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MO PAU

Hop chat crown ether 1a cac dan xuat vong polyether hinh thanh tir 1,2-
ethylenglycol duoc ¢ng dung rong réi trong héa hoc phéi tri, hda ky thuat, cong
nghé vat liéu, ky thuat dién tir va trong téng hop hda hoc véi vai tro 1a cac phdi ti,
chat x(c tac chuyén pha, vat liéu cam bién dién tu,... Khi thay thé mot hoic vai
nguyeén tir oxy trong vong crown ether bang cac di to khac nhu nito (N), lvu huynh
(S), selen (Se),... chling ta thu duoc cac hop chat heterocrown ether. Cac hop chat
heterocrown ether thu hut dugc sy quan tdm caa cac nha nghién ctru trong linh vyc
hoa hoc, ky thuat, duoc hoc, my pham... nho céc tinh chat héa hoc dic biét cua
nhom di té nhu cac hop chat heterocrown ether c6 kha ning tao phutc tot, tinh bén
vitng va do chon loc cao véi nhiéu ion kim loai, NH,", cac cation ammonium hitu
co,.... Trong d6 phai ké dén sy c6 mit cua cac di vong chira di té nito (hoic luu
huynh) da gop phan nang cao kha nang tng dung ciia heterocrown ether trong cong
nghé vat liéu méi nhu vat liéu huynh quang, vat liéu cam bién quang hoc va trong
vai tro chét xdc tac cac qué trinh oxy hoa khir, ...

Cac hop chét tich hgp ddng thoi vong crown ether va céc di vong chia nito
d3 duoc nghién ctru va bude dau cac hop chat nay thé hién céac hoat tinh sinh hoc
hitu ich (hoat tinh gdy doc té bao trén cac dong té bao ung thu, ...). Di vong
piperidine-4-one 1a mot trong nhitng cau trdc quan trong caa cac hop chét tu nhién
va hoat chat tong hop véi nhiéu ang dung thyc tién quan trong (dugc sir dung lam
thudc trong diéu tri cac bénh lién quan toi tim mach, than kinh, c6 tac dung giam
dau, chong ung thu, ... va vai trd 12 thuc bao vé thuc vat trong néng nghiép), tuy
nhién chua c6 nhiéu nghién ctu tich hop vong crown ether véi di vong piperidine-
4-one va khao sat danh gia hoat tinh sinh hoc cua hé phac hop y-
piperidonoazacrown ether.

Cung vai su phat trién caa hda hoc td hop, tong hop hoa duge di c6 duoc
nhitng thanh cdng trong viéc phét trién cac phuong phap mdi, gop phan cung cap sb
lwong 16n cac thu vién chat phuc vu nghién ciru khao sat, danh gia va phat trién cac
loai thudc hoa dwgc méi. Trong cac phuong phap téng hop moi dugc phét trién,

phuong phap tong hop da tac nhan ndi troi véi cac wu diém nhu giam thoi gian tién
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hanh phan ¢ng, tiét kiém ning luong, vat tu tiéu hao nhu hoa chat, dung méi, phan
ing xay ra don gian, trong mot budc (Mot hé phan tng), dic biét khéng can phan
lap c&c san pham trung gian, ... va san pham mong mudn thu dwoc hiéu suat cao.
Noi dung cua luan &n tap trung nghién ciu 4p dung nhitng wu diém cua phan
mg da tac nhan nhiam tong hop cac dan xuat mai, dong thoi khao sat va danh gia
hoat tinh sinh hoc hitu ich cia cac san pham nay. San pham chinh cua luan an - cac
dan xuét piperidonoazacrown ether - 13 hop chat crown ether c6 chta di vong
piperidine-4-one. Hop chat piperidonoazacrown ether c6 chta dong thoi di vong
nito, khong chi 1a dbi tugng nghién ctu caa héa hoc phirc chat (kha ning tao phuc,
d6 bén va do chon loc vai cac ion kim loai,...) ma con 1a dbi twong nghién ciu cua
tong hop héa duoc, dugc hoc véi kha ning thé hién tinh chat hda hoc va hoat tinh
sinh hoc da dang, hitu ich. Vi vay, nghién ciru sinh da trién khai dé tai luan an tién
sT voi chi dé: “Nghién cieu &p dung phdan ieng Petrenko-Kritschenko téng hep cac
ddn xudt crown ether mdi c6 khd ning thé hién hoat tinh gdy déc té bao trén
dong té bao ung thw” — véi muc tiéu tim kiém céc dan xuat piperidonoazacrown
ether mai va cac san pham téng hop lién quan, c6 hoat tinh sinh hoc hitu ich va c6

kha ning tng dung lam thudc hoa dugc.
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CHUONG 1 - TONG QUAN

1.1. Hep chat crown ether

Cac hop chit vong polyether (1) voi cong thirc cau tao dugc hinh thanh ti
cac nhom 1,2-ethylenglycol thuong duoc goi 1a cac hop chat crown ether. Nam
1967, lan dau tién cac hop chat crown ether dwgc nghién cau c6 hé thdng va tng
dung rong réi trong khoa hoc va ki thuat [67]. Ké tir 6, hang nghin hop chit crown
V6i Cau trac tuong tu di dugc nghién ciu, phét trién va cong bé trén cac tap chi
qudc té uy tin, trong cac sach chuyén khao va cac ding ky so hitu tri tué (patent)
[13, 14, 25, 33, 42, 104] md ra nhanh mai trong linh vuc hoa hoc hiru co — hda hoc
cac hop chat dai phan tir - supermolercular chemistry [16, 27, 96, 98, 100]. Hai
muoi nim sau khi céng bb phuong phap tong hop va ang dung dau tién cua cac hop
chét crown ether — Chalers Pedersen [67]- dd duoc trao giai thuéng Nobel cung véi
hai nha khoa hoc khéc la Donald J. Cram va Jean-Marie Lehn vé nhiing dong gop
cho su nghién cau, phét trién va tng dung cua linh vuc hda hoc méi — Hoa hoc cac
hop chat crown ether [41, 99, 101, 102] .

FIr el

Hinh 1.1. Mot s vi du vé cac hop chét crown:

1 —crown ether; 2 - azacrownophane; 3 —azacrown ether; 4 - thiocrown ether

Cac hop chit crown ether dugc ¢ng dung rong rai trong hoa hoc phan tich,
chiét tach va phan lap céc ion kim loai, dic biét la c4c ion kim loai kiém va kiém
tho [25, 67, 103, 104]. Khi thay thé mot hodc vai nguyén tir oxy trong vong crown
bang cé4c di t6 khac thi chung ta thu duoc cac hop chat heterocrown ether; vi duy khi
thay bai nguyén tir nito thi ching ta thu duoc cac hop chat azacrown ether (vi du,
cac chat 2 va 3); khi thay bai cac nguyén tir luu huynh thi ching ra c6 cac hop chat
thiacrown ether (chat 4)[14, 25, 60, 98, 100]. Cac hop chét heterocrown ether thu

hat sy quan tdm cha y caa cac nha nghién cau trong linh vuc hoa hoc, k¥ thuat,
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dugc hoc, my pham, ... do céc tinh chat hoa hoc dic biét cia nhém heterocrown
ether nhu kha ning tao phuc tét, bén vimg va do chon loc cao véi nhiéu ion kim
loai, NH," va cac cation ammonium hitu co [32, 34, 78, 89]. Bén canh cac ung dung
trong hda hoc phéi tri, cac hop chat heterocrown ether véi kha niang tich hop céc di
vong chira di té nito (hodc luu huynh) gép phan nang cao kha ning thé hién céc
hoat tinh sinh hoc hitu ich — hoat tinh gay doc té bao trén cac dong té bao ung thu
[2, 5, 51, 52], tng dung trong nghién ctru gia lap, mé phong co-enzyme NAD, tng
dung trong hoa ky thuat, trong nghién ciru huynh quang, trong cac qua trinh oxy héa
khir, trong vai trd chat xtc tac chuyén pha, ...[13, 40, 72].

Cac nghién ciru sau nay di xac dinh duoc kha nang tao phic bén cua crown
ether véi cac ion kim loai phu thuoc vao méi lién quan giira kich thuéc khong gian
noi phan tir va ban kinh ion — ban chat céc cation (bang 1.1). Thong thudng, cac hop
chat 12-crown-4 tao phtc bén véi ion Li*, hop chat 15-crown-5 tao phirc bén viing
nhat voi cac ion Na*, cac dan xuat 18-crown-6 tao phtc bén viing véi cac ion K,
Rb*, NH*" [88].

Bang 1.1 Puwong kinh cation va kich thuéc khéng gian ngi viing crown ether (4)

Cation | DPwong kinh cation Crown ether Pwong kinh ndi ving crown
Li* 1,36 12-crown-4 12-15
Na* 1,90 15-crown-5 1,7-2.2
K* 2,66 18-crown-6 2,632
NH," 2,86 18-crown-6 2,632
Rb* 2,94 18-crown-6 2,632
Cs’ 3,38 21-crown-7 34-43

Tuy nhién, trong truong hop vung khdng gian ndi vong crown qua nho so
Vvé6i kich thudc ion va nguoc lai, khi thé tich noi vong qua 16n so véi duong kinh
cation, s& xay ra trudong hop tao phic theo cac ty 1¢ thich hop giita phéi tir va cation.
Tai hinh 1.2 truong hgp phuac (6) hai phan tir 12-crown-4 ether tao phic véi moét ion
K" dudi dang sandwich; truong hop phuc (7) do kich thuéc noi vong crown ether
qua 16n so véi ban kinh ion Na®, nén chung ta thu duoc phuc chat trong d6 mot

phan tir crown ether tao lién két phéi tri vai hai cation Na* [76].
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Hinh 1.2. Crown ether va kha nang tao phuc:
5 - phuc chét theo ty 16 1:1 = ligand : ion K*; 6 — phtrc chét theo ty 16 2:1 = ligand : ion K*; 7

W -

wn  O-------

— phiic chét theo ty I¢ 1:2 = ligand : ion Na*
Véi muc tiéu danh gia dinh lugng do bén cia phirc chat, ngudi ta sir dung
thong sb hang s6 bén (K,— stability constant) duoc xac dinh theo cong thic sau:

LMt
S [L][M*]

Trong d6:  [L.M'] - ndng d6 cua phic chat
[L] — ndng d6 cua phdi tir ty do
[M*] — ndng d6 cua cation ty do
1.2. Hop chat azacrown ether
Nho tng dung thyc tién cua cac hop chat crown ether trong nhiéu nganh
cdng nghiép va cac linh vuc khac nhau, yéu cau thuong xuyén dit ra d6i vai nghién
ctru d6 14 phat trién phuong phap tong hop don gian, hiéu qua, chi phi thap va tim
kiém cac (ng dung hiru ich caa ching. Nghién cau cac tai liéu tong quan vé cac hop
chat crown trong giai doan 1967 — 2017, chua c6 nhiéu cac nghién ciru dé cap dén
cac hop chét thiaazacrown, trong d6 mot sé nguyén tir oxy duoc thay thé boi
nguyén tir luu huynh va sy két hgp vong crown ether véi cac di vong nhu pyridine
va y-piperidone.
Céc di vong khi tich hop véi vong crown ether, thi ¢6 hai kha ning déi véi di
nguyén tb, d6 1a: 1) Di t§ c6 thé truc tiép tham gia vao vong crown ether, khi d6
duoc goi 1a endo-heteroatom. 2) Di t§ khdng tham gia vao vong crown ether, ¢d vi

tri exo-heteroatom.
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Hinh 1.3. Mét s6 hop chit heterocrown ether
Nhe céc lien két qua nhém ethyl va nguyén tu nito véi héa tri ba, lai héa sp®
d3 hinh thanh nhém cac hop chat hitu co méi - c4c dai phan tir cryptand. Cryptand
la mot trong nhirng cau truc khdng gian (3D) cua cac hop chat aminoether no — dan
xuét caa crown ether. Ba nha khoa hoc Donald Cram, Jean-Marie Lehn va Charles
Pedersen da dugc nhan giai thuong Nobel vao nam 1987 nho nhitng phat minh va

rng dung céc hop chét cryptand, crown ether vao cudc séng [76].

12)

Hinh 1.4. Hop chdt cryptand va phac chdt cua ching véi cac cation M* va NH,"
Trong phan téng quan ching t6i s& trinh bay mot sé phuong phap tong hop
va ung dung cac hop chat polyether mach thiang (dang mé vong crown ether) — hop
chat podand, cac hop chat azacrown ngung tu voi céc di vong chira nito, nhu
pyrrole, imidazole, pyridine, y-piperidone. Ngoai ra, luin 4n ciing trinh bay tong
quan vé phan tng ngung tu da tic nhan — mot trong nhitng phuong phap tong hop
hitu co hién dai va hiéu qua duoc ap dung phd bién hién nay.
1.3. Cé&c hep chat polyether mach thiang — podand
Cac hop chat polyether mach thang, hay con goi la cac hop chat
polyethylenglycol (-O-CH,-CH,-O-), duoc coi la cac dan xuit mé vong cua crown

ether, vi du hop chit 12-crown-4 ether (14) ¢6 podand twong tmg (15) (hinh 1.5).
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12 crown 4 ether (14)
Hinh 1.5. Hop chét podand dong phan mach thang caa vong crown ether
Podand duoc tich hop tir “pod” (véi nghia ban chan) va “ligand” (phdi tir),
boi twong tu nhu hop chat crown ether, tng dung phd bién nhat dbi voi podand 1a
kha nang tao phtrc vdi cac ion kim loai [79, 87]. Bén canh kha nang tao phac véi
cac ion kim loai, hop chat podand con 14 c4c tién chat quan trong trong tong hop cac
heterocrown ether méi [52, 53, 80-82].

S S CH3
H3C”O\/\o/\/0\/\O/CH3 HiC™o N8 NN

2.5.8.1 1-tetraoxadodecane (16) 2,5,8,11- tetrathiadodecane (17)

H
N S _CH
H3C \/\N/\/ \/\S 3
H
2,5- dithia-8,11-diazadodecane (18)

Hinh 1.6. Mgt sé vi du vé hop chdt heteropodand

Dua vao su xuét hién cua céc di td, podand c6 thé phan loai thanh cac nhém
oxopodand (podand thong thuong), thiapodand va azapodand,... Ngoai ra, cac
podand cd thé phan loai dia trén dic diém cac nhom dau, cudi trén mach.

Tuong tu cac hop chat crown ether, hop chat podand c6 kha ning tao phic
vGi mot sé cation kim loai. Hop chat bipyridinopodand (19) thé hién kha ning tao
phtic véi ion kim loai chuyén tiép Cu® va tao thanh san phim pseudocrown ether —
cau trdc gia crown ether (20) (so d6 1.1)[63].

I
X v o

Cu* o) (¢}

( Py Pyﬁ heavy metal E j
0\/\0/\(\/0\):\0/\/0

0 0
Podand (19) L{\/O\%) (20)
n

So do 1.1. Tong hop hé phire chdt bipyridinopodand véi ion Cu®
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Tetrakis(benzo)-31-crown-7 ether (23) 4 Tetrakis(benzo)-34-crown-8 ether (24)

Hinh 1.7. Mgt sé hop chdt tetrakis(benzo)crown ether 1a san pham ngung tu aldol
tir cac podand thanh phan

Cac hop chét podand véi cac nhom chirc hoat dong ¢ hai ddu mach dé dang
tham gia vao cac chuyén hoa héa hoc nhu cac phan ung ngung tu aldol. Trong céc
cong b, bang phan (tng domino ngung tu aldol tir cAc podand thanh phan (thé hién
mau xanh va do trén hinh 1.7), nhém nghién ciru da tong hop thanh cong cac dai di
vong tetrakisbenzo-28(31)-crown-6(7) ether (21,22) va tetrakisbenzo-31(34)-
crown-7(8) ether (23,24).[1, 49, 84]

NN e VNe

dioxane, 3h
(25a-g) (26a-g)

>0| dung méi

a: R =C(0)-NH,, X =Cl,n=1; b: R=C(0)-NH,, X=Cl,n=2;

¢: R =C(0)-NH,, X =Cl, n=3;d: R=C(0)-NH,, X =0Ts,n=1;
e: R =C(0)-NH,, X =0Ts, n=2; f: R = C(O)-NH,, X = OTs, n = 3;
g:R=H,X=0Ts,n=1;

So do 1.2. Tong hep dan xudt N-alkylpyridinium podand (26a-g)
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Bén canh kha ning tao phuc tét vai cac ion kim loai, mét sé podand véi di
vong pyridine ciing thé hién mot sé hoat tinh sinh hoc hitu ich, nhu hoat tinh khang
vi sinh vat kiém dinh. So d6 1.2 trinh bay mét s6 phuong phap tong hop cac podand
chuia di vong pyridine [65].

Mot s6 podand vai di vong pyrazole (27) ¢ hai dau di dugc nhom nghién
cliu cua gido su Popova V.A. tir Vién Han 1am khoa hoc Lién bang Nga téng hop
thanh coéng. Cac podand ndy cd kha ning tao phuc tét véi cac ion kim loai kiém,

kiém thd, va kim loai chuyén tiép [68].

N
1l

@CH @O\/\O/\/O\/\OD
0>

CH
Me CH 111' 27b
27a N
Me—N\)I Me WO
/N 0 N—N
Ph Md  Ph

Hinh 1.8. Ddn xudt podand (27a,b) chita di vong 1,2-dihydro-3H-pyrazol-3-one
Xuat phat tir cac dic trung hoa 1y (d6 am dién, mat do electron, kha nang lai
hoa, ...) cia c4c nguyén td N, S, ... so vai nguyén tb oxy, nén khi thay thé mot hozc
toan bd cac nguyén tir oxy trén mach polyethyleneglycol, s& thu dugc cac hop chat
heteropodand méi va hira hen kha ning thé hién céc hoat tinh sinh hoc hitu ich,
cling nhu kha ning tao phurc tot, do chon loc cao véi cac ion kim loai cling nhiéu
tmg dung thyc tién 1y thu.
1.3.1. Hep chdt azapodand
Véi muc tiéu tang 6 bén cua phirc chat va ting tinh chon loc caia phéi tir doi
V6i céac ion kim loai, nguyén tir oxy trén mach polyether dugc thay thé bai céc
nguyeén tir nito trong cac hop chat heteropodand. R4t nhiéu din xuat azapodand da
dugc nghién ctru va phat trién, trong ciu tao cua cac nhom chit ndy thudng c6 mat

cac di vong nito, Vi du, azapodand (28) chtra di vong triazole [91].
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Hinh 1.9. Azapodand chita di vong triazole (28)

CAac nguyén tir nito, vai doi dién tir tu do — tAc nhan chinh hinh thanh cac lién
két cho nhan véi cac ion kim loai 1a vu diém cua céc hop chat azapodand so véi céc
podand truyén thdng trong vai trd 1a phdi tir tao phirc véi ion kim loai, dic biét cac
ion kim loai chuyén tiép

Mot s6 azapodand c6 chua cac di vong pyridine va 2,2°-bipyridine (29), tao
phtre tot v6i cac ion Cu* da duoc nghién ciu tong hop thanh cong [36].

R, R — —

N
N

NN Y
W, IO
VA,

Hinh 1.10. Phitc chdt azapodand [(S,S)-29-Cu(l)]

1.3.2. Hop chit thiapodand
Céc hop chét thiapodand 13 nhitng polyether mach thing, trong d6 mét hoic

21

toan bo cac nguyén tir oxy duoc thay thé bang cac nguyén tir lwu huynh. Céc
thiapodand da duogc tong hop va bude dau da xac dinh duge mot s6 tng dung trong
hoa ky thuat voi kha niang tao phirc tot voi cac ion kim loai kiém, kiém tho va kim
loai chuyén tiép [20, 39].
S
HS/\/ \/\SH HS/\/O\/\O/\/SH
30 31

Hinh 1.11. Vi du vé céc ddn xudt thiapodand
Ph O O - P (32)

PR O SO0 P (33)
Hinh 1.12. M4t s6 dan xudt thiapodand (32,33) c6 tinh chon loc va tao phitc t6t véi

ion Ag+

21



Dan xuét bis-phenylthiapodand (32,33) duoc tong hop va tng dung ché tao
thanh céng mang dién cuc nhd tinh chon loc va kha nang tao phire tot vi Ag” [23].

Bén canh kha ning tao phac tot véi cac ion kim loai, cadc dian xuat
thiapodand ciing 1a tAc nhan quan trong trong tong hop cac dan xuét thiacrown ether
— nhém hop chat hitu co Véi cu tric tuong ty cac crown ether, trong d6 nguyén tir
oxy dugc thay thé bai nguyén tir luu huynh. Trong cdng trinh cia Meadow va cong
su [62], lan dau tién, di trinh bay phuong phap alkyl héa tuan tu déng vong
dimercaptan (35) bai BrCH,CH,Br (34) khi c6 mat caa KSH cho san pham thia-18-

crown-6 ether toan phan (36).

sy B (4) Br ys ‘/\S/\l
‘> KSH S Sj
S (35 + @35) S —_—

S 36) N

<;SH Br, (34) Br HSJ k/s\)

So d6 1.3. Tong hop hexathia-18-crown-6 ether (36)
Tuong ty, trén co sé phan ung alkyl héa trong méi trudng kiém dan xuat
thiol; dithia-18-crown-6 ether (39) di dugc tong hop véi hiéu suat 59% tir hai

podand (37) va (38) trong dung mdi ethanol vai su c6 mat ciia Na,CO; [28].

L L T
Lo J)=C )
el Y

@37 (38) (39)

So do 1.4. Tong hop dithia-18-crown-6 ether qua phdn #ng S-alkyl hda
@cm OHC@ {Ejicm OHcigy
S S 0 0
o/ N

40 Ts 41
Hinh 1.13. Hop chdt dibenzo-1,7-dithiapodand (40), N-tosyl-dibenzo-4-azapodand
(41)
Xuit phat tir cac nghién ciru tong quan vé podand va hop chat thiapodand,

azapodand ching t6i du kién nghién ctu tong hop mot sb hop chat
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diarylheteropodand (40,41) c6 chira nhom chire aldehyde (-CHO) — 1a trung tim cho
cac phan ung ngung tu aldol va cac phan Ung ngung tu da tdc nhan Petrenko-
Kritschenko (hinh 1.13).

Cac hop chat podand va heteropodand cé thé dugc tong hop bing nhiéu
phuong phap tir cac chét ban dau khac nhau, diéu kién phan tng phu thudc nhiéu
vao ban chit va do hoat dong héa hoc, dic trung hoa 1y cta cac tién cht nay. Tuy
nhién, dic trung co ban cua cac phan tmg tong hop podand d6 13 phan tmg duoc
thue hién trong moi truong kiém manh [3, 4, 6, 19].

1.4. Hep chat azacrown chita di vong pyrrole (pyrrole azacrown)

Dan xuat azacrown ether chira di vong pyrrole (44) da dugc tong hop thanh
cong tir hop chat podand (42) (6 dang mudi diazonium) khi ngung tu véi pyrrole
(43) trong mdi truong kiém (pH = 11-12) tai nhiét d6 phong trong khoang 12 gio.
Hop chit azacrown chtra di vong pyrrole (ngung tu tai vi tri s6 2,5 trén vong

pyrrole) thu duoc véi hidu suat khdng cao tir 25 dén 42% [58, 89].

Z=2Z
Z—

42 R =H, t-Bu, CH,CH,0Me; n=1,2
So d 1.5. Phuong phap tong hop cac dan xuét pyrrole azacrown ether
Cung véi cac san pham azacrown chira di vong pyrrole, trong nghién ciu
trén, Jan F. Biernat va cong su ciing phan 1ap duoc cac hop chat azacrown chira di
vong imidazole (45) véi hiéu suat tir 30 — 42%. Céc hop chat azacrownophane (44,
45) dugc nghién ciu kha ning tao phic véi cac ion kim loai Li*, Na*, K*, Mg,
Ca®*, Se®*, Ba®" va bu6c diu dugc ung dung nhu cac hop chit mang ion trong
nghién ctru mang dién cuc chon loc ion (ion-selective membrane electrode). Céac
dan xuat imidazole c6 d6 chon loc tot véi c&c ion natri, trong khi cac azacrown chira

di vong pyrrole lai c6 tinh chon loc tét véi ion kali [89].
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I
N\&Z/":&b R = H, B
Hinh 1.14. Hop chdt azacrown chia dj vong imidazole

Tiép tuc huéng nghién ctu nay, Ewa Wagner-Wysiecka va cong su da tong
hop cac dan xuat azacrown chuaa di vong pyrrole (46,47), muc dich nghién ctu kha
nang tao phic véi cac ion kim loai ning, gitp nhan biét va loai bo nhirng tac nhan
gay doc manh d6i vai sic khoe con nguoi. Nhém nghién ciu da xac dinh duoc kha
ning tao phic tét cua dan xuit azacrown nay véi ion Pb* - cho miu sic va quang

pho dic trung trong dung méi acetonitrile hoic hdn hop acetonitrile/nudc.

i o i

Hinh 1.15. Kha nang phat hién cac ion kim logi ngng cua cac azacrown (46) va

Z

(47) thdng qua su thay déi mau sac cua hon hop dung dich — phicong phdp dinh
tinh.
Tir hinh 1.16 ¢6 thé nhan thdy khi thém dung dich Zn(CIO,), hoic Ni(ClO,), hoic
Cu(ClO,), hoic Pb(ClO,), dung dich s& thay doi mau dic trung. Trong d6 dbi voi
ion Pb**, tir dung dich mau dé (azacrown 46) thanh mau xanh tim va tir dung dich
mau cam (azacrown 47) thanh mau xanh lam. Sy xuat hién mach hydrocarbon trén
azacrown (46, 47) khong 1am anh huéng dén kha ning tao phic véi céc ion Pb*,
Dic biét, dung dich azacrown (46) trong hdn hop acetonitrile/nudc duoc dé xuat
nhu thudc thir nhan biét ion Pb* véi ndng do phat hién 1a 2,71.10'M (hay 56,1
ug/l) — mo ra hudng nghién ciru maéi ting dung cac azacrown chua di vong pirrole

dé nhan biét cac ion kim loai nang [32].
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solvent (?) solvent (?)

Q « [N
Pb?* e
ol R A
Hinh 1.16. M6 hinh phtc chat giita phéi tir - azacrown (44-47) véi Pb(Cl04)2

BnO,// OBn

»
\ N
o o N o

| ¢}
Bn
[0} (6}
]|3n
O 0 o O
Ny \//,,SNJJ —_/
", 50a
Z

BnO OBn
+

BnO/// OBn

/ \ \
0O O N Oﬁ

| (¢}
Bn
O (0}
l|3n
O o0 o O
7, N /
50b
"
BnO //OBn

So d 1.6. Tong hop dan xuat tetrahydropyrrole azacrown ether
Phan (ng gitra tetrahydropyrrole (48) véi dan xuat ditosylate (49) trong dung
mdi THF véi sy c6 mat caa NaH (0-20°C) sau khoang 100 gio cho hén hop phan
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tng chira hai dong phan quang hoc diastereomer (50a,b) — dan xuat diazacrown
chua hai khung pyrrole [59].
1.5. Hep chat azacrown ether véi di vong sau canh chira nito

Bén canh cac nghién ctru phat trién va tng dung cac hop chat crown ether va
viéc tich hop céc di vong sau canh chuta di té nito — hinh thanh 16p azacrown ether
méi cling duoc tap trung nghién cau tir nhimg nam 1970. Nhirng cdng bd cua
D.J.Cram va M. Newcomb [26] c6 thé duoc coi 1a nhitng cong bé dau tién vé viéc
tich hop di vong pyridine vao vong crown ether va tong hop thanh céng cac hop
chét azacrown dang (51) (vong 18-crown-6 ether). Hop chat azacrown (51) cé kha
nang tao phtc chat vai do bén cao, dic biét véi cac cation alkylammonium — do tao
thanh cac lién két hydro néi phac bén vitng. Chinh nho hiéu tng ndy ma cac
azacrown (51) trong vai tro céc phdi tir c6 kha nang tng dung mé phong enzyme va
van chuyén ion qua mang sinh hoc (biomembrane: lipid membrane). Tuy nhién, mot
trong nhitng khé khin chinh 13 sy phirc tap trong qué trinh tong hop va hiéu suat tao

thanh cac azacrown chua cao.

K[j\ @/
N
H
52a-g n=2-8
Hinh 1.17. Céng thic cdu teo pyridine azacrown ether
Ciing d3 xac dinh duogc rang, trong day céc pyridine azacrown (52a-g) tinh
axit va kha niang tao phic véi cc cation phy thudc vao kich thuéc vong va ban chat
cua dung mai [35].

ﬁ/\ ﬁﬁ

X + Tetraethylene glycol

| >

TsO N OTs  Bu'OK, Bu'OH,
dioxane, reflux, 24h
| OTs”
(53) (54)

So do 1.7. Téong hep dan xudt azacrown ether c6 di vong pyridine (53) va
1,4-dihydropyridine-4-on (54)
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Trong cong trinh [64] tac gia da trinh bay phuong phap téng hop va kha ning
tao phirc cua cua pyridine azacrown ether véi ion K.

Bén canh viéc nghién cau tong hop cac dai phan tir co chta cac di vong
pyrrole, pyridine, ... nham phat trién cac tng dung trong k¥ thuat, cong nghé, cac
azacrown ether con dugc tong hop véi muc tiéu tim kiém cac hoat chat tiém ning
(trong tu nhu cac phan tir hop chat thién nhién — valinomycin [76]) c6 kha ning thé
hién c&c hoat tinh sinh hoc hiru ich tng dung nhu hoat tinh khang nim, khang

khuan, gay doc té bao, ...

Hinh 1.18. Hogat chdt khang sinh valinomycin va phuc chat véi ion K+

T ]
A A=
N \/\N/\/\ : /\/\N/\/\/
N
R \A/N\R(SSa,h) )|( @ )|( ®

Hinh 1.19. Céng thic vi du mét so hop chdt azacrown (55a,b)

Trong cong bd [37], Dan Cook va cac cong su di trinh bay phuong phap
tong hop céc hop chat azacrown (55a,b), trong dé cic nguyén tir OXy cia vong
polyethylether duoc thay thé hoan toan bang cac nguyén tir ni-to.

Day cac di vong pyridine azacrown ether (57) ciing duoc tong hop thanh
cong bang phuong phap ngung tu bis-chloranhydride (56) véi polyethylene glycol.
Phan tng dugc dun néng trong dung moi trong khoang 48 gio. Phan ta HCI dugc
tao thanh trong phan @ng duoc loai bo trong qué trinh cit loai dung mdi benzene

duéi &p suat thap.
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OH OH |
\ k(\/o\f 0 7 0
| § N
0. = /O _
z 0 0
C N 50°C, 48 h
I I )
¢l (56a-d) e ar= H, N
b:R=Cl, $7a-d
c: R=0Me;
56d: R =NO,; 57d R =Cl n=2-6

So dd 1.8. Qué trinh tong hop pyridine azacrownophane (57a-d)

Nhom nghién ctru xac dinh duoc rang, trong truong hop nhém thé NO, 6 vi
tri 4 trén nhan pyridine (56d), s& xay ra phan tng ngung tu déng thoi. Tiép theo do
la phan ung thé ipso — thay thé nhdm NO, bang nguyén ti Cl (57d). Hiéu suat cua
quéa trinh tong hop cac azacrownophane nay cd thé dat toi 91%. Budc dau da xac
dinh, cac dan xuat 15-azacrown-5 khéac véi cac hop chat azacrownophane con lai
(18-azacrown-6) & chd da khong tao phirc voi cac ion kim loai nhu K*, Na*, Ag",
ion ammonium NH," hay céac cation alkyl-NH;".

Nghién ctru qué trinh tao phtrc cua azacrownophane (57a-d) véi cac ion kim
loai Na*, K*, Cs*, Ca®* va Sr** va danh gia kha nang van chuyén qua mang
(membrane transport) nhan thay toc do giam dan theo thir ty OCHz > H > Cl. Hién
tuong ndy cling twong déng véi cac cation ammonium hitu co va tuan theo nguyén
tac nhom thé ¢ vi tri s6 4 — nhom day dién tr gia ting tinh bazo cta di vong
pyridine. Trong khi dé, do kich thuéc cua cation Rb* qua 16n nén khong tao phuc
noi vong crown ether va khong tuan thi theo dinh hudng trén [17].

Tiép tuc nghién ctu va phat trién cac phuong phap tong hop cac dan xuat
pyridinocrownophane chira di vong pyridine, Soldatenkov A.T. va cac cong su da
4p dung phan tng ngung tu da tdc nhan Hantzsch tong hop thanh céng
pyridinocrownophanes (59) chua di vong y-aryl- hoac y-heteroarylpyridine tur 1,5-
bis(2-acetylphen-oxy)-3-oxapentane (58), aldehyde thom va mudi ammonium
acetate. Phan tng duoc thuc hién dun hdi lvu trong dung méi - acetic acid trong
khoang 5 — 8 gio [2, 50, 52, 83]. Khao séat hoat tinh giy doc té bao cua cac
pyridinocrownophanes (59), nhém tac gia di xac dinh dwoc mot sé dan xuat c6 kha
nang thé hién hoat tinh gay doc té bao tét trén mot sé dong té bao ung thu nhu
HepG2, MCF7, RD, FL, ...
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0 ?r =z
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CHO |

X
Me Me + NH,0Ac O N O
AcOH, 120°C
0 0 cOH, o o
5-8h
(0] O\)

(58) (59a-n)

Ar =Ph, m-CIC4Hy, m-BrC4H,, m-NO,C¢H,, p-OMeCHy, 0-OHCH,, p-CIC¢H,, p-NO,CgHy,
p-OHC¢Hy, p-BrC4Hy, 0-CIC4Hy, 2-thienyl, 2-pyrrolyl.

So do 1.9. Tong hep céc ddn xudt pyridinocrownophanes (59) bang phan ing

ngung tu da tac nhan Hantzsch

Brotine

8 L]

RD (ICs, 1,89mg/ml) HepG2 (ICs, 2,79 mg/ml) HepG2 (ICsq 4,367 mg/ml) MCF7 (ICs 4,78 mg/ml)
MCF7 (IC54 4,56 mg/ml) MCF7 (ICs 1,977 mg/ml)
RD (ICsq 1,46 mg/ml) RD (ICsy 4,113 mg/ml)
FL (ICs( 1,51 mg/ml) PC3 (IC5y 4,063 mg/ml)

Hinh 1.20. Cdu tqo va hoat tinh gdy déc té bao cua pyridinocrownophanes (59)

P.Huszthy va céac cong su di téng hop va phan lap thanh céng dong phan
enathiomer pyridino-18-crown-6 ether tinh khiét va phuc chat cua ching véi céc
cation dang amin hitu co va aminoacid [30, 38, 71, 77]. Tac gia da thuc hién cac
phan &ng tong hop di thé, gin véi pha ran nham muyc dich tao hé bén viing gitp
nang cao hiéu qua khi phan lap cac san pham dong phan lap thé [31, 47]. Cu thé,
d6ng phan (S,S)-azacrown (65) dugc tong hop tir dan xuat (S,S)-60 khi twong tac
véi N-allylchloroacetamide (61) trong méi trudng kiém. San pham thu duoc 1a
enantiomer (S,S)-62, véi lién két d6i & cudi mach nhanh [31]. O giai doan tiép
theo tién hanh phan tng kha héa xdc tac di thé va thu duoc san pham
triethoxysilane azacrown ether (S,S)-64. Hop chat triethoxysilane (S,S)-64 duoc
dun noéng véi silicagen va tao lién két cong hoa tri thu dugc san pham S,S-
pyridinocrown ether (65).
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fo) CICH,CONHCH,CH=CH, (61)

Me Me
\( (S.9)-60 j K,CO3,20°C, 72 h
(6] (6]
\\/O\/

OCH,CONH(CH,);Si(OE)
AN

(E0);SiH 63 Me Me 5102
—_— (S.S)-64 j
Pt, CH,Cl,, Tos-H,

20°C, 120h 120°C, 96h

oS

Phan trng ngung tu gita 2,6-dihydroxymethylpyridine (66) vaéi 4-oxapentan-
1,7-ditozylate (67) cho san pham (1,4-dihydropyridino)-14-azacrown-4 ether (68)

OCH,CONHCH,CH=CH,
X

=
N

> M o o Me
\( (S.8)-62 j
(6] O
o

O_
/

OCH,CONH(CH);Si0—
O_

AN
| Silica
= gel
N

O

Me
(S,S)-65 j

o)

So ds 1.10. Téng hop S,S-pyridinocrown ether (65) x(c tac d; thé

(hiéu suat thu dugc trong khoang 21-35%) [11, 12, 15].

Phan g duoc tién hanh trong lugng du 16n hdn hop dung dich tert-buthanol
va dioxane voi su ¢ mat cia NaOC(CHa)z (dun nong, 24 gio). Sau khi loai bo
nhom bao vé bang cach dun hdi luu trong dung mdi methanol véi sy 6 mat cua p-
toluene sulfonic acid thu dugc crownophane (68). Theo dit liéu phan tich nhiéu xa

don tinh thé tia X, kich thudc duoc tao bai vong crown ether c6 duong kinh khoang

4.0A phu hop hoan toan véi kich thuéc cac cation Li* va Na™.

Cac cation nay c6 thé nam hoan toan trong vong crown ether. Dan xuat
azacrown (68) tiép tuc oxy hoa véi su c6 mit cua meta-chloroperoxybenzoic acid,
khi ¢6 nhém NH s& chuyén héa thanh N-OH va thu duogc dan xuét crown (69) [10].

[0)
1.
| X Ts TsO 67
P

2. H'/ MeOH

JLJ

R =H, n-CgH,4, Bn

So do 1.11. Téng hop (1,4-dihydropyridino)-14-azacrown-4 ether
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Trong cong bd [9], qua trinh tao phuc gitta cac cation alkylamine hoic
alkylammonium véi cac dan xuit azacrown ether da duoc nghién ctu. Cac dan xuat
azacrown ether (72), c¢6 chtra di vong 4-hydroxypyridine dugc tong hop tir dimethyl
este (70) va ethylene glycol (71) véi hiéu suit dat 57% trong benzene. Theo dit liéu
phan tich nhidu xa don phén tir tia X , trong qué trinh hinh thanh phuac chit gitra
azacrown (72) véi benzylamine, vong 4-hydroxypyridine chuyén héa thanh dang 4-
pyridone ¢ azacrown (73).

N ﬁ/f‘j\ﬁ
Yﬁj\ﬁ 2 ““NHS.......O
2. H,, Pd/C

On\\\\\

MeOOC COOMe &/ \/>)\ )*/

R!'= HBnR2 H, Me, Ph;n=2-4
So do 1.12. Tong hop phic cua (1,4-dihydropyridino)-azacrown ether véi cation
benzylamine (73)
Trén co s& phan mg ngung tu giira dialdehyde (74) véi cac dan xuat keton
(75) va mudi ammonium acetate hoic methylammonium acetate, nhém céc aza-14-
crown-4 ether (76) da duoc tong hop thanh cong véi hiéu suit trong khoang 20% -
74% [53, 54, 56].

Rl NH2 N
EtOH/AcOH 1|1‘
o)
R! = H, Me; R2 = Me, Ph \\6/0\%)
74 n

So do 1.13. Tong hop azacrown ether (76) bang phdn ing ngung tu ba tac nhan

o
Me Me
R!- _RINH, III
EtOH R!
=H, Me bo) o
I\/O\)
76

77

So dd 1.14. Tong hop azacrown ether (76) trén co s phan tng cong Michael
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Nhom nghién ctru ciing phat trién phuong phap téng hop azacrown (76) trén
co s phan ang cong hop Michael vao lién két doi lién hop tai hop chat (77) theo so
d6 1.14 [48].

Nghién ciu qué trinh chuyén hoa cua cac azacrown ether (76) trong diéu
kién phan &ng acetyl hoa xac dinh dugc rang, phu thudc vao ban chat nhém thé R
tai nguyén tt nito ¢ vong piperidone s& thu duoc cac san pham N- va O-acyl héa —
cac dan xuat enolacetate (78) (hiéu suat dat 53 — 63%) hoic san phdm mé vong
piperidone — dan xuét 16-crown-3 (79) (hiéu suat dat 62%) [55].

OAc

R2 R?
X
Ac,0 Ac,O IT
1_ 1_
R'=Me R'=H Ac
0] )
K/O\)

So do 1.15. Qué trinh acyl hda cac dan xudt azacrown ether (76)

CAu tao cua céc azacrown ether (76) ciing dugc nghién ctu bang phuong
phép nhidu xa don tinh thé (X-ray), qua dé xac dinh duoc chinh xac cau hinh cua
c4cC trung tAm bat déi trén vong piperidone va kich thudc twong ddi cua ving khong
gian ndi vong crown ether. Vi du azacrown ether (76b) (R* = H, R* = Me) trong
tinh thé ton tai & dang déng phan racemic vai cau hinh rac-(2S*,3R* 3AS* 2AR*)
va vung khong gian noi vong azacrown ether co kich thuéc 1a 4,02 A [54].

Hinh 1.21. Cong thirc cdu tao cia hop chdt dai dién nhém azacrown ether
(76) dira trén dir liéu phan tich cdu tric bang phwong phdp nhiéu xa don tinh thé X-
ray hop chdt azacrown ether (76b) (R' = H, R* = Me)

Pai dién don gian nhat caa nhdm azacrown ether (76) la dan xuét (76a) véi
cac nhom thé R, = R, = H, khong thé tong hop duoc bang phan tng ngung tu giita
dialdehyde (74) va acetone, do d6 Levov A.H. va cong sy da tong hop theo so dd
1.16 thdng qua hop chét trung gian (76c).
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NH4OAc
74 —>
EtOH/AcOH
76a
76

So do 1.16. Qua trlnh tong hap gian tiép azacrown ether (76a)

+RCHO + NH;OAc ———»
76a
79a-c

79a R = a-Py; 79b: R = 4-FCgH,; 79¢: R = (MeO),CgH, K/o\/l
So do 1.17. Tong hop hé bis(benzo)-bis-piridinoaza-14-crown-4 ether (79)
Nhan thay hop chat (76a) véi hai nhdm methylene (-CH,-) tai vi tