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Luan éan tién si nay dugc thuc hién tai B0 mén Hoéa hoc Hiru co - Khoa Hoa
hoc - Truong Pai hoc Khoa hoc Tu Nhién- Pai hoc Quéc gia Ha Noi.

Pau tién, toi xin duoc giri 101 cam on chan thanh va sau sic nhat téi PGS.TS.
Lé Tuin Anh, PGS.TS. Tran Thi Thanh Van da hudng dan t6i thyc hién luan an,
v6i su chi bao, giup d& cua thy co trong qua trinh nghién ctru va hoc tip. Thiy co
tan tinh hudng din, truyén dat nhiéu kinh nghiém quy bau va tao moi diéu kién
thuan loi nhét gitp toi hoan thanh luan an nay.

Cung véi d6, toi xin giri 161 cam on cac thiy, c¢o gido trong Khoa Héa hoc —
Truong Pai hoc Khoa hoc Tu Nhién, dic biét 1a TS. Pao Thi Nhung da truyén dat
va trang bi kién thirc cho t6i trong sudt qua trinh hoc tap va nghién ctru.

Tiép dén, t6i xin giri 161 cam on t&i ban hoc vién, sinh vién phong thi nghiém
Hitu co IT d4 ludn ké bén gitip d&, chia sé voi toi trong thoi gian hoan thanh lun an.

TOi cling xin gii 101 cam on tdi don vi cong tac 1a BO mon Hiru co, Khoa Hoa
hoc, Trudng Pai hoc Khoa hoc Ty nhién di gitp d5, tao diéu kién cho tdi trong qué
trinh thuc hién luan an.

Cudi cling, t6i xin cam on toan thé gia dinh da ludn ¢ bén canh dong vién, gitp
d3, chia sé nhitng kho khin, vudng mic trong cudc séng dé toi hoan thanh luan an

nay.
Ha Ngi, ngay thang nam 2026
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DANH MUC CHU VIET TAT CAC KY HIEU VA CHU VIET TAT

Chir viét tat Y nghia chir viét tit
BC.NMR Carbon-13 Nuclear ‘Magnetic Resonance Spectroscopy: Phd cong
hudng tir hat nhan dong vi carbon 13
H-NMR Proton Nuclear Magnetic Resonance Spectroscopy: Phd cong
hudng tir hat nhan proton
A549 Human lung carcinoma: Ung thu té bao biéu mo phoi
APi-a Amyloid beta peptide 1-42: Peptit amyloid beta chudi 1-42
BV-2 Microglial cell line: Dong té bao vi mé than kinh BV-2
CDCls Deuterated chloroform (Chloroform-d): Cloroform khtt proton
S % % CeINI Survival: kha ning séng sot ctia té bao & nong do ban dau
cua mau thur
d doublet
dd double doublet
DMF Dimethyl formamide
DMSO Dimethyl sulfoxide
DMSO-ds | Dimethyl sulfoxide khir proton
DNA Deoxyribonucleic acid
dt doublet triplet
HBL-100 | Human Breast epithelial Line 100: Dong té bao biéu mé vi nguoi




HelLa

Henrietta Lacks: Dong té bao ung thu biéu mé c6 tir cung ngudi

HepG2 Hepatocellular carcinoma: Ung thu gan nguoi
Human Immunodeficiency Virus: Vi rit gay suy giam mién dich &
AV nguoi
HRMS High resolution Mass Spectroscopy: Pho khéi lwong phén giai cao
Coo Thfe half maximal inhibitor§’/ concentration: Nong do tac dung tc
ché 50% su tang sinh dong té bao thur nghiém
IL-1B Interleukin-1: beta cytokine tién viém
IL-6 Interleukin-6: cytokine da chirc nang
IR Infrared Spectroscopy: Pho hong ngoai
Lul Human lung adenocarcinoma: Ung thu phdi nguoi
LPS Lipopolysaccharite
MCF-7 Human breast adenocarcinoma: Ung thu biéu mé vu
MPTP 1-methyl-4-phenyl-1,2,5,6-tetrapyridine
MTT Phuong phéap thtr nghiém hoat tinh
NAA Nonessential amino acid
NH4sOAc | Ammonium Acetate
oD Mat do quang
PBS Phosphate buffered saline




PNIPAM Hydrogel poly(N-isopropylacrylamide)
PSF Potassium penicillin— streptomycin— fungizone
q quartet
RD Human rhabdomyosarcoma: Ung thu mé lién két
RNA Ribonucleic acid
rt Nhi¢t do phong
S singlet
SW1573 | Dong té bao ung thu biéu mo phdi té bao khong nhé ctia ngudi
t triplet
TCA Trichloroacetic acid
td triplet doublet
TLC Thin Layer Chromatography: Sic ky 16p méng
TMS Tetramethylsilane: Chat chuan ndi (internal standard) trong phd
NMR
TNF-a Tumor Necrosis Factor alpha: Yéu t6 hoai tir khéi u o
TPH Tetrahydopiridone
TsOH p-toluenesulfonic
WiDr Dong té bao ung thu biéu mo dai trang ngudi
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MO PAU
1. Ly do lwa chon dé tai

Céac hop chét vong 16n (macrocycles), dién hinh 1a crown ether va céc dan
Xuat chira sulfur 1a thiacrown ether, di chirng minh vai tro dac biét caa minh trong
hoa hoc phdi tri va xic tac. Gan déy, cic nghién ctru dd mé rong tng dung cua
chung sang linh vuc sinh hoc, noi cac phan tir ndy thé hién tiém ning trong viéc van
chuyén thubc, khang khuan va dic biét 1a gay doc cac dong té bao ung thu. Cau tric
vong 16n doc déo cho phép chiing twong tac vdi cac muc tiéu sinh hoc theo co ché
méi, khéc biét vai cac loai thude truyén thdng. Song hanh véi do, cac di vong chua
nitrogen nhu piperidone va tetrahydropyridine (THP) 1a nhitng khung cau tric co
ban va quan trong bac nhat trong thiét ké dwgc chat. Hang loat cac loai thudc
thuong mai da duoc phét trién dua trén bo khung nay nho kha ning diéu chinh dic

tinh sinh kha dung va tuong tac muc tiéu théng qua nguyén tu nitrogen.

Mac du vai tro cta crown ether, thiacrown ether va cac di vong nitrogen
trong linh vuc hoa hoc va y duoc da duoc khang dinh riéng r&, nhung huéng nghién
ctru tap trung vao viéc thiét ké, tong hop cac phan tir lai bang cach két hop khung
crown ether, thiacrown ether vai di vong nitrogen lai la mot khia canh dugc it su
quan tam. Viéc ghép ndi hai bo khung chirc nang nay khong chi tao ra cac hop chat
méi VE mit cau tric ma con co thé tao ra cac hiéu ang hiép dong, lam thay ddi hoic
tang cuong dang ké hoat tinh sinh hoc cua ching. Cuy thé, cac nghién ctu vé viéc
tong hop va khao sét hoat tinh sinh hoc cua cac din xuat crown ether, thiacrown
ether chira di vong nitrogen con rat han ché. Biéu nay tao nén mot khoang tréng can
duoc lap day trong dit liéu khoa hoc, dic biét khi cac hop chit nay sé hitu tiém ning
phét trién thanh cac tac nhan diéu tri méi nho nhitng co ché tac dong doc dao. Viéc
thiéu hut dit liéu vé mdi quan hé giira cdu trdc va hoat tinh ddi véi loai hop chat lai

nay dang can trg viéc phat trién cac ing dung y duoc tiém ning.
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Tir nhirg phan tich trén, dé tai "nghién citu tong hep, cdu tgo va khdo st
hogt tinh sinh hec ddn xudt aza-14-crown-4 ether va aza-14-thiacrown-4 ether "

mang tinh cap thiét cao, dugc thé hién ¢ cac diém sau:

- Pap tng nhu cau vé duoc chat méi: Dé tai gop phan ma rong thu vién cac
hop chat c6 hoat tinh sinh hoc tiém ning, giai quyét yéu cau bac thiét cua cong
ddng khoa hoc va y hoc vé cac tng vién thudc diéu tri mai hiéu qua hon, dic biét 1a

cac hop chat c6 kha nang vuot qua tinh trang khang thudc.

- Doéng gbp vé phuong phap tong hop: Viéc tong hop thanh céng cac dan xuat
mai thong qua phuong phap ngung tu Petrenko-Kritschenko s& cung cap mot quy
trinh téng hop 6n dinh, gop phan 1am phong pha thém kho tang phuong phép tong

hop hiru co cac hop chét di vong 16n.

- Xay dung co so dit liéu khoa hoc: Két qua khao séat hoat tinh s& cung cap co
so dir lieu vé méi lién hé cau tric - hoat tinh caa loai hop chét lai crown-4 ether,
thiacrown-4 ether véi di vong nitrogen, tir &6 dinh huéng cho viéc thiét ké va tinh
chinh céc phan tir cho cac nghién cuu tiép theo.

Vi nhitng Iy do trén, viéc tién hanh nghién ctu tong hop va khao sét hoat tinh
sinh hoc cua cac dan xuat crown-4 ether, thiacrown-4 ether chira di vong nitrogen la
hoan toan can thiét va c6 ¥ nghia khoa hoc sau sic, 1am tién dé cho cac ung dung
tiém ning trong linh vuc Hoa hoc va Hoa dugc.

2. Muc tiéu nghién cwu cia luan an

Muc tiéu chung cua luan an 1a tong hop cac hop chat crown-4 ether,
thiacrown-4 ether mai chara 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 cap co sé khoa hoc cho viéc phat trién cac
hop chit c6 tiém ning, dinh hudng ¢ng dung trong linh virc Hoa dugc.

Dé dat duoc muc tiéu chung, luan &n tap trung vao cac muc tiéu cu thé sau:

Tong hop va xac dinh ciu tric:
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- Téng hop céc tién chit dialdehyde podand can thiét, Ia tién dé tong hop nén

c4c dan xuat crown-4 ether va thiacrown-4 ether mong muén.

- Thuc hién cac phan tng ngung tu dé tong hop cac din xuit aza-14-

trioxacrown-4 ether va aza-14-trithiacrown-4 ether chira nhéan di vong.

- Xac dinh ciu tric hoéa hoc cua tat ca cac hop chat tong hop dwoc bing cac
phuong phap phd hién dai (IR, 'H-NMR, 3C-NMR va HRMS).

- Tién hanh khao sét hoat tinh gdy doc té bao (cytotoxicity) cia mot s6 hop

chat mai trén mot s dong té bao ung thu ngudi.

- Tién hanh khao sat hoat tinh &c ché enzyme a-glucosidase caa mot sé hop

chat téng hop duoc.

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

hon.

3. Péi twgng va pham vi nghién ciéu

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

Budc dau tién, téng hop cac tién chat: Thuc hién tong hop céc podand
dialdehyde (dan xuat tir diethylene glycol va diethylene disulfide) thong qua cac
phan @ng thé nucleophile, 1am nén tang cho viéc déng vong.

Budc tiép theo, tong hop dan xuat crown-4 ether va thiacrown-4 ether chira
di vong piperidone:

Str dung phan tng ngung tu Petrenko-Kritschenko ba thanh phan gitra
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 xuat thiacrown-4 ether chtra di vong tetrahydropyridine (THP)
bang cach thay thé cac alkyl thong thudng véi cac acetone dicarboxylic ester khac

nhau.
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Thue hién chuyén hoa héa hoc cac hop chat tdng hop duoc tir trén (nhém 9a-
d) théng qua qué trinh khir nuéc (dehydration) dé tao ra cac dan xuat thiacrown-4
ether chtra nhan di vong tetrahydropyridine (10a-€), lam ting tinh da dang cAu trdc
cua san pham.

Xac dinh ciu tric: Tién hanh phan tich va x4c dinh ciu tric cua tat ca cac
hop chit trung gian va san pham cudi cling bing cac phuwong phéap pho hién dai, bao
gom phd Hong ngoai (IR), Cong hudng tir hat nhan (*H-NMR, ¥C-NMR), Khéi
pho (HRMS). Tong hop don tinh thé mot s6 dan xuat thiacrown ether dai dién va
xac dinh cau trdc va cac yéu tb lap thé bang phuong phap nhiu xa tia X don phan
tur.

Budc cudi cung, khao st hoat tinh sinh hoc cua cac hop chat tong hop duoc.
Cac hop chat méi sau khi xac dinh cau tric s& dugc dua vao khao sat cac hoat tinh
sinh hoc tiém niang quan trong, bao géom:

Khao sat hoat tinh gy 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 duy: té

bao ung thu gan HepG2, ung thu tuyén v MCF-7, ung thu phdi A549, v.v.).

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

Két qua thu duogc tir hai ndi dung nghién cau trén s& 1am co s dé phan tich
méi quan hé gitra cau trdc va hoat tinh, tir 46 danh gia tiém ning wng dung cta cac
dan xuat crown-4 ether va thiacrown-4 ether chtra di vong nitrogen trong phat trién
duoc chat.

4. Y nghia khoa hoc va thuc tién caa dé tai nghién ciéu

Dé tai vé “nghién ciu tong hop, cdu tgo va khdo sat hogt tinh sinh hoc dan
Xudt aza-14-crown-4 ether va aza-14-thiacrown-4 ether ” mang lai nhimg dong gop

dang ké cho linh vuc héa hoc hop chat vong lén va hoa dugc hién dai.
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Y nghia khoa hoc
Luén an da dat duoc nhimg dong gép quan trong vé mat khoa hoc co ban:

V& hoa hoc tong hop, dé tai da tdng hop thanh cong va xac dinh ciu trdc coa
mot loat cac dan xuét aza-14-crown-4 ether va aza-14-thiacrown-4 ether maéi- hai ho
hop chit c6 céu trac doc ddo, it dugc khai thac trong cac nghién ctru trude day. Viéc
nay khdng chi lam phong phti thém thu vién céc hop chét hitu co chirc ning ma con
cung cd tinh wng dung cta phuong phap ngung tu Petrenko-Kritschenko trong viéc

tao ra cac hop chat vong Ion phic tap.

V& hoa dugc, nghién ciru cung cap di liéu khoa hoc nén tang, c6 hé théng vé
hoat tinh gdy doc té bao va uc ché enzyme a-glucosidase cua I6p hop chét lai nay.
Pay 1a mot hudéng tiép can cd gia tri bai cac hé vong Ion c¢6 chaa di nguyén té
thuong thé hién kha nang tuong tac dic hiéu véi enzym va protein sinh hoc. Pay la
co so dé thiét 1ap méi quan hé ciu tric - hoat tinh, dinh hudng cho viéc thiét ké

phan tir va ti wu hoa hoat tinh cho céc nghién cau tiép theo.
Y nghia thuc tién

Vé mit tng dung, dé tai c6 ¥ nghia thiét thuc trong dinh huéng phat trién
c4c hop chat tiém nang trong héa dugc. Cac dan xuat aza-14-crown-4 ether va aza-
14-thiacrown-4 ether duoc khao sét hoat tinh gy doc té bao ung thu va kha ning Gc
ché a-glucosidase, hai hudng nghién ciru quan trong trong phét trién thude diéu tri
ung thu va tiéu duong type 2. Cau tric két hop gitra khung vong I6n va céc di
nguyén té nitrogen- sulfur mang lai tinh linh hoat khdng 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. Diéu nay dic biét quan trong khi nhiéu thudc hién hanh dang gap
phai van dé giam hiéu luc hoac khang thudc.

Ngoai ra, bo dir lidu tong hop - céu trlc - hoat tinh do luan an dua ra c6 thé
duoc sir dung nhu nguodn tham khao cho cac nhdm nghién ctru khéc trong nuéce, hd
tro thiét ké hop chat, du doan hoat tinh bang mé hinh tinh toan hodc phat trién vat

liéu tao phic kim loai dua trén khung azacrown.
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Chwong 1. TONG QUAN
1.1. Khai quat chung crown ether

Cac hop chét crown ether dai dién cho mot nhém cac cau trac dai phan tir, da
thu hat dwoc su chl ¥ trong cac linh vuc hod hoc, do cau tric phan tir doc déo va
cac ung dung linh hoat ctia ching. Pugc phét hién lan dau boi Charles Pedersen vao
nhitng ndm 1960 [55], crown ether 1a cac polyether tudn hoan duoc dic trung boi
mét bo khung dugc hinh thanh boi cac nguyén tir oxygen, c6 thé lién két chon loc
VGi cac cation kim loai kiém va kiém tho thong qua cac twong tac cau tur [29]. Vi
vay trong nhirmg nim qua, nhitng nghién ctu sau rong da duoc tién hanh dé kham
pha qué trinh tong hop ciing nhu tinh chat caa cau tric khung va tinh ung dung da
dang cuia cac hop chat crown ether trong céac linh vuc khac nhau, bao gom hoé hoc
dai phan t&, hoa hoc xuc tac va khoa hoc vat liéu [31][56][24][13].

Vao nam 1957, Borrows, Wadden va Stewart da xu ly oxirane vai alkyl
aluminium va magnesium dé tao ra dioxane va nhiéu hop chat vong khac nhau, mot
trong s6 do 1a san pham tetramer vong cua ethylene oxide (Hinh 1.1) [37]. Tiép d6
vao nam 1959, Wilkinson va cong su ciing da tong hop thanh céng mot tetramer
vong Vai viéc sir dung propylene oxide 1am tién chat. Nhung vao thoi diém do tiém
ning ctia cac hop chit vong khong dugc danh gia cao nén ching da khong duoc

quan tam nhiéu dén [79].
2
@) O
___/
(1)

Hinh 1.1. Tetramer vong cta ethylene oxide

Hop chat crown ether dau tién duoc ghi nhan 1a dibenzo-18-crown-6, do nha
hoa hoc Charles J. Pedersen phat hién va dit tén. Diéu dang cha y 1a hop chét nay

khong phai 1a san pham muc tiéu trong thi nghiém ban dau cua 6ng, n6 chi xuat
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hién nhur mot lwong rat nhé san pham phu véi hiéu suat cuc thap, khoang 0,4%.
Mic du vy, Pedersen nhanh chdng nhan ra nhimg dic tinh vuot trdi caa cau tric
vong 16n nay, bao gom kha ning tao phtc bén chon loc véi céc cation kim loai
kiém va kiém thd - mot dic tinh hiém gap & cac phan tir hitu co thoi diém do.

Sy xuit hién tinh co nhung day goi mé cua dibenzo-18-crown-6 da thuc day
Pedersen m& rong nghién ctu, hé théng hoa phuong phap tong hop va kham pha
mbi twong quan giira kich thudc vong- kha niang bat giit ion. Céng trinh cua dng
khdng chi dan t&i viéc phét trién mot loat hop chat crown ether véi cau tric va tinh
chat da dang ma con dit nén méng cho su ra doi cia mot linh vuc nghién ctu moi
trong hoa hoc, lién quan dén hoa hoc phéi tri, xuc tac chuyén pha va van chuyén ion

qua mang.

(2)
Hinh 1.2. CAu trdc cua dibenzo-18-crown-6

Mac du crown ether da dugc Pedersen vo tinh quan sat truedc d6, nhung phai
dén nam 1967 lich str tong hop va nghién ctiru ¢6 hé théng vé nhém hop chét nay
méi thuc sy bat dau. Trong qué trinh tién hanh mot phan ang nham tao phirc véi cac
cation hod tri 11, Charles J. Pedersen du kién lién két hai nhém catecholate théng
qua cau hydroxyl. Tuy nhién, phan @ng lai khong dién ra theo hudng mong doi.
Thay vao d6, éng thu duoc mot san pham phu c6 kha ning tao phirc dic biét bén
v6i cation potassium. Phat hién nay nhanh chéng khién 6ng nhan ra rang céc
polyether vong dai dién cho mot 16p tdc nhan tao phuc hoan toan méi, c6 kha nang
lien két chon loc véi cac cation kim loai kiém- mot dic diém ndi bat so véi cac hop
chat hitu co thong thuong [54]. Tir quan sat d6, Pedersen da dit tén cho cac

polyether vong méi nay 1a crown ether, dua trén sy twong dong hinh hoc giira phdi

21



tr dang vong va dang “vuong mién” bao 13y ion kim loai. Tiép ndi thanh cong budéc
dau, 6ng da phat trién mot quy trinh tdng hop don gian nhung hiéu qua cho cac
dibenzo-crown ether, tir @6 dua linh vuc nghién ctu nay trg thanh mot nhanh doc
lap va day tiém ning cta hoa hoc hién dai. Crown ether nhanh chéng ching minh
vai trd quan trong trong héa hoc phdi tri, xic tac chuyén pha, téng hop hiru co va

nhiéu linh vyc lién quan.

Ké tir khi cdng bd cong trinh mang tinh nén tang cua Pedersen, sb luong hop
chat vong Ién dugc tong hop di ting manh. Pén nim 1964, cac hop chat vong 16n
chtra nhitng di té nhu N, S, P va Se da duoc thong ké 1&n tsi 221 loai. Con sb nay
tiép tuc mo rong, vai khoang 2300 hop chat vong Ion dugc mo ta trong cubn
chuyén khao xut ban nim 1982, phan anh téc do phat trién nhanh chéng va sy

quan tam sau rong caa cong ddng nghién ciru d6i véi nhdm hop chat nay [23][27].

Nam 1987, Charles Pedersen, Jean-Marie va Donald Cram Lehn da cong )
cac nghién ctru vé cac con dudng tong hop va cac dic tinh lién két caa crown ether
va cryptand trong mot s6 bai béo va nhan duoc giai thuong Nobel. Céc cong trinh
cua ho da gdp phan phat trién mot s linh vuc hda hoc mai, chang han nhu héa hoc

siéu phan tr hoac cac hoa hoc phén tir dai di vong [5].
1.2. Phan loai c&c hep chat crown ether

Céc hop chat crown thuong duoc md ta 1a "cac hop chat vong 16n véi cac
nguyén tir di vong nhu O, N, S, P hoac Se trong vai tro la nguyén tir nhuong
electron trong cau triic vong crown va thé hién tinh chat lién két véi cac cation trong
phan crown cua phan tir". Cac polyether vong I6n mang nguyén tir O trong vai tro 1a
di nguyén tir nhuong electron duoc goi la crown ether. Trong khi dé, néu céc
nguyén tir N (duéi dang amine no NH, NR) thay thé mot s6 nguyén tir O caa dan
Xuat crown ether duoc goi 1a "azacrown ether”, va tuong tu, khi cac di t6 S thay thé
mot s6 nguyén tir O thi dan xuat duoc goi la "thiacrown ether”. Céc hop chat vong
I6n c6 ba loai nguyén tir O, N va S c6 thé duoc goi 1a " azathiacrown ether”. Ciing

t6n tai cac hop chat crown ether véi hai vong lién két va dugc 16ng véi nhau, c6 hai
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dau vi tri lién két c6 thé bao gdm hai nguyén tir N, da duoc tong hop va dit tén 1a
"cryptand” bai Lehn et al. [7]. Di vai mot loat cac hop chat polyether, cach phan
loai sau day dua trén cau tric lién két cua chung da duoc Vogtle [17] dé& xuét:
"podand” cho polyether chudi m¢g, "coronand" cho polyether tuan hoan va
"cryptand" cho polyether hai vong hoic da vong két hop boi cac nguyén tr dau
mach. Tén "crown ether" van dugc gitt nguyén cho cac vong chi ¢ nguyén tir O la
nguyén tu cho dién tir. Theo phan loai ¢ trén, cac phuc hop cua ching thuong dugc

dat tén bang céach sir dung hau té "ate", twong ung la “podate”, “coronate" va

"cryptate".
1.3. Thudc tinh vé ciu tric ciaa crown ether

Crown ether 1a cac polyether vong, thuong dwgc md ta bing cong thic tong
quat (CnH2nO)m, trong dé n 1a s6 nguyén tir trong chudi va m 1a sé don vi lap lai tao
thanh cau tric vong. Céc crown ether thong dung thudng chira tir 3 dén 8 nguyén tir

oxy, tao nén cac khoang vong linh hoat va cé kha nang bao boc cac ion kim loai

T LT N
E j o d
WA G S

(3) (4) (5)

thong qua tuong tac phoi tri.

Hinh 1.3. C4c céu triic crown ether co ban
Nhiing di vong polyether nay duogc biét dén véi kha ning lién két chon loc
véi céc cation nhat dinh, dac biét 1 ion kim loai kiém hoic cac cation NH4*; NRsH*
[52][63][80]. Qua trinh lién két chon loc nay la mét vi du dién hinh cua qua trinh
nhan dang phan ta/nguyén tir, tao nén tang co ban cho hoa hoc phdi tri. Trong hé
nay, khung crown ether déng vai trd "vat chu”, cé thé bao boc va 6n dinh cac phan

tr hodc ion "khach™ trong vong crown cia ching. Sy hinh thanh lién ké phdi tri
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gitra cac nguyén tir oxygen cuaa crown ether véi cation “khach” la do twong tac
thuan loi vé mit ning luong, hinh thanh phtic chat bén véi i luc lién két dic trung.
Nhitng dic tinh ndy khdng chi cang ¢ vai trd caa crown ether trong hoa hoc co
ban, ma con m& rong tiém ning ung dung cta chdng trong phan l1ap, nhan dang

cation, trong hoa hoc xuc tac va nhiéu linh vuc lién quan khac [45][11][77].

A

-

Hinh 1.4. Minh hoa trng dung cua crown ether trong hda hoc vat chu - khach

Trong cac nghién ciu phat trién crown ether, viéc tich hop cac di vong thom
vao bo khung polyether da trg thanh mot hudng tiép can day tiém nang va thu hut
su quan tam dang ké cua cong dong khoa hoc [83]. Mic di nhiéu loai nhan thom da
dugc gan vao cau trdc crown ether, vong benzene van 1a don vi duoc sir dung phd
bién nhat, tao nén cac hé benzocrown va dibenzocrown- hai ho hop chat tiéu biéu
nho tinh 6n dinh hinh hoc va kha ning diéu chinh kich thuéc vong crown mét cach
linh hoat [50].

Bén canh xu huéng gan cac nhan thom vao cau tric polyether, nhiéu nd lyc
nghién ctu gan day ciing tap trung vao viéc thay thé cac nguyén tir oxygen trong
vong bang nitrogen hozc sulfur, tao nén cac hé azacrown, thiacrown. Su thay doi
nay mang lai nhirng bién ddi dang ké vé dic tinh dién tir, ciu trac va kha ning phdi
tri ctia phan tir, dong thoi 1am ting tinh da dang chire ning cua khung vong 16n. Céc
nguyén tir di té nhu nitrogen hoat dong nhur c4c trung tm Lewis base giau electron,
c6 kha nang hinh thanh cac twong tac hydro dinh huéng va tham gia phdi tri véi cac
cation, trong khi sulfur gép phan diéu chinh phan b mat do electron va ting cuong
twong tac ky nudc hodc tuong tic mém voi cac ion kim loai nhém ning
[69][28][70].
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Hinh 1.5. C4u trdc crown ether gan véi vong benzene
Chinh ciu trdc vong 16n dic tha két hop véi cac nguyén ti di té phan bé déu
trong khung da gitip crown ether thé hién vai tro noi bat trong nhiéu linh vuc khoa
hoc khéc nhau. Tinh chon loc cao ddi véi cation, kha niang tao phtc bén va sy diéu
chinh dé& dang vé mat céu triic ¢ mé ra nhitng co hoi tng dung rong réi, tir hoa hoc
phdi tri, nhan dang ion, xuc tac cho dén cac huéng tiép can méi trong nghién cau
vat lidu va linh vuc sinh hoc [68][78][36].

1.4. Cac phwong phap tong hop crown ether co ban

Sy tong hop crown ether thudng duoc trién khai thong qua qua trinh ghép
ndi cac phan doan mach hg, trong d6 buéc quyét dinh 1a dong vong dé tao thanh
c4u trac polyether kich thudéc mong mudn. Vong crown thu duoc ¢d thé hinh thanh
tir cac don vi nho duoc Iap rép tuan ty hoac truc tiép tir céc tién chat phi hop vé mat

khong gian va chirc ning [65]. C6 ba cach pho bién dé tong hop cac crown ether:
(@) Chu trinh don gian.
(b) Chu trinh két hop véi mot phan tir khac, duoc goi 1a qua trinh dong vong.

