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MG PAU
1. Ly do lya chon dé tai

Céc hop chat vong 16n (macrocycles), dién hinh 1a crown ether va cac dan
XUt chtra sulfur 1a thiacrown ether, da chimg minh vai tro dac biét ciia minh trong
hoa hoc phdi tri va xuc tac. Gan day, cac nghién ctru dd mo rong tng dung cua
ching sang linh vuc sinh hoc, noi cac phan tir ndy thé hién tiém ning trong viéc
van chuyén thudc, khang khuan va dac biét 1a gay doc cac dong té bao ung thu. Cau
trdc vong lon doc dao cho phép chung twong tac véi cac muc tiéu sinh hoc theo co
ché méi, khac biét vai céc loai thude truyén thdng. Song hanh véi dé, cac di vong
chira nitrogen nhu piperidone va tetrahydropyridine (THP) 1 nhitng khung cau tric
co ban va quan trong bac nhat trong thiét ké dugc chat. Hang loat céc loai thudc
thuong mai da dugc phat trién dua trén bo khung nay nho kha nang diéu chinh dac
tinh sinh kha dung va twong tac muc tiéu thdng qua nguyén tir nitrogen.

Mac du vai tro caa crown ether, thiacrown ether va cac di vong nitrogen
trong linh vuc héa hoc va y duoc da duoc khang dinh riéng r&, nhung huéng nghién
ctru tap trung vao viéc thiét ké, tong hop cac phan tur lai bang cach két hop khung
crown ether, thiacrown ether végi di vong nitrogen lai la mot khia canh duoc it su
quan tam. Viéc ghép ndi hai b khung chiic ning nay khong chi tao ra cac hop chat
mai vé& mit cau tric ma con co thé tao ra cac hiéu tng hiép dong, lam thay d6i hoic
tang cuong dang ké hoat tinh sinh hoc cua ching. Cu thé, cac nghién ctu vé viéc
téng hop va khao st hoat tinh sinh hoc cua cac dan xuét crown ether, thiacrown
ether chta di vong nitrogen con rét han ché. Diéu nay tao nén mot khoang tréng
can duoc lap day trong dit liéu khoa hoc, dic biét khi cac hop chét nay s hitu tiém
nang phat trién thanh cac tac nhan diéu tri maoi nhd nhiing co ché tac dong doc dao.
Viéc thiéu hut di liéu vé mdi quan hé giira cAu tric va hoat tinh d6i véi loai hop
chit lai nay dang can tré viéc phaét trién cac ung dung y dugc tiém ning.

Tur nhitng phén tich trén, dé tai "nghién ciru téng hep, cdu tao va khdo sét
hoat tinh sinh hec dén xudt aza-14-crown-4 ether va aza-14-thiacrown-4 ether "
mang tinh cap thiét cao, duoc thé hién & cac diém sau:



- Dap tng nhu ciu vé duoc chit mai: Dé tai gép phan mé rong thu vién céc
hop chat ¢6 hoat tinh sinh hoc tiém ning, giai quyét yéu cau buc thiét cua cong
ddng khoa hoc va y hoc vé cac tng vién thudc diéu tri méi hiéu qua hon, dic biét
la cac hop chat ¢d kha nang vuot qua tinh trang khang thudc.

- Doéng gop vé phuong phép tong hop: Viéc tong hop thanh cong cac dan
Xuit méi thong qua phuong phap ngung tu Petrenko-Kritschenko s& cung cdp mot
quy trinh tong hop 6n dinh, gép phan lam phong phu thém kho tang phuong phap
téng hop hitu co cac hop chat di vong lén.

- Xay dung co so dir liéu khoa hoc: Két qua khao sat hoat tinh s& cung cap
co so dir liéu vé mdi lién hé cau trac - hoat tinh cua loai hop chét lai crown-4 ether,
thiacrown-4 ether vai di vong nitrogen, tir d6 dinh huéng cho viéc thiét ké va tinh
chinh céc phan tu cho céc nghién cau tiép theo.

Vi nhitng ly do trén, viéc tién hanh nghién cau tong hop va khao sat hoat
tinh sinh hoc cua cac dan xuat crown-4 ether, thiacrown-4 ether chaa di vong
nitrogen 1a hoan toan can thiét va co y nghia khoa hoc sau sic, lam tién dé cho cac
g dung tiém ning trong linh vuc Hoa hoc va Hoa dugc.

2. Muc tiéu nghién citu cia deé tai

Muc tiéu chung cua luan an 1a tong hop cac hop chat crown-4 ether,
thiacrown-4 ether méi chira di vong nitrogen (piperidone va tetrahydropyridine) va
khao sét cac hoat tinh sinh hoc tiém ning (hoat tinh gay doc té bao va hoat tinh tc
ché enzyme a-glucosidase), nham cung cép co s& khoa hoc cho viéc phat trién cac
hop chét c6 tiém nang, dinh huéng tng dung trong linh viec Hoa dugc.

Dé dat dwoc muc tiéu chung, luan an tap trung vao cac muc tiéu cu thé sau:
Tong hop va xac dinh ciu trdc:

- Tbng hop cac tién chét dialdehyde podand can thiét, 1a tién dé téng hop nén
cac dan xuat crown-4 ether va thiacrown-4 ether mong muén.

- Thuc hién cac phan tng ngung tu dé téng hop cac dan xuit aza-14-
trioxacrown-4 ether va aza-14-trithiacrown-4 ether chira nhan di vong.
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- Xac dinh céu tric héa hoc cua tit ca cac hop chit tdng hop dugc bang cac
phuong phap phd hién dai (IR, 'H-NMR, 3C-NMR va HRMS).

- Tién hanh khao sat hoat tinh gay doc té bao (cytotoxicity) ciia mot sé hop
chat mai trén mot sé dong té bao ung thur ngudi.

- Tién hanh khao sat hoat tinh @c ché enzyme a-glucosidase caa mot s6 hop
chat tong hop dugc.

T6m lai, luan an dat muc tiéu tao ra nhitng dan xuat hda hoc méi c6 day du
co s6 dit lidu vé cau trac va danh gia dong thoi hai hoat tinh sinh hoc quan trong
(chéng ung thu va chdng tiéu duong) 1am nén tang cho cac nghién ciru chuyén sau

hon.
3. Péi twgng va pham vi nghién ciru

Nghién ctu tap trung vao viéc tdng hop mot loat cac dan xuit aza-14-
crown-4 ether va aza-14-thiacrown-4 ether méi, cu thé Ia:

Budc dau tién, tdng hop céc tién chat: Thuc hién téng hop cac podand
dialdehyde (dan xuét tir diethylene glycol va diethylene disulfide) thong qua cac
phan g thé nucleophile, 1am nén tang cho viéc dong vong.

Budc tiép theo, tdng hop dan xuit crown-4 ether va thiacrown-4 ether chtra
di vong piperidone:

Str dung phan tng ngung tu Petrenko-Kritschenko ba thanh phan giira
podand dialdehyde, alkyl ketone va ammonium acetate dé tong hop thanh céng cac
dan xuat crown-4 ether (7a-d) va thiacrown-4 ether (9a-d) chira nhan piperidone.

Tong hop dan xuit thiacrown-4 ether chira di vong tetrahydropyridine
(THP) bang céch thay thé céc alkyl théng thuong véi cac acetone dicarboxylic ester
khéc nhau.

Thuc hién chuyén hda hda hoc cac hop chét tong hop duoc tir trén (nhém
9a-d) théng qua qué trinh khir nudc (dehydration) dé tao ra cac dan xuat thiacrown-
4 ether chira nhan di vong tetrahydropyridine (10a-e), lam ting tinh da dang ciu
tric caa san pham.



