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(Excretion): sy thai trir, T (Toxicity): doc tinh 1én co thé
ADN Acid Deoxyribonucleic
ARN | Acid Ribonucleic
d doublet
dd double doublet
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dt doublet triplet
EGFR | Epidermal Growth Factor Receptor: Thu thé yéu td ting truong biéu bi
ESI-MS Electrospray lonization Mass Spectroscopy: Phd khdi ion héa phun
dién
Et.O Diethylether
EtsN Triethylamine
EtOAc | Ethylacetate
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FL Human cervix carcinoma: Ung thu tir cung




HepG2

Human Hepatocellular carcinoma: Dong té bao ung thu gan
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IR Infrared Spectroscopy: Pho hong ngoai
LCMS | Liquid chromatography—mass spectrometry: Sac ky 1ong khéi phd
Lu Human lung cancer: Dong té bao ung thu phoi
m multiplet
MCF-7 | Human breast adenocarcinoma: Ung thu biéu mé vi
MeCN | Methyl Cyanide hay con goi 1a Acetonitrile
MeOH | Methanol
MIC | Nong do trc ché ti thiéu
MS Mass Spectrometry: Pho khéi luong
MW Vi song
NCI National Cancer Institute: Vién Ung thu Quéc gia
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PPh3 Triphenyl phosphine
p-TsOH | Acid p-Toluen Sunfonic
q quartet
RD Rhabdomyosarcoma: Ung thu co van tim
Reflux | Hdi luu
rt Nhiét d6 phong
S singlet
t triplet
t-BuOH | tert-Butanol
td triplet doublet
THF Tetrahydrofuran
TLC Thin Layer Chromatography: Sic ky 16p mong
VAST | Vietnam Academy of Science and Technology: Vién Khoa hoc va
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MO PAU

1. Ly do lya chon dé tai

Hoa hoc cac hop chét crown ether hién dang thu hut duoc su quan tam cta cac
nha nghién ctru trong cac linh vuc cbng nghé hoda hoc, khoa hoc co ban, hoa duoc,
hoa méi trudng, vat Iy ky thuat,... Vong crown ether vai sy ¢6 mat caa dj té nito (N)
hay di t& luu huynh (S) s& c6 cac kha niang dic biét hon so véi vong crown ether
thong thudng nhu: ting kha ning tao phirc, ting d6 bén véi cac ion kim loai, ting
tinh chon loc, ting kha ning két hop véi cac ion kim loai kiém, kim loai kiém thé va
cac kim loai chuyén tiép, ... Clng véi viéc nghién ciru tong hop, phét trién cac hop
chat azacrown ether va thiacrown ether méi, qué trinh khao sat va danh gia hoat tinh
sinh hoc cua cac hop chat crown ether nay ciing hira hen nhiéu két qua hitu ich.

Gan day, trong cac nghién ctu trién khai tai khoa Hoa hoc, truong Pai hoc
Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Noi, nhdm tac gia da cé nhing cong b
khéo sat va danh gia hoat tinh sinh hoc ctia cac hoat chat crown ether méi tong hop
duoc, dac biét 1a hoat tinh gay doc té bao trén mot sé dong té bao ung thu nhu Hep-
G2, Lu-1, FL, RD, PC3, MCF-7 va hoat tinh khang khuan, khang niam... Cac hoat
chat crown ether nay cé tiém ning phat trién thanh cac thudc diéu tri nhiém khuan,
nhiém nam, thubc diéu tri ung thu trong phuong phap hoa tri liéu [2, 3, 4, 5, 6]... Bén
canh d6, cac hop chat crown ether da duoc str dung nhiéu trong héa hoc phdi tri véi
vai trd phdi tir trong cac phirc chat véi cac ion kim loai nhu Co®* [7], Ti** [8], ... Tiép
tuc phat trién huéng nghién ctu téng hop hitu co thudc phong téng hop hiru co 2,
khoa Hoéa hoc, truong Dai hoc Khoa hoc Tu nhién, PH Quéc gia Ha Noi, chlng toi
tap trung tong hop céc dan xuét azacrown ether va thiacrown ether méi véi nhan di
vong pyridine, piperidone trén co so phan tng ngung tu da tac nhan — téng hop one-
pot, nham tim kiém nhiing tac nhan c6 kha ning gay doc té bao hoic kha nang khang
khuan, khang nam, khang viém, ha duong huyét... Chang t6i dé xuat dinh huéng
nghién ctiru trong khudn kho luan an tién si voi dé tai: “Nghién ciu phat trién phdan
ung ngung tu da tdc nhan tong hep cac ddn xudt azacrown ether mdi va thiam do

hogt tinh sinh hec.”
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2. Muc tiéu nghién ciu caa dé tai

Dé tai dwoc thyc hién nham hai muc tiéu sau:

1) Ap dung phan tmg ngung tu da tac nhan tong hop dwoc cac dan xuat azacrown
ether méi chira di vong pyridine hoic piperidone va xéac dinh dwoc ciu tric cua cac
san pham tong hop duogc bang cac phuong phap vat Iy hién dai (IR, NMR, HRMS va
X-ray).

2) Khao sat hoat tinh sinh hoc cua mét s6 hop chat méi tong hop duoc, dinh
huéng hoat tinh gay doc té bao va tc ché enzyme a-glucosidase.

Dé thure hign 2 muc tiéu trén, nji dung nghién civu ciia lugn dn dé ra bao gom:

1) Tong hop céc tién chat podand cho céc phan tng ngung tu da tac nhan
Hanzsch, Petrenko-Kritschenko.

2) Ap dung phan tmg ngung tu da tac nhan Hanzsch tong hop mot s6 dan xuét
thiazacrown ether c6 chira di vong 4-arylpyridine.

3) Ap dung phan tmg ngung tu da tic nhan Petrenko-Kritschenko téng hop mot
s6 dan xuat azacrown ether chtra di vong y-piperidone.

4) Nghién ctru va xac dinh cau trdc cua cac san pham tao thanh bang nhiing
phuong phép vat Iy hién dai: IR, NMR, HPLC-MS, dic biét bang phwong phap nhiéu
xa don tinh thé (X-ray).

5) Khao sét hoat tinh sinh hoc ciia mot sé cac hoat chat tong hop duoc bang
phuong phap in sillico (molecular docking - mé phong phén tr) va in vitro.

3. Poi tweng va pham vi nghién ciru

Trong khuon kho luan &n, nghién ctru sinh di nghién ctiru &p dung va phat trién,
bién d6i didu kién, tac nhan caa mot s6 phan ang phan tng da tic nhan nhu phan wng
Hantzsch, phan tng Petrenko-Kritschenko,... trén co so cac dan xuat co cac nhom
carbonyl va nguyén tir hydro linh dong. Cac san pham azacrown ether mai véi cau trdc
da dang dd duoc tong hop thanh céng, vi du nhu: dan xuat diazacrown ether c6 chira
di vong y-pyridine, di vong piperidine-4-one da nhém thé, nhém chitc N-tosylate hay
cac dan xuat polythiaazacrown ether. CAu tao céc din xuat azacrown ether hoic
thiaazacrown ether duoc chiing minh bang cac phuong phap vat Iy hién dai nhu cac

phuong phap phd héng ngoai (IR), phd cong huong tir hat nhan (*H-NMR, 1*C-NMR),
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phd khéi lwrong phan giai cao (HRMS). CAu tric cia mot sé chat dai dién cho nhém
hoat chat mai duoc xac dinh bang phuong phép nhiéu xa tia X don phan tir.

Ung dung cong nghé théng tin trong viéc du bao hoat tinh sinh hoc va danh gia
mbi twong quan giira hoat tinh va cau tao cua chat. Ap dung phuwong phap mé phong
phan tr (molecular docking) nham danh gia 1y thuyét hoat tinh cia san pham. Mot sb
dan xuit thu dugc da duoc khao sét hoat tinh sinh hoc trén cé so cac nghién ctu in vitro:
hoat tinh gay doc té bao trén cac dong té bao ung thu Hep-G2, Lu-1, FL (HeLa), RD,
MCF-7 va hoat tinh tic ché enzyme a-glucosidase, trén co s& d6 xac dinh tiém ning tng
dung trong diéu trj tiéu duong.

4. Y nghia khoa hoc va thuc tién cia dé tai nghién ciru

Dé tiép tuc phét trién cac phuong phéap tong hop cac dan chat azacrown ether,
nghién ctru trong luan an cua chang t6i da ap dung phan tng ngung tu da tac nhan
Hantzsch, phan ing ngung tu da tac nhan Petrenko-Kritschenko nham nang cao hiéu
qua cta qua trinh tong hop cac hé bis-benzodiazacrown ether véi céac tiéu di vong
chtra nito va tham do hoat tinh sinh hoc ctia cac hop chat tong hop duoc nhu hoat tinh
gdy doc té bao trén cac dong té bao ung thu nguoi Hepatocellular carcinoma
(HepG2), Human lung adenocarcinoma (Lu-1); Rhabdosarcoma (RD), Human
Uterine (FL), Human Breast adenocarcinoma (MCF7) va hoat tinh tic ché enzyme
a-glucosidase.

Cac két qua maéi nay s& gop phan dinh huéng nghién ciru tong hop va phat trién
c4c loai thudc mai chira ddng thoi nhan di vong nito va vong crown ether. CAu tric
cac san pham tao thanh c6 su khac biét véi cac dan xuat da duoc nghién ciu tong hop
truéc day bang phan tng ngung tu da tic nhan Hantzsch, phan tng Petrenko-
Kritschenko— dam bao tinh méi, sang tao va kha thi cao. Céac két qua thu dugc khong
chi c6 gia tri khoa hoc, b6 sung vao kién thirc co ban cho héa hoc téng hop cac hop
chat c6 hoat tinh sinh hoc, ma con ¢ tinh thyc tién cao trong tong hop hoa dugc.
Nghién cau gop phan hoan thién phuong phap va tao ra mot ddy hoat chat hitu co
méi, véi day dua céc dit liéu hoa ly gitp xac dinh chinh xac céng thic cau tao chat dai
dién ciia nhom va céac két qua nghién ciru hoat tinh sinh hoc cia ching (gay doc té

bao, ha duong huyét).
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CHUONG 1- TONG QUAN

Cac hop chat crown ether, dic biét 1a azacrown ether va thiacrown ether, da
va dang nhan duoc su chil y dang ké tir cAc nha nghién ctru trong nhiéu linh virc nhu
céng nghé hda hoc, khoa hoc co ban, hoa dugc, hda hoc moi truong va vat ly ky
thuat... Piém dic trung cta cac din xuat azacrown ether va thiacrown ether 12 sy
hién dién cua cac di té nhu nito (N) va luu huynh (S), dic biét 1a khi vong crown
ether ¢6 kich thudc 16n, tao diéu kién thuan loi cho viéc hinh thanh phic va tang do
bén vai cac ion kim loai. Kha niang chon loc cao, d6 bén tét va tinh két hop linh hoat
cua cac hop chat nay véi ion kim loai dd mé ra nhiéu huéng tng dung quan trong
trong cac linh vure nhu bao vé moéi truong, cdng nghiép hoéa duogc, hda my pham, vat
liéu nano va ky thuat vat liéu tién tién... Trong linh vyuc vat ly ki thuat, azacrown
ether va thiacrown ether duoc biét dén nhu 13 vat liéu tiém ning cho viéc phat trién
cac thiét bi cam bién phan tir (molecular switchers, optical molecular sensors) va cac
vat liéu tién tién trong cong nghé nano (nanoelectronic devices). Vé mit téng hop
hoa hoc, cac hop chéat nay thuong duoc sir dung lam chat xuc tac chuyén pha trong
cac qua trinh phan wng hoic xUc tac di thé véi do chon loc ion cao [16, 23, 74, 81,
82]. Trong phan téng quan, ching toi s& trinh bay nhitng khai niém co ban vé crown
ether, cac phuong phéap tong hop azacrown ether va thiacrown ether hién dai, dic biét
la céc nghién ciru méi lién quan dén phuong phéap tong hop ngung tu da tic nhan, va

tiém ning phat trién (ng dung trong linh vuc y duoc ciia cac hop chat nay.

1.1. KHAI NIEM CHUNG
1.1.1. Crown ether

e Wy

0O O 0 0
L)
[O\_/Oj &O\_/O/7 Lo
1 2 3

Tetramer (n=4) Pentamer (n=5) Hexamer (n= 6)

Hinh 1.1. CAu trGc cac crown ether tetramer, pentamer va hexamer
Crown ether & nhitng hop chit di vong, chtra trong vong nhiéu nhém ether. Hop

chat nay Ia san pham oligomer hoa cua ethylen glycol (-OCH2CH2-)n, trong d6 ting
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dung rong rai nhat 1a cac hop chét tetramer (n=4), pentamer (n=5) va hexamer (n=6).

Nam 1967, Pedersen da tim ra hop chat dibenzo-18-crown-6-ether. Pedersen
cling 14 ngudi dau tién phat hién ra kha ning tao phirc ciia cac hop chat nay. Pedersen
cho rang céc phan tir vong crown ether c6 thé két hop véi chit giau electrone nhu
amine, phenol, ... va c6 thé thay thé nguyén tir O bang cac nguyén tir khac nhu S
(thiacrown ether 4) hoac N (azacrown ether 5). Ngoai ra, con ¢ cac vong crown ether

chtra ddng thoi céc di nguyén tir khac nhau 6, 7, 8 [74].
O
A Oy A
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S S
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N K/SQ
4 5 6
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- f
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Hinh 1.2. Cac vong crown ether chira cac di nguyén tur khac nhau

Cac hop chat polyether chii yéu dugc phan loai dua trén cau trdc lién két cua
ching [74]: "podand" cho céac chudi polyether mo, "coronand" cho cac cyclic
polyether va "cryptand” cho céc polyether hai vong va duoc két hop boi hai nguyén
tir dau cau [74, 76] (hinh 1.3).

Dic diém noi bat nhat caa crown ether 1a kha niang tao phtc chon loc caa ching.
Chung lién két phan cation caa mudi kim loai kiém va kiém tho, mudi ammonium va
cac hop chat hitu co phan cuc hoic ion, chiang han nhu thiourea, semicarbazide, mudi
diazonium va acetonitrile (guest) vao trong khoang cua vong crown (host) [84]. Phic
hop crown ether véi mot guest dugc hinh thanh do tuwong tac ion-ludng cuc gitra
cation va cac nguyén tir cho mang dién tich am trong cau tric vong cua cyclic

polyether (so do 1.1).
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So db 1.1. Kha ning tao phtc cua crown ether véi kim loai kiém
Nhu Pedersen dd néu, do chon loc cua crown ether ddi vai mot cation nhat
dinh phu thudc chu yéu dua trén cac diém sau:
e Kich thudc twong ddi cia vong crown va duong kinh cua cation.
e S nguyén tir cho dién tir trong vong crown va hiéu tng topological.
e M&i quan hé gitra "d6 cirng”cua cation va caa nguyén tir cho dién ti.

e Sd dién tich cua cation.

" Trong hoéa hoc hitu co, dic biét khi néi dén kha niang chon loc ctia crown ether véi cac
cation, "dd cimg" (hardness) cuia cation va cia nguyén tir cho dién tir dé cap dén ac diém ly
héa hoc ctia cac ion hodc nguyén tir lién quan dén kha ning phan cyuc va tuong tac dién tu.
Day la mot khai niém quan trong trong thuyét "HSAB" (Hard and Soft Acids and Bases) do
Ralph Pearson dé xuat. Mot cation cting thudng c6 ban kinh nho, dién tich cao va kha ning
phan cuc yéu. Nhimg cation nay c6 xu hudng twong tic manh véi cac nguyén tir hodc nhém
nguyén tir ¢6 do cung tuong tu - tirc 1a kho phan cuc va c6 mat do dién tir cao, nhu cac
nguyén tu cho dién tr "cing" (hard donor atoms). Mot nguyén tir cho dién tir ciing 1a nguyén
tir kho phan cuc va c6 mat do di¢én tur tap trung cao, chfmg han nhu oxy trong crown ether.
Nguyén tir cho dién tir ciing ndy s& c6 xu hudng tao lién két 6n dinh hon véi cac cation clng
nho vao tuong tac dién tinh manh mé hon.
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1.1.2. Azacrown ether

Khi thay thé mot s6 nguyén tir O trén vong crown ether bang nguyén tir N ta
thu dugc hop chat azacrown ether c6 kha nang lién két thay d6i dang ké mic du
kich thuéc khoang khong thay d6i. Trén phan tir azacrown ether, tai vi tri cua
nguyén tir N c6 thé tiép tuc gian thém cac nhém chic ning khac tao ra cac phan tir
chirc nang quan trong nhu cryptand, lariat ether,... (hinh 1.4) [51].

Véi su c6 mat caa di tb N, vong azacrown ether s& c6 cac kha ning dic biét
hon so vdi vong crown ether thong thuong nhu: tang kha nang tao phuec, tang do
bén véi cac ion kim loai, ting tinh chon loc, ting kha ning két hop véi cac ion kim
loai kiém, kim loai kiém thé va cac kim loai chuyén tiép, ... Cung véi viéc nghién
ciru tong hop, phat trién cac hop chat azacrown ether méi, qua trinh khao sat va

danh gia hoat tinh sinh hoc cua cac hop chat azacrown ether nay ciing htra hen nhiéu

két qua hitu ich.
N SRR
N 3 Co )

Cryptand Lariat Ether

]

Hinh 1.4. CAu trlc cua cryptand va lariat ether

Cac azacrown ether ¢ hoat tinh hoa hoc tét hon so véi cac crown ether vong
thong thuong. Thir nhat, cac amine cd thé cung cap cac cap electron cua chiing cho
acid Lewis. Tht hai, cac amine c6 tinh base cao hon va do d6 c6 ai luc proton manh.
Thir ba, cac azacrown ether dugc proton hoa nay chinh la cac acid Lewis manh véi
mét sé proton va do d6 chung twong tac véi cac anion khéac nhau bang twong tac tinh
dién ciing nhu lién két hydro. Cudi ciing, cac amine ¢ thé c¢o N trong vong thom nhu
pyridine, imidazole hoic pyrrole, c6 cac dic tinh phic tap hon lién quan dén chat cho
va chat nhan [51].

Trong sé c4c tinh chat dugc chi y cia azacrown ether khdng thé khong ké dén
kha ning tao phirc Vi cac kim loai khac nhau va ca cac hop chat khac ngoai kim loai,

tao ra nhitng phtic chat mang nhitng dic tinh hda Iy va sinh hoc tuyét voi duoc ting
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dung rong rdi trong hda hoc phan tich, chiét tach va phan lap cac ion kim loai, dic
biét 1a c4c ion kim loai kiém va kiém tho. Bén canh nhiing tng dung trong hoa hoc
phdi tri, cac hop chat azacrown ether véi sy ¢6 mat cua di té nito (N) dong vai trd
quan trong trong viéc tang cuong cac hoat tinh sinh hoc cé gia tri. Bac biét, chung
thé hién kha ning giy doc té bao ddi véi cac dong té bao ung thu, duoc nghién ctu
gia 1ap va md phong co-enzyme NAD. Ngoai ra, cac hop chat nay con c6 tiém ning
trong linh vuc hoa k¥ thuat, nghién ciru huynh quang, cac qué trinh oxy hoa khu va
dong vai trd quan trong nhu 1a chat x(c tac chuyén pha [76].

1.1.3. Thiacrown ether

Thiacrown ether 1a mot loai crownophane, c6 lién két phan tir C véi hai hoac
nhiéu nhom -SH. Hau hét cac nghién ciru ban dau vé cac hop chat vong chira luu
huynh tap trung vao cac nghién ciru lién quan dén su hinh thanh vong va bién dang
vong [28]. Phan ting giita dihalogenua va dithiol tao ra chii yéu la cac polymer c6
khdi lugng phan tir cao va chi mot luong nhod hop chat lwu huynh vong. Nam 1920,
Ray va cong su da lan dau tién dua ra bao cao vé viéc tong hop mot macrocycle chira
ba nguyén ti luu huynh bt dau tir ethanedithiol. Trong nhitng nam tiép theo, s6 luong
cac nghién ciru lién quan dén tong hop thiacrown ether ting 1én dang ké [60].

Nam 1934, Meadow va Reid da téng hop duoc mot sb thiacrown ether chira hai,
bdn va sau nguyén tir lvu huynh [21]. Phan &ng giita cac dithiol va dibromide khéac
nhau ciing dan dén sy hinh thanh cac polymer Ia san pham chinh va chi mét luong
nho cac hop chat vong. Mot trong nhitng macrocycle Ién thu duoc 1a hop chat
hexathia tao ra tir qua trinh dong vong 3 hop phan. Phan tng cua ethylene dibromide
19 véi dithiol 20 trong ethanol tuyét d6i cing véi mot duong luong base di tao ra

thiacrown ether 21 vai hiéu suat chi dat 1,7%.

S™Y
NaOEt, EtOH 5 S
B/ \ + SN\ /T \ a ? [S Sj
r Br HS S SH 5
rt, 1.7% .S/
19 20 )1

So d6 1.2. Tong hop thiacrownether 21

Trong céc cdng b cua Pedersen [60] va Bradshaw cling cong su [15] dd mé ta
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qua trinh tdng hop cac oxathiacrown ether da dang tir ethylene glycol dichloride va
dithiol hoic natri sulfate trong ethanol. Ngoai ra, Ochrymowycz va déng nghiép da
nghién ciru su tong hop cia mot sé hop chat polythiacrown, tuy nhién hiéu suat phan
g chi dat dwgc mirc trung binh [56]. Dé cai thién hiéu sut phan tng, cac nha nghién
ctru dd 1am theo quy trinh cia McLean va cac ddng nghiép, két qua da cai thién hiéu
suit 1én 33% [15]. Viéc nang cao hiéu suit dat duoc thong qua phan tng cua f-
chlorothioether 22 véi 20 trong n-butanol st dung natri (tao thanh base natri
butanolate). Tuy nhién, nhugc diém cua phwong phdp nay 1a st dung f-
chlorothioether 22, day 1a mot loai khi doc (so do 1.3).
s

S S
ANSTN. © NS\ NaO"Bu [ ]
Cl\ SmhnCl "HS S SH S S
rt, 2 ngay _S_/
22 23

20 33%

So db 1.3. Tong hop thiacrown ether

S S

0
0 OTs ayHS >>H (} o
o/ 25
—_— O
bYHS > S~"gy _
N 20 \O 9]

26a,27a (n=1) *NH;
26, 27b (n=2) 27

26

Piéu kién phan tng a) va b): Cs2C03, MeCN, 46%/40%
So d6 1.4. Tong hop thiabenzo-crown ether theo Tschneider

Mot nghién ctru ciia T. Schneider (2020) di mé ta qué trinh tong hop thiacrown
ether dua trén cac acid amine va cac dan xuat cua chung (so do 1.4) [75]. Qua trinh
téng hop thiacrown ether nay dya trén viéc sir dung cac nucleophile thiol va qué trinh
alkyl hda vai ditosylate 24. Tiép theo, cac dithiol nay duoc sir dung dé tao nén bo
khung thiacrown ether véi kich thudc vong 12 nguyén tir 27a va 15 nguyén tu 27b
twong ung.

Crown ether di duoc nghién cau rong ri vé kha niang tao phtc véi cac ion kim
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loai. Ngoai ra, thiacrown ether ciing dugc danh gia vé cac hoat dong chéng viém,
khang khuan, khang niam, khang virus va gy doc té bao, dong thoi cho thay tiém
nang 16n véi vai tro 1a chat khang sinh va chat chéng ung thur,

1.1.4. Khai niém vé phan w&ng tong hop da tic nhan

Phan tng da tic nhan (Multicomponent Reaction —-MCR) la mot qué trinh tong
hop trong d6 c6 ba hoic nhiéu chit tham gia phan ¢ng chi trong mot budc dé tao ra
san pham méi ¢6 chira hau hét cac thanh phan cau tric cua cac chat tham gia phan
tng. MCR la mot qua trinh domino, mot chudi cac phan ang hda hoc co ban xay ra
theo mot chuong trinh trong d6 cac phép bién doi tiép theo xay ra duoc xac dinh boi
san pham chtrc ning tao ra & budce trude do. Trai nguoc Voi cac phuong phap co dién,
dé tong hop cac hop chat phic tap, can thyc hién nhiéu phan ang tuan ty qua cac
budc, MCR cho phép tong hop cac phan tir phuc tap chi qua mot budce .

Céc phan rng da tac nhan dugc xem la mot phuong phap manh mé va hiéu qua
trong linh vuc tong hop hitu co hién dai. Nhitng phan tng nay dap @ng cac tiéu chi
cua quy trinh téng hop bén viing, than thién véi moi trudng thong qua viéc rat ngan
s6 budc thyc hién, giam thiéu nang luong tiéu thu va han ché luong chat thai phat
sinh. Do d6, cac nha nghién ctru d3 bién céng nghé manh mé& nay thanh maét trong
nhitng céng cu kinh té va hidu qua nhat dé tong hop nén cac hoat chat cé hoat tinh
sinh hoc, trong d6 hau hét huéng dén cac hoat chat c6 tac dung duoc 1y nhu diét ky
sinh triing, khang viém, chat khang virus HIV, khang sinh, chat chéng oxy hoa, chat
khang nam va céc hoa chat diéu tri ung thu... [7].

Dua vao ban chét hoa hoc cia cac tac nhan ban dau, phan Gng ngung tu da tac
nhan c6 thé duoc phan thanh hai nhdém chinh 1a: phan tng ngung tu da tac nhan trén
co s& dan xuat isocyanide va phan tmg ngung tu da tac nhan trén co sd ngung ty dan
xuat carbonyl [79].

Véi cac wu diém d6, ludn an d3 lya chon phan tng ngung tu da tac nhan 1a
phuong phap tong hop chinh dugc thuc hién trong cac nghién ctu thuc nghiém.

Déi trong nghién ciru cua luan an 1a phuong phap tong hop hé azacrown ether
méi chaa di vong y-pyridine hoic y-piperidone tir cac tic nhan podand ban dau c6

chaa dong thoi hai nhdm chuc arylaldehyde hoic arylketone - dé tham gia cac phan
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ung ngung tu da tic nhan trén co s¢ twong tac cia nhdm carbonyl. Cac phan tng
ngung ty da tac nhéan trén co sd twong tac ciia nhom carbonyl pho bién va cé thé ké
dén d6 1a cac phan ang phan eng Mannich, Petrenko-Kristchenko, phan tng Hantzsch.
1.1.5. Phan #ng tong hop da tac nhan Hantsch

Tong hop Hantzsch 1a mot phan tng ngung tu 3 tac nhan dugc nha héa hoc
nguodi Bac Arthur Rudolf Hantzsch bao co lan dau tién nam 1881 vé phan ¢ng
ngung tu vong cyclo gitra acetaldehyde 29, ethyl acetoester 28 va amonia 30 Vi
xuc tac acid (acid Lewis) (so db 1.5).

o o 0 @) 0)
PN * J + NH; —s Etow OEt
OEt 30
28 29 N

H 31
So do 1.5. Phan ung da tac nhan Hantzsch tong hop dihydropyridine (1881)
Phan tmg Hantzsch dwoc st dung rong rai dé tong hop truc tiép cac dan xuat
1,4-dihydropyridin (DHPs). Mot vi du dién hinh cho viéc sir dung phan ¢ng Hantzsch
trong hoa duogc 1a tong hop thude diéu tri ting huyét ap nifedipine (so d6 1.6).

CHO - NO,
MeOZCW ©: + NHz—— MeO,C CO,Me

NO, -

N
H

Nifedipine
So d6 1.6. Phan wng Hantzsch (3CR) tong hop hoat chét nifedipine
Phan tng giita chloroacetone 34, ethyl acetoacetate 28 va amonia 30 dé tao
thanh pyrole 35 (so d6 1.7) duoc Hantzsch bao cdo nam 1890.

(0]
O O O OEt
)K)KOEt + NH; -+ )@m / \
28 30 34 H 35

So d6 1.7. Phan tng da tac nhan Hantzsch tong hop pyrole (1890)
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Nhiéu DPH duoc biét dén véi hoat tinh sinh hoc 1a thudc chen kénh calci va
nhiéu hoat tinh duoc 1y khac nhu chéng ung thu, gidn phé quan, tri dai thao duong,
hudng than kinh, &c ché protease HIV...(hinh 1.5) [63]. M6t sb luong céac thudc hda
duoc chira nhén pyrrole ciing di duoc tong hop dua vao phan tng Hantzsch di dugc
dua vao thi truong dugc pham bao gom thube chdng viém [64] va thubc chéng ung

thu...(hinh 1.6).

cl
Cl Cl
0 0 0 0
MeO ‘ ‘ OFEt MeO ‘ ‘ OEt
N N O N,
H H

Felodipine Amlodipine Nimodipine
Cl | Cl N
—\
N NCNH
A F/Q;Oj\/j/g
N ¢l NH
\ 2
=
. . Crizotinib
Chlorpheniramine
H
(@) N
Do
SN N
= \ _
N
Nicotine Isoniazid

Cerivastatin

Hinh 1.5. Mot s6 duogc chat 1a dan xuat 1,4-dihydropyridine

CsHy,

Ci1Hys

NH, NHC,,H,s
\ \
MeO—_ | MeO—4_ |
NH / NH / NH
/ /
Prodigiosin PNU-156804 Tambjamine A BE-18591

Hinh 1.6. Mot s6 duogc chat 1a dan xuat pyrole
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Trong phan tng Hantzsch tong hop 1,4-dihydropyridine, hop chit p-
ketocarbonyl 11 ngung tu mot phia véi dan xuat chira nito tao thanh enamine I va mat
khéc ngung tu véi mot aldehyde trong qua trinh ngung tu Knoevenagel tao thanh dan
xuit B-ketocarbonyl 111 chwa bio hoa (so dd 1.8) [63]

0 o) 0
7 NH; R? R!
Rl NH2 ~ Rl - L,IGR2
I 11 11

So db 1.8. Phan wng Hantzsch tong hop 1,4-dihydropyridine

Ca 2 hop chat vira duoc tao thanh s& tham gia vao phan tng cong hop kiéu Micheal.
Sau qua trinh tautomer héa va ngung tu, dan xuat 1,4-dihydropyridine IV duoc tao thanh
(so do 1.9). T4t ca cac budc cia qua trinh ngung tu déu duoc tién hanh trong diéu kién
moi truong c6 acid Bronsted hoic acid Lewis nhiam gia ting toc d6 phan tmg. Cac ngudn
xuc tac khac nhau ciing da duoc nghién ctru, trong d6 phai ké dén mot sé nguon cung
cap proton don gian nhu montmorillonite K-10 (MK-10) [90], cellulose, silica, acid
sulfuric va mot vai acid Lewis. Ngoai ra, hop chét 2,4,6-trichloro[1,3,5]triazine (TCT)
[67] hay mot s6 nguyén liéu co cau tric phirc tap nhu acid phosphoric vonfram trén silica,
nano thiéc phosphonate (HSnP-2) hoac nano magnesi oxyde hozc hydrotalcite (MgAl.-
HT), bén canh d6 1a iode phan tir, amino acid, urotropine va thiamine [39] cling da dugc

chirng minh vé kha ning xtic tac cho phan (g Hantzsch.

2
D p 7 (0] OH
R! R! A . 1
)l Y Cong Michael _ &' R
NH2 (@) >
1 11

NH O
R? 2 2
0 S 0 o R o o R o
R! | R! R! R! R! R!

Tautomer | |
NH20 N N
H OH H

H,0 v

So d6 1.9. Co ché phan ung Hantzsch tong hop 1,4-dihydropyridine
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1.1.6. Phan trng ngung tu da tac nhan Petrenko-Kristchenko

Phan trmg ngung tu da tac nhan Petrenko-Kristchenko dugc chinh tac gia cong
bd 1an dau tién vao nim 1906. Pay 1a qué trinh diéu ché piperidone théng qua phan
rng Mannich kép véi hdn hop phan wng gém acetodicarboxylic ester, aldehyd va
ammonia (hoac mot amin bac mot). Trong phan ang nay, hdn hop cac thanh phan
phan tng thudng dugc hdi luu trong dung dich nudc hodc con, san pham thu duoc
thuong rat kho tinh ché. Cac nghién ciru sau nay cho thay viéc bd sung acid vao moi
treong phan &ng tao diéu kién cho phan ¢ng Petrenko-Kristchenko dién ra thuan loi
hon. Bé cai thién téc d6 va hiéu suit phan ung, ammonia acetate trong acid acetic
duoc sir dung 1am méi tredng phan ng va ngudn amonia.

OR 0

Y RO,C CO,R

0 H->0 hoac C,HsOH

R, N° R,
36 37 38 A I
O R, 39
OR
R] = -CH3, -C2H5
R, =H, aryl, ...

R; =H, aryl, alkyl

So d6 1.10. Phan (ing ngung tu da tac nhan Petrenko-Kristchenko

Phan &ng Petrenko-Kritschenko dugc ung dung phd bién dé tong hop céc dan
Xuat chtra di vong piperidone. C4c dan xuat piperidone dugc biét 1a co dac tinh sinh
hoc da dang nhu khang khuan, chdng oxy hda, chdng ung thu, gy doc té bao, giam
dau, chong ung thu, chong HIV... Cac hop chat mang khung piperidone md phong
c4c alkaloid va steroid cd trong tu nhién da duogc téng hop nham nghién ciru hoat tinh
sinh hoc cua chling va so sénh véi cac hop chét c6 trong tu nhién.

Sy hién dién cua c4c trung tam hoat dong nhu nhom carbonyl va amin khién cac
dan xuét piperidone duoc sir dung 1am co so dé tong hop cac phan ta 16n hon voi
pham vi (g ung rong hon. Chiing khdng chi ¢é tiém ning cho viéc phat trién thude
ma con la chat trung gian tét cho cac chuyén héa quan trong khac nhu phan ung thé

(N-alkyl hda, N-acyl hoa, O-acyl hda), phan ing cong ai dién tir (véi mot sb tac nhan
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nhu hydroxylamine, thiosemi carbazide...), phan ung khtr... Do dd, viéc nghién ciu
tong hop cac hop chat méi chira tiéu don vi piperidone va nghién ciru cac dic tinh
hda hoc va sinh hoc caa chung da thu huat rat nhiéu sy chl y cua cac nha khoa hoc
trén thé gidi.

Co ché phan ng Petrenko — Kritschenko trong diéu kién c6 mat acid thé hién

nhu sau:

—_— + RH " '
R ‘3. R Ez/ > R,)\i /R ? o e

H,N—R"

So d6 1.11. Co ché phan ng Petrenko — Kritschenko trong méi truong acid

Day cac hop chat N-morpholinoacetyl-2,6-diarylpiperidin-4-one (40) duoc tac
gia Aridoss cling cac cong sy (2007) nghién ctru téng hop va chiang minh ¢ hoat tinh
khang khuan chdng lai S. aureus, E. coli, P. aeruginosa va S. typhi; va hoat tinh khang
nam chéng lai C. albicans, A. niger va A. flavus [9], [11]. Hop chét 41 duoc
Selvendiran cliing cac cong su (2010) nghién ciu tdng hop va chizng minh 1a ¢6 kha
nang tc ché hiéu qua déi véi té bao ung thu budng trang [5], [66]. Hop chét 3,5-
[bis(ylidene)-4-piperidone-1-yl]-2-oxoethylmortholine-4-carbodithioate (42) duoc

nghién cau tong hop boi Amit Anthwal va cac cong su (2014), hop chit

32



dioxopiperidin-1-yl (43) dwoc nghién cau tong hop Dong-jun cling cac cong su

(2020). Ca 2 hop chat nay déu duoc chang minh cé kha niang @c ché tang sinh té bao.

— SN
© 42 \[S‘/

Hinh 1.7. Mot s6 dan xuét piperidone c6 hoat tinh dugc tong hop bang phan tng

43

Petrenko-Kritschenko

1.2. MOT SO UNG DUNG CUA CAC HOP CHAT AZACROWN ETHER VA
THIACROWN ETHER

1.2.1. Ung dung dwa trén kha niing tao phirc ciia cac hop chat azacrown ether
va thiacrown ether véi ion kim loai

1.2.1.1. Lam chdt mang vdn chuyén ion

Il H Il Il H Il Il Il
N N N N. N N N
7 7 Nant
N N Na NH

44 45 46 CH,

Hinh 1.8. CAu trdc cua cac azacrown ether 44, 45, 46

Ulewic va cac cong su (2007) da tién hanh thi nghiém so sanh kha ning van

33



chuyén ion Pb(I1) qua cac dung dich nuéc can bang mol caa Zn(11), Cd(I1) va Pb(ll)
cling nhu tir cac dung dich chi chaa ion Pb(11) (cMe = 0,001M) théng qua mot mang
loc polymer c6 chtra imidazole azacrown ether 44, 45, 46 (hinh 1.8) Iam chat mang
(PIM). Cac mang polymer dugc ciu tao boi cellulose triacetate (chét hd tro tao 16p
mang ban thim ma binh thuong chi cho nuéc di qua, khong cho chét tan di qua), o-
nitrophenyl pentyl ether (chat Iam déo) va cac dan xuat imidazole crown ether (Iam
chat mang ion).

Két qua thi nghiém cho thiy cac vong macrocycle kich thudc 16n anh huéng
dén tinh chon loc va hiéu qua caa qua trinh van chuyén Pb(ll). Cu thé, mang polymer
c6 gan véi azacrown ether 46 c¢6 kha ning van chuyén chon loc va hiéu suit cao hon
so vai azacrown ether 44. Nguyén nhan duoc cho 1a do kich thudc cua vong crown
anh huong téi tinh chat wa dau-nuée cua ching nén anh huong téi tinh chon loc cua
qua trinh van chuyén. Cach giai thich nay ciing phu hop véi su can bang nudc-dau
cua imidazole azacrown ether. Kha niang van chuyén cao nhat dbi véi cac ion Pb(ll)
dugc quan sat thdy & azacrown ether 46 (91,6%). P chon loc van chuyén ciia mang
polymer gan véi chat 46 lan luogt 1a: Ph(I1) > Zn(l1) > Cd(I1) va hé sé chon loc
Pb(11)/Cd(11) va Pb(11)/Zn(11) lan luot bang 40,1 va 13,4 [80].

Ciing trong nghién ctru nay, dé kiém tra tinh 6n dinh 1au dai cia mang polymer
gan imidazole azacrown ether PIM, c4c nha nghién ctu da sir dung lai cac mang
tuong tu V4i azacrown ether 44 hoac 45 1am chat mang ion trong céc thi nghiém van
chuyén ion kim loai lién tiép (thoi gian 48 gio) tir cac dung dich ¢6 ciing nong d6 ion.
Két qua cho thay thong luong ban dau caia ion Pb(I1) giam theo s lan van chuyén lap
lai qua PIM. B4i véi mang si dung chat mang azacrown ether 44, thong lugng ban
dau giam nhiéu hon so vai sir dung azacrown ether 45. Nguyén nhan c6 thé do chat
mang bi loc ra khéi mang trong qua trinh loc, diéu nay c6 lién quan dén tinh ua nudc
va kha ning hoa tan trong nudc cia ching. Tuy nhién, azacrown ether 44 13 mot chat
it tan trong nudc, do dé, viéc ro ri chat mang 44 khoi mang khong phai 1a ly do duy
nhat khién thong lugng ban dau giam. Hién twong ndy c6 thé van lién quan dén toc
d6 hinh thanh phitc hop cua ion trong pha nguén vai azacrown ether trén mang.

Nghién ctru ciing chi ra hé sé chon loc caa Pb(11)/Cd(11) giam khi ting ndng do

34



ion kim loai trong pha nguon. Loai nhém dugc gan vao phan tir imidazole azacrown
c6 anh huong dén tinh 6n dinh 1au dai caa PIM [80].
1.2.1.2. Lam thay doi kha nang hoa tan va tinh tham cua thuoc
Ci6H33

o

@)
[ Ag" jNO{
O 0)
NN
Ci6H33
47
Hinh 1.9. Cau trlc cua azacrown ether véi Ag (1)

C4c cau trdc dang hat (liposome va niosome) ngdy cang dong vai trd quan trong
tromg linh vuc y dugc vi chling ¢6 thé st dung l1am hé théng phan phéi thude va nham
thudc vao dich tac dung [30, 49, 50, 65]. Nam 1980, Monserrat va cong su [33] da
t6ng hop cac cau tric hinh cau tir cac azacrown ether. Trén thyc té, phuong phap nay
lién quan dén su tuong tac cua azacrown ether véi ion Ag*, tao thanh céc phuc trong
dung dich nuéc. Céc phic duge hinh thanh 13 co s& caa sy hinh thanh cac cau tric
hinh cau (hinh 1.9). Sy hinh thanh cac cau trdc hinh cau tir crown ether 1a mot budc
quan trong trong viéc st dung cac hé thdng nay trong viéc phan phéi thudc.

Niosome (liposome khong ion) c6 kha ning bao boc ca thudc than nudc va than
dau nén c6 thé dong vai trd chat mang hiéu qua [10, 26]. Niosome c6 nhitng wu diém
dic biét so véi liposome nhu: (1) hoat dong tham thau tét; (2) on dinh vé mat héa
hoc; (3) thoi gian ban thai dai. Qua trinh tong hop niosome tir crown ether nham theo
hai hudng: (1) Str dung trong cac nghién ciu vé phan tng héa hoc; (2) 1am phuong
tién van chuyén thudc [89]. Nam 1988, Echegoyen va cong su [48] di lan dau tién
cdng bé viéc tong hop niosome tir crown ether trung tinh. Trong nghién ciru nay cé
su phan ung két hop gita dian xuit cua ether lariat va cholesterol hoic

dihydrocholesterol trong nudc dé tao thanh niosome ludng than (hinh 1.10).
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Hinh 1.10. C4u trdc cua cholestanyl

Lo oL 8
O\_/O N\”/\/\/\/\/\/\/\/CH3
O 49

Hinh 1.11. Cau trlc cta PCE
Mic di niosome Ia liposome khong ion, cac cation khac nhau c6 thé st dung dé
day nhanh qué trinh giai phong thuéc dugc bao boc trong niosome. Nam 1997,
Darwish va Uchegbu [19] da tong hop crown ether ludng than N-hexadecanoyl-2-
aminomethyl-15-crown-5 (PCE) (hinh 1.11), tir hexadecanoic acid N-
hydroxysuccinimide ester va 2-aminomethyl-15-crown-5. PCE duoc sir dung nhu

mot ngin chia cation cho hé thdng giai phong thudc cd kiém soat.

OH
HO& 01
o) o)
O(\ /?) O(\ /\C) ’//OH
Q /7 [ j N._N_O
0) o)
O\_/O K/O \) DQLNM
50 51 52 O

Hinh 1.12. Cau tric cac crown ether 50, 51, 52
Niam 2017, Morrison cing cac cong su [62] da tién hanh nghién ciru tac dong
ctia cac hop chat 12-crown-4, 15-crown-5 (50) va 18-crown-6 (51) ddi véi kha nang
tang do tan cua riboflavin (52) (hinh 1.12) va tang cuong su tham nhap vao giadc mac.
Do cau trGic phan cuc cua riboflavin, su thAm nhap caa né vao I6p biéu md la khdng
kha thi. Cac crown ether c6 thé théng qua viéc hinh thanh phirc hop vai Ca?* (c6 san

trong I6p biéu mé) va hoat dong nhu mét chat mang riboflavin, cho phép riboflavin
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di qua 16p biéu mo va tiép can 16p moé dém. Sy hién dién cua riboflavin trong 16p md
dém c6 tac dung cai thién tinh trang bénh. Trong nghién ctu ciing chi ra rang, cac
crown ether c6 kich thudc nhé mang lai hiéu qua cao hon.

1.2.1.3. Ung dung trong mét so linh virc k thugt: ché tao vat lidu, xir Iy nueéc thdi

Céc dai di vong don v&i nhiéu trung tdm tao phtic thuong thé hién tinh chat tur
va tinh chét dién hoa duoc ung dung trong k¥ thuat vat liéu. Mot duong luong phan
tir dai di vong chara 6 nguyén tir N sau khi dugc cho phan tng véi 3,5 duong luong
Cu(ClO4): s& lién két véi 3 ion Cu?* trong dung dich va thu duoc hop chat phirc cau
ba nhan Bis—us—hydroxo mau xanh 53. Cau trdc tinh thé caa hop chat phirc ciing da
duogc xac dinh [47]. Bay c6 thé dugc coi 1a hop chat phire dau tién chira tap hop cation
[Cus(OH)2]** bén trong bo khung dai di vong (hinh 1.13). Dang phuc Tris-Cu'' nay

c6 thé mang tinh chét tir va tinh chat dién hoa c6 y nghia ing dung cao.

C 53
Hinh 1.13. Hop chit dai di vong chira Cus(OH)** 53
Ewa Wagner-Wysiecka va cong su da nghién ctiu tong hop cac dan xuat
azacrown ether chura di vong pyrrole (54, 55) véi muc dich nghién ctu kha nang tao
phtic véi cac ion kim loai nang, gitip nhan biét va loai bo nhitng tac nhan gay doc manh
d6i vai stic khoe con ngudi. Nném nghién ciru da xac dinh duoc kha ning tao phuc tot
cua dan xuat azacrown ether nay véi ion Pb?* - cho mau sic va quang phd dic trung

trong dung méi acetonitrile hoic hon hop acetonitrile/nuéc (hinh 1.14, hinh 1.15) [13].
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R II i I I
O 1*
54
R =H, t-Bu, CH,CH,OMe; n=1, 2 R =H, t-Bu
Hinh 1.14. Hop chit azacrown ether chtra di vong imidazole
Tir hinh 1.15 ¢6 thé nhan thay khi thém dung dich Zn(CIOs), hodc Ni(ClO4).

hodc Cu(ClO4)2 hoic Pb(CIOs), dung dich s& thay d6i mau dic trung. Trong d6 ddi
véi ion Pb?*, tir dung dich mau do (azacrown ether 56) thanh mau xanh tim va tir dung
dich mau cam (azacrown ether 57) thanh mau xanh lam. Sy xuat hién mach
hydrocarbon trén azacrown ether 56, 57 khdng lam anh huéng dén kha ning tao phic
véi cac ion Pb*. Pic biét, dung dich azacrown ether 56 trong hon hop
acetonitrile/nude duge dé xuat nhu thude thir nhan biét ion Pb?* véi nong do phat
hiénla2,71.10"M (hay 56,1 ug/l) — mé ra huéng nghién cieu mai trong viéc trng dung
cac azacrown ether chira di V(‘)ng pyrrole dé nhan biét cac ion kim loai ning [13].

56 Ni Cu Ni

Hinh 1.15. Kha nang phat hién cac ion kim loai nang cua cac azacrown ether

56 va 57 thong qua sy thay d6i mau sac cua hon hop dung dich.
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i) piperidine, AcOH, toluen, reflux, 20h

So d6 1.12. Phan ing tong hop chat cam héa huynh quang 60

Quin va cac cong su (2008) da nghién ctiru ché tao nén mot loai dau do phat hién
huynh quang mai véi viéc tao ra chat cam hoéa huynh quang dua trén phan ung cua
BODIPY véi ion kim loai va pH. Dé tong hop chat héa cam huynh goauang 60, boron
dipyrromethene (BODIPY) 58 dugc ghép ndi ¢ vi tri 3 voi mot macrocycle aza-
tetraoxa 59 théng qua mot cau ndi lién két 1a ethenylphenyl (so d6 1.12). Cac dac tinh
quang vat ly ciia dau do 60 phy thudc vao dung méi da duoc nghién ciru bang phuong
phap quang pho hap thy va phét xa ¢ trang thai on dinh ciing nhu phép do huynh
quang phan giai theo thoi gian. Nghién ctru ciing chi ra thudc nhuom azacrown ether
trai qua phan ung proton hoa (de) thuan nghich (pKa= 0,09) va cho thay sy dich
chuyén mau xanh lam (A~ 50nm) trong quang phé kich thich va ting huynh quang
gap 10 lan khi proton hda. Hop chét nay ciing tao phic 1:1 vai mot sé ion kim loai
(Li*, Na*, Mg?*, Ca?*, Ba?*, Zn?*), tao ra cac dich chuyén I6n mau xanh lam trong
quang pho kich thich va khuéch dai huynh quang do cation gdy ra dang ké [86].