(¢) Ngung tu hai hodc bén don vi giéng hoic khac nhau.
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C == 0 G = O

So d6 1.1. Cac phuong phap pho bién tong hop crown ether

Trong qué trinh tong hop, phan tng déng vong mong mudn rat dé trg thanh
phan ang ngung tu thong thuong va khong thé dong vong crown ether. Qué trinh
dong vong xay ra khi dau va cudi chudi caa chat tham gia phan ung véi nhau theo
Kiéu noi phan tar hay mot qua trinh ngung tu da tac nhan bao gdm cac dau cudi phan
ung véi mot phan tir khac nhu 1a mét phan (ng lién phén ti. Phan ing anh huong
boi bon yéu tb chinh:

D¢ dai chudi

Mutrc @6 dé dang hinh thanh vong phu thudc vao do dai chudi. Trong qué
trinh dong vong, Sy twong tac ciia CAC nguyén tir va sy thay ddi entropy sau do dan
dén cac muc do bién dang vong khac nhau. Diéu nay dic biét anh hudng dén hiéu
suat. Mic do bién dang vong co thé dugc danh gia gian tiép thong qua nhiét dét
chay chuan., Gia tri nay dat mac cao nhat ddi véi cac vong nho (n = 3, 4) do ton tai
bién dang gdc 16n, trong khi bién dang goc dat muc toi thiéu & vong sau canh. Doi
V6i cac vong c6 kich thuéc trung binh, mac do bién dang vong ting 1én do sy két
hop cua bién dang goc va tuong tac khong gian bat loi. Nguoc lai, ¢ cac vong c6
kich thuéc 16n (n > 14), tinh linh dong caa chudi cho phép giai phong dang ké céc

bién dang hinh hoc, khién ning lugng bién dang gan nhu khong déng ké.

Ban chdt cua c&c nguyén tir
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Sy ¢6 mat cua O, N hodc S trong chudi tao diéu kién thuan lgi cho sy hinh
thanh vong crown ether. Viéc thay thé mot nhém methylene bing cac nguyén tu
khac it cong kénh hon din dén giam twong tac cua hiéu tng khdng gian trong vong.
Piéu nay dic biét ding trong qué trinh tong hop céc hé théng vong nho va trung
binh. Tuy nhién, trong cac vong lén hon, anh huéng caa cac di tir khdng rd rét vi

ngay ca khi khong c6 ching, cac trong tac trong vong ciing yéu hodc khong ton tai.
Céc chdt tham gia

Viéc dong vong crown ether mong mudn tir mot, hai thanh phan hoic nhiéu
hon bi anh huong bai nhiéu yéu td. Vi du, trong qué trinh tong hop dibenzo-18-
crown-6, catechol va dichlorodiethyl ether c6 thé phan tng theo kiéu mot, hai hoac
ba thanh phan dé tao thanh monomer (9), dimer (10) hoac trimer (11) twong ung.
Bang cach thay d6i cac diéu kién phan ung, chang han nhu loai nucleophile, base,

nhom thé, dung mai va nong do, qua trinh tong hop co thé cho ra cac crown ether c6

&
o@ OK\ Oﬁo <:o O O‘>
LS 0% :
o Ououo’G

(11)

kich thudc khac nhau.

9) (10)

Hinh 1.6. Cac mono, di, trimer crown ether
Phan ng gin két hai dau cua chudi podand dé tao thanh hop chat crown
ether phu thudc rat nhiéu vao khoang céch cua hai dau chudi, tic 13 hai d¢au chudi
cang gan nhau thi kha ning xay ra phan ang noi phan ti cang 16n. Diéu nay lién
quan dén viéc str dung mot cation hoat dong, trong vai trd mot phéi tir tam thoi hozc

lau dai, khi d6 s€ cho phép cac di t6 cua mach tu tap hop xung quanh ion duong, co
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thé theo hinh dang tron hoic hinh dang ban nguyét, khi d6, hai dau podand s& c6
phan tng két hop do da duoc lai gan nhau hon. Mot vi du duoc trinh bay tai so do
1.2[22].

O, @ « O 3 . O )
[O\\\\\IM* OQ—OTS - [O\\:\'II\E/I ‘,‘,‘//,O] [ o O]
L0 6] o
(12) (13) (4)

So dd 1.2. Co ché phan @ng tong hop hop chét (4).
Phuwong phdp sir dung nhom tosyl

Crown ether (16) dugc tong hop tir ditosylate (14) va thiol (15) bing cach st
dung phuong phap dugc bao cdo boi Kellogg va cong su [17]. Trong do, ditosylate
(14) va 2-mercaptoethyl sulfur (15) dwoc thém vao dong thoi tir cac phéu nho giot
riéng biét vai dung mdi DMF véi x(c tac Cs,CO;z trong 2-3 gio & 60°C (So d6 1.3).
Sau d6 phan tmg duoc tién hanh trong 18 gio. Qué trinh xir Iy va tinh ché tiép theo

bang sic ky nhanh thu duoc thiacrown ether (16) véi hiéu suat 86%.

o O
0 O
+ O O
~ s
OTs OTs 60°C S
(16)

So dd 1.3 Tong hop crown ether (16).
Phuwong phdp tong hep theo khung lién két c6 si dung ion kim logi

Qua trinh tong hop theo dinh hudng cé sin duoc Braun va Tcheriac st dung

lan d4u tién vao nam 1907 khi tong hop cac dan xuat kim loai cia phthalocyanine tir
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phan tng cua pyrrole va o-diaminobenzene hoac o-cyano benzamide hoac cac hop
chat lién quan cua chdng véi kim loai. Nam 1928, mét san pham phu da dwgc phan
lap trong qué trinh téng hop phthalimide va duoc chirng minh 1a phirc chira iron cua
phthalocyanine. Thuat ngi 'hiéu ung khung' khong duoc ap dung cho qué trinh tong
hop cac vong 16n cho dén nhimg nim 1960 khi Busch va Hurley nhan ra vai tro két
ndi va ¢ dinh khung hinh thanh lién két cua iron ion. Khi dé, Busch cho rang phic
cua ion kim loai c6 thé gilp cho phan @ng xay ra theo huéng mong muén. Nam
1960, Curtis di sit dung Ni(Il) va Cu(Il) dé thuc day qua trinh ngung tu
cyclondiamine véi acetone dé tao ra bisamine. Acetone dwgc thém vao phuc
diamine dé tao thanh phuc tetraazadiene. Trong nhiéu truong hop, viéc s dung

khung c6 phuac kim loai 1 can thiét dé xay ra phan tng déng vong [14].

Céc vi du vé cac cach tao vong Ion khdng can khung c6 san ciing da duoc
biét dén. Jackels d3a bao cao rang phan ung cua 1,3-diaminopropane
monohydrochloride (17) va biacetyl (18) dé tao thanh (19) chi cd thé xay ra khi c6
mit cua cobalt acetate tetrahydrate (So d6 1.4). Viéc sir dung cac ion kim loai trong

cac phan tng ciing dan dén sy gia ting hiéu suat caa san pham crown ether.

(@) (@) . H3C CH3
ST I o I
NHaNHCl e oH,  Hee SN N “CH,

(17) (18) 19)

i. CH3OH, KOH, 2°C, Co(OAc),.4H,0, 25°C, 12h, 30%
So dd 1.4. Tong hop hop chat crown ether (19).
Phwong phadp sir dung amide

Hop chat vong mé vai nhém chac amide 1a chat trung gian thudng duoc sir
dung trong qué trinh tong hop cac crown ether khac nhau. Phan tng dong vong c6
thé dugc thuc hién bang cach thém di té N vao diester hoic diacid chloride, hoac st

dung phan ang cong Michael cho mot ester khong bdo hoa. Viéc bo sung N vao
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diester da dan dén su tong hop nhiéu bislactam vong. Qué trinh déng vong thudng
st dung phuong phap Tabushi, khéng yéu cau vé do pha lodng trong nhiéu trudng
hop. Mot vi du vé diéu nay 1a phan ng gitra 1,3-bis(2’-aminoetylpropan) (20) va
diethyl malonate (21) thu duoc bisamide (22). Khir cac nhém amide bang cach sir
dung borane/tetrahydrofuran thu duoc cyclam (23) (So d6 1.5). Lithium aluminum
hydride ciing da duoc sir dung dé khir amide [67].

Y
N NH HN NH HN
o o |

NH HN ' ii
+
EtOMOEt L — > NHHN —
NH, NH» e} 9)
(20) (21) (22) (23)

i. EtOH. 72h
ii. BoHg/THF, 24h, HCI, KOH/CHZOH, 80%

NH HN

So db 1.5. Tong hop azacrown ether (23) str dung amide.
1.5. Mt sé ng dung caa crown ether
1.5.1. Hogt tinh khang khudn

Céc dan xuat crown ether chira bis-benzo-15-crown-5 va cac phac sodium
ion tuwong Gmg da duoc nghién ciru va danh gia hoat tinh khang khuan bang phuong
phép khuéch tan trén nhiéu chung vi khuan Gram duong va Gram am. Két qua cho
thiy chdng thé hién kha nang uc ché tét d6i véi cac ching Gram duong géom
Staphylococcus aureus, Staphylococcus epidermidis, Listeria monocytogenes,
Micrococcus luteus, Bacillus cereus va Brucella abortus, cling nhu cac chung Gram
am gom Shigella dysenteriae type 2, Escherichia coli, Salmonella typhi H va
Pseudomonas putida. C4c dan xuat crown ether nay véi cac nhdm thé methoxy c6
nong d6 103uM di thé hién hoat tinh t6i da ddi véi cac chung vi khuan trén. Diéu
tha vi 13, cac chelate (25, 26 va 27) tao phuc voi Na* dugc phat hién la cd kha nang
chéng lai cac ching vi khuan manh hon so véi cac hop chét bis-benzo-15-crown-5
(24) [30].
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Hinh 1.7. Cac dan xuit crown ether chira bis-benzo-15-crown-5.

1.5.2. Hogt tinh gdy dgc té bao ung thuw

Kha ning gdy doc té bao ciia hop chat azacrown ether dugc do thong qua xét

nghiém & nong d6 50 UM vaéi ba dong té bao ung thu, ung thu biéu mé phéi & nguoi
(A549), ung thu va & ngudi (MCF-7) va ung thu gan ¢ ngudi (HepG2). Nong do tc
ché (1Cso) trong su phat trién cua té bao duoc so sanh vai doxorubicin véi cac dbi

tugng thir nghiém 1a cac hop chat (28) va (29) (Hinh 1.8). Hon nita, cac hop chat
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tang cuong kha ning gy doc té bao trong céc té bao Hela véi sy cd mat cua cac
chloride ion hoac sodium ion di chuyén qua mang té bao va thiic day qué trinh mat
can bang dién thé, qua dé kich hoat céc su kién dan dén rdi loan chu trinh té bao
[18].

o. 0 O O
FsC jj g }
_/ v O\
H HN &o oj
FsC —
(28)

d o

f e oj;/(o g _,} oj;/(o or,
x

DH HN— ¢ &o ) DN HQ

FsC — CF3

(29)

Hinh 1.8. Hai aza-crown ether N,N'-bis (dithiocarbamate)-1,10-diaza-18-crown-6 (28)
va (29).

Mot nghién ciru khac da ghi nhan hoat tinh chdng ting sinh in vitro cia cac
dan xuét acyl ether trén cac dong té bao ung thu biéu md & ngudi, bao gom HBL-
100, HeLa, SW1573 va WiDr, véi cisplatin va etoposide duoc sir dung lam chat ddi
chung duong. Cac din xuat nay cho thay mirc do hoat dong twong duong trén dong
té bao WiDr. Bén canh d06, hai azacrown ether N,N'-bis(dithiocarbamate)-1,10-
diaza-18-crown-6 (L2-) (28), (29), ciing da dugc khao sat vé tiém ning chdng ung
thu d6i vé6i cac dong té bao ung thu ¢b tir cung & ngudi Hela-229, ung thu budng
triang A2780 va bién thé A2780 khang cisplatin (cis-A2780). Phén tich da ggi mo
mot hudng tiép can méi trong thiét ké thudc dua trén cac phac chat kim loai. Cu
thé, cac phdi tor azacrown ether khi dwoc phdi tri vai platinum ion cho thay kha
nang cai thién déng ké ai luc déi véi dich tac dung, qua d6 nang cao hoat tinh chong
ung thu so véi cac phic chit thong thuong. Pang chu ¥, viéc bd sung céc cation

kim loai kiém nhu Na* hodc Kt vao hé phac con tiép tuc gia tang hi¢u lyc sinh hoc
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cua chdng, thé hién hoat tinh vuot troi so vai cisplatin- mét thude chuan hién dang

duogc sir dung rong rii trong diéu trj ung thu [8].
1.5.3. Tac dung védn chuyén thuéc

Nhiéu tién bo trong linh vuc héa hoc di gop phan dang ké vao viéc cai thién
hiéu qua caa qua trinh van chuyén thudc. Chang han, vao nim 2005, Song va cong
s di tién hanh nghién ctu dic tinh nhiét dong cua cac phic chét tao thanh gitra
naphtho-15-crown-5 (30) va bén ion kim loai kiém tho théng qua phép do chuan do
dang nhiét. Nhém nghién ctru da xac dinh cac tham sé nhiét dong cha chét, bao
gom d6 bén phic, anh huéng cua dung moi va dong gop entropy ddi voi qua trinh
tao phuc. Két qua cho thdy phtc chat gitra naphtho-15-crown-5 va Ca?* ¢6 do on
dinh vuot troi, chii yéu nho tuong tac tinh dién manh va sy twong thich vé kich
thugc gitra phan tr cha va ion khach. Nhitng phét hién nay khdng chi 1am rd co ché
tao phicc ma con nhan manh tiém niang Gng dung cua cac crown ether trong thiét ké
hé van chuyén thudc c6 d6 chon loc va hiéu qua cao hon [66].

o
O @)
Lo o

A0

(30)

Hinh 1.9. Ciu tric naptho-15-crown-5 (30).

Trong thap ky qua, viéc tong hop ra cac crown ether mai da dan dén nhiéu
tién bo trong viéc sir dung cac hop chat nay trong cac nganh khoa hoc khéac nhau.
Mot vi du tiéu biéu khac duoc cong bd vao nam 2006 bai Fabio va cong su, trong
d6 nhém nghién ctru di tong hop thanh cong vong phosphodiester lién két voi
disaccharide (31). Cac hop chat nay thé hién nhitng dic tinh héa 1y dac biét quan
trong d6i véi van chuyén thudc, bao gdm do bén héa hoc cao trong mot dai pH rong
va kha nang mang dién tich am, cho phép chung tuong tac thuan lgi véi cac cation

kim loai. Trong cac nghién ctu tiép ndi, nhdm tac gia tiép tuc ma rong thu vién cau
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trdc bang cach tong hop thém nhiéu din xuat méi va khao sat sau cac dic tinh cua
chung. Pang cht ¥, ho da tong hop thanh cong cic crown ether dugc gan kém voi
phan tir sinh hda va ban sinh hda, bao gom ca dan xuat uridine lién két véi crown
ether (32). Su két hop giita khung nucleoside va vong crown khdng chi duy tri cac
dic tinh sinh hoc vén c6 cua uridine ma con bé sung kha ning tao phuc chon loc

vé6i cac ion kim loai, tir d6 tang tiém ning ¢ng dung trong van chuyén thudc [19].
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Hinh 1.10. Hop chét crown ether méi (31) va (32) déng vai tro van chuyén thuée.
Nam 2013, Liu va cong su da phat trién mot hé hydrogel poly(N-
isopropylacrylamide) (PNIPAM) duoc tich hop cac don vi crown ether, xuat phat tir
nhan dinh rang hydrogel 1a mot vat liéu mang day tiém nang trong @ng dung van
chuyén thudc. Viéc két hop crown ether vao mang luéi polymer khdng chi tan dung
duogc tinh chat chon loc ion vdn ¢6 cia chiing ma con khai thac do nhay caa crown
ether d6i Vi sy thay do6i nhiét do va ban chat ion caa moi trudng- hai yéu té quan

trong trong viéc kiém soat qua trinh giai phong thuéc.

Két qua nghién ciru chi ra rang su hién dién cia cac don vi crown ether trong
hydrogel tao nén nhiing tuwong tac ion dic trung gitra polymer va cac cation, tir do
anh huong dang ké dén kha niang truong né va dap ung kich thich cua hé vat ligu.
Mic di su gia tang nhiét d6 1am suy giam phan nao d6 nhay ion cua crown ether, co
ché tuong tac nay van du manh dé diéu chinh tinh chat vat ly caa hydrogel mot cach
hiéu qua. Nhin chung, viéc tich hop crown ether vao h¢ PNIPAM da chirng minh
rang cac hydrogel loai nay 1a nhitng dan xuat day trién vong, c6 kha ning mang lai

su kiém soat cao hon trong phan phdi thudc va cac tng dung y sinh tién tién [43].
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Mot hudng tiép can doc dédo duoc Liu va cong sy gigi thiéu vao nim 2015
lién quan dén viéc mod phong cac kénh nano nhay cam véi ion bang cach st dung
cac crown ether nham phuc vu cho y hoc 1am sang, cam bién sinh hoc va phan phéi
thudc. Trong nghién ctru nay, nhom tac gia da thiét ké thanh cdng cac méd hinh kénh
nano ion dua trén 4’-aminobenzo-15-crown-5 va 4'-aminobenzo-18-crown-6, qua do
tai tao co ché dong- md va dan truyén ion twong tu cac cong ion sinh hoc tu nhién.
Cac mo hinh nay thé hién kha ning dan chon loc dbi véi ion Na* va K*, 1am sang t6
thém tiém ning ctia crown ether trong viéc xay dung cac hé thong md phong sinh

hoc va phat trién cac vat liéu chic nang thé hé mai [41].
1.6. Khai quat vé di vong

Céc hop chat di vong 1a nhitng hop chit ¢6 cau triic vong, trong d6 mot hoic
nhiéu nguyén tir carbon cua vong dugc thay thé boi cac nguyén tir khac, goi la di to.
Trong thuc té, di to pho bién nhat 1a N, tiép theo 1a O va S. Tuy nhién, nhiéu nguyén
tar khac c6 thé hinh thanh céc lién két cong hoa tri on dinh tao nén ciu trdc vong co
tam quan trong dang ké trong hoa hoc di vong hién dai. Pang cha ¥ 1a phosphorus,
asenic, antimony, silicon, selenium, tellurium, boron va germanium. Trong mot sb it
truong hop, tham chi céc di té 1a kim loai, chang han nhu Sn va Pb ¢6 thé duoc két
hop trong céac hé théng vong. Trong mot béao cdo nam 1983, Lién minh Quéc té vé
Hoa hoc co ban va Hoa hoc tng dung (IUPAC) da cong nhan 15 nguyén t6 tir nhom
IT ¢én nhém IV trong bang tuan hoan hoa hoc cd kha ning hinh thanh cu triic vong

Vi cac nguyén ta carbon [58].

Hop chat pyridine 1a mot vi du kinh dién va tiéu biéu vé di vong don gian
nhung ¢ y nghia dic biét trong hda hoc hiru co. Trong cau trdc ndy, mot nguyén ti
carbon cua vong benzene duoc thay thé bang nguyén tir nitrogen, song su thay thé
nay khong lam pha v& tinh thom, do bat bdo hoa hay phan bé electron dic trung cta
hé benzene. Nho d6, pyridine van duy tri duoc do 6n dinh cao cua hé « lién hop,
d6ng thoi mang thém céac dic tinh hda hoc dic thu cia nguyén ti nitrogen. Tuong

tu, viéc thay thé mot nguyén tir carbon trong vong cyclohexane bing nitrogen tao ra
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piperidine- mét di vong no thudng gap trong cau tric cua nhiéu duoc chét. Nitrogen
trong piperidine cling gop phan diéu chinh tinh base va hoat tinh twong tac cua phan
ta.

Gitra hai trang thai gigi han nay- mot bén la di vong thom (pyridine), mot
bén 14 di vong no (piperidine)- ton tai mot loat cac cau trdc trung gian c6 mot hoic
hai lién két d6i trong vong. Nhitng hé di vong ban bdo hoa ndy, nhu
dihydropyridine hay tetrahydropyridine, thé hién tinh chét trung gian giira hai dang
C4u trac trén, dong thoi co hoat tinh sinh hoc da dang. Chinh su phong phi vé mic
d6 bao hoa va sy hién dién cua nitrogen da tao nén mot ho hop chat di vong c6 vai

tro quan trong trong hoa duoc, thiét ké phan tr va tong hop hitu co [72].

N
H
Pyridine pihydro pyridine Tetrahydro pyridine Piperidone
(32) (33)
H
O O T
)0
N N N
H H . . N-
Piperazine Morpholine  Quinoline Purine
(34) (35) (36) (37)

Hinh 1.11. Mot s6 di vong don gian
Céc vong c6 thé c6 nhiéu hon mdt di nguyén tir, c6 thé giong nhau hozc khac
nhau gidng nhu hop chit (34,35). Bé ma rong linh vuc ndy, cac vong khéac co thé
dugc hop nhat vao mot di vong goc. Piéu nay 1am phét sinh nhiéu hé thdng vong
méi, vi du nhu hop chit (36,37).

Bang cach sip xép lién két nhu vay, 133,326 hé thong vong di vong khac
nhau dd dugc bao cao vao nim 1984. Nhung d6 khong phai la tat ca, hydrogen trén

cac vong nay co thé duoc thay thé biang vo sé nhom thé, bao gom tat ca cac nhém
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chac phé bién déi vai cac hop chat béo va thom. Két qua 1a hang triéu hop chit di

vong da dugc biét dén, véi nhiéu hop chat khac duoc tdng hop mdi ngay [6].

O COOH
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Metronidazole (38) Methotrexate (39)
|
| X O S
COL 0 8y
o ¢l N HN N
| Py | )
» N
@)
N/
0 /
Papaverine (40) Chlorpromazine (41) Theobromine (42)

Hinh 1.12. C4c hop chat di vong trong tu nhién

Céc hop chat di vong khdng chi 12 két qua ciia mot s6 nd lec nghién ciu tong
hop ma cac nha khoa hoc ciing da tim thady cac vong di vong trong vitamine,
coenzyme, porphyrin (nhu huyét sic t5), DNA, RNA,... Giéi thuc vat cd rat nhiéu
hop chat chtra nitrogen, hau hét 1a cac hop chat hozc dan xuat di vong. Bai vi ching
c6 tinh base yéu va tao thanh mudi véi cac acid vo co, cac hop chat tir thyuc vat tir
lau da duoc biét dén vai tén goi alkaloid, c6 nghia 1a “gidong nhu chat Kiém”. Thuat
ngit nay di duoc mo rong dé bao gdm ca nhirng hop chat c6 ngudn goc dong vat,
dic biét 1a nhitng hop chat tir moi truong bién. Pac tinh co ban cua alkaloid khién
ching dé dang duoc chiét xuat bang acid va sau d6 quay lai bang base va ching la
mét trong nhitng hop chat hitu co dau tién dugc phan lap va nghién ciru. Nguoi ta
d3 tuyén bd rang hon 8000 alkaloid dd dwoc biét dén va hon 100 alkaloid dwgc phat
hién hang nim trong nghién ctru hién tai, nhiéu trong s d6 co6 dic trung vé mit cau
trGc. Chling xuat hién trong tit ca cac bo phan cua thuc vat, thuong 1a ho cua cac

hop chat lién quan [7].
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San lwong nhé cac di vong chia nitrogen va sulfur ciing c6 thé dugc tim thiy
trong cac loai dau mo khéac nhau. Trong nhiéu nam, than d4 1a ngudn chinh cua céc
di vong c6 khung pyridine, ching thu dwgc bang cach nhiét phan trong diéu kién
khdng c6 oxygen. Mot phét hién hap dan méi vé céac di vong trong tu nhién do 1a
cac pyridine carboxylic acid di duoc phéat hién trong mét thién thach roi xudng
Canada (gan ho Tagish) [57]. Nicotinic acid va hai dong phan cua n6é duoc phan lap

cling vai 12 dan xuat methyl hoa trong thoi diém do.

COOH
I 0L O
N N">COOH 7
(43) (44) (45)

Hinh 1.13. M6t s6 di vong c6 nhém chire acid

Phan @ng Diels-Alder 1a mot trong nhitng phan ¢ng quan trong nhat dé tong
hop cac hop chat vong va né ciing dé dang tao thanh cac san pham di vong. O dang
don gian nhat, nd bao gom phan ung cua diene vai alkene hoic alkyne, thuong phan
tmg duoc bat dau véi nhom hat electron. Alkene twong tac véi cac nguyén tir
carbon 1,4-sp? cua diene, nhitng thay ddi vé lién két duoc thé hién trong So dd 1.6.
Thong thudng, nhom hut dién tir trén alkene 1a din xuat carbonyl, nhung ciing c6
thé st dung cyano, nitro, sulfonyl,... Alken va alkyne duogc kich thich duoc goi la
dienophile. D& dang nhan thay rang c6 nhiéu cach dé tong hop céc di vong bang

cach thay thé carbon vai mot hozc nhiéu di té trong ca hai chat tham gia.

F.)h Me3SiO
_N =
— NPh
oA
Me3Sio/& 070 0
0™ 5"=0
(46) (47) (48)

So d6 1.6. Tong hop di vong don gian bang phan ung Diels-Alder
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Phan 16n dugc pham hién dai déu chua khung di vong. Nhiéu dan xuat
pyridine dwoc st dung 1am chat @c ché bom proton, trong khi cic thubc nhu
Dimebon mang dong thai vong pyridine va indole, cho thay gia tri cua cac di vong
& nhiéu hudng tac dung khac nhau chtr khong wu tién mot cau trdc cu thé. Diéu nay
khéng c6 nghia 1a cau tric pyridine quan trong ddi véi viéc diéu tri bénh Alzheimer
hon 1a cu tric indole. Dugc pham di vong tdng hop dau tién 1a antipyrine- mot dan
Xuat pyrazole c6 tac dung giam dau va ha sét twong ty aspirin. Ludwig Knorr da
tng dung phét hién vé phenylhydrazine ciia Emil Fischer dé tong hop antipyrine va
dugc cip bang sang ché vao nam 1883 [16]. Gan ddy hon, antipyrine thudng duoc

ding phéi hop vai benzocaine dé giam dau va giam viém trong viém tai gita.
1.7. Mdt s6 nghién ciru vé mét sé hep chat di vong diic trung
1.7.1. Piperidone

Piperidone 1a mot nhém céc hop chat héa hoc c6 khung twong tu Véi
piperidine, c6 trong alkaloid ty nhién va dugc ding dé lam thudc. Piperidone dugc
biét 1a thé hién céac hoat tinh sinh hoc da dang nhu khang khuan, chéng oxy hoa,
chéng ung thu, gay doc cho té bdo, giam dau, chéng ung thw, chong HIV,...
Piperidone dugc ghi nhan 1a mot khung di vong quan trong vai pho hoat tinh sinh
hoc rong, bao gom khang khuan, chong oxy hoa, gy doc té bao, chong ung thu,

giam dau va ca hoat tinh khang HIV.

Trong nhitng nam gan day, nhiéu dan xuét piperidone da duoc phat trién dua
trén chién lugc md phong cau trdc cua cac alkaloid va steroid tu nhién- nhitng phan
tr von duoc biét dén vai hoat tinh sinh hoc manh va da dang. Viéc tao ra cac dan
Xuit trong tu ndy cho phép mé rong khong gian ciu trac, dong thoi cung cép co s
dé khao sat méi quan hé cau trdc- hoat tinh va danh gia so sanh hiéu qua sinh hoc
cua ching vai cac hop chat tu nhién twong tng. Nhitng két qua thu duoc khong chi
lam noi bat vai tro caa khung piperidone trong viéc anh huong dén hoat tinh sinh
hoc, ma con tao tién dé quan trong cho viéc thiét ké va toi uu hoa cac phén tir tiém

nang trong phat trién dwoc chat méi [40][42][26].