Xéc dinh c4u trdc: Tién hanh phan tich va xac dinh ciu trlc cua tit ca cac
hop chat trung gian va san pham cudi cing bang cac phuong phap phd hién dai,
bao gom phd Hong ngoai (IR), Cong huong tir hat nhan (*H-NMR, 2C-NMR),
Khéi phé (HRMS). Tong hop don tinh thé mot s6 dan xuét thiacrown ether dai dién
va xac dinh cau trdc va cac yéu té 1ap thé bang phuong phap nhidu xa tia X don
phan tur.

Budc cudi cing, khao séat hoat tinh sinh hoc caa cac hop chat téng hop
dugc. Cac hop chat méi sau khi xac dinh cAu tric s& duoc dua vao khao sat cac
hoat tinh sinh hoc tiém ning quan trong, bao gom:

Khao sat hoat tinh gay doc té bao (cytotoxicity): Tién hanh thir nghiém hoat
tinh in vitro bang phuong phap SRB trén cac dong té bao ung thu nguoi (vi du: té
bao ung thu gan HepG2, ung thu tuyén vl MCF-7, ung thu phdi A549, v.v.).

Khao sat hoat tinh wrc ché enzyme a-glucosidase: Thir nghiém kha ning wrc
ché enzyme a-glucosidase — mot muc tiéu quan trong trong diéu tri bénh tiéu duong
type 2.

Két qua thu duoc tir hai ndi dung nghién ctiu trén s& 1am co so dé phan tich
méi quan hé giita cau tric va hoat tinh, tir d6 danh gia tiém ning (g dung cua cac
dan xuit crown-4 ether va thiacrown-4 ether chira di vong nitrogen trong phat trién
duoc chét.

4. Y nghia khoa hoc va thuc tién ciia dé tai

Dé tai v& “nghién ciru tong hop, cdu tao va khao sét hogt tinh sinh hoc ddn
Xudt aza-14-crown-4 ether va aza-14-thiacrown-4 ether ” mang lai nhitng dong gop
dang ké cho linh vuc héa hoc hop chat vong én va hoa duoc hién dai.
Y nghia khoa hoc

Luén 4n da dat duoc nhitng dong gop quan trong vé mat khoa hoc co ban:

Vé hda hoc tong hop, dé tai da tong hop thanh cong va xéac dinh cau trdc
ctia mot loat cac dan xuét aza-14-crown-4 ether va aza-14-thiacrown-4 ether mai-
hai ho hop chit c¢6 ciu trac doc dao, it duoc khai thac trong cac nghién ciru trudc
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day. Viéc nay khong chi lam phong phu thém thu vién cac hop chit hiru co chirc
ning ma con cung c¢d tinh tng dung cia phuong phap ngung tu Petrenko-
Kritschenko trong viéc tao ra cac hop chit vong 16n phuc tap.

V& héa dugc, nghién ciru cung cap dit liéu khoa hoc nén tang, c6 hé thong
vé hoat tinh gay doc té bao va trc ché enzyme a-glucosidase cua I6p hop chét lai
nay. Pay la mot hudng tiép can c6 gia tri bai cac hé vong 16n ¢6 chira di nguyén té
thudng thé hién kha nang tuong tac dic hiéu voi enzym va protein sinh hoc. Day 1a
co so dé thiét 1ap mdi quan hé cau trdc - hoat tinh, dinh huéng cho viéc thiét ké
phan tir va t6i wu hoa hoat tinh cho céc nghién ctu tiép theo.

Y nghia thuc tién

Vé mit ing dung, dé tai c6 ¥ nghia thiét thuc trong dinh huéng phét trién
cac hop chat tiém nang trong héa dugc. Céc dan xuat aza-14-crown-4 ether va aza-
14-thiacrown-4 ether dugc khao st hoat tinh gay doc té bao ung thu va kha ning
trc ché a-glucosidase, hai hudng nghién ciru quan trong trong phat trién thuée diéu
tri ung thu va tiéu duong type 2. Ciu tric két hop giira khung vong Ion va cac di
nguyén td nitrogen- sulfur mang lai tinh linh hoat khong gian va kha ning tao lién
két da dang, c6 thé dan dén co ché tac dung méi hoic ting tinh chon loc ddi véi
muc tiéu sinh hoc. Piéu nay dic biét quan trong khi nhiéu thudc hién hanh dang
gap phai van dé giam hiéu luc hoic khang thudc.

Ngoai ra, bo dit liéu tng hop - ciu tric - hoat tinh do luan 4n dwa ra c6 thé
duoc st dung nhu ngudn tham khao cho cac nhém nghién ciru khac trong nuéc, hd
trg thiét ké hop chat, du doan hoat tinh bang mé hinh tinh toan hodc phat trién vat
liéu tao phuc kim loai dua trén khung azacrown.

5. Nhirng déng gop méi cia luan an

Tbng hop thanh céng 18 hop chat, trong d6 ¢6 16 hop chit méi, cu thé:
e 04 dan xuét crown ether cé chira nhan di vong piperidone (7a-d)
e 04 dan xuat trithiacrown ether c¢6 chira nhan di vong piperidone (9a-d)

e 05 dan xuét trithiacrown ether cé chtra nhan di vong tetrahydropiridine (10a-d)
5



e 03 dan xuat chuyén héa (11-13)

Céc san pham duoc phan 1ap, tinh ché va xac dinh cau tric bang cac phuong
phép hoa Iy hién dai nhu: phd *H-NMR, *C-NMR, IR, HRMS. Phuong phéap nhiéu
Xa tia X don phan tir da xac dinh chinh x&c ciu trac cho 02 don tinh thé cac hop
chat (7c, 9d).

Khao sat hoat tinh gay doc té bao cua 16 hop chat trén cac dong té bao FL
(HeLa, Human cervix carcinoma): Ung thu t&r cung, MCF7 (Human breast
adenocarcinoma): Ung thu biéu mé v, RD (Human rhabdomyosarcoma): Ung thu
mo lién két, HepG2 (Hepatocellular carcinoma): Ung thu gan ngudi, Lul (Human
lung adenocarcinoma): Ung thu phdi nguoi. khao sat danh gia kha niang Gc ché
enzyme a-glucosidase ciia 09 hop chit, c6 05 hop chat thé hién kha ning hoat tinh
t6t (9b, 9c, 9d, 10a, 10d)

6. B6 cuc caa luan an

Luan &n gom 131 trang chua ké phu luc, trong d6 ¢6 12 bang sé liéu, 42 so
dd va 43 hinh v&, 84 tai liéu tham khao. B cuc cua luan an: Mé dau (5 trang);
Chuong 1: Tong quan (32 trang); Chuong 2: Phuong phap nghién citu va thuc
nghiém (27 trang); Chuong 3: Két qua va Thao luan (45 trang); Két luan (2 trang);
Tai liéu tham khao (10 trang). Ngoai ra con c6 Phu luc (93) trang va danh muc 03
cong trinh di cong bd (1 trang).

Chwong 1. TONG QUAN
1.1 Khai quat chung crown ether

Crown ether 1a cac hop chit dai phan tir tuin hoan, da tré thanh nén tang
ctia hba hoc siéu phan ti. Su phét hién nay bit ngudn tir cong trinh cia nha héa hoc
Charles Pedersen vao nhirng nam 1960. Ban dau, hop chat dibenzo-18-crown-6 chi
la mot san pham phu (hiéu suat 0.4%) khong mong muén trong thi nghiém tong
hop céc phirc cation héa tri II. Tuy nhién, Pedersen dd nhanh chéng nhén ra tiém
nang cua polyether vong l6n nay trong viéc tao phirc chon loc vai céc cation kim
loai kiém, dic biét Ia ion Kali, do hinh dang giéng nhu mét "vuong mién" (crown)
bao boc ion kim loai.