Polyamine macrocyclic don gian hoa tan trong H20 nhiéu hon trong dung moi
hitu co. Do d6, sur gan két ciia chudi alkyl dai 1am cho polyamine hoan toan wa ma.
Cac phan tir nhu vay ciing c6 thé dong vai trod 1a chat mang hoic chét trung gian chiét

Xuat cac ion kim loai va polyanion vao méi trudng ura md.
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So d6 1.13. Tong hop vat liéu trao ddi ion 64a, b va 65

Mot loai vat liéu trao doi ion di duoc Masao Tomoi va céc cong su (1983)
nghién ctiu ché tao bang cach gan mot polythiacrown ether gan trén chat mang la
polymer (61a, b va 62). Cu thé, vat liéu nay duoc diéu ché tir nhya polystyrene
chloromethyl héa 63 va polythioether (64a, b va 65) 14 hoac 20 canh ¢6 chira nhom
hydroxy (so db 1.13). Cac polythioether gan trén chat mang polymer dugc phét hién
thay c6 kha nang hap phu Ag* hiéu qua cao. Hiéu qua hap phu giam dan doi véi Cu?*
va Cd?*. Bdi véi Ag*, kha ning lién két cia 65 hau nhu khong phu thudc vao hinh
thai cua chat mang polymer, trong khi déi véi Cu?* kha ning lién két phu thudc vao
hinh thai. Ag* hodc Cu?* di bi hap phu dugc loai bo bang céch xir 1y vat liéu hap phu
bang dung dich ammonia. Muc d6 giai hap phu dat 80-90% dbi véi lan hap thu ban
dau. Kha ning hap phu ion cta vat liéu & nhitng lan sau thap hon voéi lan dau tién, tuy
nhién sau nhiéu lan tai sir dung thi kha nang hap thu giam hau nhu khong dang ké va
lugng ion bi hap phu gan nhu 6n dinh. Do d6, cac vat liéu hap thu (hay vat liéu trao
dbi ion) cau tao boi thiacrown ether gan trén chat mang polymer I nhitng vat liéu
hap thy c6 thé duoc tai sir dung duoc [52].

Niam 1996, Keiji Yamashita cting cac cong su da tong hop céc thiacrown ether
6-(4'-vinylbenzyloxy)-1,4,8,11-tetrathiacyclotetradecane (66) va 9-(4'-

vinylbenzyloxy)- 1,4,7,14,17-hexathiacyclo eicosane 67. Cac thiacrown ether nay
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dugc polymer héa thanh polythiacrown ether va dong tring hop véi styren (St) va N-
vinylpyrrolidone (NVP) bang phan &ng trung hop géc. Ligand polymer thiacrown
ether c6 tinh lién két chon loc ddi véi cac ion Ag* va Hg?* gidng nhu mot ligand
polymer c6 cac don vi polythioether mach ha. Nghién ctu cho thiy kha ning lién két
cua polythiacrown ether véi ion kim loai khéng bi anh hudéng boi hinh dang caa
thioether (ether vong hoic ether mach ho) va boi thanh phan copolymer. Ching c6

thé dugc sir dung lam chat hap phu trong méi truong acid va co thé tai st dung nhiéu

u}@

66: n=1;67: n=3

Hinh 1.16. Céu trdc cua cac monomer thiacrown ether 66 va 67

Niam 2000, Gaboury cing cac cdng sy da dugc cap bang sang ché cho cac
thiacrown ether va c4c phan tir polymer chira dan xuét thiacrown ether c6 chira tir 4
dén 10 nguyén tir lvu huynh trong vong crown ma nhém nghién ciu cua 6ng téng
hop duoc. Cac hop chét thiacrown ether theo sang ché duoc cho 1a ¢6 vai trd quan
trong trong mét loat cac tng dung bao gém nhu chat e ché dn mon cho hé théng 1am
mét, ndi hoi va hé théng xt 1y nudc thai, hé thong xir Iy hydrocarbon va xir Iy bé mat
kim loai [29].

K& tir khi phat hién ra cac hop chat hitu co lién hop = ¢ thé hoat dong nhu chat
ban din va c6 thé duoc sir dung trong pin mat troi, bong ban dan hiru co va didt phat
sang hitu co, cac hé théng lién hop m ndi 1én nhu mot hé théng chung va giai phéap
manh mé& cho dién tir hitu co. Hau hét cac thiét bi dién tir hitu co déu cd nhitng wu
diém doc dao khi so sanh véi cac san pham twong tu nhung lam tir vat liéu vo co,
chang han tinh chat nhe, linh hoat, chi phi thap va ché tao dé dang. Chinh vi vay cac
thiét bi dién tir 6 str dung vat liéu hitu co mang lai gia tri thwong mai vo cing 16n.
Tuy nhién, mot s6 nghién ctru khac da dua ra rat nhiéu bang chiing vé cac khia canh

tiéu cuc dang chu ¥ 1a ty 16 hong hoc cao khi tiép xuc khong khi va do am trong mot
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thoi gian str dung ngan, dan dén hiéu qua st dung thap. Trén thuc té, cac nha khoa
hoc d3 nd luc rat nhiéu dé phat trién cac vat liéu mai nham giai quyét cac van dé thiét

yéu ma cac thiét bi dién tir hiru co gap phai.

71 72 73

Hinh 1.17. Thiacrown ether 68-73

Dua trén nhu cau thyc té, Khaled Ale Khalyfe va cac cong su (2020) da nghién
ctru Vé cac tinh chat nhu kha ning tao phirc, d6 6n dinh caa phic hop tao nén bai cac
thiacrown ether (68-73) (hinh 1.17) vai fullerene (Ceo) théng qua ca phuong phap
thuc nghiém va ly thuyét. Trong d6, fulleren 1a mot trong 3 dang tinh thé caa phan tir
carbon (2 dang con lai 14 than chi va kim cuong). Fulleren s& hitu mot sé dic tinh dic
biét c6 ¥ nghia nhu 1a chat nhan dién tr, c6 tinh cam quang manh mé, 1a thanh phan
co ban ctia pin mat troi va nhiéu dic tinh c6 ¥ nghia khac. Trong nghién citu nay, kich
thugc cua thiacrown ether (68-73) va ban chat cua céc di nguyén ti (N, O va S) da
dugc thay d6i mot cach ¢ hé thong dé kiém tra tac dong cua cac yéu té nay ddi voi
kha nang cho nhan dién tich, mirc d6 linh hoat, d6 6n dinh cua phtc hop [35].

Thiacrown ether ciing dugc tng dung rong rai véi vai trd 1a chat chong an mon.
Minevski va c4c cong su (1999) da duoc cap bang sang ché cho thiacrown ether -
chat &c ché an mon déi véi alkanolamine ma ho tong hop dugc. Sy dn mon kim loai
khi tiép xuc vai dung dich nudc alkanolamine trong cac thiét bi loai bo khi acid s&
duoc e ché bang cach thém vao dung dich alkanolamine mét luong chat Gc ché an
mon thiacrown ether [46].

Thiacrown ether con duogc biét ¢én vai tng dung rong réi trong viéc tao nén céc
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dién cuc do dién thé véi hiéu qua va do 6n dinh rat cao. Céc dién cuc duoc phu lop
mang polymer ¢ gin vat liéu trao doi ion la thiacrown ether. Hanna va cong su
(1999) da khao sat kha nang do dién thé cua dién cuc duoc phi I6p mang cé gan
thiacrown ether. Cac phép do dién thé duoc thuc hién véi sy ¢6 mit caa dung dich
dém acetate (pH 4,00 va ddi véi cac dung dich goc 102M Pb(NO3)2 dugc pha lodng
lién tiép. Tiém ning vé cdu hinh pH cua mang dya trén thiacrown ether di chon duoc
chang minh 1a khéng bi anh huang bai H* trong pham vi pH rong. Anh huéng cua
thanh phan dung dich miu ciing nhu dung dich d6i chimg dén do chon loc va pham
vi phét hién cling da dugc ching minh [24].

Viéc sir dung cac loai chat mang la polymer trong ca tong hop va phan tach
dang gia ting manh m& va cac (ng dung trong cong nghiép khdng ngirng phat trién.
Céc nha hoa duoc trong nganh cong nghiép duoc pham hién nay ciing thudng xuyén
st dung cac thudc tht, ta dugce duoc tao nén bai polymer dé diéu ché cac hé thong
phan phéi thudc tinh vi, cd thé kiém soat toc do giai phong va dich tac dung. C6 thé
noi viéc sir dung vat liéu polymer 1am chat mang, thudc thir hodc chat tay rira da co
anh huong 1on trong qua trinh tong hop hitu co, xir Iy va tinh ché san pham.

1.2.2. Ung dung cia cac hop chit azacrown ether va thiacrown ether trong
nghién ciu phat trién thuéc méi

Viéc str dung azacrown ether nhu vector muc tiéu c6 thé duoc coi 1a diém khoi
dau trong qua trinh diéu trj tai dich mot s6 loai bénh. Azacrown ether da duoc su
dung véi vai tro 1a chat van chuyén thube trong diéu tri mot sé loai bénh ung thu,
danh dau budc tién 16n trong qué trinh nghién ciu phat trién cac phuong phap phan
phdi thudc trong co thé. Véi cau tric caa azacrown ether, cac phan tir nho caa thudc
c6 thé dugc dua vao cac khoang ciia chung. Con ddi voi cac phan tir kich thudc 16n
hon, ¢ thé két néi truc tiép véi azacrown ether va di qua mang té bao.

Nam 2001, Yavorskaya cung cac cong su [88] da nghién ctru viéc sir dung cac
dan xuat crown ether khac nhau 1am chat mang cho actinocin. Trong nghién ciru nay,
actinocin dugc lién két vai benzo-15-crown-5 va benzo-18-crown-6 thdng qua lién
két amide (hinh 1.18). Céc dan xuat tong hop duoc chia thanh hai nhém: Nhém dau

tién, actinocin lién két vai crown ether thong qua lién két amide; nhém thu hai,
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actinocin lién két véi crown ether théng qua amino acid (glycine, f-alanine). Cac hop
chat tong hop duoc, dugc thir nghiém hoat tinh giy doc té bao trén cac dong té bao
ung thu (ung thu biéu mé phoi, ung thu biéu mé ¢ tir cung, ung thu rudt két,...). Két
qua cho thay hop chat 74 (c6 doan benzo-15-crown-5 chon loc ion Na*) ¢é hoat tinh
cao d6i voi ung thu vi. Noi chung, cac dan xuit nhom dau tién cé hoat tinh cao doi
Vi té bao ung thu; cac dan xuat nhém thi hai c6 doc tinh cao hon. Ngoai ra, cac két
qua khac cua nhdm nghién ciru nay thu duoc ciing cho thay rang cac dac tinh chéng
ung thu cta hoat chit tng hop duoc khdng chi phu thudc vao su sap xép 13n nhau
cta cdc nhom chirc nang va vong crown, ma con phu thudc vao tinh chon loc cua
vong crown d6i voi cac cation khac nhau. Két qua nay goi y cho cac nghién ciru dua
cac nhom crown lién két vao DNA ciing c6 thé dan dén cac hop chét ¢ hoat tinh
chéng ung thu cao.

COR COR
N NH,
0 0
CH; CH,

74 R: NH-Benzo-15-crown-5

75 R: NH-Benzo-18-crown-6

76 R: NHCH,CONH-Benzo-15-crown-5
77 R: NH(CH,);CONH-Benzo-15-crown-5

Hinh 1.18. Céu trdc cia din xuét cia actinocin ¢6 chia benzo-15-crown-5 va
benzo-18-crown-6

Bén canh viéc nghién ciru tong hop cac dai phan tir c6 chira cac di vong pyrrole,
pyridine, ... nham phét trién cac tng dung trong k§y thuat, cong nghé, cac azacrown
ether con dugc tong hop véi muc tiéu tim kiém cac hoat chat tiém nang (twong tu nhu
céc phan tir hop chat thién nhién — valinomycin — hinh 1.19) ¢6 kha nang thé hién céac
hoat tinh sinh hoc hitu ich tng dung nhu hoat tinh khang nam, khang khuan, gay doc
té bao... Nam 2013, Smithrud va cong su di tdng hop cac dan xuét crown ether
(CEHR) (hinh 1.20) duéi dang hop chat ionophore [20]. Muc dich cua nghién ctu la
Kiém tra doc tinh cia CEHR d6i véi dong té bao SKOV-3. Nghién ctu chi ra rang: t-
butoxycarbonyl (Boc)-CEHR c6 dgc tinh cao va arginine (Arg)-CEHR c6 dgc tinh
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thip hon. Két qua nghién ciru cho thdy, CEHR lam ting nong d6 Mg?* va Ca?* dé tao
ra qua trinh apoptosis ma khéng hoai tir [87].

0
R
R
R 0
7/(N o R
HN 0) H
\ 0 NPII{
0= 0 ;
,,,,,,,, 0
N K o)

CH
K/O\) (0 Oj 2 3
CEHR-R1: X= OC(CHs); 0 © H3C—1—CH;
CEHR-R,: X= CH,CO,H CH,
CEHR-R3Z X= (CH2)3C02H O
H

Hinh 1.20. Cau trdc cua Boc-CEHR va Arg-CEHR
Trong qua trinh nghién ciru va phat trién cac phuong phap téng hop dan xuat
pyridinocrownophane chaa di vong pyridine, Giao su Soldatenkov A.T. va cdc cong
sur (2008) di ap dung phan tmg ngung tu da tac nhan Hantzsch téng hop thanh cong

pyridinocrownophanes 81 chira di vong y-aryl hoac y-heteroarylpyridine tir 1,5-bis(2-
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acetylphen-oxy)-3-oxapentane 80, aldehyde thom va mubi ammonium acetate. Phan
g duoc thuc hién bang cach dun hdi luu trong dung méi acetic acid trong khoang
5 — 8 gio (so d6 1.14) [22]. Khao sat hoat tinh gdy doc té bao cua cac
pyridinocrownophanes 81, nhém tac gia di xac dinh dugc mot sé dan xuat c¢é kha
nang thé hién hoat tinh gy doc té bao tét trén mot sé dong té bao ung thu Hep-G2,
MCF7, RD, FL, ...

0] (0]
Me Me

+ NH4OAC O
)

OK/O\)O > k/o\)

AcOH, 120°, 5-8h
80

Ar = Ph, m-CIC6H4, m-BrCsH4, m-NO2CgsHa4, p-OMeC6H4, 0-OHCgHy4, p-CIC6H4,
pP-NO2CsH4, p-OHCsH4, p-BrCeHs, 0-CICsHa, 2-thienyl, 2-pyrrolyl.

So d6 1.14. Téng hop céac dan xuat pyridinocrownophanes 81 bang phan tmg ngung

tu da tac nhan Hantzsch
j\
HN N—R
¢
+ NH,OAc N
3 EtOH/AcOH H
R C 0] (0)
0 O + HZNJ\N/
H 70°C, mw, 200w,
(83a-¢) t= 20 phut
O

83a, 84a: R=H, X=NH ©
82 83b, 84b: R=-CN, x=NH  (843-¢)
83c,84c:R=H, X =S
83d,84d: R =-CHs, X =S
So d6 1.15. Téng hop dan xuét dibenzo(pehydrotriazono)aza-14-crown-4-ether

T6 Hai Tung va cac cong su (2015) nghién ciru tong hop bang phuong phap

chiéu xa vi séng va danh gid hoat tinh gy doc té bao cia mot s6 dan xuat
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dibenzo(pehydrotriazono)aza-14-crown-4-ether (so dd 1.15) cho thay cac hop chét
84a, 84e, 84d duong tinh véi té bao ung thu dong RD (ung thu co van tim), khong
thé hién hoat tinh d6i voi cac dong té bao ung thu phdi (Lu) va ung thu gan (Hep-G2)
VGi gia tri ICso gan nhu nhau. Cac hop azacrown ether 84b lai thé thién duong tinh
Véi té bao ung thu gan dong Hep-G2 ma khong thé hién hoat tinh véi cac té bao ung
thu phéi (Lu) va ung thu co van tim (RD) véi gia tri 1Cso 12 3,79pg/ml [37].

Trong nghién ctu cua S.T. Huang va cong su (2002) di tong hop duoc
thiacrown ether 85 va 86 (hinh 1.21)[68]. Tat ca cac thiacrown ether di diéu ché déu
cho thay hoat tinh khang ndm yéu, hoat tinh gay doc té bao dang ké va hoat tinh khang

khuan manh d6i vai Staphylococcus aureus khang methicillin.

o) og e

85 (a-e)

86 (a-e)
85a (n=1) 86a (n=1)
85b (n=2) 86b (n=2)
85¢ (n=3) 86c (n=3)
85d (n=4) 86d (n=4)
85¢ (n=3) 86 (n=>5)

Hinh 1.21. Cau trdc thiacrown ether 85 va 86

Mot loat thiacrown ether mai 1a cac dan xuét quinoline 87-89 da duoc tong hop
boi Muhammad Ashram va cong su (2019) véi hiéu suat cao va phuong phap thuc
hién don gian. Sy tao phtc ion kim loai chuyén tiép cua chung duoc nghién ctru bang
phuong phap do do dan dién trong acetonitrile & 25°C. Thiacrown ether 87 va 88 cho
thiy su giam lién tuc d6 dan phan tir trong phirc chat caa ching véi Ag*, Cu?*, Hg?*
va Zn?*, bat dau chiing lai  ty 1é mol 1:1 caa thiacrown ether véi kim loai, cho thay
su hinh thanh mét phtc hop 1:1 6n dinh. Mt khac, thiacrown ether 89 chi tao phic
1:1 v6i Ag*, Cu?*, Hg?*. Céc tac dung khang khuan, chéng oxy hoa va gay doc té bao
so bo trén c4c té bao khéi u va trong thir nghiém in vitro ciing da duoc bao cdo. Nam

chang vi khuan thir nghiém da duoc dua vao nghién cttu nay. Hoat tinh chdng oxy
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hoa dugc do bang kha ning nhit géc va khir mau cua cac gdoc 1,1-diphenyl-2-
picrylhydrazyl (DPPH). Tac dung gy doc té bao cua thiacrown ether duoc danh gia
trén dong té bao MDA MB-231 (ung thu biéu md tuyén vl ¢ nguoi, ATCC HTB-
26)[53].

s’\/s‘/\s
AN S AN
N~ s S” N NS s STN
-/ /
88
87 S/\/O\/\S
XY 0D
— Z
NS o SN
/1
89

Hinh 1.22. Thiacrown ether (87- 89)

1.3. CAC PHUONG PHAP THU HOAT TiNH SINH HOC IN VITRO DUNG
TRONG LUAN AN
1.3.1. Phuwong phap danh gia hoat tinh diét té bao ung thw

Thir nghiém kha niang séng cua té bao va kha ning giy doc té bao in vitro trén
c4c té bao nudi cdy duoc st dung rong rai dé kiém tra doc tinh té bao cua hda chat va
sang loc thudc. Cac thir nghiém vé kha ning song cua té bao va doc tinh té bao dua
trén céc chirc nang khac nhau cua té bao nhu tinh thim cua mang té bao, hoat dong
cua enzyme, su két dinh cua té bao, san xuat ATP, san xuat ddng enzyme va hoat
dong hap thu nucleotide [27].

Thir nghiém kha nang song cia té bao va/hoic doc tinh té bao trong dng nghiém
c6 mot sé wu diém, chang han nhu nhanh chéng, giam chi phi va kha niang tu dong
hoa. Nhiéu thir nghiém st dung té bao nguoi phi hop hon so véi thir nghiém trén
dong vat in vivo. Hon nita, phuwong phap nay con dic biét hitu ich dé thir nghiém sé
lugng 16n mau. Tuy nhién, ching c6 mot sé nhuoc diém vi chua du tién tién vé mat
k¥ thuat, dé thay thé cac thir nghiém trén dong vat [71]. Biéu quan trong la phai biét

c6 bao nhiéu té bao kha thi con lai va/hoic bao nhiéu té bao da chét khi két thic thir
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nghiém. Mot loat cac xét nghiém doc tinh té bao va kha ning sdng cua té bao hién
dang duoc stir dung trong cac linh vuc doc hoc va dugc ly hoc. Viéc lua chon phuong
phap xét nghiém 1a rat quan trong trong viéc danh gia loai twong tac xay ra giira té
bao va thudc hoic hoa chat nghién cuu.

Mic du ¢6 nhiéu cach phan loai khac nhau ddi véi xét nghiém doc tinh té bao
va kha ning séng cua té bao, nhung phan 16n cac xét nghiém nay duoc phan loai theo
loai phép do cuia diém cudi (mau thay d6i, huynh quang, phét quang, ...) [57].

Hoat dong trao ddi chat 1a mot chi s6 phd bién dung dé danh gia sy séng cua té
bao. Cac xét nghiém do mau trén té bao dugc sir dung dé xac dinh hoat dong trao doi
chat cua té bao. Vi du, mudi tetrazolium va resazurin bj khir thdng qua hoat dong
dehydrogenase cua ty thé bai cac té bao song. Khi céc té bao chét hoic nging phan
chia, qué trinh khir mudi resazurin va tetrazolium c6 mét su thay doi c6 thé do luong
dugc. Su thay doi twong ung vé téc do thay thé co thé duoc phan tich thong qua do
mau va/hoic phat hién huynh quang. Mot sé mudi tetrazolium phé bién nhét duoc sir
dung trong céc nghién ciu trao d6i chat dua trén té bao 1a MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide), MTS (3-(4,5-
dimethylthiazol-2-yl)-5-(3-cacboxymetoxyphenyl)-2-(4-sulfophenyl)-2H-
etrazolium), XTT (2,3-bis-(2-metoxy-4-nitro-5-sulfophenyl)-2H- tetrazolium-5-
carboxanilide), WST-1, va WST-8 (2-(2-metoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-
(2,4-disulfophenyl)-2H-tetrazolium). Ngoai ra con mot sé6 phuwong phap xét nghiém
do mau khac cling dugc nghién cau va ap dung rong rai nhu: xét nghiém LDH
((lactate dehydrogenase), xét nghiém SRB (Sulforhodamine B), xét nghiém NRU
(neutral red uptake) va xét nghiém CVS (Crystal violet - thuéc nhudém tim tinh thé).

Phuong phap xét nghiém do mau rat dé sir dung, chi phi hop 1y, do vay phép do
nay duoc st dung rat phé bién trong nghién ciru danh gia doc tinh caa hoat chat voi
té bao. Tuy nhién, cac xét nghiém do mau khong thé phan biét gitra thudc hoac hop
chat gay doc té bao va thudc hoic hop chat kim té bao, va co thé khong dat dugc di
d6 nhay khi 1am viéc vai cac mau té bao nho (<1000) [83].

Trong s6 cac phuong phap xét nghiém do mau dung dé dinh luong té bao,

phuong phap MTT va phuong phap xét nghiém SRB hay dugc sur dung vi don gian,
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nhanh chéng, chinh xac hon phuong phap dém té bao bang cach nhudém trypan blue.

Trong nghién ciu ndy, phuong phap thir nghiém duoc lva chon dé danh gia hoat
tinh gy doc té bao in vitro cua cac hop chat téng hop dugc 1a phuong phap thir
nghiém SRB. Phwong phap tha kha ning giy doc té bao in vitro SRB
(Sulforhodamine B) duoc Vién Ung thu Qudc gia Hoa Ky (National Cancer Institute
- NCI) xac nhan la phép thir d6 doc té bao chuan nhim sang loc, phat hién cac chét
c6 kha nang kim ham su phat trién hoac diét té bao ung thu ¢ diéu kién in vitro. Phép
thir nay duoc thuc hién theo phuong phap cia Monks. Phép thir tién hanh xac dinh
tong ham luong protein té bao dua vao mat d6 quang hoc (Optical Density - OD) do
dugc khi thanh phan protein cua té bao dugc nhuém bang Sulforhodamine B (SRB).
Gia tri OD may do duoc ti 18 thuan voi lugng SRB gan véi phan tir protein, do d6
lwong té bao cang nhiéu (lwong protein cang nhiéu) thi gia tri OD cang 16n .

Uu diém: Xét nghiém don gian, nhanh va nhay. Gia tri mat do quang ¢ do
tuyén tinh tt véi s6 lugng té bao, cho phép sir dung ndng do thudc nhuém béo hoa,
it nhay cam hon véi cac dao dong ciia moi truong, khong phu thuoc vao qua trinh
trao d6i chit trung gian va cung cap mot diém két thuc cd dinh khong yéu cau do téc
d6 phan tng ban dau nhay cam véi thoi gian [43]. Kha ning tai 1ap cua xét nghiém
nay la cao.

Nhuge diém: Mau thr & dang huyén phu nén khé duy tri ¢ dang dong nhat, cac
té bao c6 thé tap hop thanh khdi anh huong t6i hiéu suat caa xét nghieém.

Ngoai ra, dé danh gia kha nang séng cua té bao mot s6 phuong phap xét nghiém
khac ciing c¢6 thé dugc sir dung nhu: Phuong phéap xét nghiém huynh quang nhu xét
nghiém AlamarBlue, xét nghiém GF-AFC, xét nghié¢m CFDA-AM hoac cac xét
nghiém do do sang nhu xét nghiém phat quang sinh hoc ATP va xét nghiém real —time.
1.3.2. Phwong phap danh gia hoat tinh rc ché enzyme a-glucosidase

Dai thao duong 12 mot bénh rdi loan chuyén hoa, dic trung boi ndng dod
glucose trong méau ting cao, nguyén nhan do sy thiéu hut bai tiét insulin tir té bao p
d40 tuy hoic kha ning hoat dong cua insulin bi suy giam. Dudi day 13 mot s6 phuong
phap pho bién duoc str dung dé danh gia hoat tinh ha duong huyét cia mot chat hoa

hoc mai in vitro.
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1.3.2.1. Phwong phdp xét nghiém té bao beta insulinoma

Céc dong té bao insulinoma nhu RINm5F hodc MING ¢d kha nang tiét insulin boi
vay chung duoc ding dé nghién ciu tic dong ciia cac hoat chat mai Ién sy tiét insulin
va chuyén héa glucose. Céc thir nghiém bao gdom do luong nong do insulin hozc duong
huyét sau khi té bao duoc tiép xdc véi hoat chat. Té bao insulinoma dugc nudi ciy vao
cac dia petri riéng biét hodc tam cé dinh thich hop va nudi cy trong méi trudng phu
hop. Piéu kién nudi cay phai dam bao té bao duy tri tinh chét va chirc ning cua té bao
beta insulinoma, bao gdm kha nang tiét insulin va chuyén hoa glucose. Hoat chét
nghién ciru duoc thém vao méi trudng nudi ciy & cac mic ndng do khac nhau dé kiém
tra tac dong cua hoat chat 18n hoat dong san xuat insulin cua té bao insulinoma. Sau khi
té bao beta insulinoma tiép xtc vai hoat chat, cac thir nghiém s& duoc tién hanh dé do
lwdng murc d6 tiét insulin va chuyén hoa glucose cua té bao. Bidu ndy cé thé bao gom
do luong nong do insulin trong mdi truong nudi cay hodc do luong ndng do glucose
con lai sau khi té bao beta insulinoma dugc tiép xuc véi glucose.

Pé do ludng muc d6 san xuat insulin, c6 thé s dung cac phuong phap nhu
ELISA (Enzyme-Linked Immunosorbent Assay) dé dinh lwong insulin ¢c6 mit trong
moi trudng nubi cay.

Hoat tinh ha duong huyét caa hoat chat méi duoc danh gia dua trén két qua do
luong insulin dugc san xuat ra. Néu hoat chat c6 kha ning kich thich san xut insulin
tir t& bao insulinoma, nghia 1a n6 c¢6 kha niang giam néng do dudng huyét.

Qua trinh xét nghiém té bao insulinoma can duoc tién hanh trong méi trudng
diéu kién can than va kiém soat cac yéu té ngoai vi nhu nhiét 46, d6 am va pH dé
dam bao két qua dang tin cay.

1.3.2.2. Phuong phdp xét nghiém enzyme

Ngay nay, phuong phap enzyme duoc biét dén 1a phuong phap phd bién nhat
dé xac dinh kha ning chuyén hoa glucose. Phuong phap nay lién quan dén xem xét
tac dong cua hoat chat 1&n hoat dong cua mot s6 enzyme tham gia vao qué trinh
chuyén hoa glucose nhu hexokinase, glucoseoxidase va glucose dehydrogenase...
Phuong phap enzyme c6 tinh dac hiéu cao, thoi gian thuc hién nhanh va hiéu qua.

a) Xet nghiém s dung enzyme glucose hexokinase: Enzyme glucose
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hexokinase c6 kha ning chuyén hoa glucose thanh glucose-6-phosphate. Phuong
phép nay dua trén viéc do luong hoat dong ctia enzyme glucose hexokinase sau khi
hoat chat nghién ctru tac dong 1én nd. Pidu nay cho phép danh gia sy anh hudng cia
hoat chit dbi véi chuyén héa glucose. Cu thé, phuong phap nay danh gia kha ning
ctia hoat chat tac dong 1én viéc hép thu glucose trong cac té bao muc tiéu nhu té bao
adipose (té bao md) hoic té bao co. Hoat chit duoc thém vao hé théng xét nghiém va
sau d6 tién hanh do ludng lugng glucose duge hap thu boi té bao sau mot khoang thoi
gian xac dinh.

b) Phuong phap xét nghiém st dung enzyme a-glucosidase: Enzyme a-
glucosidase c6 kha nang phan giai disaccharide thanh glucose. Phuong phap nay do
luong sy thay doi hoat dong ciia enzyme glucosidase khi c6 mat hoat chat nghién ctu
tir d6 cho thay kha ning tac dong caa hoat chat nghién ciru d6i véi qua trinh chuyén
hoa glucose.

c) Phuong phép xét nghiém su dung enzyme a-amilase: Enzyme a-amylase
tham gia vao qua trinh phan giai tinh bot thanh glucose. Do hoat dong cua a-amylase
sau khi tiép xtc vai hoat chat cd thé cho biét kha nang tic dong cua hoat chat 1&n viéc
tao ra glucose tur tinh bot. Luong glucose tao thanh tir phan wng phan giai tinh bot sé
dugc do bang phuong phép thich hgp. Mot trong nhitng phuong phap pho bién 1a st
dung enzyme glucose oxidase (GO) dé chuyén doi glucose thanh gluconic acid va
hydrogen peroxide. Sy thay doi nong d6 hydrogen peroxide cé thé do bang cac
phuong phap quang phd hodc do mau dé wéc tinh nong do glucose, tir d6 giup danh

gia kha nang ha duong huyét cia hoat chat nghién ciru ban dau [8].

1.4. PHUONG PHAP SANG LOC AO TRONG NGHIEN CUU HOAT TIiNH
SINH HOC (IN SILICO)
1.4.1. Pic diém va vai tro cia phwong phap sang loc 40 (in silico) trong nghién
ciru hoat tinh sinh hoc

Hién nay, sang loc 4o in silico (Virtual Screening) 1a mot cong cu pho bién trong
nghién cru héa dugc dé nhan dién cac hop chét tiém ning thong qua cong nghé tin
hoc hién dai. K§ thuat nay giGp giam chi phi va rat ngan thoi gian phat trién thudc,

trong d6 c6 thé sang loc hang triéu cau trdc trong vai tuan, thay vi 10-15 niam va chi
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phi hang trdm triéu Euro nhu quy trinh truyén théng. Phuong phap nay khai thic mé
hinh twong tac Receptor—Ligand, ti wu hoa cdu tric hop chat dwa trén muc ning
luong AG thap nhét (hinh 1.23), véi yéu cau hé thong may tinh hiéu nang cao [4][72]. .
CAu trdc cé4c protein dich & md hinh 3 chiéu (3D) dbi véi mdi bénh dugc cung cap
boi cac nha sinh hoc, céac ligand dugc phat trién dya theo cau trlic caa cac hop chat
hod hoc, dic biét 1a cac bo khung carbon da duoc biét rd rang va c6 ngudn cung cap,
ngoai ra cac sang loc nay yéu cau cac phan mém may tinh ban quyén va hé thong
may tinh v&i toc d6 rat nhanh [58].

Ung dung cua sang loc in silico xuyén sudt qua trinh nghién ctu va phat trién
thudc, tir tim kiém, ti wu hoa cac hop chét sinh hoc, dén cac giai doan tién 1am sang
va lam sang. Phuong phap nay hd tro du doan hoat tinh, co ché tac dung, va tiém
ning gdy doc dya trén cac md hinh toan hoc [45]. Sang loc in silico gom hai hudng
chinh: LBVS, tap trung vao cau triic twong quan — hoat tinh (QSAR), va SBVS, st
dung cau trdc ba chiéu cua dich sinh hoc dé md phong va xép hang ai luc lién két cua
cac hop chat.

Déi v6i hudng tiép can trén nén tang hop chat (LBVS), cac hop chét dugc sang
loc dwa vao dit liéu sinh hoc hién c6 dé xac dinh hop chat nao c6 hoic khdng co hoat
tinh. Tir d6, cac hop chét tiém ning duoc lva chon théng qua danh gia twong dong vé
cau tric, dic tinh duoc Iy va cac yéu t6 khac. Phuong phéap nay phé bién trong nghién
clru tuong quan cau tric - hoat tinh hoa hoc (QSAR), sir dung cac thong s6 nhur ai lyc
lien két (KD) va nong do tc ché téi thiéu (1Cso). Chét lugng caa md hinh QSAR phy
thudc vao kha nang tuong thich véi mdi truong hop, dit liéu dau vao, cach mo ta cau
trdc hop chat, anh huong cua dit liéu ngoai vi, ciing nhu viéc lya chon cac huéng giai
quyét [31].

Déi voi hudng nghién ciu trén nén tang cau trdc chat (SBVS), qua trinh nghién
ctru bat dau tir cdu tric protein dich va mot co s dit lidu hop chit dé thuc hién mo
phong docking, nham tim kiém hop chéat c6 kha ning twong tac tai cac ving hoat
dong cua protein (active sites). Hop chat dugc xép hang va lya chon dua trén diém
tuong tac cling cac tiéu chi lién quan, trong d6 nhitng hop chat co diém cao nhat s&

duogc thir nghiém thuyc té. [45].
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(B)

(D)

Hinh 1.23. Minh hoa twong tac protein - ligand. (A) Bé mat ving hoat dong cua
protein; (B) CAu triic ba chiéu cua ligand; (C) Trang thai lién két bé mat protein —
ligand; (D) C4u hinh tuong tac ba chiéu protein - ligand

Mot budc quan trong trong SBVS la xép hang diém cua hop chat, mot quy trinh
day thach thirc do mot sb twong tac rat kho tham sé hoa. Biém sé c6 vai tro trong viéc
danh gia cau hinh tuong tac kha thi nhat va sang loc cac hop chat tiém ning. Viéc
tinh diém duoc sir dung cho nhitng muc tiéu sau: a) danh gia cac cau hinh tuong tac
cuia mot hop chat duoc tao ra boi cac thuat toan khac nhau dé chon ra duoc tuong tac
kha di nhat; b) xép hang céc hop chat, tir 6 loc ra hop chét cé tiém nang nhat. Cac
phuong phap tinh diém da dugc phat trién lién tuc trong nhiéu nim qua, chiing dugc
phan ra thanh 3 md hinh chinh: truong luc (force field-based), co s kién thuc
(knowledge-based) va thuc nghiém (empirical). Mot s6 mé hinh tinh diém sir dung
két hop hai mé hinh force field-based va empirical [36].

M6 hinh force field-based du doan nang lugng lién két tu do la tong cua cac
truong ning luong co hoc phan tir nhu: Coulomb, Van der Waals, lién két hydrogen
[44]. Nang luong solvat hoa va entropy ciing c6 thé dugc tinh dén. M6 hinh tinh diém

empirical coi ning lwong lién két tu do 1 tong cua cac lién két gom: lién két hydrogen,
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lien két ky nuéc bang cach khép diém tinh toan vai s liéu &i luc lién két thuc nghiém
di véi cac bo phuc hop protein — ligand. M6 hinh knowledge-based duya trén sé liéu
théng ké phan tich tan sé cip nguyén tir trong phic hop phdi tir protein — ligand véi
c4u trc ba chiéu da biét [61].

Khong nhitng chi ra cac lién két co y nghia, docking con c6 thé dinh luong kha
nang lién két boi cac ham tinh diém, qua d6 phan hang kha ning lién két manh yéu
ctia cac cau tir. Docking tro thanh bai todn tdi uu, tim vi tri va cau hinh phd hop nhat
cuia mot co chat gan két I&n protein. V& mat nhiét dong luc hoc, muc tiéu chinh caa
docking 14 tim ra cau hinh ma ning luong tu do cua toan hé 1a thap nhat. Bé tim cau
hinh ph hop nhat, can lién hé cau hinh khong gian véi céc tri s danh gia dugc kha
nang gan két cua co chat 1én protein, sau d6 ap dung thuat toan dé tim kiém.

Chuong trinh docking sir dung cdc ham tinh diém (scoring function) dé wéc
lugng cac nang lugng lién két ciia phirc hop cau tir - receptor. Nang luong nay dugc
cho boi hang sé lién két (Kd) va ning lugng tu do Gibbs (AGL). Dy doan vé ning
lugng lién két duoc thuc hién bang cach danh gia nhitng twong tac hoa 1y quan trong
bao gom: cac twong tac lién phan tir, cAc anh huodng solvat va entropy. Do do, sb
luong céc tham sé hoa 1y duoc danh gia cang 16n thi do chinh xac cang cao. Tuy
nhién, néu sé luong cac bién cang I6n thi thoi gian tinh toan s& cang lau. Cac ham
tinh diém hiéu qua nén dua ra sy can bang giita do chinh xac va toc do, day 1a mot
diém quan trong khi 1am viéc véi co so dit liéu 16n.

1.4.2. Molecular docking nghién ciru hoat tinh gay doc té bao

Véi sy tién bo manh mé trong linh vuc cdng nghé sinh hoc va sinh hoc phan ti,
hang trim muc tiéu phan ti lién quan dén ung thu di dwoc phat hién, phan lap va
kiém chiing. Trong s6 d6, cac enzyme — von ¢6 vai trd chu chét trong viéc diéu hoa
chu ky phét trién va tang truong cua té bao — hién dang 13 muc tiéu chinh cho céc loai
thudc diéu tri ung thu. Viéc mo hinh hoa phan tir di duoc st dung dé nhan biét céc
vi tri lién két trén muc tiéu tac dung cua cac hoat chat nghién ctu dya trén sy thay
d6i vé hinh dang cuaa cac phan tir sinh hoc, d6 6n dinh va kha ning cudn gap protein.
Do d6, d¢ danh gia cac hop chat tong hop c6 kha nang lién két voi céc phan tir dich

tac dung hay khong, viéc phan tich tuwong tac hoat chat-thu thé da dugc thuc hién
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bang phuong phap mé hinh héa phén tir (Molecular Docking) [17].

Dé xac dinh tinh phi hop véi kha ning 1am thudc caa cac hop chat méi duoc
tong hop, cac dic tinh 1y hda co ¥ nghia rat quan trong, can duoc xac dinh dé tién
hanh stra d6i thém cho dén khi ching dat dugc céc thir nghiém 1am sang.

Ung thu duoc gay ra boi nhiéu con duong khac nhau, lién quan dén nhiéu loai
enzyme, trong sb d6 enzyme tyrosine kinase, thymidylate synthase, protease 1a nhitng
dich tac dung chinh ma cac thude diéu tri ung thu huéng dén [69].

Receptor tyrosine kinase (RTK) la mot ho enzyme dong vai tro quan trong trong
cac qua trinh sinh truong, chuyén hoa, phan chia va ton tai cua té bao. Cac enzyme
nay xUc tac cho qua trinh chuyén y-phosphate tir ATP sang phan tir acid amin tyrosine
trong phén te protein lam cho phén tu protein nay dwoc phosphoryl hoa. Sy
phosphoryl hoa protein do kinase dam nhan 1a co ché quan trong cho qué trinh truyén
tin hiéu noi bao va diéu chinh cac hoat dong cua té bao, chang han nhu sy ting truéng
cua té bao [14]. Cu thé, phosphoryl héa tyrosine dan dén nhiing thay doi trong chirc
nang cua Cac protein nhan nhom phosphate. Cac dot bién di truyén cd thé khién
enzyme nay ting sd luong bat thudng va ty kich hoat trong té bao, dan dén tinh trang
tang trudng va phan chia té bao khong kiém soat [59], Iam nén tang cho su hinh thanh
té bao ung thu. Nhiéu nghién ctru da chi ra mai lién hé giira enzyme tyrosine kinase
va cac loai ung thu nhu ung thu xwong, phoi, mau. .. [40]. Pay chinh 1 dong luc thic
day cac nghién ciu vé chat wc ché tyrosine kinase nhu mot muc tiéu tiém ning trong
diéu tri ung thu.

Thu thé yéu té tang truong biéu bi (EGFR) Ia thu thé pho bién nhat trong ho
protein tyrosine kinase. Nhiéu nghién ctu thay cac réi loan dan dén tang hoat dong
dan truyén tin hiéu qua con duong EGFR xuét hién trong mot pho rong cac bénh ly
ung thu & nguoi bao gom ung thu budng trang, ung thu tuyén tién liét, ung thu va,
ung thu bang quang, ung thu phoi khdng phai té bao nho va ung thu rudt két... [6,
85]. Nhiing rdi loan d6 ¢ thé do su ting boc 16 EGFR trén mang té bao véi nhiéu co
ché khac nhau bao gém ting san suat cac phdi tir cia EGFR, ting hoat dong phién
ma cua gen EGFR, hién tugng khuyéch dai gen (ting s6 lugng ban sao cta gen trong

nhan té bao) EGFR hoic do dot bién gen EGFR dan dén tu hoat hoa ving tyrosine
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kinase. Mot sé dan xuit quinazoline nhu erlotinib, gefitinib va lapatinib da duoc tong
hop dudi dang chat e ché thuan nghich cua tyrosine kinase [54]. Cho dén nay, nhiéu
nghién ciru da nham muc tiéu tim kiém céc cau tric mai c6 kha niang Gc ché manh
EGFR trong nhiéu nghién cttu chdng ung thu [6, 54].

Dé danh gia twong tac cia mot hoat chat nghién cau vai ptotein muyc tiéu EGFR,
viéc mé phong ldp ghép phan tir (Molecular docking) duoc sir dung dé nhan biét cac
vi tri lién két cua phan tir hop chat nghién ciru vi EGFR, nhitng su thay d6i vé hinh
dang cua phan ti EGFR, tinh 6n dinh va kha ning cubn gap protein nay khi c6 mit
hoat chat nghién ctru. Cac tinh chat quan trong cua phan tir lién quan téi dic tinh duoc
dong hoc cua thude trong co thé nguoi duoc xac dinh bai quy tic 5 caa Lipinski
(RO5). Mot hop chat duoc goi 1a “giong thudc” khi chung dap (ng it nhét 2 trong 5
tiéu chi cua quy tac Lipinski: khdi lwong phan tir < 500 Dalton); it hon 5 nhém cho
lien két hydrogen; it hon 10 nhom nhan lién két hydrogen; hé sé phan phéi
octanol/nuée (logP) khong qua 5 va d6 tan trong nuéc (logS) cua hop chat khong
thap hon -5,5
1.4.3. Molecular docking trong nghién ciu hoat tinh &c ché enzyme a-
glucosidase

Dé nghién ctru phat trién tim ra cac hop chat c6 tac dung ha duong huyét, ciing
nhu tim hiéu co ché tac dung, t6i wu hoa cau trdc caa cac hop chat do, mot loat muc
tiéu phan tir da dang dwoc nham téi bao gom: protein tyrosine phosphatase 1B
(PTP1B), dipeptidly peptidase-4 (DPP-4), thu thé axit béo tu do 1 (FFARL), thu thé
két hop protein G (GPCR), thy thé kich hoat peroxisome proliferator-y (PPARY), natri
glucose dong -transporter-2 (SGLT2), a-glucosidase, aldose reductase, glycogen
phosphorylase (GP), fructose-1,6-bisphosphatase (FBPase), thu thé glucagon (GCGr)
va phosphoenolpyruvate carboxykinase (PEPCK) [34]. Protein tyrosine phosphatase
1B (PTP1B) va a-glucosidase (AG) la cac protein muc tidu dwgc dung nhiéu nhat
trong nghién ciu sang loc hoat tinh ¢ ché enzyme a-glucosidase cia hop chét bang
molecular docking.

a-Glucosidase (AG) la mot coenzym hoat dong turong tu nhu glucoamylase trén

di-saccharide, oligo-saccharide va aryl glucosidase, dong vai tro quan trong trong qué
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trinh chuyén hoa carbohydrate, tao ra glucose, lam ting duong huyét trong co thé
[25]. Viéc e ché enzym AG dan dén 1am cham qué trinh chuyén hda carbohydrate
thanh glucose, tir 6 ngin hién twong tang duong huyét sau an. Hién nay c6 4 chat tc
ché AG duoc sir dung trong diéu tri: acarbose, miglitol, voglibose va emiglitate.
Trong d6, acarbose (ICso = 208,42uM) 14 thudc e ché AG duong udng da dugc ké
don rong rdi dé diéu tri bénh DTD type 2 va thuong duoc sir dung két hop véi cac
thudc diéu tri DTP khac dé tang tac dung. Trong nghién ctitu molecular docking khao
st hoat tinh ¢ ché enzyme a-glucosidase, acarbose thuong duoc ding lam chit déi
chung.

1.4.4. Qui trinh docking

Qua trinh docking dugc thuc hién qua ba budc:

Chudn bj ligand: Ciu trac cua ligand c6 thé dugc 14y tir cac co s dit liéu nhu
Pubchem, Zinc,... Néu khong c6 san, cau tric cia ligand c6 thé dugc tao bang céac
phén mém nhu Chemdraw, Chemsketch,... Sau khi xay dung xong cAu truc 3D, can st
dung cac phan mém dé chuan bi ligand cho qué trinh mé phong docking, véi cac budc
chuan bi bao gdm: thém nguyén tir hidro, gin truong luc, tao file dinh dang pdbqt.

Chudn bi protein: Cu truc 3D cua protein thuong c6 sin trén ngan hang dir
liéu protein (RCSB Protein Data Bank — RCSB PDB). Trong truong hop khdng cé
san, cdu trac 3D co thé duge xdy dung bang phuong phap mé hinh hoa duya trén tinh
twong dong (homology modeling). Sau khi ¢6 cau trac 3D, cac bude chuan bi protein
cho mé phong docking thudng bao gém: loai bo nudce va cac cau tir khac (néu co),
thém hydro, gan truong luc va tao file pdbaqt.

Thuc hi¢n mé phong docking: Trude khi tim kiém vi tri va cau hinh t6i wu cho
ligand, can xac dinh ving tim kiém (grid box) dé hd trg thuat toan. Kich thudc cia
vung tim kiém can duoc diéu chinh hop 1y: qua 16n s& 1am ting thoi gian tinh toan va
giam d6 chinh x4c do tinh lap lai khong cao, trong khi qua nho cé thé khién phan
mém bo qua nhiing vi tri quan trong. Vi tri ciia ving tim kiém thong thudng sé duoc
dat ¢ trung tdm hoat dong cua protein. Sau khi x&c dinh vi tri va kich thudc cua vung
tim kiém, phdn mém sé& tu dong tim kiém va dua ra ciu dung phu hop véi nang lugng

thap nhat. Cau dang nay cung vdi cac tuong tac ciia nd voi protein s€ dugc phan tich
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béi cac phan mém chuyén dung nhu Autodock Vina, MOE, ICM-Pro, AMBER FF99,
BIOVIA Discovert Studio.

CHUONG 2 - PHUONG PHAP NGHIEN CUU VA THUC NGHIEM

Céc thiét bi sir dung trong nghién cizu:

- Piém néng chay duoc do bang phuong phap do mao quan trén may STUART
SMP3 (BIBBY STERILIN- Anh).

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

- Phé cong hudng tir hat nhan 'H-NMR, 8C-NMR duoc ghi trén may Bruker
500 MHz tai Phong thi nghiém Héa dugc, Khoa Hoa hoc, Truong Pai hoc Khoa hoc
Tu nhién — Pai hoc Quéc Gia Ha Noi (PHKHTN-DHGHN) va may Bruker 500, 600
MHz tai Vién Hoa hoc - Vién Han l[am Khoa hoc va Céng nghé Viét Nam. Dung moi
chup pho 1a CDCls, DMSO-ds véi chét chuan noi 1a TMS.

- Pho khéi lwong duoc ghi trén may sac ky long phan giai cao LC-HRMS
Orbitrap cia Thermo Scientific tai Vién Kiém nghiém an toan vé sinh thuc pham
Qudc gia.

- Hoat tinh sinh hoc cua céc chat dugc tién hanh thir nghiém va doc két qua tai
phong Sinh hoc thuc nghiém - Vién Hoa hoc cac Hop chat thién nhién - Vién Han
lam Khoa hoc va Cong nghé Viét Nam.

Céc cong thic hop chat & CHUONG 2 biét 1ap véi cac hop chat xuat hién trong
CHUONG 1 va dugc danh s6 lai tir dau.