39



H
(l HO. N__O
NS0 r
I NH,

1-methylpiperidine-2-one (49) 3-amino-6-hydroxy-2-piperidone (50)

o~ N
1-benzyl-4-piperidone (51)

Hinh 1.14. Vi du Vé piperidone
Cac din xuit piperidone di chirng minh vai trd quan trong trong linh vuc
dugc pham théng qua sy xuét hién cua nhiéu hoat chat c6 gia tri 1am sang. Chang
han, Prodine (53) 1a mot thuéc giam dau manh thuéc nhém opioid tong hop, duoc
st dung trong kiém soat dau mirc do vira dén nang. Fentanyl (54), mot dan xuat
piperidone khac 1a opioid tong hop c6 tdc dung nhanh va thoi gian béan thai ngan
duoc ung dung rong réi trong giam dau liéu cao va trong gy mé, dac biét khi két

hop véi cac thube an than thugc nhém benzodiazepine [25].
2 L)
\)J\N
% OCOEt N
N N
H
4-piperidone (52) Prodine (53) Fentanyl (54)

Hinh 1.15. Piperidone va cac din xuét quan trong caa né
Mot phuong phap co ban thudng dung dé tong hop dan xuat piperidone (58)
la phan ¢ng Petrenko-Kritschenko. Phan wng téng hop nay sir dung alkyl-1,3-
acetone dicarboxylate (55), benzaldehyde (56) va mot amine (57) lam cac thanh

phan ban dau. Thong thudng, hdn hop phan tmg duoc dun hoi luu trong dung mai
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nuéc hoic ethanol, tuy nhién san pham tao thanh thuong kho tinh ché do xuat hién
nhiéu tap chat phu. Cac nghién ctu cho thay viéc bd sung xuc tac acid khdng chi rat
ngin thoi gian phan tng ma con cai thién dang ké hiéu sut thu duoc [51].

O
O R{0,C CO,R
Q . 12 2R
R102C\)J\/COZR1 + RZ)J\H + R3-NH, Acid r‘ji
Ry N R,
R3

So do 1.7. Sir dung phan ang Petrenko-Kritschenko dé tong hop piperidone

Nhitng cai tién quan trong trong tong hop 4-piperidone théng qua phan @ng
ngung tu gitra cac hop chat carbonyl véi ammonia hoic cac amine di duoc
Prostakov va Baliah nghién ciru mot cach hé thong [59]. Theo do6, 2,6-diaryl-4-
oxopiperidine-3,5-dicarboxylate duoc tao thanh tir phan tng ngung tu gitta mot
alkyl p-ketodicarboxylate vi mot aldehyde thom va ammonia hoac mét amine bac
mét. Phan wng ba thanh phan nay cho phép xay dung khung piperidone mét cach
hiéu qua, ddng thoi mé rong kha ning diéu chinh cau trdc théng qua su lva chon
nhém aryl va amine thich hop.

R4-NH, Rq F|<1
CH,COOR R>-CHO Ry _N__Ry Ro N _R2
0=C — —
“CH,COOR
ROOC COOR
O o)
(59) (60) (61)

So db 1.8. Sir dung phan &ng Mannich tao ra 2,6-diaryl-4-oxopiperidine-3,5-
dicarboxylate
Mot vi du khac, 2,6-diaryl-4-piperidone duogc thay thé & vi tri C-3 va C-5 boi
cac nhom alkyl. Mot sb lugng 16n 4-piperidone da duoc tong hop bang phan tng
Mannich sir dung ketone khéng no véi cac nguyén tir a-hydrogen & ca hai bén cua

nhom carbonyl, aldehyde thom va ammonium acetate hoac amine [38].
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So d6 1.9. Phan wng Mannich véi cac dan xuat ketone khac nhau
1.7.2. Ung dung cia piperidone

Nghién ciru vé piperidone tir 1au di thu hat su quan tim trong héa duoc hoc,
cha yéu xoay quanh viéc khai thac khung cdu trac nay dé phat trién cac dugc chat
tiém niang hoic nham xac dinh va dic trung héa cac hop chat hién dién trong cac
san pham tu nhién. Bac biét, nhém 4-piperidone xuat hién trong nhiéu cu trdc di
vong don gian c6 hoat tinh sinh hoc d6i v&i hé than kinh trung wong, dong thoi
cling 1a don vi cau tric quan trong trong cac hé da vong phuc tap nhu
benzo[a]quinolizidin-2-one va indolo[2,3-a]quinolizidin-2-one. Mot s din xuat
thuoc cac khung nay thé hién hoat tinh sinh hoc twong tuy Reserpine, von duoc st
dung dé diéu tri ting huyét 4p va mot sb réi loan tam than (bao gdm tam than phan
ligt).

Bén canh d6, nhiéu alkaloid ty nhién da duoc ghi nhan chaa khung 4-
piperidone trong cau trdc phan ti. Cac vi du tiéu biéu gom: aristoserratine phan
lap tir loai Aristotelia spp, elaeokanidine A tur la Elaeocarpus kaniensis, cac dan
Xuat 2-aryl-4-piperidone thu duogc tir cdy non Heimia salicifolia (ho Lythraceae),
myrtine tu Vaccinium myrtillus, tropinone, euphococcinine tir Euphorbia atoto,
adaline tir Adalia bipunctata, ciing nhu alkaloid dimer petrosin dugc phan 1ap tur bot
bién Petrosia seriata. Mot s6 quinolizidine alkaloid nhu lupanine va sparteine thé
hién quan hé cau tric gan giii v6i hé piperidone trong qua trinh sinh tong hop.
Ngoai ra, cac alkaloid tir chi Lobelia, Erythroxylum, Datura, va céc loai thuoc ho
Apocynaceae ciing dugc bdo céo chira cac di vong piperidinone hoic tién chat

piperidone trong con duong tao thanh khung alkaloid cua chung.
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elaeokanidine A (65)

H;C._N
HO H
H5CO 0
(66) myrtine (67)

Hinh 1.16. Mot s6 alkaloid c6 chira nhém 4-piperidone
Tuy nhién, gié tri ndi bat nhat cua 4-piperidone nam & vai trd cua né nhu mot
trung gian tong hop quan trong trong hoéa duoc va héa hoc san pham tu nhién. Tu
khung di vong nay, nhiéu hop chit ¢ hoat tinh duoc 1y di duoc phat trién thanh
cong. Bién hinh, 4-piperidone la tién chat trong qua trinh tong hop cac thubc gay té
cuc bd nhu a-eucaine va R-eucaine, cac thube giam dau thudc ho 4-phenylpiperidine
va 4-propionanilidopiperidine, cing voi nhiéu hé vong phuc tap khac nhu

spiroimidazolone va spirohydantoin.

1,2,2,6,6-pentamethyl-4-piperidone 1a chat trung gian téng hop cua
pentamethyl piperidine va 4,4-piperidine twong tmg di duoc diéu ché 1am chat ngin
chin hach than kinh va co tiém ning. Bén canh d6, 3-carbomethoxy-4-piperidone
hydrochloride dong vai tro nhu nguyén liéu khai dau quan trong trong qué trinh
tong hop fentanyl, mot chat cha van opioid manh, cung véi nhiéu dan xuét lién
quan khac, bao gém (+) - trans-3-methylfentanyl isothiocyanate [73]. Nhiing {ng
dung nay cho thay tim quan trong cua cac dan xuat 4-piperidone trong phét trién

thudc gay mé, giam dau manh va cac hop chat hoat tinh sinh hoc c6 lién quan.
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So d6 1.10. Piéu ché fentanyl

N-Benzyl-4-piperidone ciing di duoc béo céo la chat trung gian tong hop cia
c4c piperidine c6 hoat tinh dugc 1y 4 don phan nhu fentanyl hoic cac dan xuat duoc

thé & vi tri s6 4 nhu carfentanil, alfentanil va sufentanil.

O

CeHs

CeHs—( COOCH;  CgHs— COOCH;
COC,Hs COC2H5

Carfentanil (70) Sufentanil (71)

Hinh 1.17. carfentanil va sufentanil

Piperidone di dugc ghi nhan so hiru nhiéu hoat tinh sinh hoc quan trong, bao
gom giam dau, chéng ung thu va khang khuan... Cac nghién ciru trude day chi ra
rang céac hoat tinh sinh hoc cua piperidone c6 lién quan dén cac vi tri thé 2, 3 va 6
trén khung vong. Pang chi ¥, cac dan xuat mang nhom thé thom tai vi tri 2 hoic 6
thuong biéu hién hoat tinh sinh hoc manh. Bén canh d6, sy xuit hién cua nhom
methyl & vi tri 2 hoic 3 ciing gop phan ting cuong dang ké hoat tinh cua phan tir.
Tir cac quan sat ndy, da co6 du doan rang dan xuat 2,6-diaryl-3-methyl-piperidone
cling véi cac thiosemicarbazone va oxime twong ung s& tao ra cac hop chat tiém
nang va&i hoat tinh sinh hoc cao. Trén co s& d6, 2,6-diaryl-3-methyl-4-piperidone da
duoc lya chon lam muc tiéu nghién cau va dugc tong hop bang phan ang Mannich

da tac nhan, st dung ethyl methyl ketone, cac aldehyde thom va ammonium acetate
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lam cac thanh phan phan ¢ng. Céc dan xuit oxime va thiosemicarbazone cua 2,6-
diaryl-3-methyl-4-piperidone dugc tong hop bang cach cho phan wng voi
hydroxylamine hydrochloride va thiosemicarbazide twong ¢tng. C4c cau tric hoa
hoc da dugc xac minh bang phuong phap IR, *H--NMR, 3C-NMR va dir liéu pho
khdi. Cac hop chat nay da dugc sang loc vé doc tinh cép tinh qua duong miéng, c6

tac dung giam dau, gy té cuc bo va hoat tinh khang nam [60].

R4
RZOCHO + OHCOR4
(72) R, (73)
CH;COONH,
CH3COC,Hs
0
TNC
H
R2 R4
Ry (74)
HzNHCSNV NH,OH
NNHCSNH, NOH
R‘] N R1 N
ORA® H
R2 R4 R2 R4
R3 (76)
Rs  (75)

So d6 1.11. Téng hop 2,6-diaryl-3-methyl-4-piperidone va dan xuat

Mot s6 dan xuat 2-piperidone ciing dugc phét hién véi nhiéu hoat tinh tha vi.

Con duong téng hop cac dan xuat 2-piperidone dugc md ta trong So d6 1.12.
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CHO o)
77a, R, = 2-Cl 78a, R, = 2-Cl 79a, R, = 2-Cl
77b, R, = 3,5-OMe 78b, R, = 3,5-OMe 79b, R, = 3,5-OMe
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N 80b, R, = 3,5-OMe 82,Ry=2Cl 4
81a, Ry = 2-Cl
81b, R, = 3,5-OMe
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O ©\O/ Cl
ON OH N
SRS »as-
HO
HO
\@Rz N ©
83a, R, = 3,5-OMe, R, = 3-OMe (84)

83b, R, = 3,5-OMe, R, = 3,4-OMe

a, malonic acid, pyridine, 90°C, 2.5h

b, ethanol, TsOH, 78°C, 12h

¢, DBU, CH3NO,, acetonitrile, 0°C, 2h

d, p-hydroxybenzaldehyde, 3-aminomethylpyridine, ethanol, 78°C, 24h

e, p-hydroxybenzaldehyde, methyl-4-(aminomethyl) benzoate, ethanol, 78°C, 24h
f, p-hydroxybenzaldehyde, benzylamine, ethanol, 78°C, 24h

g, vanillin, benzylamine, ethanol, 78°C, 24h

So d6 1.12. Tong hop céac dan xuat 2-piperidone
Chat trung gian (78a, 78b) dugc téng hop tir aldehyde thom va malonic acid
bang phan @ng Knoevenagel véi pyridine lam chat xdc tac. St dung p-
toluenesulfonic acid (TsOH) lam chat xuc tién dé ester hda chat trung gian (78a,

78b) véi ethanol cho hiéu suit cao san pham trung gian (79a, 79b). Theo cac
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phuong phap d3 mé ta, ethyl-4-nitro-3-phenylbutanoate (80a, 80b) duoc tong hop
tir (96a, 96b) bang phan ung cong Michael. Cac hop chét (81a, 81b, 82a, 83a, 83b
va 84) duoc téng hop trén co sd cac phan ung coupling ba thanh phan. Hoéa hoc lap
thé ctia nhan piperidone dugc xac dinh la héa hoc 1ap thé 4,5-trans-5,6-trans bang
cach phan tich NMR. Mot hdn hop gom dan xuét ethyl-4-nitro-3-phenylbutanoate
va p-hydroxybenzaldehyde v&i  3-aminomethylpyridine  hoac  methyl-4-
(aminomethyl)benzoat duoc dun hoi luu trong ethanol lan luot tao ra cac hop chat
(81a, 81b) va (82a). Trong khi d6, chat trung gian (80a, 80b) va p-
hydroxybenzaldehyde duoc phan ung véi benzylamine duogc thé twong tng dé cho
san pham mong mudn (83a, 83b). Phan ng cua hop chat thu dugc (80a) va

benzylamine vai vanillin tao ra hop chat (84) [20].

Mot loat cac dan xuét 2-piperidone méi nay da dugc danh gia hoat tinh sinh
hoc 1a mét tac nhan hoa hoc dé diéu tri bénh Alzheimer. Két qua cho thay riang hau
hét cac din xuat déu thé hién kha ning tc ché dang ké qua trinh tu t6 hop ABi-s.
Trong sb do, hop chat (83b) thé hién su wc ché tt nhat ddi véi qua trinh ty t6 hop
ApB14> tly theo nong do (59,11% & 20uM). Ngoai ra, cac hop chat (82), (81a) va
(81b) co dic tinh chdng viém trong céc té bao vi md BV-2 do lipopolysacarit (LPS)
tao ra. Chiing gitip ngén san sinh cac cytokine gay viém nhu TNF-a, IL-15 va IL-6.
Trong khi d6, hop chét (83b) cd thé ngin chan cua té bao than kinh SH-SY5Y chét
do doc tinh than kinh qua viéc kich hoat té bao microglia kich thich bang LPS. Do
d6, cac hop chat nay day trién vong dé phét trién thanh cac tac nhan da chiic ning
méi dé diéu tri bénh Alzheimer [74].

1.7.3. Tetrahydropyridine

Tetrahydropyridine (THP) 1a mot hop chét hitu co quan trong, duoc biét dén
vé6i nhiéu tinh chat va ang dung da dang trong linh vuc khoa hoc va cdng nghé. Vi
cau tric di vong don gian, THP ton tai cha yén ¢ 3 dang dong phan bao gom:
1,2,3,6-tetreahydropyridine (85), 1,2,3,4-tetrahydropyridine (86) va 3,4,5,6-
tetrahydropyridine (87).
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Hinh 1.18. Bdng phan cua THP
Ngoai ra, cac dan xuat cia THP con duoc tim thay trong tu nhién I thanh
phan chinh cta cac hop chit alkaloid nhu arecoline (88) va betanine (89) [76].
O 4 O
HO N | OH

Hinh 1.19. Vi du vé mét s6 ciu tric THP tim dwoc trong ty nhién

Véi cau tric phan tir dic tha, tetrahydropyridine (THP) thé hién nhiéu tinh
chat hoa hoc va vat 1y da dang, tao tién dé cho nhiing tng dung quan trong trong
hoa duoc va sinh hoc phan tir. Trong s cac hop chat thuoc ho THP, 1-methyl-4-
phenyl-1,2,5,6-tetrapyridine (MPTP) 1a dai dién noi bat nhat, dugc biét dén rong rai
nho kha nang gy ra tinh trang thoai hoa dopaminergic tuwong tu bénh Parkinson va
vi thé duogc sir dung trong nghién ctru co ché bénh sinh ciing nhu danh gia céc liéu
phap diéu tri bénh Parkinson [81]. MPTP c6 kha nang cam ung nhiéu thay d6i dac
trung lién quan dén bénh Parkinson, bao gom ting tich lily a-synuclein, gia ting
biéu hién protein apoptotic Bim, thiic day su phan cat caspase-3, déng thoi lam
giam biéu hién tyrosine hydroxylase- enzyme chua chét trong qua trinh tong hop

dopamine [81]. Nh& nhitng hi¢u ng sinh hoc dac trung nay, MPTP duoc xem nhu
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moét md hinh héa hoc quan trong dé mé phong bénh Parkinson trén dong vat, hd tro

viéc phét trién va danh gia céc liéu phéap diéu tri tiém ning.

Té bao than kinh dém
va té bao than kinh Serotonin

Dopamine

_— l Té bao than kinh
+

So d6 1.13. Co ché tac dong cia MPTP dén hé than kinh

Ngoai ra, cau tric khung ctia THP con duoc tng dung trong nhiéu cac phan
tng t6ng hop hod hoc dé tong hop nén cac hop chat c6 hoat tinh cao hon
[34][82][84].

1.7.4. Ung dung ciia Tetrahydropyridine

Hoat tinh sinh hoc cia THP da thu hat duwgc sy quan tdm cua cua cac nha
nghién ciru do tiém ning (ng dung diéu tri bénh 1y lién quan dén hé than kinh ciing
nhu cac tng dung sinh hoc khéac. Khong chi cé cac nghién ciru vé kha nang diéu tri
Parkinson cia MPTP, cac dan suit cua THP con duoc tng dung trong cac nghién
ctru diéu tri hoi chung Alzheimer va tdm than phan liét véi co ché chung 13 ting
cudng hoat dong cua neurotransmitter dopamine, gidp cai thién chirc ning than kinh
[44]. Ngoai ra c&c phén tir chira di vong THP da duoc khao sat kha nang tng dung

lam thuéc giam dau, thudc chéng viém, thudc chng loan than kinh [47]. Thém vao
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d6 nhitng dan xuat cua THP con ¢é nhitng kha ning sinh hoc dang kinh ngac khac
thé hién tir mdi lién két chit ché giira cau tric va hoat tinh caa hop chat nay.
C6 rat nhiéu dan xuat chira di vong THP di cho ra kha ning diét khuan cao.

Cu thé 1a nhitng dan xuat cia THP dugc Aridoss va cong sy tong hop nim 2008 da

cho nhitng kha ning tiéu diét cac dong vi khuan [9].

O,N
OH O S/,O
S0 0
AN O/\ @)
X o
DBAS
o DBAS
0
Cl (go
Cl
(90) (91)

Hinh 1.20. Dan xuat cia THP vai kha ning khang khuan
Cu thé, hop chat (90) ethyl 1-(2-chloroacetyl)-4-hydroxy-2,6-diphenyl-
1,2,5,6-tetrahydropyridine-3-carboxylate duoc cho 1a c6 kha ning manh nhat dé
chdng lai dong vi khuan Enterococcus faecium (ICso = 16 pg/mL) trong khi hop
chat (91) c6 kha niang tiéu diét cac dong khuan E. faecium, E. faecalis va

Staphylococcus aureus (1Cgo = 16 pg/mL).

OH O
N o

DBAS
o
N, (92)
O
Hinh 1.21. Dan xu4t THP chaa imidazole

Ngoai ra dan xuat cia THP c6 chira imidazole (92) da thé hién kha nang diét

cac chang S. aureus, E. faecium va E. faecalis (ICo = 64 pg/mL) so véi cac thude
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tiéu chuan nhu linezolid va trovafloxacin [10]. Hon thé nita, viéc bd sung cac vong
thom vao cau trdc THP sé& cang lam ting thém hoat tinh diét khuan caa ching [48].
Cac dan suat 6-alkyl-2,3,4,5-tetrahydropyridine da dugc Liyan D. va cong su

nghién ctiu va téng hop véi kha nang khang nam rat noi bat [62].

PRk i
n-C16H33MgX M~
é\l o n-C1sHsa NHBoc
TMEDA (94)
(93) TFA, DCM
NaOH
n'CmHg(Nj
(95)

So d6 1.14. Tong hop din xuat THP (95) véi kha nang khang nam

Hop chét (95) da dugc danh gia kha nang khang ndm in vitro hoat dong voi
C. albicans, Candida glabrata, Candida krusei va Aspergillus fumigatus & cac nong

dd khac nhau.

oR{\H
_ 96. R= Ph
+
o N’O 97. R= 3-N02-C6H4
O "R O
(96-97)

Hinh 1.22. Dan xuat THP véi kha nang chong HIV
Sau khi nghién ciiu kha nang chéng HIV bang céc nghién cau lap ghép phan
tir, cac hop chét cho thdy niang luong lién két tot véi cac enzyme dich. Hop chat
hoat dong manh nhat (97) (-9,24 kcal/mol), khi vong phenyl bi thé N & vi tri C5.
Dan suat (96) c6 chira nhém phenyl khdng bi thay thé ciing thé hién kha ning lién
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két (-9.9 kcal/mol). Do d6 cac hop chit ndy c6 tiém ning dugc danh gia cao véi vai
tro 1a chat e ché HIV [15].

1.8. M6 phéng lip ghép phan tir (Molecular Docking)

M6 phong lap ghép phan tir (molecular docking) 13 mot ky thuat tin sinh hoc
c4u trdc quan trong va 1a cong cu khong thé thiéu trong linh vuc sinh hoc phan tu
cau trac va thiét ké thube cé sy hd tro cia may tinh. Muc dich cbt 16i caa qué trinh
lip ghép phdi ti-protein 1a nham du doan céc trang thai lién két (binding modes)
chiém wu thé ctia mot phéi tir (ligand) ddi véi mot phan tir dich (protein) cé cau tric
khdng gian ba chiéu da duoc xac dinh. Céc thuat toan ldp ghép hiéu qua duoc thiét
ké dé kham pha khong gian cau hinh da chiéu (multidimensional conformational
space) mot cach téi wu. Bong thoi, ching sit dung mét ham tinh diém (scoring
function) dé dinh luong hda va xép hang chinh xéc &i lyc lién két cling nhu tinh phu
hop vé mat hinh hoc va nang lugng ciia cac cau hinh lién két (poses) duoc dy doan.
Viéc ldp ghép phan ta hién nay duoc phd bién rat rong réi, co rat nhiéu cac phan
mém phé bién duoc sir dung nhu AutoDock, DOCK, FlexX, GOLD, ICM, MOE...
[49][35][71][3][4].

Mot quy trinh md phong lap ghép dién hinh bao gém cac budc chinh, chung
cho tat ca cé4c trang thai lién két. Cau triic 3D cho dai phan tir dich va phan tir nho
trudc tién phai duoc chon, sau d6 mdi cau tric phai dugc chuan bi theo yéu cau cua
phuong phap lip ghép dang duoc sir dung. Sau khi lap ghép, két qua phai duoc

phan tich va chon ra cac ché do lién két c6 diém s tét nhat
Buwéc 1: Lwa chen va chudn bi phan ti dich (protein)

Céu trac protein dugc coi 1a 1y twong nhat phai duoc xac dinh bang thuc
nghiém, thuong bang phuong phép tinh thé hoc tia X hoic cong huang tir hat nhan.
Trong mot s trueong hop, dang lién quan vé mit sinh hoc cua céu trac protein, don
vi sinh hoc- 1a dang da phan tir, c6 nghia 1a cic phan tir lién quan dén tinh doi xung

thich hop cling phai duoc dua vao cau tric phan tir dich.

Céc budc tién hanh co ban:

52



e Tap hop cac céu tric protein, 1y twéng nhat 1a véi cac phdi tir lien két
tr cAc nguon cd sian bao gdm RCSB PDB [12], ReLiBase [32],
Binding MOAD [33].

e Loai bo bat ky cau tric nao thiéu cac yéu té can thiét vé mat sinh hoc,
cac cau trac khong day du hoic thiéu chudi bén ciing nén duoc bod
qua.

e Xac dinh mirc d6 bién ddi cu tric va chon céu trac dai dién.

e Thém tat ca cac nguyén tir hydro vao protein & d6 pH mong muén.

e Loai bo tat ca cac phan tir nudc, ngoai trir nhitng phan tir khong thé
thiéu.

e Néu cau truc phan tir dich dai dién duoc tao phic véi phéi tir thi hay
loai bo phdi tir do.

Buéc 2: Lwa chen va chudn bi phéi ti (ligand)

Phéi tir duoc chon dé lap ghép thuong phu thudc vao phan tir dich véi céc
chi s6 nhu: Bién tich, trong luong phan ti, dién tich bé mat cuc, do hoa tan. Hau hét
cac cong cu lap ghép déu xu ly cac phdi tir mot cach linh hoat. Céac lién két co kha
nang xoay trong phdi tir cang nhiéu thi viéc lap ghép cang kho khan va tén thoi
gian. Piéu nay 1a do kich thuéc cua khdng gian tim kiém ting theo cip s6 nhan voi
s6 lan xoan [53].

Cac budc tién hanh co ban:

e Lua chon va sir dung cdu tric cua phéi tir c6 sin trong thu vién.

o Néu phéi tir 1a mot hop chat méi véi dinh dang 2D ta van c6 thé
chuyén d6i thanh cau hinh 3D.

e Piéu quan trong la cac dang proton hda, chat hd bién va dong phan
lap thé caa phéi tir phai chinh xéac, néu khéng cac phép tinh tiép theo

s€ khéng chinh xac.
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Buwéc 3: Ldp ghép (Docking)

Viéc 1ap ghép phan tir bao gom viéc tim ra mot khong gian tim kiém (search
space). Budc nay 1a budc quan trong nhat, quyét dinh pham vi va hiéu qua tinh toan
cua qua trinh lap ghép. Kha niang xac dinh khéng gian tim kiém phuy thudc truc tiép
vao murc do hiéu biét truée do vé vi tri lién két (binding site) trén protein. Viéc xéac

dinh khéng gian tim kiém lap ghép c6 hai kha ning.

e Néu khong c6 thdng tin cau trdc hoic théng tin thuc nghiém nao vé vi
tri gan két caa phéi tir, khdng gian tim kiém tinh tién (translational
search space) s& dugc mé rong dé bao triim toan bo bé mat cua, nham
xac dinh tat ca cac vi tri lién két tiém nang trén protein

e Néu da c6 thong tin trudc d6 vé vi tri gan két ciia phdi tir da biét thi
khdng gian tim kiém c6 thé dugc giam xudng va tap trung vao khu

vuc gquan tam.
Budc 4: Pdnh gid két qud

Sau khi hoan thanh qua trinh Iap ghép, két qua phai dugc phan tich va danh
gid bang cach xem xét mirc do twong thich vé hinh dang va twong tac hoa hoc gitra
phdi tir va protein thu thé. Céc tiéu chi danh gia bao gom:

a. Panh gia kha nang tai 1ap ghép (Redocking Capability).

Céc tham s6 mé hinh hoa dugc chon phai duoc danh gia dua trén kha ning
ctia chding trong viéc tai tao (reproduce) trang thai lién két da biét, thuong la trang
thai lién két dugc quan sat bang tinh thé hoc tia X. Tiéu chi pho bién nhat dé do

luong do chinh xac hinh hoc 14 d6 léch trung binh binh phuong gbc (Root Mean

Square Deviation - RMSD).
N (o
RMSD = /7&:1(.;; i)

Trong do, v; 1a vi tri nguyén tr du doan, w; la vi tri nguyén tir quan sat va N

1a tong s6 nguyén ti.
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Khi danh gia RMSD toan phén tir cia phdi tir giita trang thai lip ghép duoc
du doan va trang thai lién két duoc quan sat bang tinh thé, khi gia tri RMSD nh¢
hon 2A thi két qua duoc két luan 1a thanh cong.

b. Phan tich tinh lap lai (Reproducibility Analysis)

Déi véi cac phuong phap 1dp ghép sir dung thuat toan tim kiém ngiu nhién,
can thuc hién nhiéu 1an chay thtr nghiém (it nhat 50 1an) voi cac diéu kién ban dau
khac nhau. Panh gia su ddng nhat caa cac trang théi lién két duoc du doan bang
cach tinh toan ma tran RMSD theo cip. Cac cu hinh lién két sau d6 dugc phan cum
theo mot ngudng RMSD (thuong 1a 2A) dé xac dinh cac ché do lién két chiém wu

thé va on dinh.
c. Ham tinh diém (Scoring Function)

Ham Tinh Piém duoc xay dung nham udc tinh & luc gan két (Binding
Affinity) giira phéi tar va protein, mot dai luong sinh hoc - vat Iy duoc dinh luong
bang ning luong ty do Gibbs (AG) cta phan tng lién két. Néu ham tinh diém Ia

hoan hao, cau hinh lién két dugc du doan s& ludn c6 AG thap nhat.

