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Annotatsiya. Ushbu maqolada aksial xirallikka ega N-C bog‘li xinazolin-4-on
hosilalarining N3-C(aril) o‘qi atrofidagi rotatsion energiya to‘siglari va ularning
stereokimyoviy barqarorligi tizimli ravishda tahlil gilindi. Tadgigotda 2-tiokso-3-(o-aril)-
xinazolin-4-onlar (la—f) hamda 2-(benziltio)-3-(o-aril)-xinazolin-4-onlar (2a—f)ning sintez
sharoitlari, orto-o‘rinbosarlarning sterik hajmi va elektron ta’siri o‘rganildi. Sintez gilingan
birikmalar 1H va 13C YaMR, 1Q, HRMS va UB-spektroskopiya usullari bilan tavsiflandi.
Enantiomerlarni xiral HPLC yordamida ajratish hamda termik ratsemizatsiya kinetikasini
o‘rganish orqali N3-C(aril) bog‘i atrofidagi rotatsion energiya to‘siglari aniglandi.
Eksperimental natijalarga ko‘ra, ushbu to‘siglar 112,7-140,8 kJ/mol oralig‘ida bo‘lib, orto-
galogenlar qatorida van der Vaals radiusining ortishi bilan to‘siq giymati oshishi kuzatildi.
Aynigsa, o-ftorli hosilalarda atom radiusi kichik bo‘lishiga qaramay, enantiomerlarni ajratish
va xona haroratida stereokimyoviy barqarorlikni saqlash imkoniyati ko‘rsatildi. Natijalar
aksial xiral xinazolin-4-onlarni stereokimyoviy boshgarish va farmatsevtik molekulalar
dizaynida qo‘llash uchun muhimdir.

Kalit so‘zlar: (Xinazolin-4-onlar, aksial xirallik, rotatsion energiya to‘sig‘i,
enantiomerlarni ajratish, termik ratsemizatsiya, van der Vaals radiusi.

Abstract. This article systematically analyzes the rotational energy barriers around the
N3-C(aryl) axis and the stereochemical stability of axially chiral N-C linked quinazolin-4-
one derivatives. The study focuses on 2-thioxo-3-(o0-aryl)-quinazolin-4-ones (1a—f) and 2-
(benzylthio)-3-(o-aryl)-quinazolin-4-ones (2a—f), with particular attention to synthesis
conditions and the steric and electronic effects of ortho substituents. The structures of the
synthesized compounds were characterized using 1H and 13C NMR, IR, HRMS, and UV
spectroscopy. Enantiomeric separation by chiral HPLC and kinetic analysis of thermal
racemization were used to determine the rotational barriers about the N3—C(aryl) bond. The
experimental results show that the rotational barriers are within the range of 112.7-140.8
kJ/mol and generally increase with the van der Waals radius of ortho-halogen substituents.
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Notably, derivatives bearing an ortho-fluoro substituent, despite the small atomic radius of
fluorine, exhibited sufficiently high barriers to permit enantiomeric separation and
stereochemical stability at room temperature. These findings are relevant to the
stereochemical control of axially chiral quinazolin-4-ones and their potential application in
pharmaceutical molecular design.

Keywords: Quinazolin-4-ones, axial chirality, rotational energy barrier, enantiomer
separation, thermal racemization, van der Waals radius.