2.1. TONG HOP CAC DAN XUAT PODAND — TIEN CHAT CHO CAC PHAN
UNG NGUNG TU

Céac hop chat azacrown ether ¢ chia di vong pyridine/piperidone va vong
thiacrown ether duoc tong hop tir tién chat podand théng qua cac phan Gng ngung tu
da tac nhan. Cac hop chat podand déu c6 cau phan dic trung véi cac nhom thé dau
va cudi mach podand déu c6 chira nhém chire arylketone hoic arylaldehyde, va trong

luan an duoc goi chung 1a cac hop chéat podand dialdehyde (hinh 2.1).
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1 (12, 14)

Hinh 2.1. C4c tién chat podand véi hai nhém chirc arylketone hoic arylaldehyde

O
Cl Cl

NN G

OH

1 2 A{V? Zv;
]m O O

g} ]3[1
CH; H,C

% o)

Cl 3, 6,8, 10)
XH

3:X,Y=0,n=1; 4,6: X=S,Y=0,n=1;
7,8 X, Y=S,n=1; 9,10: X=S,Y=0,n=2;

So d6 2.1. Tong hop céc tién chat thiopodand chira hai nhém ketone
Céc hop chat podand véi mach polyether c6 chia cac di td oxy (0), nito (N) va
luu huynh (S) (3, 6, 8, 10, 12, 14), cac podand chaa di vong pyridine (16) hoac vong
benzen (20) duoc téng hop theo cac so dd 2.1, so dd 2.2 va so dd 2.3.
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12: R=-CH;;14: R=-H

So d6 2.2. Téng hop cac tién chit azapodand chtra hai nhdm ketone

0 0]
00
podieai- ot
Z\
(15, 18) (2, 19) HeeR U@ 20)
2:R=CH;3;19:R=H 15,16: Z=N; 18,20: Z=C

So db 2.3. Tong hop céc tién chat podand chira di vong pyridine hoac benzene

2.1.1. Tong hop podand 1,5-bis(2-acetylphenoxy)-3-oxapentane (3)

0 0
o O O
/\/

3
Hinh 2.2. Hop chat 1,5-bis(2-acetylphenoxy)-3-oxapentane (3)

San pham (3) dugc téng hop theo phuong phap mo ta tai tai liéu tham khao [1, 3] va
duoc két tinh dudi dang tinh thé hinh kim, mau trang, hiéu suat H = 53%, t°= 66°C - 68°C,
Rr = 0,67 (SiO2, 100% ethylacetate). Phd hong ngoai IR (KBr, v, cm™): 3441, 2932, 2897,
1668 (C=0), 1595, 1487, 1447, 1288, 1239 (-CH,OCH,0-), 1126. Phé cong huong tir hat
nhan *H-NMR (500MHz, CDCls, &u, ppm, J, Hz): 7,73 (d, J = 7,5 Hz, 2H, Hiom), 7,42-
7,46 (m, 2H, Hom), 6,94 — 7,02 (M, 4H, Hihom), 4,24 [t, J =5,0 Hz, 4H, 2%(-CH2-O-CsH4-)],
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3,95 (t, J=5,0 Hz, 4H, -CH,-O-CH>-), 2,62 (s, 6H, 2xCHz3-).
2.1.2. Téng hep podand 1,5-bis(2-acetylphenylsulfanyl)-3-oxapentane (6)
0] 0]

CH; H,C

S O 8
/N7

6
Hinh 2.3. Hop chat 1,5-bis(2-acetylphenylsulfanyl)-3-oxapentane (6)

HGon hop gdm 1,00 g (7,23 mmol) bis-(2-mercaptoethyl) ether (4), 2,24 g (14,46
mmol) 2-chloroacetophenone (5) va 1,5 g (10,85 mmol) K2COs3 trong 10 ml dung moi
DMSO duoc khay déu o nhiét do 110°C. Tién trinh phan tmg dugc kiém tra bang phuong
phap sic ky ban mong TLC va phan &ng xay ra hoan toan sau 17 gio. Hn hop phan
ing duoc d6 vao 100ml nudc da bao (nhiét d6 khoang 0 - 4°C) va thu duogc két tua. Loc
va rira két taa nhiéu lan bang nuéc trén phéu loc Biichner va bang 20 ml dung moi
ethanol lanh. San pham 6 duoc két tinh lai trong 20ml ethanol va thu duoc 3,13g tinh
thé mau trang, hiéu suat H = 52%, t%= 72 - 74°C, R¢ = 0,58 (n-hexane:ethylacetate =
4:1). Phd cong huong tir hat nhan *H-NMR (500MHz, CDCls, 5w, ppm, J, Hz): 7,85 (dd,
J=75; 15 Hz, 2Har); 7,44 (td, J = 8,0; 1,5 Hz, 2Har,); 7,35 (d, J = 8,5 Hz, 2Har); 7,22
(td, J = 8,0; 1,5 Hz, 2Har); 3,13 - 3,10 (m, 4H, -CH20CH>-); 2,86 - 2,82 [m, 4H, 2x(-S-
CH2)]; 2,61 (s, 6H, 2xCHs). Ph6 khdi Iwong (LCMS/ESIY), m/z (lrel, %): 373 [M—H]
(100); m/z (lrer, %): 375,9 [M+H]* (100).

2.1.3. Téng hop podand 1,5-bis(2-acetylphenylsulfanyl)-3-thiapentane (8)

Hdn hop goém 1,00 g (6,48 mmol) 2,2’-thiodiethanethiol (7), 2,20 g (14,25 mmol)
2-chloroacetophenone (5) va 1,5 g (10,85 mmol) K>COs trong 10,0 ml dung méi DMSO
dugc khudy déu va dun cach dau tai nhiét 6 trong khoang 120°C trong 17 gid. Sau khi
phan tng xay ra hoan toan (kiém tra tién trinh phan (mg bang sic ky 16p mong), hdn
hop phan tng duoc d6 vao 100 ml nude da bao, loc két tiia bang phéu Buchner thu dugc

chét rin mau vang nhat. Két tinh lai bang 20 ml ethanol (v6i than hoat tinh) va thu duoc
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1,40 g tinh thé mau trang hop chat 8, hiéu suat H = 55%. T%c = 76°C - 77°C, R¢= 0,53
(n-hexane:ethylacetate = 4:1). Phd 'H-NMR (500 MHz, CDCls, dn, ppm, J, Hz): 7,76
(dd, J=8,0; 1,0 Hz, 2Ha); 7,44 (td, J = 8,0; 1,5 Hz, 2Har); 7,35 (d, J = 8,0 Hz, 2Ha/);
7,22 (td, J = 8,0; 1,5 Hz, 2Ha,); 3,14 — 3,10 (m, 4H, -CH>SCH>-); 2,86 - 2,83 [m, 4H,
2x(-S-CH>)]; 2,61 (s, 6H, 2xCHs); Pho khéi luong (LCMS), m/z: 390,8 [M+H]*.

0 X
s/

Hinh 2.4. Hop chat 1,5-bis(2-acetylphenylsulfanyl)-3-thiapentane (8)
2.1.4. Tong hep podand 1,8-bis(2-acetylphenylsulfanyll)-3,6-dioxapentane (10)

dMe 5@
\_/\_/\_/
10

Hinh 2. 5. Hop chét 1,8-bis(2-acetylphenylsulfanyll)-3,6-dioxapentane (hoic 1,10-
bis(2-acetophenyl)-1,10-dithia-4,7-dioxadecane) (10)

Hn hop gom 0,5 g (2,7 mmol) chat 9, 1,41 g K.COs, 5,0 ml dung dich dimethyl
sulfoxide (DMSO) va 0,83 g (5,4 mmol) chit 5 dugc thém vao binh cau, duy tri nhiét
d6 & 90-100°C trong 15 gio. Phan ung két thic (kiém tra bang sac ky I6p mong), hdn
hop dugc dua vé nhiét do phong, 1am lanh hén hop bang nudc da. Sau do loc chat rin
thu duoc trén phéu loc Buchner, rira nhiéu 1an bang nudc. San pham 10 duoc két tinh
lai trong ethanol. Gié tri Rt = 0,5 (n-hexane : ethylacetate = 2:1), hiéu suat H = 60%, Tne
= 71°C - 72°C. Phd hong ngoai IR (KBr, v, cm™): 2916, 2850, 2794, 2112, 1973, 1930,
1799, 1654 [-C(CHs)=0], 1583, 1554 (C=Cthom), 1423, 1355, 1244, (C-O-Cether),
1109. Phé cong hwong tir hat nhan BH-NMR (500 MHz, CDCls, 6n, ppm, J, Hz): 7,75
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(d, J=8,0 Hz, 2H, H.1.1"); 7,43 (br.d, 4H, H-33-44); 7,22 — 7,18 (M, 2H, H-2); 3,74 (t, J
=7,0 Hz, 4H, -CH»2-0-); 3,64 (s, 4H, -O-CH>-CH>-O-); 3,14 [t, J = 7,0 Hz, 4H, 2x(-S-
CHa-)]; 2,61 [s, 6H, 2x-(CO)-CHzs]. Phd khéi lugng MS, m/z, tinh todn cho C22H2604S2:
441 [M+Na]+ va tim thay: 418 [M]-.
2.1.5. Téng hep podand N-tosyl-1,5-bis(2-acetylphenoxy)-3-azapentane (12)

0] 0]

(@) 0)
NN
Ts
Hinh 2.6. Tién chat azapodand chtra hai nhdm ketone (12) tong hop dugc

Hon hop gom 2,5 g (15 mmol) Kl va 3,0 g (21,75 mmol) K.CO3z va 10 ml
dimethylformamid vao binh ciu dun hdi lwu. Thém tir tr 0,47 g (3,52 mmol) 2-
hydroxyacetophenone (2) vao binh cau va gia nhiét ¢én 80°C, duy tri trong 1 gio. Thém
tr tr 1,0 g (1,76 mmol) N,N-bis(2-tosyloxyethyl)-N-tosylamine (11) va dun néng hon
hop dén 100 - 110°C, duy tri phan ung trong khoang 10 — 12 gio. HAn hop sau phan wng
duoc 1am lanh dén nhiét d6 phong va dé vao 100 ml nude da vun (0 - 4°C) thu duoc két
tia mau trang. Loc va rira két tua nhiéu 1an bang nuéc trén phéu loc Biichner. Két tinh lai
bang ethyl acetate thu duoc san pham 12 duéi dang tinh thé mau tring. Gia tri Rf = 0,45
(SiOy, ethylacetate:n-hexane = 1:4). Khi luvong san pham thu duoc 12 0,33 g, hiéu suat
H = 50%. Phé 'H-NMR (500 MHz, CDCls, TMS, 6w, ppm, J, Hz): 7,72 (d, J = 8,0 Hz,
2H, H*%); 7,65 (dd, J = 7,5; 1,5 Hz, 2H, H.1.1°); 7,41 (td, J = 7,5; 1,5 Hz, 2H, Hx2');
7,27 (d, J = 8,0 Hz, 2H, H.44’); 7,00 (td, J = 8,0; 1,0 Hz, 2H, H-33); 6,90 (d, J = 8,5 Hz,
2H, HPP); 3,70 [t, J = 5,5 Hz, 4H, -CH2-N(Ts)-CHz-]; 4,27 (t, J = 6,0 Hz, 4H, 2xCHO);
2,53 (s, 6H, 2xCHs), 2,40 (s, 3H, CHs). Ph6 cong huong tir hat nhan 3C-NMR (125
MHz, CDCls, dc, ppm): 199,4; 157,1; 143,9; 136,0; 133,5; 130,4; 129,9; 128,7; 127,1;
121,1; 112,7; 67,5; 49,1; 31,5; 21,5. Phd khéi lugng LCMC/ESI, m/z, (1, %): 496
[M+H]*(100).
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2.1.6. Tong hop podand N, N-tosyl-1,5-bis(2-formyl-1-naphtoxy)-3-azapentane (14)

San pham 14 duoc tong hop theo quy trinh twong tu podand 12. Podand 14 thu
duoc & dang tinh thé mau trang, hiéu suat H = 48%, Rs = 0,60 (SiO,, ethylacetate : n-
hexane = 1:1), Tne = 154 — 156°C. Phé hong ngoai IR (KBr, v, cm™): 1668 (C=0), 1292,
1157, 1089 (C-0O-C). Phd cong huong tir hat nhan *H-NMR (500 MHz, CDCls, 61, ppm,
J, Hz): 10,77 (s, 2H, 2xCHO); 9,10 (dd, J = 8,5 Hz, 2H, H.44); 7,93 (d, J = 9,5 Hz, 2H,
H.9); 7,72 (d, J = 8,5 Hz, 2H, H-77); 7,67 (d, J = 8,0 Hz, 2H, H**); 7,55 (td, J = 7,0;
1,5 Hz, 2H, Hss); 7,37 (td, J = 8,0; 1,0 Hz, 2H, Hes); 7,21 (d, J = 8,0 Hz, 2H, HB#);
7,17 (d, J = 9,0 Hz, 2H, H-1010); 4,46 (t, J = 6,0 Hz, 4H, 2x-O-CH2-); 3,79 (t, J = 5,5
Hz, 4H, -CH2-N(Ts)-CH.-); 2,26 (s, 3H, CHs). Pho khéi lugng LCMC/ESI, m/z, 1, %):
568 [M+H]*; CasH20NO6S".

i H H '
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/
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Hinh 2.7. Podand N,N-tosyl-1,5-bis(2-formyl-1-naphtoxy)-3-
azapentane (14)

2.1.7. Tong hop podand 2,6-bis[(2-acetylphenyl)oxymethyl]pyridine (16)
O O
00
o/\@jﬂo
Z 16

Hinh 2.8. Podand 2,6-bis[(2-formylphenyl)oxymethyl]pyridine (16)
H&n hop gom 1,37 g (3,0 mmol) 2,6-bis(tosyloxymethyl)pyridine (15), 1ml (8,3
mmol) 2’-hydroxyacetophenone (2) va 2,0 g (14,5 mmol) K>.COs trong 10 ml acetonitril

dugce dun hoi lwu 16 gio. Sau khi phan ¢ng két thic (kiém tra bing sac ky ban moéng),
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hdn hop phan tmg dugce db vao 500 ml nuée da lanh (0 - 4°C) thu dugc két taa mau hdng
nhat. Loc hat két taa tao thanh trén phéu loc Buchner va rira két tia nhiéu lan bang nudc.
San pham duoc két tinh lai trong ethanol, thu duoc 1,0 g podand 16 tinh thé mau tring,
Rr = 0,33 (n-hexane:ethylacetate 1:1), nhiét ¢ nong chay 85°C — 86°C . Hiéu suat phan
rng H= 88%. Phé hong ngoai IR (KBr, v, cm™): 1664 (-C=0), 1595 (C=N), 1236 (C-
0-C), 1450,47, 1485,19, 1595,13 (C= Caryi). Pho cong huong tir hat nhan *H-NMR
(500MHz, CDCls, TMS, 81, ppm, J, Hz): 7,81 (t, J = 8,0 Hz, 1H, Hpyridgine); 7,48 (d, J =
7,5 Hz, 2H, HPpyrigine); 7,74 (dd, J = 8,0; 2,0 Hz, 2H, H.,,1°); 7,44 (td, J = 8,5; 2,0 Hz, 2H,
H.,3); 7,03 (t, J = 7,5 Hz, 2H, H>, »); 6,99 (d, J = 8,0 Hz, 2H, H.4, 4); 5,31 (s, 4H,
2xCH20); 2,67 (s, 6H, 2xCHs). Phd khéi lwgng LCMS (m/z): 376 [M+H]*, 398
[M+Na]*.

2.1.8. Tong hep podand 2,6-[(2-acetylphenyl)oxymethyl]benzene (20)

20
Hinh 2.9. Podand 2,6-[(2-acetylphenyl)oxymethyl]benzene (20)

Qua trinh tong hop podand 20 dién ra theo 2 giai doan. Truéc tién 1a tong hop dan
xuit 1,3-bis(tosyloxymethyl)benzene (18). Hon hop phan tng gém 0,5 g (3,6 mmol)
1,3-phenylene dimethanol (17), 0,5 g NaOH (12,5 mmol) va 10 ml CH2Cl>. Thém tur tir
2,0 g (10,49 mmol) TsCl hoa tan trong 20 ml CH,Cl, vao hdn hop phan wng trén, khuay
déu va duy tri & nhiét ¢6 0°C trong vong 2 gid va tai nhiét do phong trong vong 10 gid
(so dd 2.8). Tién trinh phan tng duoc kiém tra bang phuong phap TLC (n-
hexane:ethylacetate = 3:1). Sau khi phan rng xay ra hoan toan, hdn hop phan tmg dugc
chiét vai CH2Cl (3 x 20 ml). Dich chiét dugc 1am khan bai Na;SO4, sau d6 dung méi
duoc loai bo dudi &p suét thap va thu duoc san pham trung gian 18 véi hiéu suit 80%
(1,3 g), R¢= 0,38 (n-hexane:ethylacetate = 3:1).
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OH OH OTs OTs

+ 2TsCl__NaOH
THF, H,0, 0°C

17 18
So d6 2.4. Toéng hop 1,3-bis(tosyloxymethyl)benzene (18)

Podand 20 dugc tong hop bing phan @ng gitra 2,0 g 18 (4,47 mmol) va 0,95 ml
(8,94 mmol) 2-hydroxy benzaldehyde (19) va 2,5 g (18,09 mmol) K>COs trong 20 ml
CHsCN duoc dun hoi luu trong vong 24 gio. Sau khi phan tng xay ra hoan toan, hdn
hop dung dich phan tng duoc 1am lanh dén nhiét do phong va thém nudc roi chiét voi
CH.Cl.. Dich chiét hitu co dugc gom lai va 1am khd bai NaSO4 khan. Loai bé dung
moi dudi &p suat thip, thu dugc tinh thé mau nau va két tinh lai trong ethanol thu duoc
1,16 g san pham 20. Hiéu suat H = 75 %. Phd hdng ngoai IR (KBr, v, cm™): 3076, 3014,
2936, 2778 (-CH2-CsHs), 1670 (-C=0); Phé cong huong tir hat nhan H-NMR (500 MHz,
CDCls, TMS, 61, ppm, J, Hz): 10,55 (s, 2H, -CHO); 7,86 (dd, J = 7,5; 1,5 Hz, 2H, CHa/);
7,52 - 7,56 (m, 3H, CHar); 7,45 (td, J = 8,0; 2,0 Hz, 3H, CHar); 7,04 - 7,07 (m, 4H, CHa);
5,22 (s, 4H, 2xCHO). Phé cong husng tir hat nhan 3C-NMR (125 MHz, CDCls, TMS, dc,
ppm): 189,7; 189,6; 136,8; 135,9; 129,3; 128,7; 127,2; 126,1; 125,2; 121,2; 113,0; 70,3.
Pho khéi luong HRMS (ESI): m/z tim thay: 347,1287 [M+H]", tinh toan cho Ca2H1904 m/z:
347,1283 [M+H]"*.

2.2. TONG HOP CAC THIAAZACROWN ETHER MOI TREN CO SO PHAN UNG
NGUNG TU DA TAC NHAN HANTZSCH
2.2.1. Tong hep dithiaazacrown ether tir podand 1,5-bis(2-acetylphenylsulfanyl)-3-
oxapentane (6)

Phwong phdp chung tong hop céc san pham dithiaazacrown ether (29-36): Hon
hop gém 0,5 g (1,44 mmol) podand 1,5-bis(2-acetylphenylsulfanyl)-3-oxapentane (6),
va 1,44 mmol din xuét arylaldehyde (21-28) [202 mg 2-chlorobenzaldehyde (21), hoic
173 mg 2-methoxybenzaldehyde (22), hoac 217 mg 3-nitrobenzaldehyde (23), hoac 265

mg 3-bromobenzaldehyde (24), hoac 202 mg 3-chlorobenzaldehyde (25), hoac 179 mg
67



2-fluorobenzaldehyde (26), hodac 216 mg benzo[d][1,3]dioxole-5-carbaldehyde (27),
hoac 225 mg 2-naphthaldehyde (28), va 0,49 g (6,4 mmol) amonium acetate dugc dun
s6i hoi Iuu trong 10,0 ml acid acetic. Tién trinh phan tmg duogc kiém tra bang phuong
phap sic ky 16p mong TLC, phan wng két thic sau khoang 15 gio. Hon hop phan tng
dugc 1am lanh dén nhiét do phong va duoc trung hoa bang dung dich K»COs, sau d6
dugc chiét voi dung mdi dichloromethane (DCM) (3 x 30 ml) va dich chiét DCM duoc
lam kho bang Na2SO4. Dung méi DCM duoc lam bay hoi dudi &p suat thap. Két taa thu
dugc tinh ché bang phuong phap sic ky cot voi hé dung mdi ria giai n-
hexane/ethylacetate (ty & twong Gng lan luot 1a tir 10:1 dén 8:1) va két tinh lai tir dung

moi ethanol thu dugc san pham dithiaazacrown ether tinh khiét c6 mau trang (29-36).

+ NH,OAc R

0 0 +©(21-28)
CL Oy
S O 8 O
7
6

N\ CH;COOH, 15h

21,29: R = 0-Cl; 22,30: R = 0-OCHj3; (29-36)
23, 31: R =m-NO,; 24, 32: R = m-Br;
25,33: R =m-ClI; 26,34: R = o-F

0)
27,35:R = 1,3-[O>; 28,36: R =©

So d6 2.5. Tong hop céc dan xuat dithiaazacrown ether (29-36)
2.2.1.1. Tong hop [y-(2-chlorophenyl)pyridino] dibenzoazadithio crownophane
(29)

San pham 29 c6 dang tinh thé mau trang, hiéu suat H = 38%, R¢ = 0,55 (hexane:
ethlacetate = 3:1), Tnc = 185 - 186°C, Pho cong hudng tir hat nhan *H-NMR (500 MHz,
CHClg3, 0w, ppm, J, Hz): 7,64 (dd, J = 1,5; 7,5 Hz, 2H, Ar-H); 7,59 (s, 2H, Ar-H, H-py);
7,58 (dd, J =1,5; 7,5 Hz, 2H, Ar-H); 7,50 (td, J =2,1; 7,0 Hz, 2H, Ar-H); 7,41 (td, J =
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1,0; 7,5 Hz, 2H, Ar-H); 7,39 (d, J = 6,5 Hz, 2H, Ar-H); 7,37 — 7,33 (m, 4H, Ar-H); 3,30
(t, 4H, 2xCH20), 2,27 (t, 4H, 2xCH>S). Phé cong huéng tir hat nhan 3C-NMR (125 MHz,
CDCls, dc, ppm): 158,8; 150,7; 137,8; 135,4; 133,3; 132,4; 131,3; 130,3; 130,1; 129,8;
129,1; 128,2; 127,2; 124,3; 69,2; 37,2. Pho khéi lwong phan giai cao HRMS (ESI): m/z
tim thay: 476,0897 [M+H]* (CI%), 478,0878 [M+H]" (CI®¥"), tinh toan cho C27H22CINOS;,
m/z: 476,0379.

e
29
Hinh 2.10. Dan xuat [y-(2-chlorophenyl)pyridino]dibenzoazadithiocrownophane (29)
2.2.1.2. Tong hop 2-(2-methoxyphenyl)-7-oxa-4,10-dithia-2(2,6)-pyridina-
1,3(1,2)-dibenzenacyclodecaphane (30)

San pham 30 c6 dang tinh thé mau trang, hiéu suat H = 30%, (0,22 g), Tnc = 221—
222°C, R¢= 0,6 (n-hexane : ethylacetate = 3 : 1). Phd hong ngoai IR (KBr, v, cm™: 3049,
2920, 2852, 1598, 1581, 1492, 1463, 1492, 1392, 1242, 1089, 1028, 748. Pho cong hudng
tir hat nhan *H-NMR (500 MHz, CDCls, &, ppm, J, Hz); 7,70 (s, 2H, H-22.4); 7,64 (dd, J
=7,5;1,5Hz, 2H, H.310); 7,57 (dd, J =7,5; 1,5 Hz, 2H, H.6.16); 7,49 (dd, J =7,5; 2,0 Hz,
1H, H.31); 7,29 — 7,44 (m, 5H, H.4517:1831); 7,06 (td, J = 7,5; 1,0 Hz, 1H, H-30); 7,00 (dd,
J =8,5; 1,0 Hz, 1H, H-); 3,85 (s, 3H, OCH3); 3,29 (br.s, 4H, 2xCH20); 2,77 (br.s, 4H,
2xCH,S). Phd BC-NMR (500 MHz, CDCls, J, ppm): 158,5; 156,9; 152,6; 145,9; 135,2;
133,2; 130,8; 130,2; 129,3; 128,9; 128,2; 125,8; 124,3; 121,1; 111,4; 69,1; 55,6; 37,0. Phd
khéi luong phén giai cao HRMS (ESI), m/z tim thay: 472,1377 [M+H]*, tinh toan cho
CogH26NO2S2, m/z: 472,1399.
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30
Hinh 2.11. Dan xuat 2*-(2-methoxyphenyl)-7-oxa-4,10-dithia-2(2,6) pyridina-1,3(1,2)-
dibenzenacylodecaphane (30)
2.2.1.3. Tong hop 2*-(3-nitrophenyl)-7-oxa-4,10-dithia-2(2,6)-pyridina-1,3(1,2)-

l NO,
Cov e

o>

31

dibenzenacyclodecaphane (31)

Hinh 2.12. Dan xuat 2* -(3-nitrophenyl)-7-oxa-4,10-dithia-2(2,6)-pyridina-1,3(1,2)-
dibenzenacyclodecaphane (31)

San pham 31 ¢6 dang tinh thé mau trang véi hiéu xuat H = 43% (0,30 g), Tnc= 176—
177°C, Rf = 0,65 (n-hexane:ethylacetate = 3:1). Phé hong ngoai IR (KBr, v, cm™: 3051,
2914, 2852, 1604, 1527, 1471, 1396, 1340, 1109, 999, 885, 748, 734, 682. Phd cong
huong tir hat nhan 'H-NMR (500 MHz, CDCls, éx, ppm, J, Hz): 8,61 (s, 1H, H.»7); 8,38
(dd, J =8,0; 2,0 Hz, 1H, H.29); 8,11 (d, J= 8,0 Hz, 1H, H.31); 7,82 (s, 2H, H.2224); 7,75
(t, 1H, J = 8,0, H30); 7,72 (dd, J = 7,0; 1,5 Hz, 2H, H.3.10); 7,65 (d,J = 7,0 Hz, 2H, H.
6,16); 1,46 — 7,52 (m, 4H, H.45,17,18); 3,48 (br.s, 4H, 2xCH-0); 3,00 (br.s, 4H, 2xCH>S).
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Phd 3C-NMR (500 MHz, CDCls, dc, ppm): 157,5; 149,0; 135,3; 133,7; 133.4; 130,6;

130,5; 130,0; 128,2; 122.5; 111,4; 68.4; 38,2. Pho khdi lugng phéan giai cao HRMS

(ESI): m/z tim thay: 487,1120 [M+H]", tinh toan cho C27H23N203S2, m/z: 487,1145.
2.2.1.4. Tong hop [(y-(3-bromophenyl) pyridino] dibenzoazadithio crownophane

(32)

San pham 32 c6 dang tinh thé mau tring, hiéu suit H = 23%, Rf = 0,59 (n-
hexane:ethylacetate = 3:1), Tnc = 190°C - 191°C. Pho cong hudng tir hat nhan 'H-NMR
(500 MHz, CDCls, du, ppm, J, Hz): 7,88 (s, 2H, Hpyridine); 7,70 — 7,60 (m, 8H, Ar-H);
7,39 - 7,44 (m, 4H, Ar-H); 3,40 (s, 4H, 2xCH,0); 2,91 (s, 4H, 2xCH,S). Phd '*C-NMR
(125 MHz, CDCls, é., ppm): 135,2; 130,9; 130,6; 130,2; 128,2; 126,3; 123,5; 68,6; 38,11.
Pho khoi lugng phéan giai cao HRMS (ESI), m/z tim thay: 521,0434 [M+H]*(Br’®) va
523,0414 [M+H]*(Brd), tinh toan cho C27H22BrNOS,, m/z: 521,0462 (Br’®) va 523,0544

(BréY).
o

32

Hinh 2.13. Dan xuit [(y-(3-bromophenyl) pyridino] dibenzoazadithio
crownophane (32)
2.2.1.5. Tong hop [y-(3-chlorophenyl)pyridino]dibenzoazadithiocrownophane
(33)
San pham 33 c6 dang tinh thé mau trang, hiéu suat H = 35%, R¢ = 0,5
(hexane:ethylacetate = 3:1), Tnc = 182°C - 184°C. Phd cong hudng tir hat nhan 'H-NMR
(500 MHz, CDCls, 6w, ppm, J, Hz): 7,71 (s, 1H, Ar-H); 7,68 (dd, J = 1,0; 7,5 Hz, 2H,
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Ar-H): 7,64 (s, 2H, Hopy ); 7,62 — 7,61 (m, 1H, Ar-H); 7,55 (d, J = 5,5 Hz, 2H, Ar-H);
7,43 — 7,40 (m, 4H, Ar-H); 7,39 (d, J = 6,5 Hz, 2H, Ar-H); 3,29 (br.s, 4H, 2xCH>0);
2,80 (br.s, 4H, 2xCH>S). Phé *C-NMR (125 MHz, CDCls, dc, ppm): 135,4; 135,2;
133,3; 130,4; 129,9; 129,3; 128,3; 127,5; 125,6; 68,9. Phd khdi luong phan giai cao
HRMS (ESI), m/z tim thay: 476,0882 [M+H]* (CI*®), 478,0853 [M+H]* (CI¥"), tinh
toan cho Co7H22CINOS;, m/z: [M+H]* = 476,5732.

!Cl
x>
LY

o>
33

Hinh 2.14. Dan xuit [y-(3-chlorophenyl)pyridino]dibenzoazadithio

crownophane (33)

Hinh 2.15. Cau trdc phan ti [y-(3-chlorophenyl)pyridino]dibenzoazadithio

crownophane (33)
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Cong thirc cdu tao cua dithiaazacrown ether 33 ciing dwoc khiang dinh bang

phuong phap nhiéu Xa don phan tir (X-ray).

Bang 2.1. Dit liéu tinh thé hoc va cac thong s téi wu hoa céu trlc cua chat 33

Ky higu chat 33
Cong thtrc phirc cua don tinh thé C27H22CINOS;
Khoi luong phan tir 476,03
Nhiét do khao sat (K) 100°K
Hé tinh thé Monoclinic
Nhom khdng gian P2i/c
a, A 14,5328(12)
b, A 9,2980(8)
c, A 17,5635(14)
a, deg 90°
B, deg 106,1173(17)°
y, deg 90°
Vv, A 2280,0(3)
S6 phan tur trong mot 6 mang (2) 4
Khéi Iuwong riéng (tinh toan) 1,387 g/mm?

Két qua phan tich cho céc thdng sb vé toa dd nguyén tir C, H; d6 dai lién két [A],
gia tri goc lién két [°], goc nhi dién cua hop chat 33 duoc néu chi tiét trong phy luc (bang
phu luc s6 2.1). Thong sé vé do dai lién két hydro duoc trinh bay trong phan thao luan
két qua.

2.2.1.6. Tong hop [y-(2-fluorophenyl)pyridino]dibenzoazadithiocrownophane (34)

San pham (34) c6 dang tinh thé mau tring, hiéu suat H = 30%, R¢ = 0,69
(hexane:EtOAC = 3:1), Tnc = 188 - 189°C. Pho cong hudng tir hat nhan 'H-NMR (600
MHz, CDCls, o, ppm, J, Hz): 7,67-7,64 (m, 3H, Ar-H): 7,65 (d, J = 1,8 Hz, 1H, Ar-H):
7,61 (td, J = 1,2; 6,0 Hz, 1H, Ar-H): 7,56 (dd, J = 1,8: 6,0 Hz, 1H, Ar-H); 7,41 (td, J =
1,2; 6,0 Hz, 3H, Ar-H); 7,36 (td, J = 1,2; 6,0 Hz, 2H, Ar-H); 7,25 - 7,27 (m, 3H, Ar-H);
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7,17 — 7,20 (m, 1H, Ar-H); 3,29 (t, J = 6,0 Hz, 4H, 2xCH-0); 2,79 (t, J = 6,0 Hz, 4H,
2XCH2S). Ph6 '*C-NMR (150 MHz, CDCls, 8, ppm): 159,2; 145,7; 142,8; 135,4; 133,2;
130,7; 130,6; 130,0; 129,1; 128,2; 126,2; 124,7; 124,7; 123,6; 123,6; 116,6; 116,4; 69,0;
37,3. Ph6 khdi lwong phan giai cao HRMS (ESI), m/z tim thdy: 476,1176 [M+H]*, tinh
toan cho C27H22FNOS;, m/z: 476,1179.

34

Hinh 2.16. Dan xuét [y-(2 fluorophenyl)pyridino]dibenzoazadithiocrownophane (34)
Cong thuc cau tao cua dithiaazacrown ether (34) ciing dugc khang dinh bang

phuong phéap nhiéu xa don phan tir (X-ray).

Hinh 2.17. Cau trdc phan tir [y-(2-fluorophenyl)pyridino]dibenzo
azadithiocrownophane (34)
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Két qua phan tich cho cac théng sé vé toa dd nguyén tir C, H; do dai lién két [A], gia
tri goc lién két [°], goc nhi dién cua hop chat 34 dugc néu chi tiét trong phu luc (bang phu
lyc 2.4). Thdng sb vé do dai lién két hydro duoc trinh bay trong phan thao luan két qua.

Bang 2.2. Dit liéu tinh thé hoc va cac thong sb tbi wu hoa cau tric cua chat 34

Ky hiéu chat 34
Cdng thuc phuc cua don tinh thé C27H22FNOS;
Khdi lwong phan tir 459,58
Nhiét do khao sat (K) 100°K
Hé tinh thé Monoclinic
Nhom khdng gian P2/n
a A 15,3768 (3)
b, A 7,9893 (2)
c, A 18,0456 (4)
B, deg 97,688 (1)
Vv, A 2196,97 (9)
S6 phan tur trong mot 6 mang (2) 4
Khéi Iuwong riéng (tinh toan) 1,390 g/mm?

2217. Tong hop 2*(benzo[d][1,3]dioxol-5-yl)-7-oxa-4,10-dithia-2(2,6)-
pyridina-1,3(1,2)-dibenzenacyclodecaphane (35)

San pham 35 c6 dang tinh thé mau trang, hiéu suat H = 26%, Rs = 0,6 (n-hexane:
ethylacetate = 3:1), Tnc = 205 - 206°C. Pho cong hudng tir hat nhan 'H-NMR (600 MHz,
CDCls, 8w, ppm, J, Hz): 7,65 (dd, J = 1,2; 6,6 Hz, 2H, Ar-H); 7,59 (s, 2H, H.y); 7,54
(dd, J=1,8; 6,0 Hz, 2H, Ar-H); 7,4 (td, J=1,2; 6,0 Hz, 2H, Ar-H); 7,35 (td, J =1,2; 6,0
Hz, 2H, Ar-H); 7,24 (d, J = 2,4 Hz, 1H, Ar-H); 7,20 (d, J = 1,8 Hz, 1H, Ar-H); 6,9 (d, J
= 7,8 Hz, 1H, Ar-H); 6,0 (s, 2H, -OCH20-); 3,28 (t, J = 6 Hz, 4H, 2xCH-0); 2,78 (t, J
= 6,0 Hz, 4H, 2xCH,S). Ph6 *C-NMR (150 MHz, CDCls, dc, ppm): 159,4; 148,6;
148,5; 147,2; 145)9; 135,4; 133,2; 132,3; 129,9; 129,0; 128,2; 121,4; 121,3; 108,9;
107,6; 101,5; 69,0; 37,3. Pho khdi lugng phan giai cao HRMS (ESI), m/z tim thay:
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486,1168 [M+H]", tinh toan cho C2sH24NO3S2, m/z: 486,1179.

N
LY I
S S
O
35
Hinh 2.18. Dan xuit 2*-(benzo[d][1,3]dioxol-5-yl)-7-oxa-4,10-dithia-2(2,6)-pyridina-
1,3(1,2)-dibenzenacyclodecaphane (35)
22.18. Téng hop 2*(naphthalen-2-yl)-7-oxa-4,10-dithia-2(2,6)-pyridina-
1,3(1,2)-dibenzenacyclodecaphane (36)

36
Hinh 2.19. Din xuit 2*-(naphthalen-2-yl)-7-oxa-4,10-dithia-2(2,6)-pyridina-1,3(1,2)-
dibenzenacyclodecaphane (36)

San pham 36 c6 dang tinh thé mau tring, hiéu suat H = 32 %, R¢ = 0,36 (n-
hexane:ethylacetate = 2:1), Tnc = 214-216°C. Ph6 cong huong tir hat nhan "H-NMR (600
MHz, CDCls, 5u, ppm, J, Hz): 8,21 (br.d, J = 1,2 Hz, 1H, Ar-H); 7,96 — 7,94 (d, J = 9,0
Hz, 1H, Ar-H); 7,91 (dd, J = 8,5; 2,0 Hz, 2H); 7,88 (m, 1H, Ar-H); 7,85 (dd, J=1,8; 7,2
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Hz, 1H, Ar-H); 7,81 (s, 2H, H-y); 7,67 (dd, J = 1,2; 6,6 Hz, 2H, Ar-H); 7,59 (dd, J =
1,8; 6,0 Hz, 2H, Ar-H); 7,52 (sext, J = 3,0 Hz, 2H, Ar-H); 7,42 (td, J = 1,2; 6,6 Hz, 2H,
Ar-H); 7,37 (td, J =1,8; 6,0 Hz, 2H, Ar-H); 3,31 (t, J = 6,0 Hz, 4H, 2x-CH20-); 2,81 (t,
J =6,0 Hz, 4H, 2x-CH,S-). Ph6 *C-NMR (150 MHz, CDCls, dc, ppm): 159,5; 147,6;
145,9; 135,4; 133,3; 129,9; 129,1; 128,9; 128,5; 128,3; 127,7; 126,8; 126,6; 124,8;
121,9; 69,0; 37,5. Pho khdi lwong phan giai cao HRMS (ESI+), m/z tim thay:
492,1443[M+H]*, tinh toan cho Cs1H26NOS2, m/z: 492,1479.

Cong thuc cau tao cua dithiaazacrown ether 36 ciing dugc khang dinh bang phuong

phap nhiéu xa don phan tir (X-ray).

c10 C13

Hinh 2.20. Cau trdc phan tir 2*-(naphthalen-2-yl)-7-oxa-4,10-dithia-2(2,6)-pyridina-
1,3(1,2)-dibenzenacyclodecaphane (36)
Két qua phan tich cho cac thong sb vé toa dd nguyén tir C, H; do dai lién két [A],
gia tri goc lién két [°], goc nhi dién cua hop chat 36 dwoc néu chi tiét trong phy luc (bang

2.3). Thong sb vé do dai lién két hydro duoc trinh bay trong phan thao luan két qua.
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Bang 2.3. Dit liéu tinh thé hoc va cac thdng sb tbi wu hoa ciu tric cua chat 36

Dir liéu vé céu tric tinh thé hep chét diazacrown 36
Cong thic phirc cua don tinh thé Ca1H2sNOS;
Khéi lwvgng phan tir 491,64
Nhiét do khao sét (K) 100°K
Hé tinh thé Triclinic
Nhém khdng gian P1
a, A 8,07891 (9)
b, A 17,5154 (3)
c, A 17,5608 (3)
a (%) 82,1800 (13)
B (°) 85,0467 (11)
v () 83,9860 (11)
vV, A3 2441,73 (7)
S6 phan tir trong mot 6 mang (2) 4

2.2.2. Tong hep trithiaazacrown ether tir podand 1,5-bis(2-acetylphensulfanyl)-3-

i &
. 0 OCHj
o) o) _

OCH; |
X
o LV
S S NH,4OAc,

K/s\) AcOH, reflux z f
8
S

thiapentane (8)

37

So dd 2.6. Tong hop [y-(2-methoxyphenyl)pyridino]dibenzoazatrithia-14-crown-4 (37)

78



Hon hop 0,509 (1,28 mmol) 1,5-bis(2’-acetylphenthio)-3-thiapentane (8) va 0,17g
(1,28 mmol) o-methoxybenzaldehyde (22), 7ml acid acetic va 0,50g (6,4mmol)
amonium acetate dugc dun sbi hoi luu trong 16h (tién trinh phan tng duoc kiém tra
bang TLC). Sau khi phan &ng hoan toan, hdn hop phan tng dugc dé nguoi dén nhiét do
phong (25°C) va trung hoa bang dung dich KHCO3 cho dén khi pH = 7-9. Dung dich
sau khi trung hoa dugc chiét bang dichlomethane (3x30ml) va 1am khan bang NazSO..
Dung moéi dugc cho bay hoi dudi ap suat thap. San pham duoc tinh ché bang phuong
phap sac ky cot va két tinh lai tir ethanol, thu dugc 0,189 chat ran mau trang 37. Hiéu
suat H = 28%, gia tri Re= 0,625 (hexane:dichloromethane = 1:2). Phé cong huong tir hat
nhan tH-NMR (500 MHz, CDCls, &n, ppm, J, Hz): 7,97 (s, 2H, H.22.24); 7,63 (dd, J = 7,5
Hz, 4H, H.36,16,19); 7,48 —7,33 (M, 6H, H.-4 5,17, 18,30,31); 7,09 (t, J =7,5 Hz, J = 7,0 Hz,
1H, H-20); 7,03 (dd, J = 8,0 Hz, 1H). Phd 13C-NMR (150 MHz, CDCls, é¢, ppm): 156,9;
135,3; 132,1; 131,1; 130,7; 128,6; 124,0; 121,2; 111,4; 55,7, 41,0; 32,5.

223. Tong heop dithiaazacrown ether 38 tir podand 1,8-bis(2-
acetylphenylsulfanyll)-3,6-dioxapentan (10)

Yoo
solliioe}
NH,4OAc, ‘ ‘
SRS CH;COOH [S Sj

10

So d6 2.7. Tong hop 2*-(naphthalen-2-yl)-7,10-dioxa-4,13-dithia-2(2,6)-pyridina-
1,3(1,2)-dibenzenacyclotridecaphane (38)
H&n hop gém 0,3 g (0,7 mmol) podand 10, 0,11 g (0,7 mmol) 2-naphthaldehyde
(28) va 0,5 g (7 mmol) NH4OAc duoc hoa tan trong 15ml AcOH va dun héi luu trong
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khoang 20 gio. Sau khi 1am lanh t&i nhiét do phong, hon hop duoc trung hoa boi Na,COs
va dugc chiét boi CH2Cl, (3x30ml). Dich chiét hitu co duoc 1am khd boi Na2SO4 va
dung méi dugc bay hoi dudi ap suat thap. Bing phuong phap sac Ky cot véi dung dich
rira giai 1a n-hexane: ethylacetate (ty 16 vé thé tich thay d6i tir 12:1 ti 7:1). San pham
thu dugc ¢ mau vang nhat, hiéu suat dat H = 42% (0,15 g, 0,294 mmol), R¢ = 0,46
(hexane: ethylacetate = 2:1). Ph6 cong hudng tir hat nhan *H-NMR (500 MHz, CDCls,
Su, ppm, J, Hz): 8,22 (s, 1H, Ar-H); 7,97- 7,96 (d, J = 8,4 Hz, 1H, Ar-H); 7,94- 7,93 (d,
J=17,2Hz, 3H, Ar-H); 7,89- 7,88 (t, J = 5,4 Hz, 1H, Ar-H); 7,87-7,85 (dd, J = 1,8; 6,6
Hz, 1H, Ar-H); 7,62- 7,60 (dd, J = 1,8; 5,4 Hz, 2H, Ar-H); 7,54-7,50 (m, 4H, Ar-H);
7,36- 7,31 (dq, J = 1,8; J = 5,4 Hz, 4H, Ar-H); 3,57- 3,55 (t, J = 6,6 Hz, 4H, -
OCH2CH,0-); 3,44 (s, 4H, 2xCH,0); 2,96- 2,94 (t, J = 6,6 Hz, 4H, 2xCH>S). Ph6 cong
huéng tir hat nhan $3C-NMR (125 MHz, CDCls, dc, ppm): 158,8; 148,1; 142,4; 135,7;
135,1; 133,6; 133,5; 130,6; 130,6; 128,9; 128,7; 128,5; 127,7; 126,8; 126,7; 126,6;
126,5; 124,8; 121,5; 69,4; 34,4; 29,7. Phd khéi luong phan giai cao HRMS (ESI): m/z
tim thay 536,1705 [M+H]*, tinh toan cho [CasH30NO2S,]*, m/z: 536,16.

2.2.4. Tong hop diazacrown ether tir podand N-tosyl-1,5-bis(2-acetylphenoxy)-3-
azapentane (12)

OCH;

0 0 CHO
=
+ NH,OAc, AcOH - |
N
O N O
N (NI
OCH O 0
Ts 3
N
. N QIJ
Ts 40

So d6 2.8. Tong hop 24-(4-methoxyphenyl)-7-tosyl-4,10-dioxa-7-aza-2(2,6)-pyridina-
1,3(1,2)-dibenzenacyclodecaphane (40)
Hon hop gom 0,163 g (1,2 mmol) p-methoxybenzaldehyde (39), 0,6 g (1,2 mmol)
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12 va 10 ml acid acetic duoc dun hdi luu trong binh cau. Sau 30 phat, thém 1,0 g (1,3
mmol) amoniacetate vao hdn hop phan ung. Phan tng két thic sau khoang 15 -17 gid
va kiém tra bang sic ky ban mong. Sau khi 1am lanh t6i nhiét ¢6 phong, hdn hop phan
g duogc trung hoa bang dung dich NaHCOs (30%) dén pH = 7- 9) va chiét bang dung
moi dichloromethane (3 x 30ml). Dich chiét sau khi thu gom duoc lam khd bang NazSO4
va dung moéi dugc bay hoi dudi &p suat thip. San pham duoc phan tach bang phuong
phap sic ky cot silica gel va két tinh lai trong ethanol thu duoc tinh thé 40 mau tring,
khdi lwgng 0,26 g, hiéu suat dat H= 37,5%, c6 gia tri R= 3,2 (hexane: ethylacetate =
2:1), nhiét d6 nong chay t%c = 150 - 151°C. Phd cong huong tir hat nhan *H-NMR
(600MHz, CDCls, TMS, w, ppm, J, Hz): 7,67 - 7,66 (d, J = 8,0 Hz, 2H, Ar-H); 7,58 —
7,39 (m, 5H, Ar-H); 7,26 (s, 1H, Ar-H); 7,17 — 6,86 (m, 4H, Ar-H); 5,89 (s, 1H, CH); 4,08
— 4,06 (dd, J = 6,6 Hz, 2H, -CH-0-); 3,85 - 3,59 (dd, J = 6,6 Hz, 2H, -CH2N-); 2,53 {t,
J =7,2 Hz, 3H, -CHs). Ph6 cong huong tir hat nhan 2C-NMR (125MHz, CDCls, TMS,
de, ppm): 193,3; 161,9; 156,7; 145,1; 143,1; 137,3; 132,5; 130,3; 129,9; 129,6; 127.3;
127,0; 124,3; 121,4; 114,6; 114,1; 77,3; 77,1; 76,8; 68,1; 55,5; 42,8; 21,5.
2.2.5. Tong hop diazacrown ether tir podand 2,6-bis[(2-
acetophenyl)oxymethyl]pyridine (16)

Phwong phdp chung tong hop azacrown ether (43-48):

Hon hop gom 0,5 g (1,3 mmol) 2,6-bis[(2-acetophenyl)oxymethyl]pyridine 17 va
1,30 mmol aldehyde thom (22-24, 39, 41, 42) (0,177 g chat 22, 0,196 g chat 23, 0,241
g chat 24, 0,177 g chat 39, 0,159 g chat 41, 0,146 g chat 42) va 65,00 mmol (5,00 g)
ammonium acetate dugc dun hdi luu trong 10ml dung dich acetic acid. Sau khi phan
ing xay ra hoan toan, kiém tra tién trinh phan ng bang sic ky Ié6p méng TLC (sau
khoang 11 gid). HGAn hop phan tng sau d6 dugc 1am lanh dén nhiét 6 phong va dugc
trung hoa bang Na2COs (sodium carbonate), sau d6 duoc chiét véi dung mai ethyl
acetate (4x30 ml), dugc lam khd bang NaSO4 khan. Sau khi loc bo Na2SO4, dich chiét
dugc 1am bay hoi dudi &p suat thap, két tia dugc tinh ché bang phuong phap sac ky cot

v6i hé dung mdi rira giai ethylacetate/n-hexane thu duoc chat rin mau tring, duoc két
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tinh lai trong dung mdi ethanol tuyét @i cho san pham [y-(aryl)pyridino]dibenzo-27,28-

diazacrownophanes cé chira dong thoi hai di vong pyridine tinh khiét (43-48).