Viéc st dung mé phong lap ghép phan ti vao viéc sang loc ao ddi véi céc
phdi tir 14 cac hop chat mai véi cac protein dich gitip cho viéc danh gia kha nang
hoat tinh cua cac hop chit d6 tro nén dé dang va tiét kiém thoi gian hon.

Thong qua phan téng quan, ching ta ¢ thé thay dugc tiém nang ung dung
Ién cua cac dan xuét crown ether, dac biét 1a trong linh vuc y dugc, cling nhu vai tro
quan trong cua cac di vong nitrogen (piperidone, tetrahydropyridine) trong hoa hoc
Hitu co. Tuy nhién, cac nghién citu tap trung vao viéc tong hop va khao séat hoat
tinh caa céac ciu tric lai gitta crown ether, thiacrown ether va di vong nitrogen con
han ché. Do d6, dé tai luan an duoc trién khai nham giai quyét nhirng khia canh con
khuyét nay bing viéc tong hop cac dan xuit méi va sir dung md phong lap ghép
phan tir két hop danh gia hoat tinh sinh hoc cua cac hop chat nay. Tir d6 déng gop
nhitng co s& khoa hoc dau tién cho viéc dinh hudng thiét ké cac phan tir chirc nang

cé gia tri tng dung.
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Chuong 2. PHUONG PHAP NGHIEN CUU VA THUC NGHIEM

Céc thiét bi sir dung trong nghién ciru

DPiém nong chay dugc do bing phuong phiap do mao quan trén may
STUART SMP3 (BIBBY STERILIN- Anh).

Phé hong ngoai (IR) duoc ghi trén may pho FTIR Affinity - IS tai Khoa Hoa
hoc, Truong Dai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha Noi, ép vién
vai bot KBr.

Phé cong huang tir hat nhan 'H-NMR, 3C-NMR dugc ghi trén may Bruker
500 MHz tai Phong thi nghiém Hoéa dugc, Khoa Hoa hoc, Truong Dai hoc
Khoa hoc Ty nhién — Pai hoc Québc Gia Ha Noi (PHKHTN-PHQGHN) va
may Bruker 600 MHz tai Vién Hoa hoc - Vién Han 1am Khoa hoc va Cong
nghé Viét Nam. Dung mdi chup phéd 1a CDCls, DMSO-ds véi chat chuan noi
la TMS.

Phé khéi lugng dugc ghi trén may sic ky long phan giai cao LC-HRMS
Orbitrap cua Thermo Scientific tai Vién Kiém nghiém an toan vé sinh thuc

pham Quéc gia.

Hoat tinh sinh hoc cua cac chat duoc tién hanh thir nghiém va doc két qua tai
phong Sinh hoc thuc nghiém - Vién Hoa hoc - Vién Han 1dam Khoa hoc va

Cong nghé Viét Nam

Céc cong thirc hop chat ¢ Chwong 2 biét 1ap vai cac hop chat xuat hién

trong Chwong 1 va duge danh sé lai tir dau.

2.1. Tong hep céc tién chat podand

Trong nghién ctu nay, tién chat podand duoc st dung la cac hop chat c6 cau

tao dic trung 13 hai nhom thé aldehyde ¢ d¢au mach. Su khéc biét giira cac tién chat

ndy nam & viéc thay thé thanh phan di té sulfur va oxygen trong ciu tao. Cac hop

chat duoc goi chung la cac podand dialdehyde.
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X
N\ /X

(3.5) 3:X=
5: X=

O
S
Hinh 2.1. Cong thirc tong quat c4c tién chat podand

Cac dan xuét podand (3,5) duoc tong hop theo co ché cong tdch Swar, phan
tmg duoc tién hanh bang cach khudy déu hdn hop chat dau bao gom 10 mmol 2-
fluorobenzaldehyde (2) va 5 mmol dan xuét 2,2'-oxybis(ethane-1-ol) (1) hoac 0,77g
((5 mmol) 2,2'-thiobis(ethane-1-thiol) trong 10 ml dung méi DMSO cé mat 10
mmol xic tac K2COs & nhiét do 70-80°C. HON hop phan ung xay ra hoan toan sau
15-17 gio va duoc kiém tra bang sic ky ban mong TLC. Sau d6, hdn hop dugc db
vao 100 ml nudce da bao va thu duoc két tua. Tién hanh loc va rira két taa nhiéu 1an

bang nudc trén phéu loc Buchner, san pham duoc két tinh lai trong ethanol.

2.1.1. Tong hep podand 1,5-bis (2-formylphenoxy)-3-oxapentane (3)

o)
0 0
H
H H
HO 0 0 (2) "
O CH O O O
K,CO3, DMSO —
(1 S (3)
70°, 15h

So d6 2.1. Tong hop podand 1,5-bis(2-formylphenoxy)-3-oxapentane (3)

Podand (3) duoc tong hop vai hiéu suat H= 75%, dang tinh thé hinh kim va
cO mau trang voi cac thdng sé nhu sau: t°c= 66- 67°C, Rs = 0,85 (EtOAc/n-hexane
= 2/1, viv). Phd hdng ngoai IR (KBr, v, cm™): 3074, 2939, 2889, 1690 (-C=0),
1596, 1293, 1236 (-CH,-O-). Phé khéi lugng (EI-MS), m/z, (lom. %): 314 [M]",
337,37 [M+Na]*. Phé cong huong tir hat nhan tH-NMR (500MHz, CDCls), 3, ppm,
(J, Hz): 3,99 (t, 4H, J = 6,5 Hz, -CH,-O-CH,-); 4,27 [t, 4H, J = 6,5 Hz, 2x(-CH,-O-
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CsHa-)]; 6,89 — 7,05 (M, 4H, Har); 7,52 (t, 2H, Har); 7,81 (d.d, 2H, Ha); 10,49 (s,
2H, 2xCHO).

2.1.2. Tong hep podand 1,5-bis (2-formylphenthio)-3-thiapentane (5)

O
) O

H

[ : [I H H ]:]

HS, S_ SH (2) "

N > S S S
(4) K,CO3, DMSO (5)
80°, 17h

So d6 2.2. Tong hop podand 1,5-bis(2-formylphenthio)-3-thiapentane (5)

Podand (5) duoc tong hop véi hiéu suat H= 70%, dang tinh thé c6 mau tring
véi cac thong sb nhu sau: t°.= 59- 61°C, R¢ = 0,48 (EtOAc/n-hexane= 3/1, v/v). Pho
IH-NMR, 6, ppm, (J, Hz): 10,41 (s, 2H, 2xCHO); 7,85 (dd, 2Har, J = 7,5 Hz, 1,0
Hz); 7,53 (td, 2Har, J = 8,0 Hz, 1,0 H2); 7,42 (d, 2Har, J = 8,0 H2); 7,35 (t, 2Har, J=
7,5 Hz); 3,12 — 3,16 (m, 4H, -CH2SCHz-); 2,80— 2,83 [m, 4H, 2x(-S-CH,)]. Phé
khoi lugng Ms, gia tri m/z: [C1sH1s02S3]*: 362 [M]*.

2.2. Tong hep cac crown ether méi chira nhan piperidone tir c4c tién chat

podand trén co sé phan irng ngung tu Petrenko-Kritschenko

O O @)
R R
O,R 1 2

CON I (LN 2
H H

o o s s
Lo, -CH,CH, 8-/ ary=R,=Ph

(7a-d) b =-CH(CHy), (9a-d) b:R;=Ph, Ry =H;
¢ = -CH,CH(CHs), c: Ry =Ry = -CH,CHj;
d = -CH,CgHs d: Ry = -CH(CHj3),, Ry = H;

Hinh 2.2. C4c crown ether chira nhan piperidone duoc tong hop thanh cong
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Trén co sé phan tng ngung tu Petrenko-Kritschenko, tir cac tién chit podand
da tong hop, chung toi da tong hop duoc 8 hop chat crown ether c6 chira nhan

piperidone trong thanh phan ciu tric.

2.2.1. Tong hep crown ether tar tién chdt podand 1,5-bis(2-formylphenoxy)-3-

oxapentane (3)

Cac hop chit crown ether trong nghién ctru nay duoc tong hop théng qua
phan ung ngung tu, dua trén cac quy trinh da duwoc md ta trong mot so cong bd
trude ddy ciia nhém chdng t6i [1-2]. Trong d6, phuong phéap tong hop crown ether

(7a) dugc thuc hién theo quy trinh chung nhu sau:

O O
oR
Lo vy B3 CXW T
i a%
o -
NN NH,4OAc ©
(3) CH3COOH, EtOH (7a-d)

a = -CH,CHy; b = -CH(CHj),
c= -CH2CH(CH3)2, d= -CH2C6H5

So db 2.3. Téng hop crown ether (7a-d)

Han hop phan wng gom 10mmol tién chat podand 1,5-bis(2-formylphenoxy)-
3-oxapentane (3), 10 mmol c4c dan xuit cua 3-oxobutanoate (6a-d) va 10 mmol
ammonium acetate duoc khuay trong 15 ml dung méi ethanol cing 10 mmol acetic
acid. Phan ung duoc thuc hién va két thic trong 15h. Sau khi phan @ng xay ra hoan
toan (kiém tra bang sac ky Iop mong), hdn hop phan tng duoc dé ngudi dén nhiét
d6 phong. Trung hoa hén hop bing dung dich K2CO3 5% téi pH= 7. Dung dich sau
khi trung hoa duoc chiét bang dichloromethane (3x30 ml) va lam khd bang Na2SO.
khan. Loai dung méi hiru co dudi ap suat thap thu duoc san pham dang ran. Tinh
ché san pham bang phuong phap sic ky cot va két tinh lai tir dung méi ethanol thu

dugc san pham crown ether tinh khiét mau trang (7a-d).
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2.2.1.1. Tong hop ethyl 24-oxo-4,7,10-trioxa-2(2,6)-piperidina-1,3(1,2)-
dibenzeneacyclodecaphane-23-carboxylate (7a)

Crown ether (7a) duoc tong hop véi hiéu suat H= 50% vai cac thdng sb chi
tiét theo tai liéu tham khao [2].

0O O
o
Lo I OOV T
T ) @ e
6a
O\_/O\_/O NH,OAc &/O\)
(3) CH,COOH, EtOH (7a)

So dd 2.4. Tdng hop crown ether (7a)

2.2.1.2. Tong hop isopropyl 24-0x0-4,7,10-trioxa-2(2,6)-piperidina-1,3(1,2)-

dibenzeneacyclodecaphane-23-carboxylate (7b)

Crown ether (7b) duoc tong hop véi hiéu suat H= 40%, tinh thé mau tring,
gid tri Rr= 0,48 (EtOAc/n-hexane = 3:1, V/V). Tnc = 214- 216°C.

O OOJ\
dH HO )OJ\/?J\OJ\ ‘ H J\’

(6b) R O @)
o0 _ 06_ 0 NH,OAc N
3) CH3COOH, EtOH (7b)

So dd 2.5. Tong hop crown ether (7b)

Phé hong ngoai IR (KBr, v, cm™): 3326 (NH); 1736, 1694 (C=0), 1246 (C-
0). Phé *H-NMR (600 MHz, CDCls), 3, ppm, (J, Hz): 0,987 (3H, d, J = 6 Hz, CH3),
1,112 (3H, d, J = 6 Hz, CHa); 2,641 (1H, dd, J = 12 Hz, 3 Hz, -CHpiperidone); 3,297
(1H, t, -CHopiperidone); 3,836- 3,923 (2H, m, -OCH,CH,); 4,062 (4H, d, J = 9,6 Hz, -
OCH2-CHy); 4,101- 4,238 (4H, m, -CHzpiperidone, -OCH2-CH2); 4,220 (1H, s, -
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CHopiperidgone); 4,220 (1H, s, -NH); 4,918 (1H, q, J = 12,6 Hz, 6,6 Hz, -CH(CH3)2);
6,788- 6,887 (3H, m, Har); 6,887 (1H, t, J = 7,8 Hz, Ha); 7,171- 7,259 (4H, m,
Har). Ph BC-NMR (150 MHz, CDCls), 8¢, ppm: 204,86; 168,70; 156,99; 129,28;
129,12; 128,54; 121,04; 120,67; 111,10; 111,00; 69,96; 69,89; 68,11; 21,61; 21,52.
Pho khéi lugng HRMS, gia tri m/z: [C2sHzoNOs]+: 440,2063 [M+H]*,

2.2.1.3. Tong hep isobutyl 2*-0x0-4,7,10-trioxa-2(2,6)-piperidina-1,3(1,2)-

dibenzeneacyclo decaphane-23-carboxylate (7c)

Crown ether (7¢) duogc tong hop véi hiéu suat H= 38%, tinh thé mau trang,
gia tri Ry = 0,46 (EtOAc/n-hexane = 3/1, v/Vv). Tnc = 217- 219°C.

O O
o/\(

@ﬁ ”7@ W Y LI

NH,OAc
CH3COOH, EtOH

(7c)

So d6 2.6. Tong hop crown ether (7c¢)

Pho hong ngoai IR (KBr, v, cm™): 3323 (NH), 1740, 1697 (C=0), 1246 (C-
0). Ph6 H-NMR (600 MHz, CDCls), &, ppm, (J, Hz): 0,759 (3H, d, J= 6,6 Hz,
CHs); 0,775 (3H, d, J= 6,6 Hz, CHs); 1,739 (1H, m, -CH(CHs),); 2,649 (1H, dd, J=
14,1 Hz; 3 Hz, -CHpiperidone); 3,309 (1H, t, -CHpiperidone); 3,687 (1H, t, -OCH2-CH.);
3,671- 3,928 (3H, m, -OCH2-CH,); 4,055 (2H, d, J= 9,6 Hz, -CH>); 4,112- 4,167
(5H, m, -CHapiperidone , -OCH2-CH2); 4,296 (1H, S, -CHpiperidone); 4,296 (1H, s, -NH);
6,785- 6,849 (3H, m, Ha/); 6,889 (1H, t, J = 7,8 Hz, Ha/); 7,169- 7,260 (4H, m,
Har). Pho *C-NMR (150 MHz, CDCls), 8, ppm: 204,77 (-C=0); 169,18 (-C=0
ester); 156,96; 156,85; 131,74; 130,51; 129,30; 129,13; 128,47; 126,58; 121,03,
120,84; 111,10; 111,05; 70,76; 69,93; 69,85; 66,48; 66,41; 62,67; 46,75; 27,60;
18,90. Phé khéi lwong HRMS, gia tri m/z: [CasH32NOg]*: 454,2230 [M+H]*.
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2.2.1.4. Tong hep benzyl 2*-0x0-4,7,10-trioxa-2(2,6)-piperidina-1,3(1,2)-

dibenzeneacyclodecaphane-23-carboxylate (7d)

Crown ether (7d) duoc tong hop véi hiéu suat H= 34%, tinh thé mau tring,
gia tri Ry = 0,42 (EtOAc/n-hexane = 3/1, v/v). Tnc = 219- 221°C.

O O
O~ Ph
8 o I CLY G
SONLS S I o
0 __ 0 _ 0 N|S|4o)Ac Lo
(3) CH;COOH, EtOH (7d)

So d6 2.7. Tong hop crown ether (7d)

Ph6 hong ngoai IR (KBr, v, cm™): 3314 (NH), 1735, 1697 (C=0), 1245 (C-
0). Phd 'H-NMR (600 MHz, CDCls), 8, ppm, (J, Hz): 2,657 (1H, dd, J= 14,1 Hz; 3
Hz, -CHpiperidone); 3,312 (1H, t, -CHpiperidone); 3,818- 3,895 (2H, m, -OCH-CHy);
4,016- 4,043 (3H, m, -OCH,-CH,); 4,088- 4,148 (5H, m, -CHzpiperidone, -OCH2-CHa);
4,340 (1H, s, -CHpiperidone); 4,340 (1H, s, -NH); 4,988- 5,064 (2H, d,d, J= 12,6 Hz;
12 Hz, -CH2CsHs); 6,783- 6,819 (3H, d,d, J= 7,8 Hz, Har); 6,884 (1H, t, J = 6,6 Hz,
Har); 7,077-7,092 (2H, m, Ha); 7,127-7,139 (1H, d, Ha:); 7,165- 7,185 (1H, m,
Har); 7,198- 7,230 (2H, m, Ha); 7,256- 7,278 (3H, m, Har). Phd *C-NMR (150
MHz, CDCls), dc, ppm: 204,63 (-C=0); 169,06 (-C=O ester); 156,98; 156,88;
135,75; 129,32; 129,15; 128,45; 128,39; 127,97; 121,06; 120,92; 111,12; 111,07;
69,90; 69,83; 66,38; 62,60; 46,81. Pho khdéi luwong HRMS, gia tri m/z:
[C29H30NOg]*: 488,2066 [M+H]*.

2.2.2. Téng hgp crown ether tir tién chat podand 1,5-bis(2-formylphenthio)-3-
thiapentane (5)

Céc trithiacrown ether (9a-d) ciing duoc téng hop véi quy trinh tuong tu.

Hon hop phan tng gém 10 mmol tién chat podand 1,5-bis(2-formylphenthio)-3-
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thiapentane (5), 10 mmol cac dan xuét cua ketone (8a-d) va 10 mmol ammonium

acetate duoc khudy trong 15 ml dung mdi ethanol cting 10 mmol acetic acid.

0
R, R,

0 0 0 N
H H R1\)J\/R2 O H O
(8a-d) S S
S_ S_ S NH,OAC (s’

(5) CH3;COOH, EtOH (9a-d)

a:Ry =Ry, =Ph
b:Ry=Ph,Ry,=H

c: Ry =R, =-CH,CHj3

d: Ry =-CH(CH3),, R, =H

So d6 2.8. Tang hop crown ether (9a-d)

Phan ung duoc tién hanh trong 48 gio dudi diéu kién khudy lién tuc va qua
trinh chuyén hoa dugc theo ddi dinh Ky bang sic ky 16p mong (TLC) cho dén khi
phan &ng bién xay ra hoan toan. Sau d6, hdn hop duoc dé ngudi tu nhién vé nhiét
d6 phong truéc khi tién hanh cac budc xu ly sau phan Gng.

Hon hop phan tng duoc trung hoa bang dung dich K2COs 5% cho dén khi
dat pH= 7, nham loai bo phan acid du va 6n dinh méi trudng trudc khi chiét. Dung
dich sau trung hoa dwoc chiét nhiéu 1an bang dichloromethane (3 x 30 ml) dé thu
toan bo phan san pham hitu co. Pha hitu co dugc gop lai va 1am kho bang Na.SO.
khan, sau d6 dung moi duoc loai bo dudi &p suat thap dé thu dugc san pham thd
dang ran.

Phan ran thu duoc duoc tinh ché bang sic ky cot silica gel, sir dung hé dung
méi thich hop cho mdi dan xuét, gilp loai bo hoan toan tap chat khong phan ng.
San pham sau sac ky tiép tuc dugc két tinh lai tir ethanol, thu dugc cac crown ether
tinh khiét dang ran mau tring (9a—d) vai do tinh khiét phu hop cho cac phép phan

tich cau trac tiép theo.
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2.2.2.1. Tong hop 22,24 — Diphenyl - 8,11,14 — trithia — 25 - azatetracyclo
[19.3.1.0%7.0>%9] pentacoza-2,4,6,15(20),16,18-hexaen-23-one (9a)

Crown ether (9a) dugc tong hop véi hiéu suat H= 35%, tinh thé mau tring,
gia tri Ry = 0,42 (EtOAc/n-hexane = 3/1, v/v). Tnc = 181- 183°C.

R
PhQJVPh N O
(8a) S

NH,OAc @SJ

CH;COOH, EtOH (9a)

So dd 2.9. Tong hop crown ether (9a)

Phé hong ngoai IR (KBr, v, cm™): 3220 (NH), 1720 (-C=0). Phé H-NMR
(600 MHz, CDCls), 8, ppm, (J, Hz): 7,83 (d, 2H, J= 6,5 Hz, Ha/); 7,31- 7,33 (m,
4H, Har); 7,14 (t, J= 6,0 Hz, 4H, Har); 7,0- 7,10 (m, 8H, Ha); 5,77 (d, J= 9 Hz, 2H,
2xCHNH); 4,17 (d, J= 9,0 Hz, 2H, 2xCHCO); 3,17 (t,d, J= 8,0; 3,5 Hz, 2H, CH>);
2,88 (t, d, J= 10,0; 3,5 Hz, 2H, CH>); 2,67 (d, t, J= 10,0 Hz; 3,5 Hz, 2H, CH>); 2,35
(t, d, J= 9,5 Hz; 3,5 Hz, 2H, CH2). Phé 3C-NMR (150 MHz, CDCls), ¢, ppm:
206,20; 145,27; 134,95; 134,66; 132,84; 129,99; 128,66; 128,24; 127,80; 126,75;
64,59; 62,90; 37,28; 32,62. Phd khéi luong HRMS, gia tri m/z: [CasHsNOS3]*:
554,1635 [M+H]*.

2.2.2.2. Téng hop 22-Phenyl-8,11,14-trithia-25-azatetracyclo[19.3.1.0%7.01520
]pentacoza-2,4,6,15(20),16,18-hexaen-23-one (9b)

Crown ether (9b) duoc tong hop véi hiéu suat H= 34%, tinh thé mau tring,
gid tri Ry = 0,45 (EtOAc/n-hexane = 3/1, VIV). Tre = 164- 166°C.
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r L

o 0 0 N
e By RN
(8b) S S
S.__S__8 NH4OAC s
(5) CH,;COOH, EtOH  (9b)

So dd 2.10. Tong hop crown ether (9b)

Ph6 hong ngoai IR (KBr, v, cm™): 3311 (NH), 1703 (-C=0). Phé H-NMR
(600 MHz, CDCla), 8, ppm, (J, Hz): 7,70- 7,80 (m, 2H, Ha:); 7,57- 7,59 ( d,d, 1H,
J=6,5Hz, 1,5 Hz, Har); 7,38 (t, 1H, J= 7 Hz, Har); 7,26- 7,30 (m, 3H, Ha); 7,15 (t,
2H, J= 6,5 Hz, Hay); 7,07- 7,12 (m, 2H, Has); 7,03 (d, 2H, J = 7 Hz, Ha/); 5,58 (d,
1H, J= 9,5 Hz, CH); 5,45- 5,49 (d,d, 1H, J= 8 Hz; 2,5 Hz); 3,93 (d, 1H, J= 9 Hz);
3,23— 3,28 (m, 1H); 2,85— 3,04 (m, 2H); 2,67- 2,74 (m, 3H); 2,37- 2,47 (m, 2H).
Pho *C-NMR (150 MHz, CDCls), &c, ppm: 207,35; 146,08; 145,12; 134,97,
134,87; 134,70; 133,08; 132,65; 129,97; 128,96; 128,68; 128,63; 128,19; 127,92;
127,79; 127,74; 126,90; 64;60; 62,68; 57,29; 48,92; 37,53; 37,41; 32,88; 32,59.
Pho khéi lwong HRMS, gid tri m/z: [C27H2sNOS3]*: 478,1035 [M+H]*.

2.2.2.3. Tong hop 22,24-Diethyl-8,11,14-trithia-25-azatetracyclo[19.3.1.027.01520
]pentacoza-2,4,6,15(20),16,18-hexaen-23-one (9¢)

Crown ether (9¢) duoc tong hop véi hiéu suat H= 30%, tinh thé mau tring,
gia tri Rf = 0,62 (EtOAc/n-hexane = 3/1, v/v). Tnc = 151- 153°C.

O

N
(8¢c) ~ s
S\_/ \_/S NH4OAc

(5) CH;COOH, EtOH (9c)

So dd 2.11. Téng hop crown ether (9¢c)
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Phé hong ngoai IR (KBr, v, cm™): 3433 (NH), 1705 (-C=0). Phé H-NMR
(600 MHz, CDCl»), 6, ppm, (J, Hz): 7,67- 7,69 (d,d, 2H, J= 6,5 Hz; 1 Hz, Har); 7,52
- 7,54 (d,d, 2H, J= 6,5 Hz, 1 Hz, Har); 7,34- 7,38 (t,d 2H, J= 6 Hz; 1 Hz, Ha/); 7,21-
7,23 (t, d, 2H, J= 6,5 Hz; 1 Hz, Har); 4,92 (d, 2H, J= 9 Hz, 2xCHNH); 3,20 (d, t,
2H, J=11,5; 4 Hz, CHy); 2,92- 2,97 (d, g, 2H, J=9; 4,5 Hz, 2xCHCO); 2,65- 2,75
(m, 2H, CHy); 2,38— 2,43 (m, 2H, CH>); 1,65 (g, 4H, J= 6 Hz, 2xCH5); 0,98- 1,02
(m, 2H, CH2); 0,6 (t, 6H, J= 6 Hz, 2xCH3). Phd C-NMR (150 MHz, CDCls), &c,
ppm: 210,22; 145,87; 134,74; 133,44; 128,90; 128,23; 127,86; 62,51; 58,87; 37,44:
32,61; 18,40; 12,58. Phd khéi lwong HRMS, gié tri m/z: [CasH32NOS3]*: 458,1618
[M+H]".

2.2.2.4. Téng hop 22-1sopropyl-8,11,14-trithia-25-azatetracyclo[19.3.1.027.01520
]pentacoza-2,4,6,15(20),16,18-hexaen-23-one (9d)

Crown ether (9d) duoc tong hop véi hiéu suat H= 36%, tinh thé mau tring,
gia tri Rf = 0,65 (EtOAc/n-hexane = 3/1, v/v). Tnc = 165- 168°C.

o)

N

H
@f* 5@ (A
NH,OAc @SJ

CH3COOH, EtOH (9d)

So dd 2.12. Tong hop crown ether (9d)

Pho hdng ngoai IR (KBr, v, cm™): 3294 (NH), 1697 (-C=0). Phé *H-NMR
(600 MHz, CDCls), 3, ppm, (J, Hz): 7,67 (d, d, 1H, J=6,5 Hz; 1 Hz, Har); 7,63 (d,
d, 1H, J=6,5 Hz; 1 Hz, Ha/); 7,55 (d, d, 1H, J = 6,5 Hz; 1Hz, Ha/); 7,51 (d, d, 1H,
J= 6,5 Hz; 1Hz, Ha); 7,21- 7,36 (M, 2H, Har); 7,20- 7,26 (m, 2H, Ha); 5,21 (d, d,
1H, J= 10,0 Hz; 2,5 Hz, CHNH); 5,14 (d, 1H, J= 9 Hz, CHNH); 3,22— 3,24 (m, 2H,
CH>); 2,94- 3,02 (m, 2H, CHy); 2,70- 2,76 (m, 4H, 2xCH>); 2,42- 2,49 (m, 3H, CH;
va CHCO); 1,66 (m, 1H, CHCHs); 1,03 (d, 3H, J= 6,0 Hz, CHs); 0,88 (d, 3H, J=6,0
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Hz, CHs). Pho C-NMR (150 MHz, CDCls), 8¢, ppm: 209,31; 146,13; 146,05;
134,81; 134,40; 133,33; 132,52; 128,83; 128,75; 128,43; 128,29; 128,27; 128,78;
61,05; 59,98; 56,72; 49,82; 37,70; 37,21; 32,89; 32,39; 30,92; 26,57; 21,37; 18,52.
Phé khéi lugng HRMS, gia tri m/z: [C2aHsoNOS3]*: 444,1480 [M+H]*;

2.3. Téng hep céc thiacrown ether mdi chiza nhan tetrahydropyridine tir c4c tién

chét podand trén co sé phan ikng ngwng tu Petrenko-Kritschenko

NH, O

R
O O O O O
S S S S
NN NH,OAc
(5) CH3COOH, EtOH (10a-¢)

a= -CH2CH3
b= 'CH(CH3)2
c= -CHzCH(CHs)Z
d= -CH206H5
e= -CH3

So db 2.13. Tong hop crown ether (10a-¢)

Céc aza-14-thiacrown-4 ether (10a-€) c6 chtra nhan tetrahydropyridine dugc
t6ng hop véi quy trinh nhu sau. Hon hop phan &ng géom 10 mmol tién chat podand
1,5-bis(2-formylphenthio)-3-thiapentane (5), 10 mmol cac din xuat cua 3-
oxobutanoate (6a-) va 30 mmol ammonium acetate duoc khuay trong 15 ml dung
méi ethnanol ctiing 10 mmol acetic acid. Phan tmg duoc thuc hién va két thic trong
18h. Sau khi phan ung xay ra hoan toan (kiém tra bang sac ky 16p mong), hdn hop
phan tng dugc dé ngudi dén nhiét do phong. Trung hoa hdn hop bing dung dich
K2CO3 5% t4i pH= 7. Dung dich sau khi trung hoa duoc chiét bang
dichloromethane (3x30 ml) va lam khé bang Na;SO4 khan. Loai dung mdi hiru co
dué6i ap suat thap thu duoc san pham dang ran. Tinh ché san pham bang phuong
phap sac ky cot va két tinh lai tir dung moi ethanol thu duoc san pham crown ether
tinh khiét mau triang (10a-d)
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2.3.1. Tang hep ethyl 2%-amino-21,22,23 2%-tetrahydro-4,7,10-trithia-2(2,6)-
pyridina-1,3(1,2)-dibenzeneacyclodecaphane-2°-carboxylate (10a)

Crown ether (10a) dugc tong hop véi hiéu suat H= 36%, tinh thé mau tring,
gia tri Rs = 0,48 (EtOAc/n-hexane = 3/1, v/v). Tnc = 198-200°C.