AHHOTaHHH. B CTaTheC CUCTEMATHUYCCKU MMpOaHAJIM3HUPOBAHbI  POTAOIMOHHLIC

sHepreTudeckue Oapbepbl BOKpyr ocu N3-C(apwi) u cTepeoXxuMmuveckas CTaOMIbHOCTh
aKCHATbHO-XUPAIBbHBIX TMPOU3BOJIHBIX XHHa30iduH-4-oHa ¢ N-C cBs3plo. HccnenoBanue
TIOCBSIIEHO 2-THOKCO-3-(0-apwi)-xuHa3zoimH-4-oHam (1a—f) m 2-(6en3mnTro)-3-(0-apwmn)-
XHHA30JIMH-4-0Ham (2a—f), mpu 3TOM 0c000e BHHMAaHHE YJCIICHO YCJIOBHSAM CHHTE3a,
CTEpUUECKOMY OO0BEMY U DJIEKTPOHHOMY BIHMSHHUIO OpTo-3amecTuTeneir. CTpykTypa
CHHTE3WPOBAaHHBIX coennHeHUH noaTBepxkacHa merogamu 1H u 13C AMP, UK-, HRMS- u
Y®-cnekrpockonuu. s ompeaenenusi 6apbepoB BparieHuss BOKpyr cBsizu N3—C(apwr)
WCIIOJIB30BaHbl xupanbHas BOJKX s pasnaeneHus SJHaHTHOMEPOB U KUHETUYECKUN aHAIIN3
TepMudecKoil paneMusanuu. [logyyeHHble SKCHEPUMEHTABHBIE JTaHHBIE MMOKA3bIBAIOT, YTO
pOTaIMOHHBIE SHEPreTHYECKHE Oapbepbl HaxoAATcs B Auanazone 112,7-140,8 x/x/Monb u B
LEJIOM YBEJIMYHMBAIOTCA C POCTOM BaH-IE€P-BAaIbCOBOTO PpPAJNyCa OPTO-TaJOT€HHBIX
3amectuteneil. Oco00 OTMEUYEHO, YTO MPOU3BOAHBIE C OPTO-(HTOP3aMECTUTEIEM, HECMOTPSI
Ha MaJlblii aTOMHBIM paguyc (GTopa, UMEIOT JTOCTATOYHO BBICOKHUU PHEPreTHUECKUN Oaphbep
JUISL pa3feleHus] SHAaHTUOMEPOB M COXPAHEHMS] CTEPEOXMMUYECKOM CTAOWMIIBHOCTH IIPU
KOMHAaTHON Ttemmneparype. [lomydeHHble pe3ynbTaTbl UMEIOT 3HAYEHHUE Uil YIPAaBJICHHS
CTEPEOXUMUEH aKCUAIbHO-XUPAJIbHBIX XWHA30JIMH-4-0HOB U UX NMPUMEHEHUS TMPHU JU3aiHEe
(dhapMalleBTUYECKH EPCIEKTUBHBIX MOJICKY!I.

KiroueBbie cioBa: XuHa30dMH-4-0HBI, aKCHaAJIbHAs XWUPAIbHOCTb, POTAIIMOHHBIN
DHEPreTHUECKUl Oaphep, pas3ielicHue SHAHTHOMEPOB, TEPMHUUYECKas parleMHU3allus, Paanyc
Ban-nep-Baanbca.

Kirish. Azot saglovchi geterosiklik birikmalar zamonaviy organik va farmatsevtik
kimyoning eng muhim va ko‘p tarmogqli sinflaridan biri hisoblanadi. Ular orasida xinazolin va
uning oxo-hosilalari, xususan xinazolin-4-onlar o‘zining boy biologik faolligi bilan ajralib turadi.
Ushbu skeletga ega bo‘lgan moddalar amaliyotda antibakterial, antikanser, antiviral, antikonvulsant,
yallig‘lanishga garshi hamda analgetik xususiyatlarni namoyon etadi. Masalan, Erlotinib, Prazosin
hamda Iressa kabi dunyo miqyosida keng qo‘llaniladigan dori vositalari tarkibida xinazolin yadrosi
mavjud.

Aksial xirallik dori vositalari molekulyar dizaynida va stereoselektiv sintezda alohida
ahamiyatga ega. Molekuladagi ma’lum bir bog® atrofida erkin aylanishning sterik to‘siglar
sababli cheklanishi atropizomerlarning hosil bo‘lishiga va aksial xirallikning yuzaga
kelishiga olib keladi. N-C aksial xiral xinazolin-4-onlarda N3—C(aril) bog‘i xiral o‘q
vazifasini bajaradi. Metakvalon dori vositasi ushbu sinfning yorgin vakilidir.
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Molekulada orto-o‘rinbosarlarning bo‘lishi M va P enantiomerlarining ratsemat
aralashmasi ko‘rinishida mavjud bo‘lishini ta’minlaydi. Shunga qaramay, atom radiusi kichik
bo‘lgan o‘rinbosarlar (masalan, ftor atomi) mavjud bo‘lganda, N—C bog‘i atrofidagi erkin
aylanishni cheklash va enantiomerlarni xona haroratida ajratib olish murakkab muammo
bo‘lib kelgan. Ushbu tadgiqotning magsadi 2-tiokso-3-(0-aril)-xinazolin-4-onlar (1a—f) va 2-
(benziltio)-3-(o-aril)-xinazolin-4-onlar (2a—f) misolida N3—C(aril) bog‘i atrofidagi rotatsion
energiya to‘siglarini baholash va orto-o‘rinbosarlarning o‘lchami hamda elektrostatik
ta’sirini aniqlashdan iborat.