0
+ arcno P NHaOAC
Na AcOH, t°
(22-24,
7 23,41,42)
16
“ (43-48)
) Br
OCHj H3CO H,C A\
Ar =
S
22,43 23,44 24,45 39, 46 41,47 42,48
62% 74% 60% 70% 76% 77%

So d6 2.9. Phan wng tong hop diazacrown ether (43-48) tir podand 2,6-bis[(2-
acetophenyl)oxymethyl]pyridine (16)
2.251. Téng hop 25-(2-methoxylphenyl)-8,16-dioxa-27,28-diazapentacyclo-
[21.3.1.11014,0?7.0'??]octacosa-2,4,6,10,12,14,17,19,21,23,25,1(27)-dodecaene (43)

‘ OCHj

7
|
Y 1
0O O
N\
| 43

P

Hinh 2.21. Dan xuit 25-(2-methoxyphenyl)-8,16-dioxa-27,28-diazapentacyclo-
[21.3.1.11014 027 0172??]octacosa-2,4,6,10,12,14,17,19,21,23,25,1(27)-dodecaene (43)

82



San pham 43 ¢ dang tinh thé mau tring, hiéu suit H = 62% (0,38 g), Tnc= 144°C
(EtOH), R = 0,42 (ethylacetate: methanol = 5:1). Ph6 hong ngoai IR (KBr, v, cm™):
1244,09 (C-O-C); 1446,61, 1597,06 (C = Cary). Ph6 cong huong tir hat nhan *H-NMR
(500MHz, CDCls, TMS, 6w, ppm, J, Hz): 7,48 (s, 2H, HP.24 HP.%); 7,46 (t, J = 7,5 Hz, 1H,
HY.12); 7,42 — 7,39 (M, 3H, H.3 Ho1, H.gmethowphenly 737732 (m, 3H, HP.ay, HPas,
Hy-methoxyphenyl)- 7 15 (d, J = 8,5 Hz, 2H, H-s, H-15); 7,00 — 7,07 (m, 5H, H._s-methoxyphenyl "pq
H-s, H-19, H-20); 6,95 (d, J = 8,5 Hz, 1H, H.g:Methowphenyl). 513 (s 4H, 2x-OCH,-); 3,81 (s,
3H, -O-CHa). Pho cong huéng tir hat nhan 2C-NMR (125MHz, CDCls, TMS, &, ppm):
156,7; 156,6; 156,0; 136,4; 133,9; 130,9; 130,8; 129,8; 129,3; 128,0; 123,9; 121,9; 121,7;
120,9; 116,2; 111,3; 73,1; 55,6. Phd khéi lugng LCMS m/z: 473 [M+H]*. Phd khéi lugng
phan giai cao HRMS (ESI): m/z tim thay: 473,1320 [M+H]*, tinh toan cho Ca:Ha2sN203",
m/z: 473,1860.

2252, Tong heop  25-(3-nitrophenyl)-8,16-dioxa-27,28-diazapentacyclo-

[21.3.1.11014,027.0'??]octacosa-2,4,6,10,12,14,17,19,21,23,25,1(27)-dodecaene (44)

DS

=

o |
L

O O

N\

|/44

Hinh 2.22. Dan xuat 25-(3-nitrophenyl)-8,16-dioxa-27,28-diazapentacyclo-
[21.3.1.11014 02701722 octacosa-2,4,6,10,12,14,17,19,21,23,25,1(27)-dodecaene (44)
San pham 44 thu duoc ¢ dang tinh thé mau trang, hiéu suat H = 74% (0,48 g),
Tne= 250°C, R = 0,50 (ethylacetate: methanol = 5:1). Pho hong ngoai IR (KBr, v, cmr
1): 1251 (C-0-C); 1379, 1597 (C=Cary); 1503, 1398 (C-NO2). Phd cong huong tir hat
nhan *H-NMR (500MHz, CDCls, TMS, &1, ppm, J, Hz): 8,52 (s, 1H, Hotophenyly. g 97
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(d, J = 8,0 Hz, 1H, H.g"itopheny)- 8 00 (d, J = 7,5Hz, 1H, H-g"trophemyly- 7 63 (t, J = 8,0 Hz,
1H, HY.12); 7,53 (s, 2H, HP24, HP26); 7,45 (t, J = 8,5 Hz, 1H, Hsnitrophenyl)- 7 38 _ 7 42 (m,
4H, HP.11, HB3 H.s, Ho): 7,20 (d, J = 8,0 Hz, 2H, H.s, H.10); 7,10 (t, 2H, J = 7,5 Hz, H-
4, H20); 7,03 (d, J = 8,0 Hz, 2H, H.6, H-18); 5,12 (s, 4H, 2x-0-CH>-). Pho khéi lugng
LCMS m/z: 488 [M+H]*. Tim thay (%): C, 73,63; H, 4,54; N, 8,55. Tinh toan cho cong
thirc C3oH21N304 (%): C, 73,91; H, 4,34; N, 8,62.
2.253. Toéng hop 25-(3-bromophenyl)-8,16-dioxa-27,28-diazapentacyclo-
[21.3.1.11914 027 01"2?]-octacosa-2,4,6,10,12,14,17,19,21,23,25,1(27)-dodecaene (45)

San pham 45 thu dugc & dang tinh thé mau trang, hiéu suat H = 60% (0,41 g,) Tnc=
205- 207°C, R¢= 0,36 (ethylacetate: methanol = 5:1). Phd hdng ngoai IR (KBr, v, cm):
1051, 1245 (C-O-C); 1450, 1588 (C=Cary). Phd cong huong tir hat nhan H-NMR
(500MHz, CDCls, TMS, 8w, ppm, J, Hz): 7,83 (s, 2H, HP.24, HP); 7,07 — 7,62 (m, 15H,
Harom, H"-12); 5,15 (s, 4H, 2x-OCH>-). Phé khoi lugng LCMS m/z: 521 [M+H]*(gr=79) and
523 [M+H]*@r=79). Tim thay (%): C 68,87; H 4,35; N 5,68. Tinh toan cho céng thuc
CaoH21BrN202 (%): C, 69,11; H, 4,06; N, 5,37.
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Hinh 2.23. Dan xuat 25-(3-bromophenyl)-8,16-dioxa-27,28-diazapentacyclo-
[21.3.1.11014 027 017.22]-octacosa-2,4,6,10,12,14,17,19,21,23,25,1(27)-dodecaene (45)
2.25.4. Tong hop 25-(4-methoxyphenyl)-8,16-dioxa-27,28-diazapentacyclo-
[21.3.1.110.14 027 01722] octacosa-2,4,6,10,12,14,17,19,21,23,25,1(27)-dodecaene (46)
San pham 46 thu dugc ¢ dang tinh thé mau trang, hiéu suat H = 70% (0,43 g),
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Tne= 138- 140°C, Rs = 0,38 (ethylacetate: methanol = 5:1). Phé hong ngoai IR (KBr, v,
cml): 1253 (C-O-C); 1444, 1597(C=Cary)). Phd cong huong tir hat nhan *H-NMR
(500MHz, CDCls, TMS, dn, ppm, J, Hz): 7,61 (d, 2H, J = 8,5 Hz, HB, HB-methoxyphenyly.
7,44 (m, 1H, H".10); 7,45 (s, 2H, HP.24, HP26); 7,35 — 7,40 (m, 4H, HP.11, HP.13 H.3, Hoo1);
7,16 (d, J = 8,0 Hz, 2H, H.s, H.10); 7,07 (td, J = 7,5; 0,5 Hz, 2H, H.4, H-20); 7,03 (d, J =
7,5 Hz, 2H, H., H.1g); 6,95 (d, J = 9,0 Hz, 2H, HA, HA-methoxyphenyly. 5 19 (5 4H, 2x-
OCH>-); 3,85 (s, 3H, -O-CHs). Phé cong huong tir BC-NMR (125MHz, CDCls, TMS,
8¢, ppm): 157,4; 156,6; 156,0; 136,4; 133,8; 130,8; 130,6; 129,4; 128,4; 122,0; 121,8;
120,7; 116,3; 114,3; 73,3; 55,4. Ph6 khdi lwong phan giai cao HRMS (ESI) m/z, tim
thay: 473,1865 [M+H]*. Tinh toan cho CaiH2sN203* m/z: 473,1860.
OCH;,4

= 46

Hinh 2.24. Dan xuat 2°-(4- methoxyphenyl)-8,16-dioxa-27,28-diazapentacyclo-
[21.3.1.11014 027 017:22]octacosa-2,4,6,10,12,14,17,19,21,23,25,1(27)-dodecaene (46)

2.25.5. Tong hop 25-(4-Methylphenyl)-8,16-dioxa-27,28-diazapentacyclo-

[21.3.1.11914 027 01"2?]octacosa-2,4,6,10,12,14,17,19,21,23,25,1(27)-dodecaene (47)
San pham 47 thu dugc ¢ dang tinh thé mau tring, hiéu suat H = 76% (0,45 @), Tne=
158- 160°C, Rt = 0,24 (ethlacetate:acetone = 5:1). Phd hdng ngoai IR (KBr, v, cm™):
1047, 1249 (C-O-C); 1448, 1597, (C=Cary). Phd cong huong tir hat nhan H-NMR
(500MHz, CDCls, TMS, &n, ppm, J, Hz): 7,90 (m, 1H, H".12); 7,41 (s, 2H, HP24 HP.);
6,95 — 7,70 (M, 14H, Harom); 5,05 (s, 4H, 2x-OCH-); 2,32 (s, 3H, -CHa). Phd khéi lwong

85



phan giai cao HRMS (ESI), m/z tim thay: 457,1965 [M+H]*, 479,1317 [M+Na]*. Tinh
toan cho CaiH2sN20,*: 457,1911. Tim thiy (%): C, 81,83; H, 5,16: N, 6,35. Tinh toan
cho Cs1H24N20- (%): C 81,56; H 5,30; N 6,14.

. |

O O

®
= 47
Hinh 2.25. Dan xuét 2°-(4-methylphenyl)-8,16-dioxa-27,28-diazapentacyclo-

[21.3.1.11014 027 017??]octacosa-2,4,6,10,12,14,17,19,21,23,25,1(27)-dodecaene (47)
2.2.5.6. Tong hop 25-(2-thienyl)-8,16-dioxa-27,28-diazapentacyclo-

[21.3.11014,0%7.0'"??]-0octacosa-2,4,6,10,12,14,17,19,21,23,25,1(27)-dodecaene (48)
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Hinh 2.26. Dan xuét 2°-(2-thienyl)-8,16-dioxa-27,28- diazapentacyclo-
[21.3.1.11014 027,017 ??]-0ctacosa-2,4,6,10,12,14,17,19,21,23,25,1(27)-dodecaene (48)
San pham 48 thu duoc ¢ dang tinh thé mau trang, hiéu suat H = 77% (0,45 @), Tne=
158 - 160°C, R = 0,23 (ethylacetate). Phd hong ngoai IR (KBr, v, cm™): 1161, 1408, 1593
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(C=Cary1). Ph6 cong huang tir hat nhan *H-NMR (500MHz, CDCls, TMS, 81, ppm, J, Hz):
7,47 (s, 2H, HP2426); 7,46 — 7,36 (M, 7H, H-3, H.4, H-20, Hoo1, HP.1113, HY.12); 7,04 — 7,10
(m, 3H, Hieny); ); 7,16 (d, J = 8,0 Hz, 2H, H.s, H-10); 7,06 (d, J = 8,0 Hz, 2H, H.s, H.1s);
5,11 (s, 4H). Phd khéi lwong LCMS m/z: 449 [M+H]*. Tim thiy (%): C 75,23; H 4,34; N
6,56. Tinh toan cho C2sH20N20.S (%): C 74,98; H 4,49; N 6,25.

2.3. TONG HOP CAC DAN XUAT AZACROWN ETHER DUA TREN CO SO
PHAN UNG NGUNG TU PA TAC NHAN PETRENKO-KRITSCHENKO
2.3.1. Tong hep diazaacrown ether tir podand N,N-tosyl-1,5-bis(2-formyl-1-

Olnh’h “\\\\\\O

naphtoxy)-3-azapentane (14)

‘iCHO OHC :'

+NH4OAC I j
N

-

AcOH, MeCN O=é=0
Me siéu am, 50°C, 2,5h
14 50
CH;4

So d6 2.10. Téng hop 1°%-tosyl-30,32-diphenyl-12,18-dioxa-15,33-diazahexacyclo-
[27.3.1.0%11.038,01928 0?227)-tritriconta-2,4,6,8,10,19(20),21,23,25,27-decaen-31-one
(50)

Hon hop phan tng gém 0,5 g (0,88 mmol) 1,5-bis(1-formylnaphthalen-2-yloxy)-
3-tosyl-3-azapentane (14), 0,18 g (0,88 mmol) dibenzyl ketone (49) va 1,35 g (17,6
mmol) ammonium acetate trong 7 ml acetonitril va 1,5 ml acetic acid, dugc dun néng
tai nhiét do t = 50°C dudi tac dung ctia song si€u am trong khoang thoi gian 2,5 gid. Sau
khi phan (g xay ra hoan toan, hon hop phan tng duoc trung hoa bang dung dich K2COs
(5%) va thu dugc két tia mau vang nhat. Loc két tiia hoa tan trong DCM va hdn hop
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dung dich con lai duoc chiét véi DCM (3x10 ml). Gop cac dung dich DCM va lam khan
bang Na»SO4, sau d6 loai bo dung mdéi DCM dudi ap suat thap thu duoc san pham thd
mau vang. Tinh ché san pham tho bang phuong phap sac ky cot v6i dung dich rira giai
1a ethylacetate : hexane = 1:1. San pham duoc két tinh lai trong hdn hop dung méi
dichloromethane/methanol cho san pham 50 duéi dang tinh thé mau tring. Hiéu suat H
= 45% (0,30 g), Rr = 0,4 (ethylacetate:hexane = 1:1); Tnc = 292-294°C (theo tai li¢u
tham khao 293-295°C).
Pho 'H-NMR (500MHz, DMSO-ds, o, ppm, J, Hz): 8,8 (d, J= 8,9 Hz, 2H, H.4,
H.2); 7,94 (d, J = 8,0 Hz, 2H, H.7, H.23); 7,70 (d, J= 9,1 Hz, 2H, 2xH®); 7,65 (d, /= 8,1
Hz, 2H, H.o, H.21); 7,56 (d, J = 7,9 Hz, 2H, H.10, H-20); 7,47 (d, J = 9,1 Hz, 2H, 2xHP);
7,40 (ddd, J = 8,5; 6,8; 1,3 Hz, 2H, H.¢, H24); 7,29 (d, J = 7,6 Hz, 4H, Har); 7,23 (t, J =
7,4 Hz, 2H, Har); 6,96 (t, J= 7,5 Hz, 4H, Ha:); 6,84 (t, /= 7,4 Hz, 2H, Ha); 5,79 (t, J =
11,8 Hz, 2H, H.1, H.2); 5,32 (d, J = 10,9 Hz, 2H, H.30; H32); 4,75 (t, J = 12,4 Hz, 1H,
N-H.33); 4,64 — 4,67 (m, 2H, 2xH.19); 4,57 (t, J = 8,8 Hz, 2H, 2xH.13); 3,99 — 4,04 (m,
2H, 2xH.14); 3,39 - 3,43 (m, 2H, 2xH.16); 2,48 (s, 3H, -CH3). Pho '*C-NMR (125 MHz,
CDCls, dc, ppm): 154,1; 144,7; 132,4; 130,1; 129,6; 129,5; 128,18; 127,87; 127,47,
126,43; 126,28; 123,57; 123,07; 114,05; 67,67; 62,31; 61,81; 52,0; 21,5; 13,8. Pho khdi
luong phan giai cao HRMS (ESI): m/z tim thiy: 759,2892 (100) [M+H]*, tinh toan cho
CasHa3N20sS, m/z: 759,2887 va tim thay: 791,2799 [M+CH3;OH+H]" (15), tinh toan cho
Ca9H47N206S, m/z: 791,3149.
Cong thirc cau tao cua hop chat 50 dugc khang dinh bang phuwong phap phan tich

nhidu xa tia X don tinh thé.
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Hinh 2.27. C4u tao mang tinh thé cua phan tir hop chat 50

Bang 2.4. Dit liéu tinh thé hoc va cac thong s téi wu hoa céu trdc cua chat 50

Dir liéu vé cau tric tinh thé hep chat diazacrown 50

Cong thiic phirc cua don tinh thé CagH43N20s5S
Khoi Iwong phan tir (M) 759,90

Hé tinh thé, nhom khéng gian Triclinic, P"1
Nhiét d khao sat (K) 273

a, b, ¢ (A) 11,906 (2), 14,212 (2), 14,266 (2)
o B 7 () 62,714 (5), 74,391 (5), 68,364 (5)
V(A% 1979,5 (6)

S6 phan tir trong mot & mang tinh thé (2) 2

Dang btrc xa Mo Ka

Hé sé hap thu (p, mm™) 0,13

Kich thudc don tinh thé (mm) 0,25 x 0,17 x 0,05

Tong so tia phan xa dugc do luong 92071

S6 lwong tia phan xa doc 1ap 12157
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Dir liéu vé cau tric tinh thé hep chat diazacrown 50
S6 luong tia phan xa quan sat duoc vai diéu kién|7293
I > 206(1)
Rint 0,066
(sin 6/0)max (A) 0,716
Céc thdng sé hiéu chinh:
D6 sai lech R[F? > 26(F?)] 0,070
Do sai lech wR(F?) 0,177; 1,03
Su phu hop giita di liéu va md hinh tinh thé (S){1,03

232. Tong hep  azacrown ether tir podand  2,6-bis[(2-
acetylphenyl)oxymethyl]benzene (20)
Phwong phdp chung tong hop cac azacrown ether (55-59):

(49 51-54)
+ NH4OAC
MeCN, 50°C, reflux

20 49, 55: R'=R?= C¢Hy;
51, 56: R'=H, R?= CHj;
52,57: R'=H, R?= C¢Hs;

53, 58: R'=H, R?>= COOCH(CH3),;
54,59: R'= H, R?>= COOCH,CH(CH;),

Y

(55 - 59)

So dd 2.11. Téng hop céac azacrown ether (55-59)

Mot hdn hop phan tng gom 0,346 g (1,0 mmol) podand 20, cung véi 1,1 mmol
ketone (49, 51-54) va 0,62 g NH4sOAc (amonium acetate) dun hoi luu trong 10 ml dung
moi acetonitrile & nhiét do 50°C. Sau khi phan ¢ing xay ra hoan toan, kiém tra tién trinh
phan wng bang sic ky 16p mong TLC (sau khoang 24 gi®). Lam mét hdn hop phan ¢ng
t6i nhiét do phong. Thém nuée cat va dung méi dichloromethan vao hdn hop phan tng
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vira thu duoc. Lap lai qua trinh chiét 3 1an (3 x 15ml). H3n hop phan tng sau d6 duoc
lam khd bang Na2SOs va dung méi cho bay hoi dudi &p suat thap. San pham thé thu
dugc ¢ dang tinh thé mau vang sang, sau d6 dugc tinh ché bang phuong phap sac ky cot
silicagel cho san pham taa tinh khiét tri(benzo)-5-azacrownophane cé chira nhan v-
piperidone (55-59).
2.3.7.1. Tong hop 25-0x0-24,26-diphenyl-8,16-dioxa-27-azapentacyclo [21.3.1.
11014 027 0'"-??]octacosa-2,4,6,11,13,17,19, 21,28-nonaene (55)

Hinh 2.28. Dan xuit 25-0x0-24,26-diphenyl-8,16-dioxa-27-azapentacyclo [21.3.1.
11014 027 017.2?]octacosa-2,4,6,11,13,17,19, 21,28-nonaene (55)

San pham 55 thu duoc ¢ dang tinh thé mau tring (0,29 g, 55%), Rf = 0,48
(n-hexane:ethylacetate = 3:1). Pho hong ngoai IR (KBr, v, cm™): 3305 (NH), 1705
(C=0). Phé H-NMR (500 MHz, DMSO, TMS, &, ppm, J, Hz): 8,0 (s, 1H,
CHa); 7,49 (d, J = 7,7 Hz, 2H, CHay): 7,27 (t, J = 7,6 Hz, 1H, CHa); 7,07- 7,19
(m, 16H, CHa/); 6,84 (t, J = 7,5 Hz, 2H, CHa/); 5,25 (d, J = 13,0 Hz, 2H, CH>);
5,18 (dd, J = 12,6; 13,0 Hz, 4H, -CH & -CHy); 4,56 (d, J = 11,5 Hz, 2H, CH). Phé
B3C-NMR (125 MHz, DMSO-ds, TMS, Jc, ppm): 208,1; 156,7; 138,8; 137,3;
130,5; 130,1; 128,8; 128,2; 128,1; 126,7; 126,4; 126,0; 121,3; 114,4; 70,6; 67,9;
61,6; 58,5; 14,4; 11,3. Pho khéi luong phan giai cao HRMS, (ESI), m/z tim thay:
538,2396 [M+H]*, tinh toan cho Cs7H32NO3, m/z: 538,2382.
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2.3.7.2. Tong hop 25-ox0-24-methyl-8,16-dioxa-27-azapentacyclo-[21.3.1.
11014 027 0'"-??]octacosa-2,4,6,11,13,17,19,21,28-nonaene (56)

Hinh 2.29. Dan xuat 25-0x0-24-methyl-8,16-dioxa-27-azapentacyclo-
[21.3.1.11914 027 01"??]octacosa-2,4,6,11,13,17,19,21,28-nonaene (56)

San pham 56 thu dugc ¢ dang tinh thé mau trang (0,17 g, 42 %), Rf = 0,55 (n-
hexane:ethylacetate = 3:1). Phé hong ngoai IR (KBr, v, cm™): 3305 (NH), 1705
(C=0). Ph6 'H-NMR (500 MHz, CHCIz, TMS, 8u, ppm, J, Hz): 7,8 (s, 1H, CHa);
7,49 (br.m, 1H, CHa); 7,3 (t, J = 9,0 Hz, 2H, CHa/); 7,25- 7,23 (m, 1H, CHa); 7,18
(t, J = 8,0 Hz, 1H, CHa); 7,11- 7,07 (M, 2H, CHa,); 7,03 (d, J = 8,2 Hz, 2H, CHa);
6,98 (d, J = 8,0 Hz, 1H, CHa/); 6,95 (d, J = 7,4 Hz, 1H, CHa); 5,37 (t, J = 10,8 Hz,
2H, CHy); 5,17 (d, J = 12,0 Hz, 1H, CH); 5,08 (d, J = 12,5 Hz, 1H, CH); 4,62 (br.m,
2H, CHy); 3,08 (br.m, 1H, CH); 2,84- 2,66 (br.m, 2H, CHeqHax); 0,92 (d, J = 6,5 Hz,
3H, CHs). Phé 3C-NMR (125 MHz, CDCls, TMS, dc, ppm): 210,7; 138,2; 137,6;
131,2; 128,9; 128,2; 125,2; 114,4; 114,4; 112,0; 70,2; 68,8; 44,6; 38,1; 36,5; 30,9;
10,0. Phé khéi lugng phan giai cao HRMS, (ESI): m/z tim thay: 400,1921 [M+H]*,
tinh toan cho CzsH26NOs m/z: 400,1913.

2.3.7.3. Tong hop 25-0x0-24-phenyl-8,16-dioxa-27-azapentacyclo-
[21.3.1.11914 027 01"2?]octacosa-2,4,6,11,13,17,19,21,28 —nonaene (57)

21.3.1.1%014 027 0"2?]octacosa-2,4,6,11,13,17,19,21,28 -nonaene (57)

San pham 57 thu duoc & dang tinh thé mau trang (0,189 g, 41 %), Rf = 0,53
(n-hexane:ethylacetate = 3:1). Phé IR (KBr, v, cm™): 3335 (NH), 1707 (C=0). Pho
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IH-NMR (500 MHz, CHCls, TMS, §, ppm, J, Hz): 7,44 (br.s, 1H, CHar); 7,36 (dd,
J =8,0; 2,0 Hz, 1H, CHa/); 7,31 (td, J = 8,0; 2,0 Hz, 1H,CHax/); 7,23 (d, J= 7,5
Hz, 1H, CHar); 7,19 (t, J = 7,5 Hz, 1H, CHa/); 7,03- 7,14 (m, 5H, CHa/); 7,02 (t,
J =8,5Hz, 1H, CHar); 6,83 (dd, J = 8,5; 1,0 Hz, 1H, CHa/); 6,8 (d, J = 8,0 Hz,
1H,CHar); 5,26 va 5,30 (AB system, 2H, CH2Ph); 5,11 va 5,21 (AB system, 2H,
CH2Ph); 4,77 (br.s, 1H, CH); 4,08 (d, J = 11,5 Hz, 1H, CH); 3,19 (t, J = 13,0 Hz,
1H, CH); 2,82 (d, J = 13,5 Hz, 1H, CHeq); 2,74 (br.s, 1H, CHax). Phé **C-NMR
(125 MHz, CDCls, TMS, dc, ppm): 208,2; 138,4; 137,8; 129,7; 129,2; 128,5;
128,1; 127,9; 126,8; 125,9; 125,3; 121,6; 112,4; 70,0; 69,1; 46,7. Pho khéi luong
phan giai cao HRMS, (ESI), m/z tim thay: 462,2059 [M+H]*, tinh toan cho
Ca1H2sNOsm/z: 462,2069.

Hinh 2.30. Dan xuat 25-0xo0-24-phenyl-8,16-dioxa-27-azapentacyclo-[

2.3.7.4. Tong hop isopropyl 2%-ox0-8,16-dioxa-27-azapentacyclo[21.3.1.
11014 027 01"-2?]octacosa-2,4,6,11,13,17,19,21,28-nonaen-24-carboxylate (58)

San pham 58 thu duoc ¢ dang tinh thé mau tring (0,28 g, 60%), Rf = 0,54
(n-hexane:ethylacetate = 3:1). Phd hong ngoai IR (KBr, v, cm™): 3331 (NH), 1736
(OC=0), 1709 (C=0). Ph6 H-NMR (500 MHz, CHCls, TMS, &4, ppm, J, Hz):
7,91 (s, 1H, CHAa(); 7,37 (d, J =7,7 Hz, 1H, CHA); 7,31 (d, J = 7,7 Hz, 1H, CHA();
7,28 (dd, J =6,7 Hz, 2H, CHAa/); 7,20 (t, J = 7,8 Hz, 1H, CHA(); 7,12-7,10 (m, 2H,
CHar); 7,00 (dd, J = 8,0; 3,8 Hz, 3H, CHar); 6,92 (t, J = 7,5 Hz, 1H, CHa(); 5,30
(d, J = 13,4 Hz, 2H, CH>); 5,23 (d, J = 12,4 Hz, 1H, CH); 5,17-5,15 (m, 2H, CH>);
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4,98- 4,94 (m, 1H, CH); 4,80 (br.m, 1H, CH); 3,90 (d, J = 12 Hz, 1H, CH); 2,98
(t, J = 13,0 Hz, 1H, CHeg); 2,70 (d, J = 13,7 Hz, 1H, CHa); 1,10 (d, J = 6,2 Hz,
3H, CHs); 1,06 (d, J = 6,3 Hz, 3H, CH3). Ph6 3C-NMR (125 MHz, CDCls, TMS,
S5, ppm): 204,1; 167,8; 138,2; 137,8; 129,2; 128,1; 125,8; 125,5; 121,7; 69,6; 69,3; 68,4;
46,5; 29,7; 21,6; 21,4; 20,7; 14,1. Ph6 khéi luwong phan giai cao HRMS, (ESI): m/z
tim thay 472,2103 [M+H]*, tinh toan cho Ca9H30NOs m/z: 472,2124.

0O O
O/<

Hinh 2.31. Dan xuat isopropyl 25-0x0-8,16-dioxa-27-azapentacyclo[21.3.1.
11014 027 07.2?]octacosa-2,4,6,11,13,17,19,21,28-nonaen-24-carboxylate (58)
2.3.7.5. Tong hop isobutyl 25-0x0-8,16-dioxa-27-azapentacyclo [21.3.1.11014,
027.0%"??octacosa-2,4,6,11,13,17,19,21,28-nonaen-24-carboxylate (59)

San pham 59 ¢ dang tinh thé mau trang (0,18 g, 38 %), Rf =0,55 (n-
hexane:ethylacetate = 3:1). Phé hong ngoai IR (KBr, v, cm™): 3339 (NH), 1749
(OC=0), 1713 (C=0). Phé *H-NMR (500 MHz, CDCls, TMS, 8n, ppm, J, Hz):
8,25 (s, 1H, CHay); 7,71 (dd, J = 7,5 Hz, 1H, CHa/); 7,65 (d, J = 7,6 Hz, 1H,
CHar); 7,62 (dd, J=7,6; 1,6 Hz, 2H, CHAar); 7,52- 7,55 (m, 1H, CHAar); 7,45 (br.m,
2H, CHar); 7,33 (t, J = 8,1 Hz, 3H, CHa/); 7,26 (t, J = 7,5 Hz, 1H, CHa/); 5,64 (t,
J = 13,7 Hz, 2H, 2xCH): ); 5,58 (d, J = 12,3 Hz, 1H, CH); 5,51 (d, J = 9,1 Hz,
2H, CHy); 5,14 (br.m, 1H, CH); 4,30 (d, J = 11,4 Hz, 1H); 4,18 - 4,13 (m, 2H,
CH2); 3,33 (t, J = 12,9 Hz, 1H, CH); 3,01 (t, J = 12,9 Hz, 1H, CH); 3,05 (d, J =
13,6 Hz, 1H, CH); 2,16- 2,11 (m, 1H, CH): 1,11 (dd, J = 6,7; 1,3 Hz, 6H). Phd
13C-NMR (125 MHz, CDCls, TMS, dc, ppm): 204,1; 138,2; 137,8; 129,3; 128,1;
121,7; 96,1; 72,0; 69,5; 69,4; 63,2; 46,6; 27,6; 18,9; 18,9. Pho khdi lugong phan giai
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cao HRMS (ESI): m/z tim thay: 486,2258[M+H]*, tinh toan cho CaoH32NOs m/z:
486,2280.

Hinh 2.32. Dan xuit isobutyl 2°-ox0-8,16-dioxa-27-azapentacyclo-
[21.3.1.11014 027,017 ??]octacosa-2,4,6,11,13,17,19,21,28-nonaen-24-carboxylate (59)

2.4. KHAO SAT HOAT TINH SINH HOC CAC HQP CHAT TONG HOP bUGQC
2.4.1. Khao sat hoat tinh gay doc té bao trén mét s6 dong té bao ung thu
a) Céac dong té bao dwge danh gia hoat tinh gdy déc té bao dwoc cung cap tir
phong Sinh hec Thac nghiém — Vién Hoa hoc cac Hep chdt Thién nhién, gom:
I. FL (HeLa, Human cervix carcinoma): Ung thu tir cung
ii. MCF7 (Human breast adenocarcinoma): Ung thu biéu mé vi
iii. RD (Human rhabdomyosarcoma): Ung thu mé lién két
Iv. Hep-G2 (Hepatocellular carcinoma): Ung thu gan nguoi
v. Lul (Human lung adenocarcinoma): Ung thu phéi nguoi
b) Mai trwong nudi cac dong té bao ung thuw
- Mbi trudng MEME (Minineal Essential Medium with Eagle’s salts) bo sung 7-
10% huyét thanh bé twoi, 1% dich khang sinh PSF (potassium penicillin— streptomycin—
fungizone) va 1% NAA (nonessential amino acid). Hoac méi truong DMEM
(Dullbecco’s modified Minimum Essential Medium): 10% huyét thanh bé twoi, 1% dich
khang sinh (PSF), 1% NAA.
- Dich khang sinh PSF: 100 don vi penixilin/ml, 100 wg streptomyxin sunfat/ml,
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0,25 ug amphoterixin B/ml.

- bém PBS (phosphate bufferred saline, g/l): NaCl 8; KCI 0,2; Na2HPO4 1,15;
KH2PQO4 0,2; Khir tring 1 atm trong 30 pht.

¢) Phwong phdp thuc nghiém xdc dinh hoat tinh gdy déc té bao:

Nudi té bao ung thu in vitro theo Skehan va cong su [70]. Xac dinh hoat tinh gay
doc cac dong té bao ung thu theo phuong phap SRB cua Likhiwitayawuid va cac cong
su dang duoc tién hanh tai Vién Nghién ctru Ung thu Quéc gia caa My (NCI)[43].
Phuong phap nay da dugc phong Sinh hoc Thuc nghiém thuoc Vién Hoa hoc cac Hop
chat Thién nhién (VAST) ap dung tir nim 1996. Phép xac dinh gom hai buéc nhu sau:

Buéc 1: Sang loc tim cac mau ther ¢6 hogt tinh

i) Chudn bj té bao

- DONg té bao dugce luu giit trong nito 16ng, hoat hoa va duy tri trong cac moi truong
dinh dudng MEME, Eagle hoic DMEM c6 bo sung huyét thanh bé tuoi 7- 10%.

- Té bao dugc nudi trong cac diéu kién tiéu chuan (CO2 5%; do am 98%: nhiét
d6 37°C, vo tring tuyét dbi), té bao dugc hoat hod trugc khi tién hanh thi nghiém tur
18- 24 gio.

- DUng dung dich tripsin versel 0,1% dé tach té bao sau khi da rira té bao bang dém
PBS. Pha té bao bang mai trudng sach, dém sb luong, tao huyén dich té bao & nong do thi
nghiém (khoang 3-5x10* té bao/ml tly theo tirng loai té bao thir nghiém).

ii) Chudn b;i mau thi
Hoa tan mau thir bang dung mdi DMSO véi nong do 4 mg/ml dbi vai chat thd, 2
mg/ml d6i véi chat tinh.
iii) Tien hanh thi nghiém
- Nho vao céac giéng cua phién thi nghiém theo dinh luong sau:
+ Day db6i chzng &m: DMSO 10%
+ Diy di chimg dwong: chat chuin c6 kha ning diét té bao, elipitine hoic
colchicine, pha téi néng do 0,01 mM trong DMSO.

+ Ddy thi nghiém: mau thir + dich huyén phu té bao
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- Phién duoc u trong ta CO2 & 37°C trong 3 ngay.

iv) Két thlic thi nghiém va ddnh gid két qua

Té bao sau khi o 3 ngay duoc ¢b dinh bang dung dich trichloroacetic acid (TCA)
lanh. Rira, dé kho, nhuom SRB 0,4% trong acetic acid 1% va rira lai bang acetic acid
1% dé loai mau thira; dé khd sau d6 hoa té bao tro lai vao dung dich dém tris base 10M
trén may lic ngang.

Poc trén may ELISA & budc song 495-515 mm.

Chl y: Ludn phdi c6 phién doi chitng cho hrong té bao ¢ thoi diém bt dau thi
nghiém (ngay 0). Phién dai chizng ngay 0 ¢d chiza dich huyén phu té bao trong céc giéng,
dé tii dm CO, ¢ 37°C trong 30 phut. Céch cé dinh va nhuém nhur trén.

v) Tinh két qua

- Tinh gia tri CS % (% Cell Survival — ty I séng sot)

- Gia tri CS: la kha niang song sot cua té bao ¢ nong do ban dau cia mau thur,
mau nao cho gia tri CS < 50% thi duoc danh gia 1a c6 hoat tinh.

- Gia tri CS(%) duoc tinh theo cong thic:

0D (mau thtt) — 0D (ngay 0)

CS% =
o OD(DMSO) — 0D (ngay 0)

.100%] + 46

Trong do:  OD: mat do quang

§: d6 léch tieu chuan

)2
o duoc tinh theo cong thuc: 6 = \/rffff)

Trong d6:  Xi: gi& tri OD tai giéng i
i gid tri OD trung binh
n: s6 giéng thir 1ap lai
Cac mau c6 biéu hién hoat tinh (CSso < 50% + &) s& dugc chon ra cho thir nghiém

budc 2 dé tim gié tri 1Cso.

Bude 2: Xac dinh qia tri 1Cs
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- Dung gia tri CS% cua 10 ndng do, dira vao chuong trinh Table curve theo thang
gia tri logarit ciia dudng cong phaét trién té bao va nong d6 chat thir dé tinh gia tri 1Cso.
Cong thic: % = a + binX

Trong d6: y: ndng d6 cht thir
X: Giatri CS (%)

- Cac mau thé c6 gia tri ICso< 20 pg/ml dugc coi la cd hoat tinh.
2.4.2. Khao sat hoat tinh wc ché enzyme a-glucosidase

Phwong phdp khdo sat hogt tinh sc ché enzyme a-glucosidase:

Hoat tinh &c ché enzyme o-glucosidase cua cac dan xuét azacrown ether méi duoc
danh gia dua trén phan ung phan cat co chat p-Nitrophenyl-a-D-glucopyranoside (pNPG).
Nho tac dong cua enzyme a-glucosidase co chat p-Nitrophenyl-a-D-glucopyranoside
(PNPG) bi phan cat, giai phong san pham la p-Nitrophenol c6 mau vang. D6 hap thy cua
hdn hop phan @ng tai budc séng 410 nm & thoi diém 30 pht sau phan ng, phan anh lugng
san pham p-Nitrophenol sinh ra, tir 46 phan &nh hoat d6 cua enzyme a-glucosidase [12].

a) Chudn bi mdu thi

Thir nghiém tc ché « — glucosidase duoc thuc hién trén dia 96 giéng. Mau thir
dugc pha lodng bang DMSO 1% thanh mét ddy cac nong do khac nhau lan luot 1a 256,
128, 64, 32, va 4 pg/ml.

b) Tién hanh thi nghiém

Mot hdn hop gom 40 pl caa dung dich dém phosphate (pH 6,8), 25 ul a-glucosidase
(0,4 U/ml) va 10 pl caia mdi mau nghién ciru duoc U nhiét trong vong 15 phit ¢ 37°C va
sau d6 tiép tuc & nhiét thém 30 phit & 37°C véi 50 ul dung dich pNPG (5 mM).

¢) Két thuc thi nghiém va danh gid két qua

Phan tmg duoc ding bang cach thém vao hdn hop phan tng 100 ul dung dich
Na,COs 0,2 M. Lugng p-nitrophenol dugc giai phong boi pNPG duoc do ¢ budc song
410 nm, twong &ng vai hoat tinh a-glucosidase. Gi4 tri IC50 duoc tinh toan bang phan
mém Curve 2Dv4. Acarbose duoc sir dung nhu lam mau dbi ching duong.

Kha ning trc ché enzyme o-glucosidase ciia mau thir duoc xac dinh bang cong thuc.
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A (d8i chirng)—A (mau thi)
— . 100
A (doi chirng)

Do uc ché % =

ICs0 12 ndng d6 wrc ché 50% hoat dong enzym a-glucosidase, duoc tinh toan bang
phan mém Curve 2DV4.

2.4.3. Khao sat hoat tinh sinh hoc ciia hoat chat htong hep dwgc bang phwong phip
sang loc ao in silico

2.4.3.1. Docking phan t# nghién cizu hoat tinh gdy déc té bao

Nghién cttu mé phong lap ghép phan tir dugc thyc hién trén phan mém MOE
2015.10 dé danh gia ning lwong tu do va mac d6 lién két cia cac phan tir hop chat crown
Vi cac phan ti protein myc tiéu 1a EGFR. M6 hinh 3D cua EGFR (ma ID PDB: 1M17)
duoc 14y tir ngan hang dit liéu protein RSCB. Tét ca cé4c tinh toan md hinh phan tir va
nghién cau lap ghép dugc thuc hién bang phan mém Discovery Studio 2021. Bé dam
bao tinh hop Ié cia viéc md phong lap ghép, erlotinib — mot chuac e ché tyrosinase da
dugc biét dén 12 dan xuat 4-anilinoquinazoline ciing dugc tién hanh mé phong lap ghép
véi phan tir EFGR. So sanh nang lugng gan két véi cac phan tir EGFR cua cac hop chat
crown va hop chét erlotinib dé danh gia kha ning tc ché EGFR cua cac crown.

Céc dan xuat téng hop duoc tién hanh docking véi EGFR sir dung chwong trinh
Molecular Operating Environment (MOE 2015.10). Qua trinh docking duoc tién hanh
tai B mon Hoa hitu co, Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha Noi
qua ba budc: chuan bi ciu tir, chuan bi protein, md phong docking nhu di trinh bay
trong Chuong I.

2.4.3.2. Docking phan ti nghién cizu hogt tinh iic ché enzyme a-glucosidase

Viéc lap ghép phan tir dugc thuc hién bang MOE 2015.10 theo thir tu dé kham pha
su tuong tac ctia c4c hop chat crown va a- glucosidase. M6 hinh twong dong 3D ctia enzyme
a-glucosidase dua trén céu tric tinh thé caa isomaltase tir Saccharomyces cerevisiae. Cau
tric ba chiéu cua phan tir isomaltase (ma ID PDB: 3A4A) da duoc Iy tir Ngan hang dit liéu
protein RCSB1, ¢ 85% diém tuwong trr va 72% diém gidng hoan toan véi giai trinh ty ciu

tric cta phan tir a-glucosidase. Cau trlic cua tat ca cac hop chét tong hop dugc xay dung
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trén phan mém MOE. M@ phéng lap ghép duoc thuc hién bang cach st dung cac tham sb
mic dinh. Tuong tac rang budc giita cac phdi tir va protein myc tiéu sau d6 dugc phan tich
va duoc hién thi bai Discovery Studio 2021.

2.4.3.3. M6 phong docking

Quaé trinh docking gdm 2 buéc chinh 1a: (1) dock lai chat dong két tinh nham danh
gia d6 chinh xé&c caa mé hinh két tinh, (2) dock cac chat mai tong hop duoc, sir dung
mo hinh d3 duoc kiém chang ¢ budc (1).

Trong luan an nay, phuong phap docking dugc tién hanh bang céch giir ¢ dinh
protein va dé cu tir di chuyén linh dong trén bé mat protein. Lya chon két qua docking
dwa vao trang thai lién két caa cau tir voi protein va tinh ning luong gan két gitra protein
VA cau tir dua trén diém docking (docking scores) dé lua chon cau dang toi uu nhét coa
cau tur khi gan voi protein. Piém docking duoc tinh toan st dung cac ham tinh diém
London hoidc GBVI/WSA dé tinh toan cac murc nang luong lién két toi thiéu (AGL, dGy,
kcal/mol) va nang lugng lién két tu do (AGa, dGa, kcal/mol). Gia tri diém docking
thuong nhan gia tri am (-). Cau dang c6 gia tri nay cang nho cho thay phic hé cau tir -
protein tao thanh cang bén viing.

Budc 1, tién hanh docking lai véi cau tir ban dau co trong cau tic protein dé kié ching
su 1ap lai, gia tri do 1ap lai can cang cao cang tét va thoa man yéu cau RMSD < 2 A,

Budc 2, tién hanh docking cac chat méi tong hop duoc vao trung tm hoat dong
cia EGFR (m& ID PDB: 1M17) néu la thir hoat tinh gay doc té bao hoac isomaltase (ma
ID PDB: 3A4A) néu thir hoat tinh tc ché a-glucosidase. Lya chon vi tri lién két can cir
theo cac tiéu chi gom thach thuc tao phtc véi ion kém va tuong tac véi cac acid amin

guan trong trong trung tam hoat dong.

CHUONG 3- KET QUA VA THAO LUAN
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3.1. TONG HQP CAC DAN XUAT PODAND CHUA NHOM CARBONYL
3.1.1. Téng hop cac podand chira nhém chikc arylketone 3, 6, 8 va 10

Cac hop chat podand véi mach polyether cé chira céc di t oxy (O) va luu huynh
(S) (3, 6, 8, 10) duoc tong hop tir cac tién chat bis-(2-chloroethyl) ether (1) hoic bis-(2-
mercaptoethyl) ether (5) hoac 2,2’-thiodiethanethiol (7) hoac 1,8-dimercapto-3,6-
dioxaoctane (9) khi ngung tu vai cac aldehyde hoéc ketone thom 2 hoac 5 trong hé dung
mdi véi moi truong kiém manh KCO3/DMF (véi su c6 miat caa mudi Kl) hoic
K2CO3/DMSO theo so d6 2.1.

Bang 3.1. Két qua tdng hop cac tién chat podand (3, 6, 8, 10)

Hop chat X Y n The (°C) Rt H (%)

3 o) o) 1 66 — 68 0,67 53

6 S o) 1 72-74 0,58 52

8 S S 1 76— 77 0,53 55

10 S o) 2 71-71 0,50 60
(0] 0] (0]

i/o\jL 2@61\%3 K1, K,CO; Cﬁl\cm H3C)‘t©

OH DMF, 115°C, 13h 0 0 0

(1) ) /N 3

So d6 3.1. Tong hop 1,5-bis(2-acetylphenoxy)-3-oxapentane (3)

Phan ¢ng tong hop podand 3 duogc thuc hién trong dung mdi DMF khan tai nhiét
d6 khoang 115 - 120°C véi su ¢6 mat ddng thoi cac tac nhan Kl va K,COs khan. Hon
hop phan ng chuyén tir mau vang chanh sang mau d6 nau, kiém tra tién trinh phan @ng
bang phuong phap sic ky 16p mong téi khi phan tng xay ra hoan toan. Hon hop phan
g duoc 1am lanh dén nhiét ¢ phong va d6 vao binh chira 800 ml nuéc da (nhiét do
khoang 0 — 4°C) s& thu duoc két tha mau do nau. Loc rira két tua trén phéu loc Biichner
va két tinh lai tir ethylacetate thu dugc cac san pham diarylketone podand véi hiéu suat
dat H = 53% (podand).
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CAu tao cua hop chét 3 dugc khang dinh bang cac phuwong phap phd hién dai nhu
IR, *H-NMR va phtl hop véi cac thdng s tai tai liéu tham khao [3].

Phan ttng tong hop céc podand (6, 8, 10) dwoc xuét phét tir 2-chloroacetophenone
(5) va thyc hién trong moéi truong kiem KoCO3/DMSO cho san pham véi higu suét lan
lugt dat H = 52% (chét 6); 55% (chat 8); 60% (chat 10).

O O 0O
SH SH (jH3 K2C03, DMSO CH3 H3C
K/O\) +2 - >
Cl 110°C, 17h S o) S
4 5 \_/ \_/

6

So d6 3.2. Téng hop 1,5-bis(2-acetylphenylsuIfanyl)-3-oxapentane (6)

0
SH SH cHy KOy
s ] +2
o  DMSO, DMSO. 120°C
7 5 K/s\)
8

So db 3.3. Tong hop 1,5-bis(2-acetylphenylsulfanyl)-3-thiapentane (8)

CH O
SH HS K,COs3,
ek Ko uliitee
O O t = 90- IOOOC
Cl (@) S
\9—/ X A
10

So db 3.4. Tong hop 1,8-bis(2-acetylphenylsulfanyll)-3,6-dioxapentane (hoic 1,10-
bis(2-acetophenyl)-1,10-dithia-4,7-dioxadecane (10)

Trén phé hdng ngoai d& dang nhan thay tin hiéu dic trung cho dao dong hoa tri
cuia nhém carbonyl (C=0) véi cuong d6 manh tai 1654 cm™. Phd khéi lugng (ESIY) cua
hop chat 6 cho gia tri [M+H]* = 375,9 twong (g véi cong thirc phan tir 13 C2oH2205S2;
va cua podand 8 cho gia tri [M+H]* = 390,8 twong ung vaéi cong thuc phén ti la

Ca0H2202Ss; trong khi d6 phd khéi luong (ESI*) cuia hop chéat 10 cho tin hiéu ion gia
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phan tir [M+Na]* = 441 (tng véi cong thirc C22H2604S2Na* véi cuong do 100% - hinh
3.1).

Iﬁ:}‘?s M3, 0.0 B3
10 4410
o8
(8] S S O
Me < » Me
08
0 O
S
Exact Mass: 418.13

o4
o2

1508 I
. | il

150 200 250 300 350 400 miz

Hinh 3.1. Phé MS cua hop chét (10)

SSRGS

.'L | J L

T T T T

=
=
=

2 1 0
AL

B8 T _3

EEH 2[El
Hinh 3.2. Ph6 H-NMR cua podand (10)

Trén pho cong huong tir hat nhan cac hop chat (3, 6, 8, 10) (phu luc phd 1.1,
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1.2, 1.6, 1.11) dé& dang nhan thay tin hiéu cong huéng dic trung ctia hai nhom methyl
(CHs-C=0) dudi dang singlet trong khoang 2,61 — 2,62 ppm. C6 thé nhan thay rang,
su thay d6i cac di t6 oxy bang cac nguyén té luu huynh va kéo dai mach podand,
khong anh huéng téi d6 chuyén dich hoa hoc cua cac proton nhém methyl. Tuy vay,
su thay d6i nay c6 anh huéng manh déi véi do chuyén dich héa hoc cua cac proton
nhém methylene (-CH2-), cu thé:

- Bdi véi podand 3, proton nhém methylene cong huong lan luot tai hai vi tri 6 =
3,95 ppm (CH2-O-CHy-) va § = 4,24 ppm (-CH2-O-CsHa) dudi dang triplet véi hang s6
J=5,0Hz.

- Podand 6 c6 tin hiéu cong hudng cua cac proton nhém methylene dudi dang
multiplet trong khoang ¢ = 3,10 — 3,13 ppm (-CH>-O-CH,-) va ¢ = 2,82 — 2,86 ppm (-
CsHa-S-CHy-).

- Trén pho 'H-NMR cua podand 8, proton cac nhdm methylene cho tin hiéu cong
hudng dudi dang multiplet tai cac vi tri & = 2,82 — 2,86 ppm (-CH2-S-CHz-) va 8 = 3,10
— 3,14 ppm (-CsHs-S-CH>-).

- Ph6 'H-NMR cua podand 10 c6 su khac biét vé gia tri d6 chuyén dich hda hoc
va hinh dang céc tin hiéu cong huéng caa cac proton nhém methylene, cu thé xuét hién
tai vi tri & = 3,14 ppm, dang triplet v&i hang s6 J = 7,0 Hz (-S-CHa-), vi tri & = 3,64 ppm,
dang singlet (-O-CH2-CH-0-), va vi tri & = 3,74 ppm, dang triplet véi hang s6 J = 7,0
Hz (-CH,-O-).