Cung véi cong trinh caa Jean-Marie Lehn va Donald Cram vé cryptand,

linh vyc hoa hoc vat chu - khach (host-guest chemistry) ra doi, gidp bo ba nha khoa
hoc gianh giai Nobel Héa hoc nam 1987.

1.2. Phan loai cac hep chit crown ether

Crown ether duoc phan loai dya trén di té c6 mat trong vong:

Crown Ether: Chi chtra nguyén tir Oxy (O) lam nguyén tir cho electron.
Azacrown Ether: Mot phan Oxy duoc thay thé bang Nito (N).
Thiacrown Ether: Mot phan Oxy duoc thay thé bang Luu huynh (S).
Azathiacrown Ether: Chira ca N va S lam nguyén tir nhuong electron.

Trong hé thdng phan loai ciu trac lién két cua Vogtle, crown ether thuoc

nhém coronand (polyether tuan hoan). Cac dan xuat mach hg dugc goi 1a podand
(polyether chudi ma) va cac hop chat da vong kiéu 16ng (hai hoic nhiéu vong) duoc
goi la cryptand.

1.3. Tong hep crown ether co ban

Céc phuong phap tdng hop crown ether chu yéu tap trung vao viéc tao ra

vong 16n thong qua qua trinh dong vong (cyclization). Ba cach pho bién nhat Ia:

1.
2.

3.

Chu trinh don gian (Simple cycle).

Chu trinh két hop (Combined cycle/Dong vong c6 khuén mau - Template-
driven cyclization).

Ngung tu (Condensation) hai hoic nhiéu thanh phan.

1.4. Mgt s6 eng dung ciia crown ether

Ung dung ciia crown ether rat da dang, bao gom:

Hoat tinh Khang khuan: Nhiéu dan xuét bis-benzo-crown ether va phirc
chelate cta ching véi ion Natri da dwgc chiing minh ¢é hoat tinh manh
chéng lai cac ching vi khuan Gram duong va Gram am phd bién.



Hoat tinh Chdng ung thu (Gay doc té bao): Cac dan xuét aza-crown ether
cho thdy kha ning gay doc té bao trén nhiéu dong ung thur nguoi (nhu phi,
v(, va gan).

Van chuyén thubc (Drug Delivery): Nhd kha ning tao phtic on dinh voi
cac ion sinh hoc, cac dan xuat Crown Ether dugc nghién ctru dé ung dung
trong cac hé thdng van chuyén thubc nhay cam vai ion hoic nhiét do (vi
du: gin vao hydrogel).

1.5. Mt s6 nghién ciru vé mdt sb6 hop chit di vong dic trung

1.5.1. Khai quéat vé di vong

Di vong la cac hop chét vong trong d6 mot hoac nhiéu nguyén tur carbon

duogc thay thé bang céc di t§ (heteroatom) nhu Nito (N), Oxy (O), va Luu huynh
(S). Céc di vong dong vai tro cbt 16i trong ca tu nhién va héa dugc. Ching la khung

c4u tric co ban cua vo sé phan tir quan trong

1.5.2. Piperidone (4-Piperidone)

Piperidone 1a di vong nito chira nhom keto (C=0), ¢6 céu triic tuong tu

Piperidine. Khung cau tric 4-piperidone 1a nén tang cua nhiéu alkaloid ty nhién va

cac duoc pham quan trong.

Ung dung Dugc pham: Day 1a cau tric cot 16i cua nhiéu loai thuc giam
dau opioid tong hop ndi tiéng (nhu Fentanyl) va la chat trung gian quan
trong dé tong hop cac hop chét dugc ly phic tap.

Tiém ning méi: Cac dan xuét piperidone dang dwoc nghién cau vé kha
nang diéu tri bénh Alzheimer thdng qua viéc e ché su tu to hop cua peptit
AP (mot nguyén nhan gay bénh Alzheimer).

1.5.3. Tetrahydropyridine (THP)

Tetrahydropyridine (THP) la di vong Nito khong no, ton tai & nhiéu dang

ddng phan va c6 mit trong cac alkaloid tu nhién (nhu arecoline va betanine).



Ung dung: Mot dan xuat THP néi tiéng (MPTP) la chét doc than kinh duoc
sir dung rong rdi dé tao mé hinh nghién ctru bénh Parkinson do kha ning gay ra cac
triéu chimg twong tu bénh. Céc dan xuat THP khac ciing dang duoc khao sat dé
diéu tri hoi chitng Alzheimer va tdm than phan liét.

Hoat tinh Sinh hoc khac: Cac dan xuat cia THP da dwgc ching minh cé
kha ning khang khuan cao (chong lai céc ching nhu E. faecium va S. aureus),
khang nim, va hoat dong nhu chat wrc ché HIV tiém nang.

1.6. Md phéng lip ghép phan tir (Molecular Docking)

M6 phong lap ghép phan tir 12 ki thuat tin sinh hoc cau trdc then chét trong
thiét ké thudc co su hd trg cua may tinh (CADD). Muc tiéu cbt I8i 1a dir doan trang
thai lién két t6i wu (binding modes) cia mot phéi tir (ligand) vao phan tir dich
(protein) dua trén cau tric khong gian 3D. Qua trinh nay duoc thuc hién théng qua
viéc kham phé khong gian cau hinh da chiéu va dinh luong bang ham tinh diém
(scoring function) dé xac dinh &i luc lién két.

Quy trinh md phong dugc chuan héa qua 4 budc chinh:

1. Chuan bj Protein: Cau trac duoc lya chon tir cac ngan hang dix liéu thuc
nghiém (PDB, ReLiBase). Quy trinh chuan bi bao gom: hiéu chinh don vi
sinh hoc, thém nguyén ti Hydro theo pH sinh ly, loai bé c&c phan tir nudc
khong thiét yéu va tach bo phdi tir két tinh c6 sin dé giai phéng hoc hoat
tinh.

2. Chuan bi Phéi tir: Cac ligand duoc t6i wu héa ciu tric tir 2D sang 3D, kiém
soat chat ché cac dang proton hoa, chat hd bién va dong phan lap thé. Bo
linh dong cua phéi tir (s6 lién két co thé xoay) 1a yéu td quyét dinh do phuc
tap cua khong gian tim kiém.

3. Thuyc hién Lip ghép (Docking): Xac dinh khong gian tim kiém (search
space). Tuy thudc vao dir liéu thuc nghiém, thuat toan sé thuc hién quét
toan bo bé mit protein (blind docking) hoic tap trung vao héc lién két muc
tidu (targeted docking) dé téi wu hoa hiéu suét tinh toan.



4. Phan tich va Danh gia: Két qua dugc tham dinh qua ba tiéu chi:

o Kha ning tai 13p ghép (Redocking): Panh gia d6 chinh xac ciia md hinh
thong qua chi s6 RMSD (Root Mean Square Deviation). Gia tri RMSD <
2A gitra cdu hinh dy doan va thyc nghiém duogc coi 1a ngudng thanh cong.

o Tinh lap lai: Str dung thuat toan ngau nhién véi it nhat 50 lan chay dé xac
dinh sy 6n dinh caa cac cum cau hinh (clusters).

o Ailyc lién két: Sir dung ham tinh diém dé uéc tinh nang luong tu do Gibbs

Viéc ung dung mo phong Iap ghép phan tir vao nghién ciru cac dan xuit
crown ether lai cau tric véi di vong nitrogen (piperidone, tetrahydropyridine) dong
vai tro la cong cu sang loc ao hiéu qua. Phuong phap nay khong chi giup du doan
hoat tinh sinh hoc cuia cac hop chat méi ma con cung cap co s ly thuyét quan trong
dé dinh huéng thiét ké cac phan tir chirc nang, toi wu hda thoi gian va chi phi thuc
nghiém.

Chuwong 2. PHUONG PHAP NGHIEN CUU VA THUC NGHIEM

Chuong thuc nghiém trinh bay mot cach hé théng vé thiét bi, hoa chit,
phuong phép nghién ctru va quy trinh thuc nghiém duoc sir dung dé tong hop va
xac dinh cAu tric cac dan xuét trioxacrown ether va thiacrown ether mai chira nhan
di vong Piperidone va Tetrahydropyridine. Cung véi d6 1a khao sat hoat tinh sinh
hoc cac hop chat d tong hop thanh cong.

1. Thiét bi va phwong phap phén tich cu tric

Nghién ctu st dung cac ky thuat phan tich hién dai dé dam bao do chinh
X4c trong viéc xac dinh ciu tric hoa hoc cua cac hop chat.

e Phd Céng hwdng tir hat nhan (NMR}: Phé 'H-NMR va ®C-NMR duoc
ghi trén méy Bruker (500 MHz va 600 MHz). Dung mdi chup phé pho bién
la CDCl; va DMSO-ds, véi chat chuan noi (internal standard) 1a TMS.

e Pho Héng ngoai (IR): Pho IR dugc ghi bang phuong phép ép vién KBr.
Phé IR cung cap dit liéu quan trong vé cac nhdm chire nang dic trung nhu
C=0, C-O va N-H.
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Phé Khéi lweng Phan giai cao (HRMS): HRMS (sir dung may LC-
HRMS Orbitrap) dugc ding dé xac dinh chinh xac khdi lugng tng véi cong
thirc phan tor duy kién.

Phan tich khac: Piém ndng chay (Tn) duoc do bang may STUART
SMP3. Qué trinh phan ung duoc theo di lién tuc bang sic ky I6p mong
(TLC).

2. Tong hep céc tién chat podand dialdehyde

Céc tién chat podand (hop chat mach ho) chira hai nhém thé aldehyde &

dau mach la tién chat, budc nén tang dé tao diéu kién dong vong.

Cau tao: Céc podand dugc tong hop cd cong thirc tong quat véi hai nhom
formylphenoxyl hoic formylphenthio dugc néi véi nhau qua mot mach
ether (di t6 Oxy) hozc sulfua (di t6 Luu huynh).

Quy trinh: Phan ung tién hanh bing cach khuidy déu hdn hop 2-
fluorobenzaldehyde va diol dithiol trong dung mdi DMSO dudi sw cd mat
cua K2COs3 lam xuc tac, ¢ nhiét do 70— 80 °C trong khoang 15-17 gio.
San pham chinh: Hai podand chinh da duoc tong hop thanh céng: 1,5-
bis(2-formylphenoxy)-3-oxapentane  (chora Oxy) va  1,5-bis(2-
formylphenthio)-3-thiapentane (chira Luu huynh). Hiéu suét tong hop dat
70-75%.

3. Tong hop crown ether chira nhan piperidone

Céc hop chat Crown ether méi chira nhan piperidone duoc tao ra tir phan

g ngung tu Petrenko-Kritschenko ba thanh phan.

3.1. Téng hop céc aza-14-crown-4 ether (7a-d)

Tién chat: Sir dung podand chira Oxy (1,5-bis(2-formylphenoxy)-3-
oxapentane) 1am tién chit dialdehyde.

Thanh phan phan wng: Podand (3), cac dan xuét cua 3-oxobutanoate (6a-
d) va amonium acetate dugc sur dung véi ty 1€ mol 1:1:1.
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Quy trinh: C4c thanh phan duoc khudy trong dung méi ethanol c6 bé sung
xuc tac acid acetic. Phan ung kéo dai khoang 15 gio. Sau khi phan ng
hoan tat (kiém tra bang TLC), hdn hop duogc trung hoa bang dung dich
K,COs, chiét bang dichloromethane va tinh ché bang sic ky cot két hop
két tinh lai tir ethanol @ thu duoc san pham aza-14-crown-4 ether chira
piperidone (7a-d).

3.2. Téng hep céc aza-14-thiacrown-4 ether (9a-d)

Tién chat: Str dung podand chira Luu huynh (1,5-bis(2-formylphenthio)-
3-thiapentane).

Thanh phan phan &ng: Podand (5), cac dan xuat cua 3-oxobutanoate (8a-
d) va amonium acetate dugc su dung.

Piém khac biét: Do di té Luu huynh phan nao lam giam kha ning phan
rng, thoi gian phan tmg dong vong kéo dai hon, 1én dén 48 gio.

San pham: Thu duoc cic dan xuat aza-14-thiacrown-4 ether chtra nhan
piperidone (9a-d).

3.3. Tong hgp crown ether chira nhan tetrahydropyridine (10a-e)
Tién chat: Str dung podand chira Luu huynh (1,5-bis(2-formylphenthio)-
3-thiapentane).

Thanh phan phan ng: Podand (5), cac dan xuat cia 3-oxobutanoate (8a-
d) va amonium acetate dugc su dung vai ty 1€ mol c6 chut khac biét la
1:1:2.

Quy trinh: Phan tng dugc thyuc hién bang cach khuiy déu hdn hop 3 thanh
phan 1a trithiapodand dialdehyde, beta-kote ester va luong du amonium

acetate trong dung méi ethanol tai nhiét d6 60°C va két thic sau 18h. Cuing
Vi do, ching toi st dung xuc tac la acid acetic.

San pham: Thu dugc cac din xuat trithiacrown ether chira nhan piperidone
(10a-e) véi hiéu suat dao dong 35-37%.
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3.4. Chuyén héa crown ether

Trén co s& tong quan va tai liéu tham khao, nhan thay rang piperidone-4-
one c6 hai trung tm hoat dong (C=0 va NH), diéu nay cho phép gan thém cac
nhém thé dé tao dan xuét c6 hoat tinh sinh hoc. Cac phan ing bién d6i thong thuong
bao gom: cong nhan nucleophile, alkyl hda, acyl héa, tao oxime, hydrazone, v.v.
Trong luan &n nay, ching toi khao st phan (ng gitra hop chét azacrown (7a) va
hydroxylamin/hydrazin. Két qua da tao ra mot loat san pham hoéa hoc thi vi.

e San pham: Thu duoc céc din xuat trioxacrown ether dugc chuyén hoa
(11), (12), (13).

4. Khao sat hoat tinh sinh hoc

Sau khi x4ac dinh cAu trdc, cac hop chit méi duoc dénh gia tiém ning duoc
Iy thdng qua hai hoat tinh sinh hoc chinh.

o Hoat tinh gay ddc té bao (Cytotoxicity):
o Muc tiéu: Panh gia kha ning chdng ung thu cua cac hop chét.
o Phwong phap: Thir nghiém in vitro bang phuong phap SRB trén
céc dong té bao ung thu ngudi dai dién (nhu ung thu gan HepG2,
ung thu viit MCF-7, ung thu phdi A549, v.v.).
o Chi sé danh gia: Xac dinh gia tri 1Cso (ndng d6 ¢ ché 50% su
tang sinh té bao).
« Hoat tinh wic ché enzyme a-glucosidase:
o Muc tiéu: Panh gia tiém niang diéu tri bénh tiéu duong type 2.
o Chisb danh gia: Xéc dinh gi trj 1Cso rc ché enzyme, so sanh véi
chat d6i chung duong (Acarbose).

e Khao sat hoat tinh wc ché enzyme a-glucosidase bang phwong phap
md phéng phan tir (Molecular docking)

Trong nghién ctu nay, ki thuat mé phong lip ghép phan tir (Molecular

Docking) dugc thyuc hién bang phan mém MOE 2019.0102 nham kham pha co ché
13



tuong tac va 4i luc lién két cua cac dan xuat crown ether méi ddi voi enzyme dich
a-glucosidase.

Xay dyng md hinh va Chuan bj dit liéu:

o Protein dich: Do ciu tric 3D cua o-glucosidase chua duoc xac dinh hoan
chinh, mé hinh duoc xay dung bang phuong phap mé hinh hoa dong dang
dwa trén ciu trdc tinh thé cua isomaltase tir Saccharomyces cerevisiae
(PDB ID: 3A4A). M6 hinh dam bao do tin cay cao vai diém tuong dong
(similarity) dat 85% va diém giéng hoan toan (identity) dat 72% so Véi
trinh tu muc tiéu.

o Phéi tir (Ligand): Cau tric 3D cua cac dan xuat crown ether duoc tdi wu
héa hinh hoc tryc tiép trén nén ting MOE dé dat trang thai nang lugng bén
virng trudc khi lap ghép.

Phuong phap va Tham dinh md hinh:

o Nghién ciu ap dung phuong phap ldp ghép ban linh dong (semi-flexible
docking): giit c6 dinh khung protein va cho phép phdi tir thay déi ciu hinh
tu do trong hdc lién két.

o Quy trinh tham dinh (Redocking): B¢ chinh xé4c cua théng s6 md phong
duoc x4c nhan thdng qua viéc tai lap ghép phdi tir ddng két tinh vao ciu
trdc 3D cua 3A4A. Két qua cho gia tri RMSD < 2A, khing dinh md hinh
c6 do tin cay va tinh lap lai cao, du diéu kién dé sang loc cac hop chat méi.

Sang loc va Phan tich tuong tac:

o CA&c hop chét crown ether muc tiéu dugc Iip ghép vao trung tim hoat dong
(active site) cua enzyme. Két qua dugc danh gia thong qua cac ham tinh
diém London dG hoic GBVI/WSA dG dé xac dinh ning luong tu do lién
két

o Céu hinh c6 gia tri AG &m nhat duoc lya chon 1am trang thai lién két toi
wu, thé hién &i luvc manh va do bén vitng caa phuic hop protein-phdi tir. Cac
tuong tac hoa hoc chi tiét (lién két hydro, tuong tac ky nuéc, luc Van der
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Waals) duoc phan tich va truc quan héa bang phian mém Discovery Studio
2025.

Két ndi thuc nghiém:

Song song véi md phong, cac dan xuit crown ether da dugc tong hop thanh
cong bang phuong phap ngung tu da tac nhan, tinh ché dat d tinh khiét cao va
X&c nhan ciu trdc bang phé IR, NMR va HRMS. Su twong quan chit ché giira
dir liéu md phong va két qua khao sat hoat tinh sinh hoc (ac ché enzyme a-
glucosidase va gay doc té bao ung thwr) cung cip co so khoa hoc quan trong cho
viéc dinh hudng thiét ké cac dan xuat méi c6 hoat tinh cao hon trong twong lai.

Chuwong 3. KET QUA VA THAO LUAN

3.1. Téng hgp cac tién chat podand

(0]
H H H
XH X XH w X Y X
(1,4) K,CO3;, DMSO (3,5)
3:X=0
5:X=8S

So db 3.1. Tong hop céc tién chat podand dialdehyde

Céc tién chat podand c6 chira cac di td O va S (3,5) déu co dic diém chung
la cu tao d6i xing truc thiang gitra, 2 bén nhanh cudi mach 1a cac nhoém chuc
arylaldehyde. C4c nhém chét nay duoc tong véi cling mot phuong phép theo so do.
Phan ung duoc thuc hién khi cho hdn hop 1 trong 2 chit (1,4) cling 2-
fluorobenzaldehyde khudy trong dung méi DMSO véi nhiét do khoang 110-120°C.
Céc san pham la céc tién chat podand dugc tong hop ¢ hiéu suat cao 70- 75%.

Hop chét (5) duoc téng hop tir hop chat 2,2"-thiodiethanethiol (4) va 2-
fluorobenzaldehyde. Dung méi phan cuc DMSO duoc chon va phan g duoc tién
hanh trong méi truong kiém (K,CO3) dé ting hidu suat phan tng va diy nhanh phan
g thé. Cong thirc ciu tao cua hop chat (5) dwoc khing dinh bing cac phuong
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phép phé hién dai H-NMR va MS. Céc tin hiéu cong hudng dic chung cho nhom
aldehyde, (-CH,-S-) va (-CH,-S-CH,-), nhan thom lan luot xuat hién tai & = 10,41
ppm, &n = 2,8 - 2,83 ppm va &y = 3,12 - 3,16 ppm, khoang 7,31 dén 7,85 ppm. Trén
phd MS, pic ion phan tir [M]* = 362,7, Khéi lugng chinh xac 1a m/z = 362,53.

3.2. Tong hop céac crown ether méi chira nhan piperidone tir cac tién chat
podand trén co sé phan ing ngung tu Petrenko-Kritschenko

Phan tng Petrenko—Krischenko 1a mét trong nhitng phan Gng ngung tu da
tac nhan cb dién, c6 vai trd quan trong trong hoa hoc tong hop, dic biét trong viéc
xay dyung cac hé di vong cé gia tri sinh hoc. Phan tng nay dién ra giira ba thanh
phan chinh: aldehyde thom, ketone mach ngan (phd bién Ia acetone hoic methyl
ketone), va mudi amoni (nhu ammonium acetate hozc ammonium chloride), hoic
d6i khi thay thé bang amin bac mot. Trén co sd cac tién chat podand (3) va (5) voi
cu triic d6i xiing 2 bén I cac nhém chire aldehyde, chiing toi da sir dung phan @ng
Petrenko-Krischenko trong vai trd 1a phan tmg co s& trong tong hop cac hop chat
di vong mai chira ddng thoi nhan piperidone va vong crown ether.

3.2.1. Tong hop crown ether tir tién chat podand 1,5-bis(2-formylphenoxy)-3-
oxapentane (3)

o o
)J\/U\O/R Q Q
(6a-d) o R
0O + (0] N
y H
H
NH4OAC o) O
o = o)
NN CH4CHOOH, EtOH ©
3) a=-CH,CHy; b=-CH(CH;),  (73d)

= 'CHzCH(CHs)z, d= -CH2C6H5
So dd 3.2. Tdng hop céc crown ether (7a-d)

Phan tmg duoc bat dau tir tién chat podand 1,5-bis(2-formylphenoxy)-3-
oxapentane (3) va cac dan xuét cua 3-oxobutanoate (6a-d) cing sy ¢6 mat cua
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amonium acetate trong diéu kién dung mdi ethanol va xuc tac acid acetic. Nhém
chat crown ether (7a-d) da duoc tong hop thanh cdng véi hiéu suat 34-50%.

Trén phd hong ngoai cua cac hop chat (7b-d) ching ta c6 thé dé dang nhan
thiy duoc sy xuat hién tin hiéu da trung ctia nhém —NH tai viing 3314- 3326 cm®
dong thoi cac tin hiéu ciia nhém -C=0 ester ciing dugc nhin thay tai 1694 — 1697
cmt hay tai 1246 cm™ véi cudong do manh la tin hiéu cia nhém —C-O-.

Trén phd cong huang tir hat nhan proton *H-NMR dic trung chung ciia cac
dan xuat nhém (7b-d) d6 1a:

- Tin hiéu cong huéng cua cac 8 proton nhan thom gin véi ving ether va
piperidone duoc phét hién lan luot tai cac khoang 6,788-7,259 ppm (7b),
6,785-7,260 ppm (7c), 6,884-7,185 ppm (7d)

- Céc proton dac chung cho céc hydro tai nhom ether va piperidone cling
duogc nhin thay trong khoang 2,5-4,5 ppm.

Su khéc biét 16n nhat gitra cac hop chat nay cé thé nhin thay rd nhat tai ciu
trdc cua ching vai cac alkyl nhom khéc nhau trong céu trdc ciia nhom chirc ester.
Diéu nay ciing duoc nhan thay rd trén phd cong huong tir hat nhan. Trén phd cua
hop chét (7b), tai viing cong huéng 1,112 ppm 14 tin hiéu caa 2 nhém CHs chong
chap 1én nhau do twong dwong vé mit tir voi do boi la doublet va tin hiéu caa nhém
-CH(CHs), tai 4.918 ppm . Trén phé hop chét (7c), nhan thiy su c6 mit cua 2 nhém
CHs lan luot tai 0,759 va 0,775 ppm véi cing do boi 1a doublet, cing véi d6 14 tin
hiéu cong huong caa proton -CH(CHs), tai 1,739 ppm. Trén phd hop chét (7d),
dudi sy anh huong dong thoi cua nhdm ester va vong thom, tin hiéu cong huéng
cua 2 proton -CH,Cg¢Hs bi diy vé truong yéu hon tai 4,988-5,064 ppm véi do boi 13
doublet-doublet va cuong 46 J = 12,6 Hz

Trén phd cong huong tir 3C-NMR, ¢6 thé d& dang phat hién sy c6 mat cua
2 nhdm C=0 ketone va C=0 ester tai 204 ppm va 169 ppm.

CAu trac phan tir caa hop chét (7¢) ciing dwoc khiang dinh chic chin bang
phuong phap nhiéu xa don phan tir.
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Hinh 3.1. XRay cua hop chat (7c¢)

Tuong tu nhu cic crown ether (7a-d), cac hop chét (9a-d) duoc tong hop
dwa trén co so phan ng Petrenko—Krischenko. Hiéu suat chung toi thu dugc cua
céc hop chét (9a-d) 1a 30-36%.

R1\)J\/R2 o
(8a-d) R4 R
(0] + (@)
N
H H O : O
NH,0Ac S S
SO S S CH3CHOOH, EtOH Q/S\)
3 ,
(5) a: R1 = Rz =Ph (ga_d)

b: Ry = Ph, Ry = H
C: R1 = R2 = 'CHch3
d: R1 = 'CH(CH3)2, R2 =H

So dd 3.3. Tong hop céc crown ether (9a-d)

Cau trlic ciia ddy hop chat (9a-d) ciing dugc ching minh bang cac phuong
phap phé hién dai IR, *H-NMR, 3C-NMR va HPLC-MS. Cing véi d6, cong thirc
Cau tao cua hop chat (9d) ciing dwoc khang dinh chinh xac bang phuong phap nhiéu
xa tia X don phan tir (single crystal X-ray diffraction).

Trén phd IR caa day cac hop chét, c6 thé d& dang nhan thiy 2 pic dic chung

cho nhdm NH va nhém —C=0 ketone tai 2 vung trén 3200 cm™? va viing 17xx cm*
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Trén phd 'H-NMR cua ddy hop chat nay, d& dang cd thé nhin thay cac viing
pho dic trung cu thé nhu sau:

- Tat ca cac hop chat déu c6 tin hiéu proton thom trong ving 7,0 — 8,0 ppm

- \Vung ether va piperidone, proton gan nhém NH, CO, ether va CH: vong,
Déu ¢ tin hiéu dic trung CHNH ~5 ppm, CHCO ~3—4 ppm

- Vang aliphatic, viing gip phan biét rd nhat gitra cac hop chat nho sy hién
dién cua cdc nhdm methyl (CHs), methylene (-CH2) ~0,5 — 2,5 ppm.

Phd BC-NMR cua diy hop chét nay ciing thé hién ra sy khéc biét giira
ching va tién chat podand khi xuat hién sy c6 mat cua pic cong hudong dic trung
cho nhém C=0 ketone tai cac d6 chuyén dich lan luot tai 206,20 ppm (9a), 207,35
ppm (9b), 210,22 ppm (9c), 209,31 ppm (9d).

Cong thirc cia nhdm hop chat (9a-9d) con dugc minh chimg rd rang hon
boi phd khdi lugng phan giai cao véi gia tri chinh xéac khéi lwong va do léch khdi
<10 ppm.

Dic biét, cau tao cua hop chit (9d) duoc khing dinh bang phwong phéap
nhiéu xa don phan tir.

Hinh 3.2. XRay cua hop chat (9d)

3.3. Tong hop cac crown ether méi chira nhan tetrahydropyridine tir c4c tién
chat podand trén co sé phan ing ngung tu Petrenko-Kritschenko
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SN L NH4OAc
(5) CH3CHOOH, EtOH (10a-e)

a = -CH,CHg; b = -CH(CHy),
c= 'CHch(CH3)2, d= 'CHZCGHS
e= 'CH3

So dd 3.4. Tong hop céc crown ether (10a-e)

Phan tmg duoc thuc hién bang cach khuay déu hdn hop 3 thanh phan la
trithiapodand dialdehyde, beta-kote ester va lwgng du amonium acetate trong dung
moi ethanol tai nhiét 6 60°C va két thuc sau 18h. Két qua dat duoc la ddy san pham
céc hop chét (10a-e) vai hiéu suat dao dong 35-37%.

Cau tric cua day hop chat nay duoc khang dinh bang cac phuong phap phd
hién dai IR, *H-NMR, **C-NMR va HPLC-MS

Trén phé hong ngoai IR, cac hop chat (10a—10e) déu thé hién cac dai hap
thu dic trung trong phd, dic trung cho cac nhom chirc chinh trong ciu tric, tin hiéu
N-H dao dong trong khoang 3300-3400 cm™, tin hiéu dao dong C=0 manh trong
viing 1633-1671 cm™, Nhom ether va este déu c6 dai hap thu C-O trai tir 1050—
1250 cm. Trén phé cong huong tir nhat nhan 'H-NMR, cho thay sy khac biét ro
rét va biéu hién cau trac dic trung cua tirng nhom thé R:

a) Tin hiéu nhém ester (R—-COO-):

« 10a (ethyl): xuat hién cong huong véi do boi la triplet tai 0.938 ppm (CHs) va
quartet & 3.88-3.91 ppm (CH>), twong tng véi ciu trac CHsCH.O—.

o 10b (isopropyl): c6 hai nhém methyl twong duong (0.668 va 1.221 ppm, d, J
= 6 Hz) va tin hiéu quartet cia CH & 4.754-4.785 ppm (g, J = 12.6; 6 Hz) —
rat dac trung cho ~CH(CH)..
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« 10c (isobutyl): xuat hién tin hiéu nhém —CH(CH:): tai 1.627 ppm (m), nhung
do phan nhéanh bat d6i nén céc proton bi phan tach manh hon va khong c6 dang
d,q nhu isopropyl.

e 10d (benzyl): néi bat vai tin hidu doi doi & 4.988—5.004 ppm (CH>—Ph), cling
véi hé tin hiéu thom cua vong benzyl trong vung 6.87-7.58 ppm.

« 10e (methyl): gon gang nhat, vai tin hi¢u singlet duy nhat tai ~3.5-3.7 ppm
cho nhdm —OCHs.

b) Tin hiéu nhém NH va NHa:
e Tin hiéu NH dao dong tir 4.575-4.656 ppm (singlet).
e NH: ludn hién dién ro tai ~5.888-5.990 ppm (doublet).
c) H¢ proton trén vong thom va piperidone:
e Caéc tin hiéu thom dao dong trong viing 7.0-7.6 ppm, gan nhu khong khéc biét
rd rét giira cac hop chét (ngoai trir 10d c6 thém vong thom benzyl).
e Proton tetrahydropyridine va —~SCH>—CH.— hién thi cha yéu tir 2.1-3.7 ppm,
déu dudi dang multiplet do twong tac nhiéu tim va do phuc tap trong cau tric.