Materiallar

Tadqgigotda foydalanilgan kimyoviy reaktivlar va reagentlar yuqori darajadagi
soflikka ega bo‘lib, qo‘shimcha tozalashsiz ishlatildi:

. Antranil kislotasi (sofligi > 98%), o-tolilizotiotsianat, a-naftilizotiotsianat,

o-ftorfenilizotiotsianat, o-xlorfenilizotiotsianat, o-bromfenilizotiotsianat hamda o-
iodfenilizotiotsianat.

3 Benzilbromid (BnBr), natriy gidroksid (NaOH), suvsiz etanol (EtOH), metanol
(MeOH), toluol va atsetonitril (ACN) erituvchilari.

o Enantiomerlarni ajratish HPLC usulida Chiralpak IA, Chiralpak 1B hamda
Chiralpak IC xiral ustunlari yordamida geksan va etanol aralashmalari eluent sifatida
qo‘llanib bajarildi.

Metodlar

1. 2-Tiokso-3-(o-aril)-xinazolin-4-onlarni (la—f) sintez qilish uslubi: 0,01 mol
antranil kislotasi va 0,01 mol tegishli o-arilizotiotsianat 15 mL etanolda aralashtirilib, 5 soat
davomida gaytar sovutgich ostida qaynatildi. Reaksiya yakunlangach, hosil bo‘lgan cho‘kma
ajratib olindi va etanoldan gayta kristallash orqali tozalandi.

2. 2-(Benziltio)-3-(o-aril)-xinazolin-4-onlarni (2a—f) sintez qilish uslubi: 2
mmol

2-tiokso-3-(o-aril)-xinazolin-4-on (la—f), 2 mmol benziloromid va 20 mL 0,1 M
NaOH ning metanoldagi eritmasi xona haroratida aralashtirildi. Olingan mahsulotlar
etanoldan gayta kristallanib tozalandi.

3. Spektral va struktura tahlili usullari: Sintez gilingan birikmalarning
tuzilishi *H YaMR (400 MHz) va “*C YaMR (100 MHz) (DMSO-ds va CDCl,
erituvchilarida),

1Q-spektroskopiya, yuqori aniglikdagi mass-spektrometriya (HRMS TOF MS ES+) va
UB-spektroskopiya usullari orgali tasdiglandi.

4.  Termik ratsemizatsiya va kinetik hisoblashlar: Aksial xiral enantiomerlar
xiral HPLC ustunlarida ajratilgach, ularning haroratga bog‘liq holda ratsemizatsiyalanish
tezlik konstantasi (k) aniglandi. Olingan tezlik konstantasi giymatlari Eyring tenglamasiga
(AG* =RT In (k, - T/ k - h)) qo‘yilib, rotatsion energiya to‘sig‘i (AG*)hisoblandi. Bu yerda:

R — universal gaz doimiysi, T — mutlaq harorat, k, — Boltsman doimiysi, h — Plank
doimiysi.
Natijalar
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Sintez qilingan la—f birikmalarining tuzilishi spektral ma’lumotlar bilan to‘liq
tasdiglandi. 'H YaMR spektrida 13 ppm atrofida NH guruhiga tegishli singlet cho‘qqi, **C
YaMR spektrida esa 175 ppm da C=S uglerodining signallari kuzatildi.

2-benziltio hosilalari (2a—f) hosil bo‘lgach, tiobenzil guruhining CH, protonlari
diastereotopik xarakterga ega bo‘lganligi sababli 'H YaMR spektrida AB Kkvarteti
ko‘rinishida namoyon bo‘ldi. Bu holat molekulada aksial xirallik va cheklangan aylanish
mavjudligini bevosita isbotladi.

1-jadval.
Sintez gilingan xinazolin-4-on hosilalarining N3—C(aril) bog‘i atrofidagi rotatsion
energiya to‘siglari.

R Ustun va AGi AG3 (kkal/mol

o o —1
Bikma | o inbosar | eluenttizini | " 0O | K6 | isimon )

Chiralpak 1A
1c F (geksan: EtOH 343 5x10°° 112,7 26,9
90:10)

Chiralpak IB
2a CHs (geksan: EtOH 383 5x10° 1335 319
99:1)

Chiralpak
2b Benzo IB(geksan: EtOH 383 1,5x10° 137,3 32,8
95:5)
Chiralpak 1B
2C F (geksan: EtOH 348 5x10°% 1143 27,3
97:3)
Chiralpak IB
2d Cl (geksan: EtOH 383 3x10° 135,1 32,3
97:3)
Chiralpak IC
2e Br (geksan: EtOH 383 5x107 140,8 33,6
99:1)

of | Baholang an _ _ 150,6 36,0

giymat

(HPLC) yuqori samarali suyuqlik xromatografiyasi xromatogrammasi va
ratsemizatsiya kinetikasi
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1-rasm. HPLC xromatogrammalar (sxematik vektor chizma).

Ratsemizatsiya kinetikasi (birinchi tartibli)
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2-rasm. Rorsemizatsiya kinetikasi grafigi.
Muhokama

Olingan eksperimental va kinetik natijalar shuni ko‘rsatadiki, N3—C(aril) bog‘i
atrofidagi rotatsion energiya to‘siglari orto-o‘rinbosarning sterik hajmi va elektrostatik
xossalari bilan to‘g‘ridan-to‘g‘ri bog‘liq:

1. Of‘rinbosar o‘lchami va galogenlar seriyasi: Galogen orto-o‘rinbosarlari
seriyasida (F — Cl — Br — ) van der Vaals radiusi ortishi bilan rotatsion energiya to‘sig‘i
chizigli ravishda ko‘tarilib boradi. Enantiomerlanish energiya to‘sig‘i 1c (F) birikmasida
112,7 kJ/mol ni tashkil etgan bo‘lsa, 2e (Br) birikmasida 140,8 kJ/mol ga teng bo‘ldi. 2f (I)
hosilasi uchun esa van der Vaals radiusiga bog‘liglik grafigi asosida energiya to‘sig‘i 150,6
kJ/mol ga teng deb baholandi.

2. Anomal elektrostatik effektlar: Qizigarli holat shundaki, o-Cl o‘rinbosarli 2d
birikmasining energiya to‘sig‘i (135,1 kJ/mol) 0-CHs o‘rinbosarli 2a birikmasinikidan (133,5
kJ/mol) biroz yuqgori chigdi. Vaholanki, xlor atomining van der Vaals radiusi metil
guruhinikidan kichikrog. Ushbu anomaliya yuqori elektromanfiy xlor atomi hamda xinazolin
halqasidagi karbonil va oltingugurt atomlarining elektron bulutlari o‘rtasidagi vaqtinchalik
itarilish (elektrostatik push-pull) ta’siri bilan izohlanadi.

3. Orto-ftor fenil hosilalarining bargarorligi: Odatda, ftor atomining kichik
o‘lchami sababli N-C aksial xiral birikmalarda enantiomerlarni ajratib olish va ularning
xona haroratidagi barqarorligini ta’minlash juda murakkab hisoblanadi. Birogq ushbu
tadgigotda o-F guruhiga ega 1c va 2c birikmalarining energiya to‘siqlari mos ravishda 112,7
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va 114,3 kJ/mol ekanligi aniglandi. Bu ko‘rsatkich enantiomerlarni xiral HPLC yordamida
muvaffaqiyatli ajratish va ularni xona haroratida ratsemizatsiyalanmasdan saglash uchun
to‘liq yetarlidir. 2¢ birikmasida benziltio guruhining mavjudligi sterik to‘signi 1,6 kJ/mol ga

oshirganini ko ‘rish mumkin.

Xulosa

Ushbu tadqigot ishida 2-tiokso va 2-benziltio hosilalariga ega N-C aksial
xiral xinazolin-4-onlar sintez qilindi va ularning stereokimyoviy parametrlari o‘rganildi.

Olingan asosiy xulosalar:

e N3—C(aril) bog‘i atrofidagi rotatsion energiya to‘siglari 112,7 dan 140,8 kJ/mol
gacha bo‘lgan diapazonni tashkil etadi.

e Orto-o‘rinbosarlarning van der Vaals radiusi va elektron tabiati molekulaning
atropizomerik bargarorligini belgilovchi asosiy omillardir.

e Kichik atom radiusli ftor o‘rinbosari mavjud bo‘lganda ham Xxinazolin-4-on
halqasining sterik muhiti yuqori enantiomerik barqarorlikni ta’minlaydi.

Ushbu amaliy va kinetik natijalar tayyor farmatsevtik preparatlar va enantiomerik sof
dori vositalarini yaratishda, shuningdek aksial xiral asimmetrik katalizatorlar dizaynida
muhim poydevor bo‘lib xizmat giladi.
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