3.1.2. Tong hop podand N-tosyl-1,5-bis(2-acetylphenoxy)-3-azapentane (12) va
podand N-tosyl-1,5-bis(2-formyl-1-naphtoxy)-3-azapentane (14)

Tiép tuc nghién ctru phét trién cac dan xuit podand méi, trong d6 nguyén tir nito
(N) s& thay thé nguyén tir oxy trung thm mach polyether, luan 4n da dé ra huéng tong
hop cac podand méi (12, 14) theo so d6 3.5, so d6 3.6.

Céc podand (12, 14) duoc téng hop qua hai giai doan dwa trén tai liéu tham khao
[2, 18, 38]. Xuat phét tir tic nhan N,N-bis(2-tosyloxyethyl)-N-tosylamine (11), sau khi
tuong tac voi hydroxyacetophenone (2) hoac 2-hydroxy-1-naphthaldehyde (13) trong
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mdi truong kiém (hé K.COs/DMF) chung ta thu dugc cac podand N-tosyl-1,5-bis(2-
acetylphenoxy)-3-azapentane  (12) va  N-tosyl-1,5-bis(2-formyl-1-naphtoxy)-3-

azapentane (14) twong ung.

OH O O O
TsO\/\N/\/OTs s ©/U\CH3 K,CO;, d\ y )I)
|
ks DMF O N O
11 2 \__/ \/

12
So d6 3.5. Tong hop podand N-tosyl-1,5-bis(2-acetylphenoxy)-3-azapentane (12)
OTs

RO
Ts—N + 2
8 CHO DMSO

OTs OH
11 13 14

So d6 3.6. Tong hop podand N,N-tosyl-1,5-bis(2-formyl-1-naphtoxy)-3-
azapentane (14)
Bang 3.2. Két qua téng hop 2 tién chat podand (12, 14)

Hop chat X Y n Tne (°C) R¢ H (%)
12 0 0 1 66 — 68 0,67 53
14 S o) 1 7274 0,58 52

Cong thirc cau tao caa cac hop chat (12, 14) dugc chitng minh bang cac phuong
phap IR, NMR va MS. Cu thé, trén phé hdng ngoai cta cac hop chat nhém nay, d& dang
nhan thay dic trung rd nét cua dao dong hoa tri cia nhém C=0 tai 1668 cm™.

Trén phd cong huong tir hat nhan 'H-NMR 12 (hinh 3.3), tin hiéu cong huong
cua cac proton hai nhom methyl (-CHa) tai vi tri a- so véi nhém carbonyl (C=0) dudi
dang singlet tai 6 = 2,53 ppm véi cuong do twong ung 6H. Cac proton cua nhém -CHs
trong goc tosyl (-N-Ts) cho tin hiéu cong huong dudi dang singlet tai 6 = 2,40 ppm. Tin
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hiéu cong hudng cua tam proton nhom methylene duéi dang triplet, d& dang nhan thay
tai 0 = 3,70 ppm, Vi hang s6 tuong tac J = 6,0 Hz, (-CH2-N(Ts)-CH2-) va d = 4,27 ppm
[2%(O-CHy-)], véi hang sé tuwong tac spin — spin J = 6,0 Hz. Cac proton thom, ¢ tin
hiéu cong huéng trong khoang 7,72 — 6,90 ppm, trong d6 dé& dang nhan thiy tin hiéu
cong hudng cua hai cip proton H** va HPPtai § = 7,72 ppm va 6,90 ppm tao thanh hiéu

mg “mai nha” vai hang sé twong tac J = 8,0 Hz.

et e e 2
J S D AN v Pl T i o O DR O D D WD O D O OO B D W s D =1 o r=t
o T R R e e L SR T-E-F- - rd = Ao m 5
.............................. a f
el el el el el e el e el el el el el el ol el = =R = - - b W ] 1
. v i\
Vi
O O
O 0
LA
Ts

hﬂ 1 L 11 | - L

T
12 11 10 9 8 7 6 5 4 3 2 1

HEREE AR B
Hinh 3.3. Ph6 'H-NMR cuia hop chat (12)
Phé khéi luong (LCMS/ESI) ciing cho tin hiéu ion gia phan tor [M+H]* = 496,27

tuong (ng vai cong thirc phan tir C27Ha9NOgS. Cau tao ctia hop chat 12 cling duoc khang

dinh trén pho cong huong tir hat nhan 3C-NMR.
Cong thirc cau tao cua hop chat 14 ciing dugc khang dinh bang phuong phap pho
IR, 'H-NMR va MS. Khéc véi podand 12, phd cong huong tir hat nhan H-NMR caa
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hop chét 14 (hinh 3.4) cho tin hiéu cong huéng cua proton nhom aldehyde duéi dang
singlet tai 0 = 10,77 ppm véi cuong do twong trng 2H. CAc proton nhan thom cdng hudng
trong khoang 9,10 — 7,17 ppm véi cuong do twong ung 16H. Tuong tu, podand 12, trén
phd NMR dé dang nhan thay tin hiéu cong huong dang AA’BB’ cua hai cip proton H:®
va HP¥ 1an luot tai 0 = 7,67 va 7,21 ppm véi hiéu Gmg “mai nha” va hang s tuong tac J
= 8,0 Hz. Tin hiéu cong huong cia tam proton methylene dudi dang triplet, dé dang
nhan thay tai 6 = 3,79 ppm [-CH2-N(Ts)-CH>-] va J = 4,46 ppm (2xO-CH>-). Ngoai ra,
su Xuat hién cua tin hiéu cong huong tai 0 = 2,26 ppm dudi dang singlet véi cuong
d6 3H khiang dinh sy c6 mit caa nhom -CHs caa cau phan (-N-Ts) trong phan tir. Pho
khéi lwong cho tin hiéu ion gia phan tar [M+H]* = 568, twong ung véi cong thirc phan
tor C33H2sNOsS.

H() ()H(

O O

N
|
I's

AL

; 6 5 ; 3 5 ; (') ppm
BEHEE 2 &
Hinh 3.4. Ph6 H-NMR cua hop chat (14)
3.1.3. Téng hop podand 2,6-bis[(2-acetylphenyl)oxymethyl]pyridine (16, 20)

l

T T Y Y T
15 14 13 12 n 10 9 8

b4 = 21._

Tiép tuc phat trién cac podand méi, trong dé di td oxy duogc thay thé bang cac
nguyén ti nito (N), twong ty cac podand 12 va 14, ching toi dat muc tiéu tong hop

podand 16 va 20 theo so d6 3.7 va so db 3.8 twong &ng.
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Cac podand (16, 20) duwoc tong hop tr cac din xuat 2,6-
bis(tosyloxymethyl)pyridine (15) hoac 1,3-bis(tosyloxymethyl)benzene(18), khi tuong
tdc véi 2’-hydroxyacetophenone (2) hoac 2-hydroxyl benzaldehyde (19) trong mdi
truong kiém (K2CO3/MeCN). Phan tng duoc dun hoi luu trong khoang 16 - 24 gio. Sau
khi phan (ng két thac va tinh ché hdn hop phan tng thu dugc podand (16, 20) véi hiéu
suit lan luot twong ng 88% va 75%.

Quy trinh tong hop céc podand 16 dugc thyc hién théng qua hai budc: trudc tién
2,6-bis(tosyloxymethyl)pyridine (15) dugc tong hop tir 2,6-bis(hydroxymethyl)pyridine
khi twong tac véi TsCl trong moi trudong Kiém, sau d6 hop chat trung gian 15 phan tng
véi 2’-hydroxyacetophenone (2) trong hé dung dich K.COs/MeCN cho san pham
podand 2,6-bis[(2-acetylphenyl)oxymethyl]pyridine (16) c6 chua di vong pyridine vai
hiéu suat dat 88 %. San pham podand 20 duoc tong hop tuong tu tir 1,3-phenylene
dimethylazol (17), qua giai doan tosyl hda tao san pham trung gian 1,3-
bis(tosyloxymethyl)benzene (18), tiép theo la phan ng cua 18 véi salicyaldehyde 19
tao thanh podand 20 v&i hiéu suat dat 75%.

O O
OTs dCH3 H3C)‘t©
d ! /

CH3 K2C03,
MeCN | N
1 P
16

So d6 3.7. Tong hop podand 2,6-bis[(2-formylphenyl)oxymethyl]pyridine (16)
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H 0] 0]
OTs OTs +

OH H H
19

-
MeCN 0/\©/\o
18 K,CO; 20

So db 3.8. Tong hop podand 2,6-[(2-acetylphenyl)oxymethyl]benzene (20)

Cau trdc cua hop chat podand 16 dugc khang dinh bang céc phuong phap vat ly
hién dai nhu phd hong ngoai (IR), pho cong huong tir hat nhan (NMR) va pho khéi
luong (MS). Phé cong huang tir hat nhan *H-NMR cua podand 16 (hinh 3.5, hinh 3.6) cho
céc tin hiéu dac trung cua cac proton nhém methyl tai 6 = 2,67 ppm (2x-CHz) dudi dang
singlet, v6i cuong do twong tng véi 6 proton (6H). Tai ving tir truong trung binh, xuat
hién tin hiéu cong huong dang singlet tai 6 = 5,31 ppm tuong tng véi 4H, d6 1a cac
proton nhom methylene (-O-CH2-Py-CH>-0-). Cac proton nhan thom cong hudng trong
khoang 6,99 - 7,81 ppm, bao gém céc proton vong benzen va vong pyridine. Pho khoi
luong cho tin hiéu ion gia phan tae [M+H]* = 376,00 va [M+Na]* = 398,00 trng v&i cong

LN NN iy _.J\.J\_p

an g 1 1
EREE = E
=== = - ]
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T
3
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Hinh 3.5. Ph6 'H-NMR cua hop chét podand (16)
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Hinh 3.6. Ph 'H-NMR phia vung trudng yéu cua hop chat podand (16)

Qua nghién citu so b, co thé thay khi thay nguyén tir Oxy (O) bang cac di té Luu
huynh (S) va Nito (N), c6 sy anh hudéng té1 do chuyén dich hoa hoc cua cac nhom
methylene trén chudi polyether, cu thé cac tin hiéu cong hudng cta proton chuyén dich
vé ving tlr trudng manh, anh huong rd nhat trén cac dan xuét thiapodand. Khi trén mach
polyether ctia podand xuit hién cac nhan thom (pyridine hodc benzene), tin hiéu cong
huong cta cac proton nhom methylene chuyén dich vé ving tir trudng yéu.

Bang 3.3. D6 dich chuyén hda hoc proton cac nhém methylene cua céc podand

Hop chat

Nhom 3 6 8 10 12 14 16 20
methylene |(X=0,| (X=0, | (X=S, |(X=0, | (X=N, | (X=N, | (X=N, | (X=C,
Y=0)| Y=9) Y=S) | Y=S) | Y=0) | Y=0)| Y=0) | Y=0)
Nhan | Nhan

pyridine | benzene

-CH2-X-CH.- | 3,95 (3,10-3,13 |310-314| 374 3,70 3,79

-CH2-Y-CeHs- | 4,24 |2,82-2,86 2,83-2,86| 3,14 4,27 4,46 5,31 5,22
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3.2. TONG HOP CAC DAN XUAT THIAAZACROWN ETHER TREN CO SO
PHAN UNG NGUNG TU PA TAC NHAN HANTZSCH

OCH3
(29 38) (50 55)

Hinh 3.7. Du kién mot s6 azacrown ether chira nhan y-arylpyridine méi dugc tong hop
Trén co so cac tac nhan podand (6, 8, 10, 12, 16) chira hai nhom churc arylketone,

chung toi da ap dung phan tng Hanztsch trong vai trd 1a cong cu chinh nham tong hop

cac hop chat di vong azacrown ether hoic thiaazacrown ether méi chtra déng thoi nhan

y-arylpyridine.

3.2.1. Tong hop dibenzo-4,12-dithia-8-azacrownophane chiéra di vong v-

arylpyridine
/R
| G
29: R =0-Cl 30: R = 0-OCH;
Z | 31: R=m-NO, 32:R=m-Br

\N 33: R =m-Cl 34: R =0-F
0
O O 35:R = 13- 36:R=©
S S E0>
L0 (29-36)

Hinh 3.8. Cac dan xuat dibenzo-4,12-dithia-8-azacrownophane cht:a di vong
arylpyridine (29-36) téng hop duoc

Trén co so tuong tac cua podand 1,5-bis(2-acetylphenthio)-3-oxapentane (6) va
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dan xuat arylaldehyde véi NHsOAc, trong diéu kién phan (g Hanztsch (dun s6i hdi luu
trong dung mdi CHsCOOH), di tong hop thanh cong dan xuat dithiaazacrown ether (29-
36) c6 chtra di vong y-arylpiperidine véi hiéu suat tir 23— 43% (hinh 3.8 va bang 3.4).
Phan tng duoc tién hanh trong diéu kién dun s6i hoi luu trong dung méi acid acetic
bang va trong khoang 15 gio. Cac san pham thiaazacrown ether (29-36) dugc phan lap

va tinh ché bang phuong phép sic ky cot, ddng thoi két tinh lai tir hé dung méi C2HsOH.

Cong thirc ciu tao cua cac dan xuat thiaazacrown ether (29-36) duoc khang dinh
bing cac phuong phap vat Iy hién dai nhu IR, 'H-NMR, 3C-NMR va HPLC-MS hoic
MS. Pic biét, céng thirc cAu tao cua hop chat (33, 34, 36) ciing duoc khang dinh chinh
x4c bang phuong phap nhidu xa don phan tir X-ray. Trén pho hdng ngoai cua cac hop chat
(29-36), da khdng con thay tin hiéu dao dong dic trung ciia nhém carbonyl (C=0) & trong
khoang 1650-1750 cm%, diéu d6 ching to phan tng ngung tu tai nhém carbonyl da xay
ra va dong thoi van ton tai c4c tin hiéu dic trung cho dao dong bién dang caa cac nhom
thiaether (-S-CH2-CH,-O-CH,-CH2-S-) & khoang 1089 cm™ va 1242 cm va caa lién két
C=C trén nhan thom & khoang 1598 cm, 1492 cm'va 1463 cm™.

Bang 3.4. Két qua tong hop céac y-arylpyridino-dithiaazacrown ether (29-36)

Hop chat R The (°C) Rs H (%)
29 o-Cl 185 — 186 0,55 38
30 0-OCHs 221222 0,60 30
31 m-NO; 176 — 177 0,65 43
32 m-Br 190 — 191 0,59 23
33 m-Cl 182 — 184 0,50 35
34 o-F 188 — 189 0,69 30
35 p-C7Hs0> 205 — 206 0,60 26
36 p-C1oH7 214 - 216 0,36 32
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Trén phd khéi lwong phan giai cao cua cac dan xuat (29-36) c6 sy xuit hién caa
c4c pic ion gia phan tir [M+H]* (phu luc phd 1.27; 1.32; 1.37; 1.40; 1.45; 1.49; 1.53;1.67).
Déi vai cac hop chat cd chira cac nguyén té Cl va Br, trén pho khéi luong HRMS thé
hién rd sy ton tai cua cac dong phan CI%, CI¥7, Br® va Brél. Dit liéu phd MS cua céc hop
chat (29-36) thé hién chi tiét trong bang 3.5.

Bang 3.5. Dit liéu phd MS cua cac hop chat (29-36)

Hop Gia tri ion theo tinh Cong thirc
i Pic ion gia phan ti i
chat toan ly thuyeét phan ti
476,0897 478,0878 476,0904[M+H]* (CI®) va
29 3 2 2 C27H22CINOS;
[M+H]* (CI¥) [M+H]*(CPF") | 478,0875[M+H]" (CI¥)
472,1377
30 (M 472,1399 [M+H]" CasH26NO2S2
_l’_
487.1120
31 (MHT 487,1145 [M+H]" C27H23N205S,
+
521,0434 523,0414[M+ | 521,0462[M+H]"  (Br'®);
32 o o . o C27H22BrNOS;
[M+H]* (Br™®) H]* (Br8h) va 523,0544[M+H]* (Br®Y)
476,0882 478,0853 476,0904[M+H]" (CI*®) va
33 C27H22CINOS,
[M+H]* (CI®) [M+H]* (CP¥") | 478,0875 [M+H]" (CI¥)
460,1176
34 IMHHT* 460,1200 [M+H]* C27H22FNOS;
+
486,1168
35 IMHHT* 486,1179 [M+H]" CasH24N O3S,
+
492,1443
36 IVF+H] 492,1419 [M+H]* C31H26NOS;
+ +
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Bang 3.6. Dix liéu ph6 tH-NMR cua cac hop chét (29-36)

Dik li¢u dic trung cia *H-NMR (ppm)

Haryl

ﬂ_
pyridine

-CH;-0-
CH,-

-CH,-S-
CsH -

CacH
khéac

29

o-Cl

7,64 (dd, J = 15; 7,5 Hz,
2H, Ar-H); 7,58 (dd, J =
15; 75 Hz, 2H, Ar-H);
7,50 (td, J = 2,1; 7,0 Hz,
2H, Ar-H); 741 (d, J =
1,0; 75 Hz, 2H, Ar-H);
7,39(d, J=6,5Hz, 2H, Ar-
H), 7,37-7,33 (m, 4H, Ar-
H)

7,59 (s,
2H, H™)

330 (t, J =
6,0 Hz,
4H,
2xCH>)

227 (¢, J =
6,0 Hz, 4H,
2xCH,S)

30

0-OMe

7,64 (dd, J=7,5; 1,5 Hz,
2H, H319); 7,57 (dd, J =
7,5; 1,5 Hz; 2H, Hse);
7,49 (dd, J =7,5; 2,0 Hz,
1H, Ha1); 7,29-7,44 (m,
5H, H4, 5, 17, 18, 31);
7,06 (td, J =7,5; 1,0 Hz,
1H, Hso); 7,00 (dd, J =
8,5; 1,0 Hz, 1H, H-g)

7,70 s,
2H, H™)

3,29 (br.s,
4H,
2CH-0)

2,77 (br.s,
4H,
2CH»S)

3,85
3H,
OCHs3)

(s,

31

m-NO-

8,61 (s, 1H, H.»7); 8,38
(dd, J=38,0; 2,0 Hz, 1H,
H.29); 8,11 (d,J=8,0 Hz,
1H, H31); 7,75 (t, J=8,0,
1H, H.o); 7,72 (dd, J =
7,0; 1,5 Hz, 2H, H.,19);
7,65 (d, J = 7,0 Hz, 2H,
H-6,16); 7,46-7,52 (4H,

7,82 (s,
2H, H™)

3,48 (br.s,
4H
2xCH-0);

3,00 (br.s,
4H,
2xCHaS)
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m, H.45,17,18)

7,70 - 7,60 (m, 8H, Ar- r88( 340 (s, |29 (s
H sl
32 | m-Br |H), 7,44 — 7,39 (m, 4H, 4H, 4H,
2H, HP)
Ar-H) 2XCH20 | 2xCH>S)
7,70 (s, 1H, Ar-H); 7,67
(dd, J=1,0; 7,5 Hz, 2H,
Ar-H); 7,62 — 7,61 (m, 7,64 ( 3,29 (brs, | 2,80 (br.s,
H S’
33 | mCl |1H, Ar-H); 7,55 (d, J = 4H, 4H,
2H, H™)
5,5, 2H, Ar-H); 7,43 — 2xCH20), | 2xCH,S)
7,40 (m, 4H, Ar-H); 7,39
(d,J=6,5, 2H, Ar-H)
7,67 - 7,66 (M, 3H, Ar-H),
7,65 (d, J=1,8Hz, 1H, Ar-
H), 7,61 (td, J=1,2; 6,0 Hz,
1H, Ar-H); 7,56 (dd, J =
1,8;6,0 Hz, 1H, Ar-H); 7,41 329 (t, J =279 (t, J =
34 o-F | (td,J=1,2;6,0 Hz, 3H, Ar- 6 Hz, 4H,|6 Hz, 4H,
H); 7,36 (td, J=1,2; 6,0 Hz, 2xCH20) | 2xCH,S)
2H, Ar-H); 7,27 (d, J = 0,6
Hz, 1H, Ar-H); 7,24 (d, J =
1,2 Hz, 1H, Ar-H); 7,17 (ct,
J=0,6; 1,8 Hz, 1H, Ar-H)
7,65(dd,J=1,2;6,6 Hz, 2H,
Ar-H), 7,54 (dd, J = 1,8; 6,0
Hz, 2H, Ar-H); 74 (td, J =
3,28(t,J=6 2,78 (t,J =
p- 1,2;6,0Hz, 2H, Ar-H); 7,35 | 7,59 (s, 6,0 (s, 2H,
35 Hz, 4H, | 6 Hz, 4H,
C7HsO2 | (td, J=1,2; 6,0 Hz, 2H, Ar- | 2H, H™™); OCH20)
2xCH20); | 2xCH>S)

H); 7,24 (d, J = 2.4 Hz, 1H,
Ar-H); 7,20 (d, J = 1,8 Hz,
1H, Ar-H), 6,9 (d, J = 7,8
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Hz, 1H, Ar-H)

8,21 (br.d, J=1,2 Hz, 1H,
Ar-H), 7,96 — 7,94 (d, J =
9,0 Hz, 1H, Ar-H), 7,88
(m, 1H, Ar-H), 7,85 (dd,
1H,J =1,8; 7,2 Hz, Ar-

H); 7,67 (dd, J = 1,2; 6,6 r81( 331(tJ= |28l J =
) S’
36 |p-CioH7Hz, 2H, Ar-H), 7,59 (dd, J oM. Hon 6,0Hz, 4H, | 6,0 Hz, 4H,
= 1,8; 6,0 Hz, 2H, Ar-H), ’ 2xCH,0) | 2xCH,S)

7,52 (sext, J= 3,0 Hz, 2H,
Ar-H), 7,42 (td, J = 1,2;
6,6 Hz, 2H, Ar-H); 7,37
(td, J = 1,8; 6,0 Hz, 2H,
Ar-H)

Trén pho cong hudng tir hat nhan proton *H-NMR (phu luc phé 1.25; 1.30; 1.33;
1.38; 1.42; 1.46; 1.50; 1.54), dic trung chung cua cac dan xuat nhom (29-36) do la:

- Tin hiéu cong hudng cua hai (02) proton & vi tri £ trén vong pyridine, trong
khoang tir 7,60 — 7,80 ppm (phu thudc vao cac nhém thé khac nhau tai vi tri y cua vong
pyridine).

- Tin hiéu cong huang cua cac proton nhém methylene bi anh huéng béi cac di to
oxy (O) va luu huynh (S), da tach thanh hai tin hiéu doc lap, trong d6: Bon (04) proton
nhom -CH»-O-CHo- c6 tin hiéu cong huong trong khoang 3,28 - 3,29 - 3,48 ppm dudi
dang triplet (hoic singlet ti); Bon (04) methylene proton cta hai nhém -CHa-S-CsHa-
c6 tin hiéu cong huang chuyén dich vé viing tir trudng manh hon va nam trong khoang
2,35 — 3,00 ppm dudi dang triplet (hoac singlet tu).

Céc tin hiéu cong huang khac ciia cac proton nhan thom, dic trung cho tirng dan
XUat twong ng Vi cac nhom thé, duoc thé hién trén bang 3.6.

Trén phd *H-NMR cua hop chit 29 d& dang nhan thay tin hiéu cong hudng cua cac
proton nhdm methylene tai 6 = 3,30 ppm (2xCH20) va ¢ = 2,27 ppm (2xCH.S) dudi dang
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triplet v6i hang sb twong tac spin — spin J = 6,0 Hz. Hai proton cua tai vi tri  cua nhan
pyridine cho tin hiéu cong huong dudi dang singlet tai vi tri 6 = 7,59 ppm.

C4u tric phan tir cua nhém dibenzo-4,12-dithia-8-azacrownophane chia di vong
y-arylpiperidine (29-36) ciing dugc khang dinh chic chin bang phwong phap nhiéu xa
don tinh thé. Pon tinh thé hop chat (33, 34 va 36) dugc chuan bi trong dung méi ethanol.

Két qua phan tich dir liéu don tinh cho thdy thé hop chat 33 thudc hé tinh thé don
ta (monoclinic) — nhém khéng gian: P21/c, véi yéu té dbi xang truc Cs(m). Tuy nhién,
tinh d6i xang ciia mang tinh thé bi anh huang bai cac yéu té va cac lién két/twong tac
hydro noi phan ti.

Két qua phan tich X-ray cho thay:

- Giira proton H9B véi lién két Pi cua nhan pyridine: C9—H9B...nr(C1—N25); theo
d6: d6 dai lien két C...C =3,255(5) A, C...N =3,702(5) A, H...C = 2,56 A, H...N = 2,83
A, goc lién két: C—H...C = 127° va C—H...N = 147°.

- Gitra proton cua mach thiaether va di td nito: C13°—H13D...N25; theo d6: do dai
lién két C..N =3,187(16) A, H..N = 2,43 A va goc lién két C—H...N = 132°.

Do su xuat hién cua cac lién két hydro noi phan tt, cac di td S8, O11, S14 va N25
ctia nhom ether da khong nam trén cung 1 mit phang. Ciing do cac yéu t6 khong gian,
gdc gilta mit phing cac vong benzene va phan azacrown-thiaether 12 75,73(10)°, va giita
mat phang nhan pyridine va chlorophenyl 14 21,64(16)°.

Phan tir hop chat 33 14 mot hé ngung tu bon vong gébm di vong azacrown-
thiaether; nhém y-(m-chlorophenyl)pyperidine va hai vong benzene. C4u hinh caia chudi
thiaether C7-S8-C9-C10-011-(C12-C13/C12’-C13”)-S14-C15 duoc xac dinh la: g-t-
(gO-t-gM-gOfgO-gH-gt-t) [t viét tit cua dang trans va g theo cau hinh gauche cua lién
két don véi goc lién két lan luot tuong g 14 180° (ddi vai t) va £60° (d6i véi g)]. Kich
thudc ndi ving azacrown thiaether duge xac dinh 1a hai 1an khoang cach trung binh giira
c4c di t6 va thm cua tir giac dugc hinh thanh do két ndi céac di to N25-S8-011-S14) va

gia tri nay dat 5,09 A.
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Hinh 3.9. Cau trdc phan tir hop chat azacrown-thiaether 33

(Cdc nét it manh thé hién lién két hydro ngi phan tiz C-H...N va cdc nét dirt dam
thé hién cdu hinh doan -S-CH,-CH»-O- ).

C4u truc phan tir hop chat 34 ciing duoc xac dinh bang phuong phap nhidu xa
don tinh thé (hinh 3.10). Nhin chung, phan tir hop chat 34 ciing c6 yéu té dbi xing truc
Cs(m). Tuy nhién, trong mang ludi tinh thé azacrown thiaether 34 c6 su khéac biét dang
ké do ¢ su twong tac S---S giira cAc phan tir, ciing nhu hiéu wng caa mang ludi tinh the.
Phan tir 34, twong ty azacrown thiaether 33, ciing bao gdm maot hé bén vong ngung tu,
vong I6n la azadithia-14-crown-4 ether, vong y-(o-florophenyl)pyperidine va hai vong
benzene. Trong d6, vong azadithia-14-crown-4 ether ¢ cau hinh dang bat (bowl
conformation).

Trong mang tinh thé, cac phan tir 34 hinh thanh dimer nho lién két gitra cac phan

tir (intermolecular) S---S c6 do dai = 3,4378(6) A (hinh 3.11).
CAu hinh cua chudi thiaether C7—S8—C9—C10—011—C12—C13—S14—C15 duoc
xac dinh: g*-g*-t-t-t-g* (t = trans, 180°; g = gauche, £60°). C4c goc nhi dién gitra mat
phang ctia vong pyridine trung tm véi hai vong benzene (ngung tu véi vong aza-dithia-

14-crown-4-ether) 1an luot 12 64,53(4)° va 59,84(4)°. Mit phang chira nhém thé fluoro-
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phenyl tao goc véi mat phiang vong pyridine 1a 43,37(4)°. Trong mang tinh thé, cac phan
tir 34 tao thanh dimer théng qua lién két S---S va khoang cach giita cac phan tir tuan tha
theo Van-der-Waals (hinh 3.12). Theo két qua nhiu xa don tinh thé di t6 flo c6 chiém

02 vi tri, tuy nhién vj tri thir 2 ¢6 ty 18 nho nén khdng thé hién trong hinh vé.

Hinh 3.11. Cau trdc dimer caia cac phan tir 34 duoc hinh thanh nho twong tac S-S
gitra cac phan tu
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Hinh 3.12. Mang luéi tinh thé, ciu tric dimer caa hop chét 34 doc theo truc tinh thé b
Bén canh d6, kich thudc ndi vong crown ether duoc xac dinh 1a hai 1an khoang
céch trung tir tam t6i céc di t N25-S8-S14-011 va c6 gia tri 14 5,297 A (hinh 3.13).

Hinh 3.13. Kich thuéc noi vong hop chat 34
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Hinh 3.14. C4u trdc phan tir hop chat 36

Cing trong nhom dibenzo-4,12-dithia-8-azacrownophane chaa di vong y-
arylpiperidine (29-36), azacrown thiaether 36 ciing da duoc tong hop duéi dang don tinh
thé (hinh 3.14) va cong thirc phan tir ciing nhu cau hinh ciia azacrown thiaether 36 hoan
toan tring khép véi cac di lidu thu dugc tir phd *H-NMR va 3C-NMR, HRMS.

3.2.2. Tong hep trithiaazacrown ether tir podand 1,5-bis(2-acetylphensulfanyl)-3-
thiapentane (8)

Tiép tuc phat trién hudng nghién ctu tong hop cac azacrown thiaether mai, ¢6 kha
nang thé hién hoat tinh gay doc té bao, ching t6i da tong hop thanh cong hoat chit dai
dién nhdém azacrown trithiaether (37) tor podand 1,5-bis(2-acetylphensulfanyl)-3-
thiapentane (8) vai hiéu suat khoang 28%. Phan tng duoc dun hdi lru trong dung moi
acid acetic trong khoang 16 gio. Sau khi tinh ché bang phuong phap sic ky cot va két
tinh lai tir ethanol thu dwoc tinh thé mau trang (hinh 3.15).
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Hinh 3.15. Hop chat aza-14-crown-4 thia ether chta di vong y-(2-
methoxyphenyl)pyridine (37)

Cong thirc cau tao cia aza-14-crown-4 thia ether duoc khang dinh bang phuong
phap phd cong huong tir hat nhan (NMR). Trén pho *H-NMR (hinh 3.16), d& dang nhan
thay tin hiéu cong hudong cua nhdm methoxy tai vi tri & = 3,88 ppm duéi dang singlet,
V6i cuong do twong tng ba proton (3H). Tin hiéu cong hwong cia bén (04) nhom
methylene (-CH.-) dudi dang singlet tu tai & = 2,410 va § = 2,705 ppm, mdi tin hiéu
tuong @ng véi bon proton (4H). Tai ving hydrocarbon thom, nhan thay tin hiéu cong
hudng cua hai proton & vi tri g trén nhan pyridine (nhan C) cho dang singlet tai 6 = 7,976
ppm. Tin hiéu cdng hudng cia cac proton nhan thom A va B cho tin hiéu dudi dang
multiplet trong cac khoang 6 = 7,400 - 7,479 ppm va & = 7,613 - 7,664 ppm. Tin hiéu
cong hop cua cac proton nhan thom D cho tin hi¢u dudi dang dublet tai 6 = 7,029 ppm
(J= 28,0 Hz) cuong do twong trng mot proton (1H); cho tin hiéu dudi dang triplet tai 6 =
7,085 ppm (J =7,5 Hz) ¢6 cuong d6 1H; va tin hiéu dang multiplet tu trong khoang & =
7,30 — 7,342 ppm, c¢6 cuong do 2H. Pho cong huong tir BC-NMR ciing khang dinh sy

tao thanh san pham.
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Hinh 3.16. Phd *H-NMR cua hop chét 37
3.2.3. Tong hep dithiaaza-17-crown-5 ether chira di vong y-arylpyridine (38)

Tiép tuc dé xuit va hoan thién phuong phap tdng hop cac hé di vong azacrown
ether c6 chaa di t6 luu huynh bang phan ing ngung tu da tic nhan Hantszch, ching
t6i da 1an dau tién téng hop duoc hop chat dai dién dithiaaza-17-crown-5 ether (38)
chura di vong y-(2-naphthyl)pyridine tir podand 1,8-bis(2-acetylphenylsulfanyll)-3,6-
dioxapentan (10) va 2-naphthaldehyde (28) trong diéu kién c6 mit NHsOAc. Phan ¢ng
duoc dun hdi luu trong dung méi acid acetic, san pham thu duoc c6 dang tinh thé
mau vang nhat, véi hiéu suat dat 42%. Cau tric cua hop chat 38 duoc khang dinh
bang cac phuong phap phé hién dai nhu 'H-NMR, 3C-NMR va HRMS.

Phé khéi lugng phan giai cao cua dan xuat 38 (phu luc phé 1.69) nhan thay tin
hiéu ion gia phan tir [M+H]* c6 gia tri 536,1705 trng vai [CazH3oNO2S2]™ (tinh toan =
536,1712).
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Hinh 3.17. Hop chat dithiaaza-17-crown-5 ether (38)

Trén phd 'H-NMR cua hop chat 38 (phu luc phé 1.65; 1.66; 1.67) dé dang nhan
thay tin hiéu cong huang caa ba (3) cum proton methylen -CHz-, trong d6 ¢6 hai tin hiéu
dang triplet tai 6 = 3,55 ppm; d = 2,93 ppm, cling ¢d hang sb tuwong tac spin-spin J = 6,6
Hz va moét tin hiéu dang singlet tai 6 = 3,44 ppm. Cac tin hiéu cong hudng cua cac proton
thom lan luot xuat hién trong khoang 7,31 dén 8,22 ppm.

3.2.4. Tong hop din xuat diazacrown ether tir podand N-tosyl-1,5-bis(2-
acetylphenoxy)-3-azapentane (12)

Tiép tuc nghién cau phét trién va hoan thién phan tng ngung tu da tic nhan, tong
hop cé&c hé di vong méi cd chira cac nhan thom, nhan pyridine va cac nhém chuc c6 kha
nang thé hién hoat tinh sinh hoc hitu ich, trong phan nay, chung toi ¢a hoan thién phuong
phap tong hop di vong 4,11- diazacrown-2 ether (40). Hop chit 40 thu duoc dudi dang
tinh thé mau triang, hiéu suat 37,5%.

CAu tao cua san pham 40 da duoc khang dinh bang phuong phap cong hudng tir
hat nhan 'H-NMR va 3C-NMR. Trén phd cong huang tir hat nhan *H-NMR, tin hiéu
cong hudéng cua hai nhom methyl (-CHs) dudi dang singlet va mdi tin hiéu twong tng
vé6i 3H lan luot tai § = 2,353 ppm va & = 3,859 ppm. Tin hiéu cong hudng cua cac nhém
methylene tai 6 = 3,288 va 4,078 ppm. Tin hiéu cong huong cua cac proton nhan thom

trong khoang & = 6,851 dén 7,677 ppm. Trén phé gidn *H-NMR, tai khu vuc cua proton
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nhan thom, d& dang nhén thiy tin hiéu cong huéng cua 4 proton (4H) dudi dang hai
doublet, mdi doublet twong wng véi 2H tai § = 6,928 ppm va & = 7,661 ppm, hiang s6
tuong tac spin — spin J = 8,0 Hz. Hai tin hiéu doublet nay tao hiéu tng “mai nha” dé
nhan thay trén phé gidn (hinh 3.18, hinh 3.19).

OCH;

=

X
(LY 2
O O

W 4

Hinh 3.18. Hop chat 24-(4-methoxyphenyl)-7-tosyl-4,10-dioxa-7-aza-2(2,6)-pyridina-
1,3(1,2)-dibenzenacyclodecaphane (40)
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Hinh 3.19. Phé *H-NMR cua hop chit 40
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Hinh 3.20. Pho *H-NMR ciia hop chat 40 phia ving truong yéu
3.2.5. Tong hop diazacrown ether tir podand 2,6-bis[(2-
acetophenyl)oxymethyl]pyridine (16)

Nghién ctru phét trién phan Gmg ngung tu da tac nhan Hantzsch trén dan xuat
podand 2,6-bis[(2-acetophenyl)oxymethyl]pyridine, lan dau tién, chung t6i da tong
hop thanh cong dan xuét diazacrownophane cé chira dong thoi hai nhan pydidine, qua
d6 nang cao kha nang thé hién hoat tinh sinh hoc hitu ich caa san pham tong hop. Phan
g dugc thuc hién trong diéu kién dun soi hoi luu cac tac nhan ban dau gom podand
16, dan xuat aldehyde thom va ammonium acetate trong dung méi acid acetic (bang).
Sau khoang 11-12 gio, phan tng xay ra hoan toan, va tinh ché bang phuong phap sac
ky cot, két tinh lai trong dung moi ethanol thu duoc san pham [y-
(aryl)pyridino]dibenzo-27,28-diazacrownophane (43-48) tinh khiét, dang tinh thé mau
tring (hinh 3.21, bang 3.7).
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(43-48)

Hinh 3.21. Céc dan xuat y-arylpyridinodiazacrown ether chtra ¢ong thoi hai di vong
pyridine (43-48)
Bang 3.7. Két qua téng hop céac dan xuat y-arylpyridinodiazacrown ether chia dong
thoi hai di vong pyridine (43-48)
Rt
Gia tri Rt Hé¢ dung moéi

43 142 - 144 0,42 Ethylacetate : Methanol (5:1) 62

Hop chat | Tac(°C) H (%)

44 249 — 250 0,50 Ethylacetate : Methanol (5:1) 74

45 205 - 207 0,36 Ethylacetate : Methanol (5:1) 60

46 142 — 144 0,38 Ethylacetate : Methanol (5:1) 70

47 158 - 160 0,24 Ethylacetate : Acetone (5:1) 76

48 158 — 160 0,23 100% Ethylacetate 7

Ciu tao cua cac dan xuat [y-(aryl)pyridino]dibenzo-27,28-diazacrownophane
(43-48) chira ddng thoi hai di vong pyridine duoc khang dinh bing céc phuong phap vat
ly hién dai nhu IR, 'H-NMR, *C-NMR, HRMS.

Trén phd héng ngoai cac hop chat diaazacrown ether (43-48) (phu luc phé 1.76;
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1.82; 1.88; 1.93; 1.97) c6 thé nhan thiy khong con tin hiéu dao déng cong hudng dic
trung cho nhom carbonyl trong khoang 1650 cm™ - 1750 cm™. Phé cong hudng tir hat
nhan 'H-NMR caa nhdm hop chét nay (phu luc phé 1.77; 1.83; 1.86; 1.89; 1.95; 1.98)
cho dic trung d& nhan biét, do 1a:
- Céc tin hiéu cong huong dang singlet twong ng véi bon (4) proton cua cac nhom
methylene (2x-OCH,-) trong khoang ¢ = 5,05 — 5,15 ppm.
- Céc tinh hiéu cong huong dang singlet cua hai S-proton (2xH? — Haa26) trong
khoang ¢ = 7,41 - 7,83 ppm.

621
617
607
604
461
452
446
430
402
399
387
384
369
366
353
350
259
172
156
o088
087
073
072
058
057
038
023
967
963
953
949
116
845
1.672
-0.000

L

| | | | | | | T
12 11 10 8 7 5

9 6
Hinh 3.22. Ph6 *H-NMR cua hop chat 46
Vi duy, di véi hop chét 46, trén phd cong hudng tir hat nhan *H-NMR (hinh 3.22)

xac dinh dugc hai tin hiéu dang singlet tai 6 = 3,85 ppm (twong rng véi 3 proton cua nhém

3 2 1 0 ppm

3

I
4
A

2

methoxy — OCHs) va singlet tai § = 5,12 ppm twong Gng voi bén proton cua hai nhém
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methylene - 2x-OCHz-). Hai p-proton cua nhan pyridine trong nhém
(methoxyphenyl)pyridine H-24, H-26 ¢6 tin hiéu cong huong xuat hién dudi dang singlet
tai 6 = 7,45 ppm. Tin hiéu cong hudng cua cac proton thom khac ctia nhém
methoxyphenyl xuat hién duéi dang doublet (hé AABB) tai & = 6,95 ppm va 7,61 ppm.

Céc tin hiéu cong huang khac ciia cac proton nhan thom, dic trung cho tirng dan
XUit trong ng Vi cac nhom thé, duoc thé hién trén bang 3.8.

Phé cong huong tir hat nhan 3C-NMR va phé khéi luong phan giai cao HRMS
(473,1865 [M+H]*) cua hop chat 46 (phu luc pho 1.94) ciing khang dinh chac chan cong
thirc phan tir va cong thire cau tao caa dan xuat [y-(4-methoxyphenyl)pyridino]dibenzo-
27,28-diazacrownophane nay.

Bang 3.8. Dit liéu pho tH-NMR cua cac hop chét (43-48)

< Dit ligu dic trung ciia *H-NMR (ppm)
] -
5 _arvl CacH
higu Haryt & pyridine e | “CHO-
aryl & Py pyridine = khac
6,95 (d, 1H, J = 85 Hz, H.
3,meth0Xypheny|); 7,00 — 7,07 (m, 5H,
Hsmethoxyphenyl 1y - Hs H.jg, H-
7,48 (s,
20); 7,15 (d, 2H, J = 85 Hz, Ha, 513 (s, 4H, |3,81 (s, 3H,
43 | 0-OCH; Sl
H.g); 7,32 - 7,37 (m, 3H, HP.y, HP56) PeO-CHe)) -O-CH)
-26

HP.15, Hymethoxyphenyl): 7 39 — 7,42
(M, 3H, H.s, Hoa, H.gmetophenyly,
7,46 (t, 1H,J=7,5Hz, H.12)
7,03 (d, 2H, J=8,0 Hz, Hs, H.1);
7,10 (t, 2H, J = 7,5 Hz, H.4, H-20);
7,20(d,2H,J=8,0Hz,Hs, H.10); | 7,53 (s,
44 | m-NOz | 7,38 7,42 (m, 4H, HP.q1 HP.a3 H. | 2H, HP 2,
3, Ha1); 7,45 (t, 1H, J =85 Hz, |  HP.%)
H.strophenyl). 7 63 (t, 1H, J = 8,0
Hz, H'.1), 8,00 (d, 1H, J=7,5Hz,

5,12 (s, 4H,
2x-0-CH>-)

129



Dir liéu diic trung cia *H-NMR (ppm)

Ky R
" -aryl CacH
hi¢u Haryi & pyridine p-ary -CH;-0-
ant & PY oyridine | = khac
H.gntrophenyly. 8 97 (d, 1H, J = 8,0
Hz, H.""oPhewl): 8,52 (s, 1H, H.
2nitrophenyl)
7,83 (s, 2H, | 5,15 (s, 4H,
45 m-BI’ 7,07 - 7,62 (m, 15H, Harom, Hy-lz)
HP .24, HP 26) | 2x-O-CH2-)
6,95 (d, 2H, J = 9,0 Hz, HAA~
methoxyphenyl); 7’03 (d, 2H, J= 7’5
Hz, He, H.18); 7,07 (t,d, 2H, J =
3,85 (s,
7,5Hz,0,5Hz, H4, Ho0); 7,16 (d, | 7,45 (s, 2H, | 5,12 (s, 4H,
46 | p-OCHs 3H, -O-
2H, J = 8,0 Hz, H-5, H.10); 7,35 — | HP 24 HP 26) |2x—O—-CHy-) CHy)
3
7,40 (m, 4H, HP.4y HP.43 H, H- -
21); 7,44 (m, 1H, H.12); 7,61 (d,
2H. J=8.5 Hz HB,B’-methoxyphenyI)
47 CH 6,95 — 7,70 (m, 14H, Harom); 7,90 | 7,41 (s, 2H, | 5,05 (s, 4H, 2,32 (s, 3H,
-Chs
P (m, 1H, H".12) HP 24, HP 26) [2x-O—CH2-)| -CHa)
7,06 (d, 2H, J = 8,0 Hz, H.6, H.1g);
7,16 (d, 2H, J = 8,0 Hz, H.5, H.19);
) _ 7,47 (s, 2H,
48 | Thienyl | 7,04 — 7,10 (m, 3HMe): 7 36 - 5,11 (s, 4H)
HP 24 26)

7,46 (m, 7H, H.3, H.4, H-20, H-1,
HP.11.13, H.12)

Trén phé khéi lugng phan giai cao (HRMS) cua cac dan xuat (43-48) (phu luc phd

1.81; 1.85; 1.87; 1.94; 1.96; 1.100) cO su xuat hién cua céc tin hiéu ion gia phan tu
[M+H]" hoac [M+Na]".

Nhu vay, cac dan xuat [y-(aryl)pyridino]dibenzo-27,28-diazacrownophane (43-

48) da duoc tong hop thanh cong bang phan tng ngung tu da tac nhan Hantzsch véi

hiéu suat 60 — 77%. CAu tric cac dan xuat (43-48) duogc xac dinh bang cac phuong

phap vat ly hién dai.
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T6m lai, bang phan tng ngung tu da tac nhan Hantzsch, nghién ctru di tdng hop
thanh cong 08 hop chét y-arylpyridino-dithiaazacrown ether (29-36) véi hiéu suat phan
tng tr 33 — 43%; 01 hop chat aza-14-crown-4 thia ether chaa di vong y-(2-
methoxyphenyl)pyridine 37 véi hiéu suat 27%; 01 hop chét dithiaaza-17-crown-5
ether chra di vong y-(2-naphthyl)pyridine 38 vai hiéu suat dat 42%; 01 hop chat 24-
(4-methoxyphenyl)-7-tosyl-4,10-dioxa-7-aza-2(2,6)-pyridina-1,3-(1,2)-
dibenzenacyclodecaphane 40 vé&i  hiéu suat 37,5%; 06 hop chat [y-
(aryl)pyridino]dibenzo-27,27-diazacrownophane (43-48) duoc tong hop thanh cong

v&i hiéu suit 60 — 77%.

3.3. TONG HQP CAC DAN XUAT AZACROWNOPHANE TREN CO SO PHAN
UNG NGUNG TU PA TAC NHAN PETRENKO — KRITSCHENKO
3.3.1. Tong hop cac dan xuat diazacrown ether chwra 2,3,4,6-tetraaryl-y-piperidone
(50) twr podand 14

Theo cac tai lidu tong quan [21, 74, 78], ton tai phuong phap tong hop cac
azacrown ether dya trén phan ttng domino ngung tu cac tac nhan chira nhom carbonyl
va ngudn amine, ching tdi da dé xuat va tong hop thanh cdng nhém azacrownophan 50
cd chira di vong y-piperidone va phan crownophan vai nhém naphtalen lién két vao vong
crown & Vi tri 2,6 va nhom phenyl & vi tri 3,5 ciia vong y-piperidone. San pham duoc
két tinh lai trong hdn hop dung méi CH,Cla/methanol cho san pham 50 duéi dang tinh
thé mau trang. Hiéu suat H = 45% (0,30 g), R¢= 0,4 (n-hexane:ethylacetate: = 1:1); Tac
= 292-294°C (theo tai liéu tham khao 293°C - 295°C). CAu trdc cta phan tir 50 duoc
cac dinh bang cac phuong phap phd hién dai nhu pho IR, *H-NMR, *C-NMR, HRMS
va X-ray. Trén phd 'H-NMR (hinh 3.23, 3.24), proton ciia nhdm -CHjs thé hién bang
mot tin hi¢u don sac nét tai § = 2,48 ppm, cac nguyén tir hydro ciia chudi polyether cong
hudng thanh dudi dang multiplet tai 6 = 3,39 — 4,67 ppm. Proton cua —NH- c¢ tin hiéu
tai & = 4,75 ppm dudi dang triplet.
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So db 3.9. Tong hop dan xuét diazacrown ether chira 2,3,4,6-tetraaryl-y-piperidone (50)
Bang phuong phap nhiéu xa tia X don tinh thé hop chat 50 c6 thé thay phan tir nay

O
Qg O

c6 tinh ddi xang truc Cs (m) twong dbi. Tuy nhién, trong mang tinh thé hop hat 50, hinh
dang cua 50 c6 su khac biét so véi hinh dang 1y teang hoa (ly thuyét) bai anh huong cua
céc lién két hydro N-H~O va C-H-O khong d6i xtng va cac tuong tac ndi phan tir. Phan
tir 50 bao gom mét hé ngung tu sdu vong c6 chira vong trung tdm diaza-14-crown-4-ether,

vong piperidone va 2 vong naphtalene (hinh 3.25).
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Hinh 3.25. C4u trdc phan tir hop chat 50
Bang 3.9. Lién két hydro cia hop chat 50 [A va °]

D-H---Aa dD-H) | dH-A) | d(D-A) | £ (DHA)
C(14)-H(14A)---O(31)P 0,97 2,33 3,234(3) | 1555
C(14)_H(14A)---O(31A)P 0,97 2,39 3,147(11) | 13472
C(16)-H(16B)---O(31)° 0,97 2,47 3,376(3) | 156,0
C(16)-H(16B)---O(31A)° 0,97 2,47 3,258(11) | 1384
C(30)-H(30)---O(18) 0,98 2,38 3033(2) | 1235
C(32)-H(32)---0(12) 0,98 2,37 3,014(2) | 1223
N(33)-H(33)---0(12) 0872 | 221(2) | 2,810(2) | 126,4(17)
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N(33)_H(33)---0(18) 087(2) | 2,23(2) | 2,828(2) | 125,9(17)

3D — Cho donor; A — Nhén proton. ® Cac phép bién d6i doi xung dé tao ra cic

nguyén tir twrong duong: —x+1, —y+1, —z+1.