Trén phd C-NMR, céc dan xuét (10a—10e) cung cip thém thong tin vé anh
huéng cua nhom thé ester t6i moi truong dién tir tai cac vi tri carbon quan trong.
Tin hiéu carbonyl ester (~-COO-) nam trong khoang 166.51-167.58 ppm. Methyl
ester (10e) c6 gi tri & cao nhat (167.58 ppm), do khéng c6 anh huéng cong huong
tir nhom thé. Céc hop chit (10a) (ethyl), (10b) (isopropyl) va (10c) (isobutyl) c6
8(C=0) xap xi nhau (~167 ppm), phan &nh hiéu tng ddy dién tir nhe cia cac nhém
alkyl. Riéng (10d) (benzyl ester) c6 & thap nhat (166.60 ppm), phd hop véi anh
huéng cong hudng m tir vong phenyl 1am 6n dinh héa lién két C=0.

Sau cuing, cdng thirc ciia nhdém hop chat (10a-d) dugc xac nhan khéi lugng
dung véi tirng cdng thire trén phd khéi leong phan giai cao HRMS.
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3.4. Chuyén héa crown ether

0O O NNH,O
O/\ O/\

g O NH,NH,H,0 O O
—_—
P EtOH P ©
0 o)

(7a) (1)

Iz

>

So d6 3.5. Chuyén hoa crown ether (7a) véi hydraxin hydrat

Phan tng 1a su chuyén hoa cua hop chat crown ether (7a) (chtra nhom
piperidone-4-one) voi hydrazin hydrat (NH.NH2-H.0) trong dung méi ethanol
(EtOH) tao thanh san pham (11), cé chira vong pyrazolone két hop véi hé crown
ether. Hop chat (11) duoc thu nhan dudi dang tinh thé trang véi hiéu suat 40%,
nhiét do nong chay 218-220 °C, va gié tri Rs = 0,48 trong h¢ dung mdi ethanol.

Phan tich phd IR xac minh cho sy hién dién caa cac nhém chic chinh dic
trung. Dai hap thu rong & 3326 cm™ dic trung cho dao dong kéo gidn cua nhém —
NH: ty do, trong khi dai hip thu manh tai 1743 cm™ dic trung cho lién két C=0
ctiia nhom ester ethyl khong bi bién ddi trong phan tmg. Pang cha y, dai tai 1696
cm™ twong tng véi dao dong cua lién két C=N.

Trén phd phd *H NMR, nhom ethyl ester cong hudng véi do boi triplet tai
1.096 ppm (3H, J = 6 Hz, —CH3) va qaurtet tai 4.07—4.19 ppm (2H, CHz). Cac tin
hiéu rong trong ving 3.92-4.24 ppm (téng cong 8H) tuong g véi cac proton
methylene, Proton cia nhom NH: hién thi r8 tai 2.58 ppm, Tin hiéu cong huong
proton trong viing 6.78-7.34 ppm bao gdm cac proton thom tir hai vong phenyl ddi
Xung.

Trén phé *C NMR (CDCls) ciing thé hién cau tric rd rang. Tin hiéu
carbonyl ester xut hién tai 167.35 ppm, trong khi ba tin hiéu tir 155.4-157.2 ppm
dugc gan cho carbon lién hgp véi nhém C=N va vong thom.
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Phé khéi luong cao HRMS [M-+H]" cho gia tri 423.1910, gin triing véi gia
tri ly thuyét 423.1920 ctia cong thirc phan tir [C2aH3oNsOs]*

Tuong ty nhu phan ung tao ra hop chat (11), phan ung nay sir dung
hydrazine hydrochloride véi duong lugng la 2:1 theo ti 1€ mol so crown ether (7a)
vé6i va két qua nhan duoc 1a san pham gdm 2 chat, hop chét (11) va hop chat (12).

o o NNH,0 NNH,0

O NH,NH,HCI O O O O
oo T Lo Lo

(7a) (12) )

Ir=z

»

So dd 3.6. Chuyén hoa crown ether (7a) vai hydrazine hydrochloride

Phé IR (KBr) cho thay cac vach hap thy dic trung tai 3251 cm™ ang Voi
dao dong kéo dai ciia nhém —NHz, va tin hiéu hap thy tai 1577 cm™ tuwong @ng Véi
dao dong cua ndi doi C=N trong nhom hydrazone.

Trén phd *H NMR, tin hiéu ¢ & 1,30 ppm (3H, t, J = 6,5 Hz) dic trung cho
nhom methyl cua goc ethyl ester. Dai tin hiéu tir & 3,83—4,12 ppm (11H, m) duoc
gan cho cac proton cua ba nhdm —OCH.CH.O- trong hé crown ether va nhém CHz
cuia gbc ethyl ester. C4c tin hiéu trong viing & 6,76—7,31 ppm (8H) phan anh su hién
dién cua 8 proton thom thudc hai vong benzen.

Phé 3C NMR cho thdy tin hiéu tai & 170,16 ppm dic trung cho carbonyl
ctia nhom ester. Tin hiéu tai § 159,78 ppm duoc gan cho C-21, lién két tryc tiép vai
nhom C=N-NH.. Tin hiéu tai & 156,95 ppm dac trung cho carbon trong nhom
hydrazone.

Phé khéi lugng phan giai cao HRMS hién thi pic ion gia phan ter [M+H]*
tai m/z = 423,2100, pht hop véi khéi lugng phan tir ly thuyét caa hop chat ¢ cong
thac phén tor C24H27N20s (M = 422,1897 g/mol).
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NH,OH.HCI
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(7a) (13)

Iz

So d6 3.7. Chuyén hda crown ether (7a) véi hydroxylamine hydrochloride

Phan g duoc thuc hién bang cach khuay hoi Iuu cach thay hdn hop crown
ether 7a va hydroxylamine hydrochloride trong dung moi ethanol. Sau khi trung
hoa bang Na,COzva str dung cac phuong phéap tinh ché thu dwoc san pham (13) véi
higu suat 12 51%.

Phé IR cuia hop chat (13) thé hién cac tin hiéu hap thu dic trung cho céac
nhém chirc ¢ trong cau tric phan tir. Dai hip thu manh tai 3325 cm™ tuong tng
vé6i dao dong kéo gian cua lién két O—H trong nhoém oxime (~-C=NOH), trong khi
tin hiéu tai 3069 va 2925-2875 cm™! 1a dac trung cho dao dong C—H cta vong thom
va nhoém alkyl. Cac dao dong kéo gidn cua nhém carbonyl dugc ghi nhan véi hai
tin hiéu manh tai 1723 va 1726 cm™, phu hgp véi nhdm C=0 cua este va nhém
oxime. Dao dong cua lién két C=N trong oxime xuat hién & viing 1602—1609 cm .

Trén phd phd *H NMR, tin hiéu cong huéng caa nhom ethyl ester voi mot
tin hiéu vai do boi triplet 6 6 = 1,01 ppm (3H, t, J = 6 Hz) va quartet tai 6 = 3,98
ppm (2H, g, J = 6 Hz). Tin hiéu broad singlet cua cac proton NH nam tai & = 2,68
va 2,70 ppm, pht hop véi hé cau tric vong c6 lién két hydro noi phan tir. Tin hiéu
proton —OH tu do ciia oxime xuét hién duéi dang mét singlet tai & = 7,75 ppm. Tin
hiéu cong hudng ciia cac proton thom (H3, H4, H5, H6, H16-H19) xuét hién trong
khoang & = 6,67—7,20 ppm Véi téng cong 8 proton.