NH2
ey g
a
S\_/S\_/S Q/S\)
(5)

NH,OAc
CH;COOH, EtOH (10a)

So d6 2.14. Tdng hop crown ether (10a)

Ph6 hong ngoai IR (KBr, v, cm™): 3336 (NH2), 1671 (C=0); 1243 (C-0).
Pho 'H-NMR (150 MHz, CDCls), &, ppm, (J, Hz): 0,938 (d, 3H, J= 7,2 Hz, CHs);
2,124- 2,165 (m, 2H, -SCH»-CHy); 2,201- 2,221 (m, 1H, -SCH>-CH>); 2,398- 2,418
(m, 1H, -SCH2-CHy); 2,419- 2,510 (m, 4H, -SCH2-CH2 va -CHopiperidone); 3,530-
3,571 (d, d, 1H, J= 10,5 Hz, -CHpiperidone); 3,880- 3,915 (d, d, 2H, J= 7,2 Hz, -CH>
iperidone); 4,575 (S, 1H, -NH); 5,942 (d, 2H, -NH>); 7,216~ 7,268 (m, 2H, Ha/); 7,346-
7,373 (t, d, 1H, J = 7,2 Hz; 1,2 Hz, Ha); 7,049- 7,459 (m, 2H, Har); 7,057 (d, 1H,
J= 7,2 Hz, Ha?); 7,573- 7,596 (m, 2H, Har). Phd BC-NMR (150 MHz, CDCly), 3,
ppm: 167,07 (-C=0 ester); 137,38; 136,98; 131,46; 129,76; 129,57; 128,95; 128,40;
127,02; 126,53; 122,76; 61,15; 58,69; 53,45; 32,65; 31,27; 30,92; 28,11; 27,58;
21,24; 14,12. Pho khdi lwong HRMS, gia tri m/z: [CasHasN202Ss]*: 459,1462
[M+H]*.

2.3.2. Tong hep ethyl isopropyl 24-amino-21,22,23 25-tetrahydro-4,7,10-trithia-
2(2,6)-pyridina-1,3(1,2)-dibenzeneacyclodecaphane-2°-carboxylate (10b)

Crown ether (10b) duoc tong hop Vvéi hiéu suat H= 35%, tinh thé mau tring,
gia tri Rf = 0,45 (EtOAc/n-hexane = 3/1, v/v). Tnc = 201- 203°C.
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(6b) S S
S\_/S\_/S K/S\)
(3)

NH,OAc
CH;COOH, EtOH (10b)

So d6 2.15. Tdng hop crown ether (10b)

Ph6 hong ngoai IR (KBr, v, cm™): 3327 (NH.), 1658 (C=0), 1246 (C-O).
Pho 'H-NMR (600 MHz, CDCls), 8, ppm, (J, Hz): 0,668 (d, 3H, J= 6 Hz, CHs);
1,221 (d, 3H, J= 6 Hz, CH3); 2,127 (m, 3H, -SCH»-CH>); 2,194- 2,248 (m, 1H, -
SCH2-CH>); 2,482- 2,510 (m, 5H, -SCH,-CH> va -CHpiperidone); 2,588- 2,668 (m, 3H,
~CH2 piperidone VA& -CHopiperidone); 3,568 (s, 1H, -NH); 4,754- 4,785 (q, 1H, J= 12,6 Hz;
6 Hz, -CH(CHa)2); 5,909 (d, 2H, -NH,); 7,216- 7,259 (m, 2H, Har); 7,339- 7,366 (t,
d, 1H, J= 7,2 Hz; 1,2 Hz, Ha); 7,414- 7,508 (m, 3H, Har); 7,566- 7,580 (m, 2H,
Har). Phé °C-NMR (150 MHz, CDCls), 8, ppm: 166,51 (-C=0O ester); 152,27;
147,83; 144,33; 137,47; 137,10; 132,21; 131,39; 129,79; 129,62; 128,91; 126,90;
126,49; 96,49; 65,52; 61,11; 53,53; 32,64; 31,17; 30,91; 29,71; 28,02; 27,50; 22,15;
21,40; 21,05. Phd khdi lwong HRMS, gia tri m/z: [CasH3iN202Ss]*: 487,1520
[M+H]".

2.3.3. Téng hep ethyl isobutyl 24-amino-21,22,23 25-tetrahydro-4,7,10-trithia-
2(2,6)-pyridina-1,3(1,2)-dibenzeneacyclodecaphane-2°-carboxylate (10c)

Crown ether (10c) duoc tong hop voi hiéu suat H= 37%, tinh thé mau tring,
gia tri R = 0,41 (EtOAc/n-hexane = 3/1, v/v). Tne = 222- 224°C.
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NH, O

X0
@% ﬁ@ HAgEL P
NH,OAc K/S\)

(5) CH3;COOH, EtOH (10c)

So d6 2.16. Tdng hop crown ether (10c)

Ph6 hong ngoai IR (KBr, v, cm™): 3373 (NH.), 1654 (C=0), 1246 (C-O).
Phé H-NMR (600 MHz, CDCls), 3, ppm, (J, Hz): 1,627 (m, 1H, -CH(CHa)2);
2,137- 2,233 (m, 4H, -SCH>-CH> va -CHpigeridone); 3,543- 3,620 (m, 2H, -CH>);
3,687- 3,716 (d, d, 1H, J= 6,6 Hz, CH piperidone); 4,588 (s, 1H, -NH); 5,940 (d, 2H, -
NH,); 7,208- 7,236 (d, t, 1H, J= 7,2 Hz; 1,2 Hz, Ha); 7,253- 7,268 (m, 2H, Ha);
7,343- 7,370 (d, t, 1H, J= 7,2 Hz; 1,2 Hz, Ha); 7,402- 7,430 (d, t, 1H, J= 7,2 Hz;
1,2 Hz, Ha); 7,446- 7,461 (d, d, 1H, J= 7,2 Hz; 1,2 Hz, Ha:); 7,481- 7,496 (d, d,
1H, J= 7,2 Hz; 1,2 Hz, Has); 7,565- 7,599 (m, 2H, Har). Phd *C-NMR (150 MHz,
CDClg), &, ppm: 167,16 (-C=0 ester); 152,76; 147,27; 144,11; 137,36; 136,73;
132,18; 131,45; 129,69; 129,64; 128,95; 128,30; 127,05; 126,61; 95,43; 69,25;
61,01; 53,51; 32,56; 31,21; 28,10; 27,74; 27,63; 21,36; 18,98; 18,89. Phd khdi
luong HRMS, gié tri m/z: [C2sH33N202S3]*: 501,1673 [M+H]".

2.3.4. Téng hop ethyl benzyl 2*-amino-21,22,23 25-tetrahydro-4,7,10-trithia-2(2,6)-
pyridina-1,3(1,2)-dibenzeneacyclodecaphane-2°-carboxylate (10d)

Crown ether (10d) duoc tong hop Vvéi hiéu suat H= 35%, tinh thé mau tring,
gia tri Rf = 0,39 (EtOAc/n-hexane = 3/1, v/v). Tnc = 226- 228°C.
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NH,OAc
CH3;COOH, EtOH

(10d)

So db 2.17. Tong hop crown ether (10d)

Ph6 hong ngoai IR (KBr, v, cm™): 3294 (NH.), 1654 (C=0), 1246 (C-O).
Pho 'H-NMR (600 MHz, CDCl3), 8, ppm, (J, Hz): 2,115- 2,198 (m, 4H, -SCH2-CH,
va -CHpiperidone); 2,362- 2,381 (m, 1H, -SCH-CHy); 2,459- 2,500 (m, 1H, -SCH.-
CH2); 2,257- 2,596 (m, 4H, -CHapiperidone , -SCH2-CHz); 2,638- 2,685 (m, 1H, -
SCH2-CHy); 3,547 (M, 1H, -CHpiperidone); 4,656 (s, 1H, -NH); 4,841-5,004 (d, d, 2H,
J= 12,6 Hz; -CH2CsHs); 5,888 (d, 2H, -NH.); 6,876- 6,892 (d, d, 2H, J= 7,8 Hz,
1,8Hz, Har); 7,169- 7,186 (M, 3H, Ha); 7,242- 7,267 (m, 2H, Ha:); 7,362- 7,387 (t,
d, 1H, J= 7,2 Hz; 1,2 Hz, Har); 7,420 (t, 1H, Haf); 7,464- 7,503 (m, 2H, Ha));
7,569- 7,580 (m, 2H, Har). Phé 3C-NMR (150 MHz, CDCls), 8, ppm: 166,60 (-
C=0 ester); 153,27; 137,71; 127,03; 139,96; 131,33; 129,79; 129,73; 129,01,
128,49; 128,12; 127,28; 127,12; 126,55; 64,63; 61,08; 53,48; 32,55; 31,21; 20,91;
28,02; 27,53; 27,43; 21,43. Ph6 khéi lugng HRMS, gia tri m/z: [C2oH31N20,S3]*:
535,1535 [M+H]*.

2.3.5. Tang hop methyl 24-amino-2t,22,23 26-tetrahydro-4,7,10-trithia-2(2,6)-
pyridina-1,3(1,2)-dibenzeneacyclodecaphane-2°-carboxylate (10e)

Crown ether (10e) duoc tong hop vai hiéu suat H= 42%, tinh thé mau tring,
gid tri Rf = 0,52 (EtOAc/n-hexane = 3/1, v/Vv), Tnec = 192- 194°C.
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So d6 2.18. Tdng hop crown ether (10e)

Ph6 hdng ngoai IR (KBr, v, cm™): 3299 va 3255 (NH), 1633 (C=0), 1296
(C-0), Phd 'H-NMR (600 MHz, CDCls), &, ppm, (J, Hz): 2,124- 2,165 (m, 2H, -
SCH.-CHy); 2,256- 2,400 (m, 1H, -CHpiperidone); 2,532- 2,540 (m, 4H, -SCH2-CHy);
2,637- 2,717 (d, d, 2H, J= 7,2 Hz, -CH2 piperidone); 3,517- 3,556 (M, 1H, -CHpiperidone);
4,592 (s, 1H, -NH); 5,990 (d, 2H, -NHy); 7,239- 7,252 (m, 2H, Ha); 7,346- 7,373
(t, d, 1H, J = 7,8 Hz; 1,8 Hz, Ha/); 7,415- 7,436 (m, 2H, Ha); 7,484- 7,499 (d, d,
1H, J= 7,8 Hz; J = 1,2 Hz, Ha); 7,579- 7,593 (d, d, 2H, J= 7,2 Hz; J = 1,2 Hz,
Har). Phé °C-NMR (150 MHz, CDCls), §, ppm: 167,58 (-C=0O ester); 152,65;
146,87; 144,08; 137,16; 136,74; 132,35; 131,55; 129,69; 129,50; 128,99; 128,26;
127,13; 126,55; 95,34; 61,17; 53,39; 50,45; 35,95; 32,64; 31,38; 30,60; 29,01;
28,22 27,69; 22,97; 21,47; 14,03; 11,10. Phé khdi lugng HRMS, gia tri m/z:
[C23H27N20,S3]*: 459,1462 [M+H]*.

2.4. Thuc hién chuyén hoa crown ether

2.4.1. Téng hop  methyl (16Z,19E)-18-0x0-6,7,9,10-tetrahydro-18H-
dibenzo[h,0][1,4,7]trioxacyclohexadecine-17-carboxylate (11)

Hon hop phan tng gém 10 mmol crown ether (7a), 10 mmol hydrazine
hydrate duoc khudy trong 14 ml dung méi ethanol & 60°C. Phan tmg dugc thuc hién
va két thac trong 3h. Sau khi phan ung xay ra hoan toan (kiém tra bang sic ky 1op
mong), hdn hop phan tng duoc dé ngudi dén nhiét do phong. Trung hoa hdn hop
bang dung dich Na2CO3 5% toi pH=11. Dung dich sau khi trung hoa duoc chiét

bang dichloromethane (3x30 ml) va lam khd bing Na;SO4 khan. Loai dung mdi
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hitu co duéi ap suit thip thu dwgc san pham dang ran. Tinh ché san pham bing
phuong phap sic ky cot va két tinh lai tir dung méi ethanol thu duoc san pham

chuyén hoa (11).

/NH2
O O N O
o ™

CUW D) wawiao O 1
@) 0] @) 0]
&OJ EtOH &o\}

(7a) (11)

So d6 2.19. Tong hop crown ether (11)

Hop chat (11) dugc tdng hop véi hiéu suat H= 40%, tinh thé mau trang, gia
tri Rr = 0,48 (ethanol), Tnc = 218- 220°C, Pho hong ngoai IR (KBr, v, cm™): 3336
(NH3), 1735 (C=0). Ph6 'H-NMR (600 MHz, CDCls), 8, ppm, (J, Hz): 1,096 (t, 3H,
J= 6 Hz, CH.CHs); 2,58 (br, s, 1H, NHy); 3,92-1,05 (m, 4H, -OCH,-CH>-); 4,07-
4,19 (q, 2H, J = 6 Hz, CH2CHa); 4,19- 4,24 (m, 4H, -OCH.-CH,); 6,16 (d, 1H, J=
2,5 Hz, H24); 6,78- 6,79 (d,d, 2H, J= 6,5 Hz va 1Hz, H6,16); 6,90 (t, 1H, J= 6 Hz,
H5); 6,99 (t, 1H, J= 6,5 Hz, H17); 7,16- 7,19 (t, d, 2H, J = 6 Hz; 1,5 Hz, H4,18);
7,20-7,22 (d, d, 1H, J = 6,5 Hz; 1,5 Hz, H3); 7,31- 7,34 (t, d, 1H, J = 6 Hz; 1,5 Hz
H19); 8,38 (d, 1H, J= 7 Hz, Hicis); 8,78 (s, 1H, H21). Phé BC-NMR (150 MHz,
CDClg), 8, ppm: : 167,35 (-C=0 ester); 157,17 (C-7; C-15); 155,82 (-C=NNH2);
155,47 (C-21) 132,07(C-1); 131,94; 128,51; 127,87; 121,24; 120,94; 1117,95;
113,62; 111,77; 111,01; 68,68; 67,81; 59,36; 47,32; 14,31. Pho khdi lugng HRMS,
gid tri m/z: [C2sH30N30s]*: 423,1910 [M+H]*.

2.42.  Tong hop 23,23 242526 27-hexahydro-22H-4,7,10-trioxa-2(4,6)-
pyrazolo[4,3-c]pyridina-1,3(1,2)-dibenzeneacyclodecaphan-23-one (12)
Hon hop phan tng gom 10 mmol crown ether (7a), 20 mmol hydrazine

hydrochloride duoc khudy trong 14 ml dung mdi ethanol & 60°C. Phan tng duoc

thuc hién va két thic trong 1h. Sau khi phan ¢ng xay ra hoan toan (kiém tra bang
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sic ky 16p mong), hdn hop phan tng dugc dé nguodi dén nhiét d6 phong. Trung hoa
hdn hop bang dung dich Na2COs 5% ti pH= 11. Dung dich sau khi trung hoa duoc
chiét bang dichloromethane (3x30 ml) va lam khé bing Na,SO4 khan. Loai dung
moi hiru co dudi ap suat thap thu dugc san pham dang ran. Tinh ché san pham bang
phuong phéap sic ky cot va két tinh lai tr dung moéi ethanol thu dugc san pham
chuyén hoa (12).

NH,
O O NI O

o™ ‘ o™
N
H NH,NH,HCI
@) @) - O 0]
C o) EtOH o)
(7a) (12)
So d6 2.20. Tong hop crown ether (12)

Hop chét (12) dugc tong hop véi hiéu suat H= 34%, tinh thé mau vang, gia
tri Rr = 0,28 (ethanol), Tnc = 183- 185°C, Phé hong ngoai IR (KBr, v, cm™): 3305
(NH2), 1665 va 1631 (C=C-C=N). Phé ‘H-NMR (600 MHz, CDCls), &, ppm, (J,
Hz): 1,30 (t, 3H, J = 6,5 Hz, CH2CH3); 2,72 (d, d, 1H, J = 12,5 Hz; 2,0 Hz, H24);
3,36 (br, t, 1H, J= 10,0 Hz, H1); 3,83- 4,12 (m, 11H, H24, CH.CHjs,
OCH2CH;0CH,CH-0): 6,76 (d, 1H, J= 6,5 Hz, H6); 6,83 (d, 1H, J= 7 Hz, H16);
6,86 (t, 1H, J= 6 Hz, H4); 6,91 (t, 1H, J= 6 Hz, H18); 7,15 (t, 1H, J= 6 Hz, H5);
7,22 (d, 2H, J = 6 Hz, H3,17); 7,31 (d, 1H, J= 6 Hz, H19). Phd *C-NMR (150
MHz, CDCls), 6, ppm: 170,16 (-C=0 ester); 159,78 (C-21); 157,13 (C-15); 156,95
(-C=NNHy); 141,08; 129,39; 128,67; 120,62; 110,78; 69,97; 66,75; 64,32; 60,41,
26,65; 14,69. Pho khdi lwong HRMS, gia tri m/z: [C2aH27N20s]*: 423,2100 [M+H]*.

2.43. Téng hep ethyl (E)-2*-(hydroxyimino)-4,7,10-trioxa-2(2,6)-piperidina-
1,3(1,2)-dibenzeneacyclodecaphane-23-carboxylate (13)

74



Han hop phan ttng gdm 10 mmol crown ether (7a), 10 mmol hydroxylamine
hydrochloride dugc khudy hdi luu cach thay trong 14 ml dung mdi ethanol. Phan
tmg duogc thuc hién va két thic trong 3h. Sau khi phan wng xay ra hoan toan (kiém
tra bang sic ky I6p mong), hdn hop phan tng duoc dé ngudi dén nhiét do phong.
Trung hoa hdn hop bang dung dich Na;COs 5% téi pH= 11. Dung dich sau khi
trung hoa dugc chiét bang dichloromethane (3x30 ml) va Iam khé bing Na2SO.
khan. Loai dung mdi hiru co dudi ap suat thap thu duoc san pham dang rin. Tinh
ché san pham bang phuong phap sic ky cot va két tinh lai tir dung mai ethanol thu

duoc san pham chuyén héa (13).

O O N O
o o

N N
H NH,OH.HCI H

o O o O
{_o.)  EtOH,Na,CO, o)

(72) (13)

So dd 2.21. Tong hop crown ether (13)

Hop chét (13) duogc tong hop voi hiéu suat H= 51%, tinh thé mau trang, gia
tri Re = 0,46 (ethanol), Tnc= 195- 197°C, Phd hong ngoai IR (KBr, v, cm™): 3397
(OH), 3186 (NH), 1732 (C=0), 1660 (C=N). Phé *H-NMR (600 MHz, CDCls), 3,
ppm, (J, Hz): 1,01 (t, 3H, J= 6 Hz, CH2CHa); 2,68 (br, s, 1H, NH); 2,70 (br, s, 1H,
NH); 3,50 (d, 1H, J= 8,5 Hz, H22); 3,86 (d, 2H, J= 7,5 Hz, H24); 3,88- 3,94 (d, 1H,
J= 8,5 Hz, H21); 3,98 (q, 2H, J= 6 Hz, CH2CH3); 4,00- 6,4,09 (m, 9H, H24,
OCH2CH,0-CH,CH0); 6,67- 6,77 (d, 1H, J= 6,5 Hz, H6); 6,77- 6,78 (d, 1H, J=
6,5 Hz, H16); 6,82 (t, 1H, J= 6,5 Hz, H4); 6,87 (t, 1H, J= 6,5 Hz, H18); 7,14— 7,20
(m, 4H, H3, 5, 17, 19); 7,75 (s, 1H, -OH). Phd 3C-NMR (150 MHz, CDCls), 3,
ppm: 170,67 (-C=0 ester); 163,25 (-C=NOH); 157,01 (C-15); 128,82; 120,87;
120,60; 110,93; 70,09; 70,03; 67,62; 66,43; 62,15; 60,47; 52,17; 28,89; 13,94. Phd
khéi lugng HRMS, gia tri m/z: [C24H2sN20,S3]*: 473,1380 [M+H]".
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2.5. Khao sat hoat tinh sinh hec cac hep chit tong hep dwoc
2.5.1. Khdo sat hoat tinh gdy déc té bao trén mgt sé dong té bao ung thuw
a. CAc dong té bao

Cac hop chat crown ether méi duogc danh gia hoat tinh gay doc té bao duoc cung
cap tir phong Sinh hoc Thuc nghiém — Vién Hoa hoc - Vién Han 1am Khoa hoc va
Cong nghé Viét Nam gom:

e HeLa( Human cervix carcinoma): Ung thu tir cung

e MCF7 (Human breast adenocarcinoma): Ung thu biéu md tuyén vi

e RD (Human rhabdomyosarcoma): Ung thu co van

e HepG2 (Hepatocellular carcinoma): Ung thu gan nguoi

e Lul (Human lung adenocarcinoma): Ung thu phoi nguoi

e Vero cell line: t& bao thudng tir than cua khi xanh truéng thanh chau Phi
b. Moéi trwrong nudi cac dong té bae ung thw

- Moi truong MEME (Minineal Essential Medium with Eagle’s salts) b6 sung 7-
10% huyét thanh bé tuoi, 1% dich khang sinh PSF (potassium penicillin—
streptomycin— fungizone) va 1% NAA (nonessential amino acid). Hoac madi
truong DMEM (Dulbecco’s modified Minimum Essential Medium): 10% huyét
thanh bé twoi, 1% dich khang sinh (PSF), 1% NAA.

- Dich khang sinh PSF: 100 don vi penicilin/ml, 100 ug streptomycin sulfate/ml,
0,25 ng amphotericin B/ml.

- DBbém PBS (phosphate buffered saline, g/L): NaCl 8; KCI 0,2; Na2HPO4 1,15;
KH2PO: 0,2; Khtr trung 1 atm trong 30 phut.

. Phwong phdp thuc nghiém xdc dinh hogt tinh gdy déc té bao

Nudi té bao ung thu in vitro theo Skehan va cong su [64]. Xac dinh hoat tinh

gy doc cac dong té bao ung thu theo phuong phap SRB cua Likhiwitayawuid va
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cac cong su [39] dang duoc tién hanh tai Vién Nghién ciru Ung thu Quéc gia cua

M§ (NCI). Phuong phap nay da dugc phong Sinh hoc Thuc nghiém thudc Vién Hoa

hoc- Vién Han 1dam Khoa hoc va Cong nghé Viét Nam ap dung tir nam 1996. Phép

xéac dinh gdm hai budc nhu sau:

Buéc 1: Sang loc tim cac mau thi ¢é hoat tinh

Chudn bj té bao

Dong té bao duoc luu giit trong nitrogen long, hoat hoa va duy tri
trong cac moi trudng dinh dudng MEME, Eagle hoic DMEM c6 bb
sung huyét thanh bé tuoi 7- 10%.

Té bao duoc nudi trong cac diéu kién tiéu chuan (CO; 5%, d6 am
98%, nhiét do 37°C, vd trung tuyét ddi), té bao duoc hoat hod trude
khi tién hanh thi nghiém tir 18- 24 gio.

Dung dung dich trypsin versene 0,1% dé tach té bao sau khi da rua té
bao bang dém PBS. Pha té bao bing méi trudng sach, dém sé luong,
tao huyén dich té bao ¢ noéng do thi nghiém (khoang 3-5x10* té

bao/ml tly theo ting loai té bao thir nghiém).
Chudn bi mdu the

Hoa tan mau thir bang dung méi DMSO véi nong do 4 mg/ml dbi voi

chét thd, 2 mg/ml @i vai chat tinh.

Tién hanh thi nghiém

Nho vao céc giéng cua phién thi nghiém theo dinh lwong sau:
o Diy d6i chung &m: DMSO 10%

o Diy ddi ching duong: chat chuan c6 kha nang diét té bao,
elipitine hoac colchicine, pha téi nong d¢6 0,01 Mm trong
DMSO.

o Day thi nghiém: mau thir + dich huyén phu té bao
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- Phién duoc u trong tu CO, & 37°C trong 3 ngay.

iv.  Két thuc thi nghiém va danh gid két qua

Té bao sau khi u 3 ngay duoc ¢ dinh bing dung dich TCA lanh. Rua, dé
khd, nhuém SRB 0,4% trong acetic acid 1% va rira lai bang acetic acid 1% dé loai
mau du, dé khd, hoa lai bang dung dich dém Tris base 10M trén may lic ngang.

Doc trén may ELISA ¢ budc séng 495-515 mm.
Cha y: Luén phdi ¢ phién doi chitng cho lwong té bao ¢ thoi diém bdt dau thi
nghiém (ngay 0). Phién doi chitng ngay 0 ¢ chiza dich huyén phu té bao trong cac
giéng, dé ti am CO, ¢ 37°C trong 30 phut. Cach cé dinh va nhugm nhuw trén.

v.  Tinhkét qua

- Tinh gia tri CS % (% Cell Survival)

- Gia tri CS: 1a kha nang séng st cua té bao ¢ nong do ban dau cua
mau thir, mau nao cho gia tri CS < 50% thi dugc danh gia 1a c6 hoat
tinh.

- Giatri CS(%) duoc tinh theo cong thuc:

OD (mau thi¥) - OD ( ngay 0)
CS% = s x 100| + o
OD (DMSO) - OD ( ngay 0)

- Trong d6: OD: mat d6 quang o: d6 léch tiéu chuan

o o dugc tinh theo cdng thuc:

(Lx; — 1)

g= |
‘-J n—1

o Trong d6: xi : gia tri OD tai giéng i

- X:gia tri OD trung binh

- n: s giéng the lap lai
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o Cac mau cd biéu hién hoat tinh (CSso < 50% + &) s& duoc chon

ra cho thir nghiém buéc 2 dé tim gia tri 1Cso.

Bude 2: Xac dinh gia tri 1Csg

- Dung gia tri CS% cua 10 nong do, dya vao chuong trinh Table curve
theo thang gi4 tri logarit cua duong cong phat trién té bao va ndng do
chat thir dé tinh gia tri 1Cso.

Cong thuec:

1
;=a+bEnX

o Trong dd:  y: nong do chat thir
X: Gia tri CS (%)
- Cac mau thd c6 gia tri ICso < 20 pg/ml dugc coi la co hoat tinh.
2.5.2. Khdo sat hogt tinh #rc ché enzym a-glucosidase
Nguyén Ii cia phép thir dua trén phan tng phan cit co chat p-Nitrophenyl-o-
D-glucopyranoside nho tac dong cua enzyme a-glucosidase, qua do giai phdng san
pham la p-Nitrophenol ¢6 mau vang. Do hap thy caa hon hop phan (ng tai budc
song 410 nm & thoi diém 30 phat sau phan tng. Luong san pham p-Nitrophenol
sinh ra phan anh hoat d6 cta enzyme a-glucosidase.
a) Chudn b mdu the
Hoa chit: enzyme a-glucosidase, p-Nitrophenyl-a-D-glucopyranoside, 4-
nitrophenol, dimethyl sulfoxide.
Thiét bi: may quang pho BIOTEK — USA
b) Tién hanh thi nghiém
Phuong phap xac dinh hoat tinh Gc ché enzyme a-glucosidase duogc thyuc

hién trén dia 96 giéng. Mau thtr duoc pha loang bang DMSO va nudc deion thanh 1
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diy cac nong do, nong do lan luot trong phan tng 1a 256, 64, 16 va 4 pg/ml hoic
pha loang tiép voi mau c6 hoat tinh nho hon. Acarbose duoc st dung lam chéat tham
khao.

Cac thanh phan phan @ng bao gdm: Phosphate buffer 100 mM pH 6,8; o-
glucosidase 0,2 U/ml, mau thu va p-nitrophenyl a-D-glucopyranoside 2,5 mM. O
mau ddi ching, mau thtr dugc thay bang dém phan ¢ng. Thi nghiém duoc ¢ & nhiét
d6 37°C. Sau 30 phut, phan ung duoc ding bang Na2COs. B¢ hap thu caa phan ang
dugc xac dinh trén mdy BIOTEK véi budc song 410 nm (A).

Kha nang @c ché enzyme a-glucosidase cia mau thir dugce xac dinh bang
cong thuc:

Do tc ché (%) = [Aéi ching) — Agmiu thin] / Adsi ching) X 100%
ICso (half maximal inhibitory concentration) 1a ndng d6 chat thir tc ché 50%

hoat dong ciia enzyme a-glucosidase, duoc tinh bang phan mém Table curve.

2.5.3. Khdo sat hogt tinh sc ché enzyme a-glucosidase bang phwong phdp mé

phéng phan ti (Molecular docking)

Nghién ctu nay sit dung phan mém Molecular Operating Environment
(MOE) phién ban 2019.0102 dé thyc hién mé phong lap ghép, nhim muc dich
kham pha cac tuong tac lién két tiém ning giita cac hop chat crown ether va enzyme

dich 1a a-glucosidase. Cac phan chinh bao gom:
Phan 1: Chuan bi mé hinh phan te
a) Chuan bj protein dich

C4u trdc ba chiéu (3D) cua enzyme a-glucosidase duoc xay dung thong qua
ky thuat mo hinh hoa déng dang. Mo hinh nay dya trén cau tric tinh thé cua
enzyme isomaltase tir nAim men Saccharomyces cerevisiae (M4 ID PDB: 3A4A)

duoc truy xuat tir ngan hang di liéu protein RCSB. Viéc lva chon PDB 3A4A dua
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trén co so Sy twong dong trinh ty cao: 85% diém tuong tu (similarity) va 72% diém
gidng hoan toan (identity) vai trinh tw cau tric cia a-glucosidase.

b) Chudn bj phdi tir

CAu trac 3D cua tat ca cac hop chat crown ether duoc tong hop s& duoc xay
dung va ti wu hoa hinh hoc truc tiép trén nén tang phan mém MOE.

Phan 2: Phuong phap va lip ghép

M6 phong lap ghép duoc tién hanh bang cach sir dung cac tham sé mac dinh
cia MOE. Trong nghién ciu ndy, ap dung phuong phéap lip ghép ban linh dong
(semi-flexible docking). Trong 6, protein dich duoc giit ¢6 dinh va phdi tir duoc
phép di chuyén va xoay linh dong trong khoang lién két dé tim kiém cau hinh toi
uu.

Phan 3: Quy trinh tham dinh va sang loc

Qua trinh lap ghép dugc chia thanh hai bude chinh, dam bao do tin cay cua

mo hinh trudc khi sang loc hop chat méi:

Budc 1: Tham dinh mé hinh (Redocking Validation)

e Muyc tiéu: Tién hanh lap ghép tai tao (redocking) ddi véi phdi tir dong két
tinh (co-crystallized ligand) ban dau c6 sin trong cau tric PDB 3A4A.

e Danh gia do chinh xac: B chinh xac ctia m6 hinh dugc danh gia dua trén gia
tri @6 léch trung binh binh phuong gbc (RMSD). M6 hinh duoc xem 14 thanh
cong va c6 do 1ap lai cao néu gia tri RMSD giira trang thai dy doan va trang
thai tinh thé hoc nho hon 2A.

Budc 2: Lap ghép sang loc cac hop chat moi

e Vi tri lip ghép: Sau khi mé hinh duoc kiém chiing, céc hop chat crown ether
méi s& duoc 1ap ghép vao trung tdm hoat dong (active site) cua isomaltase
(PDB: 3A4A) dé thir nghiém hoat tinh ¢ ché a-glucosidase.
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e Tiéu chi lya chon vi tri lién két: Viéc xac dinh va lua chon vi tri lién két
dugc cin ctr vao cac tiéu chi cau tric va su tuong tac v4i cac amino acid

quan trong di biét trong trung tdm hoat dong.
Phan 4: Phan tich két qua
a) Ham tinh diém (Scoring Functions)

Viéc lya chon cau hinh lién két tdi wu nhat (optimal conformation) duoc thyuc
hién bang cach tinh toan va phan tich diém Idp ghép (docking scores). Cac ham tinh
diém duoc sir dung 1a London dG hoic GBVI/WSA dG, nhiam udc tinh:

e Mirc ning luong lién két téi thiéu (AG,, dG; - don vi kcal/mol).

e Ning luong lién két ty do (AGy, dG, - don vi kcal/mol).

b) Tiéu chi lya chon cau hinh

Gia tri diém lap ghép thudng nhan gia tri &m (-). Cau hinh (pose) c6 gia tri
am tuyét doi cang nho (tie 13 AG cang am) cho thay phuc hop phdi tir- protein tao
thanh cang bén ving va &i luc lién két cang cao. Sau d6, cac twong tac rang budc
chi tiét gitra cac phdi tir va protein muc tiéu s& duoc phan tich va hién thi bang phan

mém Discovery Studio 2025.

Nhin chung, cac crown ether myc tiéu da dugc tong hop thanh cong thong
qua quy trinh ngung tu da tac nhan, sau d6 dugc tinh ché bang sic ky cot va két tinh
lai dé thu cac san pham c6 d tinh khiét cao, dap (ng yéu cau cho cac khao sat hoat
tinh sinh hoc. Cac dan xuat thu dugc déu duoc xac nhan cau trlc bang cac phuong
phap phd hién dai (IR, NMR va HRMS), cho thiy sy phu hop giita dit liéu thuc
nghiém va cau trdc du kién. Céc san pham crown ether méi dugc danh gia hoat tinh
gy doc té bao trén mot s6 dong té bao ung thu va khao sét tinh tc ché enzym a-
glucosidase. Clng véi d6, cac hop chat nay ciing duoc tién hanh khao sét tinh Gc
ché enzym a-glucosidase bang phwong phip md phéng phan tir (Molecular

docking).
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Chuong 3. KET QUA VA THAO LUAN
3.1. Téng hep céc tién chat podand
CAc tién chat podand cé chtra cac di té O va S (3,5) déu co dic diém chung la
CAu tao ddi xing truc thang giira, 2 bén nhanh cudi mach 1a cac nhoém chic aryl
aldehyde va duoc goi chung trong luan an nay la cac tién chit podand dialdehyde.

Cac nhom chét nay dugc tong hop theo so d6 3.1.

9 o
salsqlse
XH_ X XH (2 F X X X
N
(1.4) K,COj3, DMSO (3,5) 3 X= O
5:X=3S

So d6 3.1. Téng hop cac tién chat podand dialdehyde

Phan (ng nay dua trén co ché phan ang cong— tach nucleophilic thom Swar .

Co ché cua phan ung duoc thuc hién theo 2 budc.
Budc 1 — Cong nucleophile vao vong thom:

« Nucleophile tan cong vao carbon mang nhém thé, tao thanh phuc trung gian

anion sigma (Meisenheimer complex)— vong bi mat tinh thom tam thoi.
Budc 2 — Tach nhom thé:

« Nhom thé tach khoi vong — phuc hoi tinh thom — tao san pham thé.

(o (p®
oA AN
k — F

H N

-

X X XH

So dd 3.2. Co ché ng cong — tach nucleophilic thom
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Sau khi nghién ctru va tham khao tai liéu tham khao [46][61], trong luan an
nay chang toi quyét dinh sir dung 2-fluorobenzaldehyde véi nhdm thé 13 F~ bai vi
theo Iy thuyét F c6 d¢6 am dién cao nén né hit electron rat manh tir vong thom va
gilip 6n dinh anion trung gian khi nucleophile mai vira tan cong vao. Phan tmg duoc
thuc hién khi cho hdn hop 1 trong 2 chit (1,4) cung 2-fluorobenzaldehyde khuiy
trong dung mdi DMSO véi nhiét d6 khoang 110-120°C. Cac san pham la céc tién

chat podand duoc téng hop ¢é hiéu suat cao 70- 75%.

Bang 3.1. Két qua tong hop cac tién chat podand

H()’p Chf'it X The (OC) R+ H (%)
3 0] 66 - 67 0,85 (H/E 2/1) 75
5 S 59-61 | 0,48 (H/E 3/1) 70

Cau tao cua hop chat (3) dugc khang dinh bang cac phuong phap pho hién
dai nhu IR, *H-NMR va phl hop véi céc thdng s tai tai liéu tham khao [1, 2].

Hop chat (5) duogc tong hop tir hop chat 2,2'-thiodiethanethiol (4) va 2-
fluorobenzaldehyde. Dung méi phan cuc DMSO dugc chon va phan tng duoc tién
hanh trong méi truong kiém (K2COs) dé tang hiéu suat phan ang va day nhanh phan
ing thé. K2CO;3 ¢c6 chire nang lam base dé trung hoa acid HF sinh ra, gitip phan ang
din ra theo chiéu thuan va nang cao hiéu suat phan tng cho ta mét cau tric san
pham podand chira 3 di t6 S.

Ky thuat phd hién dai 'H-NMR va MS duoc sir dung dé xac nhan ciu tric
cua Podand (5).

Tin hiéu cong huong caa proton & vi tri 6n = 10,41 ppm dudi dang singlet va
tuong tng véi 2H 14 tin hiéu dac biét cua hai nhom aldehyde va cé thé d& dang nhin
thiy trén phé cong huong tir hat nhan *H-NMR cua podand (5). Méi dinh cua tin
hiéu cong huang proton cua nhém (-CH2-S-) va (-CH2-S-CHa-) lan lugt ¢ o1 = 2,8 -
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2,83 ppm va on = 3,12 - 3,16 ppm, twong duong 4H. Gia tri cong hudng proton ctua
nhan thom nam trong khoang tir 7,31 dén 7,85 ppm.

|

T T T
8 7 6 5 4 3 2 1 0  ppm
i

Hinh 3.1. Pho 'H-NMR cua podand (5)

w27

13 12 11 10 9

2247

30 411
Ll Al
250 300 %0

Hinh 3.2. Phé MS cua podand (5)
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Trén phé MS, peak ion phan tir [M]* = 362,7 uéc tinh cho cong thuc
C1s8H1802S3* duoc tim thay voi cuong d6 100%. Khéi lwong chinh xéac véi
gid tri m/z = 362,53.

3.2. Tong hgp cac crown ether méi chita nhan piperidone tir cac tién chéit

podand trén co s¢ phan trng ngung tu Petrenko-Kritschenko

Phan ung Petrenko—Kristchenko la mot trong nhitng phan tng ngung tu da
tac nhan cb dién, c6 vai trd quan trong trong hoa hoc téng hop, dic biét trong viéc
xay dung cac hé di vong co gia tri sinh hoc. Phan tng nay dién ra gitta ba thanh
phan chinh: aldehyde thom, ketone mach ngan (pho bién Ia acetone hoic methyl
ketone), va mudi ammonium (nhu ammonium acetate hoic ammonium chloride),
hodc d6i khi thay thé bang cac amine bac mot. Dudi diéu kién phan tng nhe nhang,
thuong st dung dung méi ethanol hoic acetic acid va gia nhiét nhe, cac chat ban
dau sé& trai qua mot chudi phan ung lién tiép bao gom aldol hoa, amine hoa, va cudi
cuing 12 vong héa noi phan ti, dé tao thanh san pham cudi 1a khung piperidone hoic

trong mot s6 trudng hop dic biét 1a di vong tetrahydropyran.

Co ché phan ung bat dau tir sy hinh thanh san pham g-hydroxyketone théng
qua phan @ng gitra aldehyde va ketone, tiép theo I1a qua trinh amine hoa tao thanh
imine hoac enamine va két thic bang budc vong hoa dé hinh thanh cau trdc di vong
sau canh. Piéu dic biét cua phan tng Petrenko—Kristchenko 1a kha ning tao ra
nhiéu lién két carbon-carbon va carbon-nitrogen chi trong mét quy trinh duy nhat,

tir d6 tiét kiém thoi gian, giam sé budc tong hop va tbi wu hiéu suat.

Vé mat ang dung, khung piperidone tao thanh tir phan tng nay xuat hién phd
bién trong cau trdc cua nhiéu hop chat ty nhién va duoc pham c6 hoat tinh sinh hoc
cao nhu thudc diéu tri Alzheimer (vi du: Donepezil), thuéc giam dau manh (nhu
Fentanyl), ciing nhu cac hop chét cé tac dung khang khuan, khang viém, chéng ung
thu hodc khang nam. Nho vao kha niang thay doi linh hoat cac thanh phan ban dau

(aldehyde, ketone, amine), phan ang nay tro thanh céng cu dac lyc trong viéc xay
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dung thu vién hop chit da dang phuc vu cho nghién ciu thudc va phat trién duoc

pham hién dai.

O O @)
R R
O’R 1 2

VI LN 2
H H

Lo s

(7a-d) a:R = -CH,CHj, (9a-d) a R;=R;=Ph
b: R = -CH(CHy), b: R, = H, R, = Ph
c: R =-CH,CH(CHg), ¢: Ry = R, = -CH,CHj,
d:R = -CH2C6H5 d: R»] = H, R2 - 'CH(CH3)2

Hinh 3.3. C&c crown ether chia nhan piperidone
Trén co s& cac tién chat podand (3) va (5) véi cau trac ddi xing 2 bén la cac
nhom chuc aldehyde, chung t6i da sir dung phan tng Petrenko-Krischenko trong vai
tro 1a phan tang co so trong tong hop cac hop chat di vong méi chira dong thoi nhan

piperidone va vong crown ether.

3.2.1. Tang hep crown ether tar tién chét podand 1,5-bis (2-formylphenoxy)-3-

oxapentane (3)

PPN o O /R
(6a-d) O

O + O N
Sl e LA

NH4OAc o) O

0__ 0O _ 0 CH,COOH, EtOH Lo

3) (7a-d)

a: R = -CH,CHs
b: R = -CH(CHy),
c: R =-CH,CH(CHs5),
dR= -CH2C6H5

So db 3.2. Téng hop céac crown ether (7a-d)
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Phan ung duoc bt dau tir tién chat podand 1,5-bis (2-formylphenoxy)-3-
oxapentane (3) va cac dan xuit cua 3-oxobutanoate (6a-d) cing su c6 mat cua
ammonium acetate trong diéu kién dung méi ethanol va xuc tac acetic acid. Nhém

chét crown ether (7a-d) da duogc tong hop thanh céng véi higu suat 34-50%.

Bang 3.2. Két qua téng hop cac hop chit crown ether (7a-d)

Hop chit Tne (°C) Rf H (%)
7a 200-201 | 0,52 (H/E= 3/1) 50
7b 214-216 | 0,48 (H/E=3/1) 40
7c 217-219 | 0,46 (H/E= 3/1) 38
7d 219-221 | 0,42 (H/E=3/1) 34

Trén co sé tai liéu tham khao di cong bd [2], cong thirc cau tao cua hop chat
(7a) da duoc chiung minh dy du, vay nén trong luan an nay, ching téi chi di sau
vao c4c dan xuit con lai cua day bang cach phan tich chi tiét cac phuong phap phd
dic trung. Cong thuc cau tao caa cac dan xuat (7b-d) duoc khang dinh bang céc
phuong phap pho hién dai nhu IR, H-NMR, *C-NMR va HRMS. bic biét, cong
thirc cau tao cua hop chét (7¢) ciing dugc khang dinh chinh xac bang phuong phap
nhiéu xa tia X don phan tir (single crystal X-ray diffraction).

Trén pho hong ngoai cua cac hop chat (7b-d) ching ta cd thé dé dang nhan
thiy duoc su xuat hién tin hiéu dic trung cua nhém —NH tai ving 3314- 3326 cm™,
ddng thoi cac tin hiéu cua nhém -C=0 ester ciing dugc nhin thay tai 1694 1697

cmt hay tai 1246 cm™ vé&i cuong do manh la tin hiéu caa nhém ether.
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Hinh 3.4. Phé IR cua hop chét (7¢)
Trén phod cong huong tir hat nhan proton 'H-NMR dic trung chung cua Cac
dan xuat nhom (7b-d) d6 la:

- Tin hiéu cong hudng cua cac 8 proton nhan thom dugc 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)

- Cac proton dac trung cho cac hydro tai nhém ethyl ether va

piperidone ciing duoc nhin thay trong khoang 2,5- 4,5 ppm

Su khéc biét I6n nhit gitra cac hop chit nay c6 thé nhin thay rd nhat tai cau
trdc caa ching véi cac nhdm alkyl khac nhau trong cau trdc cia nhdm chirc ester.
Diéu nay ciing dugc nhan thiy rd trén phd cong huong tir hat nhan. Trén phd cua
hop chét (7b), tai viing cong huong & = 0,997 ppm va dn = 1,112 ppm 14 tin hiéu
cua 2 nhom CHzs véi cung do boi la doublet va tin hiéu cuia nhom -CH(CHs)2 tai dn
= 4,918 ppm. Trén phé hop chét (7c), nhan thiy si ¢6 mat cua 2 nhém CHg lan luot
tai 84 = 0,759 va 8n = 0,775 ppm chong chap 1én nhau do twong duong vé mat tir
véi d6 boi la doublet, cung vai d6 1a tin hi¢u cong huong caa proton -CH(CH?3): tai

dn = 1,739 ppm. Trén phd hop chat (7d), duéi su anh huéng doéng thoi cua nhom
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ester va vong thom, tin hiéu céng huong cua 2 proton -CH2CeHs bi ddy vé truong
yéu hon trong khoang 4,988-5,064 ppm véi d6 boi la doublet-doublet va cudng do J
=12,6 Hz.

“ | Aﬁ LJJJL*, J

13 12 1 10 9 8 7 6 5 3 2 0 ppm

JUL

o (v]© BGB[0 ! 5 o w
0o < mu:mw =] =]
3 v || |od - - .—'

Hinh 3.5. Phd 'H-NMR cua hop chét (7c)

5.97

Chi tiét thdng sb trén pho H-NMR cua cac hop chat crown ether (7b-d)

duoc thé hién o bang duéi day.

Bang 3.3. Thong s6 pho *H-NMR cuia cac hop chat crown ether (7b-d)

Hop | Vung thom (8H, -NH Vuing ether va piperidone | Vung khac

chat ppm) (8H, ppm) (8H, ppm) (8H, ppm)

b 6,788- 6,887 4,220 (1H,5) 2,641 (1H,dd, J=12Hz; | 1,112 (3H, d,
(3H, m), 6,887 3 HZ, 'CHpiperidone); 3,297 J=6 HZ,
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(1H,t,J=7,8 (1H, t,-CHpiperidone), 3,836- | CHzs); 4,918
Hz); 7,171- 3,923 (2H, m, - (1H, q, J=
7,259 (4H, m,) OCH,CHo); 4,062 (4H, d, | 12,6 Hz; 6,6
J=9,6 Hz, -OCH,-CHy); Hz, -
4,101-4,238 (4H, m, - CH(CHa)2)
CH2piperidone ) -OCH:-
CH2); 4,220 (1H,s, -
CHpiperidone)
2,649 (1H,dd, J=14,1
Hz; 3 Hz, -CHpiperidone);
3,309 (1H, t, 'CHpiperidone); 0,759 (3H, d,
6,785-6,849 3,687 (1H, t, -OCH2-CH, | J=6,6 Hz,
(3H, m); 6,889 ): 3,671-3,928 (3H, m, - | CHa): 0,775
7c | (IH,t,J=7.8 | 4,296 (1H,s) | OCH,-CH); 4,055 (2H, | (3H,d, J=6,6
Hz); 7,169- d, J=9,6 Hz, -CH>); Hz, CHy3);
7,260 (4H, m) 4,112-4,167 (5H, m, - | 1,739 (1H, m,
CHZpiperidone, 'OCHZ' 'CH(CHB)Z)
CH2); 4,296 (1H, s, -
CHpiperidone)
6,783-6,819
2,657 (1H, dd, J = 14,1
(3H,dd, J=7.8 At Ch |
Hz); 6,884 (1H, , 32’2 o . prcns); | 4,988- 5,064
t, J= 6,6 HZ, H); ) 1 1(1H, t,' ;':perldone), (2H, d,d, J=
7d 7,077-7,092 | 4340 (1H.9) 38183895 (@H. M- | 45 6 Hz; 12
OCH2-CHy); 4,016- 4,043
(2r, m, H); 3H, m, -OCH-CH e
) m! - - ;
7,127-7,139 ( »CH2) CH2CsHs)
4,088- 4,148 (5H, m, -
(1H, d); 7,165-
CHZpiperidone, 'OCH2'CH2)
7,185 (1H, m);
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7,198-7,230 4,340 (1H, S, -CHpiperidone)
(2H, m); 7,256-
7,278 (3H, m),

Trén pho cong huang tir 3C-NMR, ¢6 thé dé dang phat hién su c6 mit cua 2
nhom C=0 ketone va C=0 ester tai dc = 204 ppm va dc = 169 ppm.
Trén phd khéi lwong phan giai cao cua cac dan xuat (7b-d) c6 sy xuat hién
cuia cac peak ion gia phan tir [M+H]*. Cu thé:
- Hop chat (7b) tinh toan cho cong thic [CasHzoNOs]* 1a 440,2073, tim
thiy peak véi gia tri m/z = 440,2063 [M+H]*
- Hop chat (7d) tinh toan cho cong thic [CaoH30NOs]* 12 488,2073, tim
thay peak gia tri m/z = 488,2066 [M+H]*
Cau trGic phan tir cia hop chét (7¢) ciing duoc khang dinh chic chan bang

phuong phap nhiéu xa tia X don tinh thé.

Hinh 3.6. Céu trdc cua hop chét (7¢) duoc xac dinh dua trén phan tich di liéu thu

duogc tir phuong phap nhidu xa tia X don tinh thé

Hop chat (7c) don tinh thé nam trong nhom khong gian c¢é tam ddi xting
Pbca. Trong mang tinh thé, hai cau hinh déng phan lap thé khac nhau ciing chiém
mét vi tri tinh thé véi ty 1& 0,85:0,15 biéu hién sy bat trat ty (disorder). CAu tric
phan tir caa (7¢) bao gom mot hé tir vong ngung tu chira vong macrocyclic aza-14-

crown-3-ether, mot vong piperidone va hai vong benzene. Vong aza-14-crown-3-
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ether cd hinh dang dang chén (bowl), duoc 6n dinh nhd hai lién két hydro noi phan
te N-H---O va hai lién két hydro C-H---O (xem Bang 3.4 va Hinh 3.6). Chudi
polyether gém cac nguyén tir C7—08-C9-C10-011-C12-C13-014-C15 c6 cau
hinh la t-g*-t-t-g~t (t = trans, 180°; g = gauche, £60°).

Bang 3.4. Lién két hydro cua hop chét (7c)

D*—H---A* d(D—H) d(H--A) d(D--A)  ZDHA

Hop chét (7¢c)

C22—H22B:--014 0,99 2,41 3,002(3) 118
C24—H24A---027° 0,99 2,50 3,123(3) 121
C24—H24C---08 1,00 2,38 3,055(3) 124
N25—H25---08 0,82(3) 2,41(3) 2,942(3) 123(2)
N25—H25---014 0,82(3) 2,47(3) 2,979(3) 121(2)

* D — Chat nhuong proton; A — Chit nhan proton;
Céc phép bién dbi ddi xtmg duoc sir dung dé tao ra cac nguyén tir tvong dwong:

Ax+1, -y+1, -z+1; L 1-X, y+Ys, -7+Y5; © 2-X, y+Yh, -2+Y5

Vong piperidone trung tam ton tai & dang ghé (chair) dién hinh, vgi nhom thé
(CH3)CH-OC(0O)- va hai vong benzene hop nhat véi vong macrocyclic déu chiém
vi tri xich dao (equatorial) wu thé vé mat khdng gian. Goc giita mat phang co so cua
vong piperidone (gém céc nguyén tir C1/C21/C22/C24) va mit phang caa hai vong
benzene lan luot 1a 75,5(1)° va 74,3(1)°. Nguyén tt nitrogen trong cau tric c6 cu
hinh thap tam giac (trigonal pyramidal). Phan tir (7¢) c6 ba tdm bat d6i xing tai cac
nguyeén ti carbon C1, C21 va C22, do d6 co thé ton tai téi da tam ddng phan lap thé
khac nhau. Tinh thé thu duoc 1a hop thé dbi quang (racemic mixture), bao gom cac
cip dong phan d6i quang (enantiomer) vé&i cdu hinh twong ddi 1a rac-

1SR,21RS,22SR. Trong mang tinh thé, cac phan tir (7c) tao thanh céc cap dimer c6
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tam d6i xtng théng qua cac lién két hydro C—H---O lién phan tir. Cac dimer nay

tiép tuc xép chdng doc theo truc a ciia 6 mang tinh thé (Hinh 3.7).

Hinh 3.7. Céc cap dimer lién két hydro c6 tam d6i xting thong qua céc lién két hydro
C—H:--O lién phéan tr (7c)

Tuong tu nhu cic crown ether (7a-d), cac hop chat (9a-d) ciing duoc tong
hop dwa trén co sé phan tng Petrenko—Krischenko. Bang viéc thay thé cac tién
chat trithiapodand 1,5-bis(2-formylphenthio)-3-thiapentane (5) va cac dian xuat
ketone, phan tng van dién ra véi ammonium acetate trong dung moi ethanol va moi
truong acid. Viéc thay thé cac di té O bang cac di té S c6 vé dan dén mot sé kho

khin trong qua trinh phan Gng, vi vay hiéu suat ciia cac qua trinh nay khong duoc
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cao bang cac phan &ng hinh thanh céc dan xuit (7a-d). Hiéu suat chung t6i thu duoc
ctia cac hop chat (9a-d) 1a 30-36%.

R1J)J\/R2 O
(8a-d) Ri R2
o .+ o O N O
dH HJj@ NH,OAc i
S 8. 8 CHyCOOH, EtOH QSJ
(5) a:R; =R, = Ph (9a-d)

b: R, = H, R, = Ph
C. R1 Rz—-CH2CH3
d: Ry = H, R, = -CH(CHa),

So dd 3.4. Tong hop cac crown ether (9a-d)

Bang 3.5. Két qua tong hop céac hop chat crown ether (9a-d)

Hop chat The (°C) R¢ H (%)
9a 181 —183 0,42 (H/E=3/1) 35
9b 164 - 166 0,45 (H/E= 3/1) 34
9 151 - 153 0,62 (H/E=3/1) 30
9d 165 - 168 0,65 (H/E= 3/1) 36

Cau trdc caa ddy hop chéat (9a-d) ciing dugc chitng minh bang cac phuong
phap phé hién dai IR, TH-NMR, *C-NMR va HRMS. Cling véi d6, cong thiic chu
tao ciia hop chat (9d) duoc khang dinh chinh xac bang phuong phap nhidu xa tia X
don phan tir (single crystal X-ray diffraction).