Hinh 3.26. Cau tao mang tinh thé ciia phan tir hop chat 50

Vong trung tdm diaza-14-crown-4-ether c6 cAu hinh dang bat, dwoc 6n dinh nho lién
két hydro N-H~O va C-H~O ndi phan ti. Cau hinh caa chudi aza-ether C(11)-0(12)—
C(13)-C(14)-N(15)-C(16)-C(17)-0(18)-C19 duoc xac dinh t-g-g-g™-g*-t (t = trans,
180°; g = gauche, +60°). Vong piperidone trung tam c6 phan ghé hoi bién dang. Hai nhém
thé phenyl va hai vong naphtalen chiém vi tri equatorial thuan lgi vé mat khéng gian. Cac
g6c nhi dién gitra mat phang C(1)/C(29)/C(30)/C(32) co ban cua vong piperidone va cac

mat phang cua hai vong naphthalene tao véi nira diaza-14-crown-4-ether cac goc lan luot
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1a 80,79(5)° va 80,68(5)°. C4c nguyén tir nito N(15) va N(33) ¢6 cau tric hinh chép tam
gi4c (trigonal pyramidal) véi tong cac goc hoa tri lan luot 1a 348,2(4)° va 329,9(4)°. Nhu
hién thi trong hinh 3.25, trong phan tir 50 ¢6 téng cong toi 4 lién két hydro, thuc su rat
khéc biét véi mot crownophane ma néu cac vong naphtalen duoc thay thé bang cac vong
phenyl thi chi c6 2 lién két hydro N-H~O. Phan tir 50 c¢6 4 trung tdm bat déi xtng ¢ céc
nguyén tir C(1), C(29), C(30) va C(32) va co thé c6 16 dong phan khong dbi xting. Tinh
thé 50 1a hdn hop racemic, bao gdm céc cip ddng phan dbi quang c6 cau hinh tuong ddi
rac-1RS,29SR,30RS,32SR. Trong tinh thé, cac phan tir 50 tao thanh dimer nho lién két
hydro C-H-O lién phan tir. Céc gia tri cua lién két hydro noi phan tir duoc thé hién & bang
3.9. C4c lién két H trong phan tir dimer duoc sap xép véi khoang cach tuan tha theo Van-
der-Waals (hinh 3.26).

Nhu trong phan tong quan cua luin an da trinh bay, mot trong nhiing dac tinh noi
bat ciia cac crown ether 1a kha ning tao phic voi cac ion kim loai. Kha nang két hop
ctia crown ether vai ion kim loai nao phu thudc vao kich thudc noi vong caa hop chat
crown ether. Gid tri nay c6 thé duoc xac dinh 1 hai lan khoang cach trung binh gitra
c4c di t6 va tam caa vong crown. Di v6i hop chat 50 kich thude noi vong phan tir 1a
4,16 A, twong ddi nho hon so véi hop chit crown c6 cac nhom naphtalen dugc thay
thé bang vong phenyl (4,24 A) nhung lai 16n hon so véi 23,25-diphenyl-4,7,10-trioxa-
2(2,6)-piperidina-1(2,1),3(1,2)-dinaphthalena-cyclodecaphan-2*-one (4,051 A), mot
hop chét cd cau trdc rat gidng véi hop chat 50 nhung trong phan tir ndy nhém N-tosyl
duoc thay thé bang mot nguyén tir oxy. Hiéu tng khong gian ctia nhom naphtalen ciing
nhu cau trdc cua chudi polyether da gop phan tao nén gia tri nay. Két qua nghién ctu

cho thay hop chét 50 c6 kha ning tao thanh phirc chat véi kim loai kiém.
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3.3.2. Tong hop azacrownophan tir podand 2,6-bis[(2-
acetylphenyl)oxymethyl]benzene (20)

55: R'= R?= C¢Hs;

56: R!'=H, R>= CHj;

57: R'=H, R?= C¢Hy;

58: R!=H, R?>= COOCH(CH,),;

59: R!=H, R?>= COOCH,CH(CH;),

(55 - 59)

Hinh 3.27. Céc azacrown chaa nhom carbonyl (55-59) tong hop duoc

Tiép tuc nghién ctu va ung dung phan ung ngung tu da tac nhin Petrenko-
Kritschenko, chiing t6i di tong hop thanh céng nhém azacrownophan (55-59) ¢6 chira
di vong y-piperidone va phan crownophan véi ba vong benzene ngung tu. C4c san pham
thu dugc ¢6 dang tinh thé mau trang véi hiéu suat trong khoang 38 — 60%.

Cong thirc cau tao cua cac hop chat (55-59) duoc ching minh day du bang céac
phuong phéap pho hién dai nhu IR, 'H-NMR, 3C-NMR, HRMS va X-ray. Su hinh
thanh di vong y-piperidone c6 thé nhan thay nho tin hiéu dao dong cua nhém C=0
tai 1700cm va dao dong cua nhdm NH tai 3300cm.

Trén phé cong huong tir hat nhan 'H-NMR, cu thé d6i véi cac azacrown ether co
nhom thé R! = H, d& dang nhan thay hai proton H® va Hed cho tin hiéu cong huéng Voi
gia tri hang so twong tac spin-spin 16n - 2J dao dong trong khoang tir 12,9 Hz dén 14,0
Hz (germinal coupling).

Pho khdi lugng phan giai cao HRMS ciia hop chat 55 (phu luc phé 1.110) ciing
cho gia tri chinh xac khéi lugng véi @6 1éch khdi <5 ppm. Ngoai ra, chat dai dién -
azacrownophan 55 dugc tong hop dudi dang don tinh thé va dugc xac dinh ciu tric
bang phuong phap nhidu xa don tinh thé. Phan tir 55 ¢6 hé déi xang truc Cs(m) tuong

d6i. Trong mang tinh thé, cau trdc hinh hoc cua phan tir 55 hoi 1éch so véi Iy thuyét do
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Hinh 3.30. C4u trdc phan tir hop chat 55
Bang 3.10. Lién két hydro ciia hop chat 55 [A va °]

D*—H---A* d(D—H) d(H---A) d(D---A ZDHA
N28—H28...08 0,882(18)  2,394(17) 2,9481(18) 121,1(13)

[*]: D — cho proton ; A —nhan proton.

Phén tir 55 Ia hé ngung tu nam vong c6 chira vong trung tdm aza-14-crown-2-ether,
vong piperidone va ba vong benzene. Vong trung tm aza-14-crown-2-ether c6 cau hinh
dang bat va duoc on dinh nho lién két hydro noi phan te N—H---O. Céc gia tri cua lién
két hydro noi phan tir duoc thé hién & bang 3.10.

Cau hinh cua chudi azapolyether C7—08—C9—C10—C27—C14 —C15—016—C17
dugc xac dinh t-c-t-t-c-g* (t = trans, 180°; ¢ = cis, 0°; g = gauche, £60°). VVong piperidone
c6 cau triuc dang ghé thong thuong. Hai nhom phenyl ciing nhu hai vong benzene cua
vong aza-14-crown-2-ether trung tdm chiém cac vi tri equatorial thuan loi vé mit khong
gian. Hai vong benzene néi vai vong aza-14-crown-2-ether ciing nhu hai nhom phenyl
gan nhu vudng goc véi nhau (goc nhi dién lan luot 12 89,08(6)° va 85,17(6)°). Nguyén tir
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nito N28 c6 cau tric chép tam giéc (trigonally pyramidal). Kich thuéc ndi ving phan ti
crown duge xac dinh 14 hai 1an khoang cach trung binh giira cac di t6 va tam cua vong
crown [41, 42]. B6i vai hop chat 55, kich thudc ndi viing cia phan tir 14 4,614 A, [6n hon
so V&i vong crownophane-14 (4,076 A) [77] va vong aza crownophane-14 (4,23A) [38] ,
cling nhu vong pyridine crownophane-14 (3,986A°) [55]. Do d6, xét dén cac khoang céach
gitta c&c heteroatom [08---O16 4,7643(16) A, O8---N28 2,9481(18) A va 016---N28
3,8980(17) A] trong 55, hop chét (55-59) la nhitng ligand tt cho hda hoc phic chit véi

kim loai kiém.

B A A

Hinh 3.31. Mang tinh thé caa hop chat 55 doc theo truc tinh thé. Lién két hydro gitra
c4c phan tir thdng qua N-H--O dugc thé hién bang nét dat
Nhu vay, bang phan @ng ngung tu da tac nhan Petrenko-Kritschenko, luan an da
téng thop thanh cong 01 dan xuét diazacrown ether chta 2,3,4,6-tetraaryl-y-piperidone
(50) vé&i hiéu suat 45%; 05 dan xuat azacrownophan (55-59) c6 chira di vong -

piperidone va phan crownophan véi ba vong benzene ngung tug véi hiéu suét 38 — 60%.
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3.4. THAM DO HOAT TiNH SINH HQC CAC HOAT CHAT TONG HOP PUGC
3.4.1. Khao sat hoat tinh giy ddc té bao trén mot sé dong té bao ung thw
Céc dan xuat podand va azacrownether di tong hop duoc nghién ctu khao séat hoat
tinh gdy doc té bao trén cac dong té bao ung thu & ngudi:
- Hep-G2: Dong té bao ung thu gan
- Lu-1: Dong té bao ung thu phoi
- HeLa: Dong té bao ung thu ¢b tir cung
- MCF — 7: Dong té bao ung thu vi
3.4.1.1. Khdo sét hoat tinh gdy déc té bao cua cac dan xudt podand téng hop dwoc
Budc dau khao sét hoat tinh sinh hoc cac dan xuat thiopodand, chung toi da tién
hanh d4nh gia hoat tinh gy doc té bao cua céac dan xuat (6, 8) dbi vai cac dong té bao
ung thu Hep-G2 (Human hepatocellular carcinoma), Lu-1 (Human lung carcinoma),
RD (Hela cervical cancer cells) va MCF-7 (Human breast adenocarcinoma). Két qua
khao sat cho thay, tai ndng do thir nghiém, chi duy nhat dan xuat thiopodand 8 thé hién
hoat tinh gay doc té bao d6i véi 1 dong té bao ung thu (RD), gié tri CS(%) = 27,96+1,04
(%), gia tri 1Cso = 26,49 pM. Dan xuét podand 6 khong c6 hoat tinh gay doc té bao doi
Vvéi cac dong té bao (Hep-G2, Lu-1, RD, MCF-7) & nong do thir nghiém (bang 3.11,
bang 3.12).
Bang 3.11. Két qua thir hoat tinh gay doc té bao cua podand (6, 8)
Gia tri CS (%)

Nong S
Chét do Dong te bao
(ng/ml) | Hep-G2 Lu-1 RD MCF-7
DMSO - 100 100 100 100
Ellipticine (+) 5 1,26+0,28 | 2,02+0,3 0 5,01+0,95
6 20 97,1940,2 | 80,67+0,74 | 80,35+1,55 | 56,70+1,43
8 20 99,62+0,37 | 99,00+0,97 | 27,9641,04 | 98,66+1,36
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Bang 3.12. Két qua khao st ICso ctia cac hop chat podand (6, 8)

Gia tri ICso (UM)
Dong té bao

Chat
Hep-G2 Lu-1 RD MCFE-7
Ellipticine (+) 1,14 1,99 0,93 1,01
6 - - - -
8 - - 26,49 -

O @)
S S

NN

Hinh 3.32. Cau tao va hoat tinh gay doc té bao cua podand 8

3.4.1.2. Khdo sat hoat tinh gdy déc té bao véi cac thiazacrown ether chiza nhan

pyridine tong hop diroc
Bang 3.13. Két qua thir hoat tinh gay doc té bao trén mot sé dong té bao ung thu cta

cac hop chat tong hop duoc

Dong té bao, ti 1& té bao song (CS%)

Nong
Chat do
(ug/mi) Hep-G2 Lu-1 RD MCF-7 FL
DMSO - 100 100 100 100 100
Chang (+)| 5 [1,26£0,78|2,02£059| 0 0,87+0,53 0
6 20 97,19+0,2 [80,67+0,74|80,35+1,55| 56,70+1,43 N/A
8 20 199,62+0,37(99,00+0,97|27,96+1,04| 98,66+1,36 N/A
29 20 199,84+0,14(99,55+0,25 N/A 98,48+1,27 |97,84+1,19
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30 20 |97,62+0,22]99,58+0,34| N/A 98,29+0,99 96,07+1,29
31 20 |86,21+1,67|96,71+1,22 N/A 96,15+0,73 |87,10+1,44
32 20 |98,56+0,36(99,32+1,86| N/A 97,27+0,29 |98,22+1,11
33 20 |99,92+0,03/99,26+0,69 N/A 97,45+0,83 [99,30+0,35
34 20 (36,90+1,43(61,43+1,73| N/A N/A 97,25+1,85
35 20 |64,57+1,84(61,43+1,42 N/A 88,22+1,63 |88,38+0,98
36 20 |67,24+2,19|70,3940,95| N/A 85,95+1,27 {92,14+1,58
43 10 32,231+2,2 |130,18+2,24|12,01+£2,14 | 39,64+2,78 N/A

44 10 35,69+0,5 | 91,01+1,3 | 51,95+0,4 N/A 80,18+0,3
46 10  |48,63+1,47(36,49+1,33(47,21£1,33| 60,83+1,26 N/A

Cac dan xuat thiaazacrownether chira di vong y-arylpiperidine (29-36),

(37)’ (38)1 [’Y'
(aryl)pyridino]dibenzo-27,28-diazacrownophane (43-48) sau khi dugc tinh ché bang

trithiaaza-14-crown-4-ether dithiaaza-17-crown-5  ether
phuong phap sic ky cot va két tinh lai trong ethanol tuyét déi da duoc khao sat danh
gia hoat tinh gay doc té bao trén cac dong té bao ung thu: Hep-G2, MCF7, Hela va Lu-
1 chat Ellipticine duoc st dung nhu chat chiing. Gia tri ICso ctia cac hop chét duogc thé
hién & bang 3.13. Két qua khao sét cho thay:

- Trong sb 8 hop chét dibenzo-4,12-dithia-8-azacrownophane (29-36) chi c6 dan
Xuat azacrown thiaether 34 chtra nhan y-(o-florophenyl)pyperidine 12 thé hién hoat tinh
gay doc té bao dbi vai dong té bao ung thu Hep-G2, gié tri ICso = 38,6 uM.

- Azacrownophan 43 cho kha ning thé hién hoat tinh voi nhiéu dong té bao ung
thu nhét, cu thé 1a cac dong té bao ung thu Hep-G2, Lu-1, RD va MCF-7 vdi gia tri ICso
trong khoang: 2,44 — 6,95uM.

- Azacrownophan 44 tic ché dong té bao ung thu Hep-G2 véi gia trj I1Cso = 18,44 uM.

- Azacrownophan 46 tc ché ba dong té bao ung thu Hep-G2, Lu-1, RD véi gié tri
ICso 1an luot 14 23,00 uM; 7,03 uM; 21,01 uM.
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Bang 3.14. Két qua 1Cso test

, Dong té bao va gia tri 1Cso (M)
Hop chat
Hep-G2 Lu-1 RD MCF-7
34 38,60 - - -
43 2,44 3,00 6,95 5,24
44 18,44 ; ; ;
46 23,00 7,03 14,65 -
OCH;
® ® Sl (J
F OCH,

OO O OO O
S S O O O O O O
k/o\) N\ N\ N\

43 44 46

ICs0/tep-G2 = 2,44 uM IC50/yep.Go = 18,44 uM - ICsp1¢p-Go = 23,00 uM
ICSO/Lu-l =3,00 uM ICSO/Lu-l =7,03 uM
ICSO/RD =6,95 MM ICSO/RD = 14,65 },lM
IC50/nmcF-7 = 5,24 uM

I1Cs0/mep-g2 = 38,60 uM

Hinh 3.33. Cau tao va hoat tinh gay doc té bao cua mot s hop chat azacrownether
téng hop duoc bang phan tng Hantzsch
Nhu vay, qua khao sat hoat tinh gdy doc té bao in vitro caa cic azacrownether da
tong hop duoc, c6 thé thay tai ndng do thir nghiém, cac dan xuét [pyridino]dibenzo-
27,28-diazacrownophane thé hién hoat tinh sinh hoc tét, trong d6 cac hoat chat 43 uc
ché ca 4 dong té bao Hep-G2, Lu-1, RD, MCF-7, hoat chat 46 thé hién hoat tinh vé4i 3
dong té bao Hep-G2, Lu-1, RD va hoat chat (34, 38, 44) chi thé hién hoat tinh véi 1
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dong té bao ung thu Hep-G2 ¢ ndng do6 thir nghiém (két qua duoc néu cu thé tai bang
3.13; bang 3.14). Két qua nay c6 thé do trong phan tir cac hop chat 43, 46 c6 chira toi 2
nhom pyridine nén kha ning tuong tac véi protein dich tot hon so véi cac hop chat 34,
38 chi chira 1 nhom pyridine hoac podand khdng co6 chira nhan pyridine trong phan ti.

Hop chat 44 mac du chira dong thoi 2 nhém pyridine trong phan tir nhung chi thé
hién hoat tinh gdy doc té bao duy nhét véi 1 dong té bao Hep-G2, diéu nay c6 thé do
anh huong cua nhom thé trén nhan pyridine.
3.4.2. Khao sat hoat tinh &c ché enzyme a-glucosidase cia mét s6 din xuat
azacrownophane chira nhan piperidone

Cac hop chat (55-59) duoc khao sat danh gia hoat tinh ¢c ché enzyme a-
glucosidase théng qua khao sat kha niang Gc ché enzyme a-glucosidase. Két qua thi
nghiém duoc duogc trinh bay dudi dang gié tri trung binh cta ba tha nghiém doc lap
trong bang 3.15.

Bang 3.15. Hoat tinh wrc ché a — glucosidase cua cac hop chat (55-59)

Miu R1 R2 ICso (nM)
55 H Me > 450
56 H Ph > 450
S7 Ph Ph > 450
58 H PrCcoOr 407,17 £ 9,01
59 H BuCOO" 345,90 £ 6,75
Acarbose 208,42 + 4,68

Trong s6 5 hop chat duoc thir nghiém, hai hop chat 58 va 59 da thé hién hoat dong
t6t v6i gid tri ICsola 407,17 + 9,01 uM va 345,90 + 6,75 uM tuong ing. O nong do 256
ng/ml, hop chit 58 tic ché 74,5% hoat tinh ctia enzyme a-glucosidase, so véi 52% dbi Voi
hop chat 59 va 93% dbi voi acarbose. Do d6, cac nhom ester duong nhu c6 anh huéng
dang ké dén hoat dong wrc ché hon cac nhom thé phenyl va methyl, nhitng nhém nay c6

rat it tac dung dién Ién toan b phan tir. Ngoai ra, gia tri 1Cso vuot troi tir 58 dén 59 c6 thé

145



goi y rang chudi carbon dai hon c6 thé ting cuong kha ning &c ché a-glucosidase. Tuy
nhién, két qua nay van thap hon so véi acarbose (ICso= 208,42 uM), diéu nay c6 thé duoc

giai thich 1a do d6 phan cuc thap va cac nhoém chirc ning it wa nudc hon ctia vong crown.

ICSO/(x-Glucosidase = 407917 + 9901 MM ICSO/a-Glucosidase = 345’90 + 6’75 MM

Hinh 3.34. C4u tao va hoat tinh uc ché enzyme a-glucosidase cua hop chat 58 va hop
chat 59
3.4.3. Khao sat hoat tinh sinh hoc ciia cac hop chat tong hep dwoc biang phwong
phap mé phéng phan tir (Molecular docking)

Pé ¢6 nhan dinh téng quat hon vé méi lién quan gitra cau tric va hoat tinh sinh hoc
cta cac hop chat da tong hop duoc, luan an da tién hanh so sanh kha ning tuong tac vai cac
protein dich trong diéu trj ung thu (EGFR), ha duong huyét (a-glucosidase) cua hop chat
tong hop dugc véi cac chat ddi chimng nhur Erlotinib va Arcabose.

3.4.3.1. M6 phéng phan tiz khdo sét hoat tinh gdy déc té bao

Erlotinib -(N-(3-ethynylphenyl)-6,7-bis (2-methoxyethoxy)-4-quinazolinamine)
la din xuat cta quinazolinamine duoc st dung 1am thudc qua dudng udng trong phuong
phap diéu tri hoa tri. Erlotinib 12 hoat chét c6 khdi lwong phan tir nho va c6 kha ning wrc
ché hoat dong ctuia enzyme EGFR-TK. Co ché hoat dong cua erlotinib dwgc xac dinh 1a
trc ché canh tranh lién két caa ATP véi phan TK (tyrosine kinase) cua thy thé va két qua
1a irc ché qua trinh ty phosphoryl hda (EGFR autophosphorylation. Hoat chat Erlotinib

d3a duoc nghién ciru 1am sang giai doan II va giai doan I11. Hoat chat thé hién tac dung
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diéu tri tot dbi voi nhitng bénh nhan ung thu phdi (non-small-cell lung cancer), ung thu
biéu mo (head and neck carcinoma), ung thu budng tring (ovarian cancer). Co quan
Quan ly Thyc pham va Dugc pham Hoa ky (FDA) da phé duyét sir dung erlotinib vao
thang 11 nam 2004 [17, 73].

Bang thar nghiém in vitro, hop chat 34 da duoc ching minh c6 hoat tinh gay doc
té bao trén dong té bao ung thu gan Hep-G2 véi gid tri ICso = 38,6 uM. Két qua docking
protein cho thay hop chat 34 thé hién sy tuong tac v4i cac 6 aminoacid cua enzyme
EGFR tyrosine kinase bang céch tao thanh cac lién két hydro-carbon, hydro-halogen
(v&i nguyén tir flo), lién két n-sigma, lién két n—sulfur, trong tac n—m, lién két n—alkyl
(duoc chi ra & bang 3.16 va hinh vé 3.34, 3.25). Phan chinh ctia phan tir 34 tham gia vao
cac tuong tac nay dén tir cac gbc phenyl va nhan pyridine. Chudi thiaether chi dong gop
1 twong tac voi aminoacid Arg 817. Ning luong lién két ctia hop chat 34 theo tinh toan
mob phong dat -10,2 kcal.mol %, thap hon nhiéu so v&i hop chat Erlotinib (mic ning
luong lién két dat -7,2 kcal.mol ). Piéu nay cho thiy hop chat 34 c6 kha ning tc ché
Hep-G2 manh. Trong trueong hop nay, hoat tinh manh cua Erlotinib dugc giai thich la
do sb luong twong tac 16n véi thu thé cling nhu muc ning lwong phan ti thap (212,36
kJ.mol ) gép phan 6n dinh phirc chat cua né véi thu thé.

Bang 3.16. Ai lyc lién két va gia tri RMSD cua hop chat 34, Erlotinib

Nang lwgng Nang lwgng
, , 2D tuong tac voi cac
Hop chat lién ket RMSD ] ) phan ti
Amino acids
(kcal.mol?) (kJ/mol)
Val702, Lys721, Asp831,
34 -10,2 0,000 571,789

Phe699, Arg817, Cys751
Met769, Leu694, Leu820,
o Ala719, Val702, Gly772,
Erlotinib -71,2 0,000 212.36

GIn767, Lys721, Met742, '

Thr830, Leu764
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' Acceptor -

Hinh 3.35. Sy tuwong tac cuia hop chat Erlotinib gin lén phan tir 1IM17 (3D)

Interactions

:] van der Waals |:| Pi-Donor Hydrogen Bond
I conventional Hydrogen Bond I Fi-sigma

|1 carbon Hydrogen Bond [ Alkyl

I Pi-cation [ Pi-Alkyl

Hinh 3.36. Su twong tac cua hop chat Erlotinib gin I&n phan tir 1M17 (2D)
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Accepto,

Hinh 3.37. Su tuong tac cta hop chat 34 gén lén phan ta 1IM17 (3D)

PHE. ASP
e -7, A:830
ARG . -
A:817 "~ $\ A:820
f‘k:\- . .’-_,'.)
ASN ’ ’
& I i
/e N
N . /F —<\. //
R r THR
. A:766
- AY31
AF73 - '
: CYS
A5 A:751
LEU
A:694
Interactions
[ ] van der Waals P Fi-sigma
[ ] carbon Hydrogen Bond [ ei-sulrur
[ Halogen (Fluorine) I Pi-Pi Stacked
B ~-anion [ rraikp

Hinh 3.38. Su tuong tac cta hop chat 34 gén lén phan ta 1IM17 (2D)
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Cac tham s dic tinh tiém nang tng dung 1am thudc cua azacrown thiaether 34 véi
CAc gid tri giéi han trén va dudi, da dugc du doan nho phan mém Molsoft web server.
Hinh 3.36 cho thay céc két qua tinh toan, trong d6 cac gia tri/tham sé hop chat 34 nam
trong pham vi téi wu, ngoai trir tinh wa mé (lipophilicity — dic trung bang cac gia tri log
P va log D) va sb lugng nguyén ti trong vong 16n nhat (MaxRing).

T6m lai, két qua nghién ciu md phong phan tir cho thay phan tir 34 thé hién tuong
tac vai 6 aminoacid cia enzyme EGFR tyrosine kinase. Phan chinh cua phan tir 34 tham
gia vao cac tuong tac nay dén tir cac goc phenyl va nhan pyridine. Bén canh do, két qua
phan tich qua phan mém Molsoft web server ciing cho thay hoat chat 34 dap ung céc
tham sé dic tinh tiém nang ang dung 1am thudc & mie do téi wu. Két qua nay phi hop

véi két qua thir nghiém in vitro nghién ctru d tién hanh trude do.

Upper Limit Lower Limit Compound Properties
MW
LogP nRig
4.984 .1 43
LogS 568.26 fChar
100
0 0
-4 0
LogD -4.855 8 “ nHet
3.966 1 -4 1
0 0 o 0
8 2 35
o 3 O
nHA MaxRing
6
99.1
nHD 11 nRing
TPSA nRot

Hinh 3.39. Céc tham sb danh gi kha ning lam thudc cua azacrown thiaether (34)
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3.4.3.2. Docking protein tham do hoat tinh itc ché enzyme a-glucosidase

Bang thir nghiém in vitro, hop chat 58 va 59 da duoc chirng minh cé hoat tinh wc
ché enzyme a-glucosidase. B¢ hiéu rd hon vé lién quan gitra cAu tao ctia phan tir 58 va
59 v&i hoat tinh sinh hoc, nghién ctu tién hanh so sanh tuong tac ctiia phan tir 58 va 59
Vvé6i chat chuan 12 Arcabose trén phan tir protein dich ma sé 3A4A. Bé dam bao cho qua
trinh docking, phan tir a-glucose dwoc gin lai véi phic hop 3A4A (protein dich) va cac
ché d¢ lién két dugc so sanh vai phéi tir ddng két tinh. Két qua cho thiy 2 hop chit vira
khit trong khoang lién két & dang dong két tinh, vai gia tri do léch binh phuong trung
binh gc (RMSD) 1a 0,58A°. Gia tri ndy thoa man diéu kién RMSD < 1,5 A, xé4c nhan
tinh tin cdy cua qué trinh docking. Ai luc lién két cua a-glucose 1a -5,71 kcal mol™.
Tuong tac cua Cac crown voi phan tir 3SA4A & cac vi tri hoat dong tuong tu nhu phdi tir
g6c ban dau bao gom lién két hydro véi Asp69, GIn182, Argd42, Asp215 va Glam277.
Ngoai ra, c4c lién két hydro n-donor véi Tyr72 va Asp352 ciing duoc quan sat thay. Dua
trén md hinh docking gitra cac hop chat crown (55-59) va 3A4A, cac hop chat (55-59)
cho thay kha nang lién két t6t tir vong crown véi cac goc glucosidase thong qua lién két
C-H yéu va tuong tac - © nhung vi tri ctia cac co chat van ¢ gan dudng vién ngoai cua
khu vuc hoat dong cua 3A4A. Tat ca cac hop chit déu c6 nang luong lién két véi vi tri
hoat dong ctua 3A4A cao hon so véi a-glucose c6 nang lugng lién két la -5,71 kcal mol-
1. Piéu nay cang cb cho két qua nghién ciru in vitro cho thay tat ca cac hop chit tong

hop (55-59) déu c6 kha nang e ché a-glucosidase (bang 3.15).

Qua trinh docking hai hop chat 58 va 59 cho thay nang luong lién két ciia ching
véi enzyme a-glucosidase tai c&c vi tri hoat dong nhu trén vong crown, nhom ester 1an
luot 12 -6,76 va -6,63 kcal mol! tuong tng, cao hon so véi cac hop chat (55-57). Céc
tuong tac twong tu gitra cac crown vai phan ta protein muc tiéu 3A4A ciing dugc quan
sat thay o cac hop chat (55-57), nhung viéc thiéu nhém ester trong cac phan tir crown
nay c6 thé 1a 1i do giai thich cho hoat tinh sinh hoc in vitro thap hon cuia cac hop chat
nay (> 450uM). C6 thé thiy cac vong crown, cic vong phenyl hinh thanh tuong tac
Vi protein dich thong qua lién két m-r hinh chit T véi Tyrl58 va Phe314. Ngoai ra,
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tuong tac C-H ciing duoc quan sat thiy giira cac hop chat va Pro312, Tyr158, Leu313,
Glu411. Biéu nay chtrng t6 rang nhém carbonyl trong cac phan ta crown nghién cau
c6 thé tao lién két hydro véi Arg315. Pang cha v 13, & cac hop chét 58 va 59, sy ton
tai cua cac nhom ester d3 hinh thanh thém lién két hydro véi His280. Trén thuc té, vi
tri cua cac chat nén lién két vai Tyr158, His280 va vong 310-315 nam & ria ngoai vi
tri hoat dong cua 3A4A, khac xa so vai vi tri lién két véi a-glucosidase ching to ring
cac hop chat nay hoat dong nhu mot chat &c ché khong canh tranh (bang 3.17).

Bang 3.17. Nang luong lién két va twong tac ctia cac hop chat (55-59) tai cac ving

hoat dong
Nang lugng .
. ; 2D twong tac vong crown véi | Nhém thé R?,
Hop chat lién ket ] ) ]
cac amino acid R?
(kcal mol™)

Arg315;  Tyrl58; Leu3ls3;|
55 _6,91 H|5280
Glu41l; Phe314

56 -6,71 Arg315; Tyrl58; Glu411l

Asp307;

57 -7,07 Arg315; Tyrl58; Leu313 )
Pro312; His280

Arg315;  Tyrl58;  Leu3l3; ]
58 -6,63 Pro312; His280
Glu411; Phe314

Arg315;  Tyrl58; Leu3l3; )
59 -6,76 Pro312; His280
Phe314

Asp69, GIn182, Argda?2,
a-glucosidase -5,71 Asp215; Glu277; Tyr72;
Asp352
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b) 1200

Hinh 3.40. a) Su tuong tac ciia hop chat 59 (mau xanh) gin Ién phan tir 3A4A (mau
d6); b) Tuong tac cua hop chat 59 vai 3A4A tai cac vi tri hoat dong (3D)

a) b)

ARG

A315 HIS e @
" ‘ms. A312 o

VR .. ._.°‘
A L T e, A158 . Q\
— R ASP . .
Y Q- L ' h
H

* ~~
* " -
% | J Yf L
v L A158
s p . /
e » | \
- —_
PRO -
A312 . "

* LEU
PHE A313
LEU Al
A313

Hinh 3.41. Su tuwong tac cua hop chat 59 (a) va 57 gan Ién phan tir 3A4A (2D)
Tinh toan cac tham sé dwge dong hoc ADMET:

Tinh chat ly hoa va théng sé ADMET cua hop chat (55-59) duogc tinh todn bing
cong cu ADMET lab 2.0 va may chi web Molsoft http:/molsoft.com/mprop/). Két qua

duoc dua ra trong bang 3.18. T4t ca cac hop chéat déu thoa man quy tic Lipinski ngoai
trir hop chat 55 va ¢o cung diém sinh kha dung (BAS) la 0,55. Ngoai ra, cac hop chat

57, 58 va 59 c6 gi4 tri diém mé hinh twong tu thubc (DLS) dwong, véi chi s6 cao nhit
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thudc vé hop chit 59, gap khoang hai lan so véi hop chat hop chat 58 va gap 4 1an hop
chat 57. Nguy@n nhan su khéc biét nay c6 thé do su hién dién caa nhom carboxylate &
vi tri nhanh caia vong piperidone hop chat 58, 59 lam tiang s vi tri nhan lién két hydro
S0 V&i cac hop chat (55 - 57) khac.

Bang 3.18. Tinh chét ly hda va mot s6 dic trung gidng thubc cua cac hop chét (55-59)

) So So S6 vi
Khoi
lwong | lwong pham
Hop | lwong ) ) BBB
, A LogP | lién lién | LogS | DLS BAS | nguyén
chat | phéan i i Score i
ket H | ket H tac
tﬁ’ - - -
cho | nhan Lipinski
02 (MW
55 | 547,23 | 6,074 1 4 -3,23 | -0,12 | 3,10 | 0,55 .
va log P
56 |399,48 | 3,919 1 4 -4,732 | -0,13 | 4,16 0
57 | 461,55 | 4,686 1 4 -4,879 | 0,12 | 3,48 0
58 |471,20 | 3,979 1 6 -4,58 | 0,26 | 2,96 0
59 | 587,66 | 4,416 1 6 -4,297 | 0,51 | 2,94 1 (MW)

TPSA

nRot

TPSA

nRot

Hinh 3.42. Céc tinh chét ly hda cua hop chéat 58 (bén trai) va hop chit 59 (bén phai)
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Hinh 3.41 ciing cho thiy két qua tinh toan 13 dic tinh phan ti cua cac hop chat 58
va 59 va céc khoang gidng thudc cua ching (gisi han trén va gisi han duéi). C6 thé thiy
rang hau hét tat ca cac thong s ADMET cuaa chung déu nam trong pham vi ti wu, ngoai
trir tinh wa 4m cta ching (dic trung boi gia tri logP va logD) va sé luong nguyén ti caa
ching trong vong 16n nhat (Maxring) ciing nhu sé lwong lién két cung (nRig). Két qua

tinh toan nay duoc chirng minh 1a twong ddi phd hop véi két qua thir nghiém in vitro.
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KET LUAN

1) Nghién ctru da ap dung phan tng ngung tu da tac nhan Hantzsch va phan ung
ngung tu da tac nhan Petrenko-Kritschenko tong hop thanh cong 32 hop chét (trong d6
c6 28 hop chat ma&i) bao gom 8 san pham podand, 24 hop chat azacrown ether va
thiaazacrown ether mai véi bay (07) nhém hop chét, cu thé:

v 08 dan xuat dibenzo-4,12-dithia-8-azacrownophane chta di vong -
arylpiperidine (29-36)

v/ 01 dan xuat dibenzo-1,4,7-trithia-11-aza-14-crown-4 ether chaa di vong y-
(aryl)pyridine 37

v/ 01 dan xuit dibenzo-4,12-dithia-8-aza-17-crown-5 ether chira di vong y-(2-
naphthyl)pyridine 38

v 01 dan xuat dibenzo-4,11-diaza-14-crown-4 ether chua di vong v-
(aryl)pyridine va nhom chirc N-tosylate 40

v 06 din xuat [y-(aryl)pyridino]dibenzo-27,28-diazacrownophane chira ddng thoi
hai di vong pyridine (43-48);

v 01 dan xuat dinaphthanyl-4,11-diaza-14-crown-4 ether chta di vong 2,3,4,6-
tetraaryl-y-piperidone va nhém chic N-tosylate 50

v/ 06 dan xuat dibenzo-11-aza-14-crown-3 ether chira di vong y-piperidone da
nhom thé (55-59).

2) Phuong phap nhidu xa tia X don phén tir di xac dinh chinh xac cau trtc cho 05
don tinh thé cac hop chat (33, 34, 43, 50, 55).

3) Bang mét sé thir nghiém in vitro, luan an da xac dinh duoc 07 hop chit thé hién
hoat tinh sinh hoc hitu ich, trong d6 05 hop chét thé hién hoat tinh gay doc té bao, d6 1a
cac hop chat (8, 34, 43, 44, 46) va 02 hop chit (58, 59) thé hién hoat tinh wrc ché enzyme
a-glucosidase, c¢6 kha ning hd trg diéu tri tiéu duong.

Cu thé:

v" Hop chét 8 thé hién hoat tinh gay doc té bao trén dong té bao ung thu RD véi chi
s6 1Cso dbi vai dong té bao nay 1a 26,49 pM.

v' Hop chét 34 va 44 ciing thé hién hoat tinh gy doc té bao trén dong té bao ung
thu gan Hep-G2 véi gia trj 1Cso lan luot twong tng 1a 38 pM va 18,44 uM.
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v Hop chit 43 thé hién hoat tinh gdy doc trén ca 4 dong té bao ung thu thir nghiém
la Hep-G2, Lu-1, RD va MCF-7 véi cac thdng s6 1an lugt 1a: 1Csomep-c2 = 2,44 pM;
ICso/Lu-1 = 3,00 uM; ICs0rp = 6,95 uM; 1Csomcr-7 = 5,24 uM.

v' Hop chét 46 c6 tac dung gay doc té bao trén 3 dong té bao ung thu 1a Hep-G2,
Lu-1, RD vdi chi sb ICso twong tmg nhur sau: ICsomep-c2 = 23,00 uM; ICsoru1 = 7,03
uM; 1Csorp = 14,65 puM.

v Céc hop chat 58, 59 thé hién hoat tinh trc ché enzyme a-glucosidase vai gia tri ICso
lan Iuot 12 407,17 + 9,01 uM va 345,90 + 6,75 pM.

4) Bang phuong phap md phong phan tir (molecular docking), nghién ciru da chi
ra su twong tac giita cac phan tir hop chat tong hop dwoc véi cac phan ti protein muc
tiéu. Cu thé, hop chat 34 dai dién cho cac azacrownether tong hop duoc c6 chira nhan
pyridine thé hién su twong tac v6i 6 aminoacid cua enzyme EGFR tyrosine kinase bang
cach tao thanh cac lién két hydro-carbon, hydro-halogen (v&i nguyén ti flo), lién két -
sigma, lién két n—sulfur, twong tac n—m, lién két n— twong tu nhu hoat chat diéu tri ung
thu da duoc biét dén la Erlotinib. Phan chinh ciia phan tir 34 tham gia vao cac tuong tac
nay dén tir cac goc phenyl va nhan pyridine. Cac phan tir 58, 59 dai dién cho cac
azacrownether c6 chira nhém piperidone trong phan ti ciing thé hién sy tuong tac véi
cac amino acid tai cac vi tri hoat dong trén phan tir protetin muc tiéu 3A4A tuong tu
hoat chat Acarbose — mot hoat chat cd tac dung tc ché enzyme a-glucosidase, c6 tac
dung ha duong huyét da duoc biét dén. Két qua mé phong phan ti phi hop véi két qua
thir nghiém in vitro ma nghién ctru d tién hanh trude do.

Nghién ctiu tinh chat ly hda va mot sé dic trung giéng thude cua cac hop chat 34,
(50-59) ciing cho thay hau hét tit ca cac thong s6 ADMET cua chiing déu nam trong
pham vi ti wu, hoan toan c6 kha niang phat trién thanh cac thude hoa duoc.
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Spectrum from 20180118Cuoinam.wiff2 (sample 3) - H3, Experiment 1, +IDA TOF MS (100 - 1000) from 0.140 to 0,397 min
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Instrament: FTIR Affinity - 15
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PHU LUC I
THONG SO CAU TAO PHAN TU
THEO DU LIEU PHAN TICH NHIEU XA PON TINH THE

Bang phu luc 2.1. Tea d6 cac nguyén tir va tham sé dae ddng ciaa nguyén tir hop

chat 33
Toa dp nguyén ti:

Nguyén ti X y z U(eq)
CI(1) 3094(1) 10345(1) 3970(1) 47(1)
C(1) 7265(2) 6633(3) 4927(2) 28(1)
C(2) 7312(2) 5668(4) 5619(2) 29(1)
C(3) 7982(2) 6024(4) 6331(2) 32(1)
C(4) 8054(2) 5238(4) 7015(2) 36(1)
C(5) 7464(2) 4067(4) 6994(2) 36(1)
C(6) 6807(2) 3691(4) 6290(2) 35(1)
C(7) 6725(2) 4475(4) 5595(2) 30(1)
S(8) 5886(1) 3863(1) 4710(1) 36(1)
C(9) 6675(2) 3516(4) 4089(2) 36(1)
C(10) 7432(3) 2398(4) 4425(2) 45(1)
O(11) 8106(2) 2370(3) 3974(2) 44(1)
C(12) 8925(4) 3250(8) 4400(3) 39(1)
C(13) 9367(4) 3815(7) 3785(3) 42(1)
C(12) 9076(12) 2731(17) 4092(11) 41(4)
C(13) 9283(11) 4306(16) 4225(9) 40(3)
S(14) 8670(1) 5239(1) 3210(1) 43(1)
C(15) 9332(2) 6847(4) 3525(2) 37(1)
C(16) 10176(3) 7086(5) 3306(2) 46(1)
C(17) 10668(3) 8363(5) 3488(2) 48(1)
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C(18) 10321(3) 9449(5) 3867(2) 45(1)
C(19) 9476(2) 9234(4) 4075(2) 39(1)
C(20) 8989(2) 7929(4) 3921(2) 34(1)
C(21) 8087(2) 7760(4) 4159(2) 30(1)
C(22) 7289(2) 8558(4) 3778(2) 31(1)
C(23) 6426(2) 8360(3) 3964(2) 28(1)
C(24) 6424(2) 7340(3) 4547(2) 28(1)
N(25) 8094(2) 6822(3) 4743(2) 30(1)
C(26) 5564(2) 9213(3) 3564(2) 29(1)
C(27) 4833(2) 9412(3) 3920(2) 33(1)
C(28) 4026(2) 10199(4) 3535(2) 35(1)
C(29) 3945(3) 10830(4) 2812(2) 41(1)
C(30) 4678(3) 10642(4) 2457(2) 44(1)
C(31) 5475(2) 9831(4) 2825(2) 38(1)

Tham sé dao dgng nguyén ti:

Nguyén tir| U1l u22 u33 u23 uls ul2
Cl(1) 47(1) 48(1) 44(1) -6(1) 9(1) 16(1)
c(1) 37(2) 24(2) 22(2) -4(1) 9(1) 2(2)
C(2) 35(2) 27(2) 26(2) 2(1) 10(1) 9(2)
c@3) 36(2) 33(2) 30(2) -4(2) 11(2) 4(2)
C(4) 39(2) 45(2) 23(2) -1(2) 6(1) 9(2)
C(5) 44(2) 41(2) 27(2) 7(2) 15(2) 13(2)
C(6) 40(2) 31(2) 35(2) 4(2) 15(2) 6(2)
c(7) 32(2) 27(2) 30(2) -1(2) 9(1) 4(2)
S(8) 40(1) 34(1) 33(1) -1(1) 8(1) -2(1)
C(9) 44(2) 32(2) 32(2) -2(2) 10(2) 3(2)
C(10) 59(3) 40(2) 34(2) -2(2) 12(2) 12(2)
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0(11) 40(2) 35(2) 56(2) -3(1) 12(1) 2(1)
C(12) 39(3) 41(4) 33(4) 1(3) 1(3) 5(3)
C(13) 34(3) 41(4) 47(4) 3(3) 7(3) 7(3)
C(12) 56(11) 22(9) 41(10) -2(7) 5(8) 6(7)
C(13) 56(9) 27(9) 37(9) 6(7) 11(7) 11(7)
S(14) 47(1) 40(1) 46(1) 5(1) 17(1) 12(1)
C(15) 31(2) 44(2) 35(2) 13(2) 8(2) 8(2)
C(16) 40(2) 60(3) 43(2) 13(2) 19(2) 12(2)
C(17) 30(2) 69(3) 45(2) 18(2) 10(2) -3(2)
C(18) 42(2) 52(3) 37(2) 10(2) 2(2) -6(2)
C(19) 35(2) 50(3) 29(2) 9(2) 6(2) -1(2)
C(20) 31(2) 42(2) 28(2) 10(2) 6(2) 1)
C(21) 33(2) 31(2) 25(2) 1(2) 5(1) 1(2)
C(22) 36(2) 28(2) 27(2) 3(1) 7(1) 3(2)
C(23) 32(2) 25(2) 24(2) -4(1) 6(1) 0(1)
C(24) 30(2) 25(2) 28(2) -1(1) 9(1) 0(1)
N(25) 35(2) 31(2) 25(2) 1(1) 7(1) 1(1)
C(26) 33(2) 21(2) 30(2) 1(1) 5(1) -3(1)
C(27) 43(2) 23(2) 28(2) 0(1) 1(2) 4(2)
C(28) 37(2) 30(2) 37(2) -4(2) 6(2) 3(2)
C(29) 39(2) 31(2) 44(2) 8(2) -3(2) 3(2)
C(30) 45(2) 41(2) 39(2) 12(2) 0(2) -1(2)
C(31) 34(2) 39(2) 39(2) 9(2) 4(2) -5(2)
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Bang phu luc 2.2. P dai lién két [A] va gia tri cac goc lién két [°] caa hep chat 33

CHUONG 154 dai lién két [A]J:

CI(1)-C(28)
C(1)-N(25)
C(1)-C(24)
C(1)-C(2)
C(2)-C(7)
C(2)-C3)
C(3)-C(4)
C(3)-H(3)
C(4)-C(5)
C(4)-H4)
C(5)-C(6)
C(5)-H()
C(6)-C(7)
C(6)-H(6)
C(7)-S(8)
S(8)-C(9)
C(9)-C(10)
C(9)-H(9A)
C(9)-H(9B)
C(10)-O(11)
C(10)-H(10A)
C(10)-H(10B)
0(11)-C(12)
0(11)-C(12)
C(12)-C(13)
C(12)-H(12A)
C(12)-H(12B)
C(13)-S(14)

1,736(4)
1,343(4)
1,385(4)
1,497(4)
1,393(5)
1,394(4)
1,385(5)
0,9500
1,380(5)
0,9500
1,381(5)
0,9500
1,399(5)
0,9500
1,782(3)
1,817(3)
1,511(5)
0,9900
0,9900
1,421(4)
0,9900
0,9900
1,408(17)
1,468(7)
1,497(8)
0,9900
0,9900
1,798(5)

C(13)-S(14)
C(13)-H(13C)
C(13)-H(13D)
S(14)-C(15)
C(15)-C(20)
C(15)-C(16)
C(16)-C(17)
C(16)-H(16)
C(17)-C(18)
C(17)-H(17)
C(18)-C(19)
C(18)-H(18)
C(19)-C(20)
C(19)-H(19)
C(20)-C(21)
C(21)-N(25)
C(21)-C(22)
C(22)-C(23)
C(22)-H(22)
C(23)-C(24)
C(23)-C(26)
C(24)-H(24)
C(26)-C(27)
C(26)-C(31)
C(27)-C(28)
C(27)-H(27)
C(28)-C(29)
C(29)-C(30)

1,960(14)
0,9900
0,9900
1,781(4)
1,391(5)
1,402(5)
1,377(6)
0,9500
1,380(6)
0,9500
1,390(5)
0,9500
1,392(5)
0,9500
1,492(4)
1,344(4)
1,383(4)
1,393(4)
0,9500
1,396(4)
1,486(4)
0,9500
1,386(4)
1,393(4)
1,388(4)
0,9500
1,374(5)
1,386(5)
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C(13)-H(13A) 0,9900 C(29)-H(29) 0,9500
C(13)-H(13B) 0,9900 C(30)-C(31) 1,382(5)
C(12)-C(13) 1,50(2) C(30)-H(30) 0,9500
C(12)-H(12C) 0,9900 C(31)-H(31) 0,9500
C(12)-H(12D) 0,9900

Go6c lién két [°]:

N(25)-C(1)-C(24) 123 5(3) S(14)-C(13)-H(13C) 110,6
N(25)-C(1)-C(2) 115,6(3) C(12)-C(13)-H(13D) 110,6
C(24)-C(1)-C(2) 120,7(3) S(14)-C(13")-H(13D) 110,6
C(7)-C(2)-C(3) 119,1(3) H(13C)-C(13')-H(13D) 108,7
C(n)-C(2)-C1) 124,2(3) C(15)-5(14)-C(13) 105,8(2)
C(3)-C2)-CL) 116,7(3) C(15)-S(14)-C(13) 91,0(5)
C(4)-C(3)-C(2) 121,2(3)