Phd 3C NMR (600 MHz, CDCls) cho thay tin hiéu cua carbon carbonyl
este § 6 = 170,67 ppm va carbon oxime —C=NOH tai 6 = 163,25 ppm.
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Phé khéi lwong phan giai cao HRMS cho thdy ion gia phan ti [M+H]" tai
m/z = 441,2025 phl hop vai cong thic phan tir C2sH2sN20s (khéi lugng tinh toan:
441,2024).

3.5. Khio sat hoat tinh sinh hec cac hep chit téng hep dugc
Céc dong té bao duge danh gia hoat tinh gay doc té bao:
e FL (HelLa, Human cervix carcinoma): Ung thu ti&r cung
e MCF7 (Human breast adenocarcinoma): Ung thu biéu md vi
e RD (Human rhabdomyosarcoma): Ung thu mé lién két
e HepG2 (Hepatocellular carcinoma): Ung thu gan nguoi
e Lul (Human lung adenocarcinoma): Ung thu phdi nguoi
e Vero cell line: té bao thuong tir than cua khi xanh trudng thanh chau Phi.

Céc day chat (7a-d), (9a-d), (10a-e) va (11-13) khong biéu hién hoat tinh gay doc
trén dong té bao.

Khao sat hoat tinh tic ché a-glucosidase va M6 phéng lién két phan tir

Két qua thir nghiém hoat tinh in vitro: Kha ning &c ché enzyme a-
glucosidase duoc xac dinh dwa trén su suy giam tin hiéu hap thu cua p-nitrophenol
tai bugc song 410 nm. Cac hop chat 9a, 9b, 9d, 10a va 10d thé hién hoat tinh vuot
troi so Vi chat ddi ching Acarbose véi cac gia tri 1Cso 12 2.72+0.13 pg/ml,
171.90+13.34 pg/ml, 37.6+£3.39 pug/ml, 2.42+0.26 pg/ml va 27.37£1.78 pug/ml.

M6 phéng lap ghép phan tir (Molecular Docking):

Dé giai thich co ché & cip do phan tir, cac hop chat dugc lap ghép vao cau
tric enzyme muc tiéu (PDB: 3A4A) bang phin mém MOE 2019.0102.

e Tham dinh mé hinh: Qua trinh redocking phdi tir a-glucose cho gié tri
RMSD = 1,3 A (<2 A) va AG = -5,9 kcal/mol, khing dinh d6 tin cay cua
mo hinh tinh toan.
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o Al luc lién két: T4t ca cac hop chét khao sat déu c6 nang luong lién két
AG dao d@ong tir -6,8 dén -8,9 kcal/mol, tét hon dang ké so véi a-glucose.
Trong 6, (10d) dat mirc nang luong thap nhat (-8,9 kcal/mol), phi hop Véi
d6 6n dinh cau tric cao (RMSD = 1,6 A).

e Co ché twong tac: Phan tich cho thdy su 6n dinh cua phic hop protein-
phdi tir dwoc quyét dinh boi sy cong huong cua hai viing twong tac chinh:

o Vung nhan thom: Hinh thanh cac tuwong tic =-cation manh Vdi
Arg315/Arg442 va n—r véi Phe303.

o Vung crown ether chira luu huynh: Tao cac tuong tac $\pi$-sulfur va tiép
xuc Ky nudc bén virng voi Phel78, Val216 va His280.

Két qua docking thé hién sy ddng nhat cao vai thuc nghiém in vitro. Céc
hop chit c6 1Cso thap (hoat tinh manh) déu s hitu ning luong lién két thap va gia
tri RMSD nhé. Sy thdng nhit nay khang dinh rang viéc két hop vong phenyl linh
dong va khung crown ether chira di t6 luu huynh 12 yéu t6 then chét gitip ting cudng
&i lyc va kha nang tic ché enzyme.

KET LUAN

Trén co s& phan ing ngung tu da tac nhan Petrenko—Kritschenko cung cac
phan &g hiru co co ban, luan an di tong hop thanh céng 18 hop chit (trong d6 co
16 hop chit mai), bao gdm 02 tién chat podand, 16 hop chat crown ether thudc
nhiéu nhém cau tric khéac nhau:

« 04 dan xuat crown ether c6 chira nhan di vong piperidone (7a-d).

e 04 dan xuit trithiacrown ether cé chtra nhan di vong piperidone (9a-d).

« 05 dan xuét trithiacrown ether c6 chira nhan di vong tetrahydropyridine (10a-d).
« 03 dan xuat chuyén hoa (11-13)

Cau tric cua toan bo cac hop chat dugc xac 1ap ré rang bang phd cong
huang tir hat nhan 'H-NMR, *C-NMR, phé hdng ngoai IR va phd khéi lwong phan
giai cao HRMS. Ngoai ra, ciu tric tinh thé cua hai hop chét dai dién (7c) va (9d)
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d3 dwoc minh ching truc tiép bang phuong phap nhidu xa tia X don tinh thé, gop
phan khang dinh tinh chinh xé4c cia qua trinh tong hop va md hinh ciu tric.

Vé phuong dién khao sét hoat tinh sinh hoc, 16 hop chéat da duoc danh gia
trén nhidu dong té bao ung thu khac nhau (HeLa, MCF7, RD, HepG2 va Lul), tuy
nhién khoéng hop chat nao thé hién hoat tinh gay doc té bao dang ké trong diéu kién
thi nghiém. Nguoc lai, khao séat kha niang ¢ ché enzym a-glucosidase cho thy 05
hop chat thugc hai nhom (9) va (10) thé hién hoat tinh dang cha ¥ voi mac phan
tram wc ché cao & ndng do thir va gia trj ICso thip hon dang ké so véi cac hop chét
khac. Cu thé, cac hop chat (9a), (9b), (9d), (10a) va (10d) déu dat trén 80-90% wc
ché & ndng d6 256 pg/mL, phan anh muc d6 twong tac sinh hoc manh. Trong s6 do,
hai hop chét (9b) c6 gié tri ICso = 2,72+0,13 pg/mL) va (10a) c6 gia tri ICso =
2,42+0,26 pg/mL thé hién kha ning e ché noi bat nhat, vuot troi so véi chat chuan
acarbose, cho thiy tiém ning tré thanh cac khung cau triic dan dau cho dinh huéng
phat trién chat wc ché a-glucosidase mai.

Song song vai thuc nghiém, két qua md phong ldp ghép phan tir cho thiy
cac hop chat thudc hai nhom (9) va (10) déu cé nang luong lién két thap hon déng
ké so véi chat chuan a-glucose, phan &nh &i luc cao di véi a-glucosidase. Nhiing
hop chat cé hoat tinh thuc nghiém manh nhat (10a, 10d, 9a, 9b, 9d) ciing dong thoi
thé hién ning luong lién két thip va RMSD nho, cho thay su phii hop cu dang tét
trong khoang hoat dong va méi twong quan nhat quan gitta mé hinh hda va két qua
sinh hoc. Phan tich tuong tac chi ra rang su hién dién ciia vong phenyl va ving
chira di té sulfur/crown ether dong vai trd quyét dinh trong viéc hinh thanh cac
tuong tac n—cation, 7—m va tiép xdc ky nudc vai cac amino acid chia chét (Arg315,
Arg442, Phe303, Phe178, His280). Su cong hudng cua cac tuong tic nay gitp on
dinh phuc hop va giai thich xu huéng giam ning luong lién két theo ting ciu tric.
Nhin chung, két qua mé phong lap ghép phan tir hd trg manh mé nhan dinh rang
cac thay d6i nhém thé hay su thay déi di té trong vong crown ether anh huong déng
ké mo hinh tuong tac phan tir, tir &6 dinh huéng hoat tinh ¢ ché a-glucosidase va
cung cip co s& quan trong cho thiét ké dan xuit téi wu hon trong tuong lai.
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