— A _Ea/RT
R (C)
CreneHp MpeBpaneHus:
Moy — My
a = e—
Mo — My
IIpumep pacuéra no meroxy Kuccunmxepa:
| ( B ) | (AR) E,
nl—=|=h(=—)—=+—
TZ E, RT,

TlocTpous rpadux ln(ﬁ / sz) npotus 1/T,,, HAXOTUM aKTHBALMOHHYIO SHEPTHIO Ea 10 HAKIIOHY TIPAMOii.
. — AEq ) _ _ Eq
To OFW: log(B) = log (Rg ) — 2315 — 04567 =
W3menenne TepMouHAMUYECKAX (QYHKIMI IS KaXKJJOT0 HHTEpBaia M COOTBETCTBYIOMIEH TeMIlepaTyphl pasiaoskeHus Tp
PacCYUTHIBAIIM 1O TPAAUIMOHHBIM YPaBHEHHSM:
AH — sHTaJBINS aKTUBALIMH:

AH =E, —RT
AG — sneprust ['no6ca:
AG = AH — TAS
AS — 3HTpOITHS aKTHBALMH:
R Ah
AS=7 [ln <kBT) 1]

rae: h — nocrosunas ITnanka; ks — mocrosanas bonbivana.

Ananu3 u pe3yabtartsl. Ha puc.1 npencrasnens! kpusble TI'A u JICK ananmmnzoB conoiumepa AH-/IBB, mo3Bonstomue
COOTBETCTEHHO OTCIIEANTH H3MEHEHHE MacChl IIPU HarpeBaHUH M (PUKCHPOBATh YHI0- U dK30TepMuaeckue addextsr. Kak cnegyer
n3 nanHbIX puc. 1, kpussie TT'A — JICK MOXHO paccMOTpETh B TpeX TeMreparypHbIx nHTepBaiax — 250-330, 330-450 u 450-600°C,
JUISL KOTOPBIX MPOBEICHBI PacyEThl KWHETHIECKHX M TEPMOJMHAMUYECKUX ITapaMeTpoB Ha ocHOBe Mojeneit Koyrca—Pedepra n
1 Hy3NOHHBIX MOZEIEH.

B Tabnuue 1 npeacraBieHbl pacCUNTaHHbIC 3HAYCHHST H3MEHEHHs] TePMOJMHAMUYECKNX (DYHKINH — SDHEPTUH aKTHBALIUH,
SHTAJILITUM, SHTPOIIMHU U SHepruu ['nbdoca.

Kak BUIHO M3 JMaHHBIX, MpeNCTaBIeHHBbIX Ha puc.l u Tabm.1, B muTepBane 250-330 °C mpeobiamaeT LMKIN3ALUSL
HUTPIIBHBIX TPYIIIL, C BRICOKOW dHepruet aktuBanyn (~70 kIx/Monb); B uHTepBasie 330—450 °C Ea camxkaercs (~40 k/[x/Momb)
U IIPOXOANT OCHOBHOE TepMIUecKoe pasnoxenne ¢ BoinenenneM HCN, NHs.

Puc.1. Kpussre TT'A u JICK ananusa conommmepa AH-/IBb
Tabmma 1. Pe3ynpraTsl pacdeToB H3MEHEHUS TEPMOIUHAMUIECKUX (DYHKINI IPH HEN30TEPMHUIECKOM PA3TI0KEHUH COTIONIMEpa
AH-J/IBb

| Hurepsain (°C) | Ea (kJlx/Moiib) | A (l/c) | AH (kJx/MOIIB) | AS (Jx/moub-K) | AG (xDx/mMonb) | R?
[ 250-330 | 69.89 | 2.1010° | 65.29 | -167.32 | 157.96 | 0.9489 |
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[ 330-450 [ 40.54 [ 24610 [ 35.94 [ -223.45 [ 159.70 [ 0.9594 |
[ 450-600 | 093 | -14710% | -1454 [ - [ - | 0.9901 |

MexaHu3M MepBOro nopsiaka ageksaren a0 450 °C, manee mydiie onmuchiBaroTest AndQy3noHHble MoJen. B nHTepBane
450-600 °C nabmonmaetcst 1uddy3noHHEINH KOHTPOIb, popMupoBaHue yriaepoxHoro ocratka. B nnrepsane 450—600 °C pacuérst
MOKa3aJIM OTPUIATENbHYIO SHEPTHIO aKTHBALMK U OTPHULATENILHOE 3HaYeHHE A, 4TO yKa3bIBaeT Ha: HEBO3MOXKHOCTh IIPHMEHCHUS
MOJIENH IIEPBOTO MOPSIKA B STOM TEMIIEpaTypHOM JHaIa30He, a TAKKe BEPOSITHOE 3aBepIIeHHE aKTHBHOTO PA3JIOKEHHUS, Iepexo]]
K KapOOHM3AINN WM CTPYKTYPHOH CTaOMIN3aIMy OCTATKa.

Puc.2. Kpussie TT'A u JICK ananuza annonura AH-JIBB-TOA

Ha ocHoBanuu 3aBucumocts In[-In(1-a)] or 1/T ycranosieno, uto B mHTepBanax a0 450 °C MeXaHH3M MOUHHSIETCS
peakiuu nepsoro nopsiaka. [ narepsana 450-600 °C sryqniee cooTBeTcTBHE NOKa3aia quddy3noHHas Mogens D3 (TpéxmepHast
muddyzus).

Ha puc.2 npencrasnenst kpusble TT'A u JICK ananuzoB annonura AH-/IBB-TDA.

Ha ocnose kpuBbix TI'A n JICK ObutH BBISIBIICHBI IBa TEMIIEPATYPHBIX HHTEPBAJIA TEPMUIECKOTO PA3IIOKEHUSL.

Wurepsan [ oxsatpiBaeT auamna3oH temmnepatyp 26,39-278,63 °C u xapaxrepusyercs: mukom Ha JITA mpu 230,60 °C,
COMPOBOKIAIOMNMCS  dHAoTepMudeckuM dddexrom (—91,14 [x/r). Iloreps maccel cocraBisier 6,744 % u obycrmoBineHa
yIaJeHHueM afcopOHPOBaHHOI BIIary, pa3pymeHneM c1ado CBA3aHHBIX ()ParMEeHTOB, TAKUX KaK THAPOKCHIIBHBIE TPYIIIBL, OCTaTKH
amMuHOKHCIOT # pparmenTst -CH.CH-OH. Mexanu3m peakium, 1o Bcel BUINMOCTH, COOTBETCTBYeT AU} (y3nOHHON MOIETH HIN
HYJIEBOMY HOPSIKY.

IIpennonaraemsrit mopsaok peakuu: N =~ 0—1. TepMoanHAMUYECKHE TapaMeTPHI ISl STOTO MHTEepBaa:

e DOnranenus (AH) = 45 k/[»k/MOITb — HEBBICOKOE 3HAYCHHE, YKA3hIBAIOIIEE HA JICTKOCTh pa3pbiBa BOJIOPOIHBIX CBS3CH;

e DOutporust (AS) = —20 JIx/(monb'K) — cnaboe cHMKeHHE OeCropsiika, BEPOSTHO BCICACTBUEC HCIAPCHUS BOMABI U
YaCTHYHOTO YIIOPSIOYNBAHUS pH paziokennn OH-rpym;

e Dmneprus ['n66ca (AG) = 50—80 k/[»x/MOIIb — COOTBETCTBYET yMEPEHHOMY 3HEPTeTHUECKOMY Oapbepy.

Ta0auna 2. TepMoKHHeTHYECKHE TapaMeTPBhI AJs ¢J1a000cHOBHOT0 aHnoHuTa AH-JIBB-TOA

Ilapamerp Hnrepsan | Hurepsaa Il
Temuneparypublii uarepsai (°C) 26,39 — 278,63 278,63 — 600,89
TTuk ITA (°C) 230,60 433,32

Dddexr (Jx/r) -91,14 -134,18

ITorepst macchl (%) 6,744 ~ 62
IpezmonaraeMplii Mops0K peakuuy (N) ~0-1 ~1-15

Mojenb peakuuu Jlngy3nonHas/ HyneBoi NOpsIOK ITepBblii/ aBTOKATAIMTHYECKUIT IIOPSIOK
AH (xIx/Moub) ~ 45 114,1

AS (Jlx/(momb-K) ~-20 -127

AG (xJIx/moib) 50-80 204,8

Oueprus akruBaunu Eq (k[x/MoJib) ~ 55 ~ 180

Wnrepsai I HaxoauTes B ananasone 278,63-600,89 °C, xapaxrepusyercs miukom Ha JITA npu 433,32 °C 1 BeIpaKeHHbIM
sHg0TepMUuecKuM 3ddektom (—134,18 [Ix/r). B aToM HHTEpBase HAOIIOAaeTCsS OCHOBHAs MOTeps Macchl (~62 %), CBsi3aHHAs ¢
pa3nokeHHeM aMHIMHOBBIX TPYII, JECTPYKIHEH OCHOBHOH II€IH CONMOJIMMepa aKpHIOHWUTPHIA, MPOLECCaMH OKUCICHUS H
0o0pa3oBaHUEM OCTATOYHOro yriiepoga (caku). MexaHu3M peakluH, MPEIoI0XKUTENbHO, COOTBETCTBYET PEaKIHMsIM I1ePBOro
MOPS/IKA WITH aBTOKATaJIATHIECKUM TporieccaM. [Ipenmnonaraemelii mopsaok peakuuu: N ~ 1-1,5.

TepMoauHaMIYeCKHe TapaMeTphL:

Onranemus (AH) = 114,1 xJ[)k/MOITb — COOTBETCTBYET pa3pbIBy NMPOYHBIX KOBAIECHTHBIX CBS3EH B MaKpOMOJEKYISIPHOU
CTPYKTYpE ¥ aMHANHOBBIX IPYIITIAX;

Outponus (AS) = —127 JIx/(monb-K) — yka3plBaeT Ha 3HAUUTEIBHO OOJiee YMOPSIOYCHHOE MEPEXOTHOE COCTOSHHE,
BEPOSITHO M3-3a JKECTKOCTH MaKpOIETIeH;

Oueprus ['mooca (AG) = 204,8 k[[»/M0OJIb — BBICOKHI dHEpreTHYecKHil Oapbep, TpeOyrommii TeMrepaTyp B JHana3oHe
400-600 °C.

CxeMsbl peaknuii TepMuaeckoro pasnoxeHus annoHuTa AH-/IBB-TDA MOHO IIpeiCTaBUTh CIEAYIOMNM 00pa3oM:

1.  Pasznoxenue amuauHoBoil rpymmsl (pparmMeHT — —C(=NH)—N(CH2CH20H)s BkitodaeTr cieayoliie OCHOBHbBIC
CTaUM:

(a) OTmIeruIeHHe CIMPTOBBIX TPYIIIL:

—CH2CH20H —> CH2=CHz+ H20

(6) Tuposu3z aMmuanHa:

—C(=NH)-N(R)2—> —CN + NHs

(B) O6pasoBaHKe UKIHYECKHX HIIH KOHACHCHPOBAHHBIX CTPYKTYP (MeXMoeKyispHas peakuus mexay —NHz u —CN).

2.  Paspymenne ocHoBHoro ITAH-J/IBb ckenera (¢pparment — ~CH2—CH(CN)—CH2—CH(CN)—) BKiII04aeT cieayronme
OCHOBHBIE CTaJIH:

(a) OTmierieHNe TUAHTPYTI:

—CH(CN)— —> —CH=CH- + HCN

(6) O6pa3oBaHne apOMaTHUECKUX M YIIICPOAHBIX CTPYKTYP (KapOoHH3aIws):

(C)n—>C + CO + CO2+ NH3
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3aka0ueHne H pekoMeHganuu. TakuM o0pa3oM, NPOBEACHHBIC AHANM3BI CBUICTEIBCTBYIOT O TOM, YTO, Ha OCHOBE
TGA/DTA-ananuza ais cinaboocHoBHoro aHuoHuta AH-IIBB-TDA ¢ aMHIMHOBBIMH TPYNIaMH, MPOBOIMIH KHHETHKO-
TEPMOJUHAMHYECKUN aHAJIH3 TEPMUYECKOW YCTOMYMBOCTH. Y CTAHOBIICHO, YTO Pa3fioKEHHE MpOoTeKaeT B ABa dTama: a0 280 °C —
yJaJeHUe BIIard U CIa00CBSI3aHHBIX TPYIII; BBIIIEC — Pa3pyIICHHE aMUANHOB U TIOJIMMEPHOH OCHOBBI. DHEPruM akTHBauH (~55 n
~180 k/[»x/MOJIb) OTpakalOT Pa3IMYHYI MPOYHOCTH CBs3edl. Marepuan tepmudecku crabunen mo 400 °C u mpuromeH s
BBICOKOTEMIIEPATYPHBIX TPUMEHEHUH.
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PREPARATION AND STUDYING THE STRUCTURAL AND MORPHOLOGICAL PROPERTIES OF NANO-SIZED
NiO
Annotation
This article shares the findings of a study on the structure and shape of tiny NiO particles made from the used industrial methanation
catalyst TO-2. The clear crystalline structure of NiO is shown, consisting predominantly of particles with an average hydrodynamic
size of 159 nm and crystallites with sizes of [123 and (127 nm.
Key words: spent methanation catalyst TO-2, NiCOs, calcification, NiO, structural morphology.

MOJYYEHUE U UCCJIEJOBAHUE CTPYKTYPHO-MOP®OJIOI MUYECKAX CBOMCTB HAHOPAZMEPHOI'O
NiO
AnHOTaLUA

B nmaHHO# craThe MpencTaBiIeHbl PE3yNbTaThl UCCIENOBAHUS CTPYKTYpHO-MOP(dOIOrHdeckux cBoiicTB HaHopasmepHoro NiO,
MONyYeHHOTO Ha OCHOBE OTPa0OTAaHHOTO MPOMBIIUICHHOTO Karanm3atopa MertanupoBanust TO-2. Ilokasana sBHas
KpucTammaeckas cTpykrypa NiO, cocTosiast mpeuMyIecTBeHHO U3 YaCTHI] CO CPETHUM THAPOANHAMUIECKHM pa3MepoM 159 HM
U KPUCTAJIIUTOB ¢ pasmepoM [123 u 27 HM.
KiroueBbie ciioBa: oTpadotanHslii karanuzatop mertanuposanust TO-2, NiCOs, kanbuuHaiwst, NiO, cTpykTypHas MOpQOoIoTHs.

NANOO‘LCHAMLI NiO NING OLINISHI VA TUZILISH - MORFOLOGIK XUSUSIYATLARI TADQIQI
Annotasiya
Mazkur maqolada ishlatilgan sanoat metanatsiya katalizatori TO-2 asosida olingan nano o‘lchamdagi NiO ning strukturaviy va
morfologik xususiyatlarini o‘rganish natijalari keltirilgan. NiO ning asosan o’rtacha gidrodinamik o’lchami 159 nm bo‘lgan
zarrachalar va ~23 va [11127 nm o‘lchamdagi kristalitlardan iborat aniq kristalli struktura egaligi ko’rsatilgan.
Kalit so‘zlar: ishlatilgan metanatsiya katalizatori TO-2, NiCOs, kalsinasiya, NiO, strukturaviy morfologiya.

BBenenne. B mocnenHee BpeMst BO BceX Pa3BUTHIX U Pa3BHBAIONIMXCS CTPAHAX HCHONB30BAaHHE BTOPHYHBIX CBHIPHEBBIX
MaTepHaloB paccMaTpHBaeTcsi Kak HanbOosee a(dexTuBHOE penieHne NpoOIeMbl PAMOHAIBLHOTO HCIIOIb30BAHUS HMPHPOIHBIX
pecypcoB. Kak n3BecTHO, O0TpaOOTaHHBIE MPOMBIIUICHHBIE KaTalNW3aTOpPbl KaK BTOPUYHBIE CHIPHEBBIE MaTEPHAIIBI SIBISIOTCS
KPYIMHBIMHA HCTOYHHKAMH HE TOJBKO TOKCHYHBIX XHMHUYECKHX OTXOJIOB, HAKOIUICHWE KOTOPBIX MPUBOAUT K 3HAUYUTEIBHOMY
YXYIILICHHIO SKOJIIOTHYECKO 0OCTAaHOBKH, HO M IIBETHBIX M PEAKUX MeTaIOB [1-2]. B 9T0# CBSI3U aKTyanbHON CTAaHOBUTCS 3a/1a4a
nepepaboTKn OTPaOOTAaHHOTO MHOTOTOHHAXHOTO MPOMBIIUICHHOTO KaTalu3aropa MeraHupoBanust TO-2 s mosydeHHs
HaHopazMepHOro NiO ¢ KOMITIEKCOM 0COOBIX CBOMCTB, KOTOpas SIBISIETCS IIENTBI0 JAHHOTO HCCIIEA0BAHMS.

O030p auteparypbl. Karammsaropsr tuma TO-2, mpuMeHnsemble B HedrerepepaboTKe M THIPOOUHCTKE, COJEpKaT
3HAUUTENbHOE KonmdecTBO HuUKens (1o 20-30%) B Bume ero okcuaoB WM cynbhunoB. Ilo McTeueHHH cpoKa CIy>KOBI TakHe
KaTaJIM3aTOPbl CTAHOBSTCS ONMACHBIMU OTXOJAMH, HO OJHOBPEMEHHO LIEHHBIM HCTOYHHKOM BTOPHUYHBIX pecypcoB. [lomyuenue
okcuna Hukenst (NiO) u3 oTpaboTaHHOTO MaTepHaia MO3BOJISIET €ro MOBTOPHO MCIIOIB30BAaTh B MPOMU3BOJCTBE aKKyMYJISITOPOB,
KepaMUKH ¥ HOBBIX Kataan3atopos [3-4].

Kak mnokasbiBaeT 0030p JUTEpaTypbl, Ul H3BJICUYEHHMS HUKEIs W3 OTPabOTAHHBIX KaTalU3aTOPOB B OCHOBHOM
HCTIONB3YIOTCSI METO Il KUCTIOTHOTO BBINETAYNBAHUS, [IEJIOTHOTO BBIIETaYMBAaHNS U MIPOMETAILTyprudeckoi oopaborku. Cpenn
MEePEUHCIICHHBIX METOJ0B HanbOoiee 3P(EKTHBHBIM M IIMPOKO MPUMEHSEMBIM SBISETCS METOJ KHCIOTHO BBIIIENIAdMBaHHMS,
ucnonb3yoiui Musepanbabie Kucnotsl (H2SOs, HCI, HNO3) [5-6]. ITpu menounoM BelenadnBanuy npumensiercs NaOH mu
NHsOH, xoTopsle oTian4atoTcsi MeHbIION 3¢ (EeKTUBHOCTHIO AT Ni 10 CPaBHEHHIO C KUCIIOTAMH U TTOJXOINT JUIS KaTalIu3aTOpOB
¢ BeicoknM cojnepkanneM Al2Os. [lmpomeramryprideckas o6paboTka mpenycMarpuBaeT Tepmudeckuii ooxur (600-800 °C) ¢
MoCIeyFoInM KHCIoTHBIM BhinienadnBanueM HCI, rae Ni nepexoaut B popmy NiO u u3Biekaercst ¢ XOpoumm BbIxoaom [7].
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Merononorusi ucciaenoBanmsi. J{Is1  MCCIENOBAaHMII  HMCIIONB30BAM  OTPA0OTAHHBIN — KaTaaM3aTop Ipolecca
ruapopudopmuHra npupoaHoro raza TO-2, coxepxkaiiero, B 3aBUCUMOCTH OT Haptuu, oT 6 — 8 % no 34 — 35 % Hukens.
OtpaboTanHelil kaTanuzatop TO-2 pacTBOpMIIM IyTeéM KHCIOTHOTO BBIIENAYMBAaHUSA C HUCNOIb30BaHUEM 30 %-HBIM BOJHBIM
pacTBOPOM a30THOW KUCJIOTHL. HUKens ocaaniy HUKENb B BUAE THAPOKCHAA MIeT04HBIM BhinienayuBanuem 2 M NaOH (pH 10—
11) ¢ nocnenyromeit kansruHanueit npu 400°C B TeueHue 2 gacos [8].

CocraB, CTpyKTypa u pa3MepHO-MOp(doorndeckiue 0coOeHHOCTH mosydeHHoro HanopasmepHoro NiO uccrnenoBanu ¢
TTOMOIIBI0 METO0B PamMaH-CIEeKTpOCKONNH, PEeHTIeHO(a30BOro aHaN3a, CKaHUPYIOIIEH JIEKTPOHHOW MHKPOCKOIIUH, YHEpPro-
JMCIIEPCHOHHON CIIEKTPOCKOINH ¥ IMHAMHYECKOTO PacCEesTHIS CBETA.

Anaan3 u pesyabTatsl. Ha puc.l npeacrasnen Paman-criextp momydernoro NiO, B KOTOpoM 0OHApY>KHBAIOTCS PSI
MUKOB, KOTOPBIE XOPOILO COOTBETCTBYIOT M3BECTHBHIM MojaM NiO, HpOSABISIONIMMCS NPpH aHTU(EPPOMATHUTHOM MOpsiake (2
MarHosa), Ae(ekrax CTPYKTypbl (BaKaHCHHU, HapylICHHs CHMMETPHH), HaHOpa3Mmepax (aKTHBAlMs 3alpeli€HHBIX MOJ). DTO
MOATBEPIKAAET, 4TO Bal odpaser] NiO comepX UT CTPYKTYpHBIE U MAaTHUTHBIE OCOOEHHOCTH, TUIIMYHBIE [Is1 BHICOKOIUCIEPCHOTO
Mmarepuana. I[lpu 3ToM oOHapy)XeHHbIE THKH BbI3BaHBl AehekTHOH QonoHHOI Momoit (~390 cm'), aKkTHBHPOBaHHOM
Moaudukarmeir cummerpuu (420 cMm '), AByMarHoOHHBIM paccestHueM, THOuIHOro it anTudeppomarautaoro NiO (490 cm™') u
KOMOHMHAIMOHHBIE MOJIBI 1 00epTkH (515 1 540 cm '), moaTBeprkaaromue, 9to cTpykrypa NiO HaHOCTPYKTYpHpOBaHa.

o 500 1000 1500 2000 2500 3000

Pamanoscknii casur (em)
Puc.1. Pamanosckuii cnektp NiO
Ilpy wmccaemoBaHUM HAHOKpUCTATHIeCKOH cTpykTypsl NiO ¢ MOMOIIBI0 peHTreHo(ha30BOro aHaan3a OOHAPYKEHBI
CUTHAJIBI, XapaKTepHbIe U1 KpucTaumaeckoi (aszpr. OcHoBHbIe kU NiO 00pr4HO HabmrogaroTes mpu 20 =~ 37.2°, 43.3°, 62.9°,
cooTBercTByronue miockoctsm (111), (200), (220) (cranmzapt JCPDS 47-1049).

PenTtrenoandpaxkrorpamma NiO
20000
15000

10000

MTencusHocTb (c4./c)

5000
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26 (rﬂaﬂyd(ii.\)
Puc.2. Pentrenomudpaxrorpamma NiO.

Ha ocHOBaHMM 1aHHBIX PEHTIeHO(}a30BOr0 aHAIN3a PaCCYUTaHbI pa3Mep Kpuctamwmtos D no ¢popmyune Lleppepa:

KA

- BcosO
rae: K=0,9 — xoncranTa popmsr, A=1.5406 A (Cu Ka), f — FWHM (8 paguanax), 6 — monosuHa yria 20.
Ta6uauua 1. Pazmepsl ocHoBHBIX KpucTaaanToB NiO, paccuntanHble ¢ moMoubi0 ypasHenus Lleppepa

Ne | 20 Hnrencusnocts | FWHM () | Pasmep
(rpamychl) KPHCTAJUINTA, HM

1 441 23388 0,32 26,79

2 | 514 10116 0,38 23,20

W3 nansbix Tabmuipl 1 ciexyer, uto moiydeHHbiid NiO o6nagaeT HAHOKPHCTAUTMYECKOW CTPYKTYPOH, Iie OCHOBHbBIC
KPHUCTAUTUTBI MMEIOT pa3Mepbl mopsiaka ~ 23 u ~27 uM. JlaHHBIE peHTreHo(a30BOro aHanm3a CPaBHWIM C Pe3yJbTaTaMy,
MOJY4YE€HHBIMU C NOMOIIBI0 METOJOB AMHAMHU4YecKoro paccesHus ceera (JIPC) u ckaHupyromei 351eKTpOHHOH MHUKPOCKOIHMHU

(CBM) (cm. puc.3-4).
| I
JMW_J -

| Roading.txt innas Duwis. e

< Distribution analysis
Fitng
Frurmiber o waervets
Doundanes

Puc.3. Pesyastatel JIPC — ananu3a cycnensnu NiO

Kak BunHO u3 nanueix J{PC-ananusa (puc. 3), ruapoarHamudeckie pazmepsl actuil NiO nperMynecTBeHHO HaXOASTCS
B HAHOMETPOBOM JIMaIia30He co cpeaHUM 3HadeHneM 159 M. C yyeToM conbpBaTHON 0OOJIOUYKH ATOT MOKa3aTeNlb IEMOHCTPHPYET
XOPOLIYIO0 KOPPEIISILIHIO C PE3yIbTaTaMU PEHTIeHO(a30BOTO aHAIU3A.
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Pacnpeaenenve pasmepos vacruu NiQ

0

2 rl 0 ]
Liamero wacTHu,

Puc.4. COM-mukpodororpadus (x2500) (a) u pacnpeneienune pazmepos uactui (6) NiO
Kak Mo>kHO BUZIeTh U3 JaHHBIX pUC.4, YaCTHIBI pacipee]eHbl aCHMMETPHYHO, C IBHBIM CMEIIEHHEM B CTOPOHY MaJIbIX YaCTHI] 1
HaJMYreM HeGOIBIIOTO KoJMuecTBa KpymHbIX arioMeparoB. NiO B ocHoBHOM coctout u3 HaHouyactui NiO quamerpom meree 0,5
MKM (MHHAMaNbHBIH pazmep — ~0,073 MkMm nnu 73 HM), HO IPUCYTCTBYIOT U arJIOMEPaThl BILIOTH 0 9 MKM.

Pacnpepenenue nnowanei nop (ouexka no SEM)
TennoBan KapTa pacnpeneneHin n

ol m
80 a

op
6
c 003 e
s 60 ]
£ £
3 40 002 é
20
oon
[] 50 100 150 200 250 300 350
Mnowans Nopsl, MKM* 0.000

Puc. 5. Pacnipesesienue niouiajaeii mop (a) u tenJioBasi kapra pacnpeneienus mop (6) NiO

Hanoctpykrypa nonyuensoro NiO Taxke HOITBEp)KAeHA MNPOBEICHHEM aHajn3a MOPHCTOCTH Ha ocHoBe COM-
MHKpo(oTorpadun, pe3yIbTaThl KOTOPOTO MpEACTaBIeHbl Ha puc.5. M3 maHHBIX pHc.5a claemyeT, 9TO OCHOBHAS 4acTb IOP —
MeIIKHE Me30- M MaKpOIOpHl C IUIOMAAbi0 A0 | MKM?, YTO yKa3blBaeT HA BBICOKYIO yJEIbHYIO MOBepXHOCTh. IIpmcyTcTByeT
HECKOJIBKO KPYITHBIX Mexarperatoix mop (>100 Mxm?), BeposTHO, 00pa30BaHHBIX MEXKIY ariioMepaTtamu. B TemioBoi kapte
pacnpenernerus mop NiO BHAHBI sipKre 30HBI (KENTO-KPACHBIE) — 00JIACTH € BHICOKON KOHIICHTPALMEH TOp, Yalle BCEr0 MEXIY
arioMeparamy, TEMHBIE 30HBI — OOJACTH C HHM3KOH HOPUCTOCTHIO WM IUIOTHO YIIAKOBaHHBIMH YacTHIaMH. B oOmem Ha
U300pakeHUH HaOII0AaeTCss HEPABHOMEPHOE PACIIPE/IeNICHHE MO, YTO THITMYHO UL arperipoOBaHHBIX HAHOMAaTEPHAJIOB.

3akioueHne W pexomenaauuu. TakuMm 00pa3oM, MPOBEACHHBIC aHAIW3BI CBUACTEIHCTBYIOT O ToM, 4urto, NiO,
MONYyYeHHbI W3 OTPabOTAaHHOTO NPOMBINUICHHOTO KaTajlu3aTtopa Ipolecca MeranupoBaHus T1O-2, oGnamaer sBHOH
HAaHOKPUCTAIUIMUECKON CTPYKTypod. JlaHHBIM MaTepuan COCTOMT M3 arjioMepaToB HaHO- M MHUKPOPa3MEpHOro AMala3oHa,
COIEPXKAMUX MEXTy coO0H copa3MepHbIE MOPH! U MyCTOTHL. CleayeT OTMeTUTb, YTO TaKask MOPQOJIOTHS TOBOPHUT O BBICOKOH
yIeTbHON TIOBEPXHOCTH U MOTEHI[HANFHOH BO3MOXKHOCTH HCIIOIB30BAHMS B KaTallM3€, CEHCOPAX, CYMEPKOHAEHCATOpax U APYTUX
TeIsX.
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STUDY OF COMPLEX COMPOUNDS OF SOME 3d-METALS BASED ON 2-(1-BENZOTRIASOLYL)
ETHANAMINE
Annotation

The work synthesized new complex compounds of Co(ll), Ni(Il), Cu(ll) and Zn salts based on 2-(1-benzotriazolil) ethanamine and
studied their composition, structure, and properties using physicochemical methods such as scanning electron microscopy with
energy-dispersive analysis (SEM-EDX), thermal analysis, and IR spectroscopy. It has been shown that the metal atom in the 2-(1-
benzotriazolil) ethanamine molecule is bidentally coordinated through the nitrogen atoms in the triazole ring and amino group, and
also monodentately coordinated through the oxygen atoms of water molecules.

Key words: Co(ll), Ni(ll), Cu(ll) and Zn salts, ligand, 2-(1-benzotriazolil) ethanamine, monoethanolamine, complex compound,
IR spectroscopy, thermal analysis, SEM-EDX.

U3YYEHUE KOMILIEKCHBIX COEJIMHEHMI HEKOTOPBIX 3d-METAJLJIOB HA OCHOBE 2-(1-
BEH30TPHUA30JINJI) DTAHAMHUHA
AnHOTaLUA

B pabore cuHTe3upoBaHbl HOBble KomiuiekcHbie coeauHenns coieit Co(II), Ni(Il), Cu(Il) u Zn nHa ocHoBe 2-(1-
0eH30TpHA30IIIII)ITAHAMHHA ¥ N3yYEHBI X COCTaB, CTPOCHHE U CBOWCTBA C MOMOIIBIO (PU3UKO-XUMUUECKNX METO/IOB, TAKHX KaK:
CKaHHPYIOIIAasi JJIEKTPOHHAs MHKPOCKOINHUS ¢ 3HeproaucrnepcuoHHbM aHamm3oM (SEM-EDX), tepmuueckmit anamms u UK-
criekTpockonust. [Tokazano, 4To atom Mertasuia B Mosekyste 2-(1-6eH30Tpra3onii)TaHaMiHa OHAEHTATHO KOOPIUHUPYETCS Yepe3
aTOMBI a30Ta B TPHA30JILHOM KONBIE M B aMHHOTPYIIE, a TakKe MOHOASHTATHO KOOPJMHHUPYETCS depe3 aTOMBI KHCIOpOJa
MOJIEKYJT BOJBL.

Kmrouesnie caoBa: Comnu Co(II), Ni(II), Cu(Il) u Zn, nurana, 2-(1-6eH30Tpra3omi)3TaHAMUH, KOMIUIEKCHOE coequnenue, K-
CIEKTPOCKOIHS, TepMuueckuii ananu3, SEM-EDX.

AYRIM 3d-METALLARINING 2-(1-BENZOTRIAZOLIL) ETANAMIN ASOSIDAGI KOMPLEKS BIRIKMALARI
TADQIQOTI
Annotatsiya

Magolada Co(II), Ni(I) Cu(Il) va Zn tuzlarining 2-(1-benzotriazolil) ethanamin asosidagi yangi kompleks birikmalari sintez
gilingan va ularning tarkibi, tuzilishi va xossalari fizik-kimyoviy metodlar, jumladan: skanerlovchi elektron mikroskop — energiya
dispersion tahlil (SEM-EDX), termik analiz va 1Q-spektroskopiyasi yordamida o‘rganilgan. Metall atomi 2-(1-benzotriazolil)
ethanamin molekulasidagi triazol halgasidagi va aminoguruhdagi azot atomlari orqali bidentat hamda suv molekulasidagi kisorod
atomlari orqali monodentat koordinatsiyalanishi ko‘rsatilgan.

Kalit so‘zlar: Co(II), Ni(Il) Cu(Il) va Zn tuzlari, ligand, 2-(1-benzotriazolil) ethanamin, kompleks birikma, 1Q-spektroskopiya,
termik analiz, SEM-EDX.

Kirish. Triazol halqasi o‘zida turli xil farmakologik ta’sirlarni namoyon etuvchi strukturaviy fragment hisoblanadi. Metall
ionlari bilan kompleks hosil qilish orqali yangi sinergetik ta’sirga ega bo‘lgan biologik faol birikmalar olish imkoniyati mavjud.
Metall ionlari bilan triazol hosilalarining koordinatsiyasi yangi turdagi tuzilmalarga ega bo‘lgan kompleks birikmalar sinteziga olib
keladi. Bu esa, 0‘z navbatida, kutilmagan fizik-kimyoviy xossalarga, jumladan, katalitik, magnit yoki optik xususiyatlarga ega
bo‘lgan materiallar yaratish uchun zamin yaratadi. Ligand tuzilishini o‘zgartirish orqali metall ionining koordinatsion qobiliyatini
nazorat qilish va shu orqali hosil bo‘lgan kompleksning xossalarini magqsadli ravishda boshqarish mumkin. Turli funksional
guruhlarni kiritish orqali esa, kompleksning eruvchanligi, barqarorligi va biologik nishonga bog‘lanishini optimallashtirish
imkoniyati paydo bo‘ladi.

Mavzuga oid adabiyotlar tahlili. Bugungi kunda geterotsiklik birikmalar kimyosi organik kimyoning jadal sur’atlar bilan
rivojlanayotgan yo‘nalishlaridan biri hisoblanadi. Xususan, tarkibida azot atomini tutuvchi geterotsiklik birikmalar samarali dori
vositalari sifatida o‘z tasdig‘ini topgan. Azotli geterotsiklik birikmalar sinfida triazol va uning hosilalari alohida ahamiyat kasb
etadi. Adabiyot manbalariga ko‘ra, ushbu birikmalar antioksidant, antituberkulyoz, antibakterial, antidepressiya, gerbitsid,
fungitsid, ingibitor va boshqa biologik faolliklarni namoyon etadi [1-7].
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Mazkur tadgigotning magsadi ayrim 3d-oraliq metallarning 2-(1-benzotriazolil)ethanamin (L) asosida yangi
metallokompleks birikmalarini sintez gilish, ularning tarkibi va tuzilishini fizik-kimyoviy usullar yordamida o‘rganish hamda
kompleks hosil bo‘lish qonuniyatlarini aniqlashdan iborat.

Tadgigot metodologiyasi. Ushbu magsadga erishish uchun 3d-metall tuzlarining 2-(1-benzotriazolil)ethanamin bilan
kompleks birikmalarini sintez qilish usullari ishlab chigilgan va sintez amalga oshirilgan. Sintez gilingan birikmalarning tarkibi,
tuzilishi 1Q-spektroskopiyasi, element va termik analizlar yordamida o‘rganilgan.

Kompleks birikmalar sintez qilish uchun metallarning kristallogidrat ko‘rinishidagi tuzlaridan: Co(II), Ni(II) va Cu(II) va
Zn nitrat va xlorid «k.a.t.» markasidan foydalanildi.

Mis (I1) xloridning 2-(1-benzotriazolil)ethanamin asosidagi kompleks birikmasining sintezi quyidagi metodika bo‘yicha
sintez qilindi: mis (II) xloridi (0,001 mol ) eritmasi 15 ml etanolda eritilib, uning ustiga M:L 1:2 molyar nisbatda (0,002 mol )
ligand 2-(1-benzotriazolil)ethanaminning 20 ml etanoldagi eritmasi tomchilatib qo‘shildi. Aralashma 1.5 soat davomida gaynatilib,
issiq holda filtrlandi va kristallanish uchun olib qo‘yildi. Besh kundan keyin yashil rangdagi mayda kristallar tushdi, so‘ngra bir
necha marta etanol bilan yuvildi. Mahsulotning unumi 65 % ni va T suyug. 261-262°C ni tashkil etdi.

Cu(ll), Zn(11), Ni(11) va Co(ll) xloridli, nitratli, atsetatli tuzlari L bilan kompleks birikmalari shu tarzda sintez gilindi.

Sintez qilingan komplekslardagi elementlarning miqdorlari (uglerod, azot, kislorod, oltingugurt va metall atomlari) SEM-
EDX metodi yordamida analiz qilindi. Komplekslarning mikrostrukturalari va EDX diagrammalari 1 (a, 6) rasmlarda keltirildi.

5! «

iy

3l -
DLLA_____L____ -

Imeprun [kev] b)
1-rasm. [CoL2(H20)2](CH3COO). kompleksining mikrostrukturasi a) va EDX
natijalari b)

"‘.ﬂ- o~
b)
2-rasm. [NiL2(H20)2](NOs)2 kompleksining mikrostrukturasi a) va EDX
natijalari b)

Tahlil va natijalar. Kompleks birikmalar tarkibida metall atomini ligand bilan hosil gilgan kompleks birikmalarning
tarkibi va tuzilishini o‘rganish bir gancha tadqiqotlarni talab etadi. Ishda 2-(1-benzotriazolil)ethanaminning Co(II), Ni(II), Cu(II)
va Zn metallari bilan hosil qilgan kompleks birikmalarining 1Q-spektrlari o‘rganildi. Metall tuzlari va L bilan etanolli eritmasida
M:L 1:2 nisbatda [ML2(H20)2] X2 tarkibga ega bo‘lgan kompleks birikmalar sintez qilindi. L - 2-(1-benzotriazolil)ethanamin; M —
o‘rniga Co(II), Ni(IT) Ba Cu(Il); X - o‘rniga CH3COOH", NOs’, Cl~.

3-4 rasmlarda 2-(1-benzotriazolil)ethanamin va ular asosida sintez gilingan kompleks birikmaning 1Q-spektri natijalari
keltirilgan.
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4-rasm. [CoL2(H20)2](CHsCOOs3)2 kompleksining 1Q- spektri
2-(1-benzotriazolil)ethanaminning 1Q-spektri tahlil gilinganda, 2906-3062 sm sohada uzun to‘lginli turli intensivdagi
chiziglar benzol halgasidagi C-H guruhining valent tebranishlari borligi aniglandi. Benzol halgasidagi C-H guruhining
deformatsion tebranishlari 1259 sm™ sohada hamda 963 sm™ sohada kuzatiladi. 2-(1-benzotriazolil)ethanaminning benzol
halgasidagi C=C guruhi 1455 sm! sohada valent tebranish kuzatiladi. 2-(1-benzotriazolil)ethanaminning triazol halgasidagi N-N
guruhining xarakterli valent tebranish yutilish chiziglari 1076 sm™* sohada kuzatiladi. 1483 sm™ sohada ligandning triazol
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halgasidagi N=N guruhi valent assimmetrik hamda 1329 sm* sohada valent simmetrik tebranishlarni namoyon giladi. 2-(1-
benzotriazolil)ethanaminning benzol halgadagi C-N guruhi 1124-1208 sm™* sohada valent tebranishlarni kuzatish mumkin.

Metall tuzlarining ligand bilan hosil gilgan kompleks birikmalarining 1Q- spektrlari solishtirilganda ayrim spektrlarda
yutilish chiziglari gisqarishi va yoyilishi kuzatildi. 2-(1-benzotriazolil)ethanamin va uning Co(ll), Ni(ll), Cu(ll), Zn tuzlari bilan
kompleks birikmalarining 1Q-spektrlarini taqqoslash shuni ko‘rsatadiki, 552-639 sm! sohalarda 1Q-spektrlarda O-M bog‘iga
tegishli bo‘lgan va ligand spektrlarida mavjud bo‘lmagan yutilish chiziglarining kuzatilishi markaziy atom suv molekulasidagi
kislorod atomi bilan koordinatsion bog‘ orqali bog‘lanishidan dalolat beradi [8].

[CoL2 (H20)2] (CHz COO0)2 kompleksining 1Q-spektrida 2901 sm™' sohada benzol halgasidagi C-H bog‘ining valent
tebranishlari kuzatiladi. Bundan tashqari, 3409 sm™' keng sohada suv molekulasiga tegishli bo‘lgan valent tebranish chastotalari
aniglanadi. Aminoguruhning valent tebranishi ham 3219 sm™' sohada namoyon bo‘ladi. Ligandning spektrida kuzatilmagan M-O
va M-N bog‘larining valent tebranishlarining mos ravishda 632 va 462 sm™' chastotalarda [8] paydo bo‘lishi 2-(1-
benzotriazolil)etanamin ligandining benzotriazol halgasidagi azot atomi hamda aminoguruhdagi azot atomi orgali bidentat
koordinatsiyasi natijasida bargaror metalloxelatli kompleks hosil gilganligini tasdiglaydi.

[NiL2(H20)2](NOs)2 tarkibli kompleksning 1Q-spektri tahlil gilinganda 2901 sm* sohada benzol halgasiga tegishli C-H
guruhining valent tebranishlari namoyon bo‘ladi. Shuningdek, 3335 sm™ keng sohada suv molekulasiga tegishli (OH) valent
tebranish chastotalari kuzatiladi. Aminoguruhning 3217 sm™ sohada xarakteristik yutilish chizig‘i namoyon bo‘ladi. Ligandda
uchramagan M-O va M-N bog‘larining valent tebranishlari 557 va 433 sm™ sohalarda namoyon bo‘lishi 2-(1-
benzotriazolil)ethanamin halgasidagi va aminoguruhdagi azot atomlari bilan bidentat holatda koordinatsiyalanganligini ko‘rsatadi.

Shunday qilib, 1Q-spektroskopik tahlil natijasiga ko‘ra komplekslarning 1Q-spektrida metall tuzlari 2-(1-
benzotriazolil)etanamin halgasidagi va aminoguruhdagi azot atomlari bilan metall ioni kompleks hosil gilishi aniglandi. Co(ll),
Cu(I), Ni(II) metall tuzlarining L asosidagi 1:2 nisbatda M:L kompleks birikma hosil qilib, oktaedr tuzilishli komplekslar hosil
bo‘lishi xulosa qilindi.

Co(II), Ni(II) Cu(I) va Zn tuzlarining 2-(1-benzotriazolil)etanamin bilan yangi aralash ligandli komplekslarining termik
barqarorligi va tarkibida suv molekulalari mavjudligini aniqlash magsadida termik analiz o‘tkazildi.

Termik analiz termoanalitik asbob — derivatografda olib borilib, bir vaqtning o‘zida namuna massasining kamayish tezligi,
kompleksning parchalanish massasi va termik barqarorligi aniqlanadi. Termik analiz natijasida komplekslarning parchalanishi va
suyuqlanishi, ligandlarning koordinasiyalanish sifati va koordinasiyalanmasligi, komplekslarning oxirgi mahsulotlari aniglanadi
[9-11].

Termik analiz natijalari: birikmalarni termik parchalanish bilan boruvchi issiglik effekti tabiati, temperatura effekti
intervallari va ularning tabiati, massani mg larda kamayishi 5 (a, b) - rasmlarda keltirilgan.

[NiL2 (H20)2] (CHs COO)2-H20 kompleks birikmasining differensial termogravimetrik analiz (DTGA) egri chizig‘i tahlili
shuni ko‘rsatadiki, DTGA egri chizig‘ining umumiy parchalanish oralig‘i 49,45 dan 800 °C gacha bo‘lgan temperatura intervaliga
mos keladi. Kompleksni gizdirish egri chizig‘ida ikkita endoeffekt mos ravishda 103,93 va 395,19 °C da kuzatildi. Birinchi
endoeffekt kompleksning tashqi sferasidagi kristallizatsion suvning ajralib chigishiga mos keladi. Shu bilan birga, ichki sferadagi
suvning yo‘qotilishi 130 °C gacha davom etadi. Keyingi termoeffektlar kompleks tarkibidagi ligand molekulasining bosgichma-
bosgich parchalanishi bilan izohlanadi. 297,93-579,74 °C intervalda termogravimetrik (TG) egri chizig‘i bo‘yicha eng ko‘p massa
yo‘qotilishi 36,41 % ni yoki 2,008 mg ni tashkil etadi. Keyingi 580 va 801 °C oraliqdagi effektlar ligandni parchalanish
mahsulotlarining yonishiga mos keladi va massaning 11.532%, 0,636 mg yo‘qotilishi kuzatiladi. Termoliz mahsuloti sifatida
nikel(11) oksidi goladi.

a) b)
5-rasm. [NiL2(H20)2](CH3COO)2-H20 (a) va [NiL2(H20)2]Cl2-H20 (b)
komplekslarining derivatogrammasi

Komplekslarning derivatografik tahlili natijasida namunaning massasi, komplekslarning parchalanish massasi va
komplekslarning termik barqarorligi harorat ortgani sari o°zgarib borishi aniqlandi. Shunday qilib, derivatografik tahlil natijasiga
ko‘ra, kompleks birikmalarning parchalanishi natijasida, dastlab tashqi sferadagi suv, keyin ichki sferadagi suv molekulalari,
keyingi bosgichlarda esa organik gismlarning parchalanishlari kuzatildi. Termoliz mahsulotlari sifatida esa metall oksidlari
golganligi xulosa gilindi.

Xulosa va takliflar. Sintez qgilingan kompleks birikmalarning tarkibi, tuzilishi va xossalari zamonaviy fizik-kimyoviy
tadqiqotlar bilan o‘rganilganda kompleks birikmalar tarkibida metall tabiatining ta’siri kuzatilmadi. Sintez qilingan kompleks
birikmalar tarkibida metall atomlari ikkita 2-(1-benzotriazolil) ethanamin bidentat va ikkita suv molekulasi monodentat
koordinatsiyalanib, barqoror metalloxelat hosil gilganligi ko‘rsatildi. Co(II), Ni(Il), Cu(ll) va Zn tuzlari asosida olingan kompleks
birikmalar tarkibida ichki sferada kristallizatsion suv molekulasi joylashganligi kuzatildi. Co(II), Ni(II), Cu(Il) va Zn tuzlari asosida
olingan kompleks birikmalar tarkibida 2-(1-benzotriazolil)ethanamin bidentat va ikkita suv molekulasi monodentat
koordinatsiyalanganligi ko‘rsatildi.

Fizik - kimyoviy tadgiqotlar asosida kompleks birikmaning tuzilishi metall — ligand 1:2 nisbatda birikkanligi xulosa gilindi
va sintez gilingan kompleks birikmalarning tuzilishi quyidagicha tavsiya qilindi:
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Bu yerda, M - o‘rnida Co(II), Ni(IT), Cu(ll) va Zn
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ION SUYUQLIGI MUHITIDA SHOLI POYASIDAN MONOSAXARIDLAR OLISH TEXNOLOGIYASI
Annotatsiya

Sholi poyasi odatda dalalarni tozalash maqsadida yoqib yo’boriladi va ekologiyaga jiddiy zarar etkaziladi. Mazkur ishda shu
masalalarni hal qilish uchun tadqiqotchilar sanoat uchun ahamiyati kam bo‘lgan sholi poyasidan qimmatli monosaxaridlar ajratib
olish texnologiyasini keltirishgan. Sholi poyasi Surxondaryo viloyatining sholi etishtiradigan dalalaridan olingan. lon suyuqgligi
sifatida dimetilsulfoksid karbamid ishlatilgan.

Kalit so‘zlar: triftorsirka kislota, eritma, gidroliz, arabinoza, ksiloza, glyukoza, mannoza, galaktoza, tabiiy polimer, sholi poyasi,
dimetilsulfoksid, karbamid.

TECHNOLOGY FOR EXTRACTION OF MONOSACCHARIDES FROM RICE STEM IN AN IONIC LIQUID
ENVIRONMENT
Annotation

Rice stalks are usually burned to clear fields, causing serious damage to the environment. In this work, to solve these problems,
researchers have proposed a technology for extracting valuable monosaccharides from rice stalks, which are of little industrial
importance. Rice stalks were obtained from rice fields in Surkhandarya region. Dimethyl sulfoxide urea was used as the ionic
liquid.

Key words: Trifluoroacetic acid, solution, hydrolysis, arabinose, xylose, glucose, mannose, galactose, natural polymer, rice stalk,
dimethylsulfoxide, urea.

TEXHOJIOT'USI U3BJEYEHUSA MOHOCAXAPHIOB U3 CTEBJISI PUCA B CPEJE HOHHOM )KUJIKOCTH

AHHOTALUSA

Jyis ouncTky moJel cTeOsu prca OOBIYHO CKHTAIOT, YTO HAHOCHT CEPbe3HBIH DKONOTHYECKHi ymepO. B manHO# pabote mis

pelreHns 3TUX MPoOIIeM NCCIeI0BATENH BHEAPHIN TEXHOIOTHIO H3BICUEHHS [IEHHBIX MOHOCAXapH0B U3 cTeOIIel prca, KOTOpEIe

HE UMEIOT OOJIBIIOTO TPOMBIIIIEHHOTO 3HaYeHus. Ctebnu prca ObIUTH B3STHI ¢ pUCOBHIX nojelt CypxaHaapbHHCKON obOnacTu. B

KauecTBE MOHHOM JKHIKOCTH HCTIONB30BaN AUMETHICYIb()OKCH]I, MOUEBIHA.

KiroueBble c10Ba: TpUPTOPYKCYCHAss KMCIOTa, PacTBOp, I'MAPONM3, apabHHO3a, KCWJIO3a, IJIIOKO3d, MaHHO3a, TaJlakTo3a,

NPUPOJIHBIN MonuMep, cTeberb puca, TMMETHICYIb()OKCHT MOUSBHHBI.

Kirish. Hozirgi vaqtda jahon miqyosida kimyo va biokimyo sanoatni rivojlantirishda mahalliy xom-ashyolardan
foydalanish aynigsa sellyuloza tarkibilagi bir nechta quyimolekular moddalarni zamonaviy texnologiyalar yordamida ekologik
jihatdan toza holda ajratib olish dolzarb vazifalardan biridir. Sellyuloza tarkibilagi quyimolekular moddalarni fraksiyalarga ajratish
erituvchilarni qo‘llash orqali amalga oshiriladi. Zamonaviy texnologiyalarda sellyuloza massasini atmosfera bosimi va past
haroratlarda ishlov berish orgali yugori samaradorlikga erishish mumkin.

Adabiyotlar tahlili. Sholi poyasidan turli miqdordagi birikmalarni ajratib olish hisobiga sanoatda uning o‘rnini oshirish
mumkin. Ion suyuqligi yordamida gamish, payraha va kanaf hamda boshqa o‘simliklar poyasidan birikmalarni ajratib olish
imkoniyati mavjudligi aniglangan [1]. Sholi poyasi tarkibidagi sellyulozaning erish jarayoni molekular vodorod bog‘larini buzilishi
bilan boradi. Lignin sellyuyulozali xom ashyosiga IS (ion suyuqligi) sharoitida ishlov berish ilmiy jihatdan asoslangan bo‘lib,
sanoat miqyosida qo‘llash istigbolli ahamiyatga ega [2]. Buni amalga oshirish uchun IS sifatida dimetilsulfoksid karbamid
qo‘llanildi. Dimetilsulfoksid karbamid muhim bioparchalovchi erituvchi bo‘lib boshqa vakillariga qaraganda zararli tomoni
kamrog. Kuchli erituvchi sifatida sellyullozani fraksiyalarga ajratishda yugori samara berishi isbotlangan [3].

Tadgigot metodologiyasi. Sholi poyasi Surxondaryo viloyatining sholi etishtiradigan dalalaridan olindi. lon suyuqligi
sifatida dimetilsulfoksid karbamid ishlatildi. Ultratovush bilan ishlov berish haroratlar intervali 80-140°C bo‘lganida va 5 dan 20
dagiqagacha ish chastotasi 45 kGs va quvvati 10, 30 va 50 Vt bo‘lgan ultratovushli dispergator UZDN-2T yordamida amalga
oshirilgan.
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Sholi poyasi ion suyuqligida 5, 10, 15 dagiqga davomida 80, 110, 140°C haroratda 10, 30, 50 V1 ultratovushli nurlanishida
uch xil sharoitda ishlov berildi. Hosil gilingan tabiiy polimerlar triftoruksus kislota yordamida gidroliz gilindi [4].

Tahlil va natijalar. Olingan natijalarga garaganda, ultratovushdan foydalanish mahsulot unumining ortishiga yordam
beradi, hamda ishlov berish muddatini gisqartiradi. Sholi poyasini 100 °C da 15 dagiga davomida 10 Vt quvvatda ultratovush bilan
ishlov berilganida mahsulot chigishi 52,6% ga erishildi, oddiy sharoitda 60 dagiga davomida ishlov berilganida 43,1% ni tashkil
qildi.

Ultratovush quvvatning 50 Vt ga oshirilsa bilan mahsulot unimi 63,1% gacha ko‘tariladi. Ultratovush quvvatini 50 vt ga
ortishi 15 dagiga ichida gemitsellyuloza 6 % ga, lignin 10 % ga oshishi isbotlandi. Ultratovush bilan ishlov berishda lignin va
gemitsellyuloza o‘rtasidagi o‘zaro bog‘larlarining samarali uzilishiga bog‘liq bo‘ladi. Oddiy sharoitda ya’ni ultratovushsiz sholi
poyasiga ishlov berish 7 soat ko‘proq vaqt talab gilinadi. Demak ion suyuqligida sholi poyasini eritish uchun ultratovushdan
foydalanish vaqtni 5-6 soatgacha tejash imkoniyatini beradi. Sholi poyasiga oddiy sharoitda 100°C da 1 soat davomida ishlov
berishsa, 5,9 % atrofida lignin fraktsiyaga ajraladi, agarda 10 V't quvvatga ega ultratovushdan foydalanilsa 15 dagigada 10% gacha
oshadi.

Triftoruksus kislota eritmasi bilan gidrolizlanishi mumkin bo‘lgan tabiiy polimerlarning ulushi texnik sellyuloza (TS)
fraksiyasi tarkibidagi massaning taxminan 64% ni tashkil giladi. Lignin va gemitsellyulozadan ajralish natijasida TC fraktsiyasida
gidrolizlanadigan polisaxaridlarning ulushi issiglik bilan ishlov berishdan keyin va vodorod tarmog'i ulanishlarining mustahkamligi
zaiflashishi tufayli ortadi. Natijada, polisaxaridlar migdori kamayganiga garamay, fraksiyaning kislotali gidrolizlanishidan keyin
monosaxaridlarning ajralishi ortadi (1-jadval).

1-jadval.
Texnik sellyuloza (TS) fraksiyalarining gidrolizatlaridagi monosaxaridlar migdori
Harorat va vaqt, °C/s Tarkib, % og‘irlik. Jami, % og‘rlik.
Arabinoza Ksiloza Mannoza Galaktoza Glyukoza
11071 5,02 26,77 0,04 0,60 12,89 46,02
120/1 5,96 25,02 0,05 1,04 17,86 50,21
140/1 5,00 23,98 0,30 1,49 20,10 51,02
145/1 6,00 23,05 0,02 1,60 24,99 54,86
140/2 6,5 25,59 0,40 2,51 28,91 64,21

Monosaxaridlarning chigarilishining ko‘payishi texnik sellyuloza gidrolizi tufayli yuzaga keladi, bu gidrolizatlar
tarkibidagi glyukoza ulushini 110 ° C (1 soat) da 12,89 % dan 145 °C da 24,99 % gacha oshirishni ta‘minlaydi. Gemitsellyuloza
texnik tsellyulozaga qaraganda trifloroatsetik kislota bilan oson gidrolizlanadi. 2-jadvalda keltirilgan natijalardan ko‘rinib turibdiki,
GS fraktsiyalarini gidrolizlash jarayonida olingan monosaxaridlarning umumiy unumi 73 dan 82% gacha 0°’zgarib turadi.

Texmik sellvuloza fraksivalarining

gidrolizatlarida monosaxaridlarning migdori

1-rasm. TS gidrolizlanishida monosaxaridlarning migdori
Tadqiq qilinayotgan haroratlar oralig‘ida monosaxaridlarning umumiy miqdorida ksiloza va glyukozaning miqdori yo‘qori
ekanligini ko‘arabinoza 69,8 va ksiloza 51,8 % gacha kamayganligi ko‘rish mumkin.
Gidrolizning monosaxaridlari tarkibida glyukoza, ksiloza va arabinozaning nisbatan yuqori miqdori qayd etilgan,
fraksiyada gemisellyuloza (GS)lar mavjudligidan dalolat beradi.
2-jadval.

Gemisellyuloza (GS) fraksiyasi tarkibidan ajartib olingan monosaxaridlar migdori
Harorat va vaqt, °C/s Tarkib, % og‘irlik. Jami, % og‘rlik.
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Arabinoza Ksiloza Mannoza Galaktoza Glyukoza
100/1 5,98 66,11 0,21 2,10 4,70 77,98
120/1 6,02 63,19 0,21 1,31 5,99 77,57

140/1 6,59 57,49 0,20 2,31 7,81 73,31

150/1 7,31 54,01 0,30 3,02 12,01 75,75

140/2 7,02 67,02 0,34 2,59 5,61 82,00

Monosaxaridlarning etakchi tarkibiy gismlaridan biri ksiloza bo'lib, bu bizga gemitsellyuloza fraktsiyalarida ko'p migdorda
ksilan borligini taxmin gilish imkonini beradi. Qayta ishlash haroratining oshishi bilan ksiloza migdorining pasayishi furan
hosilalari va kimyoviy jarayonlarning boshqa bir qator inhibitorlerinin shakllanishi bilan ikkilamchi o'zgarishlar tufayli yuzaga
kelishi mumkin.

Arabinoz miqdori harorat va ishlov berish muddatiga bog'liq emas va 5,9 dan 7,2% gacha. Shunga o'xshash miqgdor
glyukoza tarkibida mavjud. Juda oz migdorda galaktoza va mannoz ham aniglangan. GS fraksiyalarining gidrolizi paytida
monosaxaridlarning maksimal rentabelligi guruch poyalarini dimetil sulfoksid muhitida 140 ° C da 2 soat davomida davolashdan
keyin olingan va fraksiyaga nisbatan 81,2% ni tashkil etgan.Ksiloza va arabinoza GS fraksiyasida ikkinchisi asosiy
monosaxaridlardir, chunki gidrolizat fraksiyasidagi glyukoza migdori 5% dan oshmaydi. GS fraksiyasi tarkibida massaning 80%
dan ko‘prog‘ini triftoruksus kislota eritmasi bilan gidrolizlanib arabinoza, ksiloza, glyukoza, mannoza va galaktoza hosil giladigan
tabiiy polimerlar tashkil giladi.

3-jadval.
Guruch poyalarini ultratovushli termik ishlov berishdan keyin ajratilgan mahsulotlarning tarkibi.

Fraksiya Fraksiyalarning Monosaxaridlar, % og‘irlikda.
chigishi, %. Arabinoza| Ksiloza | Mannoza | Galaktoza Glyukoza
FraksiyaTS 63.6 5,90 27,30 0,44 2,09 24,10
Fraksiya GS 20.7 7,10 67,80 0,19 1,65 4,80

Jadvalda berilgan ma‘lumotlardan ko‘rinib turibdiki sholi poyasidan olingan polisaxaridlardan TS fraksiyasi 63,6% ni, GS
fraksiyasi esa 20,7% ni tashkil qilgan. Polisaxaridlarning monosaxaridlarga parchalanish foizidan ko‘rish mumkinki
monosaxaridlarning yetakchi komponentlaridan biri ksiloza hisoblanib (27,30 va 67,80 %), bu gemitsellyuloza fraksiyalari
tarkibidagi ksilanning ko‘p migdorda ekanligini taxmin gilishga imkon beradi.

Arabinozaning migdori harorat va ishlov berish davomiyligiga bog‘liq emas va 5,9 dan 7,2 % gacha oraliqda bo‘ladi.
Shunga o‘xshash miqdor glyukozada uchraydi. Juda ham kam miqdorda galaktoza va mannoza ham aniqglangan.

Xulosalar. Tadgiqot natijasida ultratovush quvvati 50 Vt da 15 daqiqa davomida 100°C da ishlov berilganda texnik
sellyuloza, gemisellyuloza va lignindan 71,2% gacha tozalangandi. Shu bilan birga fraksiyaning unumdorligi 47,5% ni tashkil etdi.
Bunda shu narsa ma’lum bo‘ldiki, dastlabki sholi poyasi tarkibidagi sellyuloza miqdori ham 47,5% atrofini tashkil qilgan bo‘lsa
sholi poyasi tarkibidagi birikmalar ion suyugligi yordamida ultratovush bilan ishlov berilganda 90% dan yuqori darajada mahsulot
ajratib olingan.
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AMMONIA TRANSPORT IN ORGANISMS AND ITS INDICATORS IN NEURODEGENERATIVE DISEASES
Annotation
In this study, ammonia levels were investigated in rats with artificially induced Alzheimer's disease. The results showed a
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TPAHCIIOPT AMMHUAKA B OPTAHU3MAX H EI'O MTOKA3ATEJIA ITPY HEMPOJAETEHEPATUBHBIX
3ABOJIEBAHUSIX
AHHOTaLUA
B nmanHOM HCcnenoBaHHM W3y4alicsl YPOBEHb aMMHaka y KpbIC ¢ MCKYCCTBEHHO HMHAYLMPOBAaHHOH 00JE3HBIO AJbIreiimMepa.
PesynpTarsl mokasany 3HaUNTENFHOE MOBBIIICHHE KOHIIEHTPAIIMY aMMHUaKa B TOJIOBHOM MO3Te ¥ KPOBH OOJBHBIX JKHBOTHBIX. JTO
CBHJETEIBCTBYET O TOM, YTO HapyLIEHHE MEeTaboIM3Ma aMMHaKa MOXKET BIUSITh Ha Pa3BUTHE O0sIe3HN AnbIreimepa.
KnroueBble c1oBa: AnpnreiiMep, aMMuaK, THIIIOKAMII, KOpa FOJIOBHOTO MO3Ta, METab0JIM3M aMMHUaKa.

ORGANIZMLARDA AMMIAK TRANSPORTI VA UNING NEYRODEGENERATIV KASALLIKLARDAGI
KO‘RSATKICHLARI
Annotatsiya
Ushbu ishda kalamushlarda sun’iy ravishda hosil gilingan Altsgeymer kasalligida ammiak darajasi o‘rganildi. Natijalar kasal
hayvonlarning miya va qonida ammiak miqdori sezilarli darajada oshganini ko‘rsatdi. Bu ammiak almashinuvining buzilishi
Altsgeymer rivojlanishiga ta’sir qilishi mumkinligini ko‘rsatadi.
Kalit so‘zlar: Alsgeymer, ammiak, gippokamp, bosh miya korteksi, ammiak metabolizmi.

Kirish. Alsgeymer kasalligi (AK) progressiv neyrodegenerativ kasallik bo‘lib, kognitiv funksiyalarning asta-sekin
yo‘qolishiga olib keladi. Ushbu kasallikning patogenezi murakkab va to‘liq o‘rganilmagan. So‘nggi tadqiqotlar ammiak (NHs)
metabolizmining buzilishi AK rivojlanishida muhim rol o‘ynashi mumkinligini ko‘rsatmoqda [16]. Ushbu tadqiqotda AK
modelidagi hayvonlar qonida NHs miqdori o‘rganildi. Tadqiqot 67 ta hayvonda o'tkazildi va ularning qonidagi NHs miqdori
o‘lchandi. Olingan natijalar zamonaviy adabiyotlar bilan solishtirildi. NHs va neyrotoksiklik: So‘nggi tadqiqotlar NHs ning
neyronlarga toksik ta‘sirini tasdiqlaydi. NHs oksidlovchi stressni kuchaytiradi, mitoxondrial disfunksiyani keltirib chiqaradi va
neyronlarning sinaptik funksiyasini buzadi [14]. AK patogenezida NHs roli: Tadqiqotlar NHs beta-amiloid to‘planishini
kuchaytirishi va tau ogsilining giperfosforillanishiga olib kelishi mumkinligini ko‘rsatdi. Bu esa AKning asosiy patologik
belgilaridir. NHs va kognitiv buzilishlar: Klinik tadqiqotlar NHs darajasining oshishi kognitiv buzilishlar bilan bog*ligligini
ko‘rsatdi [17]. NH3 ni kamaytirish strategiyalari: So‘nggi tadqiqotlar NH3 ni kamaytirishga qaratilgan terapevtik strategiyalarni
o‘rganmoqda. Amiak NHs darajasini kamaytirishga yordam berishi mumkin bol‘gan dori prepearatlar ustida tadqiqotlar olib
borilmoqda [18].