C(4)-C3)-HE) 119.4 C(20)-C(15)-C(16) 119,0(4)
C(2)-C(3)-H(3) 119,4 C(20)-C(15)-S(14) 121,7(3)
C(5)-C(4)-C(3) 119,7(3) C(16)-C(15)-S(14) 119,1(3)
C(5)-C(4)-H(4) 120,1 C(17)-C(16)-C(15) 120,6(4)
C(3)-C(4)-H(4) 120,1 C(17)-C(16)-H(16) 119,7
C(4)-C(5)-C(6) 119,6(3) C(15)-C(16)-H(16) 119,7
C(4)-C(5)-H(5) 120,2

C(6)-C(5)-H(5) 1202 C(16)-C(17)-C(18) 120,6(4)
C(5)-C(6)-C(7) 121,3(3) C(16)-C(17)-H(17) 119,7
C(5)-C(6)-H(6) 119,3 C(18)-C(17)-H(17) 119,7
C(7)-C(6)-H(6) 119,3 C(17)-C(18)-C(19) 119,3(4)
C(2)-C(7)-C(6) 119,0(3) C(17)-C(18)-H(18) 120,4
C(2)-C(7)-S(8) 1231(2) C(19)-C(18)-H(18) 1204
C(6)-C(N-5(8) 117.8(3) C(18)-C(19)-C(20) 120,8(4)
C(7)-S(8)-C(9) 100,75(15)

C(10)-C(9)-5(8) 113.6(3) C(18)-C(19)-H(19) 119,6
C(10)-C(9)-H(9A) 108.8 C(20)-C(19)-H(19) 119,6
S(8)-C(9)-H(9A) 108,8 C(15)-C(20)-C(19) 119,7(3)
C(10)-C(9)-H(9B) 108,8 C(15)-C(20)-C(21) 121,9(3)
S(8)-C(9)-H(9B) 108,8 C(19)-C(20)-C(21) 118,4(3)
H(9A)-C(9)-H(9B) 107,7
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O(11)-C(10)-C(9)
0(11)-C(10)-H(10A)
C(9)-C(10)-H(10A)
0(11)-C(10)-H(10B)
C(9)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
C(12)-0(11)-C(10)
C(10)-0(11)-C(12)
0(11)-C(12)-C(13)
0(11)-C(12)-H(12A)
C(13)-C(12)-H(12A)
0(11)-C(12)-H(12B)
C(13)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
C(12)-C(13)-S(14)
C(12)-C(13)-H(13A)
S(14)-C(13)-H(13A)
C(12)-C(13)-H(13B)
S(14)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
0(11)-C(12)-C(13))
0(11)-C(12')-H(12C)
C(13)-C(12)-H(12C)
0(11)-C(12')-H(12D)
C(13)-C(12)-H(12D)
H(12C)-C(12)-H(12D)
C(12)-C(13)-S(14)
C(12)-C(13)-H(13C)
N(25)-C(21)-C(22)
N(25)-C(21)-C(20)

109,5(3)
109,8
109,8
109,8
109,8
108,2
136,9(8)
107,0(3)
106,1(5)
110,5
110,5
110,5
110,5
108,7
112,1(4)
109,2
109,2
109,2
109,2
107,9
113,8(13)
108,8
108,8
108,8
108,8
107,7
105,6(11)
110,6
123,1(3)
117,5(3)

C(22)-C(21)-C(20)
C(21)-C(22)-C(23)
C(21)-C(22)-H(22)
C(23)-C(22)-H(22)
C(22)-C(23)-C(24)
C(22)-C(23)-C(26)
C(24)-C(23)-C(26)
C(1)-C(24)-C(23)

C(1)-C(24)-H(24)

C(23)-C(24)-H(24)
C(1)-N(25)-C(21)

C(27)-C(26)-C(31)
C(27)-C(26)-C(23)
C(31)-C(26)-C(23)
C(26)-C(27)-C(28)
C(26)-C(27)-H(27)
C(28)-C(27)-H(27)
C(29)-C(28)-C(27)
C(29)-C(28)-CI(1)
C(27)-C(28)-CI(1)
C(28)-C(29)-C(30)
C(28)-C(29)-H(29)
C(30)-C(29)-H(29)
C(31)-C(30)-C(29)
C(31)-C(30)-H(30)
C(29)-C(30)-H(30)
C(30)-C(31)-C(26)
C(30)-C(31)-H(31)
C(26)-C(31)-H(31)

119,4(3)
120,2(3)
119,9
119,9
116,6(3)
121,0(3)
122,4(3)
119,6(3)
120,2
120,2
116,8(3)
118,8(3)
120,6(3)
120,6(3)
120,0(3)
120,0
120,0
121,2(3)
119,8(3)
119,03)
118,9(3)
120,6
120,6
120,5(3)
119,7
119,7
120,6(3)
119,7
119,7
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Bang phu luc 2.3. Géc nhi dién tinh thé hop chét 33

N(25)-C(1)-C(2)-C(7)
C(24)-C(1)-C(2)-C(7)
N(25)-C(1)-C(2)-C(3)
C(24)-C(1)-C(2)-C(3)
C(7)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(3)-C(2)-C(7)-C(6)
C(1)-C(2)-C(7)-C(6)
C(3)-C(2)-C(7)-S(8)
C(1)-C(2)-C(7)-S(8)
C(5)-C(6)-C(7)-C(2)
C(5)-C(6)-C(7)-S(8)
C(2)-C(7)-S(8)-C(9)
C(6)-C(7)-S(8)-C(9)
C(7)-S(8)-C(9)-C(10)
S(8)-C(9)-C(10)-O(11)
C(9)-C(10)-0(11)-C(12))
C(9)-C(10)-0(11)-C(12)
C(12)-0(11)-C(12)-C(13)
C(10)-0(11)-C(12)-C(13)
0(11)-C(12)-C(13)-S(14)
C(10)-0(11)-C(12')-C(13)
C(12)-0(11)-C(12)-C(13)
0(11)-C(12)-C(13")-S(14)
C(12)-C(13)-S(14)-C(15)
C(12)-C(13)-S(14)-C(13)

-125,8(3)
58,2(5)
55,2(4)

-120,8(3)
-1,9(5)

177,2(3)
1,0(5)
-0,1(5)
0,1(5)
1,8(5)
-177,2(3)
-176,8(2)
4,3(5)
-0,9(5)
177,7(3)
58,9(3)

-119,7(3)
60,5(3)

-170,4(2)

112,0(10)
97,5(4)

46,0(14)

-152,6(4)
74,9(6)

-65,3(18)

-38,7(11)

-68,6(17)

107,7(5)
46,6(10)

C(17)-C(18)-C(19)-C(20)
C(16)-C(15)-C(20)-C(19)
S(14)-C(15)-C(20)-C(19)
C(16)-C(15)-C(20)-C(21)
S(14)-C(15)-C(20)-C(21)
C(18)-C(19)-C(20)-C(15)
C(18)-C(19)-C(20)-C(21)
C(15)-C(20)-C(21)-N(25)
C(19)-C(20)-C(21)-N(25)
C(15)-C(20)-C(21)-C(22)
C(19)-C(20)-C(21)-C(22)
N(25)-C(21)-C(22)-C(23)
C(20)-C(21)-C(22)-C(23)
C(21)-C(22)-C(23)-C(24)
C(21)-C(22)-C(23)-C(26)
N(25)-C(1)-C(24)-C(23)
C(2)-C(1)-C(24)-C(23)
C(22)-C(23)-C(24)-C(1)
C(26)-C(23)-C(24)-C(1)
C(24)-C(1)-N(25)-C(21)
C(2)-C(1)-N(25)-C(21)
C(22)-C(21)-N(25)-C(1)
C(20)-C(21)-N(25)-C(1)
C(22)-C(23)-C(26)-C(27)
C(24)-C(23)-C(26)-C(27)
C(22)-C(23)-C(26)-C(31)
C(24)-C(23)-C(26)-C(31)
C(31)-C(26)-C(27)-C(28)
C(23)-C(26)-C(27)-C(28)

1,4(5)
1,4(5)

-172,6(2)

178,9(3)
4,9(5)
-2,6(5)
179,8(3)
69,8(4)

-112,7(4)
-110,2(4)

67,3(4)
-3,2(5)
176,7(3)
0,4(5)
179,7(3)
-3,1(5)
172,6(3)
2,6(5)

-176,7(3)

0,4(5)

-175,5(3)

2,8(5)

-177,1(3)
-156,8(3)

22,4(5)
23,0(5)

-157,8(3)

0,9(5)

-179,3(3)
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C(13)-S(14)-C(15)-C(20)
C(13)-S(14)-C(15)-C(20)
C(13)-S(14)-C(15)-C(16)
C(13)-S(14)-C(15)-C(16)
C(20)-C(15)-C(16)-C(17)
S(14)-C(15)-C(16)-C(17)
C(15)-C(16)-C(17)-C(18)
C(16)-C(17)-C(18)-C(19)

-114,1(3)

-89,5(6)
72,03)
96,5(6)

1,0(5)

175,1(3)

-2,2(6)
1,0(6)

C(26)-C(27)-C(28)-C(29)
C(26)-C(27)-C(28)-CI(1)
C(27)-C(28)-C(29)-C(30)
CI(1)-C(28)-C(29)-C(30)
C(28)-C(29)-C(30)-C(31)
C(29)-C(30)-C(31)-C(26)
C(27)-C(26)-C(31)-C(30)
C(23)-C(26)-C(31)-C(30)

-2,0(5)
176,4(3)
1,5(5)

-176,9(3)

0,1(6)
-1,2(6)
0,7(5)

-179,1(3)
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Bang phu luc 2.4. Toa d6 cac nguyén tir va tham sé dao ddng ciia nguyén tir hop

chit 34

Toa dé nguyén tir trong tinh thé

Nguyén tir X y z Uisoe*/Ueq |Occ. (<1)
c1 0,23938 (8)  [0,52038 (15) |0,56198 (7)  [0,0136 (2)
C2 0,20060 (8)  [0,62920 (15) |0,61593 (7)  [0,0145 (2)
Cc3 0,20409 (9)  [0,80219 (16) |0,60476 (7)  |0,0186 (2)
H3 0,2294 0,8441 0,5633 0,022*

C4  |0,17139(9) |0,91373(17) |0,65288(8)  |0,0221 (3)

H4 0,1752 1,0309 0,6449 0,026*

C5 0,13288 (10) [0,85283 (18) [0,71287 (8)  [0,0231 (3)

H5 0,1104 0,9286 0,7461 0,028*

C6 0,12721(9)  [0,68143 (18) [0,72433(7)  [0,0197 (2)

H6 0,1003 0,6406 0,7652 0,024*

C7  |0,16098 (8)  |0,56817 (16) |0,67605(7)  |0,0154 (2)

S8 0,15138 (2)  [0,34979 (4)  |0,69253 (2)  |0,01693 (7)
C9 0,03813(8)  [0,31559 (18) |0,65067 (8)  [0,0195 (2)
HOA 0,0192 0,2039 0,6661 0,023*
HI9B 0,0004 0,3999 0,6709 0,023*
C10  [0,02310(8)  |0,32546 (17) |0,56635(7)  |0,0189 (2)
H10A -0,0406 0,3203 0,5484 0,023*
H10B 0,0460 0,4329 0,5497 0,023*
011  |0,06675(7)  |0,18968 (12) |0,53599 (5)  |0,02104 (19)
Cl2  |0,06101(9)  |0,19845 (18) |0,45657 (7)  |0,0194 (2)
H12A 0,0649 0,3161 0,4401 0,023*
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H12B  |0,0048 0,1505 0,4327 0,023*
C13  [0,13790(9)  |0,09727 (16) |0,43598 (7)  |0,0190 (2)
H13A  [0,1279 -0,0221 0,4468 0,023*
H13B  |0,1917 0,1330 0,4685 0,023*

s14  |0,15688(2)  [0,11587 (4)  [0,33899 (2)  |0,02112 (8)
C15 [0,15383(8) |0,33271(16) |0,31598(7)  |0,0159 (2)
C16  [0,11199 (9)  |0,36946 (17) |0,24376 (7)  |0,0191 (2)
H16  [0,0858 0,2813 0,2132 0,023*

C17  [0,10809 (9)  |0,53140 (18) |0,21616(7)  |0,0198 (2)
H17  [0,0810 0,5531 0,1666 0,024*

C18  [0,14390(8)  |0,66197 (17) |0,26110(7)  |0,0186 (2)
H18  [0,1414 0,7735 0,2427 0,022%

C19  [0,18329(8)  |0,62755(16) [0,33321(7)  |0,0162 (2)
H19  [0,2057 0,7175 0,3645 0,019%

C20  [0,19089 (8)  |0,46438 (16) |0,36105(7)  |0,0144 (2)
C21  [0,23709(8)  |0,44470 (15) |0,43850 (6)  |0,0137 (2)
C22  [0,31292(8)  |0,34906 (15) |0,45483(7)  |0,0142 (2)
H22  [0,3371 0,2918 0,4162 0,017*

C23  [0,35284(8) |0,33874(15) [0,52901(7)  |0,0133 (2)
C24  [0,31322(8) |0,42215(15) |0,58367 (7)  |0,0145 (2)
H24  [0,3363 0,4120 0,6350 0,017*

N25  [0,20228 (7)  |0,53396 (13) |0,49046 (6)  |0,01441 (19)
C26  [0,43486 (8)  |0,24327 (13) |0,55098 (6)  |0,0147 (2)
C27  |0,50614 (8)  |0,25153 (12) |0,51112(6)  |0,0186 (2)
F27  |0,49949 (6)  |0,34234 (12) |0,44777(5)  |0,02190 (18)| 0,9
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H27 0,5000 0,3150 0,4655 0,026* 0,1

C28 0,58460 (9) 0,16957 (16)  |0,53343 (8) 0,0251 (3)

H28 0,6319 0,1780 0,5047 0,030*

C29 0,59292 (9) 0,07493 (17)  |0,59838 (9) 0,0261 (3)

H29 0,6464 0,0184 0,6146 0,031*

C30 0,52348 (10)  |0,06253 (16) |0,63970 (8) 0,0245 (3)

H30 0,5290 -0,0032 0,6840 0,029*

C31 0,44566 (9) 0,14691 (15) |0,61598 (7) 0,0195 (2)

H31 0,3983 0,1393 0,6455 0,023* 0,9

F31 0,3833 (4) 0,1265 (7) 0,6599 (3) 0,02190 (18) 0,1

Tham sé dao dpng ciia cdc nguyén ti:
Nguyen yit U22 Us33 U2 u1s U23

tir
Cl1 |0,0141(5) |0,0137(5) 10,0129 (5) |0,0018 (4) |0,0011 (4) -0,0006 (4)
C2 |0,0149(5) |0,0154(5) |0,0125(5) |0,0037 (4) |-0,0007 (4) |-0,0018 (4)
C3 |0,0212 (6) |0,0161(5) |0,0180(6) |0,0033(4) |0,0003 (4) 0,0000 (4)
C4 |0,0257 (6) 10,0158 (6) |0,0235(6) |0,0057 (5) |-0,0015(5) |-0,0041 (5)
C5 |0,0256 (6) |0,0225(6) |0,0201 (6) |0,0088 (5) |-0,0006 (5) |-0,0083 (5)
C6 |0,0201(6) |0,0251(6) |0,0141(5) |0,0063 (5) |0,0026 (4) -0,0037 (5)
C7 0,0155(5) |0,0170(5) |0,0130(5) |0,0044 (4) |-0,0008 (4) |-0,0016 (4)
S8 |0,01794 (14) {0,01758 (14)|0,01480 (14)|0,00308 (11) [0,00048 (10) |0,00165 (10)
C9 |0,0167 (5) |0,0219(6) |0,0200 (6) |0,0011 (4) |0,0036 (4) 0,0017 (5)
C10 |0,0164 (5) |0,0198 (6) |0,0194 (6) |0,0030 (4) (-0,0012 (4) |0,0019 (5)
011 |0,0287 (5) |0,0187 (4) |0,0148 (4) |0,0052 (4) |-0,0003 (4) [0,0020 (3)
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C12 [0,0208(6) |0,0216(6) |0,0146 (5) [0,0004 (5) |-0,0016 (4) |0,0023 (4)
C13 [0,0238(6) |0,0152(5) |0,0168 (6) [0,0006 (5) |-0,0016 (5) |0,0017 (4)
S14 [0,02969 (17) [0,01582 (14) [0,01692 (15) 0,00324 (12) [-0,00026 (12) |-0,00317 (11)
C15 [0,0168(5) |0,0180(5) |0,0126 (5) [0,0029 (4) |0,0006 (4)  |-0,0011 (4)
C16 [0,0203(6) |0,0236(6) |0,0125(5) [0,0015(5) |-0,0006 (4) |-0,0028 (4)
C17 [0,0203(6) |0,0274(7) |0,0111(5) [0,0032(5) [0,0001(4)  |0,0018 (4)
C18 [0,0184 (5) 0,0220(6) |0,0154 (5) [0,0027 (5) |0,0020 (4)  |0,0039 (4)
C19 [0,0156 (5) |0,0184(5) |0,0142(5) [0,0013(4) [0,0011(4)  |0,0011 (4)
C20 [0,0132(5) |0,0186(5) |0,0113(5) [0,0022 (4) |0,0009 (4)  |-0,0002 (4)
c21 [0,0137(5) |0,0153(5) |0,0115(5) [0,0007 (4) |-0,0002 (4) |-0,0004 (4)
c22 [0,0147 (5) |0,0152(5) |0,0126 (5) [0,0022 (4) |0,0015(4)  |-0,0011 (4)
C23 [0,0129 (5) |0,0132(5) |0,0134(5) |0,0014 (4) |0,0004 (4)  |-0,0001 (4)
C24 [0,0155(5) |0,0157(5) |0,0117 (5) |0,0024 (4) |-0,0006 (4)  |-0,0006 (4)
N25 [0,0149 (4) |0,0157 (5) |0,0122 (4) [0,0021 (4) |0,0002(3)  |-0,0006 (3)
C26 [0,0150 (5) |0,0139(5) |0,0141(5) [0,0029 (4) |-0,0023 (4) |-0,0028 (4)
c27 [0,0165(5) |0,0206(6) |0,0179 (6) |0,0028 (4) |-0,0004 (4) |-0,0037 (5)
F27 (00187 (4) [0,0283(5) [0,0195(4) |0,0016 (3) [0,0052(3)  [0,0040 (3)
C28 [0,0150 (5) |0,0290 (7) |0,0303 (7) |0,0052 (5) |-0,0002 (5) |-0,0116 (6)
C29 [0,0217 (6) |0,0211(6) |0,0318(7) [0,0095(5) |-0,0102 (5) |-0,0097 (5)
C30 [0,0283(7) |0,0178(6) |0,0239 (7) |0,0065 (5) |-0,0090 (5) |-0,0018 (5)
C31 [0,0213(6) |0,0170(5) |0,0187 (6) |0,0041(5) |-0,0032(5) |-0,0006 (4)
F31 |0,0187(4) [0,0283(5) [0,0195(4) |0,0016 (3) [0,0052(3)  [0,0040 (3)
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Bang phu luc 2.5. P dai lién két [A] va gia tri cac goc lién két [°] cia hop chat

34
D¢ dai lien két [A]

C1—N25 1,3438 (15) C15—C16 1,4052 (17)
C1—C24 1,3926 (16) Cl16—C17 1,3847 (19)
Cl1—C2 1,4882 (16) Cl6—H16 0,9500
Cc2—C3 1,3988 (18) C17—C18 1,3890 (19)
C2—C7 1,4010 (17) C17—H17 0,9500
C3—C4 1,3850 (18) C18—C19 1,3875 (18)
C3—H3 0,9500 Cl18—H18 0,9500
C4—C5 1,390 (2) C19—C20 1,3963 (17)
C4—H4 0,9500 C19—H19 0,9500
C5—C6 1,389 (2) c20—c21 1,4889 (16)
C5—H5 0,9500 C21—N25 1,3449 (15)
C6—C7 1,4031 (17) C21—C22 1,3923 (16)
C6—H6 0,9500 C22—C23 1,3984 (16)
C7—S8 1,7793 (13) C22—H22 0,9500
S8—C9 1,8237 (13) C23—C24 1,3961 (16)
C9—C10 1,5102 (19) C23—C26 1,4819 (16)
C9—H9A 0,9900 C24—H24 0,9500
C9—H9B 0,9900 C26—C27 1,3907 (18)
C10—011 1,4233 (16) C26—C31 1,3942 (18)
C10—H10A 0,9900 C27—F27 1,3463 (14)
C10—H10B 0,9900 C27—C28 1,3843 (18)
011—C12 1,4257 (16) C27—H27 0,9611
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C12—C13 1,5188 (19) C28—C29 1,386 (2)
Cl12—H12A 0,9900 C28—H28 0,9500
Cl2—H12B 0,9900 C29—C30 1,385 (2)
C13—S14 1,8186 (14) C29—H?29 0,9500
C13—H13A 0,9900 C30—C31 1,3902 (18)
C13—H13B 0,9900 C30—H30 0,9500
S14—C15 1,7806 (13) C31—F31 1,333 (3)
C15—C20 1,4032 (17) C31—H31 0,9600
Goc lién két [°]:

N25—C1—C24 122,75 (11) C17—C16—C15 121,41 (12)
N25—C1—C2 115,17 (10) C17—C16—H16 119,3
C24—C1—C2 121,89 (11) C15—C16—H16 119,3
Cc3—C2—C7 118,99 (11) C16—C17—C18 119,81 (12)
C3—C2—C1 117,15 (11) Cl16—C17—H17 120,1
Cc7—C2—C1 123,86 (11) C18—C17—H17 120,1
C4—C3—C2 121,41 (13) C19—C18—C17 119,20 (12)
C4—C3—H3 119,3 C19—C18—H18 120,4
C2—C3—H3 119,3 C17—C18—H18 120,4
C3—C4—C5 119,44 (13) C18—C19—C20 121,84 (12)
C3—C4—H4 120,3 C18—C19—H19 119,1
C5—C4—H4 120,3 C20—C19—H19 119,1
C4—C5—C6b 120,19 (12) C19—C20—C15 118,91 (11)
C4—C5—H5 119,9 C19—C20—C21 116,28 (11)
C6—C5—H5 119,9 C15—C20—C21 124,80 (11)
C5—C6—C7 120,49 (13) N25—C21—C22 122,93 (11)
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C5—C6—H6 119,8 N25—C21—C20 114,46 (10)
C7—C6—H6 119,8 C22—C21—C20 122,51 (11)
C2—C7—C6 119,46 (12) C21—C22—C23 118,87 (11)
C2—C7—S8 121,67 (9) C21—C22—H22 120,6
C6—C7—S8 118,86 (10) C23—C22—H22 120,6
C7—S8—C9 100,00 (6) C24—C23—C22 118,10 (11)
C10—C9—S8 114,73 (9) C24—C23—C26 119,53 (10)
C10—C9—H9A 108,6 C22—C23—C26 122,37 (10)
S8—C9—H9A 108,6 Cl1—C24—C23 119,13 (11)
C10—C9—H9B 108,6 Cl1—C24—H24 120,4
S8—C9—H9B 108,6 C23—C24—H24 120,4
H9A—C9—H9B 107,6 Cl1—N25—C21 117,99 (10)
011—C10—C9 109,37 (10) C27—C26—C31 116,61 (11)
011—C10—H10A 109,8 C27—C26—C23 122,59 (11)
C9—C10—H10A 109,8 C31—C26—C23 120,71 (11)
011—C10—H10B 109,8 F27—C27—C28 117,78 (12)
C9—C10—H10B 109,8 F27—C27—C26 119,29 (11)
H10A—C10—H10B 108,2 C28—C27—C26 122,93 (12)
C10—011—C12 112,37 (10) C28—C27—H27 118,7
011—C12—C13 105,91 (10) C26—C27—H27 118,3
011—C12—H12A 110,6 C27—C28—C29 118,82 (13)
C13—C12—H12A 110,6 C27—C28—H28 120,6
011—C12—H12B 110,6 C29—C28—H28 120,6
C13—C12—H12B 110,6 C30—C29—C28 120,24 (13)
H12A—C12—H12B 108,7 C30—C29—H29 119,9
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C12—C13—S14 114,98 (9) C28—C29—H29 119,9
C12—C13—H13A 108,5 C29—C30—C31 119,56 (14)
S14—C13—H13A 108,5 C29—C30—H30 120,2
C12—C13—H13B 108,5 C31—C30—H30 120,2
S14—C13—H13B 108,5 F31—C31—C30 1145 (4)
H13A—C13—H13B 107,5 F31—C31—C26 123,6 (4)
C15—S14—C13 107,54 (6) C30—C31—C26 121,84 (13)
C20—C15—C16 118,75 (12) C30—C31—H31 119,0
C20—C15—S14 126,75 (9) C26—C31—H31 119,2
C16—C15—S14 114,46 (10)

Bang phu luc 2.6. Géc nhi dién tinh thé hop chat 34

N25—C1—C2—C3 -60,80 (15) S14—C15-C20—C21  |-2,47 (18)
C24—C1—C2—C3 114,28 (14) C19—C20—C21—N25  |56,59 (15)
N25—C1—C2—C7 118,80 (13) C15—C20—C21—N25 -122,05 (13)
C24—C1—C2—C7 -66,12 (17) C19—C20—C21—C22 -119,99 (13)
Cr—C2—C3—C4 1,72 (19) C15—C20—C21—C22 61,37 (17)
C1—C2—C3—C4 -178,65 (12) N25—C21—C22—C23 2,95 (19)
C2—C3—C4—C5 -1,1 (2) C20—C21—C22—C23 179,24 (11)
C3—C4—C5—C6 -0,1 (2) C21—C22—C23—C24 1,53 (18)
C4—C5—-C6—C7 0,6 (2) C21—C22—C23—C26 -178,43 (11)
C3—C2—C7—C6 -1,13 (18) N25—C1—C24—C23 2,47 (19)
C1—C2—C7—Cb 179,27 (11) C2—C1—C24—C23 -172,23 (11)
C3—C2—C7—S8 178,32 (10) C22—C23—C24—C -4,08 (18)
C1—C2—C7—S8 -1,28 (17) C26—C23—C24—C1 175,88 (11)
C5—C6—C7—C2 -0,02 (19) C24—C1—N25—C21 1,88 (18)
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C5—C6—C7—S8 -179,48 (10) C2—C1—N25—C21 176,92 (11)
C2—C7—S8—C9 -98,94 (11) C22—C21—N25—C1 -4,65 (18)
C6—C7—S8—C9 80,50 (11) C20—C21—N25—C1 178,80 (11)
C7—S8—C9—C10 71,27 (11) C24—C23—C26—C27  |-135,84 (10)
$8—C9—C10—011 66,74 (13) C22—C23—C26—C27  |44,12 (15)
C9—C10—011—C12 -175,45 (11) C24—C23—C26—C31  |40,56 (15)
C10—011—Cl12—C13  |156,90 (11) C22—C23—C26—C31  |-139,48 (11)
O11—Cl2—C13—S14  |-170,32 (9) C31—C26—C27—F27  |179,82 (8)
C12—C13—S14—C15  |47,40 (11) C23—C26—C27—F27  |-3,65(11)
C13—S14—C15—C20 (41,54 (13) C31—C26—C27—C28  |0,03 (6)
C13—S14—C15—C16  |-140,78 (10) C23—C26—C27—C28  |176,57 (10)
C20—C15C16—C17  |1,11 (19) F27—C27—C28—C29  |-179,83 (9)
S14—C15-C16—C17  |-176,76 (10) C26—C27—C28—C29  |-0,05(7)
C15C16—C17—C18 |-19(2) C27—C28—C29—C30  |0,33 (13)
C16—C17—C18—C19  |0,11 (19) C28—C29—C30—C31  |-0,60 (16)
C17—C18—C19—C20 (2,41 (19) C29—C30—C31—F31  (-179,89 (14)
C18—C19—C20—C15  |-3,13 (18) C29—C30—C31—C26  |0,60 (16)
C18—C19-C20—C21  |178,14 (11) C27—C26—C31—F31  |-179,77 (12)
C16—C15—C20—C19  |1,34 (18) C23—C26—C31—F31  [3,6(2)
S14—C15-C20—C19  |178,92 (10) C27—C26—C31—C30  |-0,31(13)
C16—C15—C20—C21  |179,95 (11) C23—C26—C31—C30  |-176,92 (11)
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Bang phu luc 2.7. Toa @9 nguyén tir va tham so dao dong cac nguyén tir hop chat

50

Ngtul;/én X y Uiso*/Ueq| Occ. (<1)
S01 0,25628 (6) 0,98256 (4) |0,47531 (4) 0,03962 (16)
0002  [0,48982 (13) |0,83103 (11) |0,25948 (11) | 0,0297 (3)
0003  [0,19781 (12) |0,78298 (13) [0,34277 (12) | 0,0338 (3)
0004  [0,34111 (16) |1,04590 (12) |0,41926 (12) | 0,0434 (4)
NOO5  [0,38779 (14) |0,72606 (13) |0,19275 (12) | 0,0238 (3)
HOOA  |0,368402 0,763476 0,233383 0,029*
HO0B 0,363544 0,773415 0,129419 0,029*
NO06  [0,30528 (15) |0,87572 (13) |0,44378 (13) | 0,0278 (4)
0007  [0,13109 (17) |1,03200 (14) [0,45974 (17) | 0,0627 (6)
0008  [0,53682 (16) |0,43083 (16) |0,42985 (16) | 0,0685 (7)
C009  [0,57875 (16) |0,77220 (15) |0,12012 (14) | 0,0222 (4)
COOA  [0,55867 (17) |0,84877 (16) [0,16174 (15) | 0,0250 (4)
COOB  [0,32388 (16) |0,64156 (15) |0,24068 (15) | 0,0234 (4)
HOOC  |0,349125 0,600653 0,195246 0,028*
CO0C  [0,64588 (17) |0,78972 (16) |[0,01660 (15) | 0,0262 (4)
COOD  [0,18747 (17) |0,69634 (16) |0,23921 (15) | 0,0262 (4)
COOE  [0,35694 (17) |0,55625 (15) |0,35354 (15) | 0,0245 (4)
HOOE 0,317627 0,594144 0,401647 0,029*
COOF  [0,52015 (16) |0,67843 (15) |0,18010 (14) | 0,0219 (4)
HOOF  |0,538298 0,638430 0,134725 0,026*
C00G  [0,57199 (16) |0,59332 (15) |0,28690 (15) | 0,0235 (4)
HOOG  |0,579580 0,633801 0,323902 0,028* 0,200 (14)
HOOD  |0,570662 0,637071 0,324141 0,028* 0,800 (14)
COOH  [0,60119 (18) |0,94342 (16) |0,10467 (17) | 0,0311 (4)
HOOH  |0,587842 0,992907 0,134910 0,037*
Co0l  [0,30314 (17) |0,46152 (16) |0,39103 (16) | 0,0277 (4)
C00J  [0,12873 (17) |0,76856 (17) |0,28886 (16) | 0,0303 (4)
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COOK  [0,68663 (17) |0,88643 (17) |-0,04143 (15) | 0,0301 (4)
COOL  [0,11953 (18) |0,68038 (17) |0,18147 (16) | 0,0305 (4)
COOM  [0,66200 (19) |0,96141 (17) |0,00481 (17) | 0,0339 (5)
HOOM  [0,687633 1,024801 -0,033364 0,041%
COON  [0,43964 (19) |0,82819 (17) |0,43370 (16) | 0,0303 (4)
HOOI  [0,458958 0,749473 0,453258 0,036*
HOOJ  [0,471789 0,837741 0,483420 0,036*
C000  [0,67629 (19) |0,71442 (19) |-0,03222 (17) | 0,0344 (5)
HO0O  [0,652300 0,650069 0,004093 0,041%
COOP  [0,49285 (19) |0,51767 (17) |0,36042 (17) | 0,0331 (5)
Cl4 0,708 (4) 0,516 (3) 0,261 (3) 0,046 (5) 0,200 (14)
COOR  [0,50210 (19) |0,87991 (17) |0,32302 (16) | 0,0304 (4)
HOOK  |0,464608 0,959145 0,292861 0,037%
HOOL  [0,587483 0,866337 0,325585 0,037*
C00S  [0,2287 (2) 0,79914 (18) |0,49287 (16) | 0,0337 (5)
HOON  |0,186264 0,803346 0,559800 0,040%
HOOP  [0,281310 0,724257 0,508468 0,040%
C00T  [0,1690 (2) 0,60473 (19) |0,13134 (18) | 0,0369 (5)
HOOT  |0,248297 0,558962 0,139707 0,044*
COOU  [0,13596 (19) |0,8222(2)  |0,42481 (18) | 0,0378 (5)
HOOQ  [0,074507 0,784797 0,467910 0,045%
HOOR  |0,096061 0,900912 0,393588 0,045%
CooV  [0,3551 (2) 0,37842 (18) |0,35374 (19) | 0,0412 (5)
HOOV  [0,426939 0,378493 0,307381 0,049%
COOW  [0,7402 (2) 0,7346 (2)  |-0,13162 (18) | 0,0447 (6)
HOOW  [0,757975 0,684235 -0,161813 0,054*
CO0X  [0,00429 (19) |0,8279(2)  |0,2824 (2) 0,0421 (5)
HOOX  |-0,033955 0,874939 0,317516 0,051%
COOY  |0,0051(2) |0,7436(2)  |0,1723 (2) 0,0406 (5)
C00Z  [0,7791 (2) 0,8303 (2)  |-0,18854 (18) | 0,0472 (6)
HO0Z  [0,822737 0,842969 -0,255789 0,057*
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Co10  [0,7527 (2) 0,9039 (2)  |[-0,14470 (17) | 0,0430 (6)

HO10  [0,778158 0,967316 -0,182867 0,052*

Coll  [0,1026 (2) 05978 (2)  |0,0711 (2) 0,0458 (6)

HO1l  [0,137997 0,548814 0,037902 0,055%

C012  [0,0594 (2) |08154(2)  |0,2243 (2) 0,0484 (6)

HO12  |-0,140874 0,855734 0,219102 0,058*

C2 0,2408 (15)  |0,9373 (16) |0,6117 (8) 0,048 (3) 0,429 (13)
Col4  [0,0186(2) |0,6640(2)  |0,0588 (2) 0,0534 (7)

HO14  [0,062482 0,660311 0,016220 0,064*

C015  [0,1961 (2) 04599 (2) | 0,4583 (2) 0,0559 (8)

HO15  [0,158265 0,515812 0,482909 0,067*

C016  [0,0706 (2) |0,7329(2)  |0,1096 (2) 0,0532 (7)

HO16  |-0,151588 0,774492 0,103280 0,064*

Co17  [0,3019 (3) 02952 (2)  |0,3842 (2) 0,0541 (7)

HO17  [0,337395 0,240755 0,357565 0,065*

C15 0,803 (2) 0,523 (2) 0,2797 (19) | 0,053 (4) 0,200 (14)
H15  [0,797506 0,574472 0,305141 0,064* 0,200 (14)
C19  [0,6978 (17) |0,4498 (18) |0,2178 (18) | 0,044 (4) 0,200 (14)
H19  [0,624348 0,452282 0,204365 0,053* 0,200 (14)
c5 0,3368 (17)  |0,9318 (12) |0,6466 (10) | 0,066 (4) 0,429 (13)
H5 0,405523 0,947322 0,600113 0,079% 0,429 (13)
CO1B  [0,1972 (3) 02933 (2)  |0,4536 (3) 0,0690 (10)

HO1B  [0,162521 0,236382 0,475803 0,083*

C18  [0,8077 (18) |0,3804 (15) |0,1978 (16) | 0,055 (4) 0,200 (14)
H18  [0,810282 0,331606 0,170261 0,066* 0,200 (14)
COlD  [0,1438 (3) 0,3752(3) | 0,4901 (3) 0,0824 (12)

HOID  [0,072015 0,374487 0,536554 0,099%

co 0,1346 (12)  |0,9192 (7)  |0,6727 (7) 0,048 (2) 0,429 (13)
HO 0,069631 0,925140 0,643884 0,057% 0,429 (13)
C17 0,915 (2) 0,381 (2) 0,217 (2) 0,058 (5) 0,200 (14)
H17  [0,988942 0,334197 0,201284 0,069% 0,200 (14)
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C4 0,3312(19)  |0,9014 (13) [0,7566 (7) 0,093 (5) 0,429 (13)
H4 0,398286 0,892558 0,784588 0,112* 0,429 (13)
Cl16  [0,9137 (17) |0,451(2) 0,2614 (18) | 0,057 (5) 0,200 (14)
H16  [0,984887 0,449926 0,277817 0,068* 0,200 (14)
C1 0,1295 (16)  |0,8912(8)  |0,7807 (7) 0,068 (3) 0,429 (13)
H1 0,059874 0,876359 0,825898 0,082% 0,429 (13)
Cc3 0,225 (2) 0,8851 (11) |0,8219 (7) 0,082 (5) 0,429 (13)
C6 0,214 (2) 0,8641 (13) | 0,9382 (6) 0,135 (9) 0,429 (13)
H6A  [0,292774 0,828257 0,962185 0,202% 0,429 (13)
H6B  [0,161520 0,817542 0,979762 0,202* 0,429 (13)
H6C  [0,179752 0,933113 0,945917 0,202* 0,429 (13)
Cc7 0,1854 (6) 0,9008 (6)  |0,6938 (6)  |0,0385 (14) | 0,571 (13)
H7 0,111500 0,908773 0,676561 0,046* 0,571 (13)
cs 0,2016 (8) 0,8588 (6)  |0,8002(5)  |0,0472 (16) | 0,571 (13)
H8 0,137399 0,841530 0,852543 0,057% 0,571 (13)
Co 0,3117 (8) 0,8421 (6)  |0,8296 (4)  |0,0480 (16) | 0,571 (13)
C10  [0,4054 (7) 08712 (5)  |0,7490 (5)  |0,0450 (14) | 0,571 (13)
H10  [0,479901 0,860746 0,767040 0,054* 0,571 (13)
Cll  [0,3897 (6) 0,9154 (8)  |0,6426 (6)  |0,0365 (14) | 0,571 (13)
H11  [0,453557 0,934682 0,590873 0,044% 0,571 (13)
Cl2  [0,3306 (10) |0,7950 (8)  |0,9454 (4)  |0,080 (3) 0,571 (13)
HI2A  [0,253986 0,813218 0,986606 0,119* 0,571 (13)
H12B  [0,386035 0,825907 0,951923 0,110% 0,571 (13)
H12C  [0,363719 0,716143 0,970875 0,119% 0,571 (13)
C13  [0,2790 (8) 09317 (12) |0,6113(6)  |0,0338 (17) | 0,571 (13)
CIA  [0,7010 (8) 05282 (5)  |0,2740 (5)  |0,0282 (11) | 0,800 (14)
ClB  [0,7907 (5) 05393 (4)  |0,3118(5)  |0,0474 (12) | 0,800 (14)
HIB  [0,769029 0,590899 0,341213 0,057* 0,800 (14)
ciC  [0,9115 (4) 0,4750 (4)  |0,3066 (6)  |0,0699 (17) | 0,800 (14)
HIC  [0,969043 0,482837 0,333475 0,084* 0,800 (14)
CID  [0,9453 (5) 0,3994 (4)  |0,2611(6)  |0,068 (2) 0,800 (14)
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H1D 1,025801 0,356603 0,257131 0,082* 0,800 (14)
CIE  [0,8606 (7)  |0,3874(3)  |0,2218 (4)  |0,0605 (19) | 0,800 (14)
H1E 0,883562 0,336938 0,190926 0,073* 0,800 (14)
CIF  [0,7403(6)  |0,4510 (4)  |0,2285(4)  |0,0469 (12) | 0,800 (14)
H1F 0,683721 0,441976 0,201630 0,056* 0,800 (14)
Tham sé dao déng nguyén ti:

Nouyen ull u22 u33 ul2 ul3 u23

tir

S0L  [0,0504 (3) |0,0212 (2) [0,0334 (3) |-0,0074 (2) |0,0077 (2) |-0,0088 (2)
0002 10,0338 (8) |0,0316 (7) [0,0293 (7) |-0,0180 (6) |0,0066 (6) |-0,0157 (6)
0003 10,0227 (7) |0,0438 (9) [0,0404 (8) |-0,0078 (6) |-0,0020 (6) |-0,0237 (7)
0004 [0,0648 (11) |0,0277 (8) 10,0335 (8) |-0,0194 (8) |0,0045 (7) |-0,0096 (7)
NOO5  [0,0213 (8) |0,0221 (7) [0,0229 (8) |-0,0080 (6) |-0,0058 (6) |-0,0019 (6)
NOO6 0,033 (9) |0,0226 (8) [0,0238 (8) |-0,0078 (7) |-0,0006 (7) |-0,0078 (6)
0007 [0,0461 (11) |0,0295 (9) [0,0743 (13) |0,0005 (8) |0,0101 (9) |-0,0077 (9)
0008 10,0384 (10) |0,0531 (11) [0,0681 (13) |-0,0176 (9) |-0,0232 (9) |0,0258 (10)
C009  [0,0176 (8) |0,0242 (9) [0,0210 (8) |-0,0060 (7) |-0,0025 (7) |-0,0058 (7)
CO0A  [0,0212 (9) |0,0258 (9) [0,0243 (9) |-0,0088 (7) |-0,0002 (7) |-0,0069 (7)
CO0B [0,0189 (8) |0,0239 (9) [0,0260 (9) |-0,0079 (7) |-0,0047 (7) |-0,0064 (7)
COOC  [0,0190 (9) |0,0329 (10) 0,0213 (9) |-0,0075 (8) |-0,0029 (7) |-0,0061 (8)
COOD 10,0191 (9) |0,0249 (9) [0,0285 (10) |-0,0079 (7) |-0,0057 (7) |-0,0030 (8)
COOE  [0,0210 (9) |0,0222 (9) [0,0261(9) |-0,0073 (7) |-0,0024 (7) |-0,0058 (7)
COOF  [0,0203 (8) |0,0226 (9) [0,0217 (8) |-0,0076 (7) |-0,0016 (7) |-0,0074 (7)
C00G  [0,0196 (9) |0,0227 (9) [0,0262 (9) |-0,0053 (7) |-0,0044 (7) |-0,0079 (7)
COOH _ [0,0280 (10) |0,0243 (10) [0,0388 (11) |-0,0094 (8) |-0,0033 (8) |-0,0097 (8)
C00l 10,0233 (9) |0,0215 (9) [0,0316 (10) |-0,0064 (7) |-0,0042 (8) |-0,0047 (8)
C00J 10,0210 (9) |0,0324 (10) [0,0337 (11) |-0,0080 (8) |-0,0042 (8) |-0,0095 (9)
COOK _ [0,0218 (9) |0,0310 (10) [0,0248 (9) |-0,0063 (8) |-0,0041 (7) |-0,0009 (8)
COOL 10,0249 (10) |0,0325 (10) [0,0313 (10) |-0,0120 (8) |-0,0080 (8) |-0,0051 (8)
COOM 10,0285 (10) |0,0278 (10) [0,0334 (11) |-0,0137 (8) |-0,0038 (8) |0,0019 (8)
COON _ [0,0338 (11) |0,0278 (10) [0,0284 (10) |-0,0068 (8) |-0,0065 (8) |-0,0105 (8)
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C000  [0,0313 (11) |0,0447 (12) 0,0286 (10) [-0,0127 (9) [-0,0003 (8) [-0,0162 (9)
COOP  |0,0278 (10) |0,0308 (11) 0,0307 (10) |-0,0102 (8) |-0,0086 (8) |0,0001 (8)
Cl4  [0,025(5) |0,044(6) [0,051(6) |-0,001(5) |0,008(5) |-0,018 (5)
COOR  [0,0330 (11) |0,0313 (10) [0,0333 (11) |-0,0134 (9) |0,0003 (8) |-0,0173 (9)
C00S  0,0406 (12) |0,0335 (11) 0,0260 (10) |-0,0154 (9) |0,0016 (9) |-0,0105 (9)
CO0T  [0,0321 (11) |0,0366 (12) [0,0440 (12) |-0,0126 (9) |-0,0118 (9) [-0,0119 (10)
COOU  [0,0278 (11) |0,0457 (13) 0,0403 (12) [-0,0090 (9) |0,0040 (9) |-0,0232 (11)
COOV  [0,0468 (13) |0,0271 (11) 0,0423 (13) [-0,0101 (10)[0,0010 (10) |-0,0118 (10)
COOW  [0,0403 (13) |0,0626 (16) [0,0303 (11) |-0,0112 (12)[0,0007 (10) [-0,0233 (11)
C00X  [0,0225 (10) |0,0474 (14) 0,0539 (14) [-0,0012 (9) |-0,0051 (10)[-0,0248 (12)
CO0Y  [0,0261 (11) |0,0460 (13) 0,0474 (13) [-0,0088 (10)[-0,0127 (10)[-0,0136 (11)
C00Z  [0,0378 (13) |0,0647 (17) [0,0218 (10) |-0,0097 (12)[0,0037 (9) |-0,0112 (11)
C010  [0,0326 (12) |0,0467 (13) 0,0271 (11) [-0,0124 (10)[-0,0003 (9) |0,0027 (10)
CO11  [0,0460 (14) |0,0493 (14) [0,0514 (15) |-0,0180 (12)[-0,0153 (11)[-0,0195 (12)
C012  [0,0197 (10) |0,0565 (15) 0,0633 (16) [-0,0007 (10)|-0,0128 (10)[-0,0231 (13)
Cc2 0,087 (9) |0,031(5) [0,032(4) |-0,037 (7) |0,027 (4) |-0,020 (3)
C014  [0,0472 (15) |0,0663 (18) [0,0568 (16) |-0,0205 (13)[-0,0248 (13)[-0,0197 (14)
C015  [0,0430 (14) |0,0356 (13) 0,0770 (19) [-0,0189 (11)[0,0230 (13) |-0,0233 (13)
C016  [0,0318 (12) |0,0654 (17) 0,0644 (17) [-0,0083 (12)[-0,0252 (12)[-0,0214 (15)
C017  [0,0719 (19) |0,0271 (12) [0,0665 (18) |-0,0121 (12)[-0,0212 (15)[-0,0158 (12)
C15  [0,031(5) |0,050(6) [0,055(6) |-0,001(5) |0,007 (5) |-0,018 (5)
Cl19  [0,028(5) |0,041(5) [0,047(6) |0,002(5) |0,009(5) |-0,021 (4)
c5 0,121 (10) |0,063(8) [0,037 (4) |-0,069 (9) |0,014 (6) |-0,018 (4)
CO1B  [0,0492 (16) |0,0326 (14) 0,120 (3)  |-0,0220 (12)[-0,0158 (17)[-0,0158 (16)
C18  [0,029(5) |0,049(5) 1[0,053(6) |0,006 (4) |0,011(4) |-0,015 (4)
COLD  [0,0435 (16) |0,0468 (17) [0,134 (3)  |-0,0284 (14)[0,0276 (18) [-0,0266 (19)
Cco 0,070 (6) 0,025 (3) [0,035(4) |-0,010 (4) |0,016 (4) |-0,016 (3)
Cl7  |0,027(5) |0,055(5) [0,056(6) |0,005(5) |0,012(5) |-0,016 (5)
C4 0,186 (13) |0,112 (10) [0,035(4) |-0,117 (11) |0,001 (6) |-0,023 (5)
C16  [0,028(5) |0,054(6) [0,058(6) |0,005(5) |0,009(5) |-0,018 (5)
C1 0,126 (10) |0,040 (4) (0,038 (4) |-0,039(6) |0,021(5) |-0,020 (3)
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c3 0,182 (14) |0,066 (7) [0,031(4) ]-0,084(9) |0,007 (5) |-0,019 (4)
C6 0,31(3) |0,120 (11) (0,026 (3) |-0,152 (15) [0,013(7) |-0,017 (5)
Cc7 0,041(3) |0,036(3) [0,043(3) |[-0,014(3) [0,002(2) |-0,021 (2)
cs 0,068 (4) |0,050(4) [0,032(2) |-0,036(3) |0,012(2) |-0,019 (2)
Co 0,083(4) |0,051(3) [0,027(2) |-0,044(3) [0,002(2) |-0,015 (2)
Cl10  [0,065(3) |0,048(3) [0,034(2) |-0,036(3) [0,001(2) |-0,014 (2)
Cl1l  [0,048(3) |0,041(3) [0,030(2) |-0,024(3) [0,004(2) |-0,018 (2)
Cl2  [0,138(8) |0,093(6) [0,028(2) |-0,080(6) |-0,005(3) |-0,007 (3)
C13  [0,041(4) |0,031(3) [0,035(3) |-0017(3) [0,010(2) [-0,021(2)
CIA  [0,025(2) |0,0163(17) 0,026 (2) |-0,0006 (14)]0,0022 (15) |-0,0023 (12)
Cl1B  [0,0206 (18) |0,044 (2) [0,071(3) |-0,0020 (14)[-0,0104 (19)[-0,0206 (19)
CIC  [0,0232(18) |0,074 (3) [0,098 (4) |-0,0073 (18)[-0,008 (2) |-0,027 (3)
CID  [0,034(2) |0,048(2) [0,077 (4) |0,0066 (18) [0,015 (2) |-0,014 (2)
CIE  [0,052(4) |0,041(2) [0,052(2) |0,006(2) |0,009(3) |-0,0126 (17)
CIF 0,047 (3) |0,0342 (17) [0,0460 (19) [0,005 (2) |-0,007 (2) |-0,0171 (15)

Bang phu luc 2.8. P dai lién két [A] va gia tri cac goc lién két [°] ciia hop chat

50
Dé dai lien két [A]
S01—0004 1,4303 (17) [C00X—CO012 1,366 (4)
S01—NO006 1,6371 (17) |[CO0Y—CO012 1,400 (4)
S01—0007 1,424 (2)  |cooY—CO016 1,420 (3)
S01—C2 1,726 (10)  [C00Z—HO00Z 0,9300
S01—C13 1,792 (8)  |[C00Z—C010 1,355 (4)
0002—CO0A 1377(2)  [C010—HO010 0,9300
0002—CO0R 1431(2) |[CO11—HO11 0,9300
0003—C00J 1,385(3)  [C011—CO014 1,408 (4)
0003—C00U 1433(3)  [C012—HO012 0,9300
NO05—HO0A 0,8900 C2—C5 1,328 (15)
N005—H00B 0,8900 C2—C0 1,366 (13)
N005—CO00B 1459 (2)  |[C014—H014 0,9300
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N005—COOF 1,465(2)  |c0l14—C016 1,353 (4)
N0OO6—COON 1,485(3)  |cO15—HO15 0,9300
N006—C00S 1,482 (3)  |c015—C01D 1,394 (4)
0008—CO00P 1,208 (3)  |cO16—HO016 0,9300
C009—CO0A 1,385(3)  |CO17—HO17 0,9300
C009—C00C 1,434 (3)  |col7—CO1B 1,368 (4)
C009—COOF 1521(2) |c15—H15 0,9300
CO0OA—COOH 1,416 (3) |c15-_Cl6 1,39 (3)
C00B—HO0C 0,9800 C19—H19 0,9300
C00B—CO00D 1522 (3) |c19-C18 1,37 2)
CO0B—COOE 1554 (3) |C5_H5 0,9300
C00C—CO0K 1,429 (3) |c5—C4 1,414 (16)
C00C—C000 1,422 (3)  |CO1B—HO1B 0,9300
C00D—C00J 1,384 (3)  |CO1B—CO1D 1,365 (5)
C00D—CO0L 1432 (3) |c18—H18 0,9300
COOE_HOOE 0,9800 C18_C17 1,39 (3)
COOE—CO00I 1517 (3)  |COID—HO1D 0,9300
COOE—COO0P 1520(3) |CO_HO 0,9300
COOF_—HOOF 0,9800 Co_C1 1,393 (11)
COOF—C00G 1559 (3)  |Cl17—H17 0,9300
C00G—HO0G 0,9800 C17—Cl16 1,39 (4)
C00G_—H00D 0,9800 C4—H4 0,9300
C00G—CO0P 1525(3) |c4—C3 1,376 (16)
C00G_C14 1,65 (4) C16_H16 0,9300
C00G—CIA 1485(7) |C1—H1 0,9300
COOH—HOO0H 0,9300 Cl—C3 1,377 (17)
CO0H—COOM 1,366 (3)  |C3—C6 1,520 (11)
C00I—CO0V 1,386 (3) |C6—_HBA 0,9600
C00I—C015 1374 (3) |C6_H6B 0,9600
C00J—CO00X 1,413(3)  |C6—_H6C 0,9600
COOK—COOM 1,402(3) |C7—H7 0,9300
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CO00K—C010 1427(3) [ci—c8 1,393 (9)
COOL—CO0T 1423(3) |c7—C13 1,414 (9)
COOL—CO00Y 1,429 (3) C8—H8 0,9300
COOM—HOOM 0,9300 C8—C9 1,388 (9)
COON—HOOI 0,9700 C9—C10 1,397 (8)
COON—HO00J 0,9700 C9—C12 1,518 (7)
COON—COOR 1,514 (3) C10—H10 0,9300
C000—HO000 0,9300 C10—C11 1,387 (10)
CO000—CO0W 1,371 (3) Cl1—H11 0,9300
Cl4—C15 127(5)  [c11—C13 1,409 (9)
C14—C19 1,39 (4) Cl12—H12A 0,9600
COOR—HO0OK 0,9700 Cl2—H12B 0,9600
COOR—HOOL 0,9700 Cl12—H12C 0,9600
CO0S—HOON 0,9700 Cl1A—CI1B 1,403 (9)
CO00S—HO0P 0,9700 Cl1A—CI1F 1,398 (7)
C00S—CO00U 1,513 (3) C1B—H1B 0,9300
CO0OT—HO00T 0,9300 Ci1B—Ci1C 1,394 (5)
CO0T—CO011 1,369 (3) C1C—HI1C 0,9300
COOU—HO00Q 0,9700 C1C—Ci1D 1,385 (8)
COOU—HOOR 0,9700 C1D—H1D 0,9300
COOV—HO0V 0,9300 C1D—CI1E 1,370 (8)
CO0V—CO017 1,386 (3) Cl1E—HI1E 0,9300
COOW—HO0W 0,9300 Cl1E—CI1F 1,389 (6)
COOW—C00Z 1,404 (4) Cl1F—H1F 0,9300
CO0X—HO00X 0,9300

Goc lién két [°]:

0004—S01—N006 106,54 (9) |CO0O—C0O0W—C00Z [121,0 (2)
0004—S01—C2 114,3 (6) C00Z—CO0W—HO00W (119,5
0004—S01—C13 102,9 (4) C00J—C00X—HO00X ]120,3
N006—S01—C2 109,3(7)  |CO12—CO00X—C00J  [119,4 (2)
N006—S01—C13 106,9 (5) C012—C00X—HO00X (120,3
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0007—S01—0004 119,06 (11) |C012_CO0Y—_COOL [119,2 (2)
0007—S01—NO006 107,37 (11) |C012—CO0Y—CO016 [121,7 (2)
0007—S01—C2 98,9(6)  |CO16—COOY_COOL [119,1 (2)
0007—S01—C13 112,4(3)  [COOW—C00Z—H00Z [120,3
CO0A—0002—COOR 118,47 (15) |C010—C00Z—COOW [119,5 (2)
C00J—0003—C00U 118,10 (16) |CO10—C00Z—H00Z [120,3
HOOA—N005—HO0B 107,9 COOK—CO010—HO010 |[119,2
C00B—N005—HOO0A 109,2 C00Z—CO010—COOK [121,6 (2)
CO0B—NO005_HO0B 109,2 C00Z—C010—HO10 |[119,2
C00B—N005_COOF 112,07 (14) |CO0T—CO11_HO11 [119,6
COOF_N005_HO0A 109,2 C00T_CO011_C014 [120,7 (3)
COOF—N005—HO00B 109,2 COl4_CO011_HO1l [119,6
COON—NO006—S01 114,46 (14) |CO0X—CO012—COOY [121,7 (2)
C00S—N006—S01 115,37 (14) |CO0X_CO012_HO012 [119,1
C00S—N006—COON 118,42 (16) |COOY_CO012_HO012 [119,1
CO0A—C009—CO00C 118,39 (17) |c5_C2—S01 113,1 (9)
CO0A—C009—COOF 119,60 (16) |[C5—C2—CO 125.6 (10)
C00C—C009—COOF 121,78 (17) |c0—C2—S01 121,1 (9)
0002—C00A—C009 116,44 (16) |CO11_CO014_HO14 [120,3
0002—CO0A—COOH 121,54 (18) |CO16—C014_CO011 [119,4 (2)
C009—CO0A—COO0H 121,04 (18) |C016—CO014—_HO14 [120,3
N005—C00B—HO00C 107,0 C00I—C015_H015  [119,7
N005—C00B—C00D 109,69 (15) |CO0I—C015—CO0ID  [120,7 (3)
N005—C00B—COOE 113,37 (15) |COLD—CO015_HO015 [119,7
C00D—C00B—HO00C 107,0 CO0Y—CO016—HO16 [119,0
CO0D—C00B—COOE 112,30 (15) |CO14—C016—CO00Y [121,9 (2)
COOE—CO00B—HO00C 107,0 C014—C016—HO16 [119,0
CO0K—C00C—C009 119,41 (18) |COOV—_CO17—HO17 [120,0
C000—C00C—C009 12333 (18) |COLB—CO017—CO00V [120,0 (3)
C000—C00C—CO0K 117,26 (18) |CO1B—CO17—H017 [120,0
C00J—C00D—C00B 119,66 (17) |C14—C15_H15 121,2
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C00J—CO00D—CO0L 118,94 (17) [C14—C15 C16 118 (2)
COOL—CO00D—CO0B 121,28 (18) |C16—C15 H15 121,2
C00B—COOE_HOOE 106,8 C14—CI19—H19 123,8
C00I—CO0E—CO00B 110,37 (16) |[C18—C19-C14 112 (2)
C00I—COOE—HOOE 106,8 C18_C19_ H19 123,8
C00I—COOE—COO0P 112,94 (16) |[C2—C5H5 1211
COOP—CO0E—CO00B 112,63 (15) |C2—C5C4 117,9 (10)
COOP—COOE—HOOE 106,8 C4—C5 _H5 1211
N0O5—COOF—C009 108,59 (14) |[CO17—CO1B—HO1B [120,2
N005—COOF—HOOF 107,0 C01D_CO0I1B—C017 [119,7 (2)
N005_COOFCO00G 113,28 (14) |COLD—_COIB—HO1B [120,2
C009—COOF—HOOF 107,0 C19- C18_ H18 119,1
C009__COOF—CO00G 113,45 (15) |C19—Cl18_C17 122 (2)
C00G—COOF—HOOF 107,0 C17—C18H18 119,1
COOF—C00G—H00G 108,6 C015—C01ID—HOID [119,8
COOF_—C00G—HO00D 105,9 CO1B_CO01D_CO015 [120,5 (3)
COOF—C00G—C14 108,8 (14) |CO1B—CO1D—HOID [119,8
CO0P—C00G—COOF 113,50 (15) |C2—CO—HO 122,0
CO0P—C00G—H00G 108,6 C2—Cco_C1 115,9 (10)
C00P—C00G—HO00D 105,9 C1—CO—HO 122,0
COOP—C00G—C14 1085 (14) |C18—_C17—H17 119,9
C14—C00G_HO0G 108,6 C18_C17—C16 120,3 (17)
C1A—C00G—COOF 1141(3)  |[C16—C17—H17 119,9
C1A—C00G—H00D 105,9 C5_C4—H4 120,3
C1A—C00G—COOP 1109 (3) |c3—C4—C5 119,3 (11)
CO0A—COOH—HOO0H 120,3 C3—C4 H4 120,3
COOM—COOH—CO0A 1194 (2) [c15_Cl16-C17 118 (2)
COOM—CO00H—HOO0H 120,3 C15_C16—H16 121,0
CO0V—CO00l—COOE 121,50 (18) |C17—C16—_H16 121,0
C015_CO00l—COOE 120,31 (19) |CO_C1_H1 1193
C015—CO00l—CO00V 1180(2) [c3—C1—Co 1215 (9)

268




0003—C00J—C00X 121,10 (19) [c3—C1—H1 1193
C00D—C00J—0003 117,28 (17) |c4—C3—C1 119,7 (8)
C00D—C00J—C00X 1216(2) |c4—C3C6 119,7 (12)
COOM—CO0K—C00C 119,31 (18) |c1—C3—C6 120,5 (11)
COOM—CO0K—C010 1215(2) |C3—C6_H6A 109,5
C010—CO00K—C00C 1192 (2) |c3—C6—H6B 109,5
C00T—COOL—CO00D 123,79 (18) |C3—C6—H6C 109,5
CO0T—COOL—C00Y 117,18 (19) |H6A—_C6_H6B 109,5
C00Y—COOL—CO00D 1190(2) |H6A—C6—H6C 109,5
COOH—COOM—CO0K 121,48 (19) |H6B—C6—_H6C 109,5
COOH—COOM—HOOM  |119,3 C8_C7—H7 119,3
COOK—COOM—HOOM  |119,3 C8_C7—C13 121,4 (6)
N006—COON—HOO0I 108,38 C13_C7—H7 119,3
N006—COON—H00J 108,38 C7—C8 H8 119,4
N006—COON—COOR 11361 (17) |c9—C8—C7 121,2 (5)
HOOI—COON—HO00J 107,7 C9_C8 H8 119,4
COOR—COON—HOOI 108,38 C8—C9—C10 118,0 (5)
COOR—COON—H00J 108,8 C8_C9_C12 121,6 (5)
C00C—C000—HO000 119,3 C10_C9_C12 120,4 (6)
COOW—C000—C00C 1214(2)  |C9—C10—H10 1193
COOW—C000—H000 1193 C11—C10-C9 121,3 (6)
0008 COOP—COOE 120,04 (19) |C11—C10—H10 1193
0008—C00P—C00G 119,55 (18) |C10—C11—H11 1193
COOE_—CO0P—CO0G 120,13 (16) |C10_C11_C13 121,5 (6)
C15—C14—C00G 121 (3) C13_Cl1l Hi1 1193
C15—C14—C19 130 (3) C9—Cl12—HI12A 109,5
C19_C14—C00G 109 (3) C9_Cl2 HI2B 109,5
0002—COOR—COON 107,71 (16) |C9—C12—H12C 109,5
0002—COOR—HOO0K 110,2 H12A_C12—H12B  [1095
0002—_COOR—HOOL 110,2 H12A_C12_H12C [1095
COON—COOR—HO0K 110,2 H12B_C12_H12C [109,5
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COON—COOR—HO0O0L 110,2 C7—C13—S01 120,2 (6)
HOOK—COOR—HOOL 108,5 C11—C13—S01 123,2 (6)
N006—C00S—HOON 108,7 Cll_Ci13 C7 116,5 (6)
N006—C00S—HOOP 108,7 C1B_ClA_C00G  [120,2 (4)
N006—C00S—C00U 11432 (18) |CLF—C1A_—CO00G  [123,6 (7)
HOON—CO00S—HO00P 107,6 ClF—CIA_CI1B 116,2 (6)
C00U—C00S—HOON 108,7 CIA_CIB_H1B  [119,1
C00U—C00S—HOOP 108,7 CIC_C1B_CIA  [121,8(4)
COOL—CO0T—HOOT 119,2 CIC_C1B_H1B  [119,1
C011—CO00T—COOL 1215(2) [CIB_CIC_HIC  [120,2
C011—CO0T_HOOT 119,2 CID_CIC_CIB  [119,5 (4)
0003—C00U—C00S 108,40 (17) [CID_CIC_HIC  [120,2
0003—C00U—HO00Q 110,0 CIC_CID_HID  [119,8
0003—C00U—HOOR 110,0 ClE_C1D_CIC 120,3 (4)
C00S—C00U—H00Q 110,0 CIE_CID_HID  [119,8
C00S—CO0U—HOOR 110,0 C1D_ClE_HI1E 120,2
HO0Q—CO0U—HOOR 108,4 ClD_CIE_CIF 119,7 (5)
C00I—CO0V—HO00V 119,4 CLF_ClE_HIE 120,2
C017—C00V—COOl 1212(2) |CLA_CIF_HIF 1188
C017—CO00V—HO00V 119.4 CLE_CIF_CIA 122,5 (6)
C000—COOW—HOOW  |119,5 ClE_CIF_HIF 1188

Bang phu luc 2.9. Gdc nhi dién tinh thé hep chat 50

S01—NO006—COON—COOR  |-89,12 (18) |[CO0G—C14—C19—C18 [177,7 (18)
SO1—_N006—C00S—_C00U  |93,84 (19) |COOG—CIA—_CIB—CIC  [176,3 (4)
S01—_C2—C5 C4 176,6 (12) |CO0G_CIA_CIF—CIE  [176,9 (4)
S01—C2—C0—C1 -175,1 (10) |COOI—COOE—CO00P—0008 |-32,2 (3)
0002_CO0A_COOH—CO0M |-175,49 (18) [COOl—COOE—COOP—CO00G  [153,87 (19)
0003—C00J_C00X—C012 |176,8(2)  |COOI—COOV—CO17—CO1B |-1,0 (4)
0004—S01—N006—COON _ |38,16 (16)  [COOI—CO015_CO1D—CO1B 1,0 (6)
0004—S01NO006—CO00S _ |-179,25 (15) [CO0J—0003—CO0U—CO00S [163,24 (17)
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0004—S01—C2—C5 -231(16)  |[CO0J—COOD—COOL—COO0T [-177,14 (19)
0004—S01—C2—CO0 151,8 (12)  |C00J—COOD—COOL—CO00Y [3.2 (3)
0004—S01—C13—C7 156,4 (10)  |CO0J—CO0X—C012—C00Y |13 (4)
0004—S01—C13—Cl11 -26,6 (12)  [COOK—CO00C—C000—CO00W 1,1 (3)
N005—C00B—C00D—C00J |-58,1(2)  |COOL—CO0D—C00J—0003 |-179,16 (17)
N005—C00B—CO00D—CO0L |117,77 (19) |COOL—CO0D—C00J—C00X 1,0 (3)
N0O5_C00B—CO0E—C00l |-171,11 (15) [COOL—CO0T—CO11—CO014 |15 (4)
N0OO5—C00B—COOE_COOP |-439(2)  |COOL—CO0Y—C012—CO00X [1,0 (4)
N005—COOF—C00G—CO0P |40,4(2)  |COOL—CO0Y—C016—C014 [0,4 (4)
N0O5—COOF—C00G—C14 |161,3(17) |COOM—COOK—CO010—CO00Z [178,4 (2)
N0O5__COOF_C00G_CIA [168,7 (3)  |COON—NO06—CO00S—CO0U |-125,12 (19)
N006—S01—C2—C5 96,1 (13)  |CO0O—CO0OC—COOK—COOM 178,10 (18)
N006—S01—C2—CO -88,9 (14)  |CO0O—CO0C—CO0K—C010 [1,2 (3)
N006—S01—C13—C7 -91,6 (10)  [CO0O—COOW—C00Z—C010 0,3 (4)
N006—S01—C13—C11 854 (11)  |COOP—COOE—CO00I—CO0V 50,0 (3)
N006—COON—_COOR—0002 |-79,9 (2)  |COOP—COOE—CO00l—CO015 [134,2 (2)
N006—C00S—C00U—0003 |76,2(2)  |COOP—CO0G—C14—Cl15  |[124 (3)
0007—S01—N006—COON | 167,85 (14) |COOP—CO0G—C14—C19 56 (3)
0007—S01—N006—CO00S _ |-49,56 (17) |COOP—CO00G—C1A—CIB  [115,0 (5)
0007—S01—C2—C5 -151,8 (12) |COOP—CO00G—CIA—CIF 62,6 (6)
0007—S01—C2—C0 23,1(15)  |C14—C00G—COOP—0008  [38,4 (17)
0007—S01—C13—C7 26,0 (12)  |C14—C00G_COOP—COOE  [147,6 (17)
0007—S01—C13—Cl11 1570 (9) [Cl4—C15 Cl16C17 4 (3)
C009—_CO0A—COOH—COOM |1,2 (3) Cl4_Cl19_C18 C17 1(3)
C009—C00C—CO0K—CO0M |1,1 (3) COOR—0002—C00A—C009 [157,55 (17)
C009—C00C—CO0K—CO010 |-179,57 (18) [COOR—O002—CO0A—CO0H 25,6 (3)
C009_C00C_C000—COOW |179,7 (2)  |COOS—N006—COON—COOR [129,50 (18)
C009—COOF—CO00G—CO0P | 164,76 (16) |COOT—COOL—CO0Y—CO012 [177,1 (2)
C009_COOF—C00G_C14 |-74,3(17) |COOT—COOL—CO0Y—CO016 3,5 (3)
C009_COOF—C00G_C1A |-66,9(4)  |COOT—CO11—CO14_CO016 |1,8 (4)
CO0A—0002—COOR—COON |-167,75 (16) [COO0U—O003—C00J—CO00D |157,49 (19)
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CO0A—C009—C00C—CO0K |-1,8 (3) C00U—0003—C00J—CO00X 24,3 (3)
CO0A—C009—C00C—C000 |177,32 (18) |[COOV—CO0I—C015—CO1D [1,8 (4)
CO0A—C009—COOF—N005 |59,1(2)  |COOV—CO017—CO01B—CO01D [1,8 (5)
COOA—C009—COOF—C00G |-67,8 (2)  |COOW—C00Z—C010—COOK 0,4 (4)
CO0A—CO0OH—CO0M—CO0K |-2,0 (3) CO0Y_COOL—CO00T—C011 [4.1 (3)
CO0B—NO005_COOF—C009 |174,52 (15) |CO10—COOK—COOM—COOH [-178,5 (2)
CO0B—NO005_COOF—C00G |-58,5 (2)  [CO11—CO014—C016—CO00Y 2,3 (4)
CO0B—CO00D—C00J—0003 |-3,2 (3) C012—CO0Y—C016—CO014 [179,8 (3)
CO0B—C00D—C00J—C00X |174,97 (19) |[C2—S01—N0O6—COON 85,3 (6)
CO0B—C00D—COOL—CO00T |7,0 (3) C2—S01_N006—C00S 56,8 (6)
C00B—C00D—COOL—CO0Y |-172,71 (18) [C2—C5_C4—C3 4(2)
C00B—COOE—CO00l—C00V |77,0(2)  [c2—CO—C1C3 1,5 (15)
CO0B_COOE__CO00l—C015 |-98,7(3)  |CO15—CO0I—COOV—CO017 0,8 (4)
CO0B—COOE_CO0P—0008 |-158,1 (2)  |CO16—CO0Y—CO012—CO00X |-178.4 (3)
CO0B—COOE_CO0P—CO00G (28,0 (3) _ |CO17—CO1B—CO1D—CO015 |-0,9 (6)
C00C—_C009—COOA—0002 |177,55 (16) |C15—_Cl4—C19 C18 2 (5)
C00C—C009—CO0A—CO0H |0,7 (3) C19Cl4 C15 C16 4 (5)
C00C—C009—COOF_N005 |-115,27 (18) [C19—C18—C17—Cl16 2 (3)
C00C—_C009—COOF—C00G |117,83 (19) [C5—C2—CO0—C1 12
C00C—C00K—COOM—CO0H |0,8 (3) C5_C4C3 C1 4.4 (17)
C00C—CO0K—C010—C00Z |-0,9 (3) C5_C4C3C6 1173,8 (12)
C00C—C000—CO0W—C00Z |0,7 (4) C18_Cl7Cl6—C15 3 (3)
CO0D—C00B—COOE—CO00l [639(2)  [CO_C2C5 C4 2 (3)
C00D—C00B—COOE—_CO0P |-168,90 (17) [CO—C1—C3—C4 3,3 (15)
CO0D—CO00J—C00X—C012 |-1,2 (4) Co_Cl_C3 C6 1748 (9)
CO0D—CO0L—C00T—CO11 |-175,6 (2) [C7—C8C9—C10 1,5 (9)
C00D—COOL—CO00Y—C012 |-3,2 (3) C7—C8 C9_Cl2 1179,3 (6)
CO0D—CO0L—CO0Y—C016 |1762(2)  [C8—C7—C13—S01 178,5 (7)
COOE_CO0B—CO00D—CO00J |68,9(2)  [c8—C7—C13Cl1 1,4 (15)
COOE_CO00B—CO00D—CO0L |-115.2 (2)  [C8—C9_C10_C11 0,1 (10)
COOE_C00I—C00V—CO017 |-176,7 (2) |C9—C10-C11C13 0,7 (13)
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COOE—CO00l—C015—C0I1D |177,7(3)  [c10—C11—C13—S01 [177,1 (9)
COOF—N005—C00B—C00D |-172,99 (15) [C10—C11—C13—C7 0,0 (16)
COOF_N005—C00B—COOE |60,6 (2) Cl2_C9_C10-C11 1179,3 (7)
COOF—C009—CO00A—0002 |3,0 (2) C13—S01—NO006—COON  [-71,4 (3)
COOF_C009—COOA—COOH |-173,85 (17) [C13—S01—N006—C00S  [71,2 (3)
COOF—C009—CO00C—CO0K |172,60 (16) |[C13—C7—C8—C9 12,2 (12)
COOF—C009—C00C—C000 |-8,2 (3) CLA—C00G—CO0P—O0008 29,5 (4)
COOF_C00G—CO0P—0008 |159,5 (2)  |CLA—C00G—COOP—COOE  [156,5 (3)
COOF—C00G—COOP—COOE |-26,6(3)  [CIA—C1B—CIC—CID 13(7)
COOF_C00G_C14—C15  |112 (3) C1B_ClA CIF CIE 0.8 (7)
COOF_C00G_C14—C19  |-68(2) C1B_CIC_CID_CIE 0,3 (7)
COOF—C00G—CIA—C1B |1154(5) [CIC_CID—CI1ECIF 10,4 (7)
COOF_C00G_CIA_CIF |-67,0(6) [CID-CIE CIF CIA 0.1(7)
C00G—Cl14—C15C16 176 (2) ClIFCIA_Cl1B_CIC 1,5 (7)

Bang phu luc 2.10. Toa d§ nguyén tir va tham sé dao dong cac nguyén tir hop chit

55
Toa dj nguyén tir
Nguyén tir X y z Uiso™/Ueq
C1 0,28395 (14) 0,59767 (9) 0,63188 (8) 0,0293 (3)
H1 0,2957 0,5435 0,6102 0,035*
c2 0,14988 (15) 0,63396 (10) 0,59278 (9) 0,0339 (3)
C3 0,13774 (18) 0,71270 (11) 0,56490 (10) 0,0452 (4)
H5 0,2149 0,7467 0,5706 0,054*
c4 0,0126 (2) 0,74173 (13) 0,52859 (12) 0,0584 (5)
H6 0,0060 0,7947 0,5101 0,070*
C5 -0,10123 (19)  [0,69179 (14) 0,52025 (12) 0,0590 (6)
H7 -0,1848 0,7111 0,4954 0,071*
C6 -0,09404 (18) 0,61335 (13) 0,54806 (10) 0,0497 (5)
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H8  [-0,1722 0,5801 0,5424 0,060*
C7  [0,03125 (16) 0,58448 (11) 0,58460 (9) 0,0383 (4)
08  |0,05039 (11) 0,50785 (7) 0,61451 (7) 0,0465 (3)
C9  |-0,06724 (17)  |0,45651 (12) 0,61808 (11) 0,0470 (4)

HO9A  |-0,1046 0,4398 0,5667 0,056*

H9B  |-0,1391 0,4857 0,6409 0,056*
C10  [-0,02317 (17)  |0,38319 (11) 0,66570 (10) 0,0416 (4)
c1l  [-0,1178 (2) 0,32042 (13) 0,67012 (13) 0,0569 (5)
H11  |-0,2034 0,3222 0,6400 0,068*
C12  |-0,0860 (2) 0,25573 (13) 0,71861 (14) 0,0641 (6)
H12  |-0,1507 0,2144 0,7215 0,077*
C13  [0,0407 (2) 0,25150 (11) 0,76293 (12) 0,0535 (5)
H13  [0,0606 0,2082 0,7965 0,064*
Cl4  [0,13857 (18) 0,31204 (10) 0,75734 (10) 0,0418 (4)
C15  [0,2801 (2) 0,30300 (11) 0,80208 (12) 0,0511 (5)

H15A  [0,2688 0,2859 0,8539 0,061*

H158  |0,3303 0,2605 0,7787 0,061*
016  |0,36153 (12) 0,37584 (7) 0,80573 (7) 0,0412 (3)
C17  [0,33261 (16) 0,43675 (10) 0,85592 (9) 0,0352 (4)
C18  [0,29380 (19) 0,42047 (12) 0,92818 (10) 0,0499 (5)
H18  [0,2804 0,3671 0,9431 0,060*
C19  [0,2752 (2) 0,48320 (14) 0,97766 (11) 0,0625 (6)
H19  [0,2507 0,4719 1,0263 0,075*
C20  [0,2922 (2) 0,56222 (14) 0,95606 (11) 0,0577 (5)
H20  [0,2787 0,6044 0,9897 0,069*
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C21  [0,32960 (18)  |0,57884 (11) 0,88399 (10) 0,0428 (4)
H21  [0,3403 0,6326 0,8693 0,051*
C22  [0,35143(15)  |0,51680 (10) 0,83307 (8) 0,0319 (3)
C23  [0,38680 (14)  |0,53748 (9) 0,75339 (8) 0,0289 (3)
H23  [0,3935 0,4872 0,7240 0,035*
C24  [052320(15)  |0,58670 (9) 0,75313 (9) 0,0311 (3)
H24  [0,5102 0,6387 0,7786 0,037*
C25  [0,53833(15)  |0,60495 (10) 0,66902 (9) 0,0329 (3)
025 |0,63809 (13)  |0,58410 (10) 0,63970 (8) 0,0625 (4)
C26  [0,41540 (15)  |0,64799 (9) 0,62299 (8) 0,0308 (3)
H26  [0,4044 0,7011 0,6469 0,037*
C27  [0,10549 (17)  |0,37747 (11) 0,70865 (10) 0,0414 (4)
H27  [0,1710 0,4182 0,7048 0,050*
N28  [0,27461(13)  |0,58863 (8) 0,71480 (7) 0,0314 (3)
H28  [0,1945 (19) 0,5655 (10) 0,7210 (9) 0,038 (5)*
C29  [0,44536 (15)  |0,66271 (10) 0,54125 (9) 0,0340 (3)
C30  [0,49180 (17)  |0,73827 (11) 0,52040 (10) 0,0433 (4)
H30  [0,4974 0,7806 0,5558 0,052*
C31  [0,53005(19)  |0,75178 (14) 0,44753 (11) 0,0549 (5)
H31  |0,5624 0,8026 0,4346 0,066*
C32  [0,5200 (2) 0,69024 (15) 0,39489 (12) 0,0615 (6)
H32  [0,5462 0,6991 0,3462 0,074*
C33  [0,4714 (2) 0,61536 (14) 0,41382 (11) 0,0589 (5)
H33  [0,4634 0,5738 0,3776 0,071*
C34  [0,43413(18)  |0,60141 (11) 0,48670 (10) 0,0447 (4)
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H34 0,4014 0,5505 0,4991 0,054*
C35  |0,65503(16)  |0,54858 (11) 0,79265 (9) 0,0368 (4)
C36  |0,67530 (19)  |0,46547 (12) 0,79816 (10)  |0,0490 (5)
H36 0,6031 0,4303 0,7813 0,059*
c37  |0,8031 (2) 0,43442 (15) 0,82884 (12)  |0,0647 (6)
H37 0,8156 0,3785 0,8326 0,078*
c38  |0,9112 (2) 0,48541 (19) 0,85361(12)  |0,0714 (7)
H38 0,9969 0,4641 0,8733 0,086*
C39  |0,8920 (2) 0,56779 (18) 0,84922 (13)  |0,0713 (7)
H39 0,9647 0,6027 0,8662 0,086*
C40  |0,76440 (18)  |0,59906 (14) 0,81951 (11)  |0,0537 (5)
H40 0,7518 0,6551 0,8176 0,064*
Tham sé dao déng nguyén ti:
Ngl{yén Ull U22 U33 U12 U13 U23
twr
c1 |0,0262(7) [0,0303(8) [0,0312(8) [0,0020(6) [0,0026 (6) |0,0033 (6)
c2 10,0288 (8) [0,0421(9) [0,0309(8) [0,0059 (7) [0,0043 (6) |0,0036 (7)
c3 [0,0371(9) [0,0480 (11) |0,0508 (10) [0,0087 (8) [0,0069 (8) [0,0111 (8)
c4 |0,0476 (11) [0,0632 (13) |0,0645 (13) [0,0215 (10) [0,0074 (9) |0,0241 (10)
c5 [0,0352 (10) 0,0851 (16) |0,0559 (12) [0,0201 (10) [0,0021 (8) |0,0175 (11)
C6 |0,0289 (8) |0,0732 (14) |0,0460 (10) [0,0053 (8)  [0,0003 (7) |0,0057 (10)
c7 10,0303 (8) [0,0497 (10) [0,0343 (8) [0,0042 (7) [0,0019 (6) |0,0028 (7)
08 [0,0286 (6) |0,0476 (7) |0,0616 (8) |-0,0056 (5) |-0,0024 (5) |0,0081 (6)
c9 [00312(9) |0,0613 (12) |0,0482 (10) [-0,0207 (8) [0,0026 (7) |-0,0001 (9)
C10 |0,0377 (9) |0,0466 (10) |0,0417 (9) [-0,0078 (7) [0,0102 (7) |-0,0072 (8)
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C11 [0,0413 (10) |0,0592 (13) |0,0695 (13) [-0,0132 (9) |0,0036 (9) |-0,0049 (11)
C12 [0,0549 (12) |0,0499 (12) |0,0890 (16) [-0,0204 (10) |0,0143 (11) |0,0004 (11)
C13 [0,0594 (12) |0,0393 (10) |0,0644 (12) |-0,0083 (9) |0,0177 (10) |0,0020 (9)
Cl14 [0,0471 (10) |0,0364 (9) |0,0434 (9) [-0,0036 (7) |0,0120 (8) |-0,0048 (8)
C15 [0,0592 (12) |0,0347 (10) |0,0581 (12) |-0,0055 (8) |0,0008 (9) |0,0069 (8)
016 [0,0450 (7) |0,0328 (6) |0,0460 (7) |-0,0007 (5) |0,0064 (5) |0,0025 (5)
C17 [0,0306 (8) |0,0404 (9) |0,0343(8) [0,0033(7) |0,0031(6) |0,0054 (7)
C18 [0,0537 (11) |0,0523 (11) |0,0454 (10) [0,0074 (9) |0,0131 (8) |0,0176 (9)
C19 |0,0746 (14) |0,0792 (16) |0,0369 (10) [0,0122 (12) |0,0202 (10) [0,0108 (10)
C20 |0,0686 (13) |0,0665 (14) |0,0397 (10) [0,0080 (11) |0,0141 (9) |-0,0100 (10)
c21 [0,0472 (10) |0,0435 (10) |0,0383 (9) [0,0017 (8) |0,0071(7) |-0,0042 (8)
c22 [0,0275(7) |0,0380(9) |0,0300 (8) [0,0015(6) |0,0028 (6) |0,0016 (7)
C23 [0,0284 (7) |0,0287 (8) |0,0296 (7) [0,0012(6) |0,0028 (6) |0,0010 ()
C24 (0,0282 (8) |0,0323(8) |0,0324 (8) |-0,0004 (6) |0,0011 (6) |0,0027 (6)
C25 [0,0259 (7) |0,0356 (9) |0,0371(8) |[-0,0035(6) |0,0027 (6) |0,0045 (7)
025 [0,0355 (7) |0,1055 (12) |0,0484 (7) [0,0225(7) |0,0136 (6) |0,0254 (8)
C26 [0,0298 (8) |0,0290 (8) |0,0335(8) [0,0008 (6) |0,0026 (6) |0,0027 (6)
C27 [0,0403 (9) |0,0407 (10) |0,0437 (9) |[-0,0085 (7) |0,0071(7) |-0,0011 (8)
N28 (0,0247 (6) |0,0371(7) |0,0326 (7) [0,0023 (5) [0,0043 (5) |0,0041 (6)
C29 [0,0253 (7) |0,0393 (9) |0,0368 (8) [0,0036 (6) |0,0017 (6) |0,0088 (7)
C30 [0,0375(9) |0,0465 (10) |0,0448 (10) [-0,0033 (7) |-0,0003 (7) |0,0125 (8)
C31 [0,0431 (10) |0,0676 (14) |0,0533 (12) [-0,0043 (9) |0,0026 (9) |0,0290 (11)
C32 |0,0555 (12) |0,0887 (17) |0,0422 (11) [0,0091 (11) [0,0132 (9) [0,0232 (11)
C33 [0,0681 (13) |0,0689 (14) |0,0413 (10) [0,0139 (11) |0,0130 (9) |-0,0005 (10)
C34 [0,0489 (10) |0,0438 (10) |0,0424 (10) [0,0060 (8)  |0,0093 (8) |0,0052 (8)
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C35

0,0313 (8)

0,0514 (10)

0,0277 (8)

0,0027 (7)

0,0030 (6)

0,0073 (7)

C36

0,0468 (10)

0,0538 (12)

0,0453 (10)

0,0142 (9)

0,0002 (8)

-0,0001 (9)

C37

0,0664 (14)

0,0759 (15)

0,0511 (12)

0,0376 (12)

0,0035 (10)

0,0040 (11)

C38

0,0369 (11)

0,126 (2)

0,0504 (12)

0,0255 (13)

0,0009 (9)

0,0143 (13)

C39

0,0342 (10)

0,113 (2)

0,0636 (14)

-0,0094 (12)

-0,0072 (9)

0,0249 (14)

C40

0,0367 (9)

0,0695 (13)

0,0523 (11)

-0,0094 (9)

-0,0053 (8)

0,0188 (10)

Bang phu luc 2.11. P dai lién két [A] va gia tri cac goc lién két [°] caa hop

chat 55
D¢ dai lién két [A]:
C1—N28 1,4746 (19) C20—C21 1,382 (2)
Cl1—C2 1,519 (2) C20—H20 0,9300
C1—C26 1,542 (2) C21—C22 1,388 (2)
Cl—H1 0,9800 C21—H21 0,9300
C2—C3 1,385 (2) C22—C23 1,515 (2)
C2—C7 1,402 (2) C23—N28 1,4754 (18)
C3—C4 1,388 (2) C23—C24 1,551 (2)
C3—H5 0,9300 C23—H23 0,9800
C4—C5 1,369 (3) C24—C35 1,516 (2)
C4—He6 0,9300 C24—C25 1,528 (2)
C5—C6 1,378 (3) C24—H24 0,9800
C5—H7 0,9300 C25—025 1,1965 (19)
C6—C7 1,389 (2) C25—C26 1,532 (2)
C6—H8 0,9300 C26—C29 1,514 (2)
C7—O08 1,370 (2) C26—H26 0,9800
08—C9 1,426 (2) C27—H27 0,9300
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C9—C10 1,500 (3) N28—H28 0,882 (18)
C9—H9A 0,9700 C29—C34 1,385 (2)
C9—H9B 0,9700 C29—C30 1,386 (2)
C10—C27 1,383 (2) C30—C31 1,389 (3)
C10—C11 1,389 (2) C30—H30 0,9300
C11—C12 1,375 (3) C31—C32 1,366 (3)
Cl1—H11 0,9300 C31—H31 0,9300
C12—C13 1,377 3) C32—C33 1,373 3)
Cl2—H12 0,9300 C32—H32 0,9300
C13—Cl4 1,386 (2) C33—C34 1,387 (3)
C13—H13 0,9300 C33—H33 0,9300
C14—C27 1,388 (2) C34—H34 0,9300
C14—C15 1,506 (3) C35—C36 1,383 (3)
C15—016 1,432 (2) C35—C40 1,385 (2)
C15—H15A 0,9700 C36—C37 1,389 (3)
C15—H15B 0,9700 C36—H36 0,9300
016—C17 1,384 (2) C37—C38 1,373 (3)
C17—C18 1,389 (2) C37—H37 0,9300
C17—C22 1,395 (2) C38—C39 1,369 (4)
C18—C19 1,374 (3) C38—H38 0,9300
C18—H18 0,9300 C39—C40 1,384 (3)
C19—C20 1,369 (3) C39—H39 0,9300
C19—H19 0,9300 C40—H40 0,9300
Go6c lién két [°]:

N28—C1—C2 109,72 (12) C22—C21—H21 1194
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N28—C1—C26 107,44 (12) C21—C22—C17 118,35 (15)
C2—C1—C26 114,62 (12) C21—C22—C23 119,69 (14)
N28—C1—H1 108,3 C17—C22—C23 121,87 (14)
C2—Cl1—H1 108,3 N28—C23—C22 108,50 (12)
C26—C1—H1 108,3 N28—C23—C24 106,48 (12)
C3—C2—C7 118,16 (14) C22—C23—C24 113,84 (12)
C3—C2—C1 124,07 (15) N28—C23—H23 109,3
C7—C2—C1 117,77 (14) C22—C23—H23 109,3
C2—C3—C4 121,19 (18) C24—C23—H23 109,3
C2—C3—H5 119,4 C35—C24—C25 110,61 (12)
C4—C3—H5 119,4 C35—C24—C23 117,11 (13)
C5—C4—C3 119,52 (19) C25—C24—C23 106,43 (12)
C5—C4—H6 120,2 C35—C24—H24 107,4
C3—C4—H6 120,2 C25—C24—H24 107,4
C4—C5-C6 121,13 (17) C23—C24—H24 107,4
C4—C5—H7 119,4 025—C25—C24 122,06 (14)
C6—C5—H7 119,4 025—C25—C26 121,58 (14)
C5—C6—C7 119,27 (18) C24—C25C26 116,30 (12)
C5—C6—H8 120,4 C29—C26—C25 110,46 (12)
C7—C6—H8 120,4 C29—C26—C1 115,65 (12)
08—C7—C6 124,30 (16) C25—C26—C1 107,42 (12)
08—C7—C2 114,98 (13) C29—C26—H26 107,7
C6—C7—C2 120,72 (17) C25—C26—H26 107,7
C7—08—C9 119,26 (13) C1—C26—H26 107,7
08—C9—C10 108,87 (14) C10—C27—C14 121,12 (16)
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08—C9—H9A 109,9 C10—C27—H27 119,4
C10—C9—HI9A  [109,9 Cl4—C27—H27 119,4
08—C9—H9B 109,9 Cl1—N28—C23 112,54 (11)
C10—C9—H9B  [109,9 C1—N28—H28 108,7 (11)
HOA—C9—H9B  |108,3 C23—N28—H28 108,0 (11)
C27—C10—C11  [118,58 (18) C34—C29—C30 118,23 (16)
C27—C10—C9 122,55 (15) C34—C29—C26 121,90 (14)
C11—C10—C9 118,78 (16) C30—C29-C26 119,80 (15)
Cl2-C11—C10  [120,52 (19) C29-—C30—C31 121,04 (18)
Cl2—C11—H1l  [119,7 C29—C30—H30 119,5
C10—C11—H1l  [119,7 C31—C30—H30 119,5
C11—C12—C13  [120,63 (18) C32—C31—C30 119,83 (19)
Cll—Cl2—H12  [119,7 C32C31—H31 120,1
C13—C12—H12  [119,7 C30—C31—H31 120,1
Cl2-C13—Cl4  [119,76 (19) C31—C32—C33 120,07 (18)
Cl2-C13—H13  [120,1 C31—C32—H32 120,0
Cl4—C13—H13  [120,1 C33—C32—H32 120,0
C13—C14—C27  [119,32 (17) C32—C33—C34 120,3 (2)
C13—C14—C15  [118,76 (17) C32—C33—H33 119,9
C27—C14—C15  |121,88 (15) C34—C33—H33 119,9
016—C15C14  |113,86 (14) C29—C34—C33 120,51 (18)
016—C15—H15A [108,8 C29—C34—H34 119,7
C14—C15—HI15A [108,8 C33—C34—H34 119,7
016—C15—H15B [108,8 C36—C35—C40 118,18 (16)
Cl4—C15 H15B [108,8 C36—C35—C24 123,09 (15)
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H15A—C15—H15B [107,7 C40—C35—C24 118,55 (16)
C17—016—C15  [118,89 (14) C35—C36—C37 120,2 (2)
016—C17—C18  |122,47 (15) C35—C36—H36 119,9
016—C17—C22  |117,28 (14) C37—C36—H36 119,9
C18—C17—C22  [120,15 (16) C38—C37—C36 120,7 (2)
C19—C18—C17  [120,04 (18) C38—C37—H37 119,6
C19—C18—H18  [120,0 C36—C37—H37 119,6
C17—C18—H18  [120,0 C39—C38—C37 119,59 (19)
C20—C19—C18 (120,64 (18) C39—C38—H38 120,2
C20—C19—H19  |119,7 C37—C38—H38 120,2
C18—C19—H19  [1197 C38—C39—C40 119,9 (2)
C19—C20—C21  [119,59 (18) C38—C39—H39 120,0
C19—C20—H20  |120,2 C40—C39—H39 120,0
C21—C20—H20  |120,2 C39—C40—C35 1213 (2)
C20—C21—C22 (121,21 (18) C39—C40—H40 119,3
C20—C21—H21  |119,4 C35—C40—H40 119,3
Bang phu luc 2.12. Géc nhi dién tinh thé hop chat 55
N28—C1—C2—C3 107,99 (17) C22—C23—C24—C35 58,14 (18)
C26—C1—C2—C3 -13,0 (2) N28—C23—C24—C25 |-58,06 (15)
N28—C1—C2—C7 -71,92 (18) C22—C23—C24—C25 |-177,57 (12)
C26—C1—C2—C7 167,11 (14) C35—C24—C25—025 6,0 (2)
C7—C2—C3—C4 -1,2 (3) C23—C24—C25—025 |-122,18 (17)
Cl—C2—C3—C4 178,94 (16) C35—C24—C25—C26 |-176,78 (13)
C2—C3—C4—C5 0,1(3) C23—C24—C25—C26 55,01 (17)
C3—C4—C5—C6 0,7 (3) 025—C25—C26—C29 |-3,3(2)
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C4—C5-—C6—C7 -0,5 (3) C24—C25C26—C29 |179,51 (13)
C5—C6—C7—08 179,88 (17)  |025—C25-C26—Cl  |123,67 (17)
C5—C6—C7—C2 -0,5 (3) C24—C25—C26—C1l  |-53,53 (17)
C3—C2—C7—08 -179,03 (15)  |N28—C1—C26—C29 178,81 (12)
Cl—C2—C7—08 09 (2) C2—C1—C26—C29  |-58,98 (18)
C3—C2C7-C6 1,3 (2) N28—C1—C26—C25  |54,97 (15)
Cl—-C2C7—C6 -178,74(15)  |C2—C1—C26—C25 177,17 (13)
C6—C7—08—C9 -85 (2) C11—C10—C27—Cl4 |-2,2(3)
C2—C7—08—C9 171,93 (15)  |C9—C10—C27—Cl4  |174,26 (16)
C7—08—C9—C10 -169,59 (14)  |C13—C14—C27—C10 (0,0 (3)
08—C9—C10—C27  |10,4(2) C15—C14—C27—C10 |177,44 (17)
08—C9—C10—Cl1  |-173,09(16) |C2—Cl—N28—C23  |167,19 (12)
C27—C10—C11-C12 (2,7 (3) C26—C1—N28—C23  |-67,61 (15)
C9C10-Cl1-C12 |-17398(19) |C22—C23—N28—Cl1 |-167,86 (12)
C10—C11—C12-C13 |-0,8(3) C24—C23—N28—Cl |69,21 (15)
Cl1—C12C13Cl4 |-15(3) C25—C26—C29—C34 |78,12 (18)
Cl12—C13—C14—C27 |19 (3) Cl—C26—C29—C34 |-44,1(2)
Cl2—C13—C14—C15 |-17562(19) |C25—C26—C29—C30 |-98,73 (16)
C13—C14—C15 016 |-166,99 (16) |C1—C26—C29—C30  |139,02 (15)
C27—C14—C15-016 |155(3) C34—C29—C30—C31 |-1,9(2)
Cl4—C15—016—C17 |77,37 (19) C26—C29—C30—C31 |175,11 (14)
C15—016—C17—C18 |37,5(2) C29—C30—C31—C32 |1,0(3)
C15—016—C17—C22 |-146,06 (15) |C30—C31—C32—C33 |04 (3)
016—C17—C18—C19 |17571(17)  |C31—C32—C33—C34 |-0,9(3)
C22-—C17—C18—C19 |-0,6 (3) C30—C29C34—C33 |1,3(2)
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C17—C18—C19-C20 |1,1(3) C26—C29-C34—C33 |-175,57 (16)
C18—C19—C20—C21 |-0,5(3) C32—C33—C34—C29 |0,0(3)
C19—C20—C21—C22 |-0,5 (3) C25—C24—C35—C36 |-92,96 (18)
C20—C21—C22—C17 |1,0(2) C23—C24—C35-C36 |29,2 (2)
C20—C21—C22C23 |177,60 (16)  |C25—C24—C35—C40 |82,07 (18)
016 C17—C22—C21 |-176,92 (14) |C23—C24—C35-C40 |-155,79 (15)
C18—C17—C22—C21 |-0,4(2) C40—C35—C36—C37 |-1,0 (3)

016 C17—C22—C23 |6,5(2) C24—C35C36—C37 |174,09 (16)
C18—C17—C22—C23 |-176,93(14) |C35—C36—C37—C38 |-05(3)
C21—C22C23—N28 |-57,64 (18) C36—C37—C38—C39 |1,1(3)
C17—C22—C23—N28 |118,86(15)  |C37—C38—C39—C40 |-0,4 (3)
C21—C22—C23—C24 |60,72 (18) C38—C39—C40—C35 |-1,1(3)
C17—C22C23—C24 |-122,78(15) |C36—C35—C40—C39 1,7 (3)
N28—C23C24—C35 |177,65(13)  |C24—C35C40—C39 |-173,54 (17)
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