Trén phd IR cua dy cac hop chat, cd thé d& dang nhan thiy 2 peak dic trung

cho nhdm NH va nhom —C=0 ketone tai 2 ving trén 3200 cm™ va viing 1700 cm™.
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Hinh 3.8. Phd IR cac hop chét day (9a-d)

Bang 3.6. Tin hiéu dic trung phd IR diy chat (9a-d)

Hop chat -NH (cm™) -C=0 (cm™?)
9a 3220 1720
9b 3311 1703
9c 3433 1705
9d 3294 1697
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Phd cong huséng tir hat nhan H-NMR dugc ghi trén may may Bruker
600MHz tai Vién Hoa hoc - Vién Han lam Khoa hoc va Cong nghé Viét Nam.
Dung mdi chup phd 1a CDCls, DMSO-ds véi chit chuan noi 1a TMS. Trén phd 1H-
NMR cua day hop chat nay, dé dang c6 thé nhin thiy céc ving phd dic trung cu thé
nhu sau:

a. Vung thom (~7,0 — 8,0 ppm):

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

song mirc dd phtc tap va kiéu tin hiéu cé sy khac biét dugc nhan thay rd:

« 9a: C6 ving thom rong va day dac nhét vai tin hiéu tir 7,07 — 7,83 ppm, bao
gom céc tin hiéu doublet (d), multiplet (m), triplet (t), voi tong cong 18

proton, dic trung cho nhiéu vong thom d6i xang.

« 9b: Ciing ¢6 vung thom trai dai tir 7,03 — 7,80 ppm, nhung pho phuc tap hon
vé6i dang d,d (doublet-doublet), multiplet va triplet, chi ra su bat dbi xang, do
su hién dién caa nhém thé léch truc tai nhan di vong. Tong sé proton thom 14
13.

« 9c va 9d: Clng c6 tin hiéu thom gon hon va dé phan tich véi déu c6 8 proton
thom tap trung tr 7,20 — 7,69 ppm, thuong cac do boi 1a doublet-doublet va

triplet-doublet, phan anh ciu tric thom d6i xémg hon.
b. Vung ether va piperidone (~2,3 — 5,8 ppm):

Pay 1a vung thé hién rd cac proton gan nhém NH, CO, ether va CH: vong,
Déu ¢ tin hiéu dac trung CHNH dn ~5 ppm, CHCO &1 ~3—4 ppm:

o Ya:
o CHNH: 8n = 5,77 ppm (d, 2H)

o CHCO: 61 =4,17 ppm (d, 2H)
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o Cac nhom CH: ctia vong piperidone: nhiéu tin hiéu tir 3,17 dén 2,35
ppm, dang triplet-doublet (t,d) hoac doublet-triplet (d,t). Phan anh mét

c4u tric vong piperidone 6n dinh, c6 tinh d6i xing.

o CH: &1 =5,58 ppm va khoang 5,45-5,49 ppm (d,d), CHCO: én = 3,93
ppm
o Céac nhom CH: dao dong tir 3,23 — 2,37 ppm, dang multiplet chong

lap nhiéu.

o CHNH: 61 = 4,92 ppm (d, 2H), CHCO: khoang 2,92-2,97 ppm (d, q,
2H)

o CH: dao dong tir 3,20 — 2,38 ppm, tin hiéu kha rd, dé tach biét

Cau tric vong khé 6n dinh, d& nhan dién nhém piperidone.
o 9d:
o CHNH: 84 = 5,21 va 61 = 5,14 ppm (d,d va d), rd rang
o CH: dao dong tir 3,22 — 2,42 ppm, khong chdng lap nhiéu
c. Vung aliphatic (~0,5 — 2,5 ppm):

Day 1a ving gitp phan biét rd nhét giira cac hop chat nho su hién dién cia

c4c nhom methyl (CHs), methylene (-CHa-) va cac cau tric nhanh:

o 9a & 9b: Khong c6 tin hi¢u CHs ¢ viung chuyén dich manh, dé dang nhan

thiy duogc trong ciu trac ciia chung khéng c6 mach nhanh alkyl
« 9c:
o &n=1,65ppm (q, 4H, CHz gin CHs)

o &4 =0,60 ppm (t, 6H, 2xCH3) — tin hiéu rd nhét caa 2 nhdm methyl

thang chudi.
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e 9d:
e 3n=1,66 ppm (m, 1H, CH gan CHs),
e &1 =1,03 ppm va du = 0,88 ppm (d, J = 6 Hz, 3H mdi nhém) — dic
trung rd rang cta nhom isopropyl, dang CH(CHa)..

Bang 3.7. Thong s6 phd 'H-NMR cua céc hop chat trithiacrown ether (9a-d)

Hop Ving thom Vung ether va piperidone Vung khac

chat (31, ppm) (3, ppm) (3, ppm)

9a 7,83 (d, 2H, J= | 5,77 (d, J= 9 Hz, 2H, 2xCHNH);
6,5 Hz); 7,31 4,17 (d, J =9,0 Hz, 2H,

7,33 (m, 4H); | 2xCHCO); 3,17 (t,d, J=8,0; 3,5
7,14 (t,J=6,0 | Hz, 2H, CH>); 2,88 (t, d, J= 10,0
Hz, 4H); 07— | Hz; 3,5 Hz, 2H, CH>); 2,67 (d, t,
7,10 (m, 8H) J =10,0 Hz; 3,5 Hz, 2H, CH>);
2,35 (t,d, J=9,5Hz; 3,5 Hz, 2H,

CHy).

ob | 7,70-7,80 (m, | 5,58 (d, 1H,J = 9,5 Hz, CH);
2H); 7,57- 7,59 | 5,45~ 5,49 (d,d, 1H, J= 8 Hz; 2,5

(d,d, 1H, J= Hz); 3,93 (d, 1H, J= 9 Hz);
6,5 Hz; 1,5 Hz); | 3,23- 3,28 (m, 1H); 2,85- 3,04
7,38 (t,1H, J = (m, 2H); 2,67- 2,74 (m, 3H);

7 Hz); 7,26- 2,37- 2,47 (m, 2H),

7,30 (m, 3H);

7,15 (t, 2H,J =

6,5 Hz); 7,07-

7,12 (m, 2H),

7,03(d, 2H,J=
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7 Hz)

9 | 7,6-7,69(d, d, | 4,92 (d, 2H, J= 9 Hz, 2xCHNH); | 0,6 (t, 6H, =6
2H,J=6,5Hz | 3,20 (d, t, 2H, J= 11,5 Hz; 4 Hz, Hz, 2xCHs)
1Hz); 7,52- | CHo):2,92-2,97 (d, g, 2H, J=9

1,65(q,4H,J=6
7,54 (d, d, 2H, Hz; 4,5 Hz, 2xCHCO); 2,65— Hz, 2xCHba),
J=6,5Hz;1 2,75 (m, 2H, CHy); 2,38— 2,43
Hz); 7,34- 7,38 | (m, 2H, CH2); 0,98- 1,02 (m, 2H,
(t,d,2H,J=6 CH>)
Hz; 1 Hz); 7,21-
7,23 (t,d, 2H,J
=6,5Hz, 1 Hz)
9d 7,67 (d,d, J= 5,21 (d, d, J=10,0, 2,5 Hz, 1H, 1,66 (m, 1H,
6,5 Hz, 1 Hz CHNH); 5,14 (d, J=9 Hz, 1H, CHCHg); 1,03 (d,
1H); 7,63 (d, d, CHNH); 3,22— 3,24 (m, 2H, J=6,0 Hz, 3H,

J=6,5Hz;1 | CHy);2,94-3,02 (m, 2H, CH2); | CHa); 0,88 (d, J=
Hz 1H); 7,55 | 2,70- 2,76 (m, 4H, 2xCH>); 2,42- | 6,0 Hz, 3H, CHa)
(d, d, J=6,5 Hz; 2,49 (m, 3H, CH, va CHCO).
1Hz, 1H); 7,51
(d,d, J=6,5Hz,
1Hz 1H); 7,21-
7,36 (m, 2H);
7,20- 7,26 (m,
2H)

Phé 13C-NMR cua day hop chét nay ciing thé hién ra su khéc biét gitta chiing
va tién chat podand khi xuat hién sy c6 mit cua peak cong huong dic trung cho
nhém C=0 ketone tai cac do chuyén dich lan luot tai 8¢ = 206,20 ppm (9a), 5¢c =
207,35 ppm (9b), 6c = 210,22 ppm (9¢), dc = 209,31 ppm (9d).
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Cong thirc caa nhém hop chit (9a-9d) con dugc minh ching 1d rang hon
boi phé khéi lwong phan giai cao vai gia tri chinh xac khéi luong va do léch khoi

<10 ppm. Cu thé nhu sau:

- Chit 9a: Tim thay peak ion gia phan t [M+H]* véi gia tri m/z 554,1635
g véi cong thirc [CasHz2NOSs]*. Khéi lugng tinh toan theo Iy thuyét la 554,1646

- Chét 9b: Tim thay peak ion gia phan te [M+H]* gié tri m/z 478,1035 ung
véi cong thirc [C27H2sNOSs]*. Khéi lwong tinh toan theo Iy thuyét 1a 478,1333

- Chét 9c: Tim thay peak ion gia phan tir [M+H]* gia tri m/z 458,1618 ung
véi cong thic [C2sHa2NOSs]*. Khéi lwong tinh toan theo Iy thuyét 1 458,1646

- Chét 9d: Tim thay peak ion gia phan ta [M+H]* gia tri m/z 444,1480 ung
véi cong thirc [CaaHaoNOSs]*. Khéi lwgng tinh toan theo Iy thuyét 1a 444,1490

Pic biét, cau tao caa hop chat (9d) duoc khang dinh bang phwong phap

nhidu xa tia X don tinh thé.

S0 { centroid: !

N4

Hinh 3.9. CAu tric cua hop chét (9d) dugc xac dinh dwa trén phan tich dit liéu thu duoc
tir phuong phéap nhidu xa tia X don tinh thé

Phan tir (9d) bao géom mot hé t& vong ngung tu, trong d6 chaa vong

macrocyclic aza-14-crown-4-thioether, mét vong piperidin-4-one, va hai vong
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benzene. VVong aza-14-crown-4-thioether c6 dang chén (bowl conformation), dugc
6n dinh bai hai lién két hydro noi phan ti loai C—H---S (xem Bang 3.8 va Hinh 3.9).

Bang 3.8. Lién két hydro cua hop chat (9d)

D*—H..-A* d(D—H) d(H---A) d(D---A)  ZDHA
Hop chét (9d)

C1—H2---S8 1,00 2,65 3,1752(11) 1126
CI13—H13A.--023[ 0,99 2,40 3,3483(15) 160,4
C21—H21C---S814 1,00 2,61 3,1798(10) 1159
N25—H25.--0230 0,868(16)  2,415(16) 3,2749(12) 170,7(14)

* D — Chat nhudng proton; A — Chit nhan proton;
Céc phép bién dbi dbi xtmg duoc sir dung dé tao ra cac nguyén tir twong dwong:

x-1/2)y, -z+1/2

Chudi thioether gdm cac nguyén tar C7-S8-C9-C10-S11-C12—-C13-S14—
C15 c6 cau hinh khong gian 1a g'—g*—t-g*—g*—t (t = trans, 180°; g = gauche, +60°).
Vong piperidin-4-one trung tm c6 dang ghé hoi bi bién dang. Hai vong benzene va
nhom thé isopropyl déu chiém cac vi tri xich dao (equatorial) thuan loi vé mat
khong gian. Cac goc hop bai gitra mat phang co sé cia vong piperidin-4-one (gom
cac nguyén tir C1/C21/C22/C24) va mat phang caa hai vong benzene lan luot 13
83,31(4)° va 69,36(4)°. Nguyén tir nitrogen N25 ¢6 cau hinh thap tam giéc (trigonal
pyramidal) véi tong cac goc hoa tri do duoc 1a 328(2)°.

Phan tir (9d) c6 ba trung tam bat dbi xang tai cac nguyén tir carbon C1, C21
va C22, cho phép ton tai toi da tim ddng phan 1ap thé. Tinh thé thu duoc 1a hop thé
d6i quang (racemic crystal) va bao gém céc cap dong phan quang hoc (enantiomer)
c6 c4u hinh tuvong dbi la: rac-1RS,21SR,22RS.
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Hinh 3.10. Su sip xép doc theo truc b cta don tinh thé (9d)

Trong mang tinh thé, cac phan tir (9d) tao thanh chudi vo han lién két hydro
doc theo tryc tinh thé hoc b théng qua cac lién két hydro N-H---O va C-H---O lién
phan tir (xem Bang 3.8 va Hinh 3.10). Céc chudi nay duoc sip xép vai nhau &
khoang cach tuong tac Van der Waals (Hinh 3.10).

3.3.  Tong hop cac crown ether méi chira nhan tetrahydropyridine tir cac tién

chat podand trén co sé phan g ngung tu Petrenko-Kritschenko

Tetrahydropyridine 1a mot di vong c6 nhiéu ang dung trong cac linh vuc nhu
hoéa hoc, sinh hoc, khoa hoc va cong nghé. Cau trac dic trung ciia né mang lai nén
tang linh hoat dé phat trién cac phan tir méi véi nhiéu tinh chat sinh hoc va vat 1y da
dang. Cu thé hon, cac hop chét chira tetrahydropyridine d3 dwoc ghi nhan 14 tién
chat caa dugc pham, ciling nhu ¢6 vai tro nhu chat e ché hoic kich thich enzyme.
Bén canh d6, chung déng vai trd quan trong trong nghién ctiru vé twong tac dugc ly
va cac hoat tinh sinh hoc nhu chong ung thu, chdng viém va khang khuan. Ngoai ra,
tetrahydropyridine con dugc ing dung trong cac linh vuc khac nhu nghién ctru vat
licu va moi truong, dic biét 1a trong viéc tdng hop cac hop chat chirc ning va

polyme.
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Trong luan 4n nay, chung toi di nghién ctu va tdong hop cac hop chat
trithiacrown ether c6 chira nhan di vong tetrahydropyridine trén co s& caa phan (ng

ngung tu Petrenko-Kritschenko.

NH, O

O O O O O
o Cs D
S\_/S\_/S NH,OAc S
(5) CH3COOH, EtOH (10a-e)
a-= 'CH2CH3
b= -CH(CH3)2
c~= 'CH2CH(CH3)2
d= -CH206H5
e = -CH3

So d6 3.5. Tong hop céac crown ether (10a-e)

Phan tmg duoc thuc hién bang cach khuiy déu hdn hop ba thanh phan 1a
trithiapodand dialdehyde, S-ketone ester va lugng duw ammonium acetate trong dung
moi ethanol tai nhiét do 60°C va két thic sau 18h. Két qua dat duoc Ia ddy san

pham cac hop chat (10a-e) véi hiéu suat dao dong 35-37%.

Bang 3.9. Két qua tong hop céac hop chat crown ether (10a-e)

Hop chat The (°C) R¢ H (%)
10a 198 - 200 0,48 (H/E: 3/1) 36
10b 201 - 203 0,45 (H/E: 3/1) 35
10c 222 - 224 0,41 (H/E: 3/1) 37
10d 226 - 228 0,49 (H/E: 3/1) 35
10e 192 — 194 0,52 (H/E: 3/1) 42
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CAu trdc cua ddy hop chit nay duoc khing dinh bang cac phwong phap phd
hién dai IR, 'H-NMR, 3C-NMR va HRMS. Téng quan cau tric cac hop chat (10a-
d) déu cd chung bo khung thiacrown ether véi nhdm amino tai vi tri 24 va nhém
ester tai vi tri 25. Su khac biét rd rang nhat nam & chudi alkyl gan vao nhom ester:

o 10a: ethyl

« 10b: isopropyl

« 10c: isobutyl

o 10d: benzyl

o 10e: methyl
Trén pho hong ngoai IR, cac hop chat (10a-e) déu thé hién cac dai hap thy

dic trung trong phd, dic trung cho cac nhém chic chinh trong céu trac. Nhom
amino tai vi tri 24 cho tin hiéu N-H dao dong trong khoang 3300-3400 cm,
thuong yéu va rong do kha nang tao lién két hydro. Nhom ester tai vi tri 25 tao tin
hiéu dao dong C=0 manh trong vung 1633-1671 cm™'. Nhom ether va ester déu co
dai hap thu C—O trai tir 10501250 cm™'. Ngoai ra, cac dao dong C—H (sp?) tir chudi
alkyl ciing duoc quan sat 1 trong khoang 2850-2950 cm™'. Nhin chung, dai hap thu
C=0 bi anh hudng boi ban chat chudi alkyl gan vao nhom ester:

« 10a (ethyl) c6 dai C=0 tai 1671 cm™, dai dién cho chuan nhém ester binh
thuong.

« 10b (isopropyl) va 10c (isobutyl) c6 C=0 léch nhe vé thap hon (1654—1658
cm™), do hiéu ing day dién tir tir cac nhém alkyl phan nhanh 1am giam tinh
phan cyc cua lién két C=0.

« 10d (benzyl) c6 C=0 & 1654 cm™ - thap nhit trong diy - phan 4anh anh
hudng cong hudng cuia vong thom lam phan tdn mat dd electron & nguyén tir

oxygen.
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« 10e (methyl) c6 dai C=0 tai 1633 cm™ - bat ngd thap hon ca benzyl - cho
thiy co6 thé bi anh hudng boi twong tac ndi phan tir véi nhém NH: hodc anh

huong tir toan khung vong.

Bang 3.10. Tin hiéu dic trung pho IR ddy chat (10a-e)

Hop chit -NH: (cm™) -C=0 (cm?)
10a 3336 1671
10b 3327 1658
10c 3373 1654
10d 3294 1654
10e 3299 1633

Trén phd cong hudng tir hat nhan *H-NMR, cho thay su khéc biét rd rét va

biéu hién ciu trac dic trung cua tirng nhém thé R:
a) Tin hi¢u nhom ester (—COO-R):

10a (ethyl): xuat hién cong huong vaoi do boi 1a triplet tai 84 = 0,938 ppm

(CHs) va quartet & khoang 3,88-3,91 ppm (CH.), twong ng Véi cu tric
CHs;CH200C-.

10b (isopropyl): ¢6 hai nhém methyl twong duong (61 = 0,668 va on = 1,221
ppm, d, J = 6 Hz) va tin hi¢u quartet caia CH ¢ khoang 4,754-4,785 ppm (q,
J=12,6; 6 Hz) — rat dic trung cho ~CH(CHs)..

10c (isobutyl): xuat hién tin hiéu nhém —CH(CHs). tai 8n = 1,627 ppm (m),

nhung do phan nhanh bat d6i nén cac proton bi phan tach manh hon va

khéng cé dang d, g nhu isopropyl.

10d (benzyl): noi bat véi tin hiéu doi doi & khoang 4,988-5,004 ppm (CH—

Ph), cung vai hé tin hiéu thom cia vong benzyl trong vung 6,87—7,58 ppm.
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« 10e (methyl): gon gang nhat, véi tin hiéu singlet duy nhét tai ~3,5-3,7 ppm
cho nhém —OCHs.

b) Tin hiéu nhom NH va NH-:

e Tin hiéu NH dao dong tir 4,575-4,656 ppm (singlet).

e NHo: luén hién dién rd tai ~5,888-5,990 ppm (doublet).
) Hé proton trén vong thom va piperidone:

e CAc tin hiéu thom dao dong trong ving 7,0-7,6 ppm, gan nhu khong
khac biét rd rét gitra cac hop chét (ngoai trir (10d) c6 thém vong thom

benzyl).

e Proton tetrahydropyridine va —SCH>—CH.— hién thi chu yéu tir 2,1-3,7
ppm, déu duéi dang multiplet do twong tac nhiéu tam va do phic tap

trong cu truc.

Bang 3.11. Bang so sanh phd *H NMR cua cac hop chat (10a-e)

Vi tri proton/ 10a 10b 10c 10d 10e
Nhom
CHs (ester) 0,938 (d, | 0,668va | 1,627 (m,
H, J= 1,221 1H
Gu ppm) | SPI= ) L2t '
7,2 Hz) 3H,J=6 | CH(CH:).)
Hz)
CH: (ester) 3,880— 3,543~ 4,988 3,517
(54, ppm) 3,915 (d, 3,620 (m, | 5,004 (d,d, | 3,556 (s,
d, 2H, 2H, CH2) | 2H, CHz— 3H,
CH:0) Ph) OCHa)
CH (ester) 4,754— 3,687—
4,785 (q, | 3,716 (d, d,
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(8H, ppm) 1H, 1H, CH)
CH(CHs)2)
—NH (amide) 4,575 (s, | 3,568 (s, 4,588 (s, 4,656 (s, | 4,592 (s,
(31, ppm) 1H) 1H) 1H) 1H) 1H)
—NH: 5,942 (d, | 5,909 (d, 5,940 (d, 5,888 (d, | 5,990 (d,
(54, ppm) 2H) 2H) 2H) 2H) 2H)
Proton thom 7,216— 7,216 7,208— 6,876— 7,239—
(8, ppm) 7,596 (m, | 7,580 (m, | 7,599 (m, | 7,580 (m, | 7,593 (m,
8H) 8H) 8H) 13H) 8H)
CH:-S, CH 2,12-3,57 | 2,12-3,56 | 2,13-3,71 | 2,11-3,54 | 2,12-3,56
tetrahydropyridine | (m, 12H) | (m, 12H) (m, 12H) (m, 12H) | (m, 12H)
(8w, ppm)

Trén phd 3C-NMR, cac din xuat (10a—10e) cung cap thém thdng tin vé anh
huong cta nhom thé ester tdi mdi truong dién tir tai cac vi tri carbon quan trong.
Tin hiéu carbonyl ester (-COO-) nam trong khoang 166,51-167,58 ppm. Hop chat
(10e) c6 gia tri & cao nhat (¢ = 167,58 ppm), do khdng cé anh huéng cong hudng
tir nhdm thé. Céc hop chét (10a), (10b) va (10c) c6 §(c=0y Xap xi nhau (~167 ppm),
phan &nh hiéu ang day dién tir nhe caa cac nhom alkyl. Riéng (10d) c6 & thap nhat
(8¢ = 166,60 ppm), phi hop Vvéi anh huéng cong hudng = tir vong phenyl 1am 6n
dinh hoa lién két C=0.

Cac tin hiéu carbon con lai nhu CHs, CH., CH cua nhom ester déu dugc nhan

dién rd trong vung 10-70 ppm, dac biét:
« 10Db c6 hai tin hi¢u CHs gan nhau & 8¢ = 21,05 va dc = 21,40 ppm,

« 10c thé hién ba tin hiéu CHs khéng twong dwong (khoang 18,89-21,36 ppm),
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o 10d c6 CH2>—Ph ¢ vi tri 6c = 64,63 ppm, cao hon do anh hudng cong hudng

vong thom,
« 10e c6 CHs—O & ¢ = 50,45 ppm — dién hinh cho nhém methyl ester.

Céc carbon cua hé vong thom hién dién ré rang trong vung 126-140 ppm, va
gan nhu khéng thay d6i dang ké gitra cac hop chat, ngoai trir (10d) c6 thém hé tin

hiéu dac trung tir vong benzyl.

Sau cuing, cdng thirc cua nhém hop chat (10a-d) duoc xac nhan khéi lugng

dung véi ting cdng thie trén pho khéi luong phan giai cao HRMS. Cuy thé nhu sau:

- Chit 10a: Tim thay peak ion gia phan tor [M+H]* véi gia tri m/z 487,1520 tng Véi
cong thirc [C2sH31N202S3]*. Khéi luong tinh toan theo ly thuyét la 487,1548

- Chit 10b: Tim thay peak ion gia phan t [M+H]* véi gia tri m/z 501,1673 ¢ng Voi
cong thirc [C26H3sN202S3]*. Khéi lwong tinh toan theo ly thuyét 12 501,1704

- Chat 10c: Tim thay peak ion gia phan tir [M+H]* véi gia tri m/z 535,1535 ng voi
cong thirc [C20H31N202S3]*. Khéi lwong tinh toan theo ly thuyét 1a 535,1548

- Chat 10d: Tim thay peak ion gia phan ti [M+H]* véi gia tri m/z 459,1462 (g Voi
cng thirc [C23H27N202S3]*. Khéi lwong tinh toan theo ly thuyét 1a 459,1235

- Chat 10e: Tim thay peak ion gia phan tir [M+H]* véi gia tri m/z 473,1380 tng voi
cong thirc [C24H20N202S3]*. Khéi lwong tinh toan theo ly thuyét 1a 473,1390

3.4. Chuyén héa crown ether

Trén co sé tong quan va tai liéu tham khao, nhan thay rang piperidone-4-one
cd hai trung tdm hoat dong (C=0 va NH), diéu ndy cho phép gian thém cac nhom
thé dé tao dan xuat c6 hoat tinh sinh hoc. Céc phan ung bién doi thong thuong bao
gom: alkyl hda, acyl hoa, tao oxime, hydrazone,... Trong luan an nay, ching toi
khao sat phan @ng gitta hop chat azacrown (7a) va hydroxylamine/hydrazine. Két

qua d3 tao ra mot loat san pham héa hoc tha vi.
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34.1. Téng hep  methyl (16Z,19E)-18-0x0-6,7,9,10-tetrahydro-18H-
dibenzo[h,0][1,4,7]trioxacyclohexadecine-17-carboxylate (11)

/NH2
O O N O

o ™

CUN ) w0 O
@) 0] 0] 0]
K/oj EtOH K/o J

(7a) (11)

So d6 3.6. Chuyén héa crown ether (7a) véi hydrazine hydrate

Phan ng la su chuyén hoa cua hop chat crown ether (7a) (chaa nhom
piperidone-4-one) véi hydrazine hydrate (NH.NH2-H>0O) trong dung moi ethanol
(EtOH) tao thanh san pham (11). Pay 1a mot phan ung dic trung gitta hydrazin va
ketone, xay ra qua nhiéu buéc ké tiép bao gdm: ngung tu tao hydrazone, khir amine.
Hop chat (11) duoc thu nhan dudi dang tinh thé trang voi hiéu suat 40%, nhiét do
néng chay 218-220°C va gia tri Rr= 0,48 trong hé dung mdi ethanol, cho thiy do
tinh khiét kha cao.
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Hinh 3.11. Phé IR hop chat (11)
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Phan tich phd IR xac minh cho sy hién dién caa cac nhém chtc chinh dic
trung. Dai hap thy rong ¢ 3326 cm™ dic trung cho dao dong kéo gidn cua nhom —
NH: ty do, trong khi dai hdp thu manh tai 1743 cm™ dic trung cho lién két C=0 cua
nhom ester ethyl khdng bi bién doi trong phan tmg. Pang cha ¥, dai tai 1696 cm™
tuong tng véi dao dong cua lién két C=N, xac nhan sy hinh thanh nhém hydrazone,
dic trung cho san pham ngung tu gira hydrazin va piperidone. Dai 1274 cm™ la

dao dong cua lién két C-O—C trong hé crown ether.

L
"Fh.JJ‘l«'-'ll- _ R

Hinh 3.12. Ph6 *H-NMR hop chét (11)

Trén phd phd H-NMR (600 MHz, CDCls, 298 K) thé hién day du cac tin
hiéu phi hop véi cau tric cua hop chat (11). Nhém ethyl ester cong huong voi do
boi triplet tai on = 1,096 ppm (3H, J= 6 Hz, —CHs) va quartet tai khoang 4,07—4,19
ppm (2H, CH:), dic trung cho proton ctiia nhém lién két —CH.CHs gan vao COO-.
Cac tin hiéu rong trong ving 3,92-4,24 ppm (téng cong 8H) twong (ng Vi Cac
proton methylene ciia bén nhém —OCH>—CH.— tao thanh hé crown ether vong 12

canh.
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Proton ciia nhom NH. thé hién rd tai 84 = 2,58 ppm dudi dang singlet rong
(broad singlet), cho thdy muc do trao d6i proton khéng qué nhanh véi dung méi.
Proton vinylic tai H24, nam canh nhém C=N méi hinh thanh, xuat hién & 8x = 6,16
ppm duéi dang doublet (J= 2,5 Hz), thé hién hiéu ung kéo electron tir nhém

hydrazone lan can.
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Hinh 3.13. Ph6 *H-NMR hop chét (11)

Tin hiéu cong huong proton trong ving 6,78-7,34 ppm bao gém cac proton
thom tir hai vong phenyl déi xtiing. Cu thé, cac tin hiéu doublet doublet (dd), triplet
(t) va triplet doublet (td) véi J= 6,0— 7,0 Hz thé hién rd kiéu lién két meta va para-
thé trén vong thom. Cac proton ndy bao gdm Hs, Ha, Hs, Hs (vong trai) va His—Hio
(vong phai). Pac biét, hai tin hiéu c6 gia tri cao hon nam tai 34 = 8,38 ppm
(doublet, J='7 Hz, H1) va én = 8,78 ppm (singlet, Hz1), 1a dac trung cho céac proton &
viing lién hgp —CH=C-N=, ttc 1 phan vinylic lién ké véi nhom hydrazone. Cudng
d6 va do tach biét cua hai proton nay thé hién rd sy phan cuc manh cua lién két

C=N va sy anh huong electron cua hé lién hop hydrazono-aromatic.
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Trén phé BC-NMR (CDCL) ciing thé hién ciu trGc rd rang. Tin hiéu
carbonyl ester xuat hién tai 3c = 167,35 ppm, trong khi ba tin hiéu tir 155,4-157,2
ppm duogc gan cho carbon lién hgp v&i nhém C=N va vong thom. Cac tin hiéu trong
ving 132,07 dén 111,01 ppm phil hop Véi cac carbon thom, con cac carbon ether (—
OCH:-) xuét hién tai 3c = 68,68 va dc = 67,81 ppm. Nhém methylene cua chudi
ethyl nam tai 8¢ = 59,36 ppm, trong khi CHs ¢ 8¢ = 14,31 ppm.

42318110

ITT 1d0dd 305 15897
1

Hinh 3.14. Pho HRMS hop chit (11)

Cubi cuing, phd khéi lugng cao HRMS [M+H]* cho gié tri m/z 423,1910; gan
tring véi gia tri ly thuyét 423,1920 cua cong thic phan tir [C24H3oNs0s]*, xac nhan
chinh xac khéi lwong phan ti caa hop chat (11).

3.4.2. Téng hop 23,232 24 25 26 27-hexahydro-22H-4,7,10-trioxa-2(4,6)-
pyrazolo[4,3-c]pyridina-1,3(1,2)-dibenzeneacyclodecaphan-23-one (14)

Tuong ty nhu phan ¢ng tao ra hop chat (11), phan Gng nay si dung

hydrazine hydrochloride véi duong luong la 2:1 theo ti 1€ mol so crown ether (7a)

Vi va két qua nhan duoc 12 hop chat (12).
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So d6 3.7. Chuyén héa crown ether (7a) véi hydrazine hydrochloride
Cau triic cia hop chat duoc minh chitng théng qua pho hong ngoai (IR), phd
cong huong tir hat nhan (*H-NMR va 3C-NMR) va phé khéi lwong phan giai cao
(HRMS). Pho IR (KBr) cho thay cac vach hap thu dic trung tai 3251 cm™ @ng véi
dao dong kéo dai cua nhdm —NHz, va tin hiéu hap thy tai 1577 cm™' twong tng Voi

dao dong cua ndi d6i C=N trong nhom hydrazone.
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Hinh 3.15. Phd *H-NMR hop chét (12)

114



Trén phé 'H-NMR (600 MHz, CDCl:) cho thiy tin hiéu ¢ &4 = 1,30 ppm
(3H, t, J= 6,5 Hz) dic trung cho nhom methyl cua goc ethyl ester. Tin hiéu tai &n =
2,72 ppm (1H, dd, J= 12,5 va 2,0 Hz) duoc gan cho proton tai vi tri C-24 nim gan
nhom amino, trong khi tin hiéu tai éx = 3,36 ppm (1H, br t, J= 10,0 Hz) dugc gan
cho proton tai vi tri C-1, lién k& nhom ester va nhém N. Dai tin hiéu tir 3,83 dén
4,12 ppm (11H, m) dugc gan cho cac proton cia ba nhom —~OCH.CH.O- trong hé
crown ether va nhom CH: cua gbc ethyl ester. Cac tin hiéu trong ving 6,76-7,31

ppm (8H) phan anh sy hién dién cta 8 proton thom thudc hai vong benzene.

OEtN2HC-CDCI3-C13CPD
2 2 = By =
7

2
S
g

29.39
12867
1204
110.78

0.00

a

_-159.78
15695

||||||||||||||||||||||||||||||||||||

T
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Hinh 3.16. Ph6 C-NMR hop chat (12)

Pho 3C-NMR cho thay tin hiéu tai 8¢ = 170,16 ppm dic trung cho carbonyl
cuia nhom ester. Tin hiéu tai dc = 159,78 ppm duoc gan cho C-21, lién két truc tiép
véi nhom C=N-NH.. Tin hiéu tai 6c = 156,95 ppm dac trung cho carbon trong
nhom hydrazone. Cac tin hiéu tir 141,08 ppm dén 110,78 ppm phan &nh cac carbon
cta hai vong thom, trong khi c4c tin hiéu tir 69,97 ppm dén 60,41 ppm thudc vé cac

nhém —CH2— cta crown ether va nhom ethyl ester. Tin hiéu tai 6c = 26,65 ppm va
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8¢ = 14,69 ppm lan luot duoc gan cho nhém methine (C-1 hoic C-24) va nhoém
methyl cua gbc ethyl ester.

Phé khdi lwong phan giai cao HRMS hién thi peak ion gia phan ta [M+H]*
tai m/z = 423,2100; phi hop véi khdi luong phan tir Iy thuyét caa hop chat c6 cong
thirc phan tir C24H2sN20s (M = 422,1897 g/mol), xac nhan chinh xéac khéi lugng
phan tir va tinh hop 1& cua cau trac.

3.4.3. Tong hep ethyl (E)-2*-(hydroxyimino)-4,7,10-trioxa-2(2,6)-piperidina-
1,3(1,2)-dibenzeneacyclodecaphane-23-carboxylate (13)

Phan tmg duoc thuc hién bang cach khudy héi luu cach thuy hdn hop crown
ether (7a) va hydroxylamine hydrochloride trong dung méi ethanol. Sau khi trung
hoa bang Na,CO3 va st dung cic phuong phép tinh ché thu duoc san pham (13) véi

hiéu suat 12 51%.

O O N O

N N
H NH,OH.HCI H

o O o O
{_o.)  EtOH, Na,CO, o)

(7a) (13)

So db 3.8. Chuyén hda crown ether (7a) véi hydroxylamine hydrochloride

Pho IR cua hop chat (13) thé hién cac tin hiéu hap thu dic trung cho céac
nhom chirc ¢6 trong cau tric phan tir. Dai hap thu manh tai 3325 cm™ tuong Gng
Vv6i dao dong kéo gidn cua lién két O—H trong nhdm oxime (-C=NOH), trong khi
tin hiéu tai 3069 cm™ va 2925-2875 cm™ la dac trung cho dao dong C—H cua vong
thom va nhoém alkyl. Cac dao dong kéo gian cua nhoém carbonyl dugc ghi nhan véi
hai tin hi¢u manh tai 1723 cm™ va 1726 cm™!, phu hgp véi nhom C=0 cua ester va

nhém oxime. Dao dong cua lién két C=N trong oxime xuét hién & viing 1602—-1609
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cm!. Cac tin hiéu hap thu tai 1456 cm™, 1370 cm™ va 1308 cm™ ¢ thé quy cho
dao dong bién dang cua C-H va dao dong C—N. Bén canh d6, cac tin hiéu ¢ 1247—
1021 cm™ 1a ddc trung cho dao dong kéo gidn cua cac lién két C-O va C-O-C

trong hé vong crown ether.

Trén phé H-NMR (600 MHz, CDCls) thé hién tin hiéu cong huoéng cua
nhém ethyl ester véi mot tin hiéu vai @6 boi triplet ¢ 61 = 1,01 ppm (3H, t, J= 6 Hz)
va quartet tai 61 = 3,98 ppm (2H, g, J= 6 Hz). Cac proton trong vong crown ether va
nhom oxime phan bé tir 3,50-4,09 ppm, bao gom H21, H22, H24 va cac nhom —
OCH.CH>—. Tin hiéu broad singlet cua cac proton NH nam tai dn= 2,68 va &n =

2,70 ppm, phl hop véi hé cau tric vong co lién két hydro noi phan ti.

Hinh 3.17. Phé *H-NMR hop chét (13)
Tin hiéu proton —OH ty do cua oxime xuit hién dudi dang mét singlet tai 51
= 7,75 ppm. Tin hiéu cong hudng cua cac proton thom (H3, H4, H5, H6, H16-H19)
xuit hién trong khoang 6,67—7,20 ppm véi tong cong 8 proton, phi hop véi 2 vong

thom xuét hién trong céu trdc.

117



I

i\
h

i ¥

‘l:l.)l |l,"\ ||1|"i ‘d'l'.'| |,

T T T T
7.8 7.7 7.6 7.5 T4 7.3 7.2 71 7.0 6.9 6.8 6.7 ppm
L L |

el ©
= o

0
417
1.10

Hinh 3.18. Ph6 *H-NMR hop chat (13)

Ph6 3C-NMR (600 MHz, CDCls) cho thay tin hiéu caa carbon carbonyl ester
6 6C = 170,67 ppm va carbon oxime —C=NOH tai 6C = 163,25 ppm. Cé&c carbon
thom va carbon cua vong crown ether dugc ghi nhan tai cac vung tir 157,01 ppm
dén 110,93 ppm va tir 70,09 ppm dén 60,47 ppm. Tin hiéu ciia nhém CH-CHs xuét
hién tai 6C = 13,94 ppm (CHs) va 6C = 60,47 ppm (CH>).

Pho khéi luong phan giai cao HRMS cho thiy ion gia phan tir [M+H]" tai
m/z = 441,2025 phu hop véi cong thiac phan tir C2aH2oN20s (khdi lugng tinh toan:
441,2024), xac nhan chinh xéac khéi lugng phan tir cia san pham (13).

3.5. Khao sat hoat tinh sinh hec cac hep chit tong hep dwoec
3.5.1. Khdo sat hoat tinh gdy déc té bao trén mgt sé dong té bao ung thuw
Céc dong té bao dugc danh gia hoat tinh gay doc té bao:
e HelLa(Human cervix carcinoma): Ung thu tr cung
e MCF7 (Human breast adenocarcinoma): Ung thu biéu md tuyén vi
¢ RD (Human rhabdomyosarcoma): Ung thu co van

e HepG2 (Hepatocellular carcinoma): Ung thu gan nguoi
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e Lul (Human lung adenocarcinoma): Ung thu phéi nguoi

khao sat hoat tinh gy doc té bao cua cac dong ung thu.

Sau khi téng hop thanh cong cac dan xuat crown ether, ching toi tién hanh

Bang 3.12. Két qua thir hoat tinh trén mot sé dong té bao ung thu

Dong té bao, ti 1¢ té bao song (CS%)

Nong d6
Chat Hep-G2 Lu-1 MCF-7 HeLa RD
(Hg/ml)
DMSO 100 100 100 100 100
Acarbose
*) ) 0,42+0,22 | 1,59+0,37 | 0,58+0,16 | 1,62+0,23 | 0,73%+0,12
7b 20 94,1940,73 | 85,32+2,55 | 94,38+1,48
ic 20 89,04+2,30 | 62,60+2,59 | 83,66+1,90
7d 20 86,63+1,50 | 78,22+2,41 | 77,25+1,12
9a 20 97,61+0,79 | 80,11+2,38 | 97,33+1,33
9b 20 63,67/+0,19 | 76,90+1,83 | 70,43+1,12
9c 20 96,67+1,04 | 99,85+0,31 | 98,05+1,34
ad 20 94,28+1,86 | 94,76+1,92 | 97,50+0,48
10a 20 99,78+0,48 | 94,25+0,66 | 99,41+1,15
10b 20 65,20+£1,66 | 96,03+0,75 | 83,20+0,68

119




10c 20 88,62+1,71 | 97,18+0,36 | 96,88+0,54
10d 20 95,25+1,80 | 99,57+0,49 | 98,09+0,30
10e 20 57,26+2,13 | 65,24+0,47 | 60,22+2,17
11 20 92,25+2,54 | 99,43+1,62 | 97,25+1,25
12 20 96,28+2,51 | 98,03+1,45 | 99,05+0,77
13 20 97,40+2,24 | 99,40+1,23 | 98,21+1,62

Két qua cho thay toan bo cac hop chat khao sat hau nhu khong gay doc 1én
cac dong té bao ung thu & nong d6 20 pg/mL, vai ty Ié té bao song duy tri & mic
cao (da sb > 80- 90%).

3.5.2. Khdo sat hoat tinh #c ché enzym a-glucosidase

Hoat tinh tc ché a-glucosidase cua cac hop chét téng hop duoc xem xét
thong qua muc d6 suy giam tin hiéu hap thu caa p-nitrophenol, san pham hinh thanh
tir phan tng thuy phan pNPG dudi x(c tac caa enzym. Sy giam hap thu tai 410 nm
phan &nh mirc d6 can thiép cua cac phan tir khao sat vao qua trinh xdc tac, tir d6 cho
phép danh gia dinh luong hiéu qua tc ché. Dya trén méi quan hé dap tng—ndng do,
c4c gié tri ICso duoc suy luan nhiam so sanh truc tiép ¢6 manh Gc ché giira cac dan

XUat va chat doi ching acarbose.

Péng luu ¥, chi cac hop chat thé hién mac e ché vuot ngudng 50% moi
duoc lya chon dé xay dung mé hinh ICso, bao dam rang phan tich tap trung vao
nhitng mau c6 tiém nang sinh hoc rd rét. Cach tiép can nay khdng chi cang ¢ d6 tin
cay va tinh 1ap lai cua dir liéu thong qua viéc thuc hién ba thi nghiém doc lap, ma
con tao ra mot nén tang phan tich nhit quan dé danh gia kha ning wc ché cua ting

hop chét trong toan bo tap mau. Nho vay, cac két luan dua ra mang tinh hé théng,
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khach quan va c6 ¥ nghia hon ddi véi viéc xac dinh trién vong wng dung sinh hoc

ctia nhdm hop chit dang dugc khao sat.

Bang 3.13. Két qua thir nghiém kha ning tc ché enzym a-glucosidase

Tén miu | Nong dd thir (ug/ml) | Phén trim we ché | Gia tri ICso (ug/ml)
9a 256 90
64 83
16 80,5 7,49+0,19
4 37,5
1 3
9b 256 91
64 90
16 80,5 2,72+0,13
4 64
1 31
9c 256 66,5
64 29
16 23,5 171,90+13,34
4 8.5
1 0
9d 256 86
64 58 37,6+3,39
16 43,5
4 23,5
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Tén miu | Nong dd thir (ng/ml) | Phan trim e ché | Gia tri ICso (ug/ml)
1 3
10a 256 91
64 89 2,42+0,26
16 87,5
4 67
1 35
10b 256 32 >256
64 0
16 0
4 0
1 0
256 0
64 0
10c 16 0 >256
4 0
1 0
10d 256 88
64 79
16 41 27,37+1,78
4 31
1 4
10e 256 0 >256

122




Tén miu | Nong dd thir (ng/ml) | Phan trim e ché | Gia tri ICso (ug/ml)
64 0
16 0
4 0
1 0
256 63
Acarbose o4 38 156,16 + 5,43
16 0
4 0

Cac hop chat (9a-d) va (10a-e) duoc khao sat danh gid kha ning uc ché
enzyme o-glucosidase. Trong dé cac hop chit (9a), (9b), (9d), (10a) va (10d) di thé
hién hoat tinh tot vai gid tri 1Cso 1a 7,49+0,19 pg/ml, 2,7240,13 pg/ml, 37,6+3,39
ug/ml, 2,42+0,26 pg/ml va 27,37+1,78 ug/ml.

3.5.3. Khdo sat hoat tinh sinh hec ciia cac hep chdt téng hep dwec bang phwong
phap md phéng phan ti (Molecular docking)

Bang thir nghiém in vitro, hop chat (9a-d) va (10a,d) di dugc ching minh c6
hoat tinh trc ché enzyme a-glucosidase. Dé c6 nhan dinh tong quat hon vé méi lién
quan gilra cAu triic va hoat tinh sinh hoc cta céc hop chét da téng hop dugc, luan an
da tién hanh so sanh kha ning tuong tac véi cac protein dich trong ha duong huyét

(a-glucosidase) ciia hop chat tong hop duoc véi chat ddi ching Acarbose.

Viéc chuan bi cdu triic protein trong Molecular Operating Environment
(MOE) 1a budc tién quyét dé dam bao do tin cdy cia mé phong lip ghép. Qua trinh
nay bao gom viéc chuan héa cau hinh bang cach bo sung cac nguyén tir hydrogen
va gan trang thai proton hoa chinh xac cho cac du lugng amino acid (dac biét tai pH
sinh Iy). Sau d6, tién hanh t6i wu héa ning luong (energy minimization), dé dat

dugc cau hinh 6n dinh. Cudi cung, protein dugc xur Iy bang cach loai bo cac phan tir
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nuéc khong can thiét va xac dinh rd rang trung tdm hoat dong (active site) hoic
khoang lién két tiém niang dé dinh nghia khong gian tim kiém lap ghép mot cach
chinh xac. Viéc thAm dinh d6 chinh x4c ctia mé hinh lip ghép dugce tién hanh bang
cach thuc hién 1ap ghép tai tao (redocking) phdi tir a-glucose vao vi tri lién két cua
protein. Két qua cho thiy mo hinh c6 kha ning ti tao cu hinh lién két v6i d6 chinh
xéac cao: Ai luc lién két du doan AG cua a-glucose dat -5,9 kcal-mol™ va d¢ l1éch
trung binh binh phuong gdc (RMSD) giira trang thai du doan va trang thai quan sat
bang tinh thé 1 1,3 A. Gia tri RMSD nay chitng minh tinh tin cay ctia mé hinh vi nd
nam trong ngudng chap nhan chung (< 2A). Hon nita, trang thai lap ghép tai tao thé
hién su twong dong hoa hoc véi phdi tir dong két tinh, hinh thanh cac lién két
hydrogen quan trong véi cac du lwong amino acid cét 15i tai trung tim hoat dong,

bao gom Asp69, Tyr712, Arg442, His351, Asp352; Arg213, Glu277, GIn182.

Tuong tu, cdu triic ciia cac phdi tir crown ether (9a-d) va (10a,d) ciing duoc
chuan bj va t6i wu hoa trén phan mém MOE. Qua trinh lp ghép cac mau duoc thuc
hién béng cac thong s6 mic dinh va tai cung vi tri lién két cua phéi tr déng két tinh.
Céc tuong tac lién két gitra phdi tir va protein dich sau d6 dugc phén tich va truc
quan hoa bang Discovery Studio 2025. Két qua thu dugc duoc trinh bay trong Bang
3.14 va Hinh 3.19.

Bang 3.14. Két qua md phong kha nang tc ché enzym a-glucosidase

Ai lyec lién
Miu két két Twong tac voi Amino acids RMSD (A)

(kcal.mol?)

Asp69, Tyr712, Arg213, Glu277,
9a -7,4 45
Asp352, Tyrl58, Phe303, GIn279.

Arg442, Asp352, Phe303,
9b -7,2 2,0
His280, Arg315
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9c -6,8 GIn279, Glu4l1, Tyrl58, Arg315 2,6

Arg315, Glu4ll, Arg442, Val216,
od -7,3 1,8
Asp352, GIn358, GIn277, ASn350

Arg315, Asp307, Tyrl58, Phe303,
10a -7,4 _ 1,5
GIn353, GIn279, Asp352, His280

Asp307, Arg315, Asp352,
10d -8,9 1,6
Phel78, Val216

Asp69, Tyr712, Arg442, His351,
a-glucose -5,9 1,3
Asp352; Arg213, Glu277, GIn182

Két qua mo phong 1ap ghép phan tir cho thiy ning luong lién két ciia cac hop
chat (9a—d) va (10a, d) dao dong tir —6,8 dén —8,9 kcal-mol ™, thap hon dang ké so
v6i chat chuan a-glucose (—5,9 kcal-mol™), cho thay 4i lyc wu thé cta loat hop chét
nay dbi voi a-glucosidase. Trong d6, (10d) thé hién ning luong lién két thip nhat
(—8,9 kcal-mol™), tiép dén 1a (9a) va (10a) (7,4 kcal-mol™), (9d) (7,3
kcal-mol™), (9b) (=7,2 kcal-mol™") va (9¢) (—6,8 kcal-mol™). Gia tri RMSD la tham
s6 hinh hoc quan trong phan anh mutc d6 6n dinh cta trang théi lién két sau tinh
chinh, trong d6 cac gia trj thap (dudi 2,0 A) thuong biéu thi sy khdp hinh hoc va
trang thai lién két dang tin cay. Cac hop chat (10a) RMSD = 1,5 A; (10d) RMSD =
1,6 A; (9d) RMSD = 1,8 A va (9b) RMSD = 2,0 A déu thé hién gia tri RMSD thap,
cho thdy céc trang thai cdu trac lién két ctia ching 6n dinh va phu hop voi ciu trac
ctia khoang lién két ma khong xuét hién bién dang dang ké. Su twong quan dong
bién giita nang lwong lién két thip va RMSD nho da cing cd tinh hop 1y cua trang

thai lién két du doan.
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Hinh 3.19. Su tuong tac cua hop chét (9d), (10d) va a-glucose gan Ién phan tir 3A4A

Dit liéu docking thé hién sy phu hop tot v6i két qua thuc nghiém. Cac hop
chat (9a), (9b), (9d), (10a) va (10d) déu co6 niang lugng lién két thip va RMSD nho,
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trong ung voi kha ning Gc ché a-glucosidase manh trong thir nghiém in vitro.
Nguoc lai, (9¢) ¢6 nang luong lién két kém hon va RMSD khong t6i wu, phan anh
dung hoat tinh thuwc nghiém yéu (&c ché chi 66% va 1Cso cao). Su thdng nhét nay
cho thdy mo hinh docking dy doan ding xu hudng hoat tinh ctia loat hop chat.

Phén tich sdu hon vé sy tuong tac chi ra ring sy thay d6i nang luong lién két
chu yéu bit ngudn tir sy cac twong tac m giita vong phenyl hay ving chira di td
sulfur v6i cac amino quan trong trong khoang hoat dong cta protein. Cac hop chat
(9b), (9b), (9d), (10a) va (10d) déu hinh thanh dong thoi twong tic m—cation manh
vo1 Arg315/Argd42 va n—n vudng goc vol Phe303, tao ra su on dinh dién tir va ciu
hinh. Pic biét, hop chat (10d) dat dugc su két hop téi uu gitta T—cation, n—t va n—
alkyl, phu hop v&i nang lugng lién két thap nhat trong toan bo loat khao sat. Bén
canh d6, vong phenyl dinh hudng tét cho phép twong tac bo sung voi Tyr72, Tyrl58
hozc His280 tiy ting ciu tric, gop phan tao ra sy khac biét vé i luc gitra cac dong
phan. Ngoai ving nhan thom, ving chira sulfur/crown ether ciing c6 dong gép dang
ké. Tt ca cac hop chat (9a—d) va (10a, d) déu thé hién rd twong tac n—sulfur hodc
tiép xtic ky nudc véi cac amino acid nhu Phel78, His280, Val216 va GIn353.
Nhiing tuong tac ndy khong chi ¢d dinh chic chan trang thai ciia phdi tr ma con
lam ting do on dinh cua phic hop nho céc tiép xtc ky nude bén viing. Sy dong hién
dién cua tuong tdc m—cation manh va n—sulfur dugc xem la yéu td du doan tét cho ai
luc cao, diéu nay phan anh nhat quan trong niang luong lién két ctia cac hop chat
nay.

Su cong hudng cua hai vung tuong tac noi trén khong chi gidi thich hop ly
xu huéng ning luong lién két ma con cung cap dinh hudng rd rang cho viée thiét ké

cac chét rc ché a-glucosidase tiém ning hon trong twong lai.
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KET LUAN
Trén co s& phan ing ngung tu da tac nhan Petrenko—Kritschenko cung cac
phan tng hitu co co ban, luan 4n da tong hop thanh céng 18 hop chét (trong d6 ¢6
16 hop chat mai), bao gdm 02 tién chit podand, 16 hop chat crown ether thudc

nhiéu nhém cau tric khéc nhau:
e 04 dan xuat crown ether ¢ chtra nhan di vong piperidone (7a-d).
e 04 dan xuat trithiacrown ether c6 chtra nhan di vong piperidone (9a-d).

e 05 dan xuét trithiacrown ether c6 chira nhan di vong tetrahydropyridine
(10a-d).

e 03 dan xuat chuyén héa (11-13)

Cau trlc cua toan bo cac hop chat dugc xac 1ap rd rang biang phd cong huong
tir hat nhan 'H-NMR, C-NMR, pho hong ngoai IR va pho khéi lugng phan giai
cao HRMS. Ngoai ra, cau trc tinh thé cua hai hop chét dai dién (7c) va (9d) da
dugc minh ching truc tiép bang phuong phap nhiéu xa tia X don tinh thé, gop phan

khang dinh tinh chinh xac ciia qua trinh tong hop va mé hinh cau truc.

V& phuong dién khao sat hoat tinh sinh hoc, 16 hop chat di dwoc danh gia
trén nhiéu dong té bao ung thu khac nhau (HeLa, MCF7, RD, HepG2 va Lul), tuy
nhién khong hop chat nao thé hién hoat tinh gy doc té bao déng ké trong diéu kién
thi nghiém. Nguoc lai, khao sat kha ning wc ché enzym a-glucosidase cho thay 05
hop chit thugc hai nhom (9) va (10) thé hién hoat tinh dang cha ¥ véi mic phan
tram &c ché cao & nong do thir va gia tri ICse thip hon dang ké so véi cac hop chat
khac. Cu thé, cac hop chat (9a), (9b), (9d), (10a) va (10d) déu dat trén 80-90% tic
ché & nong do 256 pg/mL, phan anh muc do twong tac sinh hoc manh. Trong s do,
hai hop chat (9b) c6 gia tri ICso = 2,72+0,13 pg/mL) va (10a) c6 gia tri ICso =
2,42+0,26 ug/mL thé hién kha niang tc ché noi bat nhat, vuot troi so vai chat chuan
acarbose, cho thay tiém ning tro thanh cac khung cau tric dan dau cho dinh hudng

phat trién chat wrc ché a-glucosidase méi.
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Song song vé6i thue nghiém, két qua mé phong lap ghép phan tir cho thiy cac
hop chét thudc hai nhdm (9) va (10) déu c6 ning lugng lién két thip hon dang ké so
v6i chat chuan a-glucose, phan anh 4i luc cao d6i voi a-glucosidase. Nhitng hop
chét c6 hoat tinh thuc nghiém manh nhat (10a, 10d, 9a, 9b, 9d) ciing dong thoi thé
hién ning luong lién két thap va RMSD nhd, cho thiy sy phu hop cdu dang tét
trong khoang hoat dong va mdi twong quan nhat quan giita mé hinh héa va két qua
sinh hoc. Phan tich twong tic chi ra rang sy hién dién cta vong phenyl va ving chira
di t6 sulfur/crown ether dong vai tro quyét dinh trong viéc hinh thanh cac twong tac
n—cation, n—7 va tiép xtc ky nudc voi cac amino acid chu chét (Arg315, Argd4?2,
Phe303, Phel78, His280). Su cong hudng cila cic twong tic nay giup 6n dinh phirc
hop va giai thich xu hudng giam ning luong lién két theo ting ciu trGc. Nhin
chung, két qua mo phong lap ghép phan tir hd tro manh m& nhan dinh rang cac thay
d6i nhom thé hay sy thay doi di t6 trong vong crown ether anh huong dang ké mo
hinh tuong tac phéan tir, tir d6 dinh hudng hoat tinh @c ché a-glucosidase va cung

cap co s& quan trong cho thiét ké dan xuét toi wu hon trong tuong lai.
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