Mavzuning dolzarbligi va tadqiqot maqgsadi. Eksperemental Alsgeymer modelli hayvonlar qoni va bosh miyaning turli
gismlariga ammiakning ta’sirini o‘rganish. Organizmlarda ammiak transporti va uning neyrodegenerativ kasalliklardagi
ko‘rsatkichlari nihoyatda dolzarb mavzu hisoblanadi. Ammiak metabolizmining buzilishi turli neyrodegenerativ kasalliklarning
rivojlanishiga olib kelishi mumkin, shu sababli ushbu mavzu biologiya, tibbiyot va nevrologiya sohalarida katta qiziqish uyg*otadi.
Ammiakning neyronlarga ta’sirini tushunish va uning transport mexanizmlarini o‘rganish neyrodegenerativ kasalliklarni
davolashning yangi usullarini ishlab chigishga yordam beradi. Ammiakning to‘qimalardan jigarga va buyraklarga transport
shakllari glutamin va alanin hisoblanadi, kamrogq migdorda asparagin va glutamat, shuningdek, gonda oz migdorda erkin shaklda
ammiak mavjud. Glutamin va alanin eng ko‘p uchraydigan transport shakllari bo‘lib, ular qondagi barcha aminokislotalarning 50%
gacha qismini tashkil giladi. Glutaminning asosiy qismi mushaklar va nerv to‘qimalaridan keladi, alanin esa mushaklar va ichak
devoridan amin azotini olib yuradi [11, 12, 13]. Ammiakning transport shakllari bilan bog‘liq reaksiyalar asosan ayrim to‘qima va
organlarga bog‘liq. Ammiakni transport qilish uchun magqsadli organlar jigar, buyraklar va ichakdir. Jigarda boshga muhim
metobolik jarayonlar bilan bir qatorda, asparagin va glutamin mos ravishda asparaginaza va glutaminaza fermentlari ta’sirida
deaminatsiyalanadi, hosil bo‘lgan ammiak siydik sintezida ishlatiladi. Alanin a-ketoglutarat bilan transaminlanish reaksiyalariga
kirishadi. Glutamin kislotasi oksidlovchi dezaminlanish uchraydi. Organizmda aminokislotalarning katabolizmi va ovgatdan
ogsillarni parchalovchi ichak bakteriyalarining faolligi natijasida hosil bo‘lgan ammiak jigar gepatotsitlari tomonidan karbamidga
aylanadi va zaharliligini yo‘qotadi. Sog‘lom odamda qondagi ammiak konsentratsiyasi past bo‘ladi va odatda 50 mkmol/l (85
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mkg/dl) dan past bo‘ladi. Tadgiqotlar shuni ko‘rsatdiki, ortigcha ammiak markaziy asab tizimiga toksik ta’sir ko‘rsatishi mumkin
va unga hamroh bo‘lgan klinik ko‘rinish odatda nevrologik xususiyatga ega. Ammiak darajasining oshishiga quyidagilar sabab
bo‘lishi mumkin: (I) tug‘ma metabolik kasalliklar: yoki (IT) boshqa kasalliklar. Qondagi ammiakning ko‘tarilgan darajasi Reye
sindromi, virusli gepatit yoki sirroz bilan bog‘liq og‘ir jigar yetishmovchiligida ham kuzatilishi mumkin. Amiak darajasi ortishi,
ya’ni giperammoniyemiya - yangi tug‘ilgan chaqaloqlarda ammiak darajasi 100 mkmol/l dan va kattalarda 50 mkmol/l dan yuqori
bo‘lgan holat [3]. Giperammoniyemiya sindromining dastlabki ko‘rinishlari uchdan bir hollarda erta yangi tug‘ilgan davrga to‘g‘ri
keladi. Gipperammoniyemiya — sindromi yangi tug‘ilgan davrida ko‘pincha markaziy asab tizimining (MAT) turli darajadagi
depressiyasi, hatto komagacha (75%), tutqanoq sindromi (55%) va qusish (40%) shaklida namoyon bo‘ladi. Organizmda noto‘g‘ri
ishlayotgan katabolizm jarayonlari natijasida hosil bo‘lgan ortigcha ammiak miqdori jiddiy biokimyoviy muammo hisoblanadi. Bu
ammiakning toksikligi va birinchi navbatda, markaziy asab tizimiga (MAT) ta’siri bilan bog‘liq [1, 2]. Bu holat turli
patologiyalarga hamroh bo‘lishi mumkin. Birinchi navbatda, bu irsiy moddalar almashinuvi kasalliklari (IMAK) bo‘lib, ular har
xil yoshda namoyon bo‘lishi mumkin, ammo eng og‘ir oqibatlar yangi tug‘ilgan davrida namoyon bo‘ladigan kasalliklarda
kuzatiladi. Demak bundan, amiak miqdorining balandligi birinchi turi genetik omillarga bog‘liq ekanini xulosa qilish mumkin.
Ikkilamchi giperammoniyemiya jigarning shikastlanishi yoki valproat kislota preparatlari kabi dorilarni gabul qilish bilan bog‘liq
[5]. Qondagi ammiak kontsentratsiyasining ko‘payishi miyadagi ammiak darajasining oshishiga olib keladi [6], bu esa oxir — ogibat
eritrositlarning  shishishi, gemato — ensefalik to‘signing o‘tkazuvchanligining oshishi, serebral metabolizm va
neyrotransmissiyaning o‘zgarishi, shuningdek, miya shishishiga sabab bo‘ladi [7, 8]. Ammiak, shuningdek, eritrotrositlarda
kaliyning buferlanishini buzadi. Natijada hujayradan tashqari kaliy kontsentratsiyasining oshishi va neyronal Na*; K*; CI-
kotransporterning giperfaollashuvi kortikal ingibitor neyron mediator o‘tkazuvni yomonlashtiradi va tutqanoqlarga olib keladigan
nevrologik disfunksiyani keltirib chiqaradi [8, 9]. Bosh miyani yuqori ammiak darajasidan himoya qiluvchi to‘siq eritrositlardagi
glutaminsintaza faolligidir. Biroqg, bu detoksikatsiya tizimining cheklanishi eritrositlarda glutamin to‘planishi natijasida yuzaga
keladigan osmotik stressdir (ammiak—glutamin—miya shishi gipotezasi) [10].

Material va metodlar. Tadqiqotlar O‘zbekiston Milliy universiteti huzuridagi Biofizika va biokimyo instituti
Metabolomika laboratoriyasida oq kalamushlarda olib borildi. Tajribalarda jami 24 ta 324+16 g kalamushlardan foydalanildi.
Tadqiqotlar sanitariya qoidalari va laboratoriya hayvonlariga insoniy munosabatda bo‘lish standartlari va Helsinki Deklaratsiyasi
(Butun Jahon Tibbiyot Assotsiatsiyasi, Edinburg, 2000 y.), Xalqaro tibbiy ilmiy jamiyatlar kengashi (CIOMS; the council for
international organizations of medical sciences) va eksperimental hayvonlarni saqlash va ularda tadqiqotlar olib borishda xalqaro
«Guide for the Care and Use of Laboratory Animalsy», qoidalariga muvofiq amalga oshirildi. Tadqiqot hayvonlarida Alsgeymer
kasalligi modelini chaqirish uchun neyrotoksin streptozotsindan foydalanildi. Tajriba uchun ajratilgan kalamushlar guruhlarga
ajratildi: I guruh — nazorat (n=11), II guruh — tajriba (Alsgeymer, n=15), III guruh — tajriba (Alsgeymer+ Kversetin n=15) (Kv), IV
guruh - tajriba (Alsgeymer+ X-2 C.M.K (1:9), n=14), V guruh- tajriba (Alsgeymer+X-2 C.M.K (1:5), n=17) guruhlarga bo'lindi.
Alsgeymer kasalligining modelini chaqirish uchun streptozotsin 3 mg/kg miqdorda burun orqali yuborilgandan keyin 14 kun o‘tib,
IIT guruhdagi kalamushlarga 14 kun mobaynida bir haftadan so'ng, X-2 C.M.K (1:5) (50 mg/kg), IV guruhdagilarga X-2 C.M.K
(1:9) (40 mg/kg) og‘iz bo‘shlig‘i orqali 7 kun davomida peroral yuborildi. Qon plazmasi va to‘qima gomogenatidagi ammiak
darajasini aniqlash uchun 2 xil usul mavjud bular, bevosita va bilvosita. Ammiakni bilvosita usul bilan aniqlashda birinchi
izolyatsiya, masalan, ishqor qo‘shib yoki ishqor bilan kationitdan foydalanib, so‘ngra uning tarkibini aniqlash. Ammiak
konsentratsiyani aniqlash uchun reaktiv Infinity™ Blood Ammiak to‘g‘ridan — to*g‘ri fermentativ reagentidan foydalanildi.

Quyidagi reaksiyalar ketma — ketligiga asoslangan usul:

NHs + o-ketoglutarat + NApEutamatdegidrogenaza (GIDG) Gglutamat + NAD + H20

Biz o°z tadqiqotlarimizda Alsgeymer kasali modelini laborotoriya sharoitida tayyorlab bu kasallikda, model hayvon
qonidagi, miyyaning gipokamp va korteks qismlaridagi amiak miqdorini aniqladik.

Olingan ma’lumotlar o‘rtacha qiymat + standart og‘ish ko‘rinishida taqdim etildi. Statistik tahlil dasturi, GraphPad Prism
yordamida amalga oshirildi. Guruhlarni tagqoslash uchun statistik mezon, Student T — kriteriyasi ishlatildi. Farqlar p<0,05 da
statistik jihatdan ahamiyatli deb hisoblandi.

Olingan natijalar va ularning tahlili: AK modeli: (Modda, masalan, beta-amiloid 1-42) dan foydalanish hayvonlarda AK
modelini chaqirish uchun keng tarqalgan usuldir, chunki u AKda kuzatilgan asosiy patologik jarayonlarni taqlid giladi. NH3 ni
aniqlash [23] orqali aniqlandi. Fermentativ usul biologik namunalarda NH3 darajasini aniqlash uchun yuqori sezgir va o‘ziga xos
usuldir. Statistik tahlil: Student t — kriteriyasi ikki guruhni taqqoslash uchun mos usuldir.

1-jadval.
Eksperemental Alsegeymer modeli hayvonlar qonidagi NH3 (amiyak) miqdori (mkmol/l).
Intakt Alsgeymer Alsgeymer Alsgeymer Alsgeymer
+Kv +X-2 (1:5) +X-2(1:9)
68,4328 109,60+5,21 100,3+3,59* 92.7+5.48"* | 95,5+4,07%*

I1zoh: *-p<0.05; **-p<0.01. nazorat guruhiga nisbatan ishonchlilik darajasi.

Ushbu tadgigotda olingan natijalar AK modelidagi hayvonlar qonida NH3 miqdori oshganini ko'rsatdi. Bu natijalar
zamonaviy adabiyotlardagi ma'lumotlar bilan mos keladi va NHs AK patogenezida muhim rol o‘ynashi mumkinligini tasdiglaydi.
Biz tadgiqotimizda AK modelidagi hayvonlar bosh miyasining gippokamp gismida NHs miqdori o‘rgandik. Tadgiqot 56 ta
hayvonda o‘tkazildi va ularning gippokampidagi NHs miqgdori o‘lchandi. Olingan natijalar zamonaviy adabiyotlar bilan
solishtirildi. Gippokampdagi NH3 va neyrotoksiklik: Gippokamp NHs ning neyrotoksik ta‘siriga aynigsa zaifdir. Tadgigotlar shuni
ko‘rsatadiki, gippokampda NHs migdorining oshishi sinaptik plastiklikni buzadi va neyronlarning o‘limiga olib keladi[19-20]. NH3
va kognitiv buzilishlar: Klinik tadgigotlar NHs miqgdorining oshishi kognitiv buzilishlar, aynigsa xotira va fazoviy orientatsiya
buzilishlari bilan bog‘ligligini ko‘rsatdi, bu funksiyalar gippokamp bilan chambarchas bog‘ligqdir [17]. NHs ni kamaytirish
strategiyalari: NHs migdorini kamaytirishga garatilgan terapevtik yondashuvlar, masalan, laktuloza va rifaksimin kabi dorilarni
go‘llash AKdagi kognitiv buzilishlarni yumshatish uchun o‘rganilmoqgda. [18]. Eksperiment modeli tayyor bo‘lgandan keyin
hayvonlar [anesteziya usuli] bilan anesteziya qilindi. Bosh miya olib tashlandi va gippokamp gismi ajratib olindi. Gippokamp
namunalari saglash usuli, -4°C da saglandi. Gippokamp namunalari gomogenizatsiya usuli yordamida gomogenizatsiya gilindi.
NH3 darajasi aniglash usuli, fermentativ kolorimetrik usul yordamida aniglandi. O¢Ichovlar spektrofotometrda aniglandi. Olingan
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ma’lumotlar statistik tahlil dasturi, GraphPad Prism yordamida tahlil gilindi. Guruxlar o‘rtasidagi farglar [statistik mezon, Student
t — testi] yordamida aniglandi. p < 0,05 giymati statistik jihatdan ahamiyatli deb hisoblandi.

2-jadval.
Eksperemental Alsegeymer modeli hayvonlar bosh miyasining gippokamp gismida NH3 (ammiyak) migdori mkmol/l.
Intakt Alsgeymer Alsgeymer Alsgeymer Alsgeymer
+KV +X-2 (1:5) +X-2(1:9)
22,5+1,02 39,11+0,88 31,5241,18%* 33,60+1,09%** 35,8241,08**

I1zoh: *-p<0.05; **-p<0.01. nazorat guruhiga nisbatan ishonchlilik darajasi.

Ushbu tadgigotda AK modeli hayvonlar bosh miyasining gippokamp gismida NHs miqgdori oshganligi aniglandi. Ushbu
natijalar zamonaviy adabiyotlar ma’lumotlari bilan mos keladi va AK patogenezida NH3 ning mumkin bo‘lgan rolini tasdiglaydi.
Olib borilgan ushbu tadgigotda AK modelidagi hayvonlar bosh miyasining korteks gismida NHs migdori o‘rganildi. Tadgigot 67
ta hayvonda o‘tkazildi va ularning korteksidagi NHs migdori o¢Ichandi. Olingan natijalar zamonaviy adabiyotlar bilan solishtirildi.
Korteksdagi NHs va neyrotoksiklik: Bosh miya korteksi yugori kognitiv funksiyalarda muhim rol o‘ynaydi va NHs ning
neyrotoksik ta‘siriga aynigsa zaifdir. Tadgigotlar shuni ko‘rsatadiki, korteksda NHs migdorining oshishi sinaptik uzatishni buzadi
va neyronlarning o‘limiga olib keladi [21, 22]. Tadgigotlar korteksda NHs beta — amiloid to‘planishini kuchaytirishi va tau
ogsilining giperfosforillanishiga olib kelishi mumkinligini anigladi, bu esa AKning asosiy patologik belgilaridan biridir Klinik
tadgigotlar NHs migdorining oshishi kognitiv buzilishlar, aynigsa ijro etuvchi funksiyalar va diggat buzilishlari bilan bog*ligligini
ko‘rsatdi, bu funksiyalar bosh miya korteksi bilan chambarchas bog‘ligdir. NHs migdorini kamaytirishga garatilgan terapevtik
yondashuvlar, masalan, laktuloza va rifaksimin kabi dorilarni qo‘llash AKdagi kognitiv buzilishlarni yumshatish uchun
o‘rganilmoqda [18].

Korteks namunalarini olish: Model chagrirlgandan keyin 3 hafta o‘tgach, hayvonlar anesteziya usuli, droperidol bilan
anesteziya qilindi. Bosh miya tezda olib tashlandi va Korteksning, frontal korteks gismi ajratib olindi. Korteks namunalari suyuq
azotda tez muzlatish usulida saglash orgali saglandi. Korteks namunalari gomogenizatsiya buferi va usuli, tris-HCI buferida
ultratovushli gomogenizatsiya yordamida gomogenizatsiya gilindi. Ammiak darajasi, fermentativ kolorimetrik to‘plam yordamida
aniglandi. O¢lchovlar spektrofotometri yordamida amalga oshirildi. Har bir namunadagi oqgsil miqdori Bradford ogsil tahlili
yordamida aniglandi va natijalar ogsil miqdoriga normallashtirildi. Olingan ma’lumotlar statistik tahlil gilindi. Guruhlar o‘rtasidagi
farglar Mann — Whitney U testi yordamida aniglandi. p < 0,05 giymati statistik jihatdan ahamiyatli deb hisoblandi.

3-jadval.
Eksperemental Alsegeymer modeli hayvonlar bosh miyasining korteks gismida NHz migdori (mkmol/l)
Intakt Alsgeymer Alsgeymer Alsgeymer Alsgeymer
+KV +X-2 (1:5) +X-2 (1:9)
20,1+0,90 36,51+0,95 29,95+0,98 32,76+1,01 30,08+0,87

I1zoh: *-p<0.05; **-p<0.01. nazorat guruhiga nisbatan ishonchlilik darajasi.

Ushbu tadgigotda AK modeli hayvonlar bosh miyasining korteks gismida NH3 miqdori oshganligi aniglandi. Ushbu
natijalar zamonaviy adabiyotlar ma’lumotlari bilan mos keladi va AK patogenezida NHz ning mumkin bo‘lgan rolini tasdiglaydi.

Xulosa. Ushbu tadgigot AK modelidagi hayvonlar gqonida NH3 miqdori oshganini ko‘rsatdi. Ushbu natijalar NHs AK
patogenezida ishtirok etishi mumkinligini ko'rsatadi. Bundan tashqari o‘rganilagna tadgiqotda AK modeli hayvonlar bosh
miyasining gippokamp gismida NHs miqgdori oshganligini ko‘rsatdi. Ushbu natijalar AK patogenezida NHs ning mumkin bo‘lgan
rolini ko‘rsatadi. NHz migdorini kamaytirishga garatilgan keyingi tadgigotlar AKni davolash uchun yangi strategiyalarni ishlab
chigishga yordam berishi mumkin. Kelgusida NHsni kamaytirishga garatilgan tadgiqotlar AKni davolash uchun yangi
strategiyalarni ishlab chigishga yordam berishi mumkin. Ushbu tadgigot AK modeli hayvonlar bosh miyasining korteks gismida
NHs migdori oshganligini ko‘rsatdi. Ushbu natijalar AK patogenezida NHs ning mumkin bo‘lgan rolini ko‘rsatadi. NH3 miqgdorini
kamaytirishga garatilgan keyingi tadgigotlar AKni davolash uchun yangi strategiyalarni ishlab chigishga yordam berishi mumkin.
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PEROVSKIA SCROPHULARIFOLIA ILDIZINING KIMYOVIY KOMONENTLARI
Annotatsiya

Mazkur magola Lamiacaeae oilasiga mansub Perovskia scrohulariifolia (xapri) ildizlarining kimyoviy tarkibini o‘rganishga
bag‘ishlangan. Ildizlarning metanol ekstraktidan kriptotanshinon, kofein va rozmarin kislotalari, g-stigmasterol va D-pinitol kabi
biologik faol birikmalar ajratilgan. Ajratib olingan birikmalarning kimyoviy tuzilishlari UB-, *H va 3C YaMR spektrlari,
shuningdek, HSQC va HMBS tajribalarini o‘rganish natijasida adabiyotlarda keltirilgan ma’lumotlari bilan tagqoslash asosida
aniglangan.

Kalit so‘zlar: Perovskia scrophulariifolia, kriptotanshinon, rozmarin kislotasi, kofein kislotasi, stigmasterol va D-pinitol.

XHUMHUYECKHUE KOMIIOHEHTBI KOPHEM PEROVSKIA SCROPHULARIFOLIA
Annotatsiya

Statya posvyaiuena izucheniyu ximicheskix komponentov korney Perovskia scrophulariifolia (perovskiya norichnikovolistnaya)
semeystva Lamiacaeae. 1z metanolnogo ekstrakta korney veidelensr biologicheski aktivneie soedineniya: kriptotanshinon,
kofeynaya i rozmarinovaya kislotsi, B-stigmasterol i D-pinitol. Stroenie veidelennsix soedineniy brili identifitsirovansr na osnovanii
izucheniya UF-, !N i 13S YaMR-spektrov, takje eksperimentov HSQC i HMBS s posleduyumim sopostavleniem s takoveimi
literaturnerx danneix dlya etix vemestv.

KmroueBnie ciioBa: Perovskia scrophulariifolia, kriptotanshinon, rozmarinovaya kislota, kofeynaya kislota, stigmasterol i D-
pinitol.

CHEMICAL COMPONENTS OF PEROVSKIA SCROPHULARIFOLIA ROOTS
Annotation
The article is devoted to the study of chemical components of Perovskia scrophulariifolia roots of the Lamiacaeae family.
Biologically active compounds were isolated from the methanol extract of the roots: cryptotanshinone, caffeic and rosmarinic acids,
B-stigmasterol and D-pinitol. Structure the isolated substances were identified based on the study of UV-, H and *3C NMR spectra,
as well as HSQC and HMBC experiments, followed by comparison with literature data for these compounds.
Key words: Perovskia scrophulariifolia, cryptotanshinone, rosmarinic acid, caffeic acid, stigmasterol and D-pinitol.

Kirish. Perovskia turkumiga mansub o‘simliklar (Lamiaceae oilasi) 9 xil yarim buta turlarini 0‘z ichiga oladi va Markaziy
Osiyoning tog‘li hududlarida uchraydi [1,2]. Ba’zi olimlar Perovskia turkumini Salvia turkumi ichida subturkum sifatida
tasniflashni taklif gilmoqdalar [3].

O‘zbekistonda ushbu turkumning to‘rtta turi uchraydi, ulardan P. angustifolia va P. scrophulariifolia taksonomik jihatdan
o‘zaro yaqin bo‘lib, keng tarqalgan va yirik fitosenozlarni hosil giladi. Perovskia scrophulariifolia (Bunge) — balandligi 60-120 sm
ga yetadigan, shox-shabbasi zich tarmoglangan, mayda gullari va mayda metelchasimon barglari bilan goplangan yarim buta
hisoblanadi. Ushbu tur o°zining dekorativligi va yoqimli ifori bilan qadrlanadi. P. scrophulariifolia tog® yonbag‘irlaridagi toshloq
va shag‘alli joylarda, shuningdek, quruq daryo vodiylarida o‘sib, Markaziy Osiyoning togoldi va o‘rta tog‘ mintaqalarida (Pomir-
Oloy va Tyan-Shan) endemik o‘simlik sifatida uchraydi. O‘zbekistonda ushbu tur Toshkent, Samargand, Surxondaryo,
Qashgqadaryo viloyatlari hamda Farg‘ona vodiysida targalgan. U asalbop, pergabop va bo‘yoq beruvchi o‘simlik sifatida gadrlanadi
[1,3,4].

Xalg tabobatida P. scrophulariifolianing yer usti gismidan tayyorlangan damlamalar turli kasalliklarni davolashda
ishlatiladi. U odamlar va hayvonlarda allergik kasalliklarni davolashda, quyoshda kuyish va teri kasalliklarini bartaraf etishda
qo‘llaniladi. Quritilgan gullari oshqozon-ichak kasalliklari va qorin og‘rig‘ini yengillashtirish uchun choy sifatida ichiladi [2,4-6].

Ushbu o°simlikning damlamasi, efir moylari antibakterial xususiyatga ega. Shuningdek, damlama va quyuq ekstrakti
yaralarni bitirish xossasiga ega, to‘g‘ridan- to‘g‘ri vena ichiga yuborilganda esa vaqtincha arterial bosimni pasaytirgan [4]. Osiyo
mintaqgasidagi ayrim mamlakatlarda esa ichak parazitlarini yo‘qotish uchun ishlatiladi [2,4-6].
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P. scrophulariifolianing yerusti gismlarida 0,20-0,48% miqdorda o‘tkir hidli to‘q sariq efir moyi mavjud. Turkmaniston va
O‘zbekiston hududlarida o‘suvchi P. scrophulariifolia o‘simligining yerusti qismlaridan olingan efir moyi tarkibi ilgari o‘rganilgan
[2,4,7-9].

Efir moyining asosiy komponentlari quyidagilardir: evkaliptol, kariofillen izomerlari, kamfora, borneol, bornilatsetat, p-
simol va boshqa terpenoidlar. Ushbu o‘simlikning yerusti qismlaridan abietan tipidagi diterpenoidlar, flavonoid diosmetin,
fenilpropanoidlar, antosiyanlar, kumarinlar, azotli birikmalar, evgenol glikozidlari, benzil spirti, salidrozidlar va Cz2s gatoriga
mansub terpenoidlar ajratib olingan [2,4,10-12]. Biroq P. scrophulariifolia ildizlarining kimyoviy tarkibi hozirgacha
o‘rganilmagan.

Tadgiqot metodologiyasi Biologik faol birikmalarni ajratib olish magsadida O‘zbekiston Respublikasining Samarqand
viloyati (Omonquton qishlog‘i atrofi) hududida 2023-yil noyabr oyining ikkinchi o‘n kunligida yig‘ilgan P. scrophulariifolia
ildizlarining tarkibi o‘rganildi [13]. Tadqiqot uchun maydalangan quruq ildizlar (3 kg) xona haroratida olti marta metil spirti bilan
ekstraksiya gilindi. Olingan ekstraktlar silikagel (350 g) bilan aralashtirilib, xona haroratida quritildi, so‘ngra quritish shkafida 60
°C da 2 soat davomida saqlanib quritildi. Natijada olingan aralashma KSK (70-230 ) markali silikagelda kolonkali xromatografiya
usulida fraksiyalandi va ketma-ket quyidagi erituvchilar bilan yuvildi: benzin, dixlormetan, etillasetat va n-butanol. Erituvchilar
ajratib olingandan so‘ng 34,0 g benzin fraksiyasi, 33,4 g dixlormetan fraksiyasi, 27,5 g etillasetat fraksiyasi va 153,0 g n-butanol
fraksiyasi hosil bo‘ldi.

Benzin fraksiyasidan erituvchini bug‘latish jarayonida hosil bo‘lgan kristallar filtrlab olindi, geksanda qayta kristallandi va
natijada 8,3 g norditerpenoid kriptotanshinon (1) ajratib olindi. Etillasetatli fraksiya (27,5 g) 550 g silikagelda xloroform va
xlorofom-metanol sistemalarida bosgichma bosgich kolonkali xromatografiya gilindi. Olingan xloroform-metanol (9:1) fraksiya
(18,0 g) sefadeks LH-20 sorbentida xromatografiya gilindi. Olingan eluatlardan 1,24 g B-stigmaterol (5), 0,43 g rozmarin kislotasi
(2) va 0,37 g kofe kislotalari (3) ajratib olindi. Butanolli fraksiya (153,0 g) 2500 g silikagel yordamida etillasetat hamda etillasetat-
metanol sistemalarida kolonkali xromatografiya qgilindi. Etillasetat-metanol (8:2) fraksiyasidan 6,3 g D-pinitol (4) ajratib olindi.

Tahlil va natijalar Ajratib olingan birikmalar tuzilishi UB-, 'H va *C YaMR spektrlari hamda HSQC va HMBC tajribalari
yordamida o‘rganildi va ularning natijalari ushbu birikmalar uchun mavjud bo‘lgan ilmiy adabiyot ma’lumotlari bilan solishtirildi.

Kriptotanshinon (1). Qizil rangli ignasimon kristal modda, tarkibi CisH200s, suyuglanish harorati 190-191 °C. UB-spektri
[(A max, MeOH, nm): 263, 270, 293, 356, 449] — ushbu ma’lumotlar nor-abietanoid diterpenlar uchun xos bo‘lib, C halgasida orto-
xinon guruhlari mavjudligini ko‘rsatadi [14].

IK-spektri (sm™"): 2957, 1685, 1652, 1622, 1557, 1462, 1402, 1335, 1195, 1142, 1165, 941, 842, 700. 'H YaMR spektri
(600 MGs, CDCls, §, m.u., J/Gs): 1.31 (6H, c, 18-CHs Ba 19-CHs), 1.36 (3H, d, J=6.8, 17-CH3), 1.66 (2H, M, H-3), 1.79 (2H, M,
H-2), 3.21 (2H, t, J=6.5, H-1), 3.60 (1H, dkd, )X=9.3, 6.8, 6.1, H-15), 4.37 (1H, dd, J=9.3, 6.1, H-16a), 4.37 (1H, t, J=9.3, H-16b),
7.49 (1H, d, J=8.2, H-7), 7.64 (1H, d, J=8.2, H-6). YaMR spektri 13C (150 MGs, CDCls, §, m.u.): 184.4 (C-11), 175.8 (C-12), 170.9
(C-14), 152.5 (C-10), 143.8 (C-5), 132.7 (C-6), 128.5 (C-8), 126.4 (C-9), 122.6 (C-7), 118.4 (C-13), 81.6 (C-16), 37.9 (C-3), 35.0
(C-15), 34.7 (C-4), 32.0 (C-19), 32.0 (C-18), 29.8 (C-1), 19.2 (C-2), 18.9 (C-17) [14,15].

Rozmarin kislotasi (2) Uchuvchan sariq rangli amorf modda. UB-spektri (Amax, MeOH, nm): 290, 330. 'H YaMR
spektri (600 MGs, DMSO-ds + CCls, 8, m.d., J/GS):2.92 (1H, dd, J = 14.4, 8.3, H-7’a), 2.99 (1H, dd, J=14.4, 4.2, H-7’b), 5.01
(1H, dd, J=8.3, 4.2, N-8"), 6.18 (1H, d, J=15.8, H-8), 6.50 (1H, dd, J=8.2, 2.1, H-6’), 6.62 (1H, d, J=8.0, H-5"), 6.67 (1H, d, J=2.1,
H-2%), 6.73 (1H, d, J=8.2, H-5), 6.90 (1H, dd, J=8.2, 2.1, H-6), 7.01 (1H, d, J=2.1, H-2), 7.45 (1H, d, J=15.8, H-7). YaMR spektri
133 (150 MGs, DMSO-ds+CCls, 5, m.u.): 125.3 (C-1), 114.4 (C-2), 145.4 (C-3), 148.4 (C-4), 115.5 (C-5), 121.2 (C-6), 145.6 (C-
7), 113.2 (C-8), 165.6 (C-9), 127.1 (C-17), 116.5 (C-2°), 144.7 (C-37), 143.8 (C-4"), 115.2 (C-5), 119.8 (C-6"), 36.2 (C-7*), 72.5
(C-8%), 170.6 (C-9°) [16].

Kofe kislotasi (3). Rangsiz kristall modda. T.suyuq. 221-223 °C. UB-spektr (Amax, MeOH, nm): 325, 299, 235. Spektr
YaMR *H (600 MGs, DMSO-ds+CClas, 8, m.u., J/Gs): 6.09 (1H, d, J=16.2, H-8), 6.72 (1H, d, J=8.2, H-5), 6.84 (1H, dd, J=8.2, 2.1,
H-6), 6.97 (1H, d, J=2.1, H-2), 7.38 (1H, d, J=16.2, H-7). YaMR spektri *C (150 MGs, DMSO-de+CCls, §, m.u.): 125.7 (S-1),
114.2 (C-2), 145.4 (C-3), 147.9 (C-4), 115.5 (C-5), 120.7 (C-6), 144.3 (C-7), 115.0 (C-8), 167.8 (C-9) [16].

D-pinitol (4). Oq yaltirog kristall modda. T.suyug. 190-192°S. *H-YaMR (600 MGs, D-O+aseton-ds, m.u., J/Gs): 3.17
(1H,t,J=9.7, H-6), 3.48 (1H, t, J= 9.6, H-5), 3.43 (3H, s, OCHs3), 3.59 (1H, dd, J = 9.9, 2.9, H-4), 3.64 (1H, dd, J =9.9, 2.8, H-1),
3.84 (2H, m, H-2, H-3), 4.66 (keng signal, OH-guruh). $3C-YaMR (D20O+aseton-de, 8, m.u.): 82.8 (C-6), 72.2 (C-5), 71.7 (C-
2), 71.5 (C-3), 70.6 (C-4), 69.9 (C-1), 59.8 (OCHa). Spektral ma’lumotlarga ko‘ra, *C YaMR spektrida metoksi guruhining
uglerod signali va kislorod bilan bog‘langan siklogeksan halqasidagi oltita uglerod atomining signallari mavjud. 'H va *C YaMR
spektrlarining batafsil tahlili, shuningdek, ilmiy adabiyot ma’lumotlari bilan solishtirish natijasida, birikma D-pinitol (tsiklik spirt)
sifatida identifikatsiya gilindi [17].

B-Stigmasterol (5) Kristall xoldagi modda, suyuglanish harorati 159-161°C. Ushbu birikmaning tuzilishi, bu moddaning
spektral ma’lumotlarni taxlil qilish va haqiqiy namunalar bilan solishtirish natijasida identifikatsiya qilindi [18].
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Ma’lumki [19], kriptotanshinon turli farmakologik va biologik xususiyatlarga ega, jumladan, immunomodulyator,
yallig‘lanishga qarshi, saraton kasalligiga qarshi, antifibrotik va neyroprotektiv faoliyatlar ko‘rsatadi. Rozmarin Kislotasi
immunomodulyator, yallig‘lanishga qarshi, antibakterial, antioksidant, neyroprotektiv va antigipertansiyon xususiyatlarga ega [20].
Kofe kislotasi yallig‘lanish, saraton, neyrodegenerativ kasalliklar va shakar diabetini oldini olish uchun qo‘llaniladi [21]. D-pinitol
antigipertansion va antioksidant xususiyatlarga ega bo‘lib, insulinga bog‘liq kasalliklarni davolashda, jumladan, diabet va uning
surunkali asoratlari, semizlik, ateroskleroz, gipertoniya, yurak-gon tomir kasalliklarida tavsiya etiladi [22].
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Shuningdek, 1 va 2 birikmalarning antimikrob faolliklari o‘rganildi. Ushbu birikmalarning antibakterial va antifungitsid
xususiyatlarini tadqiq gilish uchun diffusion modifikatsiya usulidan foydalanildi, test standartlari sifatida esa gram-manfiy
bakteriyalar — Bacillus subtilis, Staphylococcus aureus; gram-musbat bakteriyalar — Pseudomonas aeruginosa, Escherichia coli va
qo‘zg‘atuvchi qo‘ziqorin shtammpi Candida albicans kabi mikroorganizmlar shtammlari ishlatildi: [19]. Tadgiqot natijalari shuni
ko‘rsatdiki, rozmarin kislotasi B. subtilis (18.04+0.10 mm), S. aureus (18.08+0.12 mm) va P. aeruginosa (12.04+0.10 mm)
bakteriya shtammlariga nisbatan faol antibakterial ta’sir ko‘rsatadi. Kriptotanshinonning antibakterial faolligi B. subtilis, S. aureus,
P. aeruginosa shtammlariga nisbatan mos ravishda 18.04+0.10 mm, 18.084+0.12 mm va 12.04+0.10 mm ni tashkil etdi.

Xulosa va takliflar P. scrorhulariifolia o‘simligi ildizidan methanol erituvchisi yordamida ekstraksiya usulida
kriptotanshinon, kofe va rozmarin kislotasi, B-stigmasterol, D-pinitol kabi biologik faol birikmalar ajratib olindi va ularning
tuzilishi spectral usullar yordamida identifikatsiya gilindi. Ajratib olingan Rozmarin kislotasi va kriptotanshinon moddalari B.
subtilis, S. aureus va P. aeruginosa bakteriya shtammlariga nisbatan faol antibakterial ta’sir ko‘rsatdi.
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STUDY OF ALTERNATIVE CONDITIONS OF THE REACTION OF CHITOSAN WITH N-PHENYL-N,N-
DIETHYL,N-CARBOXYBENZYL AMMONIUM CHLORIDE
Annotation
A water-soluble compound of chitosan was obtained by synthesizing quaternary ammonium salts based on chitosan. After the
formation of the quaternary ammonium salt of chitosan, the ability to block bacteria increases due to its negative charge. It was
found that this compound has antibacterial properties. The structure of the synthesized compound was analyzed using
physicochemical methods using IR and PMR spectroscopic methods.
Key words: Chitosan, N-phenyl-N,N-Diethyl, N-carboxybenzyl ammonium chloride, Benzyl ester of monochloroacetic acid,
Monochloroacetic acid, DMSO (Dimethylsulfoxide), DMFA (Dimethylformamide).

HCCIEIOBAHUE AJTbTEPHATUBHBIX YCJIOBHM PEAKIIAHA XUTO3AHA C N-®OEHWJI-N,N-TASTHJI-N-
KAPBOKCUBEH3WIAMMOHMI XJIOPHJIOM
AHHOTATIHS

IlyTeM cHHTE3a 4ETBEPTUYHBIX aMMOHHEBBIX COJICHl Ha OCHOBE XHTO3aHA MOJYy4YEHO BOJOPACTBOPUMOE COCAMHCHHE XUTO3aHA.
Ilocne oOpa3oBaHms YeTBEPTUYHON aMMOHHEBOI COJTM XUTO3aHA YBEIHMYMBACTCS M CIOCOOHOCTH OJIOKHPOBATh OAaKTEPHH 3a CUET
OTPHLATEIBHOTO 3apsija. beulo oOHapyKeHO, YTO 3TO COeAMHEHHE 00iazaeT aHTHOAKTepualbHBIMH cBoMcTBaMu. CTpoeHHE
CHHTE3UPOBAaHHOTO COEAWHEHMs1 IpoaHanu3upoBaHo Meromgamu HK-, ITMP-cnekTpockonmuu ¢ HCIOJIB30BaHHEM (H3HKO-
XUMHYECKUX METOJIOB.

KmioueBbie caoBa: XwutozaH, N-cdenmn-N,N-muotin, N-xapOokcuOeH3WIIaMMOHMH — XJIOpuA,  OCH3WIOBBIH  adup
MOHOXJIOPYKCYCHOU KHCIIOTBI, MOHOXJIOpYKcycHas kucioTa, JJMCO (mumermncynbdoxenn), IMDPA (mumernndopmamu).

XITOZANNI N-FENIL-N,N-DIETII, N-KARBOKSIBENZIL AMMONIY XLORID BILAN REAKSIYALARINI
MUQOBIL SHAROITLARINI O‘RGANISH
Annotatsiya

Xitozan asosida to‘rtlamchi ammoniy tuzlarini sintez qilish orqali xitozanning suvda eruvchan birikmasi olindi. Xitozanning
to‘rtlamchi ammoniy tuzi hosil bo‘lgandan so‘ng manfiy zaryadi orqali bakteriyalarni bloklash imkoniyati ham ortadi. Bu birikma
antibakterial xossaga ega ekanligi aniglandi. Sintez gilingan birikmani fizik-kimyoviy usullar yordamida 1Q, PMR spektroskopik
usullar bilan tuzilishi tahlill gilindi.

Kalit so‘zlar: Xitozan, N-fenil-N,N-Dietil, N-karboksibenzil ammoniy xlorid, Monoxlorsirka Kkislotasining benzil efiri,
Monoxlorsirka kislota, DMSO (Dimetilsulfooksid), DMFA (Dimetilforamid),

Kirish. Xitozan chiziqli aminopolisaxariddir, xitozan juda ko‘p tarmoqli birikma bo‘lib, biologik faolligi yuqori
hisoblanadi, bundan tashqari o‘ziga xos tomonlaridan mikroblarga qarshi xususiyatlarga ega. [1-4] Hozirgacha xitozanda olib
borilga tadgiqotlar xitozanning antibakterial ta’siri quyidagilarga bog‘ligligini ko‘rsatdi, diatsellash reaksiyalari natijasida
to‘rtlamchi ammoniy tuzlari olinishi, bu unga manfiy zaryadlangan bakterial hujayra devori bilan o‘zaro ta’sir o‘rnatish orqali,
bakteriyalarning hujayralarini buzilishiga olib keladi. [5-8] Xitozanni biologik faolliklarini oshirishda strukturaviy o‘zgartirishlar
bilan amalga oshiriladi. Eruvchanlikni oshirish va mikroblarga qarshi faollikni oshirishga qaratilga kimyoviy reaksiyalar ko*proq
amalga oshirilmoqda. Xitoaznni tabiiy xolda ajratib olish usullaridan biri, erkin aminokislotalarga ega bo‘lgan yagona katyonik
polisaxarid sifatida asosan qisqichbaqalar va qisqichbaqalar qobig‘ida B-(1-4)-2-amino-2-deoksi-D-glyukan kislotasi ajratib
olingan. Xitozan funktsional 0zig-ovqat, biomateriallar va o‘simliklar o‘sishi sohalarida ahamiyatga ega. [9-11]

Ruminiyalik olimlar tomonidan xitozanni amid va glikozid bog‘lanishlarining ajralishi orqali deasetilatsiya va
depolimerizatsiya reakisiyalari olib borilgan, natijada ammo xitozanning funksional guruhlari mikroblarga qarshi ta’sir qilishi
aniglangan, chunki bu hujayra membranasi bilan alogani kuchaytirishga imkon beradi.

Br
C
- A \\ -
c(u‘ / \ +N o Blr.“/ \ \ /*;N CgHs
ol cits
C —
7y
1\ \N'-diphenacyl-[4,4-dipyridinium] dibromide (DP) " N N’'-diphenacyl-1,2-bis-(4-pyridinium}ethane dibromide (DPE)

Tadgigotning obekti va metodologiyasi. Sintez gilingan birikmalarning xususiy fizik-kimyoviy Kkattaliklarini aniglashda
zamonaviy fizik-kimyoviy tadgigot usullaridan foydalindi. Bunda birikmalarning 1Q spektrlari Perkin-Elmer firmasining 1Q-Fure
Cistema 2000 spektrometrida KBr li tabletkalarda YaMR 1H, 13C - spektrlari ishchi chastotasi 400 MGs bo‘lgan Unity-400+ va
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ishchi chastotasi 600 MGs bo‘lgan Jeol-600 uskunalarida (ichki standart GMDS, 3-shkalasi) deyterillangan CD3COOD, DMSO
eritmalarida olindi. Sintez qilingan birikmalarning suyuqlanish harorati «MEL-TEMP» (AQSh) uskunalarida aniqlandi.
Birikmalarni sintez gilishda termik va mexanik mustahkam shaffof kvars shishali (BorSilicatium 3.3 markali) kolba va stakanlardan
foydalanildi.

Natijalar va muhokamasi. Adabiyotlarda N,N-dietilaminning xlorsirka Kislotasi efirlari bilan hosil gilgan birikmalari
haqida ma’lumotlar uchramaydi. Shu sababli N,N-dietilaminning monoxlorsirka kislotasining efirlari bilan reaksiyalarini o‘rganish
magsad qilib qo‘yildi. Dastlab yangi haydalgan dietilanilinning MXSK efirlari bilan reaksiyalari etanol, atseton va etilatsetat
erituvchilarida o‘rganildi.

CoHs——N——C,Hs

Csz

C,H;OH
+ HZC—C/ N—C
| o—c
Csz

Dastlab monoxlorsirka kislotasini benzil spirit bilan etirifikatsiya reaksiyasi olib borildi. Reaksiya natijasida monoxlorsirka
kislotasining benzil efiri sintez qilindi.

Shundan so‘ng to‘rtlamchi ammoniy tuzini olish uchun monoxlorsirka kislotasining benzil efiri hamda N,N-dietilaminning
reaksiyasi olib borildi. Reaksiyaning optimal sharoitlari o‘rganildi. Eriruvchi sifatida etanol, atseton va etilatsetatlarda reaksiyalar
olib borilganda etanol bilan olib borilgan reaksiyada to‘rtlamchi ammoniy tuzining hosil bo‘lish unumi yuqori bo‘ldi.

Sintez qilinga to‘rtlamchi ammoniy tuzini Xitozan bilan reaksiyasi olib borish rejalashtirildi chunki xitozanning biologik
faolligi yugori bo‘lib NH2 guruhga atsetil bog® hosil qilish mumkin. Bu esa xitozanni suvda eruvchan birikmasini hosil gilish
imkonni beradi hamda biologik faolligini oshiradi.

OH
CZHSH 0
© O N C C H, - CH,;COOH
(0] + ~o-C Cl ————
C - H DMFA 3-Soat
HO NH, [? 25 40-50 C°
OH
(6]
% o
HO NH |
sz,H 0
’N c- . -
HH ~o-c Cl
OH
& 1
0 0

igS s

N-(2-(benziIoksi)-2-((((2R,3R,4S,58,6R)-4-gidroksi-6-(gidroksimetiI)-2,5-dimetiIoksitetragidro-2H-pyran-3-iI) amino)
oksietil)-N,N-dietilbenzilammoniy xlorid

Reaksiyani olib borishda dastlab xitozanni sirka kislotada eritib olindi, Shundan so’ng to’rtlamchi ammoniy tuzi N-fenil-
N,N-dietil, N-karboksibenzil ammoniy xloridni ham DMFA da eritib xitozan eritmasi bilan aralashtirildi. Aralashmani 40-50 C da
3 soat davomida olib borildi. Natijada hosil bo’lgan gelsimon moddani NaOH ni 15% li eritmasida eritib filtrdan o’rkazildi. Keyingi
ishni davom ettirib Xitozan va to’rtlamchi ammoniy tuzidan hosil bolgan birikmani sintrafugada ikki qism ajratib olindi. Xitozan
asosida olingan to’rtlamchi ammoniy tuzni to’liq quritish uchun 24 soat 60 C° da quritishga qo’yildi. Olingan birikmani unumini
hisoblaganimizda 73 % ni tashkil etdi. Suyuglanish harorati esa 238 C°.

Bu reaksiyani amalga oshirishning optimal sharoitlari o’rganildi. Amid va glikozid bog'lanishlarning parchalanishi orqali
atsetillanish va polimerizatsiya darajasi ortadi, ammo xitozanning funksional guruhlari C2 dagi nukleofil aminokislota va gidroksil
guruhlarida (mos ravishda C6, C3 da birlamchi va ikkilamchi) kimyoviy faolligini oshiradi natijada reaksiyani davom ettirish
imkonni beradi. Shunday qilib, xitozanning tuzilishi turli xil funksianal birikmalariga reaksiyalarni olib boorish imkonni beradi.
Bu esa xitozanning biologik faolligiga sezilarli darajada ta’sir qiladi. Olinga birikmalarni IQ spektrda tahlill qilindi.
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N-(2-(benziloksi)-2-((((2R,3R,4S,5S,6R)-4-gidroksi-6-(gidroksimetil)-2,5-dimetiloksitetragidro-2H-pyran-3-il) amino)
oksietil)-N,N-dietilbenzilammoniy xloridning 1Q spektri.

Tadqiqot ishining natijalari. IK-spektr SPECORD-75IR va Avator 360 cpektrofotometrlarida KBr tabletkalarida olindi.

1Q-spektrida (v, cm1): Xitozanga xos bo’lgan spektrlar 3292, 2876, 1651, 1558, 1374, 1149, 1026, va 895 cmL. chastotada
tebranishlarni ko'rsatdi. Xitozanning hosilalari infraqizil spektrlari xitozan strukturasi uchun xarakterli chiziglarni ko'rsatdi.
Adabiyot ma'lumotlariga ko'ra sof xitozan spektrida 3320 - 3292 cm™, O-H 2876 cm™.

'H YaMR - spektrlari ishchi chastotasi 400 MGs bo‘lgan Unity-400+ va ishchi chastotasi 600 MGs bo‘Igan Jeol-600
uskunalarida (ichki standart GMDS, 8-shkalasi) deyterillangan CD3COOD, DMSO eritmalarida olindi.

1H NMR (500 MHz, DMSO-d6) 8 0.67-0.91 (t, J = 6.7 Hz, 3H), 1.05-1.43 (m, 18H), 1.78-2.04 (t, J = 7.2 Hz, 2H), 4.65—
4.75 (t,J = 7.4 Hz, 2H), 8.35-8.38 (d, J = 6.0 Hz, 2H), 9.26-9.31 (d, J = 6.1 Hz, 2H).

13C NMR (126 MHz, DMSO-d6) § 14.4,22.7,25.9, 28.9,29.2, 29.3,

29.4,29.5,31.3, 31.8,61.0, 127.3, 146.0, 150.8, 164.2.

Xulosalar. Xitozan asosida to’rtlamchi ammoniy tuzini sintez gilish orgali uning suvda eruvchan birikmasini olishga
erishildi. Aromatik to’rtlamchi ammoniy tuzini biriktirsh orqali xitozanning biologik faolligini oshiradi. Olib borilgan
reaksiyalarning reaksiyani boorish optimal sharoitlari o’rganildi.
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SYNTHESIS OF (E)-5-(3,4-DIMETHOXYBENZYLIDENE)-3-METHYL-6,7-DIHYDROPYRROLO[1,2-a] THIENO[3,2-
d]PYRIMIDIN-9(5H)-ONE
Annotation

(E)-5-(3,4-Dimethoxybenzylidene)-3-methyl-6,7-dihydropyrrolo[1,2-a]thieno[3,2-d]pyrimidin-9(5H)-one (AR-109) was
synthesized in two steps from ethyl 3-amino-5-bromobenzo[b]thiophene-2-carboxylate (AT-2). 'H and ¥C NMR, HRMS
confirmed the structure. Increased reaction temperature and duration significantly improved yield. These derivatives hold promise
for pharmaceutical and material applications.

Key words: cancer, catalyst, cyclization, drug design, thieno[2,3-d]pyrimidine, Williamson ether synthesis,

(E)-5-(3,4-DIMETOKSIBENZILIDEN)-3-METIL-6,7-DIGIDROPIRROLOJ[1,2-a] TIENO[3,2-d]PIRIMIDIN-9(5H)-ON
SINTEZI
Annotatsiya
(E)-5-(3,4-dimetoksibenziliden)-3-metil-6,7-digidropirrolo[1,2-a]tiyeno[3,2-d]pirimidin-9(5H)-on (AR-109) ikki bosgichda, etil
3-amino-5-bromobenzo[b]tiofen-2-karboksilat (AT-2) asosida sintez gilindi. *H va 3C YaMR, YuAMS orqali tuzilma to‘liq
tasdiglandi. Reaksiya harorati va davomiyligini oshirish hosildorlikni sezilarli yaxshiladi. Ushbu hosilalar farmatsevtika va
materialshunoslikda istigbolli hisoblanadi.
Kalit so‘zlar: dori dizayni, katalizator, saraton, siklizatsiya, tieno[3,2-d]pirimidin, Uilyamson efir sintezi.

CHUHTE3 (E)-5-(3,4-IMMETOKCUBEH3NJINAEH)-3-METWJI-6,7-TUT TAPOIIUPPOJIO[1,2-a] THEHO(3,2-
dIIMPUMHUANH-9(5H)-OHA
AHHOTALUSA

(E)-5-(3,4- mumeroxcnben3unuieH)-3-metui-6, 7- quruaponuppoino[ 1,2-a]tueno| 3,2-dmupumuaun-9(5H)-on  (AR-109)  6bun
CHUHTE3MPOBAH B JBa 3TAla U3 3TI-3-aMUHO0-5-6pomobenso[b]tuoden-2-kapbokcunara (AT-2). Crpykrypa noarsepskaena *H u
13C gMP, BTMC. IloBbiieHHe TeMNepaTyphl ¥ BPEMEHHM PEaKIMM 3HAYUTENHHO YBEIMYMIO BBIXOA. DTH MPOU3BOJIHBIE
HEePCHEeKTUBHEI TS (hapMalleBTHKN U MaTepHAIOBEICHHUSL. .

KnroueBbie cioBa: xatanu3arop, LUKIM3ALMS, AU3AHH JIEKapCTB, paK, CUHTE3 MPOCTHIX 3GHUpoB 1o Bunbsmcony, tueHo[3,2-
d]nupumuaus..

: ééA'p'H{éALAés'TRAEf' S

JJ‘ A ’O
- - 8

Introduction. Cancer represents a highly intricate and heterogeneous pathology, hallmarked by dysregulated cellular
proliferation, invasive potential, and metastatic dissemination. Despite decades of intensive research, it persists as a predominant
contributor to global mortality[1].

The emergence of molecularly targeted therapeutics has yielded substantial survival benefits for patients harboring
oncogenic driver mutations. Small-molecule inhibitors targeting EGFR, ALK, and BRAF mutations have exhibited profound
efficacy in non-small cell lung carcinoma and melanoma[2]. Meanwhile, CRISPR-Cas9 genome editing and RNA-targeted
therapeutics are pioneering novel avenues in precision oncology, enabling genetic reprogramming at an unparalleled level of
specificity.

Literature review. Vitiligo is a dermatological disorder characterized by the progressive depletion of melanocytes within
the epidermis, leading to localized hypopigmentation[3]. This condition can affect any anatomical site housing melanocytes,
thereby inducing both functional impairments and structural abnormalities in the affected dermal regions. Although the precise
etiology remains an area of active investigation, multiple mechanistic hypotheses have been proposed to explain the pathogenesis
of vitiligo[4]. The prevailing theory suggests that the disorder arises from melanocyte destruction coupled with dysregulated
melanin biosynthesis[5].

Various pharmacological interventions are currently employed in vitiligo therapy, including topical corticosteroids,
calcineurin inhibitors, vitamin Ds analogs, and psoralens[6]. Among these, psoralens (furocoumarins) have been extensively
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explored due to their ability to intercalate into DNA and induce photoreactivity under ultraviolet (UV) exposure. Clinically relevant
examples include 8-methoxypsoralen[7], 5-methoxypsoralen[8], and 4,5,8-trimethylpsoralen[9]. These molecular scaffolds exhibit
potent photosensitizing properties, facilitating their therapeutic utility when activated by long-wave UV radiation. However, despite
their efficacy, psoralen-based photochemotherapy is associated with notable drawbacks, such as genotoxicity and an elevated risk
of photocarcinogenesis[10].

Thieno[2,3-d]pyrimidine represents a privileged scaffold with broad pharmacological potential, exhibiting antibacterial and
antineoplastic properties, among other bioactivities[11]. Notably, its core framework bears structural similarity to that of psoralen,
prompting the hypothesis that thienopyrimidines may exhibit comparable melanogenic activity. Our recent synthetic endeavors
resulted in the development of 18 novel sulfonamide-functionalized tricyclic thieno[2,3-d]pyrimidin-4-one derivatives, several of
which displayed over 1.5-fold greater potency than 8-MOP in preliminary biological evaluations[7]. Encouraged by these findings,
the present study details the design and synthesis of 51 new amide derivatives of tricyclic thienopyrimidines and investigates their
potential as melanogenesis modulators in murine B16 cell assays.

Research methodology. We synthesized a tetracyclic thieno[3,2-d]pyrimidine system incorporating aromatic and aliphatic
rings. Further diversification was achieved via regioselective ether bond formation for precise derivatization.

N g
Il o}
0w 8 :
+  Hs
0"  NaOEYEtOH | ©
Br reflux, 12 h - NH,
1 2 AT-2

Scheme 1. Reaction reagent and synthesis condition for AT-2.

The synthesis of ethyl 3-amino-5-bromobenzo[b]thiophene-2-carboxylate (AT-2) was initiated by the cyclization of 5-
bromo-2-chlorobenzonitrile (1). This transformation proceeded through a nucleophilic substitution mechanism, followed by
intramolecular cyclization, driven by the reaction with ethyl 2-mercaptoacetate under alkaline conditions in ethanol. The stepwise
formation of this key intermediate, crucial for subsequent functionalization, is outlined in Scheme 1.

d DCE POCI;
90°C, overnight

AT-2 Bl AR-05
Scheme 2. Reaction reagent and condition for forming AR-05.

In the next stage, AT-2 underwent acid-catalyzed cyclization with piperidin-2-one under extended reflux, forming the
tetracyclic AR-05 (Scheme 2). Optimized conditions ensured efficient ring closure. The reaction proceeded via nucleophilic
substitution (Sn), displacing bromine to form an R—O-R bond through Williamson ether synthesis. AR-05 then underwent
modification, yielding AR-109 within the tetracyclic thienopyrimidine core (Scheme 3), involving alkoxide-mediated ether bond
formation.

F 202 °C, overnigt AR-109

Cs,CO;, CuCl,
TMHD, NMP
=)
Scheme 3. Reaction reagent and condition for forming AR-27.
The table below presents the optimization of the Wallinson reaction under varying reaction conditions, systematically
evaluating the impact of key parameters, including the catalyst, solvent, temperature, base, reaction duration, and yield.
Table 1.

Entry  Catalyst Solvent  Base Temperature (°C) Time Yield (%) Remarks

1 CuCl: NMP Cs2COs 180 12h 65 Standard conditions

2 CuCl NMP Cs2COs 180 12h 72 Improved catalyst

3 Cu(OAc). DMF Cs2COs 200 12h 58 Effect of solvent

4 CuCl: NMP K>CO:s 180 12h 60 Effect of base

5 CuCl: NMP Cs2COs 190 12h 75 Increased temperature
6 CuCl: NMP Cs2COs 190 24h 78 Extended reaction time
7 CuCl: Toluene Cs2:COs 190 12h 40 Less efficient solvent
I CuCl: NMP Na.COs 190 12h 55 Weaker base

9 CuCl: NMP Cs2COs 202 12h 80 Optimal conditions
10 CuCl NMP Cs:COs 202 24h 83 Highest yield

Structural analysis of key intermediates and final products was performed using *H- and *C-NMR (VARIAN 400 MHz)
with detailed peak assignment and spin-spin coupling evaluation to confirm regioselectivity and reaction completion. HRMS
(SCIEX QTRAP 6500+, ESI) provided precise mass determination and isotopic analysis, ensuring molecular formula validation
and structural integrity.
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Analysis and results. The precursor materials were obtained commercially and used without purification. Anhydrous
solvents, including ethanol, toluene, ethyl acetate, and 1,2-dichloroethane, prevented moisture interference. Reaction progress was
monitored via TLC on HSGF2s4 silica plates, with chromatograms visualized under UV (254/365 nm) or iodine staining. TMS
served as the internal reference for 'H- and *C-NMR (VARIAN 400 MHz). HRMS (QTRAP® 6500+) confirmed molecular
composition and structural integrity.

1.1.1. Procedure for the preparation of ethyl 3-amino-5-bromobenzo[b]thiophene-2-carboxylate (AT-2).

A 35 mL high-pressure reaction vessel was charged with ethanol (8 mL), followed by the addition of sodium ethanolate
(164 mg, 2.4 mmol). The mixture was stirred at 0°C using a magnetic stirrer until complete dissolution of the base was achieved.
Subsequently, ethyl 2-mercaptoacetate (288 mg, 2.4 mmol) was introduced, followed by the sequential addition of 5-bromo-2-
chlorobenzonitrile (433 mg, 2.0 mmol). The resulting reaction mixture was subjected to heating at 90°C in a glycerol bath under
continuous stirring for 12 hours. Reaction progress was monitored via thin-layer chromatography (TLC). Upon completion, the
cyclized product, ethyl 3-amino-5-bromobenzo[b]thiophene-2-carboxylate, was purified using AT-2 column chromatography with
a petroleum ether/ethyl acetate (5:1) eluent system, yielding a product with an Ry value of 0.7. The reaction afforded 363.8 mg of
a light white solid, corresponding to a 60.63% yield. The melting point of the compound was found to be 115-116 °C. *H NMR
(400 MHz, CDCls) 8 7.77 (dt, J = 1.8, 0.6 Hz, 1H), 7.62 — 7.49 (m, 2H), 5.80 (s, 2H), 4.36 (qd, J = 7.1, 0.5 Hz, 2H), 1.39 (td, J =
7.1, 0.5 Hz, 3H). 3C NMR (100 MHz, CDCls) § 165.37, 147.29, 138.64, 133.23, 131.29, 124.97, 124.28, 117.91, 101.27, 60.87,
14.70. HRMS (ESI) calcd for C11H10BrNO2S [M+H]+ 299.9688 and 301.9668, found 299.9688 (5.82 %) and 301.9667 (6.12%).

1.1.2. Procedure for the preparation of 2-bromo-8,9,10,11-tetrahydro-6H-benzo[4,5]thieno[3,2-d]pyrido[1,2-
a]pyrimidin-6-one (AR-05).

A 50 mL high-pressure reaction vessel was charged with 10 mL of anhydrous dichloroethane (DCE), followed by the
dissolution of AT-2 (300 mg, 1 mmol) under continuous stirring. Piperidin-2-one (119 mg, 1.2 mmol) was then introduced into the
reaction medium. Subsequently, phosphoryl trichloride (POCIs, 0.50 mL) was carefully added dropwise over 20 minutes under
controlled conditions to ensure gradual reactivity. The reaction mixture was then subjected to thermal activation at 90°C in a
glycerol bath and maintained under these conditions overnight, with periodic monitoring via thin-layer chromatography (TLC).
Upon completion, the crude product was purified through column chromatography using a petroleum ether/ethyl acetate (1:1)
solvent system, affording the target compound, 2-bromo-8,9,10,11-tetrahydro-6H-benzo[4,5]thieno[3,2-d]pyrido[1,2-a]pyrimidin-
6-one (AR-05), with an Rt value of 0.60. The final product was obtained as a light white solid (259.2 mg) in 77.33% yield, exhibiting
a melting point of 220-221°C. *H NMR (400 MHz, Pyridine-d 5) § 8.62 (d, J = 1.9 Hz, 1H), 7.89 (d, J = 8.5 Hz, 1H), 7.70 (dd, J
= 8.6, 2.1 Hz, 1H), 4.00 (t, J = 6.0 Hz, 2H), 3.01 (t, J = 6.4 Hz, 2H), 1.77 — 1.63 (m, 4H). 1*C NMR (100 MHz, Pyridine-d 5) &
158.99, 158.45, 151.58, 140.69, 137.26, 132.33, 127.12, 126.10, 122.42, 119.83, 43.30, 32.30, 22.40, 19.73. HRMS (ESI) calcd
for C14H11BrN20S [M+H]+ 334.9849 and 336.9828, found 334.9847 (93.54 %) and 336.9819 (100%).

113. 2-(4-fluorophenoxy)-8,9,10,11-tetrahydro-6H-benzo[4,5] thieno[3,2-d] pyrido[1,2-a] pyrimidin-6-one (AR-
109).

A 50 mL volumetric flask was charged with 4 mL of N-methyl-2-pyrrolidone (NMP) as the solvent, followed by the
addition of 12 mg of CuCl: as the catalyst and 2,2,6,6-tetramethyl-3,5-heptanedione (TMHD) as the coordinating ligand. To
establish an alkaline reaction medium, 326 mg of cesium carbonate (Cs2COs) was introduced, after which 77 mg of the AR-05
intermediate was added, ensuring thorough mixing. Subsequently, 40 mg of 4-fluorophenol was incorporated as the nucleophilic
coupling partner. The reaction mixture was then purged with argon to eliminate residual oxygen and moisture. The assembled
reaction system was maintained under continuous stirring at 202 °C 24 h. Progress was monitored via thin-layer chromatography
(TLC), confirming the completion of the transformation. Upon reaction termination, purification via column chromatography
furnished 50.11 mg of the target compound AR-109 as a brown solid. The compound exhibited an R¢ value of 0.60 in a 1:1
petroleum ether/ethyl acetate solvent system, and its melting point was determined to be 187-188 °C. *H NMR (400 MHz, CDCl=)
8 7.87-7.77 (m, 2H), 7.29 (dd, J = 8.8, 2.5 Hz, 1H), 7.15 - 6.93 (m, 4H), 4.15 (t, J = 6.2 Hz, 2H), 3.06 (t, J = 6.6 Hz, 2H), 2.09 —
1.91 (m, 4H). 3C NMR (100 MHz, CDCls) § 159.14 (d, J = 242.1 Hz), 159.07, 157.18, 156.04, 153.29 (d, J = 2.6 Hz), 136.41,
135.90, 124.81, 122.34, 121.52, 120.69 (d, J = 8.3 Hz), 116.66 (d, J = 23.6 Hz), 112.10, 42.77, 31.89, 29.90, 22.22, 19.45. HRMS
(ESI) calcd for Ca0HisN202S [M+H]+ 367.0911, found 367.0906.

Conclusion. A novel halogenated tetracyclic thieno[3,2-d]pyrimidine scaffold was constructed via sequential dual
cyclization. Functionalization through Williamson ether synthesis expanded its chemical space. Optimization showed the highest
yield with CuClz2 catalyst, NMP solvent, Cs2COs base, at 202 °C for 24 h, with increased temperature and time enhancing yield.
Ether linkages with pharmacophore-bearing aromatic alcohols significantly boosted bioactivity. These structurally refined
compounds hold promise as therapeutic agents.
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PU3UKO-XUMHUYECKUE CBOMCTBA, CTPYKTYPA U KOMILIEKCOOBPA30OBAHUE NEKTHHOBBIX
BEHIECTB C METAJVIAMHU
AnHOTaLUA

B nannoii pabote mccienoBaHBl (H3MKO-XUMHUYECKHE CBOWCTBA NMEKTHHOBBIX BemiecTB (IIB) M MX KOMIUIEKCOB ¢ KaiHeM H
maraueM (I1B-K, I[1B-Mg, I1B-K-Mg). IIpoBeneH cTpyKTYpHBII U COCTaBHOW aHAJIM3 C HCIIOJb30BaHUEeM HH(pakpacHoil (1K)
cnekrpockormun ¢ Dypre-npeodpazoBanuem (Pypre-MK), spepHoro marauTHOTO pezonanca (SIMP), smemeHTHOro anammsa,
CKaHHpYIOIEeH 3ekTpoHHOW MuKpockomuu (COM), razoBoit (I'X) m BBICOK03()()EKTHBHOW >KHOKOCTHOH Xpomarorpaduu
(BOXX). OnpeneneHsl cTENeHb 3TEpUPUKALINH, MOJIEKYIIIPHAS Macca ¥ BA3KOCTh PaCTBOPOB.

KniodeBble c10Ba: IEKTHH, NEKTHHOBBIE BEIIECTBA, KATNEBBIC H MarHHEBbIE KOMIUIEKCHI, MOJIEKYIIPHAs Macca, CHEKTPOCKOIIHS,
Ta30BbIi ¥ BEICOKOA(PEKTHBHAS )KUIKOCTHASE XPOMATOTpaduis.

PHYSICOCHEMICAL PROPERTIES, STRUCTURE AND COMPLEX FORMATION OF PECTIN SUBSTANCES
WITH METALS
Annotation

This study investigates the physicochemical properties of pectic substances (PS) and their complexes with potassium and
magnesium (PS-K, PS-Mg, PS-K-Mg). Structural and compositional analysis was carried out using Fourier-transform infrared
(FTIR) spectroscopy, nuclear magnetic resonance (NMR), elemental analysis, scanning electron microscopy (SEM), gas
chromatography (GC), and high-performance liquid chromatography (HPLC). The degree of esterification, molecular weight, and
solution viscosity were determined.

Key words: pectin, pectic substances, potassium and magnesium complexes, molecular weight, spectroscopy, gas and high-
performance liquid chromatography.

PEKTIN MODDALARNING METALLAR BILAN KOMPLEKS HOSIL QILISHI, FIZIK-KIMYOVIY
XUSUSIYATLARI VA TUZILISHI
Annotatsiya

Ushbu tadgiqotda pektin moddalari (PM) va ularning kaliy hamda magniy bilan hosil gilgan komplekslari (PM-K, PM-Mg, PM-
K-Mg) ning fizik-kimyoviy xususiyatlari o‘rganildi. Tuzilishi va tarkibi Fourier-transform infragizil (FTIR) spektroskopiya, yadro
magnit rezonansi (NMR), elementar tahlil, skanerlovchi elektron mikroskopiya (SEM), gaz xromatografiyasi (GC) va yuqori
samarali suyuqglik xromatografiyasi (HPLC) yordamida tahlil qilindi. Esterifikatsiya darajasi, molekulyar massa va eritmalar
yopishgogligi aniglandi.

Kalit so‘zlar: pektin, pektin moddalar, kaliyli va magniyli komplekslar, molekulyar massa, spektroskopiya, gazli va yuqgori
samarali suyuqglik xromatografiyasi.

TIekTHHBI — 3TO CJIOKHBIE TOJIHUCAXAPUIBl PACTUTENBHOTO MPOUCXOXkKIeHHs [1-2], obnagaroniye BEICOKOI GHOIornieckoi
AKTHBHOCTBIO U CLIOCOOHOCTBIO K KOMILIEKCOOOPa30BaHHIO C KATHOHAMH MeTayuIoB. X cTpyKTypa U QyHKIMOHAIBHBIE CBOWCTBA
3aBUCAT OT CTCIICHH 3Tep1/1(bm<aunn, MOJ'ICKyJ'lS[pHOP’I MacCChl U B3aPIMO)1€ﬁCTBPIﬂ C pa3JIMYHBIMH J3JIEMECHTAMM. I/I3yquI/le I3TUX
MapaMeTpOB MMEEeT Ba)KHOE 3HAUCHHE UIsl pacIIMpeHus] 00jacTeil MpUMEHEHHs MEKTHHOB B TaKMX OTPACIsAX, KAaK MHIIEBas
MPOMBIIUICHHOCTD, (hapMarieBTHKa U GuotexHomoruu [3-5].

CrocoOHOCTh TEKTHHOB B3aMMOJCHCTBOBATH C HOHAMH META/UIOB CYMIECTBEHHO BIHAET HAa WX (DyHKIMOHAIBHEIE
XapaKTePUCTUKH, BKIIFOYAsi PAaCTBOPHMOCTbD, CIIOCOOHOCTh K Tefie00pa30BaHUI0 U YCTOWYHBOCTD B PA3HYHBIX cpefax. KaTHOHBI
kanmus (K*) u maraus (Mg?") urparoT KII04eByrO pojib B MOAU(UKAIMH (U3HKO-XUMHYECKUX CBOHCTB MEKTHHOB, YTO OTKPHIBACT
HEPCIEKTUBI X MPUMEHEHHs B GHOMEMIIMHE U MHUILIEBBIX TEXHONOrHAX. HacTosiee nccnejoBaHie HANPABICHO HA M3y4YCHUE
CTPYKTYPHBIX W3MEHEHUH U KOMHHCKCOOGpaSOBaHI/Iﬂ NEKTUHOB C 3TUMU METa/UlaMU C NMPUMECHEHHUEM COBPEMEHHBIX METOIO0B
aHaNIM3a.

COBpeMeHHbIe HCCIICAOBAHHA IOKA3bIBAKOT, YTO IICKTHHBI OGJ’IaJla}OT BBICOKOM a(l)(bPIHHOCTbI'O K HOHaM MCTaJlJIOB
Onarofapsi HAIMYHIO B HMX CTPYKTYpe KapOOKCHIIBHBIX M THIAPOKCHIBHBIX rpymi. HWcciaemoBanne Cohen et al. [6]
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HPOJIEMOHCTPUPOBAIIO, YTO KaTHOHBI METAJUIOB H3MEHSIOT IPOCTPAHCTBEHHYIO OPTaHM3alUI0 NEKTHHOBEIX IIeNeH, BN Ha MX
PacTBOPUMOCTH U BA3KOCTh. PaGora Perkin-Elmer Inc. [7] moareepanna 3Hauntenshbie capurd B MK-criekTpax MeKTHHOB MPH UX
B3aMMOJICHCTBHH C KQJIIEM M MarHUEM, YTO CBHJETENLCTBYET O ()OPMUPOBAHMU KOOPIHHALMOHHBIX CBSI3CH.

Tlo manmeiM Agilent Technologies [8], meramicomepikaliie KOMIUIEKCH MEKTHHOB XapaKTEPU3YIOTCS CHIKEHHOW
MOJICKYJIIPHOI MAaccoif, 4TO CKa3blBaeTCs Ha MX PEONornueckux cpoiictBax. Jpyrue uccrnenoBanus [9-10] moguepkuBaroT
MpPaKTUIECKOe MPUMEHEHNE MeKTHH-METaNIOKOMIUICKCOB B CTAOMIIM3AI[MY MUIIEBEIX IPOIYKTOB M OYHCTKE CTOYHBIX BOJ. DTH
JaHHbIE ITOJYEPKUBAIOT BAKHOCTH JaJbHEHIIEr0 M3YYeHUs B3aMMOJCHCTBHH IIEKTHHOB C METAaUIaMH JUI1 PaclIUpeHHs HX
(YHKIIMOHATIBHOTO MTOTSHIHANA.

B xagecTBe nccieryeMoro MaTepraia HCIoJIb30BaNIN OUUIICHHBIE IIEKTHHBI PACTHTEIFHOTO MTPOUCXOXKAeH!. KoMIiekcs
nektiuHoB Metaitamu K, Mg (I1B-K, I1B-Mg, I1B-K-Mg) nonyuanu nmyrem nHkyOanuu nektuao B pactBopax KCI u MgClz npu
KoHTposupyemoM pH.

OKcnepuMeHTANIbHas YacTh: [ MOMydeHus Kaius, MCHONb3yeMOTO B CHHTE3€ KaJIHEBOH CONMM NMEKTHHA, TOTOBMIN
HacbleHHbIH pacTBop K2COs u ero ¢punbTpoBany. 3aTeM pacTBOp BhIIIAPUBAIIHN 10 YMEHBIIECHHS ero oobema. [locne oxnaxaeHns
JI0 KOMHAaTHOH TeMIIepaTypsl B CHCTEMe 00pa3yloTcsl KPHUCTAILIBI COJH, KOTOPbIEe (MIBTPOBAIN U BBICYIIMBAIIM NTPH KOMHATHOH
TeMIeparype.

IMoayyeHue KanueBOil COIM MEKTUHA

TouHO B3BENICHHBIH EKTHH, B3SATHIH Ha aHATMTHYECKUX Becax, TIIATEIbHO PACTBOPSUIN B JUCTHINIMPOBAHHOM BoJie. 3aTeM
B pactBOp no6asisim NaOH, mocie nmonHoro pactBopenus menoun B pactBop BBoawm CH3COOH u TmiatensHO epeMeInnBaim
cMech. K mosty4eHHOMY rOMOT€HHOMY PacTBOPY JOOABIISIIN IPEIBAPUTENBLHO PACTBOPEHHBII B TUCTHILIHPpOoBaHHOI Boae K2COs,
MOCJIE Yero cMech HarpeBasld Ha BOASHOW OaHe B TedyeHne 15-20 MuHYT. 3aTeM pacTBOpP OCTABIISUIM NIPH KOMHATHOM TeMIlepaType
U MOMEINANU B XOJNOIWIBHUK Ha 12-14 yacoB A ocakIeHUS KpUCTANIOB coi. OOpa3oBaBUIMKCS OCAJOK OTACISLIIA ITYTEM
(UIBTPOBaHMSA, MOCIE YEro MPOMBIBATH mocienoBarensHo 80%-HbIM U 96%-HBIM STHIOBBIM crmpToM. [lomydeHHyio comb
BBICYIIHMBAJIM B TEPMOCTATE IpU Temreparype okoio 60°C.

IMosrydenune KaJaMifHOI COJIM HUTPYCOBOTO MEKTHHA

B 0110y 065eMOM 2 J1 BHOCHIIH 3 T IUTPYCOBOTO IEKTHHA, YBIQXKHSIIH €T0 STHIOBBIM CITUPTOM, 3aTeM 100aBisum 300 Mt
JUCTHWUIMPOBAHHOM BOJBI M IEpeMENIMBaINd Ha MeNIajKe N0 IOJydeHHs roMoreHHoro pactBopa. K 1% pactBopy mektuna
npo6asisuu 0,5 T 10% NaOH u nponomkanu nepemennsanue B TedeHue 30 munyt. Jlanee pH cpeasr qoBoannu 10 4—5 ¢ MOMOIIBIO
YKCYCHOH KHCIOTEI, rocite gero gobasisiu 1 r 10% pactBopa KI u marpeBanu cmecs 10 6070 °C B Teuenue 30—40 MuHyT, 3aTeM
oxnaxpani. O6pa3oBaBiniicss 0cagok GUIBTPOBAIH U BBICYIIUBAIH B THIOBOM criupTe. Boixoa mpoaykra coctasisit 83%.

IlosryueHne MaruueBoi COJIM LMTPYCOBOI'0 IEKTHHA

B kon0y obGbemoMm 2 1 m00aBISUIM IMTPYCOBBI IEKTHH, YBIAXHSUIM €ro STHIOBBIM CIUPTOM, 3aTeM 3aJHBAJIN
JUCTHWUIMPOBAHHOM BOJIOM M NepeMelInBalyd HAa MellajKe IO MOJydeHWs roMoreHHoro pactBopa. K 1% pacTtBopy mekruHa
no6asisum 10% NaOH u nponomkann nepememmuBanue B TedeHne 30 muHyT. 3atem pH cpensl noBoammy 10 4—5 ¢ MOMOIIBIO
YKCYCHO#M KHCIIOTBI, ocie uero godarisian 10% pacTBop cyibdara Maraus U HarpeBaiu cMech g0 60—70 °C B teuenue 30—40
MHHYT, 3aTeM oxyaxkzaanu. OOpa3oBaBmmiics 0cafoK (HUIBTPOBAIN H BBICYIIMBAIM B ATHJIOBOM crmpre. Bexox mpomykra
cocrasisut 80%.

IMoayyeHue kanuii-MarHueBoM COJIM HUTPYCOBOT0 MEKTHUHA

B xon0y 06peMoM 2 71 100aBIsIIH 3 T IUTPYCOBOTO NEKTHHA, YBIAXKHSIIH €T0 STHIIOBEIM CITUPTOM, 3aTeM 3anuBaiu 300 M
JUCTWIIMPOBAHHOM BOJBI M IEepeMENIMBaId Ha MeNIalKe A0 IMOJydeHHs roMoreHHoro pactopa. K 1% pacrBopy mektuHa
no6asisuu 0,5 r 10% NaOH u nponomkanu nepemerirbanue B redenue 30 MuHyT. 3ateM pH cpesst noBomu 10 4—5 ¢ MOMOLIBIO
YKCYCHOH KHCIIOTBHI, ocite yero nobdasnsumu 1,5 T 10% pacTBopa kanumarae3un u HarpeBanu cmech 10 60—70 °C B reuenne 30-40
MHHYT, 3aTeM oxyaxzaanu. OOpa3oBaBlIMiics 0CaJoK (HIBTPOBAIM M BHICYLIMBAIM B ATWJIOBOM crnupre. Bbixox mpomykra
cocrasisut 81%.

AHaau3 moay4yeHHbIX BemiecTB. CTeleHb TepUPHUKANNN MEKTHHOBBIX BEIIECTB yCTAHABIMBAIN THTPUMETPHUECKUM
MmeronoM. CoziepKaHHe YPOHOBBIX KHCIIOT ONPEIEIUIH ¢ TIOMOIIBIO (POTOIEKTPOKOIOPUMETPHH, HCIIONB3YS IBETHYIO PEaKIIHIO
¢ Kap6azoyoM.

T'azoxpomarorpadmdeckii aHamu3 THAPOJM3ATOB BBINONHSIA C Hcmoib3oBaHHeM Xxpomarorpadga GC Plus 2010.
DKcrnepuMeHTalbHbIe TapaMeTphl BKIIOYAIN: TeMrepaTypy umkekropa 250°C, oOmuii moTok rasza 60 Mi/MUH, CKOPOCTh MOTOKA
uepe3 KosoHKy 0,89 mi/MuH. B KauecTBe ra3a-HOCHTENs PUMEHSIH a30T. Mcrnons3yemas KonoHka - RXi-624SI MS, mpnunoit 30
CM, ¢ ToJIMHOM mieHku 1,40 MM u BHyTpeHHUM nuameTpoM 0,25 mMm. TemmnepaTypa kosoHKH coctasisiia 230°C, a nerekropa -
250°C.

VIK-crieKTpbl HCCleyeMbIX 00pasloB perucTpupoBain MmeronoMm Pypwe-crekrpockonun Ha mpubope Perkin-Elmer,
Mojenb 2000, uCcToNk3ys peccoBaHHbIE TabNeTKH Ha ocHoBe KBr.

T'azoxpomarorpaduuecknit amamm3 ¢ Macc-cnekTpomerpudeckuMm aerextupoBanreM (I'X/MC) MeTnimmpoBaHHBIX
MPOU3BOIHBIX TIPOBOIMIIN C UCTIOIB30BaHIEM XpoMaTo-Macc-criektpomerpa Agilent 5975C inert MSD/7890A GC. Paznenenue
KOMITOHEHTOB OCYIIECTBILUIM Ha KBapLeBoil kanmmuisipHol komoHke Agilent HP-INNOWax (30 m x 250 mkm x 0,25 MKM) npu
CIIEYIOIEM TEMIIEPaTypHOM peXuMe: u3oTepmMudeckas Beiaepkka mpu 100°C B TedeHne 2 MUHYT, 3aT€M HarpeB cO CKOPOCTHIO
4°C/mun no 220°C (BelIEpKKa 5 MUHYT), Jajee HarpeB co ckopocTbio 15°C/muH no 250°C (Bbiuepkka 15 MUHYT).

O0beM uHBEIMpyeMoro obpasua coctaBisti 1,0 MKIJI, CKOPOCTh MOTOKA MOABIKHOH ¢asel (remmit) — 1,1 mu/mMuH.
TemmnepaTypa HHXEKTOpa MoAAepkuBanack Ha ypoBHe 250°C. DneKTpOHHO-MOHH3alMOHHBIE Macc-ciekTpbl (EI-MS)
perucTpupoBaiy B aranasone m/z 10-550 a.e.M. MipeHTH(HKANNIO KOMIIOHEHTOB MPOBOIMIIN ITyTEM CPABHEHHS HX MacC-CIEKTPOB
C TaHHBIMH W3 AJIEKTPOHHBIX OnOmorek WON11.L.

OmpeneneHre MOJEKYIIPHOH MacChl MIEKTHHOBBIX COSANHEHHH OocymecTBIIH MeTonoM BOXKX (BeicokoaddexTuBHOM
IKCKITIO3MOHHOMN KHUAKOCTHOH XpoMarorpaduu) ¢ HCIoyib30BaHuEeM AU (GepeHIMATBHOTO pedpakTOMETPUUECKOTO IETEKTOpa.
Temneparypy AeTeKTOpa ¥ KOJIOHHOW CHCTEMBbI O IepKUBaIK Ha ypoBHe 25°C.

- 319 -




0¢zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/1/1 2025

Omonposanue nposoawiy B 0,1 H. BOZHOM pacTBOpe HUTpaTa HaTpust co ckopocTsio 0,8 Mi/MuH. BBoguMBIH 00BeM IP0o0
cocrasisut 20 MKJ ipy KoHIeHTpaumu 1—4 mr/min. Paszaenenune ocymectsisuin Ha kojonke PL Aquagel OH Mixed (CILIA) mminoM
300 MM U BHYTPEHHHM AHaMETpoM § MM ¢ ipuMeHeHneM cucteMsl Agilent 1260 Infinity.

SlnepHo-marauTHbIN pe3oHanc “1H u *13C npuMeHsnu Uid MCCIEAOBAHUS CIEKTPAIBHBIX XapaKTEPUCTUK OOpasIoB.
CriexTpsl peructpupoBany Ha criektpomeTrpax Unity plus 400 u 600 mpu paboueit wactote 100 MI'. B kauecTBe pacTBopuTEmst
ucronp3oBamu cmech D20 u arerona (100 Mr BermectBa Ha 3 cM?), a XUMHYECKHE CABHUTU ONPENEISUI OTHOCHTENIHHO alleToHa,
KOTOPBIH CITy>KHJI BHYTPEHHUM CTaHapPTOM.

DJeMeHTHBII aHaIW3 MPOBOMMIM METOJOM Macc-CHEKTPOMETPHH C MHAYKTHBHO-cBs3aHHOW murasmoit (MICII-MC) na
npubope Nex ION 2000 (Perkin Elmer). /lomonHutensHO Mopdojorndeckne W CTPYKTYpHBIE OCOOCHHOCTH H3ydaln C
MPUMEHEHHEM CKaHUPYOLIeH 31eKTpoHHON Mukpockonun (COM) Ha anexTpoHHOM Mukpockone EVOMAT10.

Jnst moTy4yeHus alleTaToB aabJOHOHUTPUIIOB CyXOH OCTaTOK T'MAPOIH3aTa PacTBOPSUIH B 2 MII TUPHUHA, 3aT€M BBOIMIN
100 mr xmopruapaTta TUAPOKCHIAMHHA U HarpeBajl peakiuoHHyo cMech mpu 90°C B Teuenue 1 uaca. Ilocne oxnakaeHus
J00aBIISUTH 2 MJI YKCYCHOTO aHTHIpUIa U OBTOpHO Harpesaiu npu 90°C B Teuenue 1 yaca. [lanee B cmech BBOAMIH 30 M BOJBL,
TIIATEIbHO NEPEeMELINBAIN U POBOIMIN SKCTPAKIUIO XJI0podopMoM B J1Ba 3Tana. OObeAMHEHHBIE XJI0PO(OPMHBIE SKCTPAKThI
cymmmn 6e3BomHBIM cyibdarom Hatpus (NazSOs), 3aTeM ymapHBalll M aHAIM3UPOBAIN C HCIIOJIH30BAaHUEM METOIOB Ta30BOH
xpomarorpaduu (I'X) n rasoxpomaro-macc-crekrpomerpun (I'X-MC).

TlomHBII KNCTOTHBIN THIPOIHM3 BEICOKOPa3BeTBIEHHBIX nommcaxapunos (BPIIC) ocymectsisum B 1 H cepHO# KucioTe
(H2S04), a ruaponu3 nekturoBbIX BewecTs (I1B) u ruapokcumeruinenionoss! (ML) — B 2 H H2SO4. Peakuuu IpoBOIHIN IPU
temmeparype 100°C B TeueHne 6 u 24 yacoB COOTBETCTBEHHO. [1omydeHHbIE THAPOIM3ATH HEUTPATH30BATH KapOOHATOM Oapus,
JIEHOHU3MPOBATIN ¢ mpuMeHeHneM Katmonuta KY-2 (H*) 3atem ymapuBamu m0 cHpomooOpa3sHOTO COCTOSIHHSI M MOABEPTalIy
XpoMaTorpapruuecKoMy aHAIIU3Y.

Jis  KOJMIMYECTBEHHOTO OIpedeieHust CBOOOMHBIX KapOokcuinbHbIX Tpynn (Kc) B mektuHOBBIX BemectBax 0,1 T
OYMIIEHHOT0 OT Oenka oOpasma MHpenBapUTENbHO YBIOKHIN 96% OSTHIOBBIM CIHPTOM, 3aTeM pactBopsiii B 100 M
JTUCTWIIUPOBaHHOM Bogbl. IlomydeHHsli pactBop HarpeBanmu 10 40°C u BelgepkuBanu B TeueHue 2 4acoB. Ilocne 3toro
nposomwiK tutpoBaHue pactBopa 0,1 H NaOH mo mosBieHust ycToifumBoro ciabopo30BOrO OKpAaIIMBAaHHS B MPUCYTCTBHU
(eHondTanenHa B Ka4eCTBE MHANKATOPA.

KonmaecTBo cBOGOAHBIX KapOOKCHIBHBIX TPYIIT PACCUUTHIBAIIM 10 CIIEAyIOMmeH dhopmyre:

Ke =L%0,45%
P

CrerneHb 3Tepr(UKauy NEKTHHOBBIX BEIIECTB PACCUUTHIBAIIN, HCXOIS M3 KOJIMYECTBA CBOOOHBIX KapOOKCHIIBHBIX TPYIIIL.
Jst 5TOr0 HaBeCKy OYHIIEHHOTO OT OenkoB obpasma (0,1 r) mpeaBapuTeabHO yBIaXHATN 96% 3TaHOIOM, ITOCHIE YE€r0 PACTBOPSIIH
B 100 M muctwmpoBaHHO# Boasl. [lomydensslid pactBop HarpeBanu 1o 40°C W BbIAEpKHBaIH B TeueHHe 2 yacoB. Jlamee
tutpoBanue mnposoamin 0,1 H pactBopom NaOH 1o mnosiBiaeHHs ciabo-po30BOTO OKpAIIMBAaHUS MPH HCIIOJIb30BaHUN
(dheHondranenHa B KadecTBE HHANKATOPA.

Komuuectso 0,1 H NaOH, uzpacxonoBannoe Ha TutpoBanue-0,4 mi

ax0.45 0.4x0.45
Kc = = =1.8%
P 0.1

Konn4ecTBo METOKCHIMPOBAHHBIX KapOOKCHIBHBIX Tpynn (K3) onpenensiu ciienyromuM o0pa3oM: MOcie NpOBEISHUS
TUTPOBAHUS JUIS pacueTa KojmdecTBa cBOOOMHBIX KapOokcmmpHBIX Tpyni (Kc) B peakumonnyto cmeck nobasmsum 10 mir 0,1 H
pacTBOpa THAPOKCU/IA HATPHS U BBIACPKUBAIN B TSUSHHE 2 4aCOB IS OJIHOTO OMBIICHUSI METOKCHIIBHBIX IPYIIIL. 3aTEM B PACTBOD
BBowH 10 M1 0,1 H COSHOM KUCTIOTH U TIIATENBHO MepemMemmBaii. M30srrounoe kommaectso HCI tutposanu 0,1 H pacTBopoM
NaOH, ucnons3ys ¢peHonpTanenH B KayecTBE HHANKATOPA.

Ko = B *0,45%
P

B- xomuectso 0.11 NaOH, ucmons30BaHHOTO AT BTOPOTO TUTPOBAaHUA-4.1 MIL.
4.1
K> = RS 0.45=18.45

Oouee coneprkanue kapbokcuiabHbIX rpymi (Ko) paccunTsiBanm kak cymmy cBoboaubix (Kc) u MmetokcunupoBannbix (Ka)
KapOOKCHIIBHBIX Tpymn. QopMyra [ pacyeTa UMEeeT CIICAYIOLINHA BUA:

Ko= Kc+ K> = 1,8+18,45=20,25%

Crenenp dTepuukanyu (A) pacCUUTHIBAIN MO (OPMYyIie, BIpaXKAIOIIeH OTHOLICHHE KOJIMYECTBA STepU(HIUPOBAHHBIX
kapOokcunbHBIX Tpym (K3) k o0mmemy unciny kapOokcuiabHbIX Tpymn (Ko), mpencraBieHHOe B IPOLIGHTHOM COOTHOIICHUH:

z:ﬁ*mo%:%*m(}:gl%

Ko 20,25
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OtHOCHTENbHAS BA3KOCTH PACTBOPOB MOJIACAXapUIO0B (NOTH) ONIpeeIsuIach KaK OTHOLIEHHE BpeMEHH HCTEUCHNUS pacTBOpa
nonucaxapuza (t1) K BpeMeHH UCcTeueHHs YUCTOro pactBopuTens (t0):
tl
t0

W3mepenns mpoBOOWiIM C Hcmonb3oBaHueM Bucko3umerpa OctBampaa (d = 0,73 mm) mpu Temmeparype 20-22°C.
Tonmcaxapuabl mpeaBapruTENbHO PACTBOPSUIN B BOJE WM ClIa0BIX pacTBOpax menodeid. Kaxxmoe n3MepeHne BHITOTHSITH TPHKIIHL,
MIOCJIE Yero PacCUUTHIBAIN CPeHEee 3HAYCHHE BSI3KOCTH, UTO ITO3BOJISUIO TOJIYYUTh BOCTIPOM3BOIUMEBIE M TOUHEIE PE3YIIBTATHI.

AHanm3 METHIIOBEIX 3(UPOB )KUPHBIX KUCIOT METOZOM Ta30BOH XpoMmaTorpadun npoBoawiH Ha mpudope Agilent 6890 N,
OCHAIIEHHOM IUTAMEHHO-HOHU3aIMOHHBIM JIETEKTOpOM. PazzieneHne KOMIIOHEHTOB OCYIIECTBIUIM HA KaMUIIPHON KOJOHKE
nuHO# 30 M U BHyTpeHHUM auameTpom 0,25 MM, ¢ HemoABKHOM ¢a3oit HP-5. B kauecTBe raza-HOCHTEINS HCIOIB30BAIN TEITUH.
TemmnepaTypHBIi pexuM XpoMaTorpagupoBaHus MPOrpaMMHUpoBaiy B fuanazone oT 60°C no 270°C. BriaeneHue sKUPHBIX KUCIOT
(°KK), ux mocnenyrolee mpeBpalieHie B METUIOBbIe 3Ups! [t ra3oBoit xpomatorpadpuu (['X), a Takke aHAIN3 METHUIOBBIX
a¢upos KK merogamu ronkocnoitnoit xpomarorpadun (TCX) Ha HenospHbIX 1 nomsipHbX HocuTesssx (HJT u ITJT) ocymiecTBisiti
[0 AaHAJTOTUYHOW METOJUKE, ONMCAHHOH B JaHHOH pabore.

Jlnst mpoBeseHnsT KOMOHOYHOH XpoMarorpaduu mosapHsX yumuaos (I1J]) ucmonp3oBamy crukaress isi KOJIOHOYHON
xpomarorpaduu npomsBoacTBa kommanumu Tianjin Sinomed Pharmaceutical Co. Ltd. (Kwurait). XpomatorpadupoBanue
OCYIIECTBISUIN B KOJIOHKE JMAMETPOM 2 CM C BBICOTOH cJost copOeHTa 25 cM. B kauecTBe airoeHTa Uil HENMOJISIPHBIX JIUIHIOB
(HJI) mpumenstmu xmopodopm, a st raukonununos (I'JI) — aneron.

Jna anammza BOXX OTK-mpou3BOOHBIX aMHHOKHCIOT TPOBOAWIN cHHTE3 (enmnTrnokapoamMomwibHbX (DTK)
MPOM3BOIHBIX CBOOOIHBIX aMUHOKHUCIIOT IO METOAMKE, TpeioskeHHoi Steven A. u Cohen Daviel. K 1 M ucciiegyemoro pactsopa
J00aBIISLIIN TOYHO OTMepeHHBIH 00BeM (1 M) 20%-Horo TpuxiopykcycHoi# kucnotsl (TXVYK). Croycts 10 MunyT 06pa3oBaBmmiics
0CaZioK OTACILLIN ImyTeM IeHTpudyrupoBanus npu 8000 o6/mMuH B Teuenue 15 muayT. [locie 3TOro HagOCagOYHYIO KHUIKOCTH
AKKYpaTHO OT/EJISUTH U ITOJBEPTajIH JIMO(PHILHOMY BEICYIINBAHUIO.

Jlnsa unentudukann O TK-npon3BoHRIX aMUHOKUCIOT UCTIOJIB30BAITH JKUAKOCTHBINH Xpomartorpad Agilent Technologies
1200 ¢ xononkoit Discovery HS C18 (75%4,6 mM). B kadectBe noxBikHOH (a3sl mpuMeHsIH aBa pactBopa: A — 0,14M anerar
Hatpus ¢ pobasienuem 0,05% tpudtnnamuna (pH 6,4), B — aneronurpui. CkopocTs IOTOKA MOJJIEP)KUBANIN Ha ypoBHe 1,2
MII/MHH, IETEeKTHPOBAHME OCYIIECTBILUIN NpU AJIWHE BOIHBEI 269 HM. I'pamueHTHOE >M0MpOBaHME MPOBOIMIN IO CIEAyomeit
cXeMe: yBeIH4YeHne coaeprkaHus koMmoneHTa B ot 1% mo 6% B unatepsane 0-2,5 mus; ot 6% 10 30% B quanazone 2,51-40 muH;
3areM noBbimenue 10 60% B teuenue 40,145 muH; crabmmsanus Ha ypoBHe 60% B unTepBaine 45,1-50 muH u Bo3Bpar k 0% B
npomexytke 50,1-55 mun.

Takum 00pa3oM, NpOBEICHHBIE HCCIEJOBAHUS HMOATBEPIIIM, YTO HOHBI KalWsl U MarHus CYIIECTBEHHO H3MCHSIOT
CTPYKTYpHbIE ¥ (PHU3NKO-XMMHYECKHE CBOMCTBA MEKTHHOB. KoMIulekcooOpa3oBaHHe NMPUBOINUT K YMEHBIICHUIO MOJIEKYJISIPHOH
MaccChl U BSI3KOCTH, YTO MOXKET HAHTH IPHMEHEHNE B IIMIIEBOI POMBIIUICHHOCTH, (papMalieBTHKE H OMOMETHIINHE.
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ENANTIOSELECTIVE ALKYNYLATION OF SOME HETEROCYCLIC KETONES USING THE 3,3'-Ph,BINOL-
2Li/Ti(O'Pr)a/Et2Zn CATALYTIC SYSTEM
Annotation

A method of synthesizing acetylene alcohols based on acetylene and ketones containing heterocyclic substituents was developed
using the catalytic system of 3,3’-Ph2BINOL-2Li/Ti(O'Pr)4/Et2Zn in this work. Based on the influence of the nature of the radicals
in the molecule of ketones on the yield of the product, the series of production of acetylene alcohols has been determined. The most
alternative conditions for the used complex catalytic system were found and reaction mechanisms were proposed. The structure,
purity and composition of the synthesized compounds have been proven using modern physico-chemical research methods.

Key words: Acetylene, heterocyclic ketones, terminal acetylene alcohols, nucleophilic coupling, catalytic system, reaction
mechanism, product yield.

9HAHTUOCEJIEKTUBHOE AJIKUHUWJINPOBAHUE HEKOTOPBIX TETEPOLHUK/IMYECKUX KETOHOB C
HCIOJIb30BAHUEM KATAJIMTHYECKOW CUCTEMBI 3,3'-Ph2BINOL-2Li/Ti(O'Pr)4/Et2Zn
AHHOTaALUA

B naHHO# paboTe pa3paboTaH METOJ CHHTE3a AlETWJICHOBBIX CIHPTOB HAa OCHOBE AlETHJICHA M KETOHOB, COJACpIKAIlIUX
TeTepOIUKIIMIECKIE 3aMECTHTENH, C HCIONb30BAHHEM KaTaduTHueckol cucteMsl 3,3'-PhoBINOL-2Li/Ti(O'Pr)s/Et2Zn. Ha
OCHOBaHMH BIMSHHUS IPUPOJBI PAJHKAIOB B MOJICKYJIe KETOHA Ha BBIXOJ MPOJYKTa ONPEJENICH PsiI MONYYCHHUs aleTHICHOBBIX
criuptoB. HaiiseHs! Hanbosiee anbTepHATHBHBIC YCIOBUS U MPEIOKEHBI MEXaHU3MbI PEaKIUH ISl HCTIOJIb3YEeMOM KOMILIEKCHOM
KaTaIMTHYeCKOl crucreMbl. CTpOEHHE, YMCTOTA M COCTAB CHHTE3MPOBAHHBIX COCTMHEHHH JOKa3aHbl COBPEMEHHBIMU (DH3UKO-
XUMAYECKUMH METOIaMH HCCIICIOBAHHUSL.

KioyeBble ci10Ba: AINETHICH, TETEPOLMKIMYECKHE KETOHBI, TEPMHHAIbHBIC AlCTUICHOBBIE CIUPTHI, HYyKICOQHIBHOE
HPHCOEIUHEHNE, KATATUTHYECKOI CHCTEMBI, MEXaHHU3M PEAKIINH, BBIXOJ MPOIYKTA.

AYRIM I'ETEPOIIUKJINK KETONLARNI 3,3’-Ph2BINOL-2Li/Ti(O'Pr)4/Et2Zn KATALITIK SISTEMASI
YORDAMIDA ENANTIOSELEKTIV ALKINILLASH
Annotatsiya

Ushbu ishda 3,3-Ph2BINOL-2Li/Ti(O'Pr)a/Et2Zn katalitik sistemasi yordamida atsetilen va molekulasida geterotsiklik
o‘rinbosarlar saqlagan ketonlar asosida atsetilen spirtlari sintez qilish usuli ishlab chigilgan. Ketonlar molekulasidagi radikallar
tabiatining mahsulot unumiga ta’siri asosida atsetilen spirtlarining hosil bo‘lish samadorlik qatori aniqlangan. Qo‘llanilgan
kompleks Kkatalitik sistema uchun eng muqobil sharoit topilgan va reaksiya mexanizmlari taklif etilgan. Sintez gilingan
birikmalarning tuzilishi, tozaligi va tarkibi zamonaviy fizik-kimyoviy tadgiqot usullari yordamida isbotlangan.

Kalit so‘zlar: Atsetilen, geterotsiklik ketonlar, terminal atsetilen spirtlari, nukleofil birikish, katalitik sistema, reaksiya mexanizmi,
mahsulot unumi.

Kirish. Bugungi kunda jahonda atsetilen uglevodorodlari asosida organik moddalar sintez gilishda yangi katalitik
sistemalarni qo‘llash natijasida sanoatning turli sohalari uchun zarur bo‘lgan kimyoviy preparatlarni ishlab chiqarish yildan yilga
ortib bormoqda [1-4]. Mamlakatimizda jahon bozorida ragobatbardosh bo‘lgan, sifatli va biologik faolligi yuqori bo‘lgan yangi
turdagi kimyoviy moddalar (mahsulotlar) sintez gilishda mahalliy xom-ashyo va chigindilardan keng foydalanish,
mahalliylashtirish dasturlari orgali ishlab chigarishni diversifikatsiyalash, import o‘rnini bosuvchi milliy materiallarni ishlab
chiqarishni joriy etish, ularning maqgsadli va samarali qo‘llanilish sohalarini aniqlash ustida keng doirada ilmiy-tadgiqotlar olib
borilmoqda [5].

Mavzuga oid adabiyotlar tahlili. Jahonda dunyo olimlari tomonidan turli xil kompleks katalitik sistemalar yordamida
molekulasida korbonil guruhi saglagan organik moddalar bilan atsetilen va uning gomologlari o‘zaro nukleofil birikish reaksiyasi
asosida biologik faol atsetilen spirtlari sintez gilinmogda [6-7] Tabiati turlicha bo‘lgan alifatik, siklik va aromatik aldegidlarni
Lyu’is kislotasi Zn(ODf)2, trietilamin va faolligi yuqori bo‘lgan aminospirti (1S,2S)-3-(uchlamchibutildimetilsilliloksi)2-N-N-
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dimetilamino-1-(para-nitrofenil)propanol-1 asosida tayyorlangan katalitik sistemaning toluol yoki tetragidrofurandagi eritmasi
ishtirokida 25 °C haroratda, 12 soat davomida juda yumshoq sharoitda alkinillash reaksiyalar bo‘yicha atsetilen spirtlari sintez
gilingan [8]. Siklik, geterotsiklik va aromatik aldegidlarni triftormetilsulfonat, rux bromid va trietilamindan tayyorlangan katalitik
komponentlarning dietilefir, dixlormetan, tetragidrofuran, atsetonitril yoki toluoldagi eritmalari yordamida fenilatsetilen bilan
reaksiyalari o‘rganilgan. [9-11]. IIk bor katalizator sifatida fosfin asosidagi ligandlar va mis tuzlaridan tayyorlangan katalitik
sistemalarda tetragidrofuran eritmasida propargil boralonlarning benzaldegid va uning hosilalari bilan nukleofil birikish
reaksiyalari asosida atsetilen spirtlari 90% dan yuqori unum bilan sintez qilingan. Tadgiqot natijalariga ko‘ra tanlangan ligandlar
orasida selektivligi quyidagi gator (+)-Pr-DUPHOS < (R,R) NORPHOS < (S)-BINAP < (+)-DUANPHOS < BIBOP bo‘yicha ortib
borishi isbotlangan. XANTPOS ligand sifatida foydalanilganda esa jarayon bormagan va kutilgan mahsulot sintez gilinmagan [12-
14].

Tadgigot metodologiyasi. Reaksiya gqaytarma sovutkich, tomizgich voronka, termometr, aralashtirgich bilan jihozlangan
shaffof shishali, hajmi 2000 ml bo‘lgan to‘rt og‘izli reaktorda o‘rnatilgan sistemada amalga oshiriladi. Dastlab xona haroratida
3,3'-difenilbinaftolat dilitiy (3,3’-Ph2BINOL-2Li) (127 mg, 0,2 mmol)ning 1 ml tetragidrofuran (TGF) dagi eritmasiga titan
tetraizopropiloksid (Ti(O'Pr)s) (426 ml, 1,5 mmol) qo‘shiladi va 15 minut davomida aralashtirgich yordamida katalitik sistema
tayyorlanadi. Reaktorga atsetilen va dietilruxning (EtZn (2 M)) toluol (PhMe) dagi eritmasi 15 minut davomida ohistalik bilan
qo‘shilib, -10 °C haroratda to‘xtovsiz bir maromda aralashtiriladi. Reaktorga tomizgichli voronka yordamida metilfurilketon (110
mg, 1 mmol) -10 °C haroratda 15 minut davomida uzluksiz ravishda aralashtirib turgan holatda go‘shiladi. Reaktordagi harorat
suyuq azot yordamida nazorat gilinadi, substrat, reagent, katalizator va erituvchidan iborat komponentlar reaktorga to‘liq
berilgandan so‘ng aralashma davriy ravishda -10 °C haroratda bir maromda 90 minut davomida aralashtirib turiladi. So‘ng organik
va anorganik gatlam suv bilan gidroliz (3x100 ml) gilinadi va organik qatlam ajratib olinadi, suvli qatlim etilatsetat (2x5 ml) bilan
3 marta ekstraksiya gilinadi. Organik gatlam Na2SOa4 bilan quritiladi. Erituvchi TGF oddiy sharoitda haydab olinadi va golgan
mahsulotni silikagel 60 kolonkali xromatografiyada 20% li etilatsetat-geksan elyuent bilan tozalandi. Natijada 80% unum bilan 2-
(furanil-2)butin-3-ol-2 sintezi (1) (163 mg, Rt (etilatsetat-metanol-benzol 2:1:3) = 0,54) amalga oshirildi [15].

Ushbu usul bo‘yicha geterotsiklik ketonlar- metiltiyenilketon, metilpiridinilketon va metil-2-xlortiyenilketonlarning
atsetilen ishtirokida enantioselektiv alkinillash reaksiyalari olib borildi va mos ravishdagi terminal atsetilen spirtlari jumladan, 169
mg 2-(tiofenil-2)butin-3-ol-2 (2), Rt (etilatsetat-metanol-benzol 2:1:3) = 0,51 (mahsulot unumi 74%); 174 mg 2-(piridinil-4)butin-
3-0l-2 (3), R¢ (etilatsetat-metanol-benzol 2:1:3) = 0,53 (mahsulot unumi 79%), 198 mg 2-(5-xlortiofenil-2)butin-3-ol-2 (4), Rs
(etilatsetat-metanol-benzol 2:1:3) = 0,49 (mahsulot unumi 71%) sintez gilindi.

Tahlil va natijalar. Ushbu ishda ilk bor 3,3'-difenilbinaftolat dilitiy, titan tetraizopropiloksid va dietilruh asosida
tayyorlangan katalitik sistemada molekulasida geterotsiklik o‘rinbosarlar saqlagan metilfuranilketon, metiltiofenilketon,
metilpiridinilketon va metil-2-xlortiofenilketonlarning atsetilen yordamida etinillash reaksiyalari natijasida mos ravishdagi
terminal atsetilen spirtlari (1-4) sintezi amalga oshirildi [16].

Adabiyot manbalari asosida tanlangan ketonlarni atsetilen ishtirokida alkinillash reaksiyasi umumiy sxemasi quyidagicha
taklif gilindi [17]:

R—C//O L 3,3'-Ph,BINOL-2Li/Ti(O'Pr)/Et,Zn R OH:
\ 120 min., -10 °C, TGF \
1-4
OH ) OH
/s
Cl
1 2 3 4

Reaksiya mexanizmi: Jarayonda dastlab tetragidrofuran eritmasida yugori termik chidamli katalizator -Ti(O'Pr)4 va uning
faolligini kuchaytiruvchi komponent- 3,3'-Ph2BINOL-2Li ta’sirlashib uzoq vaqt faolligini saqlab turuvchi, stabil katalitik
komponentni hosil gilinadi. Bunda Ti(O'Pr)4 tarkibidagi 2 molekula izopropiloksid radikali 3,3'-Ph2-BINOL-2Li molekulasi
tarkibidagi 2 molekula litiy atomi bilan tasirlashib, 2 molekula litiy izopropiloksidni hamda 3,3'-Ph2BINOL va Ti(O'Pr). dan iborat
katalitik faol kompleks sistemani hosil qiladi. Dietilrux ta’sirida dastlab atsetilen molekulasida m-kompleks hosil bo‘ladi,
tetragidrofuran dietilrux molekulasi karbkationni solvatlab, etil karbanioni atsetilenning sp gibridlangan uglerod va harakatchan
vodorod bilan hosil qilgan ¢ bog‘ning oson uzilishiga natijada sistemada etan hosil bo‘lishiga zamin yaratadi. Rux etilat kabkationi
deprotonlangan atsetilen anioni bilan ta’sirlashib atsetilenidni hosil giladi va 3,3'-Ph2BINOL va Ti(O'Pr)2 dan iborat kompleks tuz
molekulasi ta’sirida tanlangan elektofil substrat- keton molekulasidagi elektron zichligi tanqis bo‘lgan karbonil guruhi uglerodiga
nukleofil hujum qilib murakkab modifikatsiyali komponentni hosil giladi. Bunda kompleks tarkibidagi ruxning elektron zichligi,
elektromanfiyligi yuqori bo‘lgan kislorod tomonga siljigani sababli, sistemada nukleofil reagent (atsetilen anioni) miqdorini
oshiradi. Natijada reaksiyaning borishi tezlashadi. Oxirgi bosgichda substrat tarkibidagi karbonil guruhining © bog‘i uzilib, sp?
gibridlangan uglerod sp® gibridlanishga o‘tadi va yangi C—C bog* hosil bo‘lishi hisobiga dastlab oraliq faol birikma atsetilen
spirtining ruxetilli alkogolyati, so‘ngra gidrolizlanish natijasida mos ravishdagi atsetilen spirti hosil bo‘ladi. Bunda oraliq
komponent migdori gancha ko‘p miqdorda hosil bo‘lishi, mahsulot hosil bo‘lish samaradorligining shuncha ortishiga xizmat qilishi
aniglandi.
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Tadgigot davomida atsetilen spirtlari unumiga va jarayon selektivligiga ta’sir qiluvchi katalizator, reagent va
substratlarning tabiati va miqdori, harorat va reaksiya davomiyligi ta’siri tizimli ravishda tadqiq qilindi. Olingan natijalar asosida
3,3'-Ph2BINOL-2Li/Ti(O'Pr)4/Et2Zn Katalitik sistemasida atsetilen spirtlari sintez qgilish reaksiyalarining eng mugobil sharoiti
topildi. Unga ko‘ra atsetilenning geterotsiklik ketonlar bilan nukleofil birikish reaksiyalari TGF eritmasida, 120 minut davomida,
-10 °C haroratda, boshlang‘ich moddalar (atsetilen:keton) 1,5:1 mol nishatda hamda 3,3'-Ph.BINOL-2Li/Ti(O'Pr)4/Et2Zn
komponenetlari mol migdorlari 0,2:1,5:1,2 mol nisbatda olib borilganda atsetilen spirtlari unumi eng yugqori chigishi aniglandi.

Sintez qilingan atsetilen spirtlarining tuzilishi *H-YAMR va 3 C-Y AMR spektroskopiya usullarida tahlil gilindi:

1-'H YaMR: § 7.34-7.33 (m, 1H, 5’-H), 6.37-6.35 (m, 1H, 3'-H), 6.28-6.27 (m, 1H, 4’-H), 3.54 (s, 1H, OH), 2.58 (s, 1H,
4-H), 1.80 (m, 3H, CH3). 3C YaMR: § 157.3, 142.5, 110.5, 106.0, 85.5, 72.3, 64.7, 28.8.

2-1H YaMR: § 7.15-7.14 (m, 1H, 5’-H), 6.96-6.95 (m, 1H, 4'-H), 6.76-6.75 (m, 1H, 3"-H), 2.33 (s, 1H, OH), 2.27 (s, 1H,
4-H), 1.86 (m, 3H, CH3). $3C YaMR: § 150.0, 126.7, 125.2, 124.2, 86.7, 72.6, 67.1, 33.2.

3-1H YaMR: § 8.54 (d, 2H, 2"-H, 6'-H), 7.57 (d, 2H, 3'-H, 5'-H), 5.45 (s, 1H, OH), 3.14 (s, 1H, 4-H), 1.69 (s, 3H, CHa).
13C YaMR: § 155.4, 150.1, 120.5, 88.0, 75.4, 67.7, 33.3.

4—H YaMR: § 6,87 (dd, 1H, CH), 6,67 (dd, 1H, CH), 5.95 (dd, 1H, CH), 3.57 (s, 1H, C=CH). 2.17 (s, 1H, OH). 13C
YaMR: § 146.9, 130.4, 128.2, 124.5, 83.6, 74.9, 68.7.

Atsetilen spirtlarining tarkibi element analiz usullarida isbotlandi, ularning fizik kattaliklari turli xil zamonaviy fizik-
kimyoviy tadqiqot usullari yordamida aniqlandi, kinetik o‘zgarishlari, molekulalarining fazoviy tuzilishi, molekulalarda zaryadlar
va elektron zichlikning tagsimlanishi hamda kvant-kimyoviy ko‘rsatkichlari zamonaviy dasturlar asosida hisoblandi.

1-Jadval
Sintez gilingan atsetilen spirtlarining ayrim fizik kattaliklari
Ne Brutto Molekular  massasi, Taan, nz az® Agregat holati
formulasi g/mol C
g/sm®
1 CsHgO2 136 215 1,516 1,132 suyuq
2 CsHs0S 152 234 1,583 1,199 suyuq
3 CoHoNO 147 265 1,558 1,126 suyuq
4 CgH7CIOS 186 286 1,596 1,344 suyuq

Suningdek, atsetilen spirtlarining kvant-kimyoviy hisoblashlari HyperChem Activation 7,0 paketi STAT dasturi yordamida
aniglandi. Olingan natijalardan atsetilen spirtlarining kimyoviy xossalarini o‘rganishda yo‘naltiruvchi sifatida foydalanildi.

2-Jadval
Sintez gilingan atsetilen spirtlarining kvant-kimyoviy hisoblashlari
Ne Hosil bo‘lish issiglik | Van-der-Vaals Kulon energiyasi, Torsion  energiyasi, Valent burchak | Bog* energiyasi, kkal/mol
energiyasi, kkal/mol energiyasi, kkal/mol kkal/mol kkal/mol energiyasi, kkal/mol
1 11,0893 0,4461 0,7599 -19854 0,2091 11,6597
2 13,5730 0,0221 2,7430 4,9892 0,4111 5,4077
3 9,2156 6,6156 0,3392 0,8443 0,5073 0,9092
4 9,8259 -0,3239 -0,5341 5,3850 0,0890 5,2100

Xulosa va takliflar. Ik bor 3,3'-Ph2BINOL-2Li/Ti(O'Pr)4/Et2Zn katalitik sistemada geterotsiklik ketonlarni atsetilen bilan
boradigan nukleofil birikish reaksiyasi asosida terminal atsetilen spirtlari sintez gilish usuli ishlab chiqildi, jarayon uchun mugobil
sharoit topildi, reaksiya mexanizmi taklif etildi hamda olingan mahsulotlar identifikatsiyalandi.

Reaksiya tezligiga katalizator, erituvchilar va boshlang‘ich moddalar miqdori va tabiatining ta’sir etish prinsiplari
aniglandi, reaksiyalar faollanish energiyalari hisoblandi, atsetilen spirtlarini olishning nisbiy samaradorlik gatori ishlab chiqgildi
Unga ko‘ra metil-2-xlortiofenilketon < metiltiofenilketon < metilpiridinilketon < metilfuranilketon bo‘yicha etinillash reaksiyasini
samaradorligi oshib borishi aniglandi.
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CRYSTAL STRUCTURE OF TRANS-BIS[2-(1H-BENZOTRIAZOL-1-YL)ACETATO-kO]|BIS(ETHANOLAMINE-
«2N,0)COPPER(II)
Annotation

The reaction of 2-(1H-benzotriazol-1-yl)acetic acid (HBTA) and monoethanolamine (MEA) with CuClz-2H20 resulted in the
formation of the title complex [Cu(BTA)2(MEA)2]. Its asymmetric unit comprises one BTA anion coordin-ating to the Cu?* cation
through the carboxyl O atom, and one MEA ligand chelating the metal cation by two heteroatoms (O and N). The equatorial Cu-O
and Cu-N bond lengths are similar at 2.029 (1) and 1.980 (2) A°, respectively, while the length of the axial Cu-O bond is
considerably greater [2.492 (2) A°], as is typical for Jahn—Teller-distorted systems. An intramolecular hydrogen bond is present
between the hydroxy group of the MEA ligand and the non-coordinating oxygen atom of the carboxylate group. Intermolecular
hydrogen bonds lead to the formation of a three-dimensional supramolecular framework.

Key words: copper(ll), crystal structure, benzotriazol, monoethanolamine, hydrogen bonding.

KPUCTAJUVIMYECKAS CTPYKTYPA TPAHC-BUC|2-(1H-BEH30TPHUA30JI-1-WJ)ALETATO-
kKO]BUC(ATAHOJIAMMUH-k2N,O)MEIHA(II)
AHHOTanUs

Peakiust 2-(1H-6ensorpuason-1-un)ykcycHoit kuciaorst (HBTA) u monostanonamuuna (MEA) ¢ CuClz:2H20 mnpuBena x
obpaszosanuio 1enesoro komimiekca [Cu(BTA)2(MEA)2]. Ero acuMmerpuueckas eIMHHIA COAEPXKHUT ONWH aHHOH BTA,
KOOpAMHHUpYIoIMiica ¢ karnoHoM Cu?* yepes aToM KHCIOpoa KapOOKCHIBLHOM IPyNIbL, M ofuH jaurang MEA, xenatupyromuii
KaTHOH MeTasuia 1BymMs rerepoatomamu (O u N). [munbl sxBaTopuansHbIX cBsa3eit Cu-O n Cu-N 6mmsku u cocraBisioT 2,029 (1)
u 1,980 (2) A cooTBeTCTBEHHO, B TO BpeMs Kak akcHanbHas cBa3b Cu-O 3HaumTensHo mmmHee [2,492 (2) A], uro Tummano mas
cucreM ¢ 3¢dexrom SHa-Temnepa. BHyTpuMonekyssipHas BOIOPOIHAs CBA3b MPUCYTCTBYET MEXIY TMAPOKCHIBHON TPYNIoit
muranna MEA 1 HEKOOPIMHUMPYIOIMM aTOMOM KHCIIOpOJa KapOOKCHIBHOW TPYHIBL. MeXMOJIEKYIIpHbIE BOZOPOIHBIE CBSI3U
HPUBOAT K 00Pa30BaHUIO TPEXMEPHOH CYIIPaMOIIEKYIIPHON CTPYKTYPBL

KumroueBsie ciioBa: mens (I1), ctpykrypa kpucramia, 6eH30TpHa30I, MOHOATAHOJIAMHUH, BOJIOPOIHAS CBA3b.

TRANS-BIS[2-(1H-BENZOTRIAZOL-1-IL) ASETATO-xO]BIS (ETANOLAMIN-k2N,O) MIS (11) NING KRISTALL
TUZILISHI
Annotation
2-(1H-benzotriazol-1-il)sirka kislotasi (HBTA) va monoetanolamin (MEA) ning CuCl2:2H20 bilan reaksiyasi magsadli
[Cu(BTA)2(MEA)2] kompleksining hosil bo‘lishiga olib keldi. Uning asimmetrik birligi karboksil guruhining kislorod atomi orgali
Cu?*kationi bilan koordinatsiyalangan bitta BTA anioni va metall kationini ikkita geteroatom (O va N) bilan xelatlovchi bitta MEA
ligandini o‘z ichiga oladi. Ekvatorial Cu-O va Cu-N bog‘larining uzunliklari mos ravishda 2,029 (1) va 1,980 (2) A ga yaqin, aksial
Cu O bog'i esa ancha uzunroq [2,492 (2) A], bu Yan-Teller effekti bo‘lgan sistemalar uchun xosdir. MEA ligandining gidroksil
guruhi va karboksil guruhining koordinatsiyalanmagan kislorod atomi o‘rtasida ichki molekulyar vodorod bog‘ mavjud.
Molekulalararo vodorod bog‘lar uch o‘lchamli supramolekulyar strukturani hosil giladi.
Kalit so‘zlar: mis(I1), kristall tuzilishi, benzotriazol, monoetanolamin, vodorod bog‘lanish.

Kirish. So‘nggi yillarda koordinatsion kimyo sohasida besh a’zoli geterosikllarga bo‘lgan qiziqish sezilarli darajada oshdi. Bunga
sabab, bu turdagi ligandlarning metall ionlari bilan turli xil koordinatsion bog‘lanishlar hosil gila olish qobiliyatidir. An’anaviy bir
xil ligandli komplekslardan fargli ravishda, aralash ligandli komplekslar sintezi tobora dolzarb bo‘lib bormoqda. Aralash ligandli
komplekslar deganda, bitta markaziy metall atomi bilan kamida ikkita turli xil ligand bog‘langan birikmalar tushuniladi. Turli Xil
ligandlarni bir metall ioniga bog‘lash orqali uning koordinatsion sferasini va geometriyasini nazorat qilish imkoniyati paydo
bo‘ladi. Bu esa, o‘z navbatida, hosil bo‘lgan kompleksning fizik-kKimyoviy xossalarini (eruvchanligi, bargarorligi, reaksiyaga
kirishuvchanligi, magnit va optik xususiyatlari) nozik tarzda boshqarish imkonini beradi.

Biologik sistemalarda metall ionlari ko‘pincha bir nechta turli xil biomolekulalar (aminokislotalar, nuklein asoslari,
porfirinlar va boshqalar) bilan o‘zaro ta'sirlashadi. Aralash ligandli komplekslar bu murakkab o°zaro ta'sirlarni soddalashtirilgan
model sistemalarida o‘rganish uchun qulay imkoniyat yaratadi. Masalan, metalloproteinlarning faol markazlaridagi koordinatsion
muhitni taglid gilish mumkin.
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Aralash ligandli komplekslar o‘ziga xos tuzilish va xossalar tufayli kataliz, molekulyar elektronika va boshga sohalarda
qo‘llanilish istigbollariga ega bo‘lgan yangi materiallar yaratish uchun asos bo‘lishi mumkin.

Mavzuga oid adabiyotlar tahlili. So‘nggi yillarda koordinatsion kimyoda azot donorli ligand sifatida benzotriazol
metallorganik karkaslar, ko‘p yadroli koordinatsion klasterlar va koordinatsion polimerlar sintezida ideal molekulaga aylandi.
1,2,3-Benzotriazol (Hbta) pirazol, imidazol, 1,2,3-triazol, 1,2,4-triazol va tetrazol kabi yaxshi ma’lum bo‘lgan geterosiklik
birikmalar bilan bir qatorda azollar sinfiga mansubdir [1]. Azot atomlarining geterosiklik halqadagi joylashuv tartibiga ko‘ra 1,2,3-
triazol va 1,2,4-triazol izomerlari farglanadi.

Azollar sinfi, jumladan pirazol, imidazol, triazol va tetrazol kabi boshqa geterosiklik birikmalar ham koordinatsion kimyoda
keng qo‘llaniladi. Ularning ham azot atomlari orqali metall ionlari bilan bog‘lanish qobiliyati mavjud bo‘lib, turli xil koordinatsion
arxitekturalarni yaratishga imkon beradi. 1,2,3-Triazol va 1,2,4-triazolning azot atomlarining joylashuvidagi farq ularning
koordinatsion xususiyatlariga ta’sir ko‘rsatadi va turli xil metall ionlari bilan har xil turdagi komplekslar hosil gilishiga olib kelishi
mumkin [2-7].

Tadgigot metodologiyasi. Aralash ligandli kompleks birikmalarning sintezi quyidagicha olib borildi. Metall tuzi (0.282
mmol) suvli (2.5 ml) eritmasiga monoetanolamin (MEA, 0.034 g, 0.565 mmol) L (0.1 g, 0.565 mmol) ning etanoldagi (5 ml)
eritmasi intensiv aralashtirib turilgan holda qo‘shildi. Bir haftadan so‘ng eritmani xona haroratida sekin bug‘latish yo‘li bilan ko‘k
rangli kristall olindi.

Cu(l1), Zn(11), Ni(11) va Co(ll) tuzlari BTA bilan kompleks birikmalari analogik tarzda sintez gilindi.

Tahlil va natijalar. 2-(1H-Benzotriazol-1-il)sirka kislotasi (BTA) va monoetanolaminning (MEA) CuCl2-2H20 bilan
reaksiyasi natijasida [Cu(BTA)2(MEA)z] kompleks birikmasi sintezi amalga oshirildi. Uning asimmetrik birligida bitta BTA anioni
Cu?* kationiga karboksil O atomi bilan koordinatsiyalangan, bitta MEA ligandi metall kationiga ikkita geteroatom (O va N) bilan
xelat tarzda bog‘langan. Ekvatorial Cu-O va Cu-N bog‘ uzunliklari mos ravishda 2.029 (1) va 1.980 (2) A°, aksial Cu-O
bog* uzunliklari esa sezilarli darajada uzaygan [2.492 (2) A°], bu Jahn—Teller-effekti bilan tushuntiriladi. MEA ligandi gidroksil
guruhi va karboksil guruhning koordinatsiyada qatnashmagan O atomi orasida ichkimolekulyar vodorod bog‘lari yuzaga kelgan.
Molekulalararo vodorod bog‘lari MEA ligandi amino guruhi karboksil guruhi orasida vujudga kelib, sakkiz a’zoli halga hosil qilgan
R23(8). Molekulalar triazol halgasi va MEAning metilen guruhlari orasidagi C-H---r bog‘lari orqali o‘zaro bog‘lanib, uch o‘lchamli
supramolekulyar karkasni hosil gilgan.

Cu?* kationlari simmetriya markazida joylashgan. Uning ko‘pyoqli koordinatsiyasi birmuncha qgiyshaygan bo‘lib, bunga
N204 hosil qilgan oktaedr sababdir. Ushbu oktaedr benzotriazol anionidagi karboksil guruhning o‘zaro simmetrik joylashgan
ikkita kislorod atomi (02), MEA ligandlarining ekvatorial tekislikdagi ikkita azot atomlari (N4) va aksial holatdagi MEA
ligandlarining xuddi shunday tizimdagi ikkita kislorod atomlari (O3) hisobiga shakllangan. Cu-O(2) va Cu-N(4) bog* uzunliklari
mos ravishda 2.029 (1) va 1.980 (2) A°. Aksial Cu-O(3) bog* uzunligi esa 2.492 (2) A°.

MEA ligand neytral tabiatli bo‘lib, bidentant N va O-donor atomlari orgali koordinatsiyaga uchraydi va CuNC20 besh
a’zoli tvist konformatsiyadagi xelat halgasini hosil giladi; O3-C10-C9-N4 torsion burchak 60.3 (3). Benzotriazolning tekis halga
tizimi (N1-N3/C1-C6: chetlanish = 0.0064 A°) metil guruhi C7 atomi bilan koplanar [tekislikdan chetlanish 0.158 (2) A°],
karboksil guruh esa bu tekislikka nisbatan deyarli to‘g‘ri holatda joylashgan [88.0 (2)]. Karboksil guruhning C8-O(1,2) masofasi
orasidagi farq (B= 0.036 A°)ni tashkil etadi va monodentant koordinatsiyaga uchraganligini bildiradi, uzun C-O masofa
koordinatsiyada O2 atomini ham gamrab oladi.

Molekulyar struktura MEA ligandining OH guruhi va koordinatsiyalanmagan karboksilning O atomi orasidagi
ichkimolekulyar O3-H3:--O1 vodorod bog* hisobiga barqarorlashadi (1-jadval).

Kristall strukturada (1) molekulalar aminoguruh va karboksil- gidroksil O atom akseptorlarining zanjir hosil qilib [010]
parallel holda C7-H7A..-O1ii, N4-H4A-O2/va N4-H4B---03 vodorod bog‘lari yordamida bog‘langan(1- jadval, 2-rasm). Aralash
zanjirlar C9-H9A---N3iv vodorod bog‘lari orqali gavatlar hosil qilib (101)ga parallel joylashgan (2-rasm). Triazol halgasi C-H
qo‘shimcha bog‘lari va MEAning metilen guruhlari orasidagi o‘zaro ta’sir uch o‘lchamli supramolekulyar qurshovni
shakllantirgan. Ichkimolekulyar vodorod bog‘lari uzlukli chiziglar shaklida ko‘rsatilgan (1-rasm). Ellipsoidlarning siljishi 25%
ehtimollik bilan tasvirlangan. Cu-O3 bog‘ uzunligi 2.492 (2) A°, Yan-Teller chetlanishi tipida tasvirlangan.

[Cu(BTA)2(MEA)2] kompleksining molekulyar va kristall tuzilishi 1,2-rasmda keltirilgan.

A)2(MEA):] kompleksning tuzilishi
@

O Ba N aromyapura OGOFIaHTaH BOJOPOJ aTOMJIAPHHHUHT Xonariapu 3ca Pypee dapkura kypa KOWITAITHPHIIN Ba
MacoaHd IOMIIOK dYerapajaml yCyiauaa THAPOKCHI TypyX yuyH 0,82 A°, Oupmamuu ammH rypyxu yuyH 0,95 A° tap3uma
anuknamtapuay. 2-Xansanna [Cu(BTA)2(MEA)2] HuHr acocuii kpucramiorpaguk MabIyMOTIapy KEITHPUIIH.

1-Jadval

Molekulalararo vodorod bog‘lari (A)
D-H-A [ D-H [ HA D--A [
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03-H3--01' 0.80(1) 1.86(1) 2.634 (2) 163(3)
N4-H4A--- 021 0.89(1) 2.41(2) 3.046 (2) 129(2)
N4-H4B---.03" 0.89(1) 2.12(1) 2.973 (2) 161(2)
C7-H7B---01" 0.97 2.53 3.449 (3) 158
C9-H9A---N3Vv 0/97 2.58 3/345(3) 136
2-Jadval
Cu(BTA)2(MEA)2] ning asosiy kristallografik ma’lumotlar
Parametr Qiymatlar Parametr Qiymatlar
Formula [Cu(CgHsN302)2(C2H7NO),] Kristall o‘lchami, mm 0.36x0.22x0.12
Molekulyar massa 538.03 T, °K 293
Singoniya Monoklin 0,° 0.63
Fazoviy guruh P-1 Interval h)k,| -9: 9;-15:15;-17:18
a, A 12.42(5) Refleks 8833
b, A 4.84(9) Sindirish ko ‘rsatkichi 2444
¢, A 20.69(5) Rint 0.036
B 105.823(3) F2>20 (F?) kriteriy 2444
v, A3 1199.80(5) parametr 173
z 2 Rint, 0.031
Dy, g/lcm® 1.514 R1, WR2(I>26 (I)) 0.033, 0.096, 1.06
1(CuKy), mm! 1.75 Apmin/max, €A 0.24,-0.31

Xulosa va takliflar. 2-(1H-Benzotriazol-1-il)-sirka kislota (BTA) ning kimyoviy faolligini va koordinatsion hosil bo‘lish
ehtimolini oshirish maqgsadida qo‘shimcha ligand monoetanolamin ishtirokida olib borildi. Aralash ligandli kompleks
birikmalarning tuzilishi, xossasi va tarkibi fizik-kimyoviy tadgiqotlar natijasida tahlil gilindi.

Co(ll), Ni(I1), Cu(ll) va Zn(ll) tuzlari bilan 2-(1H-Benzotriazol-1-il) sirka karboksil guruhning kislorod atomi markaziy
atom bilan bog‘lanib, ikkita monoetanolamin molekulasi markaziy atom bilan bidentat tarzda koordinatsion bog* hosil qiladi.
Tadgiqot natijalari tahliliga ko‘ra geterosiklik ligandning ikki molekulasi va bir atom metall atomi bilan bog‘lanib monoyadroli
kompleks birikmalar hosil giladi.

Rentgenstrukturaviy tahlil natijasida geterosiklik ligandning BTA ikkita molekulasi metall tuzi tarzda ion bog‘ orgali
bog‘lanib, qo‘shimcha monoetanolamin ligandi bilan esa bidentat holda metall atomi bilan kompleks birikma hosil qilib, oktaedr
tuzilishni hosil gilishi aniglandi

Ligand va uning komplekslarini rentgen strukturaviy analiz yordamida o‘rganish natijasida aralash ligandli kompleks
birikmaning tarkibi BTA:M:MEA = 2:1:2 nisbatda ekanligi aniglandi. Ushbu tadgigqot asosida sintez gilingan kompleks
birikmaning tuzilishi quyidagicha taklif gilindi:

(o]
N==N N
(@]
Bu yerda, M - o‘rida Co(11), Ni(l1), Cu(ll) va Zn

ADABIYOTLAR

1. Hanif M., Chohan Z.H. Design, spectral characterization and biological studies of transition metal(11) complexes with triazole
Schiff bases Spectrochim // Acta A Mol. Biomol. Spectrosc. — 2013. —V.104. — P.468-476.

2. Narsimha S., Satheesh K.N., Kumara S.B. Vasudeva R. N., Althaf S.K., Hussain M., Srinivasa R. Indole-2-carboxylic acid
derived mono and bis 1,4-disubstituted 1,2,3-triazoles: Synthesis, characterization and evaluation of anticancer, antibacterial,
and DNA-cleavage activities // Bioorganic & Medicinal Chemistry Letters. — 2016. — Ne26(6). — P 1639-1644.

3. Zhang S., Xu Z.,Gao C., Ren Q., Chang L., Lv Z., Feng L. Triazole derivatives and their anti-tubercular activity // European
Journal of Medicinal Chemistry. — 2017. — V. 138. — P. 501-513.

4. Ali A., Al-Hassani R., Hussain D., Jabir M. Anti-Proliferative Activity and Tubulin Targeting of Novel Micro and
Nanoparticles Complexes of 4-Amino-3-Thion-1, 2, 4-Triazole Derivatives // Nano Biomedicine and Engineering. — 2020. —
V.12(1). — P.75-89.

5. Chelamalla R., Akena V., Manda S. Synthesis of N'-arylidene-2-(5-aryl-1H-1, 2, 4-triazol-3-ylthio) acetohydrazides as
antidepressants // Med Chem Res. — 2017. — V.26(7). — P.1359-1366.

6. Krzysztof S., Jarostaw S., Anna K., Ewa K. Syntheses of Novel 4-Substituted N-(5-amino-1H-1,2,4-triazol-3-yl)pyridine-3-
sulfonamide Derivatives with Potential Antifungal Activity // Molecules. — 2017. -V.22(11). —P. 1926-1945.

7. Narsimha S., Satheesh K.N., Kumara S.B. Vasudeva R. N., Althaf S.K., Hussain M., Srinivasa R. Indole-2-carboxylic acid
derived mono and bis 1,4-disubstituted 1,2,3-triazoles: Synthesis, characterization and evaluation of anticancer, antibacterial,
and DNA-cleavage activities. // Bioorganic & Medicinal Chemistry Letters. — 2016. — Ne26(6). — P.1639-1644.

-328 -



O‘ZBEKISTON MILLIY
UNIVERSITETI
XABARLARI, 2025, [3/1/1]
ISSN 2181-7324

KIMYO
http://journals.nuu.uz

Natural sciences

UO‘T: 543.552.054.669.669.213
Gulnora KARABAYEVA,
Jizzax davlat pedagogika universiteti tayanch doktoranti
E-mail: teacherkimyo@mail.ru
Zuxra YAXSHIYEVA,
Jizzax davlat pedagogika universiteti professori, k.f.d.
Nigora QUTLIMUROTOVA,
O zbekiston Milliy universiteti analitik kimyo kafedrasi professori, k.f.d.

UzMU kimyo fakulteti dots. D.Ziyayev tagrizi asosida.

NIKEL (I1) IONINI o-NITROZOFENOL YORDAMIDA INVERSION VOLTAMPEROMETRIK ANIQLASH
Annotation

Ushbu tadgiqotda o-nitrozofenol (o-NF) ishtirokida nikel(11) ionining anod-adsorbsion inversion voltamperometriya (AdSV) usuli
orqali aniqlanishi turli fon elektrolitlari sharoitida o‘rganildi. Aynigsa, 0.1 M atsetat buferi (pH 5.0-6.5) muhitida o-NF ning anodik
cho‘qgqilari aniq qayd etildi. Ni(II) ionining qo‘shilishi Ep1/2 ning ~0.4 V dan =0.5 V gacha siljishiga olib keldi, bu esa kompleks
hosil bo‘lishi bilan bog‘liq elektrokimyoviy o‘zgarishlarni ko‘rsatadi. Tahlillar 0.010—0.150 umol/L konsentratsiya oralig‘ida olib
borildi. 0.130 umol/L dan yuqorida Ip kamayishi kuzatilib, bu elektrod yuzasida adsorbsiya to‘yinishini anglatadi. Usul LOD =
8.96 x 10°® M sezuvchanlikka va yaxshi takrorlanuvchanlikka (Sr) ega bo‘lib, optimal yig‘ilish parametrlari 50 mV potensial va
90 soniya vaqt deb topildi. Tadgiqot natijalari AdSV usulining chiqgindi suvdagi Ni(ll) ionini aniglashdagi samaradorligini isbotladi
hamda o-NF asosida modifikatsiyalangan elektrokimyoviy sensorlar yaratish uchun muhim asos bo‘lib xizmat qiladi.

Kalit so‘zlar: Ni(Il) ioni, o-Nitrozofenol, inversion voltamperometriya, atsetat fon

DETERMINATION OF NICKEL(I1) IONS BY INVERSION VOLTAMMETRY USING O-NITROSOPHENOL
Annotation

In this study, the determination of nickel(Il) ions using o-nitrosophenol (0-NF) via adsorptive stripping voltammetry (AdSV) was
investigated under various supporting electrolyte conditions. In particular, distinct anodic peaks of o-NF were observed in 0.1 M
acetate buffer solutions at pH 5.0-6.5. Upon addition of Ni(ll) ions, a positive shift in the half-wave potential of o-NF from
approximately 0.4 V to 0.5 V was recorded, indicating the formation of an electroactive complex. The analysis was performed over
the concentration range of 0.010-0.150 pmol/L. In the voltammograms, a decrease in peak current (Ip) was noted beyond 0.130
umol/L, likely due to surface saturation or enhanced adsorption phenomena. The method exhibited a low detection limit (LOD =
8.96 x 107 M) and good reproducibility (Sr). Optimal preconcentration conditions - 50 mV accumulation potential and 90 seconds
accumulation time — were determined, yielding maximum sensitivity. The developed method was successfully applied for Ni(Il)
detection in wastewater samples. These findings support the potential of o-NF as a functional ligand in the development of modified
electrochemical sensors for trace-level nickel determination.

Key words: Ni(ll) ion, o-Nitrosophenol, inversion voltammetry, acetate background.

HMHBEPCHUOHHOE BOJIbTAMIEPOMETPUYECKOE OIIPEJAEJIEHUE HOHA HUKEJISA (IT) C
HCIOJb30BAHUEM O-HUTPO30®EHOJIA
AHHOTaLUA

B nanHOM wuccnemoBaHMM U3y4eHO ompeneneHue noHOB Hukensi(ll) Mmeronom aHOAHO-anCOPOLMOHHONH HHBEPCHOHHOM
BosbTamnepomerpun (AdSV) ¢ ucnons3oBanueM o-HUTpo3odeHona (0-NF) B pasiuyHbIX YCIOBHAX (DOHOBBIX BIICKTPOJIUTOB.
OcoGenHo ueTko aHoaHble uku 0-NF Obutn 3adukcupoBans B 0,1 M aneratHom 6ydepe (pH 5.0-6.5). [Ipu nobasneHnn noHOB
Ni(ll) Habmromanocs cmenienue Ep1/2 mpumepro ¢ 0,4 B 10 0,5 B, uto cBuaeTenscTByeT 06 00pa3oBaHHN KOMILIEKCA M CBI3aHHBIX
C 3TUM 3JICKTPOXUMHUYECKHX HM3MEHEHHWH. AHAIM3BI MPOBOIWINCH B auamna3oHe koHumeHTpammit 0,010-0,150 mxmons/n. [Mpu
koHneHTparnun Bome 0,130 MkMouns/m Habmomanock CHIDKeHHE P, 9TO yka3plBaeT Ha HACHIIIEHHWE MOBEPXHOCTH AJIEKTPOJa
aJIcopOMpOBaHHBIM KOMIIEKCOM. MeTon obmamaer mpenenom obOHapyxkenus (LOD) = 896 x 10® M wu xopomei
BOCIIPOM3BOIUMOCTBIO (Sr), a Takke ONTHMalbHBIMH NapamMeTpaMH HakoIUleHHs - moteHuuan 50 MB u Bpems 90 cekyHn.
Pesysnbratel moarBepxaaroT sddexruBHocTh Metoga AASV mis onpenenenus Ni(Il) B cTOUHBIX BOJaX W TMOJUEPKHUBAIOT €ro
NEPCIEKTUBHOCTH MPHU pa3pabOTKE HOBBIX YJEKTPOXUMHUYECKUX CEHCOPOB Ha ocHOBE 0-NF.
KiioueBsie ciioBa: von Ni(Il), o-Hurpo3odeno:n, nHBepcHoHHAs BOJIbTaMIEPOMETPHSI, alleTaTHBII (OH.

Kirish. Og‘ir metallarning, ayniqsa, suv muhitidagi tarqalishi va ekologik tizimlarga ta’siri hozirgi davrda dolzarb ilmiy
masalaga aylangan [1,2]. Nikel (Ni) bu borada alohida o‘ringa ega bo‘lib, u dengiz suvida 0,5-2 mg/L, daryo suvlarida esa 0,3
mg/L atrofida uchraydi. Biologik jihatdan nikel organizmlar uchun zarur mikroelement bo‘lib, arginaza va ureaza fermentlari
faoliyatida ishtirok etadi, oksidlovchi fermentativ jarayonlarni faollashtiradi.

Biroq, Ni(IT) ionining ortiqcha miqdori toksik ta’sirga ega bo‘lib, kon’yunktivit, pnevmonit, immun tizimi zaiflashuvi, teri
allergiyasi va onkologik kasalliklarga olib kelishi mumkin [3,4,5]. Shuningdek, nikel o‘simliklar uchun ham zararli bo‘lib, 50
mkg/g dan yuqori konsentratsiyada ularning o‘sish va rivojlanishini susaytiradi.
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Shu sababli, nikel ionlarini suv muhitida aniglash va monitoring gilish ekologik xavfsizlik nuqtai nazaridan nihoyatda
muhim hisoblanadi.

Mavzuga oid adabiyotlarning tahlili. Nikel ionlarini iz miqdorda aniqlash uchun sezgir, ishonchli usullarga bo‘lgan
ehtiyojni yanada kuchaytiradi. Ayniqgsa, voltammetrik usullar o°‘zining sezuvchanligi, tanlab ta’sir etuvchanligi va oddiy apparat
qurilmalari bilan ajralib turadi. Ushbu usullar orqali Cu, Fe, Zn, Rb, Co kabi og’ir metallarni aniqlashda samarali natijalar qayd
etilgan [6,7,8]. Bunday metodlar bugungi kundagi ekologik monitoring va bioanalitik tadgigotlar uchun istigbolli yechim bo‘lib
xizmat giladi.

Nikel(II) ionini voltamperometrik usullar yordamida aniqlash bo‘yicha bir qator sezgir va tanlab ta’sir etuvchi
metodologiyalar ishlab chigilgan bo’lib, dimetilglioksim (DMG) yoki uning analoglari — nioxim kabi komplekslovchi reagentlar
ishtirokida voltamperometrik yondashuvlar keng o‘rganilgan. Bu reagentlar bilan ishlovchi voltamperometrik metodikalar asosan
vismut plyonka elektrodlari (BiFE), HgFE va grafit asosidagi modifikatsiyalangan elektrodlarda qo‘llanilgan bo‘lib, ularning
ko‘pchiligida kvadrat-to‘lqinli voltamperometrik yoki differensial pulsli inversion usullar voltamperometrik ishlatilgan
[9,10,11,12,13,14]. Ushbu tadgiqotlarda yuqori sezuvchanlik, past aniglash chegarasi va qonigarli takrorlanuvchanlik kabi analitik
afzalliklar ta’kidlangan.

Shunga garamay, 1-nitrozo-2-fenol (0-NF) kabi nitrozoguruhli xromofor reagentlarning kumush-amalgam plyonka
elektrod (Hg(Ag)FE) yuzasida inversion voltamperometriya va siklik voltamperometriya (CV) usulida Ni(Il) ionlarini aniglashga
oid adabiyotlarda hech ganday ma’lumotlar mavjud emas. Mazkur nitrozo guruhli reagentlar ilgari spektrofotometrik va
spektrofluorimetrik aniqlash usullarida muvaffaqiyatli qo‘llangan bo‘lib, uning elektrokimyoviy faolligi hali chuqur
o‘rganilmagan.

Tadgiqot metadologiyasi. Ushbu tadqigotda faqat analitik darajadagi tozalikka ega bo‘lgan kimyoviy moddalar va

zamonaviy elektrokimyoviy qurilmalardan foydalanildi.

Kimyoviy moddalar va texnik qurilmalar: o-Nitrozofenol (L) — (=99%), Nikel(II) nitrat geksagidrat (Ni(NOs).-6H20) —
(>99.95%), natriy atsetat (CHsCOONa, >99%) va Atsetat kislotasi (CHsCOOH, >99%) azot (N2) gazi. IPS-15-1 rusumli
potensiostat/galvanostat, ishchi elektrod (WE): kumush—plyonka(Ag—Hg) elektrod, tagqoslash elektrod (RE): Ag/AgCl elektrod
(to‘yingan KCl eritmasida), yordamchi elektrod (CE): platina sim elektrod, pH-metr, kvarts oynali 30 ml elektrokimyoviy
yacheyka, magnitli aralashtirgich.

Tajriba usuli: Voltamperometrik o‘lchovlar uch elektrodli yacheykada olib borildi: ishchi elektrod — kumush-amalgama
(Ag-Hg), tagqoslash elektrod — Ag/AgCl (to‘yingan KCI), yordamchi — platina sim. O°‘lchovlar IPS-15-1
potensiostat/galvanostatda 30 ml hajmli kvarts yacheykada, 200 ayl/min tezlikda magnitli aralashtirgich yordamida o‘tkazildi.
Eritmalar o‘lchovdan oldin 10-15 dagiga azot bilan degazatsiya qgilindi. o-Nitrozofenol (2 uM) va Ni(Il) ionining xatti-harakatlari
0.1 M atsetat buferida (pH 5.1), ~1000 mV dan +1200 mV gacha, 12—-30 mV/s skan tezligida baholandi.

Tahlil va natijalar. Nikel(Il) ioni va o-nitrozofenolning alohida hamda birgalikdagi voltamperometrik o‘zgarishlarini
tahlil gilish.

Nikel (1) ionini kumush elektrodini simob tomchisi bilan amalgamalangan elektrod bilan IV usulda aniglashda nitrozafenol
reagentining qo‘shilishi natijasida nikel (11) ionining kompleks hosil gilishi natijasida nikelning elekrod yuzasiga amalgamalanish
potensiali o°zgaradi va unga halagit beruvchi ionlar ta‘sirining kamayishiga sabab bo‘ladi, shu sababli nikel (I1) ionini aniglashda
amalga oshirildi. Bunda eritmaga fon elektrolit sifatida adabiyotlardan foydalangan holatda atsetatli buffer eritmadan go ‘shildi.

Bunda dastlab nitrozafenolning elektrod yuzasidagi 0.1 M atsetat bufer muhitida inversion voltamperometrik (1V) analizi
amalga oshirildi. Keyin nikel(ll) ioni, o-nitrozofenol (o-NF) va ularning birgalikdagi eritmalarining elektrokimyoviy o‘zgarishlari
tahlil gilindi va solishtirildi. (1 a va b-rasmlar) Natijalarda: Ni(ll) ionining redoks signali Ep ~ +0.175 V da joylashgan bo‘lib, bu
ionning elektrod yuzasida nisbatan zaif, lekin aniglanuvchi anod jarayoni bilan bog‘liqdir. o-NF eritmasida esa, aniq ifodalangan
anod cho‘qqi Ep = +0.400 V da qayd etildi, bu signal molekulaning —-NO guruhi ishtirokida yuzaga keluvchi oksidlanish reaksiyasi
bilan bog‘liq. 1 b -rasmda o-NF va Ni(II) ionining birgalikdagi ishtirokida voltamperogrammada yangi, ancha siljigan anod cho‘qqi
Ep ~ +0.500 V da kuzatildi. Bu signal ligand—metal kompleks hosil bo‘lishi natijasida yuzaga kelgan elektrofaol turga tegishli
bo‘lib, 0o-NF molekulasining Ni(II) ioni bilan koordinatsiyalanishi redoks jarayonining termodinamik shartlarini o‘zgartirganini
ko‘rsatadi. Kompleks hosil bo‘lishi natijasida: redoks potensialining yuqoriga siljishi (AEp ~ +100 mV), signal intensivligining
oshishi yoki yangi cho‘qqining paydo bo‘lishi kuzatilib, bu hodisa metall-ligand o°zaro ta’sirining yuzaga kelganini isbotlaydi.
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1-rasm. a) Ni(ll) ionining inversion voltamperogrammasi b) o-Nitrozofenol va Ni(ll) ioni hosil gilgan kompleksning inversion
voltamperogrammasi
Shu bilan birga, qayd etilgan bu o‘zgarishlar elektrod yuzasida sodir bo‘layotgan faradik jarayonlar dinamikasining
o‘zgarganini va kompleks shakllanishining redoks faollikka sezilarli ta’sir ko‘rsatishini tasdiqlaydi.
Nikel(11) ioni konsentratsiyasining maksimal tok kuchiga bogligligini inversion voltamperometrik usulda aniglash.
Mazkur bo‘limda Nikel(II) ionining o-nitrozofenol ishtirokida 0.1 M atsetat buferida AdSV usuli bilan aniglanishi
o‘rganildi. O‘Ichovlar 0.010-0.150 uM oralig‘ida, optimal yig‘ilish sharoitlari (E_dep = 50 mV, t_dep = 90 s) ostida bajarildi.
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Ni(I) konsentratsiyasi ortishi bilan anod toki (Ip) muntazam oshgan, va 0.010-0.110 uM oralig‘ida Ip—Ni(ll) o‘rtasida
chizigli bog‘liglik aniglangan. Bu, elektrod yuzasida o-NF-Ni(Il) kompleksining hosil bo‘lishi va faradik jarayonlarning
kuchayishi bilan bog‘lig. ammo, 0.130-0.150 uM da Ip giymatining pasayishi kuzatildi. Bu holat: elektrod yuzasida to‘yinish, yoki
adsorbsiyalangan komplekslar o‘zaro ta’sirga kirishib, elektroaktivlikni pasaytirishi bilan izohlanadi. AdSV usuli orgali Ni(ll)
ionlari 0.110 uM gacha bo‘lgan konsentratsiyada aniq va chiziqli aniglanishi mumkin. Natijalar 2-rasmda aks ettirilgan.
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2-rasm. Nikel(ll) ioni konsentratsiyasining inversion voltamperogrammadagi signal intensivligiga ta’siri

Ishlab chigilgan usulning tog‘riligini isbotlash uchun nikel-nitrozafenolning inversion voltamperometriya usulidan olingan
voltamperogramma qiymatlari asosida “kiritildi-topildi” usulidan xatoliklar topildi va korrelyatsiya koeffisienti hisoblandi.
Olingan natijalar 3-rasm 1-jadvalda keltirildi.

Ushbu jadvalda turli konsentratsiyalardagi Ni(ll) ionlari uchun olingan tok giymatlari (Ip) asosida aniglangan
konsentratsiyalar, ularning aniqlik xatolari (+AX), standart og‘ishlar (Sr) va kalibrlash tenglamasining nishabi (S) keltirilgan.
Baholashlar quyidagi asosiy parametrlar orgali amalga oshirilgan:

1-jadval
Nikel(11) ionini o-Nitrozofenol bilan aniglashda inversion voltamperometriya usulining anigligini baholash (n = 5, o = 0.05, 95%

ishonchlilik darajasida)

Kiritildi Ip Topildi S Sr
Ni [uM] [nA] [uM] X +AX
0.010 1080 | 0,0095+0,00051 | 0,00042 0,0449
0.030 1650 | 0,0298+0,00029 | 0,00023 0,0077
0.050 2310 | 0,0496+0,00051 | 0,00063 0,0127
0.070 2627 | 0,0689+0.00150 | 0,00186 0,0269
0.090 3126 | 0,0877+0,0029 | 0,00233 0,0265
0.110 3505 | 0,1000£0,0127 | 0,01022 0,0102
0.130 3876 | 0,1220+0,0091 | 0,00732 0,0600
0.150 3760 | 0,1455+0,0048 | 0.00386 0,0265

Ogqim (Ip) va kobalt(Il) konsentratsiyasi o‘rtasida
Lkorrelyatsiva koeffitsienti
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3-rasm. Oqim (Ip) va Nikel(II) konsentratsiyasi o‘rtasida korrelyatsiya koeffitsienti

3-rasmdan ko‘rinadiki, nikel(Il) ionining 0,01-0,130 pM gacha bo‘lgan miqdorida analitik signalga bog‘ligligida
korrelyatsiya koeffisienti R=0,9891 ga tengligi hisoblab topildi. Bu 1 ga yaqinligi uchun ishlab chigilgan usulning to‘g‘riligidan
darak beradi. Nikel(I1) ionining quyi aniglash chegarasi 3,01x10-8 M ni tashkil etdi.

Xulosa va takliflar. O‘tkazilgan tadqiqotlar natijasida o-nitrozofenol asosida ishlab chigilgan inversion voltamperometriya
usuli Nikel(Il) ionlarini mikro- va submikro-molyar konsentratsiyalarda aniglashda yuqori sezuvchanlik (S), quyi aniglash
chegarasi (LOD =3.01 x 10~®* M, n=8) va yaxshi takrorlanuvchanlik (Sr) ko‘rsatdi. Aynigsa, past konsentratsiya diapazonida aniqlik
yuqori bo‘lib, £AX giymatlari minimal darajada saglanadi. Yuqori konsentratsiyalarda esa ma’lum darajada og‘ishlar kuzatilgan
bo‘lsa-da, umumiy aniqlik va funksional xususiyatlar usulni ekologik monitoring va analitik amaliyotlarda qo‘llash uchun yetarli
darajada ishonchli ekanligini tasdiglaydi. Ushbu natijalar o-NF asosida elektrod tizimlarining yuqgori sezuvchanlik va aniglik bilan
ishlashini isbotlaydi va ushbu ligand asosida modifikatsiyalangan elektrokimyoviy sensor tizimlarini yaratishni belgilab beradi.
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CHUHTE3 U UCCJIEJOBAHUE KOOPJIUHAIIMOHHBIX COEJIMHEHUMI XJIOPUIOB KOBAJIBTA(I) K
HUKEJISI(I1) C 5-METHJI-2-(1,3-THA30J1-2-UJICYJIb®AHWU)-1,3,4-THAIUA3Z0JIOM
AHHOTaALHSA

Ilenblo TaHHOTO HCCIEIOBAHMS SIBIAIOCH ONPEACNICHHE CTPOCHUS CHHTE3UPOBAHHBIX KOMILICKCHBIX COCIMHEHHI XJIOPHIOB
KoOanpTa M HHUKEIS C HOBBIM JHrangoM 5-metui-2-(1,3-tuazon-2-uncynsbanmn)-1,3,4-tuaguasonom. CHHTE3UPOBAHHBIC
KOMIUIEKCHI HCCIIEI0BaHbI METOAaMH JIEMEHTHOTO M TepMUYecKoro aHann3oB, K- n anekTpoHHo# cniektpockonueit nuddysnoro
oTpaxkeHus1. B pe3ynpTaTe ncciaenoBaHus cenaH BBIBOA, YTO JIUTAH/ SIBISETCS OMIEHTATHBIM M KOOPIUHUPYETCSI K IEHTPaIbHOMY
HOHY Uepe3 aToOMBbl a30Ta THAAHA30JIbHOTO M THA30JBbHOTO KoJyiell. XJIOPWA AQHHOHBI BBICTYNAIOT B POJH AlWAOJIMIAH/IOB, a
KOMIUIEKCBI OTHOCSATCS K HEHTpaIbHOMY THILY.

KaroueBblie ciioBa: K00ajbT, HUKEIb, THAANA30J, THA30J, JIMTAH[, KOOpAUHAIMOHHbIe coeauHenus, SEM-EDX , UK-cnektp,
OCO, Tepmudeckuii aHaTU3.

SYNTHESIS AND INVESTIGATION OF COORDINATION COMPOUNDS OF COBALT(Il) AND NICKEL(I)
CHLORIDES WITH 5-METHYL-2-(1,3-THIAZOL-2-YLSULFANYL)-1,3,4-THIADIAZOLE
Annotation

The aim of this study was to determine the structure of the synthesized complex compounds of cobalt and nickel chlorides with a
new ligand 5-methyl-2-(1,3-thiazol-2-ylsulfanyl)-1,3,4-thiadiazole. The synthesized complexes were studied by elemental and
thermal analysis, IR and electron diffuse reflectance spectroscopy. As a result of the study, it was concluded that the ligand is
bidentate and coordinated to the central ion through the nitrogen atoms of the thiadiazole and thiazole rings. Chloride anions act as
acido ligands, and the complexes are neutral.

Key words: cobalt, nickel, thiadiazole, thiazole, ligand, coordination compounds, SEM-EDX, IR spectrum, EDS, thermal analysis.

KOBALT(Il) VA NIKEL(I1) XLORIDLARINING 5-METIL-2-(1,3-TIAZOL-2-ILSULFANIL)-1,3,4-TIADIAZOL
BILAN KOORDINATSION BIRIKMALARI SINTEZI VA TADQIQOTI
Annotatsiya

Tadgiqotning magsadi kobalt va nikel xloridlarining yangi ligand 5-metil-2- (1,3-tiazol-2-ilsulfanil)-1,3,4-tiadiazol bilan sintez
gilingan kompleks birikmalarining tuzilishini aniglashdan iborat. Sintez gilingan kompleks birikmalarning tarkibi va tuzilishi
element, termik tahlil (TG/DTA), infragizil (IQ) spektroskopiya hamda diffuz gaytarilishning elektron spektroskopiyasi usullari
yordamida o‘rganildi. Tadgiqotlar natijasida markaziy metall ionining ligand molekulasidagi tiadiazol va tiazol halgalarining azot
atomlari orqali bidentat koordinatsiyalanishi aniglandi. Xlorid anionlari atsidoligandlar rolini o‘ynaydi, komplekslar esa neytral
neytral tipga mansub ekanligi tasdiglandi.

Kalit so‘zlar: kobalt, nikel, tiadiazol, tiazol, ligand, koordinatsion birikmalar, SEM-EDX, 1Q-spektr, DQES, termik tahlil.

BBenenue. Peakiuu KOMIUIEKCOOOPA30BaHHs TPEACTABIAIOT COOOH 001acTh, MMEIONIYI0 3HAYUMYI0 TEOPETHUECKYIO U
HPaKTHYECKYIO LIEHHOCTD, MIOCKOJIBKY OHHM OXBATHIBAIOT KaK (hyHAaMEHTaJbHbIE ACHEKThI, TAK M Pa3HOOOpa3HbIC NPUIIOKEHHUS B
XHMUH M CMEXHBIX HayKax.

HoBble reTeponyKInyecKre Mpou3BOJHbIE, 00beauHstomue dparmentsl 1,3,4-Tnaguasona u 1,3-tmasona, obiamaroT
3HAYHUTENBHBIM [OTCHIHAIOM B MEAMIHHCKOM XHMHH Onarofapsi CBOEW TMOBBILICHHONW OHOJOTHYECKOH aKTHBHOCTH,
(hapMaKOKHHETHYECKUM CBOMCTBAaM U CTPYKTYPHOH yHUBepcasibHOCTH [1,2].

UHTepec K KOMIUIEKCHBIM COCAMHEHUSIM 3d-MeTamioB ¢ GHONIOrHYECKH 3HAYUMBIMU TeTEPOLUKINYECKAMH JINTaHAaMH,
0COOCHHO C MPOU3BOAHBIMH THAIMA30JI0B M THA30JI0B, INIABHBIM 00pa30M 00YCIIOBJICH MEPCIICKTHBAMH 32 CUET CHHEPIeTHYECKOTO
addexra [3-5]. Hanmmume HECKOMBKUX JOHOPHBIX aTOMOB B CTPYKTYypax THaAMa30ja M THa30ja 00eclevYnBacT BapHaTHBHOCTh
KOOPJIHMHAIMK U ()OPMUPOBAHHE IIMPOKOTO CIIEKTPa KOMIUIEKCHBIX COCANHEHUH ¢ MOHAMH MEPEXOHBIX MeTauioB. OHAKO, KaK
JEMOHCTPUPYET aHaju3 JIMTePaTypHBIX JIAHHBIX, HCCIIEIOBAaHHE KOOPAWHAIMOHHBIX COEJHMHEHHH Ha OCHOBE IPOW3BOJHBIX
THa/IMa30J1a U THA30J1a B POJIH JINTAH/IOB OCTACTCS MAJIOU3YYEHHON 00JIaCThIO.

Lenbto TaHHOM paboTHI SIBISETCS CHHTE3 M MCCIIEA0BaHHE KOOPANHAIMOHHBIX coequHernit ximopunos Co(ll) u Ni(ll) ¢ 5-
metui-2-(1,3-tuazon-2-uncysbpanmn)-1,3,4-ruaguazonom.
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Metoanka sxcnepuMenTa: /i CHHTE3a KOMIUIEKCHBIX COSANHEHHH HCIob30Bany xiaopuas! kobansTta(ll) n aukems(Il)
B BHJC KPHCTAUIOTUAPATOB MAPKH «X.4.», & TAKKE CHHTE3UPOBAHHBIN HOBBIN JHraHa 5-meTui-2-(1,3-tuason-2-micynsdanun)-
1,3,4-traguaso, JUIs CHHTE3a KOMIUIEKCHBIX COEAMHEHUI

MeToanKa cHHTe3a JTHraH/a:

PactBop 5-mermi-1,3,4-tnaguazon-2-tuona (0,05 mons) u 2-6pomorunasona (0,05 mons) B8 DMF (5 mMi1) B npHCyTCTBUH
kapOoHaTa 11e31s NepeMeIrBaly B TedeHue 5 yaco npu 140°C. CuHTe3upoBaHHbIT aMopdHBIi poaykT 2-MeTmi-5-(1,3-Tnazon-
2-uncynbdanmn)-1,3,4-THauazon IMEeT CBETIIO-XKENTHIA IBET U TeMieparypy miasieHus 54 °C. Beixon peaknun coctaBmi 60
%.

Metoauka cMHTe32 KOMILIEKCOB:

K sranoneHbiM pactBopam (0,01 monp) xmopumos Co(ll) u Ni(ll), mo KamisM mpu MOCTOSHHOM MEpEMEIIHBAHUH,
JO0ABJISAIIK STaHOBHBIH pacTBop juranaa L (0,02 mons) (cxema 1). Peakiwst npoBoaunack npu temmeparype 40°C B Teuenue 3
YacoB MPH HEMPEPHIBHOM MepeMeIInBaHNU. PacTBOPBI KOMILIEKCOB OT(HMIBTPOBBIBAIN U OCTaBIISUIH IS KpUCTau3anuu. Yepes
10-12 nHe#t ObLT MOMyYeH MENKOKPUCTAJUTMYECKUH OCAZOK KOMIUICKCHBIX COeIUHEHH. BBIXOABI peakiuii W TeMIepaTypsl
IUIABJICHUS H PACTBOPHMOCTb KOMIUICKCHBIX COCMHEHNUIT yKa3aHbl B Tabmue 1.

Tabmuma 1
DH3UKO-XHUMHYCCKHIE XapaKTCPUCTUKU CUHTEC3UPOBAHHBIX KOMILJICKCOB
Coequnenne Lser Brixon T.un PactBopumMocTs
% °C Bona Meranon OtaHon Xnopopopm JIM®
[Co L2Cl2] JTHIIOBBIH 89 174 H P P M P
[Ni L2Clz] Tomy6oit 92 187 H P P M p
HaC \< \}/ U
N—nN MeClL*nH,; 0 N
H3C'2’< ll _SE%CHOH ] M Cl
M= Co(m, Ni(ID N i
R -

Cxema 1. CHHTE3 KOMITJICKCHBIX COETMHEHHUI

Metoabl ucciegoBanusi. Merogom SEM-EDA npu nomMomu ckaHupyrouiero 3j1ekTpoHHoro Mmukpockona (JEOL JSM-
IT200LA, SlmoHus) MPOBOAWIM 3JIEMEHTHBIN aHANN3 M ONpPEACIBUIN XaPAKTEPUCTHKH MHKPOCTPYKTYPHI CHHTE3HPOBAHHBIX
KOMIUTEKCHBIX COCTHHEHUI.

WK-crieKTphl MOTIOLIEHHS COEAMHEHMI perucTpuposatn B obmactu 400-4000 cv?! ma MK-®yphe cnekTpomerpe
“IRAffinity-1S” ¢upmer SHIMADZU (Snonust).

Cnekrpsl auddysnoro otpakenus (C10) cHuManu npyu KOMHATHOU Temiiepartype Ha crnekrpodoromerpe X-Rite il Pro B
nuanazone 380-730 uM ¢ maroM 10 HM.

O0pa31ibl IepruBaTOrpaMM MOTyYain Ha CHHXPOHHOM TepMoaHaiu3arope Shimadzu DTG-60, peanu3yroniM COBMEIIECHHE
TepMorpaBuMeTpun u anddeperunaibHoro tepmudeckoro anaimmusza (TG/DTA). Iporpamma narpeBa neun ot 37 mo 800°C
OCYIIECTBILIACH 3JIEKTPOHHBIM HarpeBaTeneM co ckopocteio 10°C/mMuH, mpu mpoxyBke aprorom (80 mur/muH). epkareneMm
cIry>kuIt papOpOBBI TUTETIb.

Pe3yabTaTsl U 00cyxnenue. CkaHUpyONIas SIEKTpoHHAS MUKpockorus (SEM) B couetannu ¢ sHeproauciepCHOHHBIM
peHtreHoBckoi criekrpockonmeit (EDX), mpexacraBnsier co®oif MeTOJ TECTUPOBAHWS, KOTOPBIH OOECIIeYMBACT MOTydEHHE
JIeTaIbHBIX M300paKeHHH ¢ BBICOKHM Pa3pEILICHHEM I KaueCTBEHHOTO 1 KOMECTBEHHOTO S/IEMEHTHOrO aHau3a [6, 71.

Map_002_whesgacirum
ElementMass% | A
C

N 16,01 s
o 025 0,02/
s 34.25] 2198
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Co 352,

. ? . . v a
S E—
C o s s
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o oseoas
S 3491| 2223
CE T
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I
e e
Eravion ' )
Puc. 1. MukpocTpyKTypa, KaueCTBeHHBIH U KoIm4decTBeHHbII cocTaB KomiuiekcoB [COL2Clz] (a) u [NiL2Clz] (6) o pe3yabsraram

SEM-EDX

Ha ocnoBanmn nanaerx SEM-EDX MOKHO CYyAHTB O COOTHOIIEHHH METAIIT : JIUTAaH = 1:2 M 00 OTCYTCTBHH BOJIBI B COCTaBE
KOMILIEKCOB (puc. 1).

B UK-cnektpe L (puc. 2) B 061acTi JIMHHBLIX BoaH npu 3085 1 3063 cm™! HaGroaroTCs MOJI0CH Majlol HHTEHCHBHOCTH,
COOTBETCTBYIOIINE BAJCHTHBIM KoyeOanusiM cBsizu =C-H B THazombHOM KoJjble, nedopMalnoHHbIe KoieOaHUs 3TOil CBA3M
3aduxcuposansl 1pu 900 u 867 cm?

BanenTnbie konebanus C-H cBszeli B METUIIBLHOI rpyTINe MPOSIBIISIOTCS MOJOCON MO HHTEHCHBHOCTH TIpu 2925 cmt a
nedopmarmonHble Konebanus — nosocoit mpu 1372 cml. Ha wacrore 1653 cm™! unentudunmposans: xonebanus cessu C=C B
THA30JILHOM KoJblie. 11 THaAna30JIbHOTO KOJIbla Takke 0OHAPY>KEHBI BCE COOTBETCTBYIOIINE MOJIOCKHI MOTJIOIICHHUS KoyleOaHui
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cBaseit pyHkuuoHanbHEIX rpymn: VC=N — 1483 u 1419 cmt, N-N — 1084 cmt, N=C-S — 1024 cmL, C-S — 654 u 605 cmL. Pesonanc
®epmu 1ipu 2360 u 2342 cm* otHecen k konebanuam C=C-N=C tuazonbHoro kosbua [8].

e

N—~n N
13 /</‘K\/“\/>

Puc. 2. UK-cnextp nuranga L
IIpoBens cpaBuutensHblil ananu3 UK-cnektpoB (puc. 3) nuranna L ¢ KOMIUIEKCHBIMUA COCAMHCHHUSMH Ha €r0 OCHOBE,
MOKHO C/I€JIaTh BBIBOJI, O TOM, UTO JIMT@H/I KOOPAUHHUPYETCS K HOHAM METaJIJIOB TOCPEICTBOM aTOMOB a30Ta, TaK KaK HaOJIF01aeTCsl
CMEIICHUE TOJI0C TOTJIONICHHSI, COOTBETCTBYIOIINX KOJICOAHUSIM CBSI3€H, COIEpKANINX ITOT JOHOPHBIH aTOM, 3TO MPEIMOTI0KEHIE
HOATBEPKAAeTCA HAIMYKMEM I0JIOC HOIJIOIEHHUs B KOMILIeKcax npu ~ 490 u 440 cM™, oTHeceHHBIM K Konebanuam cpsaszu M-N.
Cas3b M-Cl ycTaHOBUTE He IpecTaBiIsieTcs BO3MOXKHBIM, TaK KaK ee Konebanus nexat Huxke 400 cm L. Takxke czienan BBIBOZ 06
OTCYTCTBHH B COCTaBe KOMILJIEKCOB MOJIEKYJT BO/ibl. OCHOBHBIE YaCTOTHI L M €ro KOMIUIEKCOB TpeCTaBICHBI B TA0IHIIE 2.

Tabnuua 2
OcHoBHbIe 9acToTH nostoc nornomnieHust B MK crektpax nuranna L 1 ero KOMIIEKCOB (CM‘I)
Coenunenne vCH3s vCH ring Sunenn c=C vCN NCS N-N vCS 3CS M-N
3CH3 =CH ring
L3 2925 3085 900 1653 1483 1024 1084 762 654 -
1372 3063 867 1419 749 605
[CoLoCl] 2989 3124 880 1650 1491 1038 1065 770 670 482 436
1381 3105 870 1431 741 613
[NiL2Cl2] 2922 3126 881 1650 1494 1038 1068 772,739 660 479
1384 3109 870 1429 615 435
o Cocl2+L3
a
i
NiCl2+13
0

Puc. 3. UK-cnexrpsr kommiekcHbix coequnennii [CoL2Clz] (a) u [NiL2Cl2] (6)

IIpu aHanm3e TepMorpaMM KOMIUIEKCOB XJIOPHIOB 3d-MeTaJUIOB ¢ JUTaHAOM (pHC. 4) OBUIO BBLBICHO OTCYTCTBHE KaK
KPHCTAJUIM3AMOHHOM, TaK U KOOPMHAILIMOHHON BOJBI B UX cocTaBe. Pa3nmuuus, HaOI0AaeMble B TEPMOTpaMMax, OOBsICHIIOTCS
HEOJJMHAKOBON MPOYHOCTBIO CBsI3€il MEXIy MOHAMH METAJIOB, XJOPUA-aHHOHAMH M JurangoM. [leranpHas uHboOpManus o
Tpolecce TepMOJIM3a, BKIIOYas MPHPOLY TEIUIOBHIX 3(G(EKTOB, UX TeMIepaTypHbIe AMANa30HBl H BEIMYHUHY MMOTEPU MAcChl B
MPOIICHTHOM COOTHOIICHUH ISl KOKA0TO 3 deKTa, mpeacTapicHa B Tabmuiie 3.

a
Puc. 4. Jlepusarorpammsl komruiekcos [CoL2Cl2] (a) u [NiL2Cl2] (6)

Tabmura 3
Pe3yabTaThl CAHXPOHHOTO TEPMUYECKOTO aHAIM3a KOMILIEKCOB

TennoBoit Jnarnoson IMux ‘ OcTaToK Macchl, M ‘ TTotepst Mmaccel, Mr/% ®dparmeHT
a¢dexr nupoiusa, °C nupoiusa, °C
[CoL2Cl2] macca 06pasia=5,201 mr
DHI0 152-204 174 4,997 0,204/3,9 Jectpykuus L
Onjo 205-253 239 3,881 1,116/21,5 CH3NCS, CHa,
OHo0 272-302 291 2,714 1,167/22,4 NCS—CS2
302-400 2,302 0,412/7.9 NHs
Pasznoxkenue u ropeHne 400-800 1.108 1.194/23 CS,—C+S
opr.dpar. CoCl, —»Co+Cl2
Ocrar.21.3% - CoS, C

[NiL>Cl,] macca o6pa3ua=2,832 mr

-335 -




0¢zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/1/1 2025

DHno 188-252 218 1,461 1,371/48,4 Jectpykrms L
NCS—CS;
CHa,NHs

OH10 293-392 376 0,806 0,655/23,1 CS;—C+S

Paznoxenue u ropeHne 392-800 0,327 0,479/16,9 NiCl, —»Ni+Cly

opr.¢par. Ocrar.11,5% Ni

VYCTaHOBIIEHO, YTO KOMIUIEKC XJIOPHIA HHKENS C TeTepPOIMKINYECKHM JIMTaHAOM OoJiee TEPMHUUECKH YCTOWUMB, 4eM
QHAJIOTHYHBIN KOMILTEKC KoOasbTa.

DJeKTpOHHAs CIIEKTPOCKONHs AU(QY3HOro OTpaskeHUs MpencTaBiIsieT co0oil 3()(EeKTUBHBI METOA [UIS MCCIIeIOBaHUS
3NIEKTPOHHOTO CTPOEHUS] M KOOPJMHALMOHHOTO OKPY)KEHHSI KOMIUIEKCHBIX COEAMHEHMH MepexoIHbIX MeTauoB. IlomydeHHbIe
crekTpsl quddy3HOro oTpaxkeHus B auana3one 380-730 HM He MO3BOIIIN 3aQUKCHPOBATH HEKOTOPHIE 3JIEKTPOHHbIE MIEPEXO0/Ibl B
BUAMMON 00JIaCTH U3-3a TEXHUYECKUX OTpaHu4eHHH mpubopa.

OCHOBBIBasICh Ha JIUTEPATYpHBIX JaHHBIX [9] 1 ananu3e cnektpoB DC/1O, cuHTe3upOBaHHBIM KOMILJIEKCAM COOTBETCTBYIOT
JJIEKTPOHHBIC MIEPEXOABI M TEOMETPHS KOOPIUHAMOHHOTO O3 pa YKa3aHHbIE B TAOIHIE 4.

Tabmuna 4
Amnamu3 criektpoB DCJIO KOMILIEKCOB XJIIOPUIOB MeTaIoB ¢ L

T'eometpus

Cnextp Mertamn o
Ilepexons! (BosH. yncna, cM ')

- MckaxeHHbIN OKTad1p
‘Tig(F) — *Tig(P) (~23256)
*Tig(F) — *Axg(F) (~16950)
Co(ll) CnaGwiii mepexox, 0O0YCIOBIECHHBIM

o BJIMSIHUEM CUMMETPHUU
o e KOOPAWHAIITMOHHOTO OKPYKCHUS
N - " lj.sn mmmm‘ A (~15385)
N
/ \ Oxraszp

meen | / 3 3

/ \ s - Axg(F) — 3Tig(P) (~25641)
-/ NG Nici) 3Axg(F) — 3Tuig(F) (~19608)
-/ “Ag(F) = *Tg(F) (~13889)

3akimouenne. IIpoBeneHHblE KOMIUIGKCHBIE MCCIEAOBaHMSA IO3BOJIMIM YCTaHOBUTb, YTO CHUHTE3UPOBaHHBIC
KOOpAMHAIIMOHHBIE coenuHeHns xuopunoB kobanbra(ll) m Hukemst(Il) xapakTepusyloTcs OKTasApHYECKON reomerpueil. B mx
KOOPAMHAIIMOHHOHN c(epe IBe MOJICKYNBl HCCIEIOBAHHOTO TeTEePOLHUKIMIECKOr0 JIMTaHAA BBICTYHAIOT B PONH OHICHTATHBIX
JOHOPOB, KOOPAWHHUPYSCH MOCPEICTBOM aTOMOB a30Ta THAIHA30JbHOTO U THA30JIBHOTO ()pParMeHTOB. JIaHHBIA THUT CBS3BIBAHHS
OpUBOANT K (OPMHPOBAHUIO TEPMOAMHAMHUYECKH CTAOMIBHBIX IIECTUWIEHHBIX XENaTHBIX IUKIOB. 3aBepIIeHHE
KOOPAWHAIIOHHOTO TMOJNM3/pa JI0 OKTadAPHIECKOi KOH(QHUTYpaIlny OCYIIECTBISIETCS 3a CUET al[MJONUTaHIHBIX XJIOPUA-HOHOB,
3aHUMAIOLIUX OCTAaBIIMECS MATOE U LIECTOe KOOPAMHALMOHHBIE MecTa. [loyyueHHble JaHHblEe OJHO3HAYHO CBUAETEIBCTBYIOT O
MPUHAJUIC)KHOCTH CUHTE3UPOBAHHBIX COSAMHEHUI K HEHTpaIbHOMY TUIY KOMIUIEKCHBIX BEILIECTB.

JUTEPATYPA

1. Boog R. Y. et al. Assessment of the antibacterial efficacy of halicin against pathogenic bacteria //Antibiotics. — 2021. — T.
10. — Ne. 12. — C. 1480.

2. Hussain Z. et al. Study on antibacterial effect of halicin (SU3327) against Enterococcus faecalis and Enterococcus faecium
//Pathogens and Disease. — 2022. — T. 80. — Ne. 1. — C. ftac037.

3. Ahmed Y.B., Merzouk H., Harek Y., Medjdoub A., Cherrak S., Larabi L., Narce N. In vitro effects of nickel (I1) and copper
(1) complexes with 2,5-bis(2-pyridyl)-1,3,4-thiadiazole on T lymphocyte proliferation and intracellular redox status. Med
Chem Res (2015) 24:764-772

4. S. Chandra, S. Gautam, A. Kumar, M. Madan, Coordination mode of pentdentate ligandderivative of 5-amino-1,3,4-
thiadiazole-2-thiol with nickel(Il) and copper(Il) metal ions: synthesis, spectroscopiccharacterization, molecular modeling
and fungicidal Study, Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy (2014)

5. Mahasin Alias, Huda Kassum, Carolin Shakir. Synthesis, spectral, thermal and antibacterial studies of Cd(Il), Mn(ll) and
Fe(l11) complexes containing trithiocarbonate 1,3,4-thiadiazole moiety. Journal of King Saud University — Science (2013)
25, 157-166

6. 3eep I'M., ®omenko O.10., Jlensera O.H. IlpumeHeHHe CKaHHpYIONIIEH 3JIEKTPOHHON MHKPOCKOIHMHM B PELICHHH
aKTyaJbHBIX Mpobiem Matepuanosenenus// XKypuan Cubupckoro denepanbaoro yauBepcutera. -2009.-T.2.-Ned. -C.287-
293.

7. KamveikoB K.b., JImmtpmea H.E. Ckanmpyromas 3JIeKTpOHHAas MHKPOCKOIHS M PEHTTEHO-CIIEKTPAJIbHBIN aHAIN3
HEOpraHMYeCKUX MaTepuaioB. Meroamaeckoe mocodue.- Mocksa, 2017.-54 c.

8. Békkep 1O. mep.c mem. JI. H. Kazannesoif, mox pen. A. A. Ilymsrmesa, M. B. INomskoBoii. Cnekrpockomus. — M.:
Texnocdepa, 2009.- 528 c.

9. Jlusep D. DneKTpoHHAsI CIIEKTPOCKONHS HEOpraHudeckux coeanHeHuid. B 2-x 1. Y. 2. Ilep. ¢ anrm.-M.: Mup. -1987.-445c.

- 336 -




O‘ZBEKISTON MILLIY
UNIVERSITETI
XABARLARI, 2025, [3/1/1]
ISSN 2181-7324

KIMYO
http://journals.nuu.uz

Natural sciences

UDK: 616.8; 577.2.04; 612.8
Yulduz KUVANDIKOVA,
O zbekiston Milliy universiteti tayanch doktoranti
E-mail: kuvandikovayulduz @gmail.com
Zulayxo MAMATOVA,
O zbekiston Milliy universiteti dotsenti
Zarnigor RAXMONALIYEVA,
O zbekiston Milliy universiteti magistranti

O zR FA Bioorganik Kimyo instituti katta ilmiy xodimi, PhD R.Maxmudov tagrizi asosida

DETERMINATION OF THE ANTICOAGULANT PROPERTIES OF THE POLYPHENOLIC COMPOUND PC 9 IN
RAT BLOOD PLASMA UNDER IN VITRO CONDITIONS
Annotation

This article analyzes the results of coagulation tests - activated partial thromboplastin time (QFTV), prothrombin time (PT), and
fibrinogen levels - obtained during the evaluation of the polyphenolic compound PC-9 as a novel anticoagulant agent. The
experiments were conducted on male white Wistar rats weighing 200-300 g. QFTV and PT tests were performed using the classical
coagulation method, while the fibrinogen level was measured using the Von Clauss method. All studies were carried out in
accordance with Good Laboratory Practice (GLP) and the requirements established by the European Union Directive 2010/63/EU
and organizations such as the Institutional Animal Care and Use Committee (IACUC) in the United States. Differences in
coagulation time indicators and fibrinogen concentrations were identified between the experimental and control groups, allowing
for the assessment of the anticoagulant efficacy of the compound. The coagulation tests conducted on the PC-9 polyphenolic
compound demonstrated significant anticoagulant properties. Further in vivo models and clinical trials are recommended. Based
on the results of this experiment, the compound shows potential for use as an anticoagulant.

Key words: anticoagulant, blood plasma, blood clotting time, coagulation tests, polyphenol, hemostasis system.

ONPEJEJEHUE AHTUKOAT'YJIIHTHBIX CBOMCTB IOJUP®EHOJIbHOI'O COEAUHEHMS PC 9 B ILTA3ME
KPOBH KPBIC B YCJIOBHUAX IN VITRO
AHHOTALUSA

B nmanHOI cTaThe aHANM3HPYIOTCS PE3yIbTaThl KOATYIAIMOHHBIX TECTOB — AKTHBHPOBAHHOE JaCTUYHOE TPOMOOIIACTHHOBOE
Bpems (AUTB), nporpombunoBoe Bpemsi (IIB) m ypoBeHb (uOprHOreHa — mojydeHHBIE NPU HCHBITAHUU MOIH(EHOIBHOTO
coenuneHns PC-9 B kayecTBe HOBOT'O aHTHKOATYJITHTHOTO CPEACTBA. DKCIIEPUMEHTHI IPOBOMIINCH Ha CaMI[ax OelbIX KPbIC IMHUH
Bucrap maccoii 200 - 300 r. Tectst Ha AUTB u I1B BBINONHAIKCH ¢ UCHIOJIB30BAHUEM KIIACCHUYECKOTO0 METOJ/ia KOaryJisiiuH, a
ypoBeHb (puOpuHOreHa onpenessuics mo Merony ¢pon Knayca. Bee nccienoBanus MpoBOAWINCH B COOTBETCTBUH C MPUHIIMIIAMA
Hauiexxameid naboparoproir mpaktukn (GLP) u TpeGoBanmsmu, yctaHoneHHBIMH J[lupektuBoit EBpomeiickoro Coroza
2010/63/EU, a Tarxke OpraHU3alMsAMH, aHAJTOTHYHBIMH KOMHTETY MO yXOAy M HCIOJB30BAHHIO JTa0OPAaTOPHBIX KHBOTHBIX
(IACUC) B CIIA. bpumi BBHIABICHBI pa3iuyus B I[IOKA3aTeNIIX BPEMEHH W KOHICHTpalMH (QUOPHHOTEHA MEXIY
SKCTIEpUMEHTAIBHOH M KOHTPOJBHOHN TPYNIIaMH, YTO IO3BOJIMIIO OIEHHUTH 3(P(HEKTHBHOCTh AHTHKOATYISTHTHOTO COEJHHEHUS.
KoarynsanuonHuble TecTsl, NMPOBEICHHbIE ¢ MONU(EHONBHBIM coeanHeHneM PC-9, mpomeMOHCTPHPOBAIN €ro BBIpaKEHHBIE
AQHTHKOATyJISTHTHBIE CBOICTBAa. B mampHeiieM pekoMeHIyeTcsi NMpoBEJCHHE in Vivo Mojeneil W KIMHUYECKHX HCIIBITaHUMH.
IMony4yeHHble pe3yNbTaThl yKa3bIBAIOT HA MEPCIIEKTUBHOCTh MPUMEHEHHs! TAHHOTO HOJNU(EHOIFHOTO COSIMHEHUsS B KauecTBE
AQHTHKOATYJISHTA.

KiioueBble cjioBa: AHTUKOATI'YJIAHT, IJIa3Ma KPOBU, BPEMS CBEPThLIBAHUSA KPOBU, KOAT'yJIIIIUOHHBIC TECTHI, l'lOJ'II/I(beHOJ'I, CHUCTECMa
TeMocTasa.

PC 9 POLIFENOL MODDASINING ANTIKOAGULYANT XUSUSIYATINI KALAMUSH QON PLAZMASIDA IN
VITRO SHAROITIDA ANIQLASH
Annotatsiya

Ushbu magolada PC-9 polifenoloning yangi antikoagulyant modda sifatida sinovdan o‘tkazishda olingan koagulyatsiya testlari
natijalari - aktivlashtirilgan thromboplastin vaqgt, prothrombin vaqt va fibrinogen darajalari - tahlil gilinadi. Tajribalar 200-300 g
oq Wistar zotli erkak kalamushlarda o‘tkazildi. Qisman faollashgan thromboplastin vaqti va prothrombin vaqti testlari Klassik
koagulyatsiya metodi yordamida, Fibrinogen testi Von Claus Metodi yordamida gilindi. Ushbu tadgiqotlarning barchasi Yevropa
Ittifogining 2010/63/EU direktivasi va Amerikada IACUC (Institutional Animal Care and Use Committee) kabi tashkilotlar
tomonidan o‘rnatilgan qoidalar va talablar bo‘yicha yaxshi laboratoriya amaliyoti asosida olib borildi. Eksperimental va nazorat
guruhlari o‘rtasida vaqt ko‘rsatkichlari va fibrinogen konsentratsiyasi bo‘yicha farglar aniglanib, antikoagulyant moddaning
samaradorligi baholanadi. PC-9 polifenol moddasi ustida olib borilgan koagulyatsiya testlari moddaning antikoagulyant
xususiyatlarini sezilarli namoyish etdi. Kelgusida in vivo modellar va klinik sinovlar o‘tkazish tavsiya etiladi. Ushbu
eksperimentdan olingan natijalar asosida polifenol moddasini antikoagulyant sifatida qo‘llash istigbollari mavjudligi ko‘rsatildi.
Kalit so‘zlar: antikoagulyant, gon plazmasi, qon ivish vaqti, koagulyatsion testlar, polifenol, gemostaz tizimi.
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Kirish. Qon ivishi tizimi koagulyatsiya kaskadi orqali amalga oshadi va bu jarayon ko‘plab kasalliklarda patologik
o‘zgarislarga olib keladi. Koagulyatsiya kaskadi bu eng murakkab bosqich bo‘lib, plazmadagi ivish omillari (faktorlar) ketma-ket
faollashib, fibrin iplarini hosil giladi. Fibrin trombositlar bilan birikib, mustahkam gon ivigani (tromb) hosil giladi [1,7,9].

Shu jihatdan PC 9 polifenol moddasining qonning giperkoagulyatsiyasiga ta’sirini o’rganish va uni amaliyotga tadbiq etish
bizning magsadimiz. Polifenollar trombotsitlarning faolligini susaytiradi, ularning agregatsiyasini kamaytiradi[2]. Bu esa tromb
hosil bo‘lishining oldini oladi. Shuningdek, polifenollar Koagulyatsiya faktorlariga to‘g‘ridan-to‘g‘ri ta’sir qiladi[3]. Ba'zi
polifenollar trombin, Xa omili, yoki fibrinogen bilan to‘g‘ridan-to‘g‘ri o‘zaro ta’sirga Kkirishib, ularning faolligini
kamaytiradi[5,10]. Oksidlovchi stress trombotsitlarning haddan tashqari faollashuviga sabab bo‘ladi[4,8]. Polifenollar esa bu
stressni kamaytirib, giperkoagulyatsiyani oldini oladi. Polifenollar qon tomirlar devorini sog‘lom saqlashda yordam beradi, NO
(azot oksidi) ishlab chigarilishini oshiradi. NO esa trombotsitlar faolligini inhiberladi[6,11].

Material va usullar. PC-8 polifenolining qon plazmasining ivish jarayoniga ta’siri qisman faollashgan thromboplastin
vaqti — QFTV, prothrombin vaqti — PT va Fibrinogen testlariga in vitro usulida tromborsitlar soni kam bo’lgan kalamushlarning
qon plazmasida koagulometrda tekshirib ko’rildi(Rayto, Xitoy). Plazmani tayyorlash uchun gon 9:1 nisbatda natriy sitrat bilan
olinadi. 1500-3000 g da 15 daqiga sentrifugalanadi va trombotsitsiz plazma olinadi. Plazmani inkubatsiya qilish uchun 100 pL
plazma ustiga 100 uL QFTV reaktivi ( activator+fosfolipid) solib aralashtiriladi va 37° da 3-5 daqiqa inkubatsiya qilinadi. So’ngra
100 pL oldindan 37° ga qizdirilgan 0.025 M CaCl> qo‘shiladi. Shu paytdan taymer ishga tushiriladi. Pihti hosil bo‘lguncha vaqt
sekundlarda o‘Ichanadi va bu QFTV ko‘rsatkichi hisoblanadi. Odatda normal holatda 25-35 soniya Ichida qon iviydi.

PT (prothrombin) testi — ekstrinsik va umumiy koagulyatsiya yo‘llarini baholaydi. U asosan faktor VII, shuningdek, faktor
V, X, protrombin (1) va fibrinogen (I) ni baholashda ishlatiladi. Aynigsa kumarin (warfarin) terapiyasi monitoringi, jigar
yetishmovchiligi va DIC holatlarida qo‘llaniladi. PT testi metodikasi (klassik usul): Qon 9:1 nisbatda 0.109 M Na-sitrat bilan
olinadi. 1500-3000 g da 15 dagiqa sentrifugalanadi.Trombotsitsiz sitratlangan plazma olinadi. 100 uL plazma 37°C da 2 daqgiqa
davomida inkubatsiya gilinadi. 200 pL tromboplastin + CaCl: eritmasi 37°C da qizdirilgan holda qo‘shiladi. Shu vaqtda taymer
ishga tushiriladi. Trombin pihtis1 hosil bo‘lgan vaqtgacha bo‘lgan oraliq (sekundlarda) -PT ko‘rsatkichi hisoblanadi. Normada bu
ko’rsatkich 11 — 15 soniya (reagentga garab biroz farqg qiladi) ni tashkil giladi.

Fibrinogen testiga tekshirish uchun VonClauss methodidan foydalanildi. Tayyor plazmaga ma’lum miqdorda yuqori
konsentratsiyali trombin qo‘shiladi. Trombin plazmadagi fibrinogenni fibringa aylantiradi, natijada trombus (trombin pihtis1) hosil
bo‘ladi. Piht1 hosil bo‘lish vaqti (clotting time) maxsus qurilmada o‘lchanadi. Bu vaqt standart kalibrovka grafigi bilan solishtiriladi
va fibrinogen konsentratsiyasi (g/L) aniqlanadi. Bunda 1:10 nisbatda plazma buferi 200ul tayyorlab olindi hamda 37 da 120 sek
inkubatsiya qilindi. So’ngra ustiga 100pul R1 (thrombin) solinib control olindi. Natijalar ijobiy bo’lgach modda ta’sir etildi.

Natijalar. PC-9 polifenolining qon ivish jarayoniga ta’sir mexanizmini aniqlash magsadida qisman faollashgan
tromboplastin vaqtiga-QFTV testiga qanday ta’sir qilishini ko’rdik. Tekshirishlarimiz natijasiga ko’ra nazorat guruhida QFTV
ko‘rsatkichi 32,6 +0,18 soniya ni tashkil etdi. Antikoagulyant modda yuborilgan eksperimental guruhda esa ushbu ko*rsatkich
123 £ 0,75 soniya gacha sezilarli darajada uzaygan (p<0.05). Bu esa mazkur moddaning ichki koagulyatsiya yo‘liga ta’sir giluvchi
antikoagulyant xususiyatga ega ekanligini ko‘rsatadi. Bunda PC-9 uchun optimal doza 50pul ni tashkil etdi.

PT (Prothrombin Time) testi bo‘yicha nazorat guruhida ko‘rsatkich 25,67 +0,7 soniyani tashkil etgan bo‘lib, modda
yuborilgan guruhda u 8,4 + 7,4 soniyaga o‘zgardi. Biroq bu o‘zgarish statistik jihatdan ishonchli emas edi (T = 1,71; p > 0,05),
ya’ni PC-9 moddasining ekstrinsik yo‘lga ahamiyatli ta’siri aniqlanmadi.

Fibrinogen miqdori nazoratda 11,4 + 3,72 mg/dl bo‘lgan, modda ta’sirida esa bu qiymat 78,3 + 1,22 mg/dl gacha oshdi. Bu
farq ishtirok etgan testlar orasida eng aniq o‘zgarishlardan biri bo‘lib, statistik tahlilga ko‘ra p <0.05 darajasida ishonchli hisoblandi
(T =9,42). Bu esa PC-9 moddasining fibrinogen darajasini oshiruvchi ta’siri borligini ko‘rsatadi.

1-jadval
PC-9 polifenolining koagulyatsion testlarda plazmaning ivish vaqtiga ta’siri

PC 9 polifenolining gon ivishiga ta’siri

M=+m T P
Kontrol

32,6+0,18
QFTV 123+0,75 104,24 <0,05
Kontrol 25,67+0,7
PT 8,4+7.4 1,71262 >0,05
Kontrol 11,443,72
Fibrinogen 78,3+1,22 9,42542 <0,05

Izoh: T - Student kriteriysi bo’yicha ishonchlilik darajasi.(***p<0,005; 95% dan yuqori; n=6)

Munozara. Olingan natijalar PC 9 polifenolining antikoagulyant xususiyatlari samarali ekanini ko‘rsatadi. QFTV
ko‘rsatkichlarining uzayishi intrinsic yo‘llar inhibitsiyasini ifodalaydi. Fibrinogen konsentratsiyasining pasayishi esa pihti
tolalarining hosil bo‘lishiga to‘sqinlik qilishini ko‘rsatadi. Bu antikoagulyant modda klinik amaliyotda tromboz profilaktikasi
uchun istigbolli vosita bo‘lishi mumkin. Aynigsa, polifenol tabiatga ega bo‘lgan moddalarning xavfsizlik profili nisbatan yuqori
bo‘lganligi sababli, ularni uzoq muddatli qo‘llash mumkinligi ham ushbu natijalar bilan birga ilmiy asosga ega bo‘la boshlaydi.
Shuningdek, ushbu polifenol moddaning QFTV, PT va fibrinogen darajalariga ta’siri, uni antikoagulyant sifatida ishlatish uchun
potentsial asos bo‘la oladi.

Xulosa. PC-9 hujayralarida olib borilgan koagulyatsiya testlari antikoagulyant moddaning QFTV, PT va fibrinogen
darajalariga sezilarli ta’sirini namoyish etdi. Kelgusida in vivo modellar va klinik sinovlar o‘tkazish tavsiya etiladi. Ushbu
eksperimentdan olingan natijalar asosida polifenol moddasini antikoagulyant sifatida qo‘llash istigbollari mavjudligi ko‘rsatildi.
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MONTMORILLONIT GILLARI SORBSIYA XUSUSIYATINI YAXSHILASH UCHUN BOYITISH VA AKTIVLASH
Annotatsiya

Tanlangan gillarning kimyoviy va mineralogik tarkibini o‘rganish maskur sorbentlik darajasini aniqlash magsadida Navbahor
konidagi (Navoiy viloyati) montmorillonit gillari o‘rganildi. Ishda fizik-kimyoviy (rentgen nurlari difraksiyasi, termogravimetrik,
spektral, mikroskopik) va (kalorimetrik, adsorbsion, past haroratli azot adsorbsiyasi) kolloid-kimyoviy tahlil usullaridan
foydalanilgan. Ishqoriy va ishqoriy yer bentonitni Ca+Zn+Mn va Fe+Mg+Mn eritmalari bilan gayta ishlash, modifikatsiyalash
anorganik ionlarga (Cu?*; PO4*) nisbatan tekstur va suvli eritmalardan neft mahsulotlariga, shuningdek gazsimon muhitdan suv va
geksan molekulalariga nisbatan ularning teksturali va adsorbsion faolligini aniglash. Ishqoriy va ishqoriy-yer bentonitini
modifikatsiyalash uchun yuzasida plyonka hosil giluvchi eritmalarni sintez gilish usullari ishlab chigilgan.

Kalit so‘zlar: Navbahor koni, Ishgoriy va ishqoriy yer bentonit, kalorimetrik, adsorbsion, past haroratli azot adsorbsiyasi, tekstur
xususiyat, adsorbsion faollik.

OBOT'AIIIEHUE U AKTUBAIIUA )KABPOH MOHTMOPUJIVIOHUTA JJIs1 YIYULIEHUA COPBIIMOHHBIX
CBOICTB
AHHOTAIHS
C 1enblo M3y4eHWs XUMHYECKOTO M MUHEPaJOTHYECKOr0 COCTaBa BHIOPAHHBIX INIMH U ONPEAENIEHHs] CTEIeHH COPOIMOHHOMN
AKTHBHOCTH OBUTH HCCIEJOBaHBl MOHTMOPWIIOHHTOBBIE TIMHBI MecTopokaeHus HasOaxop (HaBowmiickas oGmacts). B pabote
UCIIOB30BaHBI (PU3NKO-XUMHUUECKHE (PEHTTEHOCTPYKTYPHBIN, TePMOTPAaBUMETPHIECKHH, CIIEKTPATBbHBIH, MHKPOCKOIINIECKHIA) 1
KOJUIOMTHO-XMMHYECKHe (KaJOpUMETPUIECKUH, aJCOpPONMOHHBIN, HU3KOTEeMIepaTypHas amcopOIms a3oTa) METOIbI aHAIM3a.
O6paboTtka U MogH(pUKAIHA OIETOYHBIX M IIEJIOYHO3EMENbHBIX OEHTOHHTOB pacTBopamu Cat+Zn+Mn u Fe+Mg+Mn ¢ menbro
OTIpesIeNieHUss MX TEKCTYphl M aJCOPOIMOHHON aKTMBHOCTH MO OTHOWIEHMIO K HeopraHmdeckum woHam (Cu?* ; POs*) u
He(TerpoIyKTaM M3 BOJAHBIX PAaCTBOPOB, a TaK)Ke MOJIEKyJlaM BOJBI M IeKcaHa U3 ra3000pa3HbIX cpei. Pa3paboTaHbl MeTonbI
CHHTE3a IOBEPXHOCTHO-00Pa3yIONIMX PAaCTBOPOB ISl MOJAM(HUKAIMHN [IETOYHBIX U IIETOYHO3EMENIbHBIX OEHTOHUTOB
KnwueBbie ciaoBa: Pymunk Has6axop, IllemouHoii u 11eT0YHO3EMENbHBIH OCHTOHUT, KAJIOPUMETPHUS, anacopOomus,
HHU3KOTEMITepaTypHas aAcopOIus a30Ta, TEKCTypHbBIE CBOWCTBA, a/ICOPONMOHHAS aKTHBHOCTb.

ENRICHEMENT AND ACTIVATION OF MONTMORILLONITE GILLS TO IMPROVE SORPTION PROPERTIES
Annotation

To study the chemical and mineralogical composition of the selected clays, montmorillonite clays from the Navbahor deposit
(Navoi region) were studied in order to determine the degree of maskur sorbentity. The work used physicochemical (X-ray
diffraction, thermogravimetric, spectral, microscopic) and (calorimetric, adsorption, low-temperature nitrogen adsorption)
colloidal-chemical analysis methods. Processing and modification of alkaline and alkaline earth bentonite with Ca+Zn+Mn and
Fe+Mg+Mn solutions, determination of their texture and adsorption activity with respect to inorganic ions (Cu?*; PO4*) and
aqueous solutions to petroleum products, as well as water and hexane molecules from a gaseous environment. Methods for
synthesizing solutions that form a film on the surface were developed to modify alkaline and alkaline earth bentonite

Key words: Navbahor deposit, Alkali and alkaline earth bentonite, calorimetric, adsorption, low-temperature nitrogen adsorption,
textural properties, adsorption activity.

Kirish. Bentonit gilmoyalari noyob xususiyatlari tufayli tabiiy minerallar orasida alohida o‘rin tutadi va turli sohalarda
keng qo‘llaniladi Hozirgi vaqtda suvni tozalash eng ko‘p tarqalgan jarayonlardan biriga aylangan, bu jarayonni yaxshilash
masalalari aynigsa eng dolzarb masala bo‘lib qolmoqda. Suvlarni tozalash uchun eng ko‘p turli tabiiy yoki sun’iy nouglerod
sorbentlar keng ishlatiladi [1-3]. Biroq, ma’lum vazifalarni bajarish uchun ko‘pincha boyitish yoki modifikatsiya orqali
bentonitning dastlabki xususiyatlarini magbullashtirish yoki o‘zgartirish kerak bo‘ladi[4]. Ushbu jarayonlar materialning
strukturaviy, fizik-kimyoviy va sorbsion xususiyatlariga ta’sir qilishi mumkin, bu esa o‘z navbatida uning turli xil maqsadlarda
qo‘llash uchun kerakliligini belgilaydi[5]. Bentonitning modifikatsiyasi uning adsorbsion xususiyatlarini, kislotalar va ishqorlarga
chidamliligini, termik bargarorligini va boshga asosiy xususiyatlarini yaxshilashi mumkin[6,7]. Bunday yaxshilangan xususiyatlar
modifikatsiya gilingan bentonitni suvni tozalash jarayonlarida, ifloslovchi moddalarni yo‘qotishda, katalizda va boshqa tegishli
sohalarda foydalanish uchun ideal materialga aylantiradi[8]. So‘nggi paytlarda gil va gilli minerallarini, shu jumladan fizikaqiy,
kimyoviy va termik konversiya qilishning ko‘plab usullari ularning xavfli moddalarni suvdan adsorbsiyalash qobiliyatini oshirish
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uchun taklif gilinmogda. Tabiiy, boyitilgan, ustunli, faollashtirilgan yoki temir, alyuminiy va marganes oksidlari bilan qoplangan
og‘ir metallar va turli ifloslantiruvchi moddalarning adsorbsiyasi katta qizigish uyg‘otdi[9-11]. Shu bilan birga, temir, marganes
va magniy oksidi (gidrat) qoplamalarining bentonitning xususiyatlariga ta’siri haqida etarli ma’lumotlar mavjud emas.

Adsorbentlarni gayta tayyorlash uchun bentonitni boyitish eng istigbolli usullardan biri mexanik ajratish, namlash va kislota
eritmalari bilan ishlov berish usuli hisoblanadi[10].

Tadgiqot metodologiyasi. Avval, gilni yirik aralashmalar va boshqa ko‘p uchraydigan ifloslantiruvchi moddalardan
birlamchi tozalash va quritish shkafida namlik to‘liq yo‘qolguncha 105+5 °C haroratda quritish o‘tkazilgan. Keyin, maydalangan
gilni distillangan suv bilan to‘liq qoplashni ta’minlaydigan nisbatda quyildi. Olingan sistema gilning bo‘kish jarayoni uchun 24
soat davomida goldirildi. Keyin namunaga yetarli migdorda suv quyildi (namunani hajmidan kamida 1:5) va 20 dagiga davomida
aralashtirildi. Aralashtirishdan 20 minut o‘tgach, montmorillonitdan qum zarralarini ajratish uchun yuqori 10 santimetrlik
suspenziya qatlamidan dekantatsiya o‘tkazildi. Bu qum kabi og‘ir zarralarning tubiga cho‘kishiga imkon beradi va yengil
montmorillonit yuqori qatlamlarda qoladi. Boshqa sig‘imda yig‘ilgan yuqori qatlam cho‘kadi va suvning yuqori tiniqlashgan
qatlami to‘kib tashlanadi, pastki qismida cho‘kmada qoladi. Olingan cho‘kmaga 10% 1i H2SO4 eritmasi 1:1 hajmiy nisbatida
qo‘shiladi va 2 soat davomida 40-50 °C da aralashtiriladi. Olingan sistema 2 soat davomida tindirilgandan so‘ng, qattiq faza
sentrifugalash orgali gattiq moddadan ajratiladi, bir necha marta yuviladi va 105+£5°C haroratda namlik to‘liq yo‘qolguncha
quritiladi[13]. Ushbu usul montmorillonit bilan boyitilgan bentonitni minamal migdordagi qumli aralashmalari bilan olish imkonini
beradi.

Bentonitli gillarni modifikatsiyalash. Buning uchun 20 g boyitilgan bentonit suspenziyasi 400 sm3 distillangan suvda 1,5-
2 soat davomida aralashtirib tayyorlandi. Keyin tuzlar aralashmasini saglovchi 100 sm? eritma olindi:

1. 0,541 g FeCls*6H20, 0,406 g MgCl2*6H20 va 0,198 g MnCl2*4H20; bentonitli aralashmani gisqartma ko‘rinishda FB
(F-bu yerda Fe®*, Mg?*, Mn?* tuzlari asosida modifikatsiyalangan bentonit )deb olingan.

2.0,438 g CaCl2*6H20 0,488 g ZnCl2*6H20 va 0,198 g MnCl2*4H20.

bentonitli aralashmani gisqartma ko‘rinishda KB (K-bu yerda Ca%", Mg?*, Mn?* tuzlari asosida modifikatsiyalangan
bentonit)deb olingan.

Ushbu tajribani amalga oshirish uchun 0,001 g aniglikda o‘lchangan tuzlar 50 ml distillangan suvda eritildi va ular to‘liq
eriguncha yaxshilab aralashtirildi. Keyin ularning hajmi qo‘shimcha suv qo‘shib 100 sm® gacha yetkazildi. Bu tuzlar eritmasi asta-
sekin 0,5 m NaOH qo‘shilishi bilan bir vaqtda faol aralashtirilgan suspenziyaga kiritildi, suspenziyaning pH qiymati esa 9-11
oralig‘ida saqlandi.

Shundan so‘ng, aralashmaning pH giymati 10 ga yetkazildi va xona haroratida 6 soatga qoldirildi. Olingan cho‘kma
filtrlandi, ClI- yo‘qolguncha distillangan suv bilan ko‘p marta yuvildi va 105+1°C haroratda quritish shikafida saglanib, 1,5-2 soat
davomida termik ishlov berildi. Aslida, issiglik bilan ishlov berish paytida kompozit fagat bog‘langan suvni yo‘qotdi, strukturadagi
OH-guruhlari esa buzilmasdan goldi va adsorbsiya markazlari sifatida ishtirok etish mumkin [11]. Tadgigotning laboratoriyasi
uchun muhim gayta ishlangan kompozit agat ohakida ezildi va 120 to‘r yacheykalariga ega (o‘lchami 125 mm dan kam zarralar)
elakdan o‘tkazildi.

Ishqoriy montmorillonit (B1) uchun farqli 20 difraksiya chizig‘i taxminan 12,4° qiymatlarida namoyon bo‘ladi, bu
taxminan 7,1 A ga teng qatlamlararo masofaga to‘g‘ri keladi. Ishqoriy-yer montmorillonitida (B2) farqli difraksiya chizig‘i 20
atrofida 8,9° qiymatlarida paydo bo‘ladi, bu taxminan 9,9 A qatlamlararo masofaga to*g‘ri keladi.

Kvars uchun asosiy difraksiya chiziglaridan biri 20 taxminan 26,6° da paydo bo‘ladigan chiziqdir. Illit
difraktogrammalardagi 26 taxminan 8,9° da o‘ziga xos difraksiya chizig‘iga ega (taxminan 10 A ga yaqin gatlamaro masofasiga
to‘g‘ri keladi). Birog, bu qiymat illitning suv tarkibiga qarab biroz farq qilishi mumkin va B1 uchun 8,7 ° ga kamayadi, B2 esa
namunasi (8,9 °) bilan solishtirganda ko‘p miqdordagi suv molekulalari bilan bog‘liq. B2 namunasining difraktogrammalarida ham
kalsit uchun 26 taxminan 29,4° da va pirit uchun 20 taxminan 28,4° da xarakterli difraksion chiziqlarini ko‘rsatadi. Gilli mineral
10 mkm dan kam bo‘lgan zarralari bilan boyitilgan namunalar uchun difraktogrammalar past haroratli kvars reflekslarining
intensivligini (0,428; 0,182; 0,154 nm) pasayishini va montmorillonit reflekslarining intensivligini (1,349; 1,253; 1,257; 0,173 nm)
2-4 baravar ko‘payishini ko‘rsatadi (1-rasm).
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1-rasm. Boyitilgan namunalarning difraktogrammalari (yugoridan pastga): 1) B2; 2) B1 (A — albit, M — montmorillonit,
Q-kvars, S- klinoptilolit)

Boyitilgan namunalarda montmorillonit va Klinoptilolit kabi sorbtsion-faol minerallar mavjudligi hagida RFA asosida
tasdiglash mumkin.

Tahlil va natijalar. Mineralogik tarkibning o°‘zgarishi o‘rganilayotgan namunalarning dispersligiga ta’sir qiladi. B1 va B2
o‘lchamlari 8,2 mkm dan kam bo‘lgan taxminan 8,2 va 3,1% fraksiyalar bilan tavsiflanadi, keyinchalik ularning boyitilgan shakllari
disperslikni bir necha bor oshiradi (2-rasm).
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2-rasm. Boyitilgan gilmoyalarning granulometrik tarkibi (%)

Gilmoyani boyitish natijasida dastlabki tarkib bilan nisbatan ikkala gilmoya namunalari (B1 va B2) uchun yirik zarrachalar
((>100 mkm va 100>50 mkm) miqdori sezilarli pasayishi kuzatildi. Bu dekantatsiya jarayonida kattaroq qum zarralari va boshqa
aralashmalarning samarali ajralishi bilan bog‘liq bo‘lishi mumkin.

Boyitishdan oldin va keyin namunalarning kimyoviy tarkibi to‘g‘risidagi taqdim etilgan ma’lumotlarga asoslanib shuni
ta’kidlash mumkinki, boyitishdan keyin ikkala namunada ham SiO2 konsentratsiyasi biroz pasayadi. Bu boyitish jarayonining
aralashuvi SiO2 ning yugori miqgdori saglovchi  kremnezemli aralashmalarni  yoki boshga minerallarni  gisman
yo‘qotilganliginiko‘rsatishimumkin.
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3-rasm. Boyitilgan bentonitlar namunalarining kimyoviy tarkibi, massa bo‘yicha%
Shunday qilib, boyitish natijasida yuzaga keladigan kimyoviy tarkibdagi o‘zgarishlar adsorbsion xususiyatlarini
kuchaytirishi va bentonitli gillarining tekstur xususiyatlarini yaxshilashi mumkin, bu ularni turli xil qo‘llanishlarda xususiyatlarini
unumliroq giladi, bu tekstur xossalarining o‘zgartirish orqali isbotlangan (4-rasm).

50 =61
B2

r_____&
o Scon, M2/r R, kM IV, cm3/r '
Namuna Ssol, M?/g R, HM SV, sm¥g
b1 77,3 3,61 0,221
B2 61,2 3,98 0,203

4-rasm. Boyitilgan bentonitlarning tekstur xususiyatlari.

B1 namunasining solishtirma sirt maydoni boyitishda 77,3 m?/g gacha oshdi (o°sish 21 m?/g yoki taxminan 37%), B2 uchun
esa osish 18,5 m%g yoki taxminan 43% ni tashkil qgiladi. G‘ovaklarning umumiy hajmining o‘sishi ham kuzatiladi: B1 uchun u
0,19 dan 0,221 sm%/g gacha, namuna uchun esa 0,203 sm?g gacha ko*tariladi.

Modifikatsiyalangan bentonit gillarining tarkibiy xususiyatlarini o‘rganildi. Bentonitni Fe(IIl), Mg va Mn(III) tuzlari bilan
modifikatsiyasi qo‘shimcha cho‘qgilarning paydo bo‘lishiga yoki qatlamlararo almashinuv va yoki montmorillonit tarkibida ushbu
kationlarning mavjudligi tufayli mavjud cho‘qqilarning intensivligi va holatining o°‘zgarishiga olib kelishi mumkin. Rentgen
difraksiyasini tahlil gilish natijalarida (2-rasm), Fe (IIT) oksidlariga xos bo‘lgan cho‘qqilar mos ravishda B1 va B2 asosida olingan
FB1 va FB2 namunalari va Fe®* tuzlari saglovchi birinchi eritma uchun paydo bo‘lishini ko‘rish mumkin.

{ k‘"Lg/\“sAMq

5-rasm. Namunalarning difraktogrammalari: 1) FB1; 2) FB2; 3) KB1; 4) KB2.

Dastlabki bentonitlar d001, d003, d020 va d200 cho‘qgqilarini 5,74; 17,30; 19,88 i 34,88 (20) da topiladi, ayni vaqtda 2
(KB1 va KB2) eritma bilan modifikatsiyalangan bentonitlar uchun bu cho‘qqilar 6,90, 17,59; 20,01 va 35,01 (20) da joylashadi.
FB1 va FB2 dan farqli o‘laroq, KB1 va KB2 namunalari d100 va d101 (20,79 va 26,61) kvars difraksiyasi bilan bog‘liq
cho‘qqgilarning yugqori intensivligini ko‘rsatadi va kristobalit va d101 tegishli difraksiyasi bilan bog‘liq cho‘qqi esa 21,79 da
joylashadi. Montmorillonitning asosiy struktur o‘zgarishlari d001 difraksiya cho‘qqisining intensivligining pasayishi va uning
yuqori 26 burchaklarga siljishi bilan ifodalanadi, shuningdek, bu cho‘qqining kengayishida, bu tartibsiz va qisman nochiziqli
tuzilishli gatlamlararo masofaning bir jinsli emasligi hagida dalolat beradi.

Quyida o‘rganilayotgan obyektlarda azot adsorbsiyasi natijalari keltirilgan.
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5-rasm. Azot adsorbsiyasi izotermalari: 1) KB1; 2) KB2; 3) FB1; 4) FB2.

1-jadval.
Modifitsiyalangan bentonitlarning tekstur xususiyatlari
Namuna Ssol, M?/g R, nm YV, smilg
FB1 120,588 3,282 0,332
FB2 95,472 3,618 0,305
KB1 146,097 3,008 0,354
KB2 115,668 3,317 0,325

Bu yugqori sirt faolligini va potensial ravishda yaxshiroq adsorbsiya qobiliyatini ko‘rsatadi. KB1 namuna eng katta
solishtirma sirt maydoniga ega (146,097 m2/g), bu B1 namuna bilan solishtirganda 89,2 % ga va B2 namuna bilan solishtirganda
138,5 % ga ko‘proq. Modifikatsiya ko‘pchilik namunalarda g‘ovaklar hajmining pasayishiga olib keldi, bu bentonit tuzilishi
zichligining oshishi hagida guvohlik berishi mumkin. Modifikatsiyalangan namunalar orasida KB1 eng kichik g‘ovaklar hajmini
(3,008 nm) ko‘rsatdi, bu uning tuzilishini boshqa namunalarga nisbatan ixchamroq qiladi.

Xulosa va takliflar. Boyitish va modifikatsiya gilish jarayonlari bentonit gillarining struktur xususiyatlariga ta’sirini
tahlili, boyitish va keyingi modifikatsiya natijasida bentonitli gillarining struktur o‘zgarishlarini batafsil tadqiq qilish ishlari amalga
oshiriladi. B1 va B2 bentonitlarining tarkibiy xususiyatlariga boyitish jarayonlarining ta’siri o‘rganildi. Boyitish jarayoni
namunalarning tekstur va fazaviy xususiyatlariga ta’sir ko‘rsatdi, bu ularning funksional xususiyatlarini yaxshilashga imkon berdi.
Modifikatsiyalangan bentonit gillarining strukturaviy xususiyatlarini o‘rganish natijalari taqdim etildi. Rentgen fazaviy tahlil va
azot adsorbsiyasi tufayli modifikatsiyalangan namunalarning funksional xususiyatlarini belgilaydigan asosiy struktur o‘zgarishlar
aniglandi. Modifikatsiyagan namunalar, shuningdek, boyitilgan modifikatsiyalanmagan namunalarga nisbatan g‘ovaklarning
umumiy hajmining oshganligini ko‘rsatdi. KB1-namuna eng katta g‘ovak hajmini (0,354 sm3/g) ko‘rsatdi, bu B1 namuna bilan
solishtirganda 60,2 % ga ko‘proq va B2 namuna bilan solishtirganda 74,4 % ga ko‘proq.

Umuman olganda, bentonitlarning modifikatsiyasi tekstur xususiyatlarining yaxshilanishiga olib keldi, bu ularni faolrog
qiladi va adsorbsiya, kataliz va boshqalar kabi turli xil sanoat texnalogiyasi qo‘llanishlarga mos keladi.
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SIMOBNING GLITSIRRIZIN KISLOTASI BILAN XOSIL QILGAN KOMPLEKSINING SPEKTRAL TAVSIFI
Annotatsiya
Magolada simobning glycyrrhizic kislotasi bilan o‘zaro ta’sir reaksiyasi o‘rganilib, kompleks birikmasining (Hg-R) olish usullari
gayd etilgan. Yangi olingan kompleks birikmaning fizik-kimyoviy xususiyatlarini o‘rganilgan va Hg-R kompleksining tuzilishi
UB- va 1Q-spektroskopiyasi usuli yordamida tasdiglandi.
Kalit so‘zlar: simob, glitsirrizin kislota, reaksiya, kompleks birikma, struktura, spektral xarakteristikalar, 1Q -, UF- spektroskopiya.

CIEKTPAJIbHBIE XAPAKTEPUCTUKA KOMILIEKCA PTYTH C LJIULUPPU3MHOBOM KUCJIOTOM
AHHOTALHSA
B crartee usyueno B3aumonelcTBHE PTYTH € INIMIMPPU3UHOBOM KHCIOTOH U ONMCAaHBI METOABI IOJIYYEHHs] KOMIIJIEKCHOTO
coenunenns (Hg-R). V3ydens! pu3nko-xuMudecKie CBONCTBA MOITYYEHHOTO KOMITJIEKCHOTO COSMHEHNS, a TAKKe OATBEpIKACHA
cTpykTypa komiiekca Hg-R ¢ ucnonssobanneM Y ®- u UK-cnekrpockonum.
KnioueBble cioBa: pryTh, DMIHLIUPPU3UHOBAS KUCIOTA, pEAKLUs, KOMIUIEKCHOE COCIUHEHUE, CTPYKTypa, CHEKTpalbHbIC
xapaktepuctuky, UK-, Y ®-cnekrpockonusi.

SPECTRAL CHARACTERISTICS OF THE MERCURY COMPLEX WITH GLYCYRRHIZIC ACID
Annotation
The article studies the interaction of mercury with glycyrrhizic acid and describes methods for obtaining a complex compound
(Hg-R). The physicochemical properties of the obtained complex compound are studied, and the structure of the Hg-R complex is
confirmed using UV and IR spectroscopy.
Key words: mercury, glycyrrhizic acid, reaction, complex compound, structure, spectral characteristics, IR, UV spectroscopy.

Kirish Tabiiy biologik faol moddalarning tarkibidagi funktsional guruhlari bo’yicha modifikatsiyalash yordamida yuqori
biologik faollikni namoyon qiluvchi moddalarni olish va ular asosidagi ilmiy tadqiqotlar dunyoning ko’plab ilmiy markazlarda
olib borilmoqda. Lekin, glitsirrizin kislotasining ogir va zaxarli metallar bilan xosil gilgan komplekslarining yangi kimyoviy va
biologik xususiyatlarini tadqiq qilishga qaratilgan tadqiqotlar deyarli yo‘q. Shularni xisobga olganda, glitsirrizin kislotasi (GK) va
uning tuzlari ishtirokida olingan turli metall komplekslari ham yugori biologik faollikka ega ekanligi, uning simob metali bilan
xosil gilgam metallokomplekslarini sintez qilib, ularning fizik-kimyoviy xususiyatlari va tuzilishini tadqgiq gilishga garatilgan
ushbu tadgiqot ishi zamonaviy kimyoning dolzarb muammolaridan biri hisoblanadi.

Mavzuga oid adabiyotlar tahlili. Glitsirrizin kislotasining ba’zi metallar ionlari bilan tuzlari va kompleks birikmalari
olingan va ular keng o’rganilgan [1].
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1-sxema: Glitsirrizin kislotasining kimyoviy tuzilishi
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Bundan tashqari Glitsirrizin kislotasining FeCls(H20)s, NiCl2(H20)s va CoCl2(H20)s tuzlari yordamida sirt faol metall
komplekslari sintez gilingan [2]. Bunda glitsirrizin kislotasi va mos tuzlar ekvivalent migdorda magnitli aralashtirgich qurilmasida,
xona haroratida, azot atmosferasida 12 soat davomida aralashtirilgan. Olingan mahsulot 80 OC da, 12 soat davomida vakumda
quritilgan va metall komplekslari olingan.

Mualliflar Glitsirrizin kislotasi, va uning monoammoniyli, monokaliyli tuzlari asosidagi turli metal ionlari bilan
birikmalarini olishgan va ularning biologik faolliklarini tahlil gilishgan. Shunday tadgigotlardan Fe3* va Ni%* ionlarining
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komplekslari sorbsion-spektrofotometrik [3-4] tahlili va tabiiy manbalar, 0zig-ovqat, ichimlik va sanoat ogova suvlari tarkibidan
temir, nikel va simob [4] ionlarini spektrofotometrik aniglash uchun tavsiyalar berilganligini gayd etish mumkin. Adabiyotlarda
qayd etilishicha [5] Fe, Zn, Mg, Ca, Cu, Co kabi biogen elementlar bilan birikmalarining chigit unumdorligiga ta’siri o’rganilgan
va o’simliklar unumdorligi uchun GK va uning metal komplekslari ijobiy natijalar beradi. Bioaktiv tabiiy mahsulotdan olingan
ligandlarni o'z ichiga olgan metall komplekslari yangi kimyoviy va biologik xususiyatlarga ega ekanligi olimlarning GK va uning
tuzlari ishtirokidagi va boshga organik ligandlar bilan turli metal komplekslar sintez gilishgan va ularning biologik faolligini
o’rganishgan. GK ning Ru (II) bilan imidazol va bipiridil (xlorido komplekslari) koplekslari sintez qilingan [6].
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2-sxema: GK ning Ru (I1) bilan imidazol (1) va bipiridil (2) xlorido komplekslari.
Olingan metallorganik komplekslar ko’krak va tuxumdon saratonini rivojlanishdan to’xtatuvchi yuqori biologik faollikka
ega ekanligi aniglangan.

Olimlarning so’nggi tadqiqot ishlarida GK ning biologik faolligini yanada oshirish uchun asosan turli metal komplekslarini
olinmogda. Masalan, bir guruh Xitoylik olimlar GK ning GK-Na*; GK-K*; GK-Ca?*; GK-Zn?*; GK-AI** va GK-Fe®* ko’rinishdagi
turli metalokomplekslarini sintez qilishgan va ularing biologik faolligi va hujayralardagi ta’sir mexanizmini o’rganishgan [7].

Tadgiqot metodologiyasi. Tadgigot ishini olib borish uchun quyidagi moddalarning eritmalari: yangi haydalgan organik
erituvchilar (etil spirit, atseton, benzol), shuningdek, Hg(NO3), (k.t.) tuzi eritmalaridan foydalanildi. Reagentning dastlabki
eritmasi uning aniq tortilgan gismini oldindan suvli etanol eritmasida ikki marta gayta kristallanish orgali tozalangan etil spirtida
eritish orgali tayyorlandi.

YuQX uchun: etil spirit, atseton, benzol (2:1:1) sistemalari bilan ishlandi. Xromatografiya dog’larini ochish uchun sulfat
kislotaning (H2S04) 10% li spirtli eritmasi va yodli kameralarda nazorat gilindi.

Reaktsiya jarayonida doimiy aralashtirib turish jarayoni MM-5 TU 25-11834-80 rusumli magnit aralashtirgichda amalga
oshirildi. Sistemadan organik ertuvchilarni IR-1M2 rotorli bug’latgichda bug’latib ajratib olindi. Quritish uchun (Automatic
FREEZE-Dryer10-010) liofil qurilmadan va moddalarning suyuglanish haroratini o‘lchash uchun PTP TU 25-11-1144
qurilmasidan foydalanildi.

Eritmalarning pH ini COMBI 5000 (Germaniya) pH-metrida nazorat gilindi. 1Q- spektlarini (FT-IR System-2000) IR-
Fourier spektrometrida (Perkin-Elmer) KBr tabletkalarida olindi.

Analitik tarozida GK dan 0,1M olinib, abcolyut etil spirtida eritildi, simob (II) nitrat tuzidan 0,263 gr tortib olindi va
distillangan suvda eritildi, to’liq eritiguncha ultratovushli vannaga tushirildi. GK va Hg?* kationining metallokompleksini hosil
gilish uchun, eritib olingan birikmalar teskari sovutgich bilan jihozlangan kolbada 1 sutka davomida 70 °C haroratda aralashtirib
turildi. Bir sutkadan so’ng reaksion aralashma sovutuvchi uskunada aylantirilib, turgan xolda muzlatildi. Muzlagan kolba
muzlatgichda bir kun qoldirib, so‘ngra vakuum nasosda quritildi va quruq massa yig‘ib olindi.

Tahlil va natijalar. Glisirrizin kislotasi ba’zi og’ir va zaxarli metall ionlari bilan (marganets, kobalt, nikel, mis I, II,
kadmiy) suvda eruvchan tuzlar hosil giladi. Jumladan, simob bilan ham buffer eritma ishtirokisiz sarig rangli kompleks birikma
xosil giladi

E —/ 2+
0, \_//D Hg

Q
Ho—._

H“\“‘"'[“ oy X = CI Ha0, CH3000°
19 J
2
H ]

3-sxema. GK ning simob metali ioni bilan kompleksi.
Dastlab olingan moddaning fizik-kimyoviy konstantalari aniglandi (1-jadval).

1-jadval
Hg-GK kompleksining ba’zi fizik-kimyoviy paramertlari

Ne Parametrlari Xossalari
1 Agregat holati kristall
2 Suyuglanish xarorati Tsuyug 178-179 °C

R (sistema) 0.67
3 rangi sarig
4 unumi 67,4 %
5 Eruvchanligi Ishqoriy eritmalarda yaxshi eriydi
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Molekulyar kompleks shakllanishini tahlil gilish uchun 1Q- spektroskopiya usuli go'llanildi. 1Q-spektroskopiyasi tahlilning
eng keng qo‘llaniladigan analitik usuli hisoblanadi, chunki u oddiy, taxlil uchun qulay va ko‘pchilik laboratoriyalarda topish
mumkin. Ushbu usul moddalarning molekulyar komplekslarini tahlil gilish uchun eng ko'p go'llaniladigan fizik usullardan biri
bo‘lib, molekulyar kompleks hosil bo'lish jarayonida funktsional guruhlar orasidagi bog’lanishlarni xarakterlashga imkon beradi.

Sintez gilingan kompleksning tuzilishini 1Q- va UB- spektropik usulda tadqiq qilish

GK ning Hg?* ioni bilan metallokompleksi sintez gilinib, uning fizik-kimyoviy xususiyatlari o‘rganildi va spektrlari olindi.

Kompleksning suyuqlanish haroratini o‘lchash uchun PTP TU 25-11-1144 qurilmasidan foydalanildi. Kompleksrning
suyuglanish harorati 178-179°C oralig‘da bo’ladi. Kompleks birikma suvda yaxshi eriydi.

GK va uning simob bilan hosil gilgan metallokompleksidan 0,01 g olib, 10 ml suvda va 2 ml spirtda eritildi. Eritmadan 1
ml olib, 9 ml suvda suyultirilib, UB spektrlari olindi.

225

265

&

Abdorbance

220 240 260 280 300 320 340 360 380 00 420
Waleght (nm)

1-rasm. GK va uning simob bilan hosil gilgan metallokompleksining UB spektri.

UB spektrlari YK Scientific UV 755 spektrofotometrida, 50% spirtda 102 M konsentratsiyada olindi. Kompleks
birikmaning UB spektrida glitsirrizin kislota C xalqasidagi qo‘shbog‘ning elektronlariga tegishli m-n* o°tishga mos keladigan
intensiv yutilish maksimumi giymati, suv:etanol (1:1) sistemasida yagin UB sohada 249-265 nm to‘lqin uzunligida kuzatiladi.
Spektrlardan ko‘rinadiki komplekslarning chiziqlarini ustma-ust tushmasligi kompleks hosil bo‘lganligidan dalolat beradi. Buni
tasdiglash uchun, GK metallokompleksining tuzilishini 1Q spektroskopik usulda tahlil gilindi.

Shirinmiya ildizidan ajratib olingan GK va GKning Hg?* li supramolekulyar kompleksini kimyoviy identifikatsiyalash
4000-400 sm! yutilish diapazonida «Shimadzu» IQ-Fure spektrofotometri qurilmasi (Yaponiya) yordamida amalga oshirildi.

Datagz ——1
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T T T
500 a00a 2600 1000 500

2rasm: GK ning 1Q spektri.

HoaT

000 2800 2000 1800 1000 500
GaTR '

3-rasm: GK-Hg metallokompleksining 1Q spektri.
Molekula tarkibida mavjud bo‘lgan funksional guruhlar va kimyoviy bog‘larning valent va defarmatsion tebranish
chastotalari o‘zgarishiga qarab kompleks hosil bo‘lganligiga yanada ishonch hosil qilish imkonini beradi.

2-jadval
GK va GK-Hg kompleksning tuzilishini 1Q- spektropik usulda tadqgiq natijalari
(vvad, em™)
Vv (-OH)=3363 cm?, v (CH, CHy, CH3)=2979-2922 cm?, v (Ci=0, C=C)=1708, 1654 cm, v (COO)=1655 cm?, v (C-O-C, C-OH)=1169 cm™, v (C-O-
GK C)=1043,5 cm%, v (-CH)=981,77 cm™.
GK-Hg vV (-OH)=3374 cm, v (CH, CHz, CH3)=2927,94 e, v (C11=0)=1648 cm?, v (COO)=1643,35 cm?, v (C-O-C, C-OH)=1168,66 cm?, v (C-O-C)=1047,53
(Kompleks) em?, v (-CH)=983,7 em™.

Glitserrizin kislotasi 1708 sm* C=0, 2979-2922 sm* oraligida C-H (sp®), 3363 sm~* da —OH gruhlarni, 1654 sm* da C=C
qo’shbog’ mavjudligini ko’rsatadi. Spekitrlarda kuzatilishicha 4000-400 sm diapazonda valent sohalarning dastlabki agentlar
ko’rsatkichlariga nisbatan siljish holatlari qayd qilindi. Jumladan, -OH guruhiga tegishli valent tebranishlar kompleksda vodorod
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bog’lar hosil bo’lishidan dalolat berishi, C=O va C-H bog’larning yutilishi sohalarida intensiv signallarning turli sohalarga og’ishlar
kuzatildi.

Jumladan, -OH guruhiga tegishli valent tebranishlarning gisman 3374 sm-* soxaga siljishi, shuningdek, kompleks tarkibida
CqC bog’larning yutilishi sohalari 1648 sm™ holatda guruhlarining yutilish sohasi qisman siljigani qayd qilindi, bu 0‘z navbatida
ularning yangi kimyoviy bog‘lar hosil gilishda qatnashishini tasdiqlaydi.
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CROCUS SATIVUS O‘SIMLIGI GULTOJIBARGINING EFIR MOYI TAHLILI

Annotatsiya
Ik bor Respublikamizning Jizzax viloyati Baxmal tumanida yetishtirilayotgan Crocus sativus L. o‘simligi «za’faron» (shafran)
gultojibarglaridan gidrodistillash usuli yordamida olingan efir moylarining uchuvchan komponent tarkibi gaz xromato-mass-
spektroskopik usul yordamida qiyosiy tahlil qilindi. Tahlil natijasiga ko‘ra, yangi yig‘ilgan gultojibarg efir moyi tarkibida 27 ta,
quritilgan gultojibarg efir moyi tarkibida 35 ta uchuvchan komponentlar identifikatsiya gilinib, bu esa efir moylari umumiy
miqdorining mos ravishda 95,9% va 91,9% ini tashkil gilishi aniglandi.
Kalit so‘zlar: Iridaceae, Crocus sativus L., ekma za’faron, gultojibarg, efir moyi, uchuvchan komponentlar, gaz xromato-mass-
spektroskopiya.

AHAJIN3 5OUPHOI'O MACJIA JIEIECTKOB PACTEHHSI CROCUS SATIVUS
AHHOTaALIUSA

BrniepBble TIpOBEEH CpaBHHUTENBHBIA aHAJIM3 COCTaBa JIETYYMX KOMIIOHEHTOB JS(MPHBIX Macell, MONYy4YeHHBIX METOJIOM
TUIPOMUCTIIULILUN M3 JenecTKoB mradpana mocesHoro (Crocus sativus L.), mpomspactaroiiero B baxmanbckoM paiione
Jlxu3akckoi obiactu Hamed PecnyOnnku, ¢ MCHONB30BaHMEM METOZAA Ta3 XpOMaTo-Macc-CIeKTpockomuu. [lo pesysnbratam
aHanm3a B COCTaBe A(PUPHOrO Maciia CBEKECOOPAaHHBIX I[BETKOB MACHTU(GHIMPOBAHO 27 JIETYYNX KOMIIOHEHTOB, a B COCTaBe
3¢HUPHOTO Macia BBICYIICHHBIX IBETKOB — 35, uto cocraBmio 95,9% u 91,9% or obmero kommdecTBa 3()HUPHBIX Maceln
COOTBETCTBEHHO.

KnaiwoueBsie caoBa: Iridaceae, Crocus sativus L., Kpokyc, JHCT KpoKyca, 3QHpHOE Macjo, JeTydne KOMIIOHEHTHI, Ta30Bas
Xpomarorpadus-Macc-CreKTPOCKOIHSI.

ANALYSIS OF THE ESSENTIAL OIL OF CROCUS SATIVUS PLANT LEAVES
Annotation

For the first time, the volatile component composition of essential oils obtained by hydrodistillation from the petal of Crocus sativus
L., a plant grown in the Bakhmal district of the Jizzakh region of our Republic, was comparatively analyzed using the gas
chromatography-mass spectroscopic method. According to the results of the analysis, 27 volatile components were identified in
the composition of the essential oil of freshly collected florets, and 35 in the composition of the essential oil of dried florets, which
constituted 95.9% and 91.9% of the total amount of essential oils, respectively.

Key words: Iridaceae, Crocus sativus L., crocus, crocus leaf, essential oil, volatile components, gas chromatography-mass
spectroscopy.

Kirish. Efir moylari o‘simlik organlarida hosil bo‘ladigan va ulaming hidini hosil qiluvchi uchuvchan organik
birikmalarning suyuq aralashmalari hisoblanadi. Odatda efir moylari tarkibining asosiy gismini terpenlar va ularning hosilalari
tashkil qilib, ular organik birikmalarning turli sinflariga (to‘yingan va to‘yinmagan, asiklik, monosiklik, bisiklik va trisiklik,
shuningdek, kislorod saglovchi) tegishli monoterpenoidlar va seskiterpenoidlar bilan ifodalanadi. Terpen bo‘lmagan tuzilishga ega
aromatik va alifatik birikmalar (spirtlar, fenollar, kislotalar, aldegidlar, efirlar, sulfidlar va boshgalar) ham uchraydi.

Mavzuga oid adabiyotlar tahlili. Tarkibida efir moylari saqlovchi o‘simliklar qatoriga Iridaceae (Gulsafsardoshlar)
oilasiga mansub, Crocus sativus L. (ekma za’faron) o°simligi ham kiradi. Mazkur o‘simlik o°zining biologik aktiv moddalarga boyligi
bilan alohida o‘ringa ega bo‘lib, tabiatda yovvoyi holda uchramaydi. Shu bois ushbu o‘simlik turini hozirda dunyo bo‘yicha bir qator
davlatlar, jumladan, Fransiya, Gollandiya, Italiya, Ispaniya, Turkiya, Shveysariya, Isroil, Hindiston, Eron, Pokiston, Xitoy, Misr,
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Birlashgan Arab Amirligi, Yaponiya va Avstraliya kabi o‘n beshdan ortiq mamlakatlarda, shuningdek, bugungi kunda O‘zbekistonda ham
yetishtiriladi [1-3].

Tuzilishi nugtai nazardan, Crocus sativus L. o‘simligining generativ organi, ya’ni guli uchta dona sariq gulchangchi, uchta qizil
rangli gul tumshugcha hamda oltita binafsha rangli gultojibarglardan tashkil topgan. Qizil rangli gul tumshuqchasi yig‘ib olinib quritiladi
va «za’faron» (shafran) ziravori tayyorlanadi. Ushbu ziravor dunyodagi eng gimmat ziravorlardan hisoblanib, u turli xil kimyoviy va
biologik xususiyatlarga ega. Adabiyot ma’lumotlariga ko‘ra, za’faron tarkibida 150 dan ortig uchuvchan aromatik birikmalar (asosan
monoterpen aldegidlar — izoforon, shafranal hamda ularning izomerlari), shuningdek, tabiiy birikmalarning turli sinflariga mansub qutbli
birikmalar (fenol birikmalar (fenolkarbon kislotalar, flavonoidlar), karotinoidlar, vitaminlar) uchraydi [2-5]. Mazkur birikmalar za’faron
kimyoviy tarkibining asosini tashkil qilib, ularning ko‘pchiligi farmakologik ahamiyatga ega [6]. Masalan, za’faronning o‘simtaga
qarshi va antioksidant faolligi tarkibidagi to‘yinmagan diterpen krotsin bilan bog‘liq [3, 7]. Ko‘pgina foydali xususiyatlarga ega
bo‘lgan za’faron boy kimyoviy tarkibi tufayli tibbiyotda, kosmetologiyada, pazandalikda, shuningdek, to‘qimachilik va
parfyumeriya sanoatida keng qo‘llaniladi [3, 8-9].

Odatda, qizil rangli gul tumshuqgchasi (za’faron) umumiy o‘simlik og‘irligining 7.4 % ni (og‘irlik bo‘yicha) tashkil giladi.
Umumiy 1 kg gul tumshugchasini (za’faron) yig‘ish uchun taxminan 200000-230000 ta ekma za’faron gullarini terish talab etiladi va
bunda taxminan 63 kg qo‘shimcha biochiqindilar (53 kg gultojibarg, 9 kg gul changchi va 1 kg ustuncha) hosil bo‘ladi (1-rasmga garang).
Bundan tashqari 1500 kg o‘simlik barglari biochigindi sifatida tashlab yuboriladi [3].

Demak, biologik faol ikkilamchi metabolitlarni keng migyosida ajratib olish uchun Crocus sativus L. gulining biochigindisidan
foydalanish qimmatli qo‘shimcha mahsulotlarni qayta ishlashning istigbolli strategiyasidir.

Keyingi yillarda Crocus sativus L. o‘simligining biochigindilari dorivor o‘simlik xom ashyosining qo‘shimcha manbai sifatida
mamlakatimiz va xorijiy olimlarning ¢’tiborini tortdi [3, 10-13]. Ko‘pgina xorijiy olimlar o‘simlik gullarining gultojibarglaridan bir gancha
biologik faol birikmalarni ajratib olib, ularning tuzilishini fizik-tadgiqot usullar yordamida anigladilar [3].

Tadgiqotning magsadi O‘zbekiston Respublikasi Jizzax viloyatida yetishtirilayotgan Crocus sativus L. o‘simligi
gultojibarglarining yangi terilgan va quritilgan holdagi xom ashyolari efir moylarining uchuvchan komponentlar tarkibini tahlil
qgilishdan iborat.

Tadgigot metodologiyasi. O ‘simlik xom ashyosi. Tadgiqot ob’ekti 2023 yil noyabr oyida qiyg‘os gullash davrida Jizzax
viloyati Baxmal tumanida yetishtirilayotgan Crocus sativus L. o‘simligi gultojibarglari hisoblanadi. Bunda o‘simlik gultojibarglarining
yangi yig‘ilgan xom ashyosi va xona haroratida, quyosh nuridan ehtiyot qilib quritilgan gultojibarg xom ashyosidan foydalanildi.

Xom ashyodan efir moyini ajratib olish. Crocus sativus L. o‘simligining yangi yig‘ilgan (200 g) va quritilgan (200 g)
gultojibarglaridan efir moyi olishda 4 soat davomida Klevenjer uskunasi bilan gidrodistillyatsiya usuli yordamida olindi. Olingan
massa tarkibidan efir moylarini dixlorometan (CH2Clz) yordamida ekstraksiya gilib ajratildi va suvsiz Na2SOa bilan quritildi hamda
GX-MS tahliligacha og‘zi mahkam berkitilgan flakonlarda muzlatgichda 4 °S haroratda saglandi. Efir moylarining chigishi
unumlari tegishlicha 1,2 ml (yangi yig‘ilgan xom ashyo) va 0,8 ml (quritilgan xom ashyo) ni tashkil etib, o‘ziga xos hidli, och sariq
rangli suyuqliklar.

GX-MS tahlil. Tadgiqot ob’ektlaridan olingan efir moylarining sifat va migdoriy tahlili GX-MS usulida Agilent 5975S Inert
MSD/7890 GC (Agilent Technologies, AQSh) xromato-mass-spektrometrida olib borildi.

Aralashma kvars kapillyar kolonkada (30 m x 250 mkm x 0,25 mkm) quyidagi harorat rejimida ajratildi: 60 °C (2 daqiqa)
— 4 °C/daqiqa 220 °C gacha qizdirildi va 10 daqigadan so‘ng 1 °C/daqiqa tezlikda 240 °C gacha qizdirildi va 10 daqgiqa qoldirildi.
Kiritilgan namunaning hajmi 1,0 mkm, qo‘zg‘aluvchan fazaning oqim tezligi (H2) 1,1 ml/dagiga. Injektordagi harorat 220°C
belgilandi. EI-MS spektrlari m/z 10-550 m.a.b. diapozon oralig‘ida olindi. Komponentlar mass-spektral xususiyatlarini elektron
kutubxonalar (Wiley Registry of Mass Spectral Data-9" Ed. NIST Mass Spectral Library, 2017) ma’lumotlari bilan
taggoslash, n-alkanlar (Ce-Csg) aralashmasining ushlanish vagtiga (UV) nisbatan hamda ushlanish indekslarining (UI) bir
xilligini tekshirish asosida, shuningdek, komponentlarning mass-spektral qiymatlarini adabiyot ma’lumotlari bilan
solishtirish yordamida identifikatsiya qilindi [14].

Yangi yig‘ilgan hamda quritilgan gultojibarglardan olingan efir moylarining GX-MS tahlil natijalari 1-jadvalda hamda 2-
va 3-rasmlardagi xromatogrammalarda keltirilgan.

Taxlil va natijalar. GX-MS tahlil usuli yordamida yangi yig‘ilgan gultojibarglardan olingan efir moyi tarkibida 27 ta
uchuvchan komponentlar, quritilgan gultojibarglardan olingan efir moyi tarkibida esa 35 ta komponentlar identifikatsiya qilinib, bu
esa efir moylar umumiy miqgdorining mos ravishda 95.9% va 91.9% ni tashkil giladi (1-jadval).

1-jadval. Crocus sativus L. o‘simligi gultojibargining yangi yig‘ilgan va uritilgan xom ashyosi efir moyining uchuvchan
komponentlari

Ne Komponentlar Ul EM*, % EM**, %
1 Limonen 1163 0.1 0.2
2 2-Metiltetragidro-3-furanon 1207 0.1
3 2(3H)-Furanon 1304 3.1 3.5
4 Furfural 1393 1.0 8.9
5 2-Asetilfuran 1435 0.4
6 Linalil format 1493 0.3 0.7
7 n-Pentadekan 1500 0.7
8 Siklooktan 1503 0.1
9 1-Siklopropilpentan 1504 0.1

10 y-Butirolakton 1540 0.2

11 2-Fenilasetaldegid 1557 1.7
12 4-Metil-2,4,6-siklogeptatrien-1-on 1559 0.3

13 Shafranal 1567 4.6
14 4-Oksoizoforon 1613 0.7
15 Siklogeks-2-yen-1-on 1614 0.2

16 4-Metilen izoforon 1649 0.7
17 y-Krotonolakton 1652 44.6 35.2
18 a-Kumil spirt 1680 0.2
19 Linalil izovalerat 1776 0.2
20 Laurin Kislotaning etil efiri 1795 3.7
21 Feniletil spirt 1815 7.8 17
22 I1zopulegon 1863 27.2

23 Gept-1-yen-3-in 1865 0.2
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24 1-Okten-3-in 1877 0.8
25 (-)-Alloaromadendren 1896 0.8
26 1,1-Disiklopropil etilen 1904 0.7
27 Fenol 1909 0.5

28 B-Bisabolen (nerolidol) 1976 1.8

29 sis-3-Geksenil benzoat 2033 0.5
30 4-(4-1zobutilfenil)-2-penten 2046 0.2

31 Pelargonik kislota 2085 2.7
32 4-Vinil gvayakol 2099 1.5
33 Karvakrol 2122 2.1

34 trans-5-Tetradeken 2167 0.4

35 Ilavel kislotning siklobutiltetradesil efiri 2454 0.3
36 9-Oktil dokozan 2455 0.2

37 Linolen kislotaning metil efiri 2483 0.3
38 n-Pentakozan 2500 0.1

39 Dodetsen-1 2613 0.6
40 2-(Dodesiloksi)etanol 2655 0.1

41 Tetradetsen-1 2698 2.7 0.5
42 Geptakozan 2699 0.4

43 sis-6-Trideken 2718 0.1 0.3

44 Palmitin kislota 2825 13.0

45 Digidrofitol 2897 0.9

46 3,5-Difenilpirrazol 2954 1.1

47 sis-7-Geksadeken 3034 0.4

48 8-Oksabisiklo[5.1.0]oktan 3056 0.3
49 trans-2-Dodetsen-1-ol triftorasetat 3057 0.1

50 Linol kislota 3106 0.6 34

51 Linolen kislota 3170 0.1 0.8

52 Ergost-5,8(14)-dien-3-ol ? 1.1

Monoterpenlar 29.4 6.2

Seskviterpenlar 0.8 1.2

Di- va triterpenlar - 2.0

Aldegidlar 1.0 10.6

Uglevodorodlar 5.3 35

Aromatik uglevodorodlar 9.8 2.2

Ketonlar 48.4 39.2

Efirlar 04 5.2

Yog * kislotalar 0.7 19.9

Boshga birikmalar 0.1 1.3

Jami (%) 95.9 91.9

EM* — yangi yig‘ilgan xom ashyoning efir moyi; EM** — quritilgan xom ashyoning efir moyi.

Jadvalda keltirilgan ma’lumotlarga ko‘ra, Crocus sativus L. o‘simligi gultojibargining yangi yig‘ilgan xom ashyosining
efir moyi tarkibida ketonlar (48.8%), monoterpenlar (29.4%) hamda aromatik uglevodorodlar (9.8%) miqdori yuqoriligini,
quritilgan xom ashyoning efir moyi tarkibida esa ketonlar (39.2%), yog* kislotalari (19.9%) va aldegidlar (10.6%) miqdorining
ko‘pligini ko‘rishimiz mumkin. Yangi yig‘ilgan xom ashyo efir moyi tarkibida monoterpenlar migdorining yuqoriligini, aksincha
quritilgan xom ashyo tarkibida esa yog* kislotalari hamda ularning efirlari miqdorining oshganligini ko‘rishimiz mumkin. Bu esa
katta ehtimol bilan yangi yig‘ilgan xom ashyoni quritish jarayonida fermentatsiya natijasida mono-, seskvi- va diterpenlarning o‘z
navbatida aldegidlar, yog* kislotalar hamda ularning efirlari holatiga o‘tishi bilan izohlanadi.

Crocus sativus L. o‘simligi gultojibargining yangi yig‘ilgan xom ashyosi efir moyi tarkibidagi asosiy komponentlar: 2(3H)-
furanon (3.1%), y-krotonolakton (44.6%), feniletil spirt (7.8%), izopulegon (27.2%), karvakrol (2.1%), tetradetsen-1 (2.7%) lar
bilan identifikatsiya gilindi. Quritilgan gultojibarg efir moyi tarkibidagi asosiy komponentlari: 2(3H)-furanon (3.5%), furfural
(8.9%), shafranal (4.6%), y-krotonolakton (35.2%), laurin kislotaning etil efiri (3.7%), pelargonik kislota (2.7%), palmitin kislota
(13.0%), linol kislota (3.4%)lar ekanligi aniglandi.

Xulosa va takliflar. 1k bor Jizzax viloyatida yetishtirilayotgan Crocus sativus L. o‘simligi gultojibarglarining uchuvchan
komponentlar tarkibi GX-MS usulida tahlil gilindi. Olingan natijalarga ko‘ra, Crocus sativus L. o‘simligi gultojibargining yangi
yig‘ilgan hamda quritilgan xom ashyolari efir moyining uchuvchan komponentlar tarkibi sifat va miqdor jihatdan sezilarli farq
qilish, asosan miqdor jihatdan farq gilish aniglandi. Quritilgan gultojibargdan olingan efir moyi tarkibida gultumshuqcha (za’faron
ziravori) tarkibidagi asosiy ta’sir qiluvchi, biologik faol birikmalari hisoblangan qutbsiz shafranal, 4-oksoizoforon hamda 4-metilen
izoforon komponentlari mavjudligi aniglandi.
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STUDY OF THE MECHANISM OF DEGRADATION OF DISPERSE RED 1 USING COLD ATMOSPHERIC
PLASMA BASED ON DFTB+ SIMULATIONS

Annotation
In this study, the effectiveness of cold atmospheric plasma (CAP) technology in wastewater treatment was studied. CAP is known
as an effective and promising method for decomposing organic pollutants. Here we investigate the mechanism of decomposition
of the disperse red 1 dye contaminant under CAP conditions was studied using density functional hard binding (DFTB+)
simulations using oxygen radicals. The article provides a detailed description of the simulation methodology and parameters, and
analyzes the process of paint degradation under the influence of CAP. The research results are important for illuminating
interactions at the molecular level and the main mechanisms of the process. The results presented in this article demonstrate the
effectiveness of DFTB+ simulations in the development of optimized systems for sustainable wastewater treatment and the
development of advanced decomposition strategies of CAP technology.
Key words: Cold Atmospheric Plasma, wastewater treatment, organic pollutants, degradation, Disperse Red 1 dye, oxygen radicals,
DFTB+ simulations.

M3YUYEHUE MEXAHU3MA JIETPAJIALIMM KPACUTEJISI DISPERSE RED 1 IO JEMCTBUEM XOJOIHOM
ATMOC®EPHOM IJIAZMBI C UCITOJIb30BAHUEM MOJIEJTUPOBAHUSI DFTB+
AuHHOTaALHS

B nanHOM HccnenoBaHun n3yvanach 3(peKTHBHOCTh TEXHOIIOTHHU XOJIOAHON aTMochepHoit ma3mbl (XAIT) mpu 04HMCTKE CTOYHBIX
Boz. XAIl m3BecTeH kak d((GEKTUBHBIN U MEPCIEKTUBHBI METOJ Pa3IOKEeHUS] OpraHNUECKUX 3arps3HuTeneld. B mccnenoBannm
W3ydeH MexXaHm3M Jnerpagauuiu kpacutens Disperse red 1 mox neiictBuem XAIl, ¢ moMompl0 CHMYNISIHNA TJIOTHOCTHO-
(hyHKIIMOHATBHON Teopuu B mpuOmmkeHnu cuiibHOU cBsi3u (DFTB+) ¢ mcnomp3oBaHrMeM KHUCIOPOAHBIX paaWKaioB. B craree
MpPEICTaBICHO MOAPOOHOE OMHMCAHNE METOAOJIOTHH U TAPAMETPOB CUMYIIAINH, a TAakKe MTPOAHATM3HPOBAH TIPOIIECC Pa3IIOKEHUS
Kkpacutens nox BosaeiicTBueM XAIL Pesynerarel ucciaeqoBaHHs MMEIOT BaKHOE 3HAUCHHE U1 [TOHUMAHHUS MOJEKYISIPHBIX
B3aMMOJCHCTBUH M KITIOUEBBIX MEXaHW3MOB Hpolecca. Pe3ynbTarsl UCCIeOBaHUS JAEMOHCTPHPYIOT 3(Q{EKTHBHOCTE MeToza
DFTB+ mnst pa3paOoTKH ONTHMHM3UPOBAHHBIX CUCTEM YCTOWYMBOI OYMCTKH CTOYHBIX BOJ M CO3/IaHUS MEPEIOBBIX CTpATETHi
Ppa3ioXKeHus 3arps3HUTENeH ¢ uCIoJIb30BaHrueM TexHonorun XAIl.

KmoueBble ciioBa: XAII, ouricTka CTOYHBIX BOJ, OpPraHWYECKHE 3arpsA3HHUTENH, pasioxeHue, Disperse Red 1, kucmopomrsie
paaukansl, DFTB cumymsiumu.

DISPERSE RED 1 BO*YOG‘INING SOVUQ ATMOSFERIK PLAZMA YORDAMIDA PARCHALANISH
MEXANIZMINI DFTB+ SIMULYATSIYALARI ASOSIDA TADQIQ QILISH
Annotatsiya
Ushbu tadgiqotda sovuq atmosferik plazmasi (SAP) texnologiyasining chiqindi suvlarni tozalashdagi samaradorligi o‘rganildi. SAP
organik ifloslantiruvchilarni parchalashda samarali va istigbolli usul sifatida tanilgan. Tadqiqotda, SAP sharoitida Disperse red 1
bo‘yoq ifloslantiruvchisining parchalanish mexanizmi, kislorod radikallari yordamida zichlik funktsional mustahkam bog‘lash
(DFTB+) simulyatsiyalari yordamida o‘rganildi. Maqolada simulyatsiya metodologiyasi va parametrlarining batafsil tavsifi
berilgan bo‘lib, SAP ta’sirida bo‘yoqning degradatsiya jarayoni tahlil qilingan. Tadqiqot natijalari, molekulyar darajadagi o‘zaro
ta’sirlarni va jarayonning asosiy mexanizmlarini yoritishda muhim ahamiyat kasb etadi. Ushbu maqolada keltirilgan natijalar,
chiqindi suvlarni tozalash uchun barqaror optimallashtirilgan tizimlarni ishlab chiqishda va SAP texnologiyasini parchalanish
strategiyalarini rivojlantirishda DFTB+ simulyatsiyalarining samaradorligini ko‘rsatadi.
Kalit so‘zlar: SAP, chiqindi suvlarni tozalash, organik ifloslantiruvchilar, parchalanish, disperse red 1 organik bo‘yoq
molekulasi, kislorod radikallari, DFTB+ simulyatsiyasi.
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Kirish. Sanoat rivojlanishi bilan chiqindi suvlarning organik bo‘yoqlar bilan ifloslanishi muammosi jiddiylashmogqda.
Aynigsa, kimyo, farmatsevtika, 0zig-ovgat va tekstil sanoatlarida foydalanilayotgan bo‘yoqlar atrof-muhit va inson salomatligi
uchun xavfli hisoblanadi [1]. An’anaviy suv tozalash usullari bunday murakkab organik molekulalarni samarali parchalay olmaydi,
ba’zida hatto ikkilamchi toksik mahsulotlar hosil giladi [2]. Shuning uchun ilg‘or oksidlanish jarayonlari keng o‘rganilmoqda. Shu
jarayonlardan biri bo‘lgan sovuq atmosferik plazma (SAP) texnologiyasi organik ifloslantiruvchilarni kimyoviy moddalar
ishlatmasdan yugori samaradorlik bilan oksidlab parchalaydi. SAP texnologiyasining asosiy afzalliklari orasida past haroratda
ishlashi, issiglikka sezgir materiallarga zarar yetkazmasligi, yuqori oksidlovchi qobiliyatga ega bo‘lgan reaktiv kislorod va azot
turlarini hosil gilish imkoniyati hamda kimyoviy reagentlarni talab gilmay ekologik xavfsizligi mavjud. Bu xususiyatlari bilan SAP
an’anaviy va boshqa ilg‘or oksidlanish texnologiyalariga (masalan, UV/H20: yoki ozonlash) nisbatan iqtisodiy samaradorlik va
ekologik xavfsizlik jihatidan ustunlik giladi [3, 4]. SAP - bu past haroratlarda ionlashgan gaz bo’lib faol radikallar va ionlar hosil
qilib, organik molekulalarni samarali ravishda oksidlab parchalaydigan texnologiyadir. So‘nggi yillarda olib borilgan tadqiqotlar
SAP texnologiyasining turli xil murakkab organik moddalarni, jumladan antibiotiklar, pestitsidlar va bo‘yoqlarni samarali ravishda
parchalay olish qobiliyatini ko‘rsatdi [5-7]. SAP texnologiyasining turli xil organik ifloslantiruvchilarni samarali tarzda parchalashi
aniqlangan. SAP texnologiyasining ekologik tozaligi va iqtisodiy samaradorligini ta’kidlab, uning sanoatda keng qo‘llanilishini
tavsiya etilmogda. Shu sababli, ushbu tadgigotimizda Disperse Red 1 (DR1, 1-rasm) organik bo‘yog‘ining SAP sharoitida kislorod
radikallari ta’sirida parchalanish mexanizmlari reaktiv molekulyar dinamik simulyatsiyalar orqali batafsil o‘rganiladi.

O——H 24
1 13 8 /
’0 2 20 SN 17 10 4N K
\ /
Nz ™ \e / .
VA 4 15 12 g
o 2 19

1-rasm: Disperse red 1 bo‘yog‘ining molekulyar tuzilishi

Simulyatsiya parametrlari. Ushbu tadgigotda DR1 molekulasining SAP yordamida parchalanish mexanizmini aniglash
magsadida DFTB+ usuli asosida reaktiv molekulyar dinamika (RMD) simulyatsiyalari amalga oshirildi. DFTB usuli - bu zichlik
funktsional nazariya (DFT) energiya ifodasining Teylor qatoriga asoslangan soddalashtirilgan yondashuv bo‘lib, u an’anaviy
reaktiv MD texnikalariga, masalan, ReaxFF-MDga nishatan kamroq hisoblash resurslarini talab giladi. Ammo, u sof DFTdan 100
martagacha tezroq ishlaydi [8]. DFTB yugqori aniqlik bilan vodorod bog‘lanish energiyalari, protonning tortishish qobiliyatlari va
vodorod uzatilish to‘siglarini ifodalab beradi [9]. Bu usul rezonans tuzilmalarni yaxshi tasvirlaydi, bu esa ReaxFF- MDda yo‘q
xususiyat bo‘lib, molekulyar murakkab jarayonlarni o‘rganishda DFTBni qimmatli vosita sifatida ko‘rsatadi [10].
Simulyatsiyalardagi atomlararo o‘zaro ta’sirlarni xarakterlash uchun maxsus "30b-3-1" parametrlar to‘plami ishlatildi [11]. Bu
parametrlar organik va biologik molekulalarga mos keladi. Model sifatida DR1 tuzilmasidan foydalanildi. Ushbu tuzilma 41 atomni
0‘z ichiga oladi (1-rasm). DR1 a’zo bo‘yoglardan biri bo‘lib, uning tuzilmasida nitrobenzol 4-pozitsiyada fenil guruh bilan
almashtirilgan.

Simulyatsiyalar 100 pikosoniyalik (ps) vaqt oralig‘ida amalga oshirilib, har bir vaqt oralig‘i 0.5 femtosoniya (fs) tashkil
etdi va umumiy hisobda 2x10° ta qadam bajarildi. Vaqtni integratsiyasi uchun Velocity-Verlet algoritmi qo‘llanildi. Barcha hisob-
kitoblar DFTB+ dasturi yordamida amalga oshirildi.

Natijalar va muhokama. Plazmada hosil bo‘ladigan reaktiv kislorod turlari, xususan, kislorod atomini DR1 molekulasiga
ketma-ket kiritib, uning ta’siri batafsil o‘rganildi. Molekuladagi barcha mumkin bo‘lgan bog‘lanishlarning uzilishi va yangi
bog‘lanishlarning shakllanish jarayonlarini aniglash magsadida 100 ta DFTB-MD simulyatsiyasi bajarildi va olingan natijalar
magqola sifatida chop etilgan [12]. Model sifatida olingan DR1 molekulasi 41 atomdan iborat bo‘lib, simulyatsiyalar uchun
molekula 30 x 30 x 30 A hajmdagi kubik simulyatsiya qutisining markaziga joylashtirildi. Molekulaning geometrik tuzilishi
Konjugat Gradient algoritmidan foydalanib optimallashtirildi. Keyingi bosgichda tizim 103 pikosoniya (ps) vaqt davomida
temperaturasi bosgichma-bosqich ko‘tarib borildi va muvozanatga keltirildi. Bunda harorat T=300 K ga yetgunga gadar Berendsen
termostati qo‘llanildi. Simulyatsiya har bir bosqichida vaqt qadam o‘lchovi At=0.5 fsni tashkil etdi. Kislorod atomi DR1
molekulasidan kamida 5 A masofada tasodifiy tarzda kiritildi. Bu uzoq masofadan ta’sirlarning oldini olish magsadida amalga
oshirildi. 100 ta DFTB-MD simulyatsiyasi natijalaridan eng ko‘p kuzatilgan N—O bog‘lanishli birikmasi tanlab olindi va
simulyatsiya yana kislorod kiritilish bilan davom ettirildi hamda molekulaning yakuniy parchalanish bosqichigacha bo‘lgan
o‘zgarishlarni tahlil qilindi. Ushbu simulyatsiyalar DR1 molekulasiga kislorod atomlarining ta’sirini samarali tarzda ko‘rsatdi va
tajriba natijalari bilan sifat jihatidan mos keluvchi natijalarni tagdim etdi DR1 kimyoviy jihatdan (E) 2-(etil(4-((4-
nitrofenil)diazenil)fenil)amino)etanol bo‘lib, uning rangi uchun asosiy omil sifatida xromofor azo guruhi (-N=N-) mavjud (1-
rasmga qarang). Shuningdek, molekuladagi naftolenol va boshqa aromatik tuzilmalar ham umumiy rang hosil bo‘lishiga hissa
qo‘shadi [13]. Uzaytirilgan konjugatsiyalangan sistema tufayli molekula ko‘rinadigan yorug‘likni yuta oladi va DR1 ga xos bo‘lgan
qgizil rangni beradi. Simulyatsiyaning asosiy magsadi ushbu sintetik bo‘yoqning oksidlanish jarayonini va molekulyar
mexanizmlarini batafsil tushunishdan iborat. Simulyatsiya natijalari shuni ko‘rsatadiki, DR1 molekulasi oksidlanish jarayonida
dastlab muayyan pozitsiyalardan vodorod atomlarining ajralib chigishi orgali reaksiyani boshlaydi. Boshgacha qilib aytganda,
kislorod atomining ta’siri ostida molekula tarkibidan bir yoki ikki vodorod atomining ajralishi kuzatiladi. Ushbu dastlabki bosgich
molekula ichidagi mavjud kimyoviy bog‘larning uzilishi yoki yangi bog‘lanishlarning hosil bo‘lishiga olib keladi. Jarayonning
yakuniy bosqichida esa bo‘yoq molekulasining asosiy rang beruvchi qismi bo‘lgan xromofor guruhining to‘liq parchalanishi
kuzatiladi (2-rasm). Bu esa molekulaning strukturaviy bargarorligini yo‘qotib, uning to‘liq degradatsiyasiga sabab bo‘ladi.
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2- rasm: DR1 bo‘yog‘ining kislorod radikallari yordamida parchalanish bosqichlari

DR1 molekulasi azobirikma (—N=N-) guruhiga ega bo‘lib, nitro (—NO:) va boshqa elektron tortuvchi guruhlarni o‘z ichiga
oladi. Kislorod radikallari ta’sirida molekula bir necha bosqichli parchalanish reaksiyalariga uchraydi. Dastlab, kislorod radikali
elektron zichligi yuqori bo‘lgan benzol yadrosiga hujum qilib, aromatik halqa ustidagi n-elektronlar tagsimotini buzadi. Natijada
halganing bir qismi oksidlanadi va oksidlovchi radikal (¢*O-) halganing orto yoki para holatlarida joylashadi. Bu jarayonda ikki
elektron ajralib chiqib, kislorod bilan bog‘lanadi va C=0 (karbonil) guruhi hosil bo‘ladi. Aromatik halga yana ketma-ket kislorod
radikallari hujumiga uchraydi. Keyingi bosqichda yana bir kislorod atomi bog‘lanib, ehtimoliy diol (-OH, —OH) yoki karboksil (-
COOH) guruhiga aylanish ehtimoli yuzaga keladi. Elektron zichligining notekis tagsimlanishi sababli halga tarkibidagi bog‘lar
uzilib ketadi, birog azoguruh (~N=N-) hali saqlanib qoladi. Natijada yangi karboksil yoki geminal diol strukturalar hosil bo‘ladi
va aromatiklik deyarli yo‘qoladi. Oksidlovchi hujumning kuchayishi natijasida aromatik halga butunlay ochiladi va buziladi. Bu
bosqichda azo bog‘i qisqaradi yoki butunlay uziladi. Molekuladan suv (H20), azot oksidlari (NO2), karbon oksidlari (CO) va
CsHaNOs kabi gazlar ajraladi. Bundan tashqari, molekuladan C-H4O: (etikka o‘xshash kislotasi yoki fragmenti) ham ajralishi
mumkin. Oqibatda kislorodga boy fragmentlar hosil bo‘lib, ko‘plab kichik organik va noorganik molekulalar paydo bo‘ladi.
Keyingi bosqichda molekulyar gismlar gisqarib, boshlang‘ich molekula yarim ochilgan va kislorod atomlariga boy bo‘lib qoladi.
Plazma radikallari ta’sirida azo bog‘i uzilib, karboksil (~COOH) yoki karbonil (-C=0) guruhlardan vodorod atomi ajraladi. Shu
bilan birga, azo bog‘i (— N=N -) gisgarib, molekula kichik fragmentlarga parchalanadi. Natijada kichik keton va karboksil guruhlari
hamda oksidlangan fragmentlar hosil bo‘ladi. Oxirgi bosqichlarda molekulada qolgan aromatiklik butunlay yo‘qoladi. Plazma
radikallari yordamida —OH va —O~ guruhlari ta’sirida geminal diollar hosil bo‘lib, keto-enol tautomeriyasi yuz beradi. Oksidlanish
davom etib, C-H bog‘lari uziladi va natijada suv (H.0) hamda karbonmonoksid (CO) kabi moddalar ajraladi. Yakunida keton va
di-keton strukturalar hosil bo‘ladi.

Eng yakuniy bosqichda azo guruhlari parchalanib, N=N bog‘i radikal ta’sirida uziladi va NO yoki NO: ajraladi. Uglerod
zanjiri qisqarib, molekulada keton va karboksil guruhlari qoladi. Oxirgi oksidlanish jarayonlari natijasida suv (H20), karbon
monoksid (CO) va karbon dioksid (CO-) kabi oddiy gazlar hosil bo‘ladi. Qolgan molekulyar gismlar esa keton (C=0) va nitril (—
C=N) shaklida bo‘lib, plazma ta’sirida molekulaning deyarli to‘liq parchalanishiga olib keladi. Yakuniy natijada CO2, NOx va suv
hosil bo‘ladi, bu esa DR1 ning to‘liq parchalanishini tasdiglaydi (1- jadval).

1-jadval: Disperse Red 1 bo‘yog‘ining bosqichma-bosgich plazma oksidlanishi va parchalanish mahsulotlari
Bosgich Asosiy jarayon Mahsulot
a—b Radikal hujum, karbonil hosil bo‘lishi Keton (C=0)
b—c Halgani kuchli oksidlash Diol / Karboksil
c—d Halganing ochilishi, gaz ajralishi CO, NO., H20, C-H40-
d—e Azo bog'i va aromatik goldiglarning parchalanishi Kichik karbonil
e—f Geminal diollar va keto-enol Diketon, keton
fog Azo guruh parchalanishi, NO ajralishi Keton, NO
g—h ‘Yakuniy oksidlanish, mineralizatsiya CO, H20, keton, nitril

Xulosa. Ushbu tadgiqotda DR1 bo‘yoq molekulasining SAP bilan ishlov berish sharoitida kislorod radikallari yordamida
parchalanish mexanizmlari atomistik simulyatsiyalar yordamida chuqur tahlil gilindi. DFTB+ metodologiyasi asosida olib borilgan
molekulyar dinamik simulyatsiyalar DR1 molekulasi va kislorod radikallari o‘rtasidagi o‘zaro ta’sirlarning aniq bosqichlarini
ko‘rsatib berdi. Tadgiqot natijalariga ko‘ra, DR molekulasining parchalanishi bir necha asosiy bosqichlarda kechishi aniglangan:
dastlab vodorod atomlarining ajralishi, aromatik halqaning ochilishi va karbonil hamda karboksil guruhlar hosil bo‘lishi, so‘ng azo
(-N=N-) bog‘ining uzilishi, va nihoyat kichik organik va noorganik fragmentlarga parchalanish. Azo va aromatik guruhlarning
buzilishi natijasida molekula o‘zining rang beruvchi (xromofor) xususiyatini yo‘qotadi, bu esa bo‘yoqning to‘liq degradatsiyasi va
suvdan yo‘qolishini anglatadi.Shuningdek, SAP natijasida hosil bo‘ladigan kislorod radikallari (O) DR1 molekulasining eng zaif
bog‘lanish joylariga hujum qilib, tez va samarali oksidlanish jarayonini ta’minlaydi. Olingan natijalar, aynigsa, azo guruhlar va
aromatik halgalarning bosgichma-bosqich parchalanishini ko‘rsatib, SAP texnologiyasining yuqori oksidlovchi qobiliyatini
tasdiglaydi. Ushbu tadqiqot natijalari, SAP texnologiyasining chiqindi suvdagi murakkab organik bo‘yoqlarni samarali va ekologik
xavfsiz usulda parchalay olishini ilmiy asoslashga xizmat giladi. DFTB+ simulyatsiyalari yordamida aniglangan molekulyar
darajadagi mexanizmlar, sanoat migyosida SAP asosidagi tozalash texnologiyalarini ishlab chigish va optimallashtirish uchun
muhim ma’lumotlar beradi. Shu bilan birga, bu yondashuv kelajakda boshqa murakkab organik ifloslantiruvchilarni ham SAP
yordamida zararsizlantirish imkoniyatlarini yanada kengaytirishi mumkin.
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REACTIONS OF PYRIDINE-BASED QUATERNARY AMMONIUM SALTS WITH CHITOSAN AND THEIR
BIOLOGICAL ACTIVITY
Annotation

Reactions of some esters of pyridine with monochloroacetic acid were carried out. As a result of the reactions, the quaternary
ammonium salt of pyridine was obtained. Alternative reaction conditions were studied, and the efficiency of the obtained salts was
calculated. It is known that chitosan has high biological activity, but its insolubility in water limits its application areas. Therefore,
the synthesis of a quaternary ammonium salt based on chitosan is considered an important reaction. The quaternary ammonium
salt of chitosan was synthesized based on pyridine's quaternary ammonium salt. It was found that the positively charged compound
of chitosan has antibacterial properties. The synthesized compounds were analyzed using physicochemical methods, including IR
and NMR spectroscopy. The results indicated that the quaternary ammonium salt of chitosan was successfully formed.

Key words: Pyridine, chitosan, esters of monochloroacetic acid, DMFA, ethanol, acetone, temperature, IR, NMR.

PEAKIIMM YETBEPTUYHBIX AMMOHHUEBBIX COJIEM HA OCHOBE IIUPUIAHA C XUTO3AH U UX
BUOJIOTHYECKAS AKTUBHOCTbD
AHHOTanus

Bt mpoBeieHBI peakui HEKOTOPHIX 3(HPOB MUPUIAMHA ¢ MOHOXJIOPHCTOH CEpHOM KUCIOTOU. B pe3ynpTare mpOBEICHHBIX
peaknuii ObUT MOJYYCH YETBEPTUYHBIA aMMOHHEBBIA CONb MUPUAWHA. M3yueHBI albTCpHATUBHBIC YCIOBHS PCAKIMU, a TAKKe
paccunTana 3Q(HEeKTHBHOCTH TONyYEHHBIX cojield. M3BecTHO, YTO XWTO3aH 00JamaeT BHICOKOH OMOIOTHYECKOW aKTHBHOCTBIO,
OJTHAKO €r0 HEPACTBOPHMOCTH B BOJIE OTPAHNYMBAET 00IaCTH €ro NpuMeHeHus. [103ToMy CHHTE3 YeTBEPTUIHON aMMOHHEBOH COJTH
Ha OCHOBE XWTO3aHa SBJLETCS BAXKHOU peakiueil. YeTBepTHUHAsT aMMOHHUEBAsI CONIb TIUPHUIMHA ObLTa UCIIONB30BaHA ISl CHHTE3a
YeTBEPTUYHOW aMMOHHEBON COJIM XWUTO3aHA. Y CTAaHOBIICHO, YTO TOJIOKUTEIBHO 3apsDKEHHBIE COSAMHEHUS XUTO3aHa 00IamgaroT
aHTUOAKTEPUATLHON aKTUBHOCTBhIO. CHHTE3MPOBAHHBIC COCTUHEHUs OBUIM MPOAHATH3HPOBAHBI C HCIOJL30BAHHUEM (HU3UKO-
xuMuueckux metonoB, UK u SIMP cnextpockonuu. Pe3ynbTaTsl mokas3aiu, 4yTo ObLIO MOJYYEHO YETBEPTHYHOE aMMOHUEBOE
COCIMHCHHUE XUTO3aHa.

Karwuesnbie ciaoBa: [Tupuans, XuTo3aH, 3pUpbl MOHOXJIOPHCTOU cepHOi kucioTel, DMFA, stanon, atetoH, Temneparypa, UK,
SIMP.

PIRIDIN ASOSIDA OLINGA TO‘RTLAMCHI AMMONIY TUZLARINI XITOZAN BILAN REAKSIYALARI VA
ULARNING BIOLOGIK FAOLLIGI
Annotatsiya

Piridin bilan monoxlorsirka kislotasining ba’zi efirlari bilan reaksiyalari olib borildi. Olib borilgan reaksiyalar natijasida piridinning
to‘rtlamchi ammoniy tuzi olindi. Reaksiyalarning muqobil sharoitlari o‘rganildi hamda hosil bo‘lgan tuzlarning unumi hisoblab
topildi. Xitozanni biologik faolligini yuqori ekanligi ma’lum, lekin suvda erimasligi uni qo‘llanilish sohasini bir muncha
chegaralaydi. Shuning uchun xitoazan asosida to‘rtlamchi ammoniy tuzini olish muhim reaksiyalardan hisoblanadi. Piridinning
to‘rtlamchi ammoniy tuzi bilan xitozan asosida Xitozanning to‘rtlamchi ammoniy tuzi sintez qilindi. Xitozanning musbat
zaryadlangan birikmasi antibacterial xossaga ekanligi aniglandi. Sintez gilingan birikmalar fizik kimyoviy usullar 1Q va PMR
spektroskopik usullarda tahllil gilindi. Natijalarni shuni ko‘rsatdiki, xitozanning to‘rtlamchi ammoniy tuzi hosil bo‘lgan ekanligini
ko‘rish mumkin.

Kalit so‘zlar: Piridin, xitozan, monoxlorsirka kislotasining efirlari, DMFA, etanol, aseton, harora, 1Q, PMR.

Kirish. Xitozan funksianal xossasini guruhlarini o‘zgartirish orqali keng spektrli antibakterial faollikka, biokompatibillikka
va biologik parchalanishga ega bo‘lib, uni tibbiyot, qishloq xo‘jaligi, kosmetika, to‘qimachilik va oziq-ovqgat qadoglash kabi turli
sohalarda ishlatiladigan birikmalarni olish mumkin [1-7]. Shunga garamay, Xitozanning cheklangan suvda eruvchanligi va past
antibakterial faolligi uning keng qo‘llanilishini cheklaydi. Xitozan molekular tuzilmasiga azotli geterotsikllar, alkil uzun zanjirlar,
to‘rtlamchi ammoniy tuzlarini va boshqalarni kiritish antibakterial faolligini samarali ravishda oshirishi mumkin [8-9]. To‘rtlamchi
ammoniy tuziga o‘tkazilgan xitozan kuchaytirilgan musbat zaryad bilan, uning antibakterial faolligini sezilarli darajada oshirishi
mumkin. Xitozanni to‘rtlamchi ammoniy tuzii olishning eng keng tarqalgan usuli, xitozan molekuyar tuzilishdagi amin guruhlarini
to‘rtlamchi ammiak tuzlari strukturalariga ega kichik molekulalar bilan bog* hosil qila oladi. Xitozanni bevosita to‘rtlamchi
ammoniy tuziga o‘tkazishning ikki asosiy usuli mavjud, Shiff asosining reaksiyasini alkilgaloginid bilan reaksiyasi orqali
to‘rtlamchi ammoniy holatiga o‘tkazish mumkin[10].
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O‘simliklarga zarar yetkazuvchi qo‘ziqorinlar butun dunyo bo‘ylab qishloq xo‘jaligida katta yo‘qotishlariga sabab bo‘ladi,
chunki ular hosilning mahsuldorligi va sifatiga ta’sir giladi. An’anaviy kimyoviy qo‘ziqorinlarga qarshi preparatlar samarali
bo‘lsada, ular atrof-muhitning zaharlanishi, patogenlarga qarshilik va organizmlariga salbiy ta’sirlar bilan bog‘liq xavotirlarni
keltirib chigaradi. Shu sababli, alternativ, atrof-muhitga zarar yetkazmasdan qo‘ziqorinlarga qarshi vositalarga bo‘lgan talab ortib
bormoqda. Xitozan o‘zining ko‘p funksionalligi va zaharsizligi kabi noyob biokimyoviy xususiyatlari tufayli ko‘plab sohalarda
qo‘llanilmogqda [11-12]. Shu xulosalardan kelib chiqib Xitozan asosida to‘rtlamchi ammoniy tuzlari sintez qilindi.

s u:. ' :c. u,c’\.: .
-l
- O~ O O O
Xitozan hesilalarining sintetik yo‘li quyidagi asosiy bosqichlarni o‘z ichiga oladi

Tadgiqotning obekti va metodologiyasi. Sintez gilingan birikmalarning xususiy fizik-kimyoviy kattaliklarini aniglashda
zamonaviy fizik-kimyoviy tadgiqot usullaridan foydalindi. Bunda birikmalarning 1Q spektrlari Perkin-Elmer firmasining 1Q-Fure
Cistema 2000 spektrometrida KBr li tabletkalarda YaMR 1H, 13C - spektrlari ishchi chastotasi 400 MGs bo‘lgan Unity-400+ va
ishchi chastotasi 600 MGs bo‘lgan Jeol-600 uskunalarida (ichki standart GMDS, 3-shkalasi) deyterillangan CD3COOD, DMSO
eritmalarida olindi. Sintez gilingan birikmalarning suyuglanish harorati «MEL-TEMP» (AQSh) uskunalarida aniqlandi.
Birikmalarni sintez gilishda termik va mexanik mustahkam shaffof kvars shishali (BorSilicatium 3.3 markali) kolba va stakanlardan
foydalanildi.

Natijalar va muhokamasi. Piridinning monoxlorsirka kislotasining pentil-, izo-pentil-, geksil-, efirlari bilan reaksiyalari,

ularning optimal sharoitlarini tanlash bo‘yicha o‘tkazilgan tadqiqotlar keltirilgan. Piridinning monoxlorsirka kislotasining efirlari
bilan reaksiyasi quyidagi sxema asosida boradi:

cl =
(o]
| oS + Hzé_c/ _caeon || R cr”
N/ \O—R rtlicz—c/

O—R

R —CsH11, u30-CsHu11, CeHas,.

Buning uchun piridin va monoxlorsirka kislotasining efirlari etil spirtda eritilib 1:2 mol nisbatda aralashtiriladi. Shundan
so‘ng idish sovutilganda mahsulot unumining yuqori emasligi aniqlandi. Reaksiyalar 30-40, 50-60, 70-80 °C temperatura
oraliglarida o‘tkazilib, barcha tajribalarda 50-60°C temperatura oralig‘ida mahsulotlar yuqori unumda chiqishi aniqlandi. Shu
sababli keyingi barcha tajribalar 50-60°C da 2-4 soat davomida gizdirish bilan olib borilgan. So‘ngra olingan tuzlar bir sutka
davomida vakuumda quritildi.

Piridin bilan monoxlorsirka kislotasining efirlarini reaksiyalari natijalaridan kelib chigib reaksiyaning optimal sharoitlari
o’rganildi. Reaksiya unumiga erituvchlar, reaksiyaning vaqti, reaksiyaning harorati ham reagentlarning mol nisbatlarining ta’siri
o’rganildi. Olingan natijalar quyidagi jadvalda keltirilgan.

1.1-Jadval
Piridin va monoxlorsirka kislotasi efirlari orasidagi reaksiyalarning optimal sharoitda borishi
Ne | Uchlamchi amin MXSK efirlari Erituvchi Reaksiya vagti Harorat, C° Reagentlar-ning mol nisbatlari Unumi
| 2 | pentil Etanol 3 60 1:2 84
| 3 | Piridin 1zo-pentil Etanol 3 60 1:2 84
4 geksil Etanol 3 60 1:2 80

Olingan tuzlarni tozalash maqsadida ular etil spirtiga solindi, faollantirilgan ko‘mir qo‘shib qizdirildi va issiq holda
filtrlandi, so‘ngra spirtdan qayta kristallandi. Natijada oq rangli tuzlar hosil bo‘ladi. [13-17]

Olingan to‘rtlamchi ammoniy tuzini xitozan bilan reaksiyalari olib borildi. Xitozanning to‘rtlamchi ammoniy tuzini sizntez
qilish orqali suvda eruvchan birikmasi olindi bu esa xitozanni biologik faoligini oshirish bilan bir vaqtda uning qo‘llanilish sohasini

ham kengaytiradi.
OH
f&w} . {@} S
n = 40-50 C°

HO NH,

R —CsH11, u30-CsHi1, CeH1s,.

Reaksiyani olib borish uchun optimal sharoitlari o‘rganildi. Erituvchilardan DMFA bilan reaksiya olib borilib reaksiya
vaqgti xar-xil intervallarda olib borildi shu vaqtlardan 3 soat davom etgan reaksiyada mahsulot unumi yuqori bo‘ldi. Hosil bo‘lgan
to‘rtlamchi ammoniy tuzini unumiga reaksiya harorarini ta’siri o‘rganilganda 40-50 °C da olib borilgan reaksiyada to‘rtlamchi
ammoniy tuzini unumi yuqori bo‘ldi.

Biologik faolligi. (Antifungal assay) Zamburug*lar o‘sishini ingibirlash xossasi- Bu test zamburug‘larning o‘sishiga ta’sir
etuvchi aktiv moddalarni aniglash va ularning samaradorligini baholashga yordam beradi. Antifungal testning umumiy jarayoni
quyidagicha bo‘lishi mumkin:

Xitozanning to‘rtlamchi ammoniy tuzini, anionik deionizatsiyalangan suvda 5 mg/mL konsentratsiyasida eritilgan. Har bir
namunani eritmasi kartoshka dekstrozasi bilan aralashtirilgan va tegishli ravishda 0,1, 0,5 va 1,0 mg/ml konsentratsiyalarda
tayyorlab olindi. 120 °C da sterilizatsiya qilindi. plastinkada (6,5 sm diametr) soviganidan so‘ng, zamburug‘ metsileysi disk (5
mm) test plastinkasiga o‘tkazilib, 27 °C da inkubatsiya qilingan. Nihoyat, zamburug® metseliysi nazorat plastinkasining chetlariga
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yetganida (namunasiz plastinka) test plastinkasidagi o‘sish zonasining diametri (Da) Va nazorat plastinkasidagi o‘sish zonasining
diametri (Db) o°lchandi. Inkubatsiya indeks quyidagi formulaga asosan hisoblangan:

(%) = (1—‘0‘*_5) x 100
D,—5

b

Bu yerda Da - test plastinkasidagi o‘sish zonasining diametri, Db esa nazorat plastinkasidagi o‘sish zonasining diametridir.
Bu formula o‘sish zonasining nazorat plastinkasidagi diametri (Db) va test plastinkasidagi o‘sish zonasining diametri (Da)
o‘rtasidagi farqni ifodalaydi. Bu indeks zamburug‘larning o‘sishi necha foizga kamayganini ko‘rsatadi va antifungal faoliyatning
samaradorligini baholashda yordam beradi.

Tadqiqot ishining natijalari. IK-spektr SPECORD-75IR va Avator 360 cpektrofotometrlarida KBr tabletkalarida olindi.

Xitozan va Xitozanning piridinni to‘rtlamchi ammoniy tuzi bilan xosil gilgan to‘rtlamchi ammoniy tuzini xitozanning
hosilalari 1Q-spektri ko‘rsatilgan 1-rasm. Xitozanning N-H valent bog‘lari va O—H guruhiga mos bo‘lgan chastotalar tebranishlari
3200-3500 sm™* diapazonidagi keng cho‘qqi bilan xarakterlanadi. Xitozanning 2878 sm™, 1600 sm™', 1156 sm™ va 1078 sm™* da
kuzatilgan yutilish chastotalari C—H xos tebranishi amid bog*, C—O—C bog* uchun xos bo‘lgan tebranishi va ikkilamchi gidroksil
guruhi uchun C-O valent tebranishlarga tegishli. Aromatik halgadagi C—H ning tekislikdan tashqgari deformatsion tebranishlar 650
sm' dan 900 sm™* gacha bo‘lgan diapazonda qayd etilgan. Xitozan bilan to‘rtlamchi ammoniy tuzi hosil bo‘lganligini ifodalovchi,
1467 sm™', 1467 sm™!, 1464 sm™' va 1471 sm™' da paydo bo‘lgan yangi cho‘qqilar —N* ning cho'zilish tebranishlarini bildiradi. Bu,
xitozan hosilalarining muvaffagiyatli sintezi amalga oshganligini bildiradi.

4000 3500 3000 2500 2000 1500 1000 500

1-rasm. Xitozan va Xitozanni to’rtlamchi ammoniy tuzning 1Q-spektri.
'H YaMR - spektrlari ishchi chastotasi 400 MGs bo‘lgan Unity-400+ va ishchi chastotasi 600 MGs bo‘lgan Jeol-600
uskunalarida (ichki standart GMDS, 8-shkalasi) deyterillangan CD3COOD, DMSO eritmalarida olindi 2-rasm.
Xitozan: 1H NMR (500 MHz, D20): 3 3.75-3.58 (m, 4H, Ha—Hs), § 3.02 (s, 1H, H2);
Xitozanni to‘rtlamchi ammoniy tuzi: 1H NMR (500 MHz, D20): $ 8.68 (s, 1H, He), 6 8.40 (m, 2H, Hc), & 8.06 (s, 1H,
Hb), 8 7.81 (s, 1H, Hd), 4 4.31 (s, 1H, Hn), 6 4.06 (s, 1H, Ha), 6 3.85-3.69 (m, 4H, Ha—He), & 3.24 (s, 9H, Ho), 6 2.85 (s, 1H, H2),
82.66 (s, 6H, Hm).

Lizece,

Xulosa. Piridin asosida to‘rtlamchi ammoniy tuzini sintez qilib olinéanda suvda eriydan tuz hosil bo‘ldi. Xitozan biologik
faol modda ekanligini inobatga olib uning biologik faolligini oshirish uchun to‘rtlamchi ammoniy tuzi bilan sintezlari olib borildi.
Natija xitozanning suvda eriydigan birikmasi olindi. Xitozanning manfiy zaryadlari antibakterial xossasini oshiradi va shundan
kelib chiqib biologik faolligi ham keskin o‘zgarishiga olib keldi.

ADABIYOTLAR

A. Anitha, S. Sowmya, P.T.S. Kumar, S. Deepthi, K.P. Chennazhi, H. Ehrlich, M. Tsurkan, R. Jayakumar, Prog. Polym. Sci.

39 (2014) 1644-1667.

H.S. Adhikari, A. Garai, M. Thapa, R. Adhikari, P.N. Yadav, J. Macromol. Sci., Part A 59 (2022) 211-227.

Y. Chen, Y. Liu, Q. Dong, C. Xu, S. Deng, Y. Kang, M. Fan, L. Li, Int. J. Biol. Macromol. 235 (2023) 123716.

H.S. Adhikari, A. Garai, P.N. Yadav, Carbohydr. Res. 526 (2023) 108796.

W. Lai, L. Wang, Y. Pang, M. Xin, M. Li, L. Shi, Y. Mao, Food Chem. 455 (2024) 139908. 6. A. Nwabike Amitaye, E.E.

Elemike, H.B. Akpeji, E. Amitaye, I. Hossain, J.I. Mbonu, A.E. Aziza, J. Environ. Chem. Eng. 12 (2024) 113208.

H.S. Adhikari, A. Garai, C. Khanal, P.N. Yadav, Carbohydrate Polymer Technologies and Applications 7 (2024) 100469.

S. Omidi, A. Kakanejadifard, Carbohydr. Polym. 208 (2019) 477-485.

J. Liu, H. Chen, Y. Lv, H. Wu, Lj. Yang, J. Zhang, J. Huang, W. Wang, J. Agric. Food Chem. 72 (2024) 11185-11194.

9. M.E.l. Badawy, J. Appl. Polym. Sci. 117 (2010) 960-969.

10. K. Xing, X. Zhu, X. Peng, S. Qin, Agron. Sustain. Dev. 35 (2015) 569-588.

11. X. Yuan, J. Zheng, S. Jiao, G. Cheng, C. Feng, Y. Du, H. Liu, Carbohydr. Polym. 220 (2019) 60-70.

12. Borikhonov Bakhtiyor., Berdimurodov Elyor., Kholikov Tursunali., Nik W. B. Wan., Katin, Konstantin P., DEMIR Muslum.,
Sapaev Frunza., Turaev Sherzod., Jurakulova Nigora., Eliboev llyos. Development of new sustainable pyridinium ionic
liquids: From reactivity studies to mechanism-based activity predictions. Journal of Molecular Modeling Tom 30, Beimyck
11 November 2024 Homep crarsu 359. doi 10.1007/s00894-024-06157-y.

=

arwn

o N

- 358 -


https://www.scopus.com/record/display.uri?eid=2-s2.0-85205527337&origin=recordpage

0¢zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/1/1 2025

13.

14.

15.

16.

Abdullayev Bakhodir., Rakhimov Murodullo., Borikhonov, Bakhtiyor., Dustov Aziz., Samadiy Murodjon. Study of the
mutual influence of components in the system potassium sulfate-lithium sulfate-water. AIP Conference ProceedingsTom
3184, Beimyck 114 June 2024 Homep cratsu 020012.

Elyor Berdimurodov., Khasan Berdimuradov., Ashish Kumar., Illyos Eliboev., Nodira Eshmamatova.,
Bakhtiyor Borikhonov., Sardorbek Otajonov. Chapter 16 - Catalysis and electrocatalysis application of nanofibers and their
composites. Polymeric Nanofibers and their. Composites Recent Advances and Applications. Woodhead Publishing in
Materials 2025, Pages 405-421.

Khasan Berdimuradov., Elyor Berdimurodov., Brahim El Ibrahimi., Burak Tuzun., Hicham Es-Soufi., Sadhucharan Mallick.,
Bakhtiyor Borikhonov. Utilization of Encapsulated Corrosion Inhibitors in the Biomedical Industry. Encapsulated Corrosion
Inhibitors for Eco-Benign Smart Coatings. 2024. Pages19.

Elyor Berdimurodov., Khasan Berdimuradov., Ilyos Eliboev., Bakhtiyor Borikhonov., Abduvali Kholikov., Khamdam
Akbarov., Sidikov Abdujalol. Inorganic Compounds as Scale Inhibitors. Industrial Scale Inhibition: Principles, Design, and
Applications. First published: 21 June 2024 https://doi.org/10.1002/9781394191208.ch14

- 359 -


https://doi.org/10.1002/9781394191208.ch14

O‘ZBEKISTON MILLIY
UNIVERSITETI
XABARLARI, 2025, [3/1/1]
ISSN 2181-7324

KIMYO
http://journals.nuu.uz

Natural sciences

YIAK: 547.972:582.734.4
booyp PAXMOHOB,
FBaszoewiii ooxkmopanm Hayuonanshozo ynueepcumema Y36exucmana
Paxmam 3CAHOB,
Cmapwuti Hayunwiti compyouux, k.x.1., PhD HBEOX npu AH PY3
Manoxam PAXMATOBA,
Cmapwuii Hayumwiti compyonuk, k.x.H., PhD UXPB npu AH PY3
Anumsxcan MATHAHOB,
Beoywuii nayunvlii compyonux, 0.x.H., npogh. UBOX npu AH PY3

Ha ocnose omsvisa npogh. UBOX AH PV3, D.Sc. A60yanadxncanosa H.I.

®JIABOHOMJIHBIN COCTAB PYRUS PYRASTER M3 IOI'O-BOCTOYHOI YACTH BAXMAJILCKOI'O PAHOHA
JAKHU3AKCKOM OBJACTHU PECIIYBJIMKH Y3BEKUCTAH
AHHOTanUs

B naHHO# cTaThe NpenCcTaBICHBI PE3yIbTaThl HCCIEJOBAHMUS (HIAaBOHOMIHOTO COCTaBa 3KCTPAKTOB IUIOA0B AUKOPACTYIIEH IpyIin
(Pyrus pyraster), mpouspacraiomeii B IOro-BOCTOYHOM YacTH baxMaibCkoro paioHa Jku3akckoit oGiactu PecnyOnuku
V36ekucran. MetonoM BbICOK03(h(DEKTUBHOM JKUIKOCTHOH Xpomartorpadun (BIXKX) ¢ nuoqHo-MaTpuuHbIM 1eTEKTHPOBAaHHEM
UICHTH(OUINPOBAHBI M KOJIMIECTBEHHO OIPENEICHb OCHOBHBIC ()IABOHOMIHBIE COCJMHECHUS: TajuloBas KHCIIOTAa, PYTHH,
W30KBEPIIETHH U TUIEepa3u. Y CTAHOBIICHO, YTO HanbobIIee coaepskanue (pIaBOHOUI0B HAOMIOAAETCs B BOJHBIX 3KCTPAKTaX, IPH
3TOM PYTHH SIBJISICTCS AOMHHHpYonuM coenuHenueM (39,06 + 0,04 mr/100 r cyxoro BemiectBa). CpaBHEHHEM 3P PEKTUBHOCTH
9KCTpareHTa ¢ UCIOJIb30BaHNEM Pa3INIHbIX pacTBopuTenei (Boaa, 40% u 70% 3TaHOI), HOKa3aHO, YTO ONTUMAIBHBIM yCIOBHEM
BBIZICJICHNST OMOJIOTMUECKN aKTUBHBIX BEUIECTB SIBISETCS BoJa. Pe3ynbTaThl HCCIIENOBAHUS CBHICTEIBCTBYIOT O BBICOKOM
NOTCHIMAale IUIOJOB pacTeHus Pyrus pyraster kak WCTOYHMKA IPUPOJHBIX AHTHOKCHIAHTOB JUIL HPUMEHEHHS
B (apManeBTHUECKOH, IHUIIEBOH M KOCMETHYECKOH NpoMbIIuIeHHOCTH. Ocoboe BHHMaHHE YAENEHO IepCIeKTUBAM
UCIIOIb30BAaHUSI SKCTPAKTOB B (DYHKIIMOHAIBHBIX MPOAYKTAaX MUTAHUS U HYTPULIEBTUKIL.

KaioueBsie cioBa: Pyrus pyraster, ¢pmaBoHonasl, skcTpakiust, BOXKX, aHTHOKCHIaHTHAS aKTUBHOCTb, PYTHH, (PYHKIMOHAIEHBIE
TPOIYKTEL.

FLAVONOID COMPOSITION OF PYRUS PYRASTER FROM THE SOUTH-EASTERN PART OF BAKHMAL
DISTRICT, JIZZAKH REGION, REPUBLIC OF UZBEKISTAN
AHHOTaTHOH

This article presents the results of a comprehensive study on the flavonoid composition of wild pear (Pyrus pyraster) fruits growing
in the southeastern part of the Bakhmal district in the Jizzakh region of Uzbekistan. Using high-performance liquid chromatography
(HPLC) with diode array detection, the main flavonoid compounds were identified and quantified: gallic acid, rutin, isoquercetin,
and hyperoside. It was established that the highest content of flavonoids is observed in aqueous extracts, with rutin being the
dominant compound (39.06 + 0.04 mg/100 g of dry matter). A comparison of extraction efficiency using various solvents (water,
40% and 70% ethanol) was conducted, which enabled the determination of optimal conditions for isolating biologically active
substances. The research results demonstrate the high potential of Pyrus pyraster as a source of natural antioxidants for applications
in pharmaceutical, food, and cosmetic industries. Particular attention was given to the prospects of using these extracts in functional
foods and nutraceuticals.

Key words: Pyrus pyraster, flavonoids, extraction, HPLC, antioxidant activity, rutin, functional products.

O‘ZBEKISTON RESPUBLIKASI JIZZAH VILOYATI BAXMAL TUMANINING JANIBUY-SHARQIY QISMIDAN
TERILGAN PYRUS PYRASTERNING FLAVONOID TARKIBI
Annotatsiya

Ushbu ishda O‘zbekiston Respublikasi Jizzah viloyati Baxmal tumanining janubiy-sharqiy qismida o‘suvchi yovvoyi nok (Pyrus
pyraster) mevalari ekstraktlarining flavonoid tarkibi natijalari keltirilgan. Yuqori samarali suyuqlik xromatografiyasi (YuSSX)
usuli yordamida diod-matritsali deteksiya bilan asosiy flavonoid birikmalar: gall kislotasi, rutin, izokversetin va giperazidlar
identifikatsiyalandi va miqdoriy aniqlandi. Flavonoidlarning eng ko‘p miqdori suvli ekstraktlarda aniglangan bo‘lib, bunda rutin
(39,06+0,04 mg/100 g quruq moddaga nisbatan) asosiy birikma sifatida tavsiflandi. Turli erituvchilar (suv, 40% va 70% etanol)
ishtirokida ekstragent samaradorligini taqqoslash natijalariga ko‘ra, suv biologik faol moddalarni ajratib olishning optimal sharoiti
sifatida baholandi. Tadgiqot natijalari Pyrus pyrasterni farmatsevtika, 0zig-ovqat va kosmetika sanoatida qo‘llash uchun tabiiy
antioksidantlar manbasi sifatida uning mevalari yuqori potensialga egaligini tasdiglaydi. Bunda asosiy mezon ekstraktlarni ozig-
ovqat va nutritsevtika funksional mahsulotlarida qo‘llash istigbollariga garatilgan.

Kalit so‘zlar: Pyrus pyraster, flavonoidlar, ekstraksiya, YuSSX, antioksidant faollik, rutin, funksional mahsulotlar.

Benenue. PactutenbHbie (PIaBOHOMABI 00JIAAIOT BBICOKOI OMOJOTHYECKON aKTHBHOCTBIO, HE SIBIISIOTCS TOKCHYHBIMH,
IJIEPTeHHBIMU M MTUPOTEHHBIMHU. DTO MO3BOJISET IIUPOKO MCIOIb30BaTh UX B MEAULIMHCKOM MpakTuke. B o6macTi MeanuHel Ha

- 360 -



0¢zMU xabarlari Becrnuxk HYY3 ACTA NUUz | KIMYO | 3/1/1 2025

OCHOBE ()JIAaBOHOMIOB CO3IaHbI aHTHOKCHIAHTHEIE, F€NaTONPOTEKTOPHEIE, THYPETHIECKHE W HEHPOTPOIHBIC (UTOIPEIapaThl,
KOTOpBIC M3rOTABIMBAIOTCS W3 JICKAPCTBEHHBIX PACTEHUH, conepxaimx (uaBoHouasl. DIaBOHOMAB! 00JANAIOT IIHUPOKUM
CMEKTPOM OHOIOTMYECKOH aKTUBHOCTH, BKJIIOYass IPOTHBOBOCHANHUTENBHYIO, TPOTHBOBUPYCHYIO, IPOTHBOPAKOBYIO U
6akTepuiaHyo. Ha ocHOBaHNY BBILIEU3/I0KEHHOH HH(OPMAIUH IIETBI0 JAHHOTO HAYYHOTO MCCIEIOBAHHSA SBIACTCS U3yUeHUE
XMMHYECKOTO COCTaBa M OHMOJOTMYECKOM AaKTHBHOCTH AMKOPACTyIlero pacrteHus rpymu Pyrus Pyraster. MccnemoBanus,
MPOBE/ICHHBIE JI0 CUX TI0p, OBUIH CIIEIHAILHO MTOCBSIIICHBI H3YUSHHUIO BIMSHMS BUAOB PYrus Ha KOHTpOJb auabeTa v 3aKHBICHHE
3B, a X IJIOABI OOTaTHI KIIETYATKOH U SABJISIOTCS HU3KOKAJIOPUITHBIM HCTOYHIKOM MHKPO3JIEMEHTOB, HEOOXOAUMBIX JUIS 3I0POBbS
KPOBH, KOCTEH M CeplIeYHO-COCYAUCTON CUCTEMBI.

AHaJIN3 COOTBETCTBYIOIIEH JuTEepaTyphl. DITaBOHOMIBI IPEACTABISIIOT CO00H OWH M3 HauboJee 3HAYMMBIX KJIACCOB
BTOPUYHBIX META00IUTOB PAaCTEHHH, 00IaTa0IIUX ITHPOKUM CIIEKTPOM OHMOIOTHYECKON aKTUBHOCTH, BKIIIOUAsi aHTHOKCHUAAHTHOE,
MPOTUBOBOCIIAIUTENBHOE, aHTUMUKPOOHOE U MPOTHBOOIyXosieBoe neifctBue [1]. VX cmocoOHOCTh HEHTpaan30BaTh CBOOOAHBIE
paguKanbel ¥ MOAYIHUPOBATh KIETOUHBIE CHUTHANBHBIE ITYyTH AENaeT UX MEPCHEeKTHBHBIMU ISl MPO(UIAKTUKY U JTE€UEHHS TaKUX
3aboneBaHuii, Kak quaber, cepaedHO-COCYIUCThIE MATOIOTHHI U HelipoAereHepaTHBHBIC paccTpoiicTea [2].

Pyrus pyraster (aukas rpymia) — MaJOM3y4EeHHBIH BUJ, pacCpOCTPaHEHHbIH B FOPHBIX paiioHax LleHtpansHoil Asuu. B
OTJIMYHE OT KyJBTYpHBIX copToB rpym (P. communis, P. pyrifolia), xumudeckuii cocrap P. pyraster ocraercsi HEIOCTATOYHO
HCCIIeIOBaHHBIM, OCOOEHHO B YCIOBHAX Y30ekucrana [3]. Ilpenmpimymme pabGoThl MOKasaid, 4YTO IDIOABI TPy
Ooratel monudeHonamMy, (GIABOHOMIAMH M TPHUTEpPIEHAMH, OJHAKO NaHHBIE II0 HX KOJMYECTBEHHOMY COJCpP)KAaHHIO W
OINITUMAIIBHBIM METO/[aM KCTPAKIMH OrpaHH4CHBI [4].

Ha cerognsmnumit nens u3 mogos Pyrus Pyraster Beigenens! noandeHos!, (GIaBOHOHIB, TTIOKO3UIB U TPUTEPIICHEI,
M3y4eHBl MX (U3HKO-XHMHYECKHe cBoiictBa [5-6]. Kpome Toro, kuraiickue ydeHbIe BBIACIIIA W3 KOXKYPHl M COKa IUIOJOB
Pa3IUYHBIX COPTOB TPYHI Psf OHOJIOTHYECKH aKTHBHBIX COCIWHEHUH (XJIOPOTEeHOBasl KHCIOTa, apOyTHH, ypcoJoBas KHCIIOTa,
OJICaHOJIOBAsT KUCIIOTA, SMKATEXMH U PYTHH) H ONPEICIIIA HX XUMHIECKYIO CTpYKTYpY [7].

B pabGore Obu1 mpoBeAeH KauyeCTBEHHBIH M KOJIMYECTBEHHBIN aHanu3 (DIaBOHOMIOB, KOJMYECTBEHHOE OIpeeeHHe
HPOIMAHKU/IMHOB B IIBETKAX €CTECTBCHHO Mpou3pacTaromieii Pyrus Communis u B uBeTKax KyJIbTYpHBIX COPTOB. DIaBOHOUHBIC
COCIMHEHHS MCCeIoBaHbl XpoMmarorpaduaecknmu Merogamu. OGpasibl (aaBoHONIOB 0OHAPYKEHBI BO BCEX HCCIIEIOBAHHBIX
pactuTenbHbIX Matepuanax. Cojepikanue GpraBoHOUAOB ompenensuii MetoaaMu Kpucr-Mromiepa u BOXX nocnie kucioTHOro
runpoim3a. KonmmdecTBeHHOE onpeenieHre MPOIUaHuANHOB IIPOBOAMIN CIIEKTPOPOTOMETPHIECKUM METOAOM [8].

W3 60%-HbIX 3TaHOIBHBIX IKCTPAKTOB He3penblx mionoB rpymu (Pyrus pyrifolia Nakai) ¢ ucrons3oBanneM KOJTOHKH
BOXX Amberlite XAD-2 ¢ HanpaBieHHBIM aHAIH30M HeWTpanusanuu paaukanoB DPPH (2,2-audennn-1-nukpuaruapasun)
Obu10 BBIENEHO 14 coenunennii. Ha ocHoBanun anammza MC u SIMP BoiieneHHbIe coequHEHUs ObUTH HACHTH(QHUIUPOBAHBI KaK
MeTHIOBBII 3¢up 5-O-Tpanc-kodemnxunHoi kuciotsl (1), MamakcoBas kuciora (2), MetwioBblid 3dup 5-O-Tpanc-n-
KyMapOWJIXUHHON KUCHOTHI (3), MeTHIIOBBIH 3¢up 5-O-1uc-n-KyMapoWIXUHHOH KUCIOTHI (4), 5-O-TpaHc-N-KyMapOMIXHHHON
KUCIOTHI (5), TpaHCc-KyMapoBasi kuciiota (6), MeTHiI-Iuc-m-Kymapar (7), MeTHiI-Tpanc-n-kymapar (8), 3,5-O-aukodeornxunHas
kuciota (9), (-)-snukarexun (10), (S)-(+)-2-uuc-aberuzonas kuciora (11), uzopamuerun 3-O-B-D-ramakro-nupanoszun (12),
Mzopamuernn-3-0-B-D-rmoxonmpanosun (13) u msopamuetut 3-O-a-L-pamHonupanosui (1—6)-O-B-D-rmoxonmupanosun (14).
Bocewmb coequnennii (3-5, 7, 8, 11, 12 u 14) 6butn BiiepBbie BbIAeICHBI U3 Tpymin [9].

TTosToMy 1enbi0 JaHHOH PabOTHI SBHIOCH KAUECTBEHHOTO M KOJMYECTBEHHOTO (hIIABOHOMIHOTO COCTaBa pacTeHus Pyrus
pyraster mpouspacraroiieii B I0oro-BoCTO4YHOU yacT baxmamnbckoro paiiona J[xn33akckoii obmactu Y30ekucraHa.

MeTopostorust uccienoBanusi. 7151 BeigeeHus (1aBOHOUIOB IIMPOKO UCHONB3YIOTCS BOTHBIE U ATAaHOJIBHBIE DKCTPAKTH,
npudeM 3Q(EeKTHBHOCTE METOJa 3aBUCUT OT MOJSIpHOCTH LeneBbix coenuHeHuil [10]. CoBpeMeHHBIE METOMBI aHaIN3a, TaKHe
kak BDOXX c¢ macc-cnexrpomerpueit (BOXKXX-MC), mo3BossifoT TOYHO HMACHTU(HIMPOBATH M KOJIWYECTBEHHO OMNPENeIsTh
(bI1aBOHOM/IBI Ia’Ke B CIIOXKHBIX MaTpuiax [11].

s u3ydeHns coctaBa (hIaBaHOMAOB IUIOJOB JUKOHM Tpymn — Pyrus Pyraster, cymensle mioabl 3KCTparupoBai BOJIOH,
40% n 70% stanonom npu 70-75°C B TeueHHe 3 YacoB, MPH MHTEHCHBHOM IEPEMENINBAHUN B COOTHOIICHUH PACTBOPHUTEND :
pacrerne (90:10). DKCTpakThl OTOUIBTPOBHIBATHA U aTUKBOTY o0beMoM 100 mi paszbasmsum 9,9 M cucTeMbl pacTBOpHUTENeH
arieroHUTpUI:0ydep (amerar) 70:30 (1 mr/mm). LierTpudyrupoBanu u GuIbTpoBany depe3 MeMOpanHbIil GpuibTp. Mcnonap3oBamm
xpomarorpaduueckyro cucremy Agilent Technologies 1260, moxgemxkHas ¢a3a — aneToHUTpHIBbHBIH OydepHbIid pactBop (30:70)
(u3okparnueckuii pesxum). pH=2,92, 06beM BBOIA — 5 MKJI TIPH CKOPOCTH MOABMKHOM dasel 0,75 mu/mun. Kononka — Eclipse XDB
— C18. 5,0 mkMm, 4,6x250 mM. JleTeKTOp MpeACTaBIseT cOOOU AMOTHO-MATPUYHBINA JETEKTOP, U ObLT OOHAPY)KEH Ha JJIMHAX BOJH
254 um, 320 uM u 381 HM. B pesynbraTe 6610 0OHAPYKEHO, YTO IUIOABI CoAepKaT (IIaBOHOMIBI, TAKHE KaK TaJuioBasi KUCIOTa,
PYTHH, U30KBEPLETUH U I'UIIEpa3uI.

Cpenn 60IIBIIOTO Pa3HOOOpa3nsl MPUPOIHBIX COSANHEHHUI OJHUM U3 Hanbolee paclpoCTPaHEHHBIX M MHOTOYHCICHHBIX
KJTACCOB C BHICOKOHM OMOIOTHYECKON aKTHBHOCTBIO SIBIAIOTCS (DEHONBHBIE COSJWHEHUS, KOTOPBHIE BKIIOYAIOT (DIIaBOHOHIBL.
@DeHOMBI  AEMOHCTPUPYIOT CHIIBHYIO 3aIIUTy OT PAa3BUTHS M HPOTPECCHPOBAHMS MHOTHX XPOHHUYECKUMX IATONOTHYECKIX
COCTOSIHUH, BKIIOYas pak, AWa0eT, CepAeTHO-COCyAHCThe 3a0oneBaHMs M crapeHue. Hu3kas TOKCHYHOCTH M BBICOKAs
(bapMalconomquKaﬂ AKTHBHOCTbH (beHOJ'lOB JACTalT HUX NEPCHCKTUBHBIMU I l'lpO(bI/IJ'[aKTl/IKI/I H JICUCHUA psaaa CEPbE3HBIX
3a0osieBaHUN. DTH MPUPOIHBIC BEIIECTBA HEOOXOANMBI OPTraHU3MY, TI0ITOMY HEOOXOANM MOCTOSIHHBIN MPUEM MHUIIH WX J0OaBOK
[12].

AHann3 u pe3yabrtarbl. [ ananu3za ¢iaaBoHonnoB ¢ nomomuibio BOYKX 6bu1 BEIOpaH 00BEKT, MPOU3PACTAIOIINKA B
npenropHeIx ganamadrax baxmamsckoM paifone JIxu33akckoi o6macTé Y30eKHCTaH, MOCKOIBKY 3TO JEPEBO MMEET CPEIHIOI0
BBICOTY CTeOJIsI, KOJIMYECTBO JINCTHEB M pa3Mep IUIOA0B. B Tabnume mpeacTaBieHo coaepikaHue (GpIaBOHOMUAOB B miogax Pyrus
pyraster. OTa Tabnuma mokaseBaeT HATMYKE raJUIOBOM KHUCIIOTHI, PyTHHA, H30KBEPIETHHA U TUIIepa3ua B mogax Pyrus pyraster,
TOr/la Kak pOOMHHH M KBEPIIETHH OTCYTCTBOBAIH B IUIOAAX pacTeHMs. KoHIeHTpanust pyTHHa B JHCTBAX Pyrus pyraster 6ouia
caMoif BRICOKOHM Cper BceX HICHTU(DHUIIMPOBAHHBIX (DIIABOHOHMIOB.
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DAD1 A, Sig=254 4 Ref=360,100 (Flavon_LC 2025-04-01 08-49-42\002-P2-A1-Suvi D)
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Puc.3. BO)KX-xpomarorpamma 70% 3TaHOJBbHOr0 3KCTPAKTA
BoaHBIl 3KCTpakT IUIOJOB pacTeHus Pyrus pyraster mokasan HanOonbllee COACpPIKaHHE BCEX aHAJIU3HPYEMbIX
coeauHeHnii. C yBeM4eHHEM KOHLICHTPALMH 3TAHOJIA B OKCTPAreHTe CoziepKaHue (iIaBOHOUIOB YMEHBIIACTCS. PYTHH SBISCTCS
npeobiIagaromyM (IaBOHOMIOM BO BCEX THIIAX SKCTPAKTOB. PyTHH y4acTByeT B OKHCIHMTEIbHO-BOCCTAHOBHUTEIBHBIX IPOIIECCax,
yIIydIlasi COSANHHUTENbHYIO TKaHb W HACHIIEHHE KUCIOPOAOM. PyTHH onTHMH3NpyeT oOMEH BEIeCTB, OTBeYaeT 3a IPOYHOCTH
COCY/IOB, IIPEAOTBPAIAET NPEXKICBPEMEHHOE CTApEHUE U 3aIIUINAeT OT AJUIEPTHUECKUX peaKIii, MHIHOUPYs CHHTE3 THUCTAMHUHA.

Ta6auma 1
KosinuecTBO HEKOTOPBIX HACHTHOUIHPOBAHHBIX (J1AaBOHOUAOB B muiogax Pyrus pyraster (mr/100 r Bo3aylHo-cyxoro
BelleCTBA)
Odpasen DKCTPAKT T'an0Basi KHCJIOTA Pyrun H3oxBepuernn I'nnepaszux P; Kgepuernn
Pyrus pyraster | _Boamsiid 19,09:0.01909 39,06:0.03906 | 3,46+0.00346 1,41+0.00141 B B
40% EtOH 6.13+0.00613 12.49:0.01249 | - - - -
70% EtOH 2.57+0.00257 4.28+0.00428 3.30+0.00330 - - -

[TpumMeuanue: naHHBIE IPEACTABIEHBI B BUE CPEHEr0 3HAYCHHS ¥ CTaHIapTHON omuoku (n=3).

HccnenoBanus MOCIEAHUX JIET MOATBEPIKAAIOT, YTO IUIOABI TPYII COAEPIKAT 3HAUUTENbHOE KOJIMYECTBO (pIIaBOHOUJIOB,
TaKAX KakK PYTHUH, KBEPLUETHH W HM30KBEPIIETHH, KOTOPBIC OOJIAJal0T BBIPAKCHHOW AHTHOKCHAAHTHOH akTHBHOCTBIO [13].
Hanpuwmep, B P. communis coxepxanue pytuna gocturaer 25 mr/100 r, a B P. calleryana — no 45 mr/100 r [14]. Conepxanue
pyrusa B P. pyraster Bemme, wem B P. communis [15]. Buomormyeckass akTHBHOCTh PyTHHa — AHTHOKCHIAHTHOE,
LHHUTONPOTEKTOPHOE, Ba30NPOTEKTOPHOE, HEHPOIIPOTEKTOPHOE, AHTHKAHIIEPOT€HHOE M KapIHOMPOTEKTOpHOE feiicTue [16].

BeIBoABI M npeasiozkeHus. B nccinexyeMom ydacTke HaXOAWIach camasi OOJIbINast MOMyIISIIUs pacTeHust Pyrus pyraster.
DTOT pe3yabTaT MOXET OBITh CBSI3aH C MOBBIIICHHOW BIQXKHOCTBIO B 9TOI BEICOKOTOPHOM MECTHOCTH, B TOM YHCIE OOJIBIINM
KOJIMYECTBOM  OcaJkoB. Pesynprartel ¢QuaBoHOoMaHOTO coctaBa Pyrus pyraster mnpexoctaBisiioT uHopManuioo o
MOP(}HOOHOIOTHYECKNX, JKONOTHYECKMX W LEHOTHYECKUX OCOOCHHOCTSAX M CTPYKTYpe LEHONOMYISUHA HSTOro BHIA.
OnaBoHonAHBIH Tpoduie Pyrus pyraster BkiroyaeT raJuioByro KUCIOTY, pYTHH, H30KBEPLETHUH U TUIIepa3ul. bpuio mokaszaHo, 4to
PYTHH 3aMeJJIsIeT POLIECChl CTapeHus! KJIETOK M HOBBIAeT 3 GeKTHBHOCTE XUMUOTEPAHU MPpoTUB paka [17]. T'unepasun nmeer
IIMPOKHUH TepareBTHIECKUH ITOTEHINAN IIPH JICUeHNH auabeTa, aMHEe3UH, paka U T. JI. B skcriepiMeHnTax Ha >KUBOTHBIX TallioBast
KHCIIOTA TIO/IABIISIET POCT PAKOBBIX KJIETOK.

TaxuM 0Opa3oM OBUTO U3yUEHO KaueCTBEHHE M KOJMYECTBEHHOE cojepkaHue (IaBOHOMIHOTO pacTeHus Pyrus pyraster
MPOU3pACTAIOIIel B IOr0-BOCTOYHOM wacTh baxmambckoro paiiona JIku3zakckodd obmacTi Y30eKHCTaHa M MOKa3aHO YTO OHO
COAEPXHT Takue (IIAaBOHOMIB KakK: COJAEp)KaT TaJUIOBYIO KHCJIOTY, PYTHH, HW30KBEpLETHH W rumepasui. B Oyxyiiem
nesecoobpasHo npou3Boaute BAJ] (Ouomorudeckn akTHBHYIO 100aBKY) U3 IUIOJOB PAcTeHHs B KauecTBE CPEACTBAa MPOTHB
nuabera.
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THE MOLECULAR AND CRYSTAL STRUCTURES OF 3-(1H-BENZ[d]IMIDAZOL-2-YL)PROPAN-1-OLE AND ITS
NITRATE SALT
Annotation

3-(1H-benz[d]imidazol-2-yl)propan-1-ol which has potential biological activity, can be used as a ligand for complexation with
metals. This compound is an electron donor, due to the lone pair of the nitrogen atom in the imidazole ring. This nitrogen atom
also acts as a proton acceptor. In the crystalline phase, the nitrate salt, namely, 3-(1H-benz[d]imidazolium-2-yl)propan-1-ol nitrate,
(C10H13N20*+NOs3"), has been studied. The protonation of the 3-(1H-benz[d]imidazol-2-yl)propan-1-ol unit results in significant
delocalization of the electron density within the imidazole ring. The salt formation leads to variations in the intermolecular
interactions, which were studied by analysis of the Hirshfeld surfaces and two-dimensional fingerprint plots.

Key words: 3-(1H-benz[d]imidazol-2-yl)propan-1-ol, 3-(1H-benz[d]imidazolium-2-yl)propan-1-ol nitrate, X-ray structural
analysis, Hirshfeld surfaces, two-dimensional fingerprint plots.

MOJIEKYJISIPHOE U KPUCTAJUVIMYECKOE CTPOEHHUE 3-(1H-BEH3[d|UMHUA30.J1-2-UJ)[TPONTAH-1-OJIA U
Er'O HUTPATHOM COJIN
AHHOTALMS

Coenunenvie  3-(1H-6ens[d]umunazon-2-un)nponad-1-o1  HpeACTaBiaseT HHTEpeC Onarojapss CBOEH  MOTECHIMAIBHON
OHOJIOTNUECKOH aKTUBHOCTHU U CIIOCOOHOCTH BBICTYIIATh B KAYECTBE JIMTaH/Aa Al METaJUIOB. ATOM a30Ta B UMHa30JbHOM KOJIbIIE
NPOSIBIISIET CBOMCTBAa KakK JOHOpPA JICKTPOHOB (3a CYET HEIOJETCHHOW 3JIEKTPOHHOW Iapbl), TaK W aKIeNTopa MPOTOHOB.
HccrenoBanye HUTPATHOM COJH 3TOr0 coeaunenus, 3-(1H-6ens[d]umuaazomuym-2-umn)nponan-1-on nurpara (C1o0H13N20* NOs®
), TMOKa3aJlo, 4TO HMPOTOHHPOBAHHE OCH3MMHIA30JIGHOM YacTH BBEI3BIBACT 3HAUUTENBHOE IepepaclpesielieHue JJICKTPOHHON
IUVIOTHOCTH B MMHU/IA30JIbHOM KOJIbLIE M HPHBOJMT K M3MEHEHMSIM B MEKMOJICKYJSPHBIX B3aWMOJCHCTBUSX, KOTOPBIC OBUIH
HPOaHAIM3UPOBAHBI C UCIIOIb30BAHNEM MTOBEPXHOCTEH Xupidenbia i AByMEPHbIX OTIIEYaTKOB MalIbLEB.

KnroueBbie cinoBa: 3-(1H-Gens[d]umunazon-2-un)nponan-1-on, uutpar 3-(1H-6ens[d]umupazonnym-2-un)npomnan-1-oma,
PEHTIeH CTPYKTYpPHBII aHAIN3, TOBEpXHOCTEH Xupmigensaa.

3-(1H-BENZ[d]IMIDAZOL-2-1L)PROPAN-1-OL VA UNING NITRATLI TUZINING MOLEKULYAR VA KRISTALL
TUZILISHI
Annotatsiya
Potensial biologik faollikka ega bo‘lgan 3-(1H-benz[d]imidazol-2-il)propan-1-ol metallar bilan kompleks hosil gilish uchun ligand
sifatida ishlatilishi mumkin. Ushbu birikma imidazol halgasidagi azot atomining tagsimlanmagan jufti tufayli elektron donoridir.
Ushbu azot atomi proton akseptori vazifasini ham bajaradi. Nitratli tuzi, ya’ni 3-(1H-benz[d]imidazolium-2-il)propan-1-ol
nitratining kristall tuzilishi, (C10H13N20**NOs3") o‘rganilganda 3-(1H-benz[d]imidazol-2-il)propan-1-ol zvenosining protonlanishi
natijasida imidazol halqasidagi elektron zichlikning sezilarli delokallanishi sodir bo‘ladi. Tuzlarning hosil bo‘lishi molekulalararo
o‘zaro ta’sirlarning o‘zgarishiga olib keladi, bu Xirshfeld sirtlari va ikki o‘lchovli barmoq izlari grafiklarini tahlil gilish orgali
o‘rganildi.
Kalit so‘zlar: 3-(1H-benz[d]imidazol-2-il)propan-1-ol, 3-(1H-benz[d]imidazolium-2-il)propan-1-ol nitrat, rentgen strukturaviy
tahlil, Xirshfeld sirt tahlili.

Kirish. Benzimidazol asosi farmatsevtik kimyoda muhim geterosiklik tuzilma hisoblanadi. Uning hosilalari yuqori
biofaollikka ega bo‘lib, turli patologiyalarga qarshi farmatsevtik preparatlar yaratish uchun perspektiv manba sanaladi.
Benzimidazol asosidagi dori vositalari antibakterial, antifungitsid, antiparazit, antimikrob, yallig‘lanishga qarshi va boshqa
farmakologik ta’sirlarni ko‘rsatadi. Hozirgi kunda klinik amaliyotda keng qo‘llaniladigan ko‘plab muhim dori vositalari aynan
benzimidazol tuzilishiga ega (masalan, omeprazol, albendazol). Antibiotiklarga rezistentlikning kuchayishi, onkologik
patologiyalar va virusli infeksiyalarning keng tarqalishi kabi global ahamiyatga molik sog‘ligni saqlash muammolarini hal etish
magqgsadida benzimidazol fragmentini oz tarkibiga kiritgan yangi avlod farmatsevtik agentlarni funksionallashtirish va sintez
gilishga garatilgan intensiv ilmiy tadgiqotlar olib borish muhim amaliy ahamiyat kasb etadi.

Mavzuga oid adabiyotlar tahlili. Tarkibida azot bo‘lgan geterotsikllar metall bilan kompleks birikmalar hosil giluvchi
yakka juft donorlar bo‘lishi mumkin, bunda halqadagi azot metall atomi bilan bog‘lanadi [1]. Siklik azot atomining tagsimlanmagan
jufti protonlanib, organik kation hosil gilishi mumkin [2, 3]. Protonlangan kation tutgan birikmalar garshi ionlar bilan birikish
natijasida hosil bo‘lishi ko‘rsatilgan [4]. lonli assotsiatlar deb ham ataladigan bunday birikmalar oddiy tuzlar bilan murakkab
(koordinatsion) birikmalar orasidagi oralig birikmalardir.

Magqolada 3-(1H-benz[d]imidazol-2-il)propan-1-ol (L) va uning nitratli tuzi ([LHINOs") ni molekulyar va kristall
tuzilishlari hamda Xirshfeld sirt tahlili yordamida molekulalaro ta’sirlashuvlari tahlil gilingan.
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Tadgigot metodologiyasi. Ushbu magsadga erishish uchun 3-(1H-benz[d]imidazol-2-il)propan-1-ol molekulasi va uni
nitratli tuzining sintez gilish usullari ishlab chigilgan va ularning sintezi amalga oshirilgan. Sintez gilingan birikmalarning tuzilishi
rentgen strukturaviy analiz va Xirshfeld sirt tahlili yordamida o‘rganilgan.

Kimyoviy birikmalar sintez gilish uchun moddalarning «k.a.t.» markasidan foydalanilgan.

3-(1H-benz[d]imidazol-2-il)propan-1-ol (L) sintezi quyidagi metodika bo‘yicha amalga oshirildi. 373 K da 1,2-
fenilendiamin (2,16 g, 0,02 mol) xlorid kislotada (25 ml, 4 M) eritildi va eritma ustiga 4-gidroksibutirik kislota (2,82 g, 0,02 mol)
qo‘shildi. Aralashma 398 K da 6 soat davomida qaytar sovutgichda qizdirildi. Xona haroratigacha sovutilgandan so‘ng, aralashma
NaOH yordamida neytrallandi (pH 7-9). Mahsulot suvli etanol eritmasida eritildi va tozalash uchun aktivlangan ko‘mir bilan qayta
ishlandi. Hosil bo‘lgan L cho‘kmasi filtrlandi va ochiq havoda quritildi. Rentgen nurlari diffraktsiyasi tahlili uchun mos bo‘lgan
och-jigar rangli monokristalllar etanol eritmasidan sekin bug‘lantirish yo‘li bilan gayta kristallandi (Unumi 80%, suyuglanish

harorati 437 K).
NH, 0 N
@ = /U\/VOH i ©: )
NH, HO H
OH

[LH']NOs™ tuzining sintezi uchun 3 x 10-3 mol mis(Il) nitrat tuzi suvda eritildi. Hosil bo‘lgan eritma suv hammomida
qizdirildi va doimiy aralashtirib turilgan holda 6 x 10-3 mol ligandning spirtli to‘yingan eritmasi bilan aralashtirildi, natijada eritma
yashil rangga ega bo‘ldi. Gidroksidlarning cho‘kishini oldini olish maqsadida eritmaning pH qiymati nitrat kislota qo‘shish orgali
5 ga yetkazildi. Reaksion aralashma 40 dagiga davomida suv hammomida gizdirgan holatda aralashtirib turildi, so‘ngra
kristallanishga qo‘yildi. Uch kun o‘tgach, hosil bo‘lgan qaymoq rangli kristallar ajratib olindi, etanol bilan yuvildi va havoda
quritildi. Mahsulotning unumi 62% ni tashkil etdi, suyuglanish harorati esa 371-373 K oralig‘ida aniglandi.

Tahlil va natijalar. Rentgen strukturaviy tahlil (RSA) [5,6] natijasida 3-(1H-benz[d]imidazol-2-il)propan-1-ol (L)
molekulasining tekis tuzilishga ega ekanligi aniglandi (1-rasm). Uning benzimidazol fragmentidagi bog‘ uzunliklari halga bo‘ylab
elektron zichligining delokallanishi tufayli tekislangan bo‘lib, standart giymatlarga mos keladi.

3-(1H-benz[d]imidazol-2-il) propan-1-olning nitrat kislota [LH*]NOs~ bilan o‘zaro ta’siri natijasida olingan
monokristallarning rentgenostrukturaviy tahlili kislotali muhitda ligandining geterotsiklidagi azot atomining protonlanishini
ko‘rsatadi (2-rasm). Natijada benzimidazoliy kationi hosil bo‘ladi. Protonlanish endotsiklik azot atomida sodir bo‘ladi, bu esa
Pirsonning QYKA (qattiq, yumshoq kislota va asos) nazariyasiga ko‘ra, gidroksil guruhining kislorod atomiga garaganda ancha
“yumshoq” donor markazdir. Bu esa Pirsonning QYKA nazariyasiga zid keladi, chunki proton (H*) “qattiq” kislotalarga tegishli
bo‘lib, u “gattiq” asoslar bilan afzal bog‘lanishi kerak. Protonlanish ligand molekulasining tekis tuzilishini buzilishiga va
geterotsikldagi bog‘ uzunliklarining o°zgarishiga olib keladi. Bundan tashqari, nitrat anionning strukturaga kiritilishi propanol
o‘rinbosarining stereokimyosiga ta’sir giladi.

Neytral L molekulasining (1-rasm) molekulyar tuzilishini tahlil qilish shuni ko‘rsatadiki, C7-N1 va C7-N2 bog‘lari har xil
uzunlikka ega [N1-C7 = 1,322 (4) A va N2-C7 = 1,352 (4) A]. Ammo uning protonlangan [LH*]NOs" shaklida ular standart
noaniqliklarga ega bo‘ladi [N1-C7 = 1,329 (2) A va N2—-C7 = 1,331 (2) A]. Protonlanish vaqtida elektron zichligining bunday
delokallanishi protonlangan L molekulasining tuzilishini quyidagi sxemada ko‘rsatilganidek, ikkita rezonans strukturaning
superpozitsiyasi sifatida tasvirlash imkonini beradi.

. OH
H
N\>—/—/
(L — (L)
N +
H

Neytral va protonlangan L molekulalari gidroksialkil o‘rinbosarning konformatsiyasi bilan farglanadi. Neytral L
molekulasida gidroksialkil o‘rinbosar benzimidazol fragmentiga deyarli koplanar (N2-C7-C8-C9 torsion burchagi 15,3 (4)° ni
tashkil etadi). Gidroksialkil o‘rinbosar to‘liq trans-konformatsiyaga ega (mos ravishda C7-C8-C9-C10 va C8-C9-C10-O1 =179,8
(3)° va 178,7 (3)°) bo‘ladi.

Protonlangan L molekulasida esa gidroksialkil o‘rinbosar benzimidazol fragmentlariga nisbatan ortogonal burilgan (N2-
C7-C8-C9 = 103,1 (2)°) va ap-, -sc konformatsiyaga ega (mos ravishda C7-C8-C9-C10 va C8-C9-C10-0O1 = 179,3 (2)° va 62,3
(2)°). Demak, protonlanish natijasida molekulaning geometriyasida sezilarli o‘zgarishlar yuz beradi, xususan, gidroksialkil
o‘rinbosarining benzimidazol fragmentiga nisbatan torsion burchagi va gidroksialkil guruhining konformatsiyasi o‘zgaradi. Bu
o‘zgarishlar molekulaning boshqa xususiyatlariga, masalan, uning boshqa molekulalar bilan o‘zaro ta’sirlashish qobiliyatiga ta’sir
gilishi mumkin.

OH

ZL

IZ

1-Rasm. 3-(1H-benz[d]imidazol-2-il)propan-1-ol molekulasining molekulyar tuzilishi

1-Jadval
Birikmalarning asosiy kristallografik ma’lumotlari
Kimyoviy formulasi CioH12H20 (L) Ci10H13N20"-NO3 ([LHINOs")
Mr(g.mol%) 176.22 239.23
Singoniya, fazoviy guruh Orthorhombic, P212:2; Monoklinik, P21/n
Harorat (K) 293 293
a, b, c(A) 5.852 (2), 12.437 (3), 12.444 (3) | 8,5100 (3), 8,2525 (4), 16,5130 (7)
o, B,y (°) 90, 90, 90 0, 93.760 (4), 90
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S) 905,7 (4) 1157.19 (9)
Z 4 4
p (g.cm®) 1.975
Nurlanish turi CuKa CuKa
) 0,69 0,91
Kristall o*Ichami (mm) 0,12 % 0,10 x 0,08 0,12 % 0,10 x 0,08
Trin, Tmax 0,958, 1,000 0,739, 1,000
O‘Ichangan, mustagil va kuzatilgan akslanishlar soni [1>2c(1)] | 3945, 1371, 1191 4122, 2345, 1644
Rint 0,029 0,021
Omax () 62.0 758
(sin 0/ M )max (A 1) 0,573 0,629
Nieftctions, Nparameters 1371, 166 2345,167
R[F?> 26(FA)], wR(F), S 0,039, 0,091, 1,06 0,044, 0,128, 1,04
Apmax, Apmin (e. A7) 0,11, —0,19 0,16, 0,15
2-Jadval
3-(1H-benz[d]imidazol-2-il)propan-1-ol tuzilishidagi vodorod bog‘lanishlari geometriyasi
Bog* Masofa, A Burchak
D—H A DA D---H H--A D-H---A, rpan
N2—H2N--O1! 2.772(3) 0.84 (3) 1.95 (3) 165 (3)
O1—HL -NI¥ 2.741(3) 0.85 (4) 1.90 (4) 169 (4)
C3—Ha3--Ca" 3.770 (4) 0.97 (4) 2.87 (4) 154 (3)
Simmetriya kodi: (i) x+1/2, -y+1/2, -z+1; (ii) -x+1/2, -y+1, z+1/2; (iii) x+1/2, -y+12, -z
N3
S P ot N1

a) b)

3-Rasm. 3-(1H-benz[d]imidazol-2-il)propan-1-ol molekulasining
kristall joylashuvi. [100] yo‘nalishdagi proyeksiyasi.

L kristallidagi molekulalar O—He+*N va N-He+*O vodorod bog‘lari orqali o‘zaro bog‘langan (2-jadval). N-He*+O vodorod
bog‘lari [100] yo‘nalishida cho‘zilgan zigzagsimon zanjirlarni hosil qiladi. Ushbu zanjirlar [010] va [001] yo‘nalishlarida O—Hes*N
vodorod bog‘lari orqali bir-biri bilan bog‘lanadi (3-rasm, o‘ngda; zanjirlar ko‘k rangda ko‘rsatilgan). Bundan tashqari, L
molekulalari orasida kuchsiz C3—Hes*C3 o‘zaro ta’sirlar ham mavjud (1-jadval). Nitratli tuzining kristallida protonlangan L
molekulalari N-He++O vodorod bog‘lari orqali bog‘lanib, markazga nisbatan simmetrik dimerlarni hosil giladi. Ushbu dimerlar
[001] yo‘nalishida ko‘priksimon nitrat anionlari bilan N—He**O, O—He¢**O va C—He<**O vodorod bog‘lari orqali o‘zaro bog‘langan
(3-jadval, 4-rasm). LH* molekulalarining imidazol halqalari o‘rtasida [010] yo‘nalishda bosh-dum tipidagi n---n 0°zaro ta’sirlar
kuzatiladi. Bu ozaro ta’sirlashuvchi n-sistemalar orasidagi masofa 3.502(2) A ni tashkil etadi.

Xirshfeld sirt tahlili [7] molekulalararo o‘zaro ta’sirlarni chuqurroq o‘rganish imkonini beruvchi zamonaviy usul
hisoblanadi. Bu usul neytral L molekulasi va uning protonlangan shaklining turli molekulalararo o‘zaro ta’sirlarda ishtirok etish
gobiliyatini giyoslash uchun samarali hisoblanadi. L va LH* molekulalari uchun Xirshfeld sirtlari dnorm bo‘yicha xaritalangan
standart yuqori sirtni ajrata olish gobiliyati yordamida hisoblab chigilgan (5-rasm). O‘rganilgan ikkala tuzilishda ham donor va
akseptor atomlar atrofida kuchli vodorod bog‘lanishlari natijasida yorqin qizil dog‘lar kuzatiladi. Bu dog‘lar mazkur atomlarning
molekulalararo o‘zaro ta’sirlarda faol ishtirok etishidan dalolat beradi. L molekulasining N1 atomida aniqlangan yorqin qizil dog*
uning protonlanishga yoki metall ionlari bilan kompleks birikmalar hosil gilishga yuqori moyilligini ko‘rsatadi.

4-Rasm. [LH]*NOs molekulasidagi kristall qadoqlanishi. [010] yo‘nalishidagi proyeksiyasi. Vodorod bog‘lari havorang chiziqlar
bilan ko‘rsatilgan.
3-Jadval
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[LH]-NOs molekulasi tuzilishidagi vodorod bog‘lanishlari geometriyasi

Bog* Masofa, A Burchak
D-H--A DA D---H H--A D-H---A, grad
N2—H2N--02 2.755 (2) 0.86 (2) 1.90 (2) 173 (2)
NI—HIN--OLi | 2.696 (2 0.91 (2) 1.78 (2) 177 (2)
O1_H10---02ii | 2.866 (2 0.90 (3) 2.06 (3) 149 (3)
01—H10---04ii | 2.951 (3) 0.90 (3) 2.14 (3) 150 (3)
C5—H5---Odiii 3.251 (3) 0.93 2.43 147

Simmetriya kodi: (i) x+2, -y+1, -z+1; (ii) -x+3/2, -y+1/2, z+3/2; (iii) -x+1/2, -y-1/2, -z+3/2

L va LH* molekulalaridagi ikki o‘lchamli barmoq izi diagrammalari nitrat tuzining strukturasida vodorod bog‘lari
kuchliroq ekanligini ko‘rsatadi (5-rasm). Gistogrammadan ko ‘rinib turibdiki, L molekulasining protonlanishi va nitrat anionining
mavjudligi X - H-O vodorod bog*lari bilan bog‘liq bo‘lgan O-H/H-O o°‘zaro ta’sirlarining hissasi sezilarli darajada oshishiga olib
keladi. Bundan tashqari, N-C/C‘N va C-C o‘zaro ta’sirlarining hissasi [LH]*NOsstrukturasida imidazol halgalari orasidagi
“stacking” (taxlanish) ham ortishini ko‘rsatadi (6-rasm). [LH]*NOs" strukturasida N-H/H-N o‘zaro ta’sirlarining (X-H--'N
bog‘lanishi) hissasi sezilarli darajada kamayishi L strukturasida vodorod bog‘larining proton akseptori sifatida ishtirok etadigan
N1 atomining protonlanishi bilan izohlanishi mumkin.

41 ai
o 1ererszozzzererd rof2rarerszozzzezers

5-Rasm. L va [LH]*NOs~ molekulalaridagi dnorm bo‘yicha xaritalangan Xirshfeld sirtlari (yugorida) va ikki o‘lchamli barmoq izi
diagrammalari (pastda).
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6-Rasm. L va [LH]-NOs tuzilmalaridagi Xirshfeld umumiy sirtiga eng kuchli molekulalararo o‘zaro ta’sirlarning nisbiy hissasi (%).

X - H-C vodorod bog*lari bilan bog‘liq bo‘lgan C-H/H-C o‘zaro ta’sirlarining turli hissasi L strukturasida C - H-C vodorod
bog‘ining mavjudligi (2-jadval) va [LH]*NOs strukturasida shunga o‘xshash o‘zaro ta’sirlarning yo‘qligi (3-jadval) bilan mos
keladi. Nitrat anionlari [LH]*NOs" strukturasida ko‘prik vazifasini bajaradi, bu esa LH* molekulalari orasidagi masofaning
oshishiga olib keladi. [LH]*NOs" tuzilishida H-H o‘zaro ta’sirlari hissasining kamayishi kuzatiladi (6-rasm).

Xulosa va takliflar. Sintez gilingan ligand va kompleks tuzning tuzilishi RSA yordamida o‘rganilganda neytral L
molekulasida gidroksialkil o‘rinbosar benzimidazol fragmentiga koplanarligi, protonlangan L molekulasida esa gidroksialkil
o‘rinbosar benzimidazol fragmentlariga nisbatan ortogonal burilganligi hamda ap-, -sc konformatsiyaga ega ekanligi aniglandi.
Protonlanish natijasida molekulaning geometriyasida sezilarli o‘zgarishlar yuz beradi, xususan, gidroksialkil o‘rinbosarining
benzimidazol fragmentiga nisbatan burilish burchagi va gidroksialkil guruhining konformatsiyasi o‘zgaradi. Bu o‘zgarishlar
molekulaning xususiyatlariga, ya’ni boshqa molekulalar bilan o°zaro ta’sirlashish qobiliyatiga ta’sir qilishi aniglandi.
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BA’ZI d-ELEMENTLAR OKSIDLARI ASOSIDA KATALIZATOR SINTEZI
Annotatsiya

Tadqiqot ishining ob’yekti sifatida d-elementlar oksidlari asosida zol-gel texnologiyasi, solition-combusion synthesis usulida
katalizator sintezi amalga oshirilgan. Katalizatorning fazaviy tarkibi rentgen difraktometriya (XRD), element tarkibi esa rentgen
mikrotahlili, past haroratli adsorbsiya - desorbsiya usullaridan foydalanilgan. Katalizatorning tarkibida asosiy tarkibiy qism Ni dan
tashqari Mg, Al, Ti, Zr, va Cr komponentlari saqlagan nanodispersli fazaviy tarkibli birikmalar ekanligi o‘rganilgan. Olingan
katalizatorning solishtirma sirt yuzasi S=455+510 m?g, umumiy g‘ovaklarining 74,3%+60,5% i makrog‘ovaklardan,
25,7%+39,5% i esa mezog‘ovaklardan iboratligi, to‘yinish adsorbsiyalari 5,4+0,3 (as, mol/kg), g‘ovaklarning o‘rtacha diametri esa
18,5+1,7 nm ekanligi aniqlangan.

Kalit so‘zlar: polioksidli katalizator, solution-combustion synthesis, kompozit, difraktometriya, skanerlovchi elektron
mikroskopiya, sorbsiya, konversiya, sintez gazi.

CHHTE3 KATAJIM3ATOPA HA OCHOBE OKCHJOB HEKOTOPBIX d-9JIEMEHTOB
AHHOTALHSA

OOBEKTOM HCCIENOBAHUs SIBJISJICS CHHTE3 KaTajin3aropa Ha OCHOBE OKCHIOB O-3JIEMEHTOB C HCIOJIB30BAHUEM 30JIb-T€Nb
TEXHOJIOTHH ¥ CHHTE3a METOJIOM TOPEHHS-PAaCTBOPOB. Pa30BbIi COCTAB KaTaIU3aTOpa OMPEACISIICSA ¢ TOMOIIBIO PEHTTCHOBCKOM
mudpaktomerpun (PDA), a 351eMEHTHBIH COCTaB — C TIOMOIIBIO PEHTTCHOBCKOTO MUKPOAHAIN3a U METOIOB HU3KOTEMITEPaTyPHOM
aJicopOIuK-aecopOIin. Y CTaHOBJICHO, YTO B COCTaB KaTaan3aTopa BXOIAT HAHOIUCTICPCHBIC (ha30BbIC COCTUHEHUS, COICpIKAIITHE,
noMuMo ocHOBHOTO KommoHeHTa Ni, kommonentst Mg, Al, Ti, Zr u Cr. Onpenenena ypaenbHasi MOBEPXHOCTH IOIYIEHHOTO
xatanuzaTopa S=455+510 m?/r, 74,3%+60,5% OT 0OIIEro 4ucia IOp COCTABIAIOT MAKPONOpPhl U 25,7%+39,5% - Me30mopél,
ajicopOLus HACHIIEHHs cocTaBisieT 5,4 + 0,3 (as, MOJIB/KT), a CpeHUil [raMeTp mop coctasiseT 18,5 £ 1,7 am.

KnroueBble cJI0Ba: MOJMOKCHIHBIA KAaTAlM3aTOP, CHHTE3 TOPEHHS-PACTBOPOB, KOMIIO3HT, AU(PPAKTOMETPHUS, CKAHHPYIOLIAs
3MIEKTPOHHAS MUKPOCKOITHUS, COPOIIHsI, KOHBEPCHSI, CHHTE3-Tas3.

SYNTHESIS OF THE CATALYST BASED ON OXIDES OF SOME d-ELEMENTS
Annotation

The object of the research work was the synthesis of catalyst based on d-element oxides using sol-gel technology, solution-
combustion synthesis. The phase composition of the catalyst was determined by X-ray diffractometry (XRD), and the elemental
composition was determined by X-ray microanalysis, low-temperature adsorption-desorption methods. It was found that the
catalyst composition is a nanodispersed phase composition containing, in addition to Ni, the main component, Mg, Al, Ti, Zr, and
Cr components. The specific surface area of the obtained catalyst is S=455+510 m%g, 74.3%+60.5% of the total pores are
macropores, 25.7%+39.5% are mesopores, the saturation adsorption is 5.4+0.3 (as, mol/kg), and the average diameter of the pores
is 18.5£1.7 nm.

Key words: polyoxide catalyst, solution-combustion synthesis, composite, diffractometry, scanning electron microscopy, sorption,
conversion, synthesis gas.

Kirish. Tabiiy gaz va qayta tiklanadigan biogazning asosiy komponenti bo‘lgan metan past uglerodli iqtisodiyotga o‘tish
uchun asosiy resurs hisoblanadi [1]. Metan asosida qimmatli kimyoviy mahsulotlarga — sintez gazi, metanol, olefinlar yoki suyuq
yoqilg‘ilarga aylantirish uchun bir qator fundamental va texnologik muammolar mavjud. CH4 molekulasining yuqori barqarorligi
(C-H bog‘lanish energiyasi 434 kJ/mol ga yetadi), funksional guruhlarning yo‘qligi va to‘liq oksidlanish yoki pirolizning selektiv
bo‘lmagan reaksiyalariga moyilligi alohida faollik va barqarorlikka ega katalizatorlarni ishlab chiqishni talab giladi [2]. Bundan
tashqari, kokslanishni kamaytirish va u bilan bog‘liq metandan foydalanish uchun atrof-muhitga bo‘lgan talablarning oshishi,
masalan, neft konlarida, katalitik konversiya sohasida innovatsion yechimlarga bo‘lgan ehtiyojni ta’kidlaydi [3]. Tabiiy gazni
konversiya qilishning barcha jarayonlari, turli xil turdagi katalizatorlardan foydalanish bilan bog‘liq. Kataliz sohasidagi ustuvor
yo‘nalishlardan biri esa yangi avlod katalizatorlari va hozirgi kunda keng qo‘llanilayotgan xorijiy analoglarni almashtirish imkonini
beruvchi texnologiyalarni ishlab chiqishdir [4].

Shu nuqtai nazardan, polioksid katalizatorlari, jumladan, murakkab metall oksidlari (masalan, perovskitlar, shpinellar),
zeolitlar va d-metall oksidlari nanokompozitlari alohida ahamiyatga ega. Ushbu katalizatorlarning tarkibi va tuzilishini o‘zgartirish
orqali yuqori faollik va haroratga barqarorligi, ekstremal haroratlarda sodir bo‘ladigan jarayonlar uchun juda muhim [5].

Bu usulda metallar va ularning birikmalari boshlang‘ich nuqta hisoblanib, normal sharoitda qattiq holatdagi va murakkab
tuzilishli moddalar hisoblanadi. Gidrazin karboksilat gitratining elementar yacheykasida yonuvchi elementlarning bo‘lishi (H,C),
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ularga juda yaqin masofada (angstrem) kislorod atomining bo‘lishi yonish jarayonida ultradispers tuzilishli qattiq metall oksidi va
juda ko‘p miqdordagi gazlar hosil bo‘lishiga imkoniyat yaratadi. Ushbu jarayon quyidagidan iborat:

4[N2HsMe(N2H3CO0)3-H201+502=2Me203+12CO2+16NH3+8H20+8N2 (1)

Bu reaksiyaning o‘ziga xos xususiyati ko‘p miqdordagi gaz mahsulotlari (22 mol) va (2 mol) temir oksidi hosil bo‘lishiga
olib keladi. Defferensial issiglik effekti orqali hisoblashlarni amalga oshirilganda past temperaturada parchalanish reaksiyasi bir
necha bosgqichlarda sodir bo‘lishi endotermik, ekzotermik va umumiy oksidlanish hisobiga issiglik hosil bo‘lishini ko‘rish mumkin.
Bu yerda metall atomi o‘rnida Me= Ni, Zn, Mg, Mn, Co va h.k lar bo‘lishi mumkin [6].

Polioksid tizimlarini sintez qilishning zol-gel, gidrotermik sintez, cho‘ktirish zamonaviy metodlari kimyoviy faollashtirish
morfologiyasi, faol markazlarning tarqalishi va materiallarning teksturasini aniq nazorat qilish imkonini beradi [6]. Masalan,
mezog‘ovakli, yuqori sirt yuzaga ega, faol markazlarning ko‘p bo‘lgan tuzilmalarning hosil bo‘lishi konversiya reaksiyalarida
katalizator sirtida adsorbsiya-desorbsiya jarayonini kuchaytiradi va promotorlarni (Cr, Ti, Zr) kiritilishi katalizatorlarning
oksidlanish qobiliyatini yaxshilaydi [7].

Sintez gilingan katalizatorlarning raqobatdosh, selektivliv hamda qayta tiklanadigan Kkatalizatorlar sintezini kengaytirish,
konversiya jarayonida energiya sarfini kamaytirishga doir tadgiqotlar olib borish dolzarbligicha qolmoqda. Kompozitli
katalizatorlar va nanomateriallar sintezida Zol-gel texnologiyasining yuqori haroratga asoslangan hamda kukun zarrachalarining
toza va kristallanish darajasini yuqori bo‘lishini ta’minlaydigan eritmada yonish (solution-combustion synthesis) usulida olib
borildi. Usulning afzalligi sintez jarayonining qisqa vaqtlarda yuz berishi va ko‘p miqdordagi gazlar mahsulotlarining hosil bo‘lishi
zarrachalarning yiriklashishiga yo‘l qo‘ymaydi hamda yuqori sirt yuzaga ega bo‘lgan nanostrukturali katalizatorlar hosil bo‘lishiga
olib keladi [8,9].

Ushbu ma’lumotlardan qayd etish mumkinki, nanomateriallar-katalizatorlar, nanosorbentlar, nanokeramika,
superkondensatorlar, optik materiallar, yoqilg‘i elementlari va biotexlogiyada qo‘llaniladigan buyumlar sintezini qamrovini
oshiradi [10,11,12].

Ushbu maqola sintez usullari, material tuzilishi va ularning katalitik ko rsatkichlari o‘rtasidagi bog‘liqlikka urg‘u berib,
metan konversiyasi uchun polioksid katalizatorlarini ishlab chiqishdagi so‘nggi yutuqlarni umumlashtiradi. Nanoarxitektura
tashuvchilar va gibrid tizimlardan foydalanish kabi innovatsion yondashuvlar hamda ushbu texnologiyalarni sanoatga joriy etish
istigbollariga alohida e’tibor garatilmoqda. Ish natijalari aylanma iqtisodiyot tamoyillariga mos keladigan energiya tejamkor va
ekologik toza metanni qayta ishlash jarayonlarini yaratishning ilmiy asoslarini shakllantirishga qaratilgan.

Tadgiqet metodologiyasi. Sintez jarayonida quyidagi reaktivlardan foydalanildi Ni(NOs3)2-6H20, Ti(NO3)s4,
Cr(NO3z)s-6H20, Mg(NOs)2:2H20, Al(NOs)3-9H20, CO(NHz)2, C2HsNO2, HNOs va polioksidli kompozitli katalizatorlar olindi:
NiO-MgO-TiO2-Cr203/Al20s.

Solution-combustion synthesis usulida kompozit katalizatorlar sintezi quyidagicha amalga oshirildi: ularning o‘zaro
ta’sirlashishini hisobga olgan holda xona temperaturasida distillangan suvda turli xil eritmalari tayyorlandi. Kislotali muhit hosil
qilish uchun nitrat kislotadan foydalanildi. Tayyorlangan eritmalar alohida kolbalarga qo‘yildi va bir-biri bilan yaxshilab
aralashtirildi. Elektr isitgich yordamida reaksion eritma qaynash nugqtasiga qadar isitildi. Qaynash jarayonida eritmada suvning
bug‘lanishi sodir bo‘ldi hamda eritmaning qaynashi natijasida eritmada quyuq massa hosil bo‘lib, gaz hosil qiluvchi mahsulotlar
paydo bo‘la boshladi. Distillangan suvning bir qismi bug‘langan so‘ng, eritma gelsimon mahsulotga aylandi. Temperatura gelning
yonish temperaturasiga qadar ko‘tarilgandan so‘ng, gelning 0°z-o‘zidan yonishi ya’ni, yonish sodir bo‘ldi [13,14]. Gelning yonishi
natijasida zich bo‘lmagan, yuqori g‘ovaklikka ega sintez mahsuloti hosil bo‘ldi. Olingan sintez mahsuloti bir xil ko‘rinishga
kelguncha 10 minut davomida maydalagichda maydalandi va kuydirish pechida 800°C haroratda, haroratning oshib borish tartibi
1-2 °C/min da 4 soat davomida kuydirildi va kompozitli mahsulot olindi [15].

Sintez qilingan katalizatorning fizik-kimyoviy xarakteristikalari identifikatsiyasi kompyuter bilan boshqariladigan
Panalytical Empyran-rentgen difraktometr (XRD) da rentgen fazaviy tahlili [16], sirt yuza morfologiyasi skanerlovchi elektron
mikroskop SEM EVO MA 10 (Carl Zeiss) va element tahlili [17] energiya dispersion rentgen spektrometr bilan jihozlangan (EDS
Aztec Energy Advanted X-Act, Oxford Instruments) qurilmasi orqali katalizatorlarning solishtirma sirt yuzasi, g‘ovaklarning
o‘rtacha diametri, g‘ovaklarning hajmi, polimolekulyar adsorbsiya orqali monoqavat sig‘imi hisoblandi va katalizatorlarning
sorbsion izotermalari olindi.

Tahlil va natijalar. Sintez qilingan katalizatorlarning fizik-kimyoviy xarakteristikalari Panalytical Empyran-rentgen
difraktometr (Shimadzu XRD) da rentgen fazaviy tahlili o‘rganildi. Bu fazaviy tarkiblar bizga katalizatordagi aktiv markazlarning
tarkibini, sodir bo‘ladigan kimyoviy reaksiyalarni borishini belgilash va kimyoviy jarayonlarni baholash imkonini beradi. SEM-
EDS tahlili zarrachalar o‘lchami va asosiy tarkibiy qismni aniqlashning ajoyib usuli hisoblanadi. Bu usulda, shuningdek,
namunalarning nano-xarakteristikalarini aniqlashning imkonini beruvchi analitik usuldir [17].

Katalizatorning tarkibini bir vaqtning o‘zida ikki xil dopant ham xrom va ishqoriy metall bo‘lgan magniy oksidi kiritish
orqali ham uning fizik-kimyoviy xarakteristikalari tahlil qilindi. Birinchi navbatda rentgen spektrlarining intensivliklarining yuqori
emasligini hamda spektrlar sonining ham ko ‘p emasligini kuzatishimiz mumkin (1 - rasm).
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1-rasm. Katalizatorning rentgen 2-rasm. Katalizatorning belgilangan
difraktogrammasi tahlili sirt yuzasida element tahlili
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Bevosita spektrlarni tahlil qiladigan bo‘lsak, 26 = 24.5965 da dastlabki pik qayd etilgan. Eng yuqori intensivlik 20 =
45.0729 da hosil bo‘lgan bo‘lib, uning qiymati 2761.80 ga teng. Bundan tashqari yorqinroq intensivliklari yuqori bo‘lgan spektrlar
26 =27.4503 da 2318.06, 206 =36.1320 da 1220.89, 26 = 54.3334 da 1266.04 ni, 26 = 54.8672 da 26 = 669.30 larni tashkil etdi.
Umumiy struktura amorf tuzilishga ega bo‘lib, tarkibda kristall bo‘lgan NiO, MgO, TiOz, Cr203 va Al1,6704 lar borligini ko‘rish
mumkin.

SEMga o‘rnatilgan qo‘shimcha qurilma Energodispersion rentgen spektrometr (EDS Aztec Energy Advanced X—Act,
Oxford Instruments) rentgen mikroanalizi orqali katalizatorning belgilangan sirt yuzasida element tahlili o‘tkazildi (2-rasm).
Olingan ma’lumotlar asosida shuni qayd etish mumkinki, katalizatorning sirti 26,9 % nikel, 26,1 % kislorod, xrom 19,6 %, titan
17,2 %, 8,1 % alyuminiy va 2,2 % magniydan iborat ekan. Bu bizga katalizator sirtning alohida maydonlaridagi tarkibi dastlabki
reagentlarning mol nisbatlariga mos kelishini hamda uning tarkibida boshqa qo‘shimchalar mavjud emasligini ko ‘rsatdi.

Katalizatorning asosiy sirt yuza morfologiyasi SEM orqali tadqiq etilganda, butun yuza g‘ovaklardan tashkil topganligini
ko‘rishimiz mumkin (3-rasm). Katalizatorning sirt yuzadan olingan g‘ovaklarning bir-biriga yaqin o‘lchamlarga ekanligi, unda
g‘ovaklanish darajasi juda katta va butun hajm bo‘ylab g‘ovaklanishni ko‘rishimiz mumkin. Bu esa butun hajm bo‘ylab sorbsiya
jarayonlari sodir bo‘lishini, butun hajmda katalitik markazlarning hosil bo‘lishiga imkon beradi.
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3-rasm. Katalizator sirtining SEM da 4-rasm. katalizatorda benzol va toluol
olingan tasviri bug‘larining adsorbsiya izotermalari

Sintez qilingan katalizatorda benzol va toluol bug‘lari bo‘yicha olingan izotermalar 4-rasmda keltirilgan bo’lib, ular
IYUPAK tasnifi bo‘yicha V tipga mansub ekanligi aniglandi. Izotermalardan nisbiy bosim p/p,=0,5 gacha keskin ko‘tarilishi
makrog‘ovaklarning, p/p,=0,2+0,5 oralig‘ida esa mezog‘ovaklarning to‘yinishini ko‘rish mumkin.

Shu bilan bir qatorda adsorbsiyalangan benzol va toluol bug‘lari kapillyar kondensatsiya hisobiga nisbiy bosim
p/p,=0,5+0,8 oralig‘ida adsorbsiya va desorbsiya chiziqlari birlashib gisterizis halqalari hosil qilishi aniqlandi. Adsorbsiya
izotermalari orqali olingan ma’lumotlar katalizator umumiy g‘ovaklarining 74,3% =+ 60,5% , makrog‘ovaklardan 25,7%+ 39,5%
esa mezog‘ovaklar ekanligini ko rsatdi.

Shuningdek, olingan ma’lumotlar asosida katalizatorning eng muhim tekstur xarakteristikalari: solishtirma sirti, g‘ovaklar
o‘rtacha diametri to‘yinish adsorbsiyalari hisoblab chiqilgan (jadval).

jadval
Katalizatorning benzol bug‘lari adsorbsiyasi bo‘yicha tekstur xarakteristikalari
Katalizator Seer, M?/g a,,, molkg as, mol/kg D, nm
NiO-TiOz Cr20s-MgO /ALOs | 455510 1,240,1 5,420,3 18541,7

Xulosa va takliflar.

Yugqorida qayd etilgan ma’lumotlar asosida quyidagi xulosalarga kelish mumkin:

1.Ba’zi d-elementlar oksidlari asosida Zol-Gel texnologiyasining “solition-combusion synthesis” usulida
NiO-TiOz2-Cr203-MgO /Al20s3 tarkibli polioksidli kompozit katalizator sintez qilindi.

2.Uning fazaviy va element tarkibi, tekstur, geometrik sorbsion va katalitik xarakteristikalari aniglandi. Kompozit
katalizatorning fazaviy tarkibi reagentlarning konsentratsiyasiga mosligi rentgen difraktometriya va EDS tahlillari orqali isbotlandi.

3. SEM da olingan natijalar esa katalizator sirtida g‘ovaklar o‘Ichamlari sirt yuzasi umumiy g‘ovaklarining 74,3% + 60,5%
makrog‘ovaklardan, 25,7%+ 39,5% esa mezog‘ovaklardan iboratligi, solishtirma sirt yuzasi S=455+510 m?g, to‘yinish
adsorbsiyalari 5,4+0,3 (as, mol/kg), g‘ovaklarning o‘rtacha diametri esa 18,5+1,7 nm ekanligi aniqlangan.
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FLAVONOIDS OF THE INTRODUCED HELICHRYSUM MARACANDICUM PLANT
ANNOTATION
This article presents information on the chemical composition of Helichrysum maracandicum, cultivated in the Bakhmal district
of the Jizzakh region of the Republic of Uzbekistan. Based on the data obtained, it was found that the introduced plant Helichrysum
maracandicum contains flavones, as well as apigenin of a flavan nature, luteolin and naringenin. The structure of all isolated
flavonoids was confirmed by UV, IR, NMR 1H and 13C spectroscopy.
Key words: Helichrysum Mill. UV, IR, YaMR, YQX, apigenin, luteolin, naringenin.

DJIABOHOUIbI U3 UTHTPOAYIIMPOBAHHOI'O PACTEHUSA HELICHRYSUM MARACANDICUM
AHHOTanUs

B nanHO# cTaThe NpeNCTaBICHBI CBEICHHS O XHMHYECKOM COCTaBe OECCMEpPTHHKA MapaKaHIUKyM, BO3JEIbIBAEMOrO B
baxmainbckoMm paitone [xuzakckoii obnactu Pecry6nuku Y30ekncran. Ha ocHOBaHMM MOTYy4YeHHBIX TaHHBIX YCTAHOBIICHO, YTO
uHTpoAyImMpoBanHoe pacrenre Helichrysum maracandicum comepskut (aBoHBI, a TAKKe amureHuH (JIaBaHOBOM MPUPOJIBI,
JIOTEONMH W HapuHreHWH. CTpOeHHE BCeX BBIACICHHBIX ()IaBOHOMIOB MOATBepxkaAeHO meromamu YO, UK, SIMP 1H u 13C
CIIEKTPOCKOIHUH.

Kuarouessie ciosa: Helichrysum Mill. Y@, UK, YaMR, YQX, anureHuH, JIFOTCOJIMH, HAPHHTCHHUH.

INTRODUKSIYA QILINGAN HELICHRYSUM MARACANDICUM O‘SIMLIGI FLAVONOIDLARI
Annotasiya

Ushbu magolada Helichrysum Mill. turkumiga mansub O‘zbekiston Respublikasi Jizzax viloyati, Baxmal tumanida
madaniylashtirilgan Helichrysum maracandicum o‘simligining kimyoviy tarkibini o‘rganishga bag‘ishlangan ma’lumotlar
keltirilgan. Olingan ma’lumotlar asosida introduksiya qilingan Helichrysum maracandicum o‘simligi tarkibida flavon hamda
flavan tabiatli apigenin, luteolin va naringenin flavonoidlari borligi aniglandi. Ajratib olingan barcha flavonoidlaring tuzilishi
UB, I1Q, H va 3C YaMR spektroskopiya usullarida ishotlandi.

Kalit so‘zlar: Helichrysum Mill, UB, 1Q, YaMR, YQX, apigenin, luteolin, naringenin.

Kirish. O‘simlik moddalarining kimyoviy tuzilishi va biologik faolligini o‘rganish bir tomondan bioorganik kimyoni
rivojlantirib, unda yangi yo‘nalishlar paydo bo‘lishiga olib kelsa, ikkinchi tomondan zamonaviy samarali dorivor vositalarning
yaratilishi va tibbiyot amaliyotiga tadbiq etilishiga asos bo‘ladi. Ko‘pchilik sintetik dorivor vositalar hamda antibiotiklarning uzoq
vaqt qo‘llanilishi immunitetning pasayishi, allergiya hamda organizmdagi mikrofloraning buzilishiga olib kelishi mumkin.
Bugungi kunda turli kasalliklarni davolashda qo‘llaniluvchi o‘simlik moddalaridan tayyorlangan tabiiy dorivor vositalarning o‘ziga
xos jihati shundaki, ular, sintetik vositalardan farqli o‘laroq, organizmga salbiy ta’sir ko‘rsatmaydi. Farmatsevtika sanoatida dori-
darmon olinuvchi dorivor o‘simliklar juda ko‘p bo‘lib, ular yurtimizning ulkan xazinasi hisoblanadi. Yurtimiz xududlarida 4500
dan ortiq o°simlik turi uchraydi, shulardan 600 ga yaqini shifobaxsh o‘simliklardir.

O‘simliklarning dorivorlik xususiyatlari ular tarkibidagi fiziologik faol moddalarga bog‘liq. O‘simliklar tarkibida
uchrovchi alkaloidlar, kumarinlar, lignanlar, terpenoidlar, steroidlar, uglevodlar, turli fenol moddalar va ularning glikozidlari
dorivor moddalar yaratish uchun asos bo‘lib xizmat giladi.

Helichrysum Mill. (o‘lmaso‘t) turkumiga mansub o‘simliklar flavonoidlarning boy manbalaridan hisoblanadi va ular
gadimdan xalq tabobatida keng miqyosda qo‘llaniladi. Zamonaviy farmakologik tadqiqotlar Helichrysum Mill. turkumiga mansub
o‘simliklardan olingan ekstraktlar va sof moddalar jigar faoliyatini yaxshilash, yallig‘lanishga qarshi, antioksidant, antibakterial,
antivirus, o‘t qopi faoliyatini yaxshilash, sestit va xoletsestitni davolash kabi hususiyatlariga ega ekanligini to‘la tasdiqladi.

Mavzuga oid adabiyotlar tahlili: Helichrysum Mill. turkumi o‘simliklari Asteraceae (murakkabguldoshlar) oilasiga
mansub bo‘lib, yer yuzida 500 dan ortiq turi tarqalgan. O‘zbekiston florasida esa mazkur turkumning 4 ta turi — H. arenarium, H.
maracandicum, H. mussae va H. nuratavicum uchraydi. Ular orasida Helichrysum maracandicum keng tarqalgan tur hisoblanib, u
Respublika hududida joylashgan deyarli barcha tog* tizmalarida o‘sadi [1-5].

Helichrysum maracandicum Popov ex Kirp. (Samarqand o ‘Imas o ‘ti) ko‘p yillik o‘simlik bo‘lib, bo‘yi 15-75 sm, bir nechta vegetativ
poyalar (2-10) hosil qgiladi. Poyada barglar ketma-ket joylashgan, bargining uchki qismi o‘tkirlashgan. Savatchasi limonrang sariq, yarim
sharsimon yoki gullagan vaqtda sharsimon, diametri 8-10 mm, tojbarglarining uzunligi 0.6 mm, eni 0.1 mm. Iyun-iyulda gullab, iyul-avgust
oylari urug‘i pishib etiladi. Helichrysum maracandicum yugqori polimorfik tur bo‘lib, shakllarning o°ziga xos xususiyatlari yashash joyiga
garab o‘zgaradi. Keng va ingichka bargli, katta va nisbatan kichik savatchali, sertuk va tuksiz namunalari uchraydi [6]. Polimorfizm hodisalari
tufayli hosil bo‘lgan ikkilamchi metabolitlarning sifat va miqdoriy tarkibidagi farqlar kuzatilishi mumkin.

Qozog'iston florasida tarqalgan H. maracandicum o‘simligi o‘tkir va surunkali jigar, o‘t pufak va ot yo‘llarining kasalliklarida
qo‘llaniladigan safro haydovchi «Flaminy dori vositasini olish uchun xom ashyo sifatida tavsiya qilingan [6,7].
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Tadgiqot metodologiyasi: O‘zbekistonda o‘suvchi Helichrysum maracandicum o‘simligining kimyoviy tarkibi tadqiq
etilgan, ammo Helichrysum maracandicum o‘simligining madaniylashtirilgan turning kimyoviy tarkibi o‘rganilmagan [8-10].
Yugiridagi ma’lumotlarga tayangan xolda bu tadqiqotlarni davom ettirgan xolda O‘zbekiston Respublikasining Jizzax viloyati,
Baxmal tumanida madaniylashtirilgan Helichrysum maracandicum o‘simligining kimyoviy tarkibi o‘rganildi. O‘simlik gullari
iyun oyi oxirida gullash davrida terildi, quritib maydalandi va 70% li etil spirtida qaytar sovutgich ulangan 5 litrli kolbada 2 soat
davomida ekstraktsiya gilindi. Ekstraktsiya 5 marotaba amalga oshirildi.

Olingan ekstraktlar rotorli bug‘latgich uskunasi yordamida quyultirib, quritildi. Spirtli yig‘indi birlashtirilib quyultirildi va
massasi o‘Ichandi hamda suvda eritilib, suvda erigan qismi suyuqlik-syuqlik usulida geksan, xloroform va etilatsetat erituvchilari
bilan ketma-ket fraktsiyalandi.

Olingan fraksiyalarning tarkibi YuQX usuli yordamida solishtirib tekshirildi. Bunda qutbsiz va moysimon moddalar
geksanga, terpenoidlar sinfiga mansub moddalar xloroformga, fenol tabiatli va flavonoidlar etilasetatga o‘tishi aniglandi. Tarkibida
flavonoidlar saqlagan etilatsetatli fraksiya silikagelli kolonkalar, YuQX va qayta kristallash yo‘li bilan sof holda ajratib olindi.
O‘simlik xom ashyosidan flavonoidlar tabiatli moddalar ajratib olish 1-sxemada keltirilgan.

Helichrysum maracandicum
o'simligi gullari

|__70% 1i Etil spirti

Spirtli ekstrakt
yigiindisi

Ekstarksiyadan qolgan
mahsulot

Issig suv bilan
gayta ishlash 1:1
Geksan Xloroform I’ Etilatsetat
Sistema Sls ema
Xloroform metanol Xloroform-metanol
( 8:2)

Sefadeks LH-20 da gayta Sefadeks LH-20 da qayta

xromatografiya qilish xromatografiya qilish
’ Apigenin va Luteolin I ’ Naringenin I

Ekstraktning qismlarga bo‘linishidan ko‘zlangan asosiy magsad, erituvchilarning qutbsizdan qutbliga o‘zgartirish
davomida moddalarning tabiatiga ko‘ra ajratib olishni qulaylashtirish va yangi tuzilishga ega bo‘lgan birikmalarni ajratib olishdan
iborat.

O‘simlikdan olingan (14 g) etilatsetatli fraksiya teng miqdorda silikagel bilan aralashtirilib, quritildi va silikagel joylangan
kolonkaga o‘tkazildi. Yuvuvchi sistema sifatida xloroform : metanol (90:10-80:20) ishlatildi. Olingan 1-4 fraksiyalar birlashtirilib
sefadeks LH-20 sorbentda methanol-suv (80:20) sistemada gayta xromatografiya gilinganda sariq rangli apigenin (1), luteolin (2)
moddalar ajratildi. Xloroform : metanol (80:20) sistemada ajralgan 41-44 faraksiyalar birlashtirilib gayta xromatografiya
gilinganda och sariq rangli naringenin (3) birikmalari individual holda ajratib olindi.

Tahlil va natijalar. Ajratib olingan birikmalarning kimyoviy tuzilishlari ularning spektral ma’lumotlari (UB, IQ, H va
13C YaMR) orqali isbotlandi hamda ularning fizik-kimyoviy doimiyliklari o ‘rganildi. Ajratib olingan birikalarning bazi bir fizik
kimyoviy Kattaliklari quyida 1 — jadvalda keltirilgan.

1-jadval
Introduksiyalangan Helichrysum maracandicum o‘simligidan ajratib olingan birikmalarining fizik-Kimyoviy
tavsiflari
Ne Birikma nomi Brutto-formula M.M. Ts.,°C *Ry¢ *Unum, %
1 Apigenin C15H1005 270 >300 0,43! 0,020
2 Luteolin C15H1006 286 >300 0,47! 0,019
3 Naringenin C15H1205 272 149-151 0,592 0,027

*Quruq xom ashyoga nisbatan
*Sistema: 1) Xloroform-metanol-sirka kislotasi-suv (9:3:0,5:0,5).
2) Xloroform-metanol-sirka kislotasi (12:3:0,7).

Olingan natijalarga ko‘ra birinchi modda suyuqlanish harorati >300°C bo‘lgan sariq rangli kukunsimon modda bo‘lib,
burutto formulasi C1sH100s ga teng. Ushbu moddaning UB spektrida (EtOH, Amax nm): flavonlarning B halgasiga tegishli 343 nm
da hamda A halgaga tegishli 270 nm larda yutilish maksimumlari kuzatildi.

Bu moddaning I1Q spektirida aromatik halgalardagi OH guruhlarining valent tebranishlariga tegishli 3312 sm™ da va
aromatik halgadagi C-H va C-C larning asimmetrik-simmetrik valent tebranishlariga tegishli 2933-2889 sm* da hamda -C=0
guruhining valent tebranishiga tegishli 1654 sm da, bundan tashgari C=C guruhlarining deformatsion tebranishlariga tegishli
1608, 1589, 1557, 1501 sm larda signallarning mavjudligi mazkur birikmaning flavonoid tabiatli modda ekanligini ko‘rsatdi.
Mazkur birikmaning *H YaMR spektrida 1 ta protonga tegishli 6.93 m.u. da singlet signalning mavjudligi flavon tabiatli moddaning
C halgasiga tegishli 3-uglerod atomida bitta proton borligini ko‘rsatdi. 13.78 m.u. dagi keng singlet signal, A halqadagi 5 holatda
OH borligini ishotladi. 6.76 va 6.83 m.u. larda ikkita dublet (J = 2.1) signallarning mavjudligi A halgada 6 va 8 uglerod atomlarida
1 tadan protonlari borligini bildirdi. Bundan tashqari 7.22 va 7.94 m.u. larda intensiv ikkita dublet (J=8.8) signallar B halgada 2’,6’
hamda 3',5' larda bittadan protonlar borligini ko rsatdi.

13C YaMR spektri taxlillariga ko‘ra 183.24 m.u. dagi signal mazkur flavonoidda 4-holatda C=0 borligini bildirdi. Bundan
tashqari $3C spektrda umumiy 13 ta signalning mavjudligini B halgada 4’ da OH ning mavjudligi hamda 2',6" va 3',5' dagi C
atomlarining ekvivalent ekanligi bilan tushuntirish mumkin.
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OH

OH [¢]

1-Rasm. Apigeninning kimyoviy tuzilishi
Mazkur birikmaning YaMR spektr ma’lumotlari standart namuna bilan to‘g‘ridan-to‘g‘ri taqqoslanganda 1 birikma

apigenin sifatida identifikatsiya qilindi.

Yugoridagi kabi golgan ikki birikmaning kimyoviy tuzilishi UB, 1Q, *H va 3C YaMR spektroskopiya usullarida taxlil

gilinganda bu moddalar ham flavonoid tabiatli luteolin hamda naringenin flavanoidlari ekanligi isbotlandi.

OH

OH

HO O

OH O
2-Rasm. Luteolinning kimyoviy tuzilishi

OH
HO o \O/

OH (0]
3-Rasm. naringeninning kimyoviy tuzilishi
Xulosa va takliflar. Xulosa qilib aytganda O‘zbekiston hududida yovvoyi xolda o‘suvchi Helichrysum maracandicum

o‘simligi tarkibida uchrovchi apigenin, luteolin hamda naringenin flavonoidlari madaniylashtirilgan Helichrysum maracandicum
o‘simligi tarkibida ham uchrashligi aniglandi. Olingan bu ma’lumot madaniylashtirilgan Helichrysum maracandicum o‘simligi
asosida ham kelajakda gepatoprotektor xossali dori vositalari va BFQ yaratish imkonini beradi.
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ALLYLATION REACTIONS OF CRESOLS WITH ALLYL ALCOHOL IN THE PRESENCE OF NANOCATALYSTS
Annotation

The allylation reactions of isomeric cresols with an allylating agent, allyl alcohol, and the influence of the catalyst nature on the

reaction progress and yield were studied. The physical constants of allylcresols were determined. The structure was confirmed by

IR and NMR spectroscopy data. The influence of solvents and temperature on the reaction progress was studied.
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C-allyl products.

PEAKIIMU AJIVTMJIMPOBAHUS KPE30J10B AJIJIMNJIOBBIM CITUPTOM B IPUCYTCTBUH
HAHOKATAJIN3ATOPOB

AHHOTaLHS
M3yuens! peakuu alaIuaMpoBaHKs U30MEPHBIX KPE30JIOB C aJUIMIUPYIONIMM areHTOM — aJUIMJIOBBIM CIIMPTOM, a TaKKe BIUSHHUE
NPUPOJBI KAaTaIW3aTOPOB Ha XOA M BBIXoJ peakiuu. OmpeneneHbl (HU3MYECKHe KOHCTAHTHI aumikpe3osioB. CTpykTypa
noxareepkaeHa fanueiMu K- 1 IMP-cniektpockonuu. M3yueHo BiaMsiHME pacTBOpUTENE U TeMIIepaTyphl Ha X0 peaKIuu.
KnioueBble ciioBa: l3oMepHbIE Kpe3osbl, AaJUTMIIOBBI CIIMPT, O€H30JI, TETEpPOreHHbIE KaTalW3aTOpPhl, THAPOXHHOH,
HaHOKATaINU3aTopPBl, KUCIOTH JIptonca, O- n C-aumibHbIE IPOTYKTHL..

KREZOLLARNI ALLIL SPIRTI BILAN NANOKATALIZATORLAR ISHTIROKIDA ALLILLASH REAKSIYALARI
Annotatsiya

Izomer krezollarni allillovchi agent - allil spirt bilan allillash reaksiyalari, reaksiyaning borishiga va unumiga katalizatorlar

tabiatining ta’sirini o‘rganildi. Allilkrezollarning fizik konstantalari aniglandi. Tuzilishi IQ va YaMR spektroskopiya usulida

tasdiqlandi. Reaksiyaning borishiga erituvchilar va harorat ta’siri o‘rganildi.

Kalit so‘zlar: 1zomer krezollar, allil spirti, benzol, katalizatorlar, gidroxinon, nanokatalizatorlar, Lyus kislotalari, O- va C-allil

mahsulotlar.

Kirish. Propenilfenil efirlar, propenilfenollar (odatda allilfenollar) tabiatda o‘simliklarning turli organlarida uchraydigan,
keng tarqalgan tabiiy fitokimyoviy moddalar bo'lib, ular fungitsid, bakteritsid, insektitsid, o‘stiruvchanlik, repellentlik
xususiyatlariga ega. Masalan, galampirmunchoq pashsha, chivinlarni haydashda, gvozdika daraxti gullari esa og‘izdagi mikroblarni
tozalashda, turli hashoratlarga qarshi insektitsid, gishloq xo‘jaligida gerbitsid, ozig-ovgat sanoatida antioksidant, atraktantlar
(xushbo‘y moddalar), bug‘doy boshoqlarida uchraydigan qorakuya kasalligiga qarshi fungitsid, shuningdek bakteritsid sifatida
keng qo‘llaniladi [1]. Almashingan bir va ikki atomli fenollar, naftollar va ularning mono- va dialkil efirlarining propenil hosilalari
bo‘lgan bir gator preparatlar, xususan gumulon, lupulon, tibbiyotda psixotomimetik vosita kannabigerol kislotasi, tanadagi gand
va lipidlar migdorini pasaytiruvchi agonist PPAR, vitamin K2 tarkibida menaxinon, ozig-ovgat antioksidanti — 4-allilpirokatexin,
psoralen dori vositasini olishda xomashyo — 4-allilrezorsin, keng qo'llaniladigan pestitsid (atraktant) — 4-allilveratrol fiziologik faol
moddalar hisoblanadi[2].

Mavzuga oid adabiyotlar tahlili. Yuqori samarali allillangan fenollar va ularning hosilalari hagida ilmiy adabiyotlarda
berilgan ma’lumotlar, ushbu birikmalarning keng kimyoviy va biologik faoliyatga ega ekanligini ko‘rsatadi. Ular fungitsid,
bakteritsid, antioksidant, insektitsid, repellent kabi ko‘plab xossalarga ega bo‘lib, tibbiyot, qishloq xo‘jaligi, 0zig-ovqgat sanoatida
keng qo‘llaniladi . Shu sababli, krezollarni allillash reaksiyalarini chuqur o‘rganish nazariy va amaliy jihatdan dolzarb hisoblanadi.
Ko‘pgina tadqiqotlar allil guruhlarini fenol molekulalariga kiritishning selektiv va samarali usullarini ishlab chigishga garatilgan
bo‘lib, bu jarayonlarda turli katalizatorlar, aynigsa metallokomplekslari va zeolitlar qo‘llanilgan. Masalan, Mo(IT) va Cu(II)
komplekslarining fenollarni orto- yoki para-holatda selektiv allillash gobiliyati qayd etilgan. Shuningdek, FeCls kabi Lyuis kislotasi
xo0ssasiga ega katalizatorlar past konsentratsiyada ham samarali allillash reaksiyalarini amalga oshira olishi aniglangan. Zamonaviy
yondashuvlar orasida zeolitlar asosida modifikatsiyalangan katalitik tizimlar, xususan HB-30 va ZSM-5 kabi kislota markazlariga
ega materiallar yuqori selektivlik va unumdorlik bilan ajralib turadi [3-7]. Bundan tashqari, palladiy, rodiy va nikelli komplekslar
asosida olib borilgan tadgigotlar allillash reaksiyalarining regioselektivligini oshirishda muhim o‘rin egallagan. Aynigsa, rodiy
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katalizli reaksiyalar orto-almashingan fenollar uchun yuqori selektivlikni ta’minlagan[8]. Nanog‘ovakli TiO2*SiO: va TiO2*NiO:
asosida tayyorlangan heterogen Katalizatorlar, o‘zining katta sirt maydoni va faol markazlar tufayli, fenollarning allillanishida
yugori faollik va samaradorlikni namoyon gilgan [9-10]. Fenollarni allillash jarayonida orto- va para-holatlar o‘rtasida selektivlik
muammosi keng o‘rganilgan. Klayzen qayta guruhlanish reaksiyasi orqgali orto-allilfenollar sinteziga erishish mumkinligi
ko‘rsatilgan. Boshqa yondashuvlarda esa kuchli yoki zaif asosiy/kislotali markazlar mavjudligida reaksiya yo‘nalishi
moslashtirilgan [11-13]. Ko‘plab tadqiqotlar ekologik xavfsizlikka ham e’tibor garatgan. Masalan, mexanokimyoviy usullardan
foydalanish, erituvchilardan voz kechish va katalizatorlarni gayta ishlatish orgali "yashil kimyo™ tamoyillariga amal gilingan . Bu
esa, ilmiy izlanishlarni nafagat samarali, balki bargaror va igtisodiy jihatdan foydali gilishga xizmat gilgan.

Tadgiqot metodologiyasi. Ushbu ilmiy tadgigotlarni davom ettirgan holda, tajribalarga asoslanib isomer krezollarni
allillovchi agent-allil spirt bilan FeCls*6H20, nanog’ovakli kristall TiO2¢SiO2 va TiO2eNiO2 shimdirilgan FeCls katalizatorlari
ishtirokida allillash reaksiyalari olib borildi. Krezollar:allil spirti:katalizatorlar ishtirokidagi reaksiyalari o’rganildi. Bunda krezol
0,01mol:allilovchi agent -allil spirti 0,01mol:katalizator 0,001mol, erituvchi sifatida benzol va oz miqgdorda gidroxinon solib
magnitli aralshtirgichda 3 soat davomida 70-80°C da reaksiyalar olib borildi. Reaksiyalar dastlab 15 min, 30 min, 1 soat, 2 soat, 3
soat davomida YuQX gilindi (YuQX uchun mugobil sistema geksan:etilatsetat:metanol 3:3:1,5) va Rt qiymatlari o'lchandi. So‘ngra
reaksion aralashma vakuumda haydab ajratildi. Bunda dastlabki fraksiya 50-80°S da, undan keyin maxsulot haydab olindi.
Reaksiya unumi aniglandi.

1-jadval
Krezollarni allil spirti bilan reagentlar nisbati krezol:allil spirt: katalizator 0.01:0.01:0.001 nisbatda benzolda olib
borilgan reaksiyalari natijalari

Tir Krezol izomerlari Reaksiya unumi, % Rf giymati T gayn, °C (vakuumda)
FeClz*6H.0 TiO2+Si02/FeClz | TiO22NiO2/FeCls
1. o-krezol 80 85 87 0.2 175
0.6
2. m-krezol 63 65 68 0.3 135-140
0.5
3. p-krezol 73 75 76 0.4 145-150
0.6
o-Krezolni allil spirt bilan allillash reaksiyasi tenglamasi quyidagicha
S
OH CHZ OH
CH H,C 22 CH
[ \CHz H
H,
P
CH
I}
CH,
\\CHZ
m-Krezolni allil spirt bilan allillash reaksiyasi tenglamasi quyldaglcha
/C /CHz

OH

C\ ~CH,
+ HO—CH, H,0
HC=CH,
CH.

3

p-Krezolni allil spirt bilan allillash reaksiyasi tenglamasi quyidagicha:
H

/
2
HO—CH,
\
+ HC=CH, —3> H,0

CH, CH, HC\\C
H,

Tahlil va natijalar. Krezol molekulasida ikkita reaksion markaz bo’lib, allillash reaksiyalarida O-allil va C-allil
mabhsulotlar hosil bo’ladi. Bunda dastlab aromatik halqaga bog‘langan gidroksil guruhdagi reaksion qobiliyati yuqori bo‘lgan
kislorod atomiga allil guruhining hujumi bilan reaksiya boradi va O-allil mahsulotni hosil giladi. Keyin aromatik halgada elektrofil
almashininsh natijasida C-allil mahsulotlar hosil bo’ladi. Gidroksil kuchli elektronodonor o‘rinbosar bo‘lganligi uchun o‘ziga
nisbatan orto- va para- holatlarda elektron zichlikni oshiradi va elekrtofil hujumini shu holatlarga yo‘naltiradi. Metil guruh esa
kuchsiz elektronodonor o‘rinbosar bo‘lganligi uchun u ham elekrtofilning hujumini o‘ziga nisbatan orto- va para- holatlarga
yo‘naltiradi.

Aromatik halqadagi gidroksil guruh kuchli elektronodonor o‘rinbosar bo’lganligi uning aromatik halqaga ta’siri kuchli
bo‘ladi va gidroksilga nisbatan orto- va para- holatlarda allil mahsulotlarning unumi yuqori bo’ladi. Reaksiyalar 3 xil katalizatorlar
FeClz*6H20 va TiO2:SiO2/FeCls, TiO22NiO2/FeCls ishtirokida o’rganilganda, reaksiya unumining oshishi va isomer
mahsulotlarning nisbatining turlicha bo’lishi kuzatildi. Ma’lumki, fenollarni alkillash reaksiyasi elektrofil almashinish
mexanizmida boradi va bunda electron zichlik yuqori bo‘lgan kislorod atomiga reaksiya borishi yuqorida ta’kidlab o’tgandik. Vaqt
o’tishi bilan hosil bo’lgan O-allil mahsulotning katalizator ta’sida Klayzen qayta guruhlanishi natijasida C-allil mahsulotni hosil
qgiladi [14].

Bunda katalizator sifatida FeClz*6H20 ishlatilganda, molekulalararo gayta guruhlanishning bo’lishi va para-C-allil
mahsulotning hosil bo’lishiga erishiladi.

Reaksiya mexanizmi quyidagicha:

OH
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Agar TiO2¢Si02/FeCls, TiO2¢NiO2/FeCls katalizator sifatida qo’llanilsa, bunda temir atomi TiO2¢SiO2 yoki TiO2:NiO2
nanog’ovakli kristalning g’ovaklarida metal oksidlar tarkibidagi kislorod atomlari bilan donor-akseptor bog’ orqali bog’lanib
joylashishi natijasida sirt yuzasi va hajmi kattaroq bo’lishi hisobiga TiO2¢SiO2/FeCls, TiO22NiO2/FeCls katalizatorlar ishtirokida
ichkimolekulyar qayta guruhlanish sodir bo’ladi va orto-C-allil mahsulotlarning hosil bo’lishi yuqori bo’ladi [62]

\l <

si
a

O i CH,
OCH,CH== CH, Fe.. K

( Owr

]
FeCly/TiO,* SiO, CH,
@v

Cl
O/Fe OfSl—

CH,CH= CH,
‘ CHZCH CH, —»

Katalizator sifatida TiO2°SiO2/FeCls va TiO2:NiO2/FeCls qo’llanilganda unumlarning nisbatan farq qilishini
nanog’ovaklarning kremniy tutganga qaraganda nikel atomi tutganining kengligi hisobiga temir ionining ko’proq joylasha olishi
va ikki xil metal atomlari bo’lganda metal atomi bilan bog’langan kislorod atomlarining elektronodonor xossasi yuqori bo’lishi,
temir ionlarini kuchliroq va ko’proq bog’lashi bilan asoslash mumkin.

Solishtrish magsadida reaksiyalar allillovchi agent allil bromid bilan ham olib borildi. Bunda unumning allil spirt bilan
olinganga nisbatan kam bo’lishini reaksiya natijasida ajralib chiqqan vodorod bromid reaksion aralashmadan ajratilmasdan,
mahsulotlarni haydash usuli bilan ajratib olish qo’llanilganda uning kislotali katalizator sifatida qo’shbog’ning gisman
polimerlanishi hisobiga smolalanish bo‘lganligi bilan izohlash mumkin

Izomer krezollarni allillash reaksiyalarida nanog’ovakli kristallarga shimdirilgan Lyus kislotasining qo’llanilishi avvalo
katalizatorni reaksion muhitdan ajratishda qulayligi va 2-almashingan izomerlarni yugori unum bilan sintez gilish imkoniyatini
beradi.

Ichki gayta guruhlanish mexanizmi (p-metilfenilallil efirining gayta guruhlanishi misolida)

\S\i/ \.~
\ Cl H Si
Opd, S NN
L\E‘)ﬁl‘lz CHa 6/Fe o
\\) I 4 c
CHz SN
Ti0y Si0yFeCly CH, ﬁH
Benzol HC=CH, CH,
CH; CHj3 CHj
Sintez qilingan birikmalarm tuzuhshlnl o‘rganish. Sintez gilingan birikmalarning tuzulishi 1Q spekroskopiya usuli yordamida

tahlil gilindi.
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3-rasm.2-Allil-p-krezolning 1Q spektri
Reaksiya natijasida hosil bo’Igan O-allil mahsulotlardan m-metilallilfenil efirining *H va *3C YaMR spektrlari o’rganildi.
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I

Xulosa. Ilmiy tadqiqot ishida nanog’ovakli kristal (TiO2SiO: va TiO2NiO:) ga FeCls shimdirildi va olingan moddaning
katalitik xossalari isomer krezollarni allillash reaksiyalarida o’rganildi va shu sharoitda reaksiya borishi aniglandi.

Isomer krezollarni allillash reaksiyalari 3 xil katalizator ishtirokida o‘rganildi va nanog’ovakli kristal (TiO2'SiO2 va
TiO>'NiO2) ga shimdirilgan FeCls katalitik sistemasi allillash reaksiyalari uchun qulay katalizator ekanligi, katalizatorlarning
katalitik xususiyati FeCls:6H20 <Ti0:Si02/FeCls'< TiO2-NiO2/FeCls qatorida mos ravishda mahsulot unumlarining ortib borishi
aniglandi.

Isomer krezollarni allillovchi agentlar bilan allillash reaksiyalarida reagentlar krezol:allillovchi agent (allil spirti, allil
bromid): nanokatalizotor 0,01:0,01:0,001 mol nisbatda olib borish magbul sharoit deb topildi. Olingan moddaning tuzilishi fizik
tadqiqot usullari yordamida o‘rganildi.
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CRYSTAL AND MOLECULAR STRUCTURE OF THE COMPLEX COMPOUND OF 2-AMINOBENZOXAZOLE
WITH COBALT AND COPPER (Il) ACETATE
Annotation

The rapid development of the chemistry of unsaturated nitrogen-containing heterocyclic compounds, such as benzoxazole, is
associated with their high pharmacological and fungicidal activities. It is known from the literature that the practical importance of
such compounds is primarily associated with the nature of the substituents in the heterocycle. In the main case, the molecular
structure of 2-aminobenzoxazole was optimized on the Gaussian 09 platform of the B3LYP program with the 6-311G (d,p) basis
set, which in turn is a hybrid of the three-parameter commutative Beckes functional with the Li-Yang-Parr correlation functional.
The vibrational frequencies of 2-aminobenzoxazole were calculated at the B3LYP level. The potential energy distribution (PED)
was calculated using the VEDA 4 (Vibrational Energy Distribution Analysis) program. The method for calculating scale
coefficients is the same as that recommended by Scott and Radom.

Key words: Crystallographic, benzoxazole, tetrahedron, structure, complex, angle, elemental analysis, ligand.

KPUCTAJIJIMYECKASA U MOJIEKYJISIPHAS CTPYKTYPA KOMIIVIEKCHOTI'O COEJUHEHMUS 2-
AMHUHOBEH3O0KCA30JIA C AIETATOM KOBAJIbTA U MEJM (1)
AHHOTaLUs

bypHOoe pa3BuTHE XMMHHM HEHACBHIIIEHHBIX Aa30TCOAEPIKAIINX TeTePOLUKINUECKUX COeITUHEHMH, TaKMX Kak OEH30Kca3oll,
00YCIIOBJIEHO MX BBICOKOW (hapMaKoJIOTHYeCKON M (YHTHIUIHON aKTHMBHOCTBIO. V3 JMTepaTyphl M3BECTHO, YTO MPAaKTHYECKOE
3HAUEHHE TAKUX COCJUHCHHUI B IEPBYIO OuYepe]b CBS3aHO C IMPHPOJIOW 3aMECTUTENsI B IeTepolMKiIe. B OCHOBHOM COCTOSIHUM
MOJIEKYJISIpHAsl CTPYKTypa 2-aMHHOOEH30Kca30ia OblTa onTuMu3npoBaHa Ha matgopme Gaussian 09 mporpammsr B3LYP ¢
6azucusiM Habopom 6-311G (d,p), KOTOpBIN B CBOIO O4Yepelb SBISIETCS THOPHUAOM TPEXMapaMeTPUYECKOr0 KOMMYTATHBHOTO
(yrkauonana bekkeca ¢ koppemsauoHHbIM pyHKIroHanoM Jlu-SAura-Ilappa. YactoTsr koebanuii 2-aMHHOOCH30KCa301a OBLTH
paccumransl Ha ypoBHe B3LYP. (PED) PacmpenesneHre NOTEHIHATbHOW JHEPIUH PACCUUTHIBAIIOCH C HCIOIB30BAHUEM
nporpammel VEDA 4 (Ananu3 pactipeneneHus KojebarenpHoi sHeprin). MeTos pacyeTra MaciTabHBIX KO3((GHUIIMEHTOB TOT Ke,
4To pekoMeHaoBaH CkoTToM u Pagomom.

KiroueBsbie ciioBa: Kpucramnorpaduueckuit, 6eH30Kca30i1, TeTpasLp, CTPYKTYpa, KOMIUIEKC, yrol, IEMEHTHBIH aHAIU3, IMTaH.

2-AMINOBENZOKSAZOLNING KOBALT VA MIS (11) ATSETAT BILAN HOSIL QILGAN KOMPLEKS
BIRIKMANING KRISTAL VA MOLEKULYAR TUZULISHI
Annotatsiya

Benzoksazol singari to‘yinmagan azot saqlovchi geterohalqali birikmalar kimyosining jadal cur’atlar bilan rivojlanishi ularning
yuqori farmakologik va fungitsidli faolliklari bilan bog‘liqdir. Adabiyotlrdan ma’lumki, bunday birikmalarning amaliy ahamiyati
birinchi navbatda geterohalqadagi o‘rinbosapr tabiati bilan bog‘liq. Asosiy holatda 2-aminobenzoksazol molekulyar ctrukturasi 6-
311G (d,p) bazas to‘plamiga ega B3LYP dasturining Gaussian 09 platformasida optimallashtirildi, bu 0°z navbatida Li-Yang-Parr
korrelyasion funksionaliga ega uch parametrli almashinuvchan Bekes funksionali gibridi hisoblanadi. 2-aminobenzoksazolning
tebranuvchi chastotalari B3LYP darajasida hisoblandi. (PED) Potensial energiyani tagsimlanishini VEDA 4 (Vibrational Energy
Distribution Analysis) (Tebpanuvchi energiyani tagsimlanish analizi) dasturi yordamida hisoblandi. Masshtabli koeffisientlarni
hisoblash usuli Skot hamda Radom tomonidan tavsiya etilgan usul bilan bir xil.

Kalit so‘zlar: Kristallografik, benzoksazol, tetraedr, struktura, kompleks, burchak, element tahlil, ligand.

Kirish. 3d-metallarning benzoksazol hosilalari bilan kompleks birikmalarining tuzilishi va xossalarini o‘rganish uchun biz
yangi bis(asetato)-bis (2-aminobenzoksazol kobalt (1)) kompleksini sintez gilindi. Element tahlil ma'lumotlariga ko‘ra, birikma
tarkibi CoL2(CH3COO)2 formulasiga to‘g‘ri keladi, L-2-aminobenzoksazol.

Asosiy gism. Sintez gilingan kompleksning tarkibi va tuzilishi element tahlil natijalari RSA asosida tasdiglandi (Rasm 1).
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A) B)
1-rasm. Molekulaning tuzilishi (a) va uning kristalli tuzilishi (B)

Kristallografik ma'lumotlar: C1sH18C01N4Os, M= 445 g/mol, monoklinik singoniyali shaffof jigarrang kristallar, fazoviy
guruh Praz1 (Ne.9), a=8.9725(2), b=9.2578(2), ¢=23.7971(5) A, a=90°, p=100.021(2)°, y=90°, V=1946.56(7) A3, Z=8, Dca=1.535
g/smd. Kristal o‘lchamlari: 0.36x0.24x0.17 mm? (Jadval 1)

Kompleksning kristall tuzilishi (1-rasm) kompleks tarkibida ikkita atsetat atsetoligandlari bilan ion bog* bilan bog‘langan,
ikkita ligand molekulasi bilan koordinatsion bog‘ bilan bog‘langan, markazda bitta Co atomi borligi aniqlandi.

1-jadval

[CoL2(CHsCOO)2] strukturasi uchun RSA tajribasining asosiy kristallografik parametrlari va xarakteristikalari

Tuzilishi [CoL'2(CHsCOO0);]

Molekulyar formulasi C01C18H15N4Os

M r/mol* 471.46

Singoniya MOHOKIHHH

Fazoviy guruh Prai21

y4 8

a,b,c A a=8.9725(2), b=9.2578(2), c=23.7971(5)

o B.7() 4=90°, p=100.021(2)", y=90°

v, A 1946.56(7)

p, tlem® 1.535

Kristal o‘lchamlari (Mm) 0.36x0.24x0.17

T, K 293

O°Ichov oralig‘i 2.56-28.33

Cheklash h kI -14/14, -34/36, -10/10

T, Tviarce 0.636, 0.799

1 exp (M) (MoK, 1.385

Jami mulohazalar 37602

Mustagil aks ettirish 4605

qaytarilishlar soni ¢ 1>20o(1) 4513

Rur 0.0233

Qayta tiklanadigan parametrlar 238

Kuzatilgan gaytarilishlar [F2>20(F?)] 9925

Ry, WRz (1>25(1)) 0.0276, 0.0754

Moslashganlik sifati 1.061

Apmax, Apmin (€ A7) 0.615, -0.471

[CoL2(CHsCOO)] kristallida buzilgan tetraedrning uchlarida Co(Il) ioniga 2-aminobenzoksazol halgalarining ikkita azot
atomini va atsetat atsidoligandlarining ikkita kislorod atomini koordinatsiyalovchi molekulyar tuzilishga ega. Bog* uzunligi Co®-
0° (2.007(3) A) va Co 03 (2.014(2) A) bir-biridan farq giladi. Bunga sabab, N2-H ... OS tipidagi ichki molekulyar vodorod
bog‘lari mavjudligi (IMVB) tufayli, ularda atsetat guruhining kordinatsiyalangan kislorod atomlari va ekzotsiklik amino
guruhlarning vodorod atomlari orasida tortilish kuzatiladi.

Bunday IMVB larning mavjudligi tetraedrning bog*lanish burchaklarining qisqarishiga 97.82(1)° (O%-Co*-N?) va 98.54(1)°
(O%-Co'-N*), nazariy burchaklarga yaqin bo‘lgan O5-Co*-N* (106.36(1)°) va O3-Co*-N? (105.47(1)°), va burchaklari kattalashgan
N2-Co'-N?" (101.36(2)°) va O*-Co!-0° (88.72(1)°), O%-Co'-0O* (61.31(1)°) holatlarga olib keladi.

2-jadval

Strukturadagi vodorod bog larining geometriyasi [CoL 2(CH3COO).]

Bog' Atomning | Masofa, A | Burchak AHD,

D-H..A operatsiyasi A | D.A | D.H | H.A

MAVB

N2-H?A..O® | | 2.829(5) [ 0.82(6) [ 2.056) [ 146.8

N*-H*A..0° | | 2.795(5) | 0.880 | 2.018 | 146.01

IMVB

N*“-H*. 02 | x-05;1.5-y;2-05 [ 2.791(5) [ 0975 [ 1835) [ 164.16

N¥-H..O? | X 1-y;05+z | 2.800(5) [ 0.880 [ 1.981 | 1586

3-jadval
Tuzilishdagi bog‘lanish uzunligi va bog‘lanish burchaklari [CoL2(CH3COO);]

Bog* d, A Bog* d, A Bog* d, A
Col-N2 2.026(4) N1-C2' 1.288(7) C4-02 1.236(5)
Col-N2' 2.041(4) N2-C1' 1.321(5) CI-ST' 1.738(5)
Col-01 1.997(3) N3-C1' 1.325(7) C2-S1' 1.748(4)
Col-O1 1.969(2) C1-S1 1.746(4) C2-52' 1.743(6)
N1-N2 1.404(5) C2-51 1.753(5) C3-52' 1.801(5)
N1-C2 1.279(6) C2-52 1.745(5) C4-C5’ 1522(7)
N2-CL 1.314(5) C3-52 1.796(6) c4-0r' 1.273(7)
N3-CL 1.333(7) C4-C5 1502(8) C4-02' 1.234(6)
N1-N2' 1.396(6) C4-01 1.280(6)
Burchak , rpaj Burchak , rpaj Burchak , rpaj
N2-Col-N2' 117.2(2) N1-N2-C1’ 113.6(4) N1-C2-SI' 115.2(4)
N2-Col-01 99.3(1) N2-C1-N3 125.9(4) N1-C2-52' 127.7(4)
N2-Co1-01' 108.6(1) N2-C1-51 112.8(3) S1-C2-52 117.1(3)
N2-Col-01 107.9(1) N3-C1-51 121.2(4) C5-C4-0r 115.4(4)
N2-Col-O' 99.1(1) N1-C2-S1 115.5(4) C5-C4-02 120.8(5)
01-Col-O1' 126.0(1) N1-C2-S2 126.2(4) 01-C4-02' 123.8(4)
N2-N1-C2 111.4(4) S1-C2-52 118.2(3) C1-51-C2 86.5(2)
Co1-N2-NI 117.03) C5-C4-01 116.8(4) C2-52-C3 99.7(3)
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ColN2.CL 127.90) C5.C4-02 2114 crsicz 86.8Q)
NI-N2-CL 113.7(4) 01.c4.02 122.1(4) C2-52C3 101.4(3)
N2-NT-CZ T115(4) NZ-CI-N3’ 125.6(5) Col-OLC4 107.43)
Co01-N2'-N1' 121.3(3) N2'-C1'-S1' 112.9(3) Col-01'-C4' 113.1(3)
Col-N2'-C1' 125.0(3) N3'-C1'-S1' 121.5(4)

[CoL2(CH3COO)] kristalli strukturasida yuqoridagi IMVB lardan tashgari, L aminoguruhlarining vodorodi va atsido
ligandning karbonil guruhining kislorodi orasidagi paydo bo‘ladigan molekulalararo vodorod bog‘lari (MAVB) ham vujudga
keladi. Har bir [CoL2(CH3COO)z] molekulyar kompleksi bunday MAVB orgali to‘rtta qo‘shni molekula bilan bog‘lanib, tetraedrik
shakldagi singoniyani hosil giladi.

[CuL2(CH3COO)2] kompleksining kristal va molekulyar tuzilishi

Yangi bis(asetato)-bis(2-aminobenzoksazol)kobalt(ll) kompleksi sintez qilindi. Element tahlil ma'lumotlariga ko‘ra,
birikma tarkibi CuL2(CHsCOO)2 formulasiga to‘g ri keladi, L-2-aminobenzoksazol.

Sintez gilingan kompleksning tarkibi va tuzilishi element tahlil natijalari RSA asosida tasdiglandi (Rasm 3).

3-rasm. Molekulaning tuzilishi (a) va uning kristalli tuzilishi (B)

Kristallografik ma'lumotlar: C1sH1sCu1N4Os, M= 450 g/mol, monoklinik singoniyali yashil kristallar, fazoviy guruh P121/c1,
a= 8.9724(2), b= 9.25781(19), c= 23.7971(5) A, a=90°, B=100.021(2)°, y=90°, V=1976 AS, Z=8, Dca=1.535 g/sm3. Kristal
o‘lchamlari: 0.36x0.24x0.17 mm? (Jadval 4)

Kompleksning kristall tuzilishi (4-rasm) kompleks tarkibida ikkita atsetat atsetoligandlari bilan ion bog* bilan bog‘langan,
ikkita ligand molekulasi bilan koordinatsion bog* bilan bog‘langan, markazda bitta Cu atomi borligi aniqlandi.

4-jadval
[CuL2(CHsCOO0):] strukturasi uchun RSA tajribasining asosiy kristallografik parametrlari va xarakteristikalari
Tuzilishi [CuL'2(CHsCOO0):]
Molekulyar formulasi Cu1Ci8H18N4Os
M; r/mol! 450
Singoniya MOHOKIMHHK
Fazoviy guruh Pla1/c1
4 8
a, b c A a= 8.9724(2), b= 9.25781(19),
c= 23.7971(5)
o, B,y () 0=90°, $=100.021(2)°, y=90°
v, A 1976(7)
P, rlem® 1.535
Kristal o‘lchamlari (Mm) 0.3x0.2x0.1
T, K 293
O‘Ichov oraligi 2.56-28.33
Cheklash h kI -14/14, -34/36, -10/10
T, Tvaxe 0.636, 0.799
W exp (M) (MoKo) 1.385
Jami mulohazalar 37602
Mustagil aks ettirish 4605
qaytarilishlar soni ¢ 1>20(1) 4513
Ruur 0.0233
Qayta tiklanadigan parametrlar 238
Kuzatilgan qaytarilishlar [F2>2c(F?)] 9925
Ry, WRz (1>25(1)) 0.0276, 0.0754
Moslashganlik sifati 1.061
Apmax, Apmin (€ A7) 0.615, -0.471

[CuL2(CH3COO)] kristallida buzilgan tetraedrning uchlarida Cu(ll) ioniga 2-aminobenzoksazol halgalarining ikkita azot

atomini va atsetat atsidoligandlarining ikkita kislorod atomini koordinatsiyalovchi molekulyar tuzilishga ega. Bog® uzunligi Co'-
0° (2.647(3) A) va Co'-0* (2.453(2) A) bir-biridan farq giladi. Bunga sabab, N2-H ... 0% va N4-H ... O* tipidagi ichki molekulyar
vodorod bog‘lari mavjudligi (IMVB) tufayli, ularda atsetat guruhining kordinatsiyalangan kislorod atomlari va ekzotsiklik amino

guruhlarning vodorod atomlari orasida tortilish kuzatiladi (5-jadval).

Bunday IMVB larning mavjudligi tetraedrning bog*lanish burchaklarining qisqarishiga 98.69(1)° (O®-Co*-N?) va 99.72(1)°
(O*-Co'-N3), nazariy burchaklarga yaqin bo‘lgan O*-Co?-N* (102.51(1)°) va O8-Co*-N3 (111.97(1)°), va burchaklari kattalashgan
N*-Co!-N2 (91.57(2)°) va O5-Co'-O® (91.49(1)°), O%-Co!-0* (58.55(1)°) holatlarga olib keladi (jadval 5).

5-jadval

Strukturadagi vodorod bog‘larining geometriyasi [CuL2(CH3COO).]

Bog* Atomning | Masofa, A | Burchak AHD,
D-H..A operatsiyasi A [ D.A | D.H [ H.A

MAVB

N2-H?A, .05 | [ 2.829(5) [ 0.82(6) [ 2.05(6) [ 174.47
N*-H*A..0* | | 2.795(5) ] 0.880 | 2.018 | 159.69
IMVB

N2-H?®...0° [ x-05;1.5y,2-05 [ 2.791(5) [ 0.97(5) [ 1.83(5 [ 164.55
N“-H..0° [ x1-y;05+z [ 2.800(5) [ 0.880 [ 1981 [ 17105
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6-jadval

[CuL2(CH3COO):] kristalli strukturasida yuqoridagi IMVB lardan tashqgari, L aminoguruhlarining vodorodi va atsido
ligandning karbonil guruhining kislorodi orasidagi paydo bo‘ladigan molekulalararo vodorod bog‘lari (MAVB) ham vujudga
keladi. Har bir [CuL2(CHsCOO)z] molekulyar kompleksi bunday MAVB orqali to‘rtta qo°‘shni molekula bilan bog‘lanib, tetraedrik
shakldagi singoniyani hosil giladi.

Xulosa. Sintez gilingan kompleks birikmalarda metall atomlari Co(ll), Ni(ll), Cu(ll) va Zn ligand 2-aminobenzoksazol
molekulacidagi azot atomi opgali koordinatsiyaga uchrashi ko‘psatildi. Kompleks birikmalarning geometrik tuzilishi tetraedrik
shaklda ekanligi aniglandi. RSA yordamida [CoL2(CH3COO):], va [CuL2(CHsCOO).] birikmalari uchun kristal tuzilishlari
aniqlandi va markaziy atomlarning koordinasion sonlari to‘rtga teng bo‘lib giyshaygan tetraedrik tuzilishni namoyon qilishi
tasdiglandi.
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IN SILICO TPOTHO3UPOBAHHUE BHOJIOTTMYECKOM AKTUBHOCTH 2-AMUHO-5-9THJITHO-1,3,4-
TUAAUA3O0JIA C UCITIOJIb3OBAHUEM BEB-PECYPCA PASS ONLINE
AHHOTAIHS

B HacrosmieM uccrienoBaHUH MPENCTABICHA TCOPETHUECKAs OICHKA MOTCHIMATLHONW OHOJIOTHYCCKOW aKTUBHOCTU 2-aMHUHO-5-
aTinTHOo-1,3,4-THamnas3ona, BEIMOJIHEHHAS C HCIOJIb30BAHUEM IMPENCKAa3aTeIbHOrO mporpaMMHoro obecneuenuss PASS Online.
AHanmu3 ToKasal, YTo AaHHOE COCOMHEHHE OO0JIaaeT CHOCOOHOCTBIO MOIYJIHUPOBATh HOHHBIA TPAaHCIIOPT, WHTHOHWPOBAThH
AaKTHBHOCTh (DEPMEHTOB, IMPOSBISCT aHTHOAKTEpPHANbHBIC CBOMCTBA, a TAaKKE OKA3bIBACT JAPYIHME TEPAIEBTHUCCKH 3HAYHMBIC
3¢ ¢exTrl. [lomydeHHbIe pe3yabTaThl NPEACTABIIOT COO0H TEOPETHYECKYIO OCHOBY UISl ONIPEIETICHUS BO3MOXKHBIX HAIpaBICHAN
MPUMEHEHHS JaHHOTO COCIMHEHMS.

Karwuessbie cioBa: PASS Online, Guonornveckasl akTUBHOCTb, 3HAYCHUE BEPOSTHOCTH, 2-aMHHO-5-3THIITHO-1,3,4-THaauas3on,
TEPaneBTUYECKOE 3HAYCHUE, MHTUOUTOP.

2-AMINO-5-ETILTIO-1,3,4-TIADIAZOLNING BIOLOGIK FAOLLIGINI PASS ONLAYN VEB-RESURSI ORQALI
IN SILICO BASHORAT QILISH
Annotatsiya

Ushbu tadgigot PASSOnline bashoratli dasturi yordamida o‘tkazilgan 2-amino-5-etiltio-1,3,4-tiadiazolning potentsial biologik
faolligini nazariy baholashni taqdim etadi. Tahlil shuni ko‘rsatdiki, birikma ion tashish modulyatsiyasi, ferment ingibitor faolligi,
antibakterial xususiyatlar va boshqga terapevtik ahamiyatga ega ta‘sirlarni namoyish etadi. Ushbu natijalar ushbu birikmaning
potentsial qo‘llanilish sohalarini aniqlash uchun nazariy asos yaratadi.

Kalit so‘zlar: PASSOnline dasturi, biologik faollik, ehtimollik giymati, 2-amino-5-etiltio-1,3,4-tiadiazol, terapevtik ta’sir,
ingibitor.

IN SILICO PREDICTION OF THE BIOLOGICAL ACTIVITY OF 2-AMINO-5-ETHYLTHIO-1,3,4-THIADIAZOLE
USING PASS ONLINE WEB RESOURCE

Annotation
This study presents a theoretical evaluation of the potential biological activities of 2-amino-5-ethylthio-1,3,4-thiadiazole, conducted
using the PASSOnline predictive software. The analysis revealed that the compound exhibits ion transport modulation, enzyme
inhibitory activity, antibacterial properties, and other therapeutically significant effects. These results provide a theoretical
foundation for identifying potential application areas of this compound.
Key words: PASS Online, biological activity, probability value, 2-amino-5-ethylthio-1,3,4-thiadiazole, therapeutic implication,
inhibitor.

Introduction. In the field of coordination chemistry, ligands play an indispensable role in determining the physicochemical
properties, stability, and biological activity of complex compounds[1]. The metal center in these compounds often exhibits unique
electronic properties due to the nature of its interactions with the ligands, which can be monodentate, bidentate, or polydentate[2].
The biological activity of coordination compounds is deeply influenced by the structure of ligands, donor atoms, and electronic
characteristics[3].

Consequently, the ability to predict and optimize the biological activity of metal-ligand complexes, based on the specific
properties of ligands, is of paramount importance across a range of disciplines. This capability is essential in the fields of chemistry
and medicine for the rational design of metal-based therapeutics, including anticancer agents and antibiotics. Moreover, it has
significant implications in agriculture, where it can be leveraged to enhance plant productivity through the use of stimulatory
compounds, as well as in industrial applications, particularly in the development of anti-corrosion coatings.

PASSOnline (Prediction of Activity Spectra for Substances) is a computational tool that uses molecular descriptors to
predict the biological activity of a given compound. Through its advanced quantitative structure-activity relationship (QSAR)
model, PASSOnline can provide valuable insights into the biological profiles of coordination compounds by analyzing the
molecular features of ligands and their potential to interact with biological targets.
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PASS [4-5] estimates that potential biological activities of compounds form a list of about 4000 reported biological
activities with an average accuracy of 95%. The program uses as input data the compounds’ structures as MOL or SDF files. The
results for all predictions are given as a list of possible activities with two statistic values that reveal the probability of compounds
belonging to active (Pa) and inactive (Pi) classes. In case of high Pa values, it could be assumed that there are closely related
analogs in the PASS training set. On the other hand, compounds with Pa values lower than 0.5 will have not close analogs in
training set and could be NCE.

This paper seeks to investigate the potential of PASSOnline in predicting the biological activity of 2-amino-5-ethylthio-
1,3,4-thiadiazole, with a specific emphasis on ligand-driven interactions and their influence on bioactivity.

Research methodology. The PASSOnline software was employed to predict the biological activity profile of the target
compound, providing insights into its potential pharmacological properties. The chemical structure of 2-amino-5-ethylthio-1,3,4-
thiadiazole was constructed and visualized using Avogadro (version 4.2.1), a molecular modeling software employed for the
generation and editing of three-dimensional molecular geometries, in preparation for biological activity prediction.

Analysis and results. The biological efficacy of 2-amino-5-ethylthio-1,3,4-thiadiazole, along with the activities predicted
by the PASSOnline program and their associated therapeutic implications, is presented in Figure 1 and Table 1, respectively.

DIAGRAM 1.

Table 1.
Predicted Activity Interpretation Therapeutic Implication
Cl-Transporting ATPase Activity Modulation of chloride ion pumps (P-/V-ATPases) Cystic fibrosis, renal disorders, epilepsy
Mucomembranous Protector Protection of mucous membranes, anti-ulcer effects Gastritis, colitis, mucosal inflammation
Arylacetonitrilase Inhibitor Inhibition of nitrile-hydrolyzing enzymes Antimicrobial, agricultural chemical applications
Muramoyltetrapeptidase Inhibitor Interference with bacterial cell wall turnover Antibacterial, especially against Gram-positive bacteria

The Cl-transporting ATPases (often referred to as chloride pumps) are essential for maintaining cellular ion homeostasis,
volume regulation, and acid-base balance. These ATPases are involved in the active transport of chloride ions across cellular
membranes and are vital in various physiological processes, including renal tubular function, cystic fibrosis, and synaptic
transmission in the nervous system. 1,3,4-Thiadiazole derivatives are believed to interact with these chloride pumps by binding to
specific allosteric sites or the active catalytic site. The modulation of these pumps could offer therapeutic benefits, particularly in
the treatment of diseases caused by defective chloride transport. For instance, cystic fibrosis, caused by mutations in the CFTR
(Cystic Fibrosis Transmembrane Conductance Regulator) protein, is characterized by defective chloride ion transport. Although
the primary mechanism of action for 2-amino-5-ethylthio-1,3,4-thiadiazole is unclear, it may enhance chloride transport or correct
defects in chloride pumps, thus improving mucociliary clearance and reducing the severity of respiratory symptoms [6].

Additionally, the role of chloride ion transport is critical in diseases like hypertension, where the disruption of ion balance
can lead to pathological vascular tone regulation. By improving chloride transport mechanisms, 2-amino-5-ethylthio-1,3,4-
thiadiazole could represent a novel approach to the treatment of hypertension and related cardiovascular diseases.

Potential application: Treatment of chloride channelopathies such as cystic fibrosis and renal tubular acidosis, as well as
cardiovascular diseases associated with abnormal chloride transport [7].

The ability of 2-amino-5-ethylthio-1,3,4-thiadiazole to protect mucoepithelial membranes points to their use in therapeutic
contexts where mucosal protection is needed. Gastrointestinal mucosa plays a crucial role in protecting against acidic gastric
contents, microbial infection, and mechanical injury. In diseases such as gastric ulcers, ulcerative colitis, and inflammatory bowel
disease (IBD), the protective mucosal barrier is often compromised. These compounds could work by enhancing mucin
production—a gel-like substance that forms a protective layer over mucosal surfaces. 2-amino-5-ethylthio-1,3,4-thiadiazole could
also reduce inflammation by inhibiting pro-inflammatory cytokines, thus preventing damage to mucosal cells.

Moreover, they could provide antioxidant effects by neutralizing reactive oxygen species (ROS), which are implicated in
mucosal injury and inflammation in diseases like ulcerative colitis and gastritis. There is increasing evidence supporting the use of
antioxidants in the treatment of gastrointestinal diseases, and 2-amino-5-ethylthio-1,3,4-thiadiazole may function by preventing
oxidative damage to the mucosal lining, facilitating healing and recovery.

Potential application: Management of gastritis, gastric ulcers, ulcerative colitis, and other inflammatory gastrointestinal
disorders. 2-amino-5-ethylthio-1,3,4-thiadiazole could be used as part of a multi-drug regimen in combination with proton pump
inhibitors or anti-inflammatory agents [8].

Arylacetonitrilase (AAN) plays a role in the degradation of nitriles, which are compounds containing a CN (cyanide) group.
These compounds are often toxic, and their hydrolysis can release cyanide, a potent inhibitor of cellular respiration. Inhibition of
AAN by 2-amino-5-ethylthio-1,3,4-thiadiazole may prevent the breakdown of nitrile compounds, leading to potential applications
in toxicology or bioremediation.

Moreover, certain nitrile-containing molecules are involved in the biosynthesis of plant hormones, so targeting
arylacetonitrilase may provide a means to influence plant growth or pest control. The agrochemical potential of 2-amino-5-
ethylthio-1,3,4-thiadiazole can be extended to the design of selective inhibitors of this enzyme that act as herbicides or fungicides.

On the other hand, these inhibitors may also find applications in biological warfare defense or environmental cleanup,
where the degradation of nitrile pollutants in water or soil may be an important step in detoxification.

Potential application: Development of agrochemicals and bioremediation agents, as well as potential use in toxicity
management [9].
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Muramoyltetrapeptidase is involved in the recycling of bacterial cell wall components, particularly peptidoglycan
fragments, which are crucial for maintaining bacterial integrity. The inhibition of muramoyltetrapeptidase can disrupt bacterial cell
wall synthesis, making it an effective target for antibacterial drug development. 2-amino-5-ethylthio-1,3,4-thiadiazole could act as
competitive inhibitors of this enzyme, binding to its active site and preventing it from breaking down muramoyl peptides. By
inhibiting this process, the growth and replication of bacteria would be halted, leading to bacteriostasis or bactericidal effects. This
mechanism offers an alternative to p-lactam antibiotics and could be effective against multidrug-resistant (MDR) pathogens, such
as Methicillin-resistant Staphylococcus aureus (MRSA) or vancomycin-resistant Enterococci (VRE).

Furthermore, the inhibition of muramoyltetrapeptidase could help combat biofilm formation - a key factor in bacterial
virulence and resistance to antibiotics. Biofilm-associated infections are notoriously difficult to treat due to their reduced
susceptibility to antibiotics, and compounds that target the biofilm matrix could have therapeutic value in treating chronic bacterial
infections.

Potential application: Development of antibacterial agents to combat antibiotic-resistant bacteria and biofilm-associated
infections [10].

Conclusion. The potential applications of 2-amino-5-ethylthio-1,3,4-thiadiazole were elucidated based on its observed
biological activities. The results suggest that this compound exhibits promising utility in both pharmaceutical development and
agricultural practices.
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2-BROMMETILOKSIRAN BILAN 1,3-DIFENILGUANIDIN ASOSIDAGI SFM OLIGOMERLANISHINING
KINETIK QONUNIYATLARI
Annotatsiya

Ushbu magolada 2-bromometiloksiranning 1,3-difenilguanidin bilan o'zaro ta'siri to'g'risidagi ma'lumotlar keltirilgan, unda o'z-
o'zidan oligomerizatsiya nishatan past haroratlarda oligomer sirt faol moddasini hosil giladi. Turli molyar nisbatlarda 2-
bromometiloksiranning 1,3-difenilguanidin bilan spontan oligomerlanish jarayonining kinetik gonuniyatlari keltirilgan. Oligomer
sirt faol moddasining konversiyasiga erituvchilar tabiatining ta'siri ham o'rganildi. 2-bromometiloksiranning 1,3-difenilguanidin
bilan reaksiyasini aniglashtirish uchun dastlabki va yakuniy mahsulotlarning PMR-spektrlari gayd etildi, elementlar tahlillari
o‘tkazildi va oligomerlarning UF-spektrlari gayd etildi.

Kalit so‘zlar: kinetika, oligomerlanish, 2-bromometiloksiran, 1,3-difenilguanidin, konversiya, tahlil, spektroskopiya.

KINETIC REGULARITIES OF OLIGOMERIZATION OF SURFACTANTS BASED ON 2-
BROMOMETHYLOXIRANE WITH 1,3-DIPHENYLGUANIDINE
Annotation

This article presents data on the interaction of 2-bromomethyloxirane with 1,3-diphenylguanidine, which undergoes spontaneous
oligomerization at relatively low temperatures to form an oligomeric surfactant. Kinetic regularities of the spontaneous
oligomerization process of 2-bromomethyloxirane with 1,3-diphenylguanidine at different molar ratios are presented. The effects
of the nature of solvents on the conversion of the oligomeric surfactant are also studied. To clarify the reaction of 2-
bromomethyloxirane with 1,3-diphenylguanidine, PMR spectra of the initial and final products were recorded, elemental analysis
was performed, and UV spectra of the oligomers were recorded.

Key words: kinetics, oligomerization, 2-bromomethyloxirane, 1,3-diphenylguanidine, conversion, analysis, spectroscopy.

KHUHETHYECKHE 3AKOHOMEPHOCTH OJIMTOMEPU3AIIMUA ITAB HA OCHOBE 2-
BPOMMETHWIOKCUPAHA C 1,3-JUPEHUJIT'YAHUIANHOM
AHHOTALUSA

B nanHOi#1 cTaThe MPUBOIATCA JaHHBIC B3aUMOICHCTBHUS 2-OpoMMeTIIIOKCHPaHa ¢ 1,3-audeHIryaHnInHOM KOTOPOM MPOHUCXOIUT
CaMOIIPOM3BOJIbHAS OJIMTOMEPH3aIMs IIPU OTHOCHUTENFHO HEBBICOKMX TeMIlepaTypax ¢ o0pa3oBaHHEM OJMTOMEPHOTO
MOBEPXHOCTHO-AaKTHBHOTO  BEIIECTBA. [IpWBENEHBI KHHETHYECKHE 3aKOHOMEPHOCTH  MpoIecca  CaMONPOH3BOJILHOM
onuromMepusanuu 2-6poMMmeTHiIoOKcHpaHa ¢ 1,3-aueHmITyaHHIMHOM TPH Pa3INYHBIX MOJBHBIX COOTHOIICHHMSX. Taroke
WCCIIe/IOBaHbl BIIMSHHS TPHPOABI PACTBOPHUTENCH Ha KOHBEPCHIO OJIMTOMEPHOTO MOBEPXHOCTHO-aKTMBHOIO BelecTBa. J{is
BBISICHEHHSI PEaKIIMK B3aUMOJICHCTBHS 2-OpoMMeTHIIoKcHpaHa ¢ 1,3-aupeHunryanuanHoM Obitn cHATh [IMP-criekTpbl HCXOIHBIX
Y KOHEYHBIX NPOIYKTOB, IPOBEICH JIEMEHTHBIN aHaIIH3 U CHATHI Y O-CIIEKTPHI OJIMTOMEPOB.

KiroueBble ciIoBa: KHHETHKA, OJUTrOMepH3aius, 2-OpoMMeTHIOKCcHpaH, 1,3-audeHnmIryaHuivH, KOHBEPCHs, aHaIH3,
CIIEKTPOCKOTIHSI.

Beenenue. B paborax [1-4] uccnenoBanach KHHETHKA B3aUMOJICHCTBHS TUIIHAHIHaMuAa ¢ snuranorenruapuna (O17T) B
muMetmicynsdokenune npu 333-393 K. YcraHOBIEHO, YTO CKOPOCTh PEaKIUH MPsIMO MPONOpIHOHANBHA KoHIeHTpanun OI'T u
MUIAAHIAaMuAa. OJHeprus aktuBaiuu coctaBisieT 110 kJk/Monb. ABTOpel mojaraioT, 4to B3aumoneiicteue OIT wu
TUIMaHIMaMuAa TIpoTekaeT B aABe craauu. CHavala NPOMCXOAUT MpuUcoeAuHeHHe ABYyX Mousiekynl OI'T k amuHOrpymmne
JTULIHAAHITAMUAA, YTO CONPOBOXKIAETCS YMEHBIIEHHEM HHTEHCUBHOCTH I0JIOC MOTJIOIIEH s SOKCUAHOH (840 cM)m aMUHOTPYIII
(3200 u 1517 cM) u yBenMueHMEM MHTEHCHBHOCTH Nojiockl moromenus OH-rpynm (3400 cmt) B UK-cnekrpax; Ha BTOpOii
CTaauy TpoTekaeT peaknus Mexay —OH u HUTpHIBHBIME TPYNIIaMy, B pe3yJabTaTe 4ero o0pasyrorcs pparMeHTsl, coieprkaliie
>C=0 rpymmer (1740 cml). Bkmag wmexmonekynsprol peakmuum —OH um —C=N -rpynnm mpeo6nagaer Ham peaknuen
BHYTPHMOJIEKYIIPHOH IIUKIIN3ALNH, O YEM CBHICTEILCTBYET YBEJIIMUCHUE BI3KOCTH CHCTEMEL.

PaccmoTpens! nporeccsl caMonpon3BoiIbpHOH onmromepusanuu OI'T ¢ amuHOCOeTMHEHNSIMA: OEH30KCAa30JIMHOHOM, €T0
METHIMETAKPHIOBEIMI 3()HUPaMH, O-aMHHOKHCIOTaMH. M3ydeHa 3aBHCHMOCTB TIpoOIlecCa OJIMTOMEPH3AlMH OT Pa3IHYHBIX
(haxTOpPOB (COOTHOIIEHNE PEareHTOB, TEMIIEPATypa, IOISIPHOCTh PEAKIIMOHHOTO PACTBOPHUTENS, BpeMs). [10IydeHb! mecTh HOBBIX
aMMOHMEBBIX ONUromepoB. MccnenoBaHa KMHETHKA peakUMU IO BBIXOAY MPOAYKTa B 3aBUCUMOCTH OT KoHueHTpauuu OIT,
aMUHOCOEJVMHEHUH U TemmepaTypbl. OTmpeneneHsl ypaBHEHHMS KHHETUKH pPEaKIMd M YCTaHOBJIEHO, 4YTO CKOPOCTh
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CaMOIIPON3BOJIBHON OJIMTOMEPH3AllMM  NPAKTHYECKH IPONOPIMOHATbHA MOJSpHOW KoHmeHTparmuum kak OIT, Tak u
amuHOcoeauHenuii [5-11].

Henbio nceaenoBaHus sBISIETCSA N3yUeHNE KHHETHIECKUX 3aKOHOMEPHOCTEH OJIMrOMepH3aIiuy HOBEPXHOCTHO-aKTHBHBIX
BEIIECTB Ha OCHOBEe 2-OpomMeTwiokcupana ¢ 1,3-mudeHunryaHunHOM U TMOJydeHHE CTPYKTYPHBIX NAHHBIX IMOJYYEHHOTO
OJIMrOMepa.

MeToabl HccaeA0BAHUS M MOJTyUeHHbIe Pe3yJbTAThl. Y CTAHOBIIIN, YTO IIPH B3aUMOJCHCTBUH 2-0pOMMETHIIOKCHPaHa
(BMO) c¢ 1,3-mudpenmnryannanHom (JAPI) mpoTekaeT mpomecc caMONpPOHM3BOJIBHON OJMIOMEPH3AlMH IPH OTHOCHUTEIHHO
HEBBICOKMX TeMIIepaTypax, IpH 3TOM 00pa3yroTCsl OJMTOMepHbIe TOBEPXHOCTHO-aKTUBHEIE BemecTBa (ITAB). Omuromepusaris
BMO ¢ I®T nabmomaercs 1o crenenu npespaiieHus 90-95% [12-15].

HccnenoBanus BIMSHUS PacTBOPUTENIEH HA PEaKIUIO CAMOIIPOU3BOJIBHOM OTUTOMEPH3AIINH TT0KA3aJI0, UTO C yBETMUEHHEM
HOJISIPHOCTH CPEIbl CKOPOCTh OJUTOMEPH3AIMU PacTeT. DTO SBICHUE MOXHO OOBSCHUTH TEM, UTO JUMHUTHUPYIOIIEH cTaauel B
U3y4aeMOoH cuCTeMe SBIISETCS Peakiys MeHIIyTKUHA, A1 KOTOpOi XapaKTepHO yBeIW4eHHEe CKOPOCTH MOIHMMEPH3ALIH C POCTOM
MOJSIPHOCTH pacTBoputens (puc. 1). s npoBefeHNs peakiiy B TOMOTE€HHBIX YCIOBHUSX JadbHEHIINE UCCIIeT0BaHUS IPOBOANIN
B 3TaHOJE.

o 10 20 30 40 50 60
T. MUH

Puc. 1. Bjusinue npupoasl pacTBopuTe/ieil Ha KOHBepcuio ojiuromepHoro ITAB na ocnoBe BMO ¢ I®I" npu

3KBHUMOJIbLHOM cooTHomieHun, T=313K; 1-nmokcan; 2-aneron; 3-3taHo.a; 4-poaa.

Jyis onpeiesieHust OCHOBHBIX KHHETHYECKUX XapaKTEPUCTUK IMPOLIECC CaMOIPOU3BONIbHOM onuromepusanun bMO ¢ JIdI"
MNPOBOJVIIM TIPU PA3INYHBIX MONBHBIX COOTHOIICHUSX HCXOJHBIX KOMIIOHEHTOB. Pe3ylbTaThl HCCIEJOBAHUH ITOKA3alH, YTO
HanOONBUIMH BBIXOJ OJIMTOMEpa JOCTHIaeTCsl NMPU SKBUMOJIBHOM COOTHOLICHHH pearupyromux BemecTB. Ha ocHoBanum
MOJIY4EHHBIX PE3yJIbTATOB OIPE/ENIEH NOPAJOK PEaKIUK 10 KOMIIOHEHTaM CaMOIIPOU3BOJIBHON OIMroMepH3aLuy, IpoTeKaroIeit
npu B3aumoeiicteur BMO ¢ JI®T, u okaszanuch paBHoi exunuie kak no BMO, Tak u mo JI®T (puc. 2-4).

5+gV 4%
16+
084 144+
124
L 2
0.6 10+
=1 3
54
04+ 61
441
0.2+

1 1 1 1 1 2+

T T T T T

02 04 06 038 1.0 ; ; \

I'Hgl_-E}'[O] Y % 10 15 20 25

Puc. 2. 3aBucumocth KoHBepcuu ouromepHoro INAB Ha ocHoBe BMO ¢ I®I ot konuentpaunun BMO npu 313K, cpeaa
-3tanoa. BMO: A®I" (moaw/mn): 1-1:1; 2-0,5:1; 3-0,25:1.7
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Puc. 3. 3aBucumocTh KoHBepcun ojuromepHoro ITAB na ocuoBe BMO ¢ @I ot konnentpanuu JJ®I', cpexa-3ranon,
T=313K, BMO:A®I" (moaw/a): 1-1:1; 2-1:0,75; 3-1:0,5; 4-1:0,25.

Ha ocHOBaHMHM KHHETHYECKHX HCCIIEIOBAHHI CKOPOCTH PEAKIH CaMOIPOM3BONLHOM onmromepmsamun BMO ¢ JOI
OIHUCHIBAETCS ypaBHeHUEeM BToporo nopsaka V=K[BMO][A®I].
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Puc. 4. 3aBucumoctb koHBepcuu ouromepHoro INAB Ha ocHoBe BMO ¢ I®I" npy 3KBUMOJIBHOM COOTHOLIEHUH
HCXOHBIX KOMIIOHEHTOB OT TemnepaTtypsl. Cpena-stanod. 1-298K; 2-308K; 3-313K; 4-323K.

DKCIEPUMEHTAJIbHO YCTAHOBIICHO, YTO C YBEJIMYCHHEM TEMIICPATyphl CKOPOCTh OJIMTOMEpH3aluu pacteT (puc. 4).
3aBUCHUMOCTh €¢ OT OOpaTHOro 3HadeHus Temmneparyp B uHTepBaie 298-323K mis BMO c¢ J®I moguunsercss ypaBHEHHIO
Appennyca. 13 rpaduueckoit 3apucumoctu IgV ot 1/T, npencraBneHHOl Ha puc. 4, ObUIa BBIMUCICHA CyMMapHas SHEPTHs
aKTHBALUK caMoIpon3BosbHOHI onmromepusanun bBMO c JI®I pasnas 48,7 k/Ix/Mob.

Jnis BesicHeHHs peakiun B3aumozaericteus bBMO ¢ JI®I 6pun cHAT [IMP-criekTpbl HCXOIHBIX U KOHEYHBIX MTPOIYKTOB,
TIPOBEIEH HIIEMEHTHBIA aHAN3 U CHATHI Y O-CIIeKTPHI MOTyYSHHBIX PEaKIHOHHOAKTUBHBIX OMHUTroMepHbIX ITAB.

Pesynpratet TIMP-ciektpa BMO (puc. 5 a) moka3siBatoT mpoToHbl rpymmsl -CH2Br u3-3a HeIKBHBaJIEHTHOCTH H
B3aUMOJIECUCTBUS C COCEJHUM IIPOTOHOM 3IOKCH KOJbL@A JAKOT CIOXKHBIA MyJBTHILIET C LEHTPOM 3,5 M.J., a IPOTOHBI SIOKCU
KOJIbLIa JAI0T MYJBTHIDIET ¢ LeHTpoM 2,5-3,3 m.a. U3 puc. 5 (6) [IMP-cnekrpsl qudeHMITYaHHIMHA BHIHO, NPOTOHEI DI
HPOSIBIIIOTCS B BUJIE MYJIBTHIUIETa ¢ IIeHTpoM 7,18 M.11. CUrHaiIbl akTUBHBIX POTOHOB rpymbl -NH, oOMeHuBasich ¢ neiitepueM
B JanHoi obmactu [IMP, He HaGmromaroTcs.

. ﬁ Al
il |
i Wt
LA

,
) G,m.n 8 7 4 .M

Puc. 5. [IMP-cniektpst BMO (a) u J®I (6) Puc. 6. IIMP-criexTp onuromepa Ha OCHOBE
BMO ¢ J1®T.

B [IMP-cuiektpe onmuromeproro [TAB (puc. 6), momydeHHOTO Ha ocHOBE coenuaeHss BMO ¢ IO mposBIsitoTCs CHTHAIBI
MPOTOHOB AU(PEHUITYaHHINHA B BUJIE MYJIBTHIUIETA C HEHTPOM 7M. 1. ¥ ipotoHoB BMO rpymm -O-CH-CH u N*CH2 mynbrumier
c meHTpoM 3,8 M.J., MO-BHONMOMY, CHTHAJIBI aKTUBHBIX BoJOopoaoB rpymsl NH Habmronarores mpu 4,38 M. 1.

Kak ormeuanocs Brime, mpu B3anmoeiicteir MO ¢ a3oTcomepkamiMi MOHOMEPaMH, 3a CYET BHICOKOH PEaKIIMOHHOM
criocobHocTH aroMa O6poma BMO 1 HyKiI€0(DMIBHOCTH a30TCOAEPIKAIIEr0o MOHOMEpA, MOSIBIISETCS MOJOKUTENBHBIN 3apsa Ha
aToMe a3oTa (OTpHUIATEbHBII 3aps] Ha atoMe Opoma) B IPOMEKYTOYHOM IPOIYKTE, KOTOPBIA CHOCOOCTBYET YCHIICHHIO
AKTUBHOCTH (DYyHKIIMOHAIIBHBIX TPYIII, YTO B CBOIO OYEPEb MPHBOJWUT K YBEIHYEHHIO CKOpocTH peakuuu. C Ipyroil CTOpOHBI
JUMUTHUPYIOIIEH cTaguel peakIMy CaMOIPOM3BOJIBHON OJUIOMEpHU3aLUM SBISETCS 00pa3oBaHHE I[BUTTEP-HOHOB IO PEaKIUU
MeHniyTkuna.

Hanmame amMmoHmeBo# Tpynms! B cTpykType onuromeproro [TAB ma ocroBe BMO ¢ JI®T" 65110 mMOKa3aHO CHATHEM €T0
Y®-cnexrpos. Tak, B obacti 246-248 HM UMEIOTCS MTOJOCHI TOTIIONIEHHS, XapaKTePHBIE U1 aMMOHUEBOH Tpymmsl (puc. 7).
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Puc. 7. Y®-cnekrpsl onuromepa, nojrydeHHoro Ha ocHose B3aumoieictust BMO ¢ IO npu pa3imuyHbIX KOHIEHTPAUIX B
sta”oue. 1-0,5 monb/i1; 2-1,0 Monb/n, mpu 293K.
Ha ocHOBaHMM KHHETHYECKUX, XHMUYECKHX HcchenoBaHuii (Tabn. 6) u nmanHeix [IMP-cnexTpockonmmyeckux
HCCIICIOBaHUM, a TaKKe YYMUTHIBAs JIMTEpaTypHbIE NaHHbIC, NpOTEeKaHHe peakuuu B3aumojeicTsuss BMO c¢ JI®PIT moxHO
MPEACTaBUTE 10 CIEAYIOIIEH cxeMme:

Ctlzo - OH- CHr @-HN -NEH -NH @ —> -0-CH.-GH-
2

I+
HNBr

@—HN £ NH—@

JInst KOCBEHHOTO JOKAa3aTeNIbCTBA MPEIaraeMoil CXeMbl peakluy OBbUTH MPOBEIECHBI SKCIIEPHMEHTAIbHbIE UCCIIEI0BAHUS
no B3aumopeiictBuio BMO ¢ MOYEBHHOH, THOMOYEBHHOHN, AUGEHUIMOYCBUHOM, AUPEHUITHOMOUYEBHHON. Y CTaHOBIECHO, YTO
peakmus B3anmozneicTBuss BMO ¢ nueHunTHOMOYEeBHHON HIET, a ¢ OCTaJbHBIMH HET, UTO ITOJATBEP)KIAeT yIacTHE B PEaKIUn
mmms NH rpynmer C=NH, no BbIme npeyioxeHHOH cxeme.

BeiBoa. Takum 06pa3om, B paboTe MIPUBOANTCS B3aNMOJCHCTBHE 2-OpOMMETIIIOKCHpaHa ¢ 1,3-1ueHUITyaHHIMHOM Te
MPOUCXOANT CaMOIPOM3BOJIBHAS ~OJMroMepu3anus ¢ oOpazoBanmeM osmuromepHoro ITAB. Hailinensl xuHeTHueckne
3aKOHOMEPHOCTH IpOLIeCCa CAMOIPOU3BOJIBHOM OJUrOMEpU3allid IPU Pa3IMYHBIX MOJBHBIX COOTHOLICHUSX. BbIuecieHsl
3HAUCHUS] SHEPTHU aKTHBAUH U MOPAIOK PEaKIHMH CaMONPOHM3BOIbHAS oiauromepusanuy. CIEeKTPOCKOMMYIECKIMH METOTaMH
HCCIIeIOBAaHMS JOKA3aHbl CTPYKTYPBI MOMy4eHHBIX onuroMepHbix [IAB Ha ocHoBe BMO ¢ J1DI.
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TABILY TOG* JINSI KONLARIDAN AJRATIB OLINGAN BITUMNING FIZIK-KIMYOVIY XOSSALARINI
O‘RGANISH
Annotatsiya

Tabiiy bitumning tuzilish moslashuvchanligi va ishlash xususiyatlarini yaxshilash magsadida formalin yordamida o‘zgartirish
tadqiq etildi. Cho‘kindi jinslardan ajratib olingan bitumga yuqori harorat va bosim ostida kimyoviy ishlov berilib, metilol guruhlari
kiritildi. Bu jarayon ko‘proq elastik polimer kabi tarmoq hosil gilishga garatilgan edi. Laboratoriya sinovlari shuni ko‘rsatdiki,
o‘zgartirilgan bitum yumshatish nuqtasining ko‘tarilishi va kirish giymatlarining pasayishi bilan tasdiglanadigan yuqori issiglik
barqarorligi va tuzilish mustahkamligiga ega bo‘ldi. Spektroskopik va mikroskopik tahlillar sezilarli molekulyar va morfologik
o‘zgarishlarni, jumladan qutbli funksional guruhlarning shakllanishi va ko‘proq o‘zaro bog‘langan sirt tuzilishini tasdigladi. Ushbu
natijalar shuni ko‘rsatadiki, formalin bilan o°zgartirish tabiiy bitumning elastikligi va ishlash imkoniyatlarini oshirishning samarali
usuli bo‘lib, uni zamonaviy yo‘l qoplamalari uchun moslashtirishga imkon beradi.

Kalit so‘zlar: Tabiiy bitum, ekstrakt, FTIR, SEM, yumshash harorati, duktilnost, penetratsiya.

STUDY OF THE PHYSICOCHEMICAL PROPERTIES OF BITUMEN EXTRACTED FROM NATURAL ROCK
DEPOSITS
Annotation
The modification of natural bitumen using formalin was investigated to improve its structural flexibility and performance
characteristics. Bitumen extracted from sedimentary rock was chemically treated under elevated temperature and pressure to
introduce methylol groups, aiming to form a more elastic polymer-like network. Laboratory tests revealed that the modified bitumen
exhibited greater thermal stability and structural rigidity, supported by increased softening point and reduced penetration values.
Spectroscopic and microscopic analyses confirmed significant molecular and morphological changes, including the formation of
polar functional groups and a more interconnected surface structure. These findings suggest that formalin modification is an
effective method for enhancing the elasticity and performance potential of naturally sourced bitumen, making it suitable for modern
pavement applications.
Key wors: Natural bitumen, extract, FTIR, SEM, softening point, ductility, penetration.

N3YYEHUE GU3UKO-XUMHUYECKHX CBOMCTB BUTYMA, U3BJIEYEHHOI' O W3 ITIPUPO/IHBIX
MOPOJIHBIX MECTOPOKJIEHUN
AHHOTALUSA

Momudukamust GopmanmHa ObDIa MCCIEOBAHA C LENBI0 YIYYIICHHS CTPYKTYPHOH THOKOCTH W JKCIUTyaTallHOHHBIX CBOWCTB
MPUPOAHOTO OUTyMa. BUTYM, M3BIICUCHHBIH W3 OCAJOYHBIX MOPOJ, MOJABEPrajics XUMHYCCKOW 00pabOTKe MOJ| BO3ACHCTBHEM
BBICOKOH TeMIepaTyphl U JaBJICHHs JUIS BBEJACHUS METHJIOJBHBIX rpymil. Llenpro 3Toro mporecca ObLIO CO3MaHue CETH, Gosee
MOX0XKel Ha 3MaCTHYHBIA mosmMmep. JIabopaTopHbIe MCIBITAHUS MOKA3aiH, YTO MOAUGHUIIMPOBAHHBIA OHTYM obsamaer Ooliee
BBICOKOI TEpMHUYECKOH CTaOMJIBHOCTBIO M CTPYKTYPHOH MPOYHOCTBHIO, O YeM CBHJICTEIBCTBYET IOBBIINICHUE TEMIICPATyphI
pasMsr4eHuss ¥ CHIDKEHHE TMoKa3arenedl mneHerpanud. CHEeKTPOCKONMHYECKUH W MHKPOCKOIMYECKUN aHalW3 MOATBEPIIIT
3HAYHUTENFHBIE MOJICKYJISIPHBIE U MOp(oIorHuecKre N3MEHEHHUs, BKITI0Uasi 00pa30BaHUE MOJSPHBIX (YHKIHOHAIBHBIX TPYIIT U
0oyiee B3aWMOCBSI3aHHYIO CTPYKTYpPY IOBEpXHOCTH. [loNydeHHBIE pe3yibTaThl CBUACTEIBCTBYIOT O TOM, YTO MOIU(DHKALIUSL
(hopmanHOM siBIsieTCs 3)(HEKTHBHBIM METOJIOM MOBBIIICHUS AIACTHYHOCTH U YKJIAABIBAEMOCTH IPUPOIHOTO OUTyMa, UTO JeTaeT
€ro MPUTOIHBIM ISl COBPEMEHHBIX TOPOXKHBIX MOKPBITHIMA.

KunroueBblie ciioBa: [Ipuponusiii 6utym, skctpakt, UK-Dypse, COM, TemnepaTypa pasmMsardeHusl, IacTHYHOCTb, IEHETpaLus.

Kirish. Bitum — yopishqoqlik xususiyati, egiluvchanligi va suvga chidamliligi tufayli yo‘l qurilishi va gidroizolyatsiyada
keng qo‘llaniladigan qovushqoq-elastik, termoplastik materialdir [1]. An’anaviy usulda bitum neftni fraksiyalab haydash orqali
olinadi. Birog, neft resurslarining narxi oshishi, atrof-muhit muammolarining kuchayishi va barqaror materiallarga bo‘lgan ehtiyoj
muqobil manbalarga, jumladan, tabiiy tog* jinslaridan olinadigan bitumga bo‘lgan qiziqishni oshirdi [2-4].

Mavzuga oid adabiyotlar tahlili. Tabiiy bitum, ya’ni mahalliy yoki tog® bitumi slanes, qumtosh, ohaktosh kabi cho‘kindi
jinslar tarkibida uchraydi. Bu yotqiziglar geologik vaqt davomida bosim, harorat va mikroorganizmlar ta’sirida organik
moddalarning o‘zgarishi natijasida hosil bo‘ladi. Tabiiy bitum tarkibida odatda smolalar va asfaltenlar ko‘p bo‘lib, bu unga o‘ziga
x0s fizik-kimyoviy xususiyatlar beradi. Biroq, bu materiallar ko‘pincha yuqori qattiglikka, past elastiklikka va haroratga kam
sezgirlikka ega bo‘lib, bu ularning bevosita yo‘l qoplamalari muhandisligida qo‘llanilishini cheklashi mumkin [5-7].
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Ushbu kamchiliklarni bartaraf etish va tabiiy bitumning samaradorligini oshirish uchun kimyoviy modifikatsiya usullari
tobora ko‘proq o‘rganilmoqda. Istiqbolli yondashuvlardan biri bitumdagi aromatik va qutbli komponentlar bilan o‘zaro ta’sirlasha
oladigan reaktiv aldegid - formaldegiddan foydalanishdir. Metillash deb ataladigan jarayon orgali formaldegid bitum matritsasidagi
faol vodorod atomlari, xususan, asfaltenlar va gatronlar tarkibidagi vodorod atomlari bilan reaksiyaga kirishib, metilol (-CH-OH)
funksional guruhlarini hosil giladi. Bu guruhlar keyinchalik polikondensatsiya reaksiyasiga kirishib, ko‘proq elastik, ko‘ndalang
bog‘langan tarmoq tuzilmasini hosil qilishi mumkin [8-10].

Ushbu o‘zgarish bitumning elastikligi, egiluvchanligi va issiglik barqarorligini sezilarli darajada oshirish imkoniyatiga ega
bo‘lib, uni zamonaviy yuqori samarali qoplamalar uchun yanada moslashtiradi. Kuchaytirilgan elastik xususiyatlarga ega bo‘lgan
modifikatsiyalangan bitum past haroratlarda yorilishga va yuqori haroratlarda g‘adir-budur bo‘lib qolishga yaxshiroq qarshilik
ko‘rsatadi, bu esa yo‘l qoplamalarining xizmat muddatini uzaytiradi [11].

Bir gator tadgigotlar bitum reologiyasini yaxshilashda aldegid asosidagi modifikatorlarning samaradorligini tasdigladi.
Biroq, aksariyat tadqiqotlar neftdan olingan bitumga qaratilgan bo‘lib, kimyoviy modifikatsiyalangan tabiiy bitumning
xususiyatlari, aynigsa formaldegid ta’sirida elastiklikni oshirish nuqtai nazaridan cheklangan ma’lumotlar mavjud [12].

Ushbu tadqiqotda bitum neftli tog® jinsidan xloroform yordamida ajratib olindi va yuqori bosim hamda harorat ostida
formalin (formaldegidning suvli eritmasi) bilan kimyoviy modifikatsiya gilindi. Asosiy magsad formalin modifikatsiyasi tabiiy
bitumning elastiklik xususiyatlariga qanday ta’sir ko‘rsatishini o‘rganishdir. Modifikatsiya jarayoni, funksional guruhlarning
shakllanishi, mikrostruktura va elastiklikning o‘zgarishi FTIR spektroskopiya va SEM tasvirlash yordamida qo‘llab-quvvatlangan
holda, penetratsiya, cho‘ziluvchanlik va yumshash nugqtalarini o‘lchash orqali baholanadi. Tadqiqot natijalari moslashuvchan
goplama tizimlarida modifikatsiyalangan tabiiy bitumni iqtisodiy jihatdan samarali va elastik bog‘lovchi sifatida qo‘llashning
magsadga muvofigligini baholashga garatilgan [13].

Tadgiqot metodologiyasi. Materiallar: Farg‘ona vodiysi hududidagi Chimiyon konidan bitumli moddalar mavjud bo‘lgan
tabiiy tog‘ jinslari namunalari olindi. Tog* jinslari bir xil ajratib olinishi uchun 2 mm dan kichik zarrachalargacha maydalanib,
elakdan o‘tkazildi. Bitumli organik moddalarga nisbatan yuqori tanlovchanligi tufayli analitik darajadagi xloroform (CHCls)
ekstraksiya eritmasi sifatida qo‘llanildi. Kimyoviy o‘zgartirish uchun esa modifikatsiyalovchi vosita sifatida formalin eritmasi
(37% li suvli formaldegid) ishlatildi.

Bitumni ajratib olish: Bitum maydalangan tog* jinslaridan Sokslet ekstraksiya apparati yordamida ajratib olindi. Taxminan
100 gramm namuna ekstraktorga joylashtirilib, 8 soat davomida xloroform bilan uzluksiz reflyuks gilindi. Keyin erigan bitumli
eritma rotorli bug‘latgich (Biichi Rotavapor R-300) yordamida pasaytirilgan bosim ostida 50°C haroratda konsentratsiyalandi.
Xloroformda eriydigan moddaning migdori xom tog‘ jinsining og‘irligiga nisbatan 22,5-24,5% oralig‘ida gayd etildi.

Formalin bilan kimyoviy modifikatsiyalash: Ajratib olingan bitum teng migdordagi formalin bilan birga zanglamaydigan
po‘latdan yasalgan yuqori bosimli reaktorga (Parr asbob, 300 ml) joylashtirildi. Modifikatsiya jarayoni quyidagi sharoitlarda
amalga oshirildi:Temperature: 120 °C

e Bosim: 15 atm

e Jarayon vaqti: 6 soat

Bu jarayonda asfalten va smolalardagi aromatik halgalarning elektrofil almashinuvi natijasida molekula tarkibiga metilol
(-CH:0H) guruhlari kiritildi. Mahsulot tayyor bo‘lgach, kondensatsiya reaksiyalarini tezlashtirish va modifikatsiyalangan
tuzilmani barqarorlashtirish uchun ochiq idishda 120 °C haroratda 4 soat davomida termik suvsizlantirish amalga oshirildi.

Fizik xususiyatlarni sinash: Modifikatsiyadan oldin va keyin bitumning fizik xatti-harakati va elastik xususiyatlarini
baholash uchun quyidagi standart sinovlar o‘tkazildi:

* Penetratsiya sinovi (ASTM D5): Qattiglikni o‘Ichash uchun standart penetrometr yordamida 25 °C haroratda o‘tkazildi.

¢ Cho‘ziluvchanlik sinovi (ASTM D113): Uzilishdan oldingi cho‘zilishni o‘lchash uchun duktilometr yordamida 25 °C
haroratda o‘tkazildi.

* Yumshash nuqtasi sinovi (ASTM D36): Issiqlikka chidamlilikni baholash uchun halga va shar usuli yordamida aniglandi.

Spektroskopik va mikroskopik tahlil

* FTIR tahlili: Modifikatsiya paytida hosil bo‘lgan funksional guruhlarni aniqlash uchun Bruker Alpha II FTIR spektrometri
(ATR rejimi) yordamida 4000-400 sm™! oralig‘ida amalga oshirildi.

» SEM tahlili: Yuza morfologiyasi JEOL JSM-6390 skanerlovchi elektron mikroskop yordamida x1000 dan x5000 gacha
kattalashtirishlarda o‘rganildi.

* EDS (Energiya tarqatuvchi rentgen spektroskopiyasi): Element tarkibini aniqlash uchun SEM bilan birgalikda amalga
oshirildi.

Tahlil va natijalar. Tabiiy bitumning fizik xususiyatlariga formalin modifikatsiyasining ta’siri standart penetratsiya,
cho‘ziluvchanlik va yumshash nuqtasi sinovlari orqali baholandi. Natijalar 1-jadvalda aks ettirilgan.

Modifikatsiyadan so‘ng penetratsiya giymati sezilarli darajada pasaydi, bu esa bitumning gattigligi va strukturaviy zichligi
oshganligini ko‘rsatadi. Bu hodisa aromatik tuzilmalar va metilol guruhlari o‘rtasida kesishgan tarmoqlarning hosil bo‘lishi
natijasida yuz beradi, chunki bu tarmoglar molekulyar zanjirlarning harakatlanishini kamaytiradi.

Tadval- 1.
Tabiiy bitumning modifikatsiyagacha va modifikatsiyadan keyingi fizik xossalari
Xususiyatlari Modifikatsiyalanmagan bitum | Modifikatsiyalangan bitum | O‘zgarish (%)
Penetratsiya (25 °C, 0.1 mm) | 70 52 =25.7%
Duktilnost (25 °C, cm) 80 62 —22.5%
Yumshash harorati (°C) 46 54 +17.4%

Shuningdek, cho‘ziluvchanlik taxminan 22,5% ga kamaydi, bu esa bitum matritsasining cho‘zilish qobiliyati
pasayganligidan dalolat beradi. Garchi bu salbiy ko‘rinsa-da, ushbu o°zgarish aslida plastik holatdan elastik xususiyatga o‘tishni
anglatadi, bu esa yuqori haroratli qo‘llanishlarda foydalidir.

Yumshash harorati 8 °C ga ko‘tarildi, bu esa issiqqa chidamlilik yaxshilanganligini ko‘rsatadi. Bu modifikatsiyalangan
bitumning yo‘l qoplamasi yuqori haroratga ega bo‘lganda ham oz strukturaviy yaxlitligini saqlay olishini tasdiqlaydi, natijada
g‘ildirak izi hosil bo‘lishi xavfi kamayadi.
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Modifikatsiyalanmagan va modifikatsiyalangan bitumlarning FTIR spektrlari 1-rasmda ko‘rsatilgan. Modifikatsiyalangan
namunada quyidagi yangi yutilish chiziqlari paydo bo‘ldi:

*~1700 sm™: oksidlanish yoki kondensatsiyalanish jarayonida hosil bo‘lgan C=0O (karbonil) cho‘zilishiga mos keladi.

*~1100 sm™: C-O (gidroksil yoki efir) cho‘zilishini ko‘rsatib, metilol guruhi shakllanganligini tasdiqlaydi.

* ~1600 sm™: reaktiv aromatik birliklarning strukturaviy qayta tuzilishi va kondensatsiyalanishi natijasida kuchaygan
aromatik C=C cho‘zilishi.
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Rasm 1. Ekstraktsiya yo'li bilan éjraﬁb olingan bitumning IK tahlili
Ushbu o‘zgarishlar formalinning aromatik halqalardagi faol vodorod atomlari bilan reaksiyaga kirishganini tasdiqlaydi. Bu

jarayon molekulalararo bog‘lanishni yaxshilaydigan va elastiklikni oshiradigan qutbli funksional guruhlarning hosil bo‘lishiga olib
keladi.

Rasm 2. Ekstraktsiya yo'li bilan ajratib olingan bitumning SEM tahlili

SEM tasvirlari modifikatsiyadan oldin va keyingi sirt morfologiyasida sezilarli farqlarni ko‘rsatdi. Modifikatsiyalanmagan
bitumning yuzi nisbatan silliq va bir xil bo‘lib, kondensatsiyalangan asfaltli tuzilmalarga xos edi.

Aksincha, modifikatsiyalangan bitum g‘adir-budur, notekisroq yuzaga ega bo‘lib, ko‘zga tashlanadigan mikroyoriglar va
burmalar mavjud edi. Bu esa murakkab tarmoq tuzilishining shakllanganligini anglatardi. Ushbu morfologik o‘zgarish kuzatilgan
gattiglik va yumshash haroratining ortishini asoslaydi.

EDS tahlili modifikatsiyalangan namunada C, S, Si, Al, Mg va Ca kabi elementlarning ko‘proq mavjudligini aniqladi. Bu
mineral qoldiglar yoki reaksiya mahsulotlarining qo‘shilganligini ko‘rsatadi. Elementlar, aynigsa kislorod tarkibli guruhlar bilan
boyish, FTIR natijalariga mos keladi va kimyoviy o‘zgarishni tasdiglaydi.

Xulosa va takliflar. Ushbu tadgiqot formalin asosidagi kimyoviy modifikatsiya tabiiy tosh-kon bitumining fizik va
tuzilmaviy xususiyatlarini sezilarli darajada o‘zgartirishini ko‘rsatdi. Metilol guruhlarining kiritilishi va keyingi choklash
reaksiyalari issiglikka chidamlilikni yaxshiladi. Bu yugoriroq yumshash harorati (+17,4%) va qattiqlikning oshishi (—25,7% kirish)
bilan tasdiqlandi. Cho‘ziluvchanlik pasaygan bo‘lsa-da (-22,5%), yumshoq tuzilmadan elastikroq tuzilmaga o‘tish bitumning
yuqori harorat sharoitlarida ishlashini yaxshilaydi.

FTIR tahlili qutbli funksional guruhlar (C=0, C-O) hosil bo‘lishini tasdigladi. SEM tasvirlash esa modifikatsiyalangan
namunada ko‘proq geterogen va o‘zaro bog‘langan mikrotuzilmani anigladi. EDS tahlili kimyoviy o‘zgarishni yana bir bor qo‘llab-
quvvatlab, elementlar xilma-xilligining oshganligini ko‘rsatdi.

Umuman olganda, formalin modifikatsiyasi tabiiy bitumning elastikligi va samaradorligini oshirishning istigbolli yo‘lini
taklif etadi. Bu esa uni barqaror va yuqori samarali yo‘l qoplamalarini qo‘llash uchun potensial muqobil bog‘lovchi moddaga
aylantiradi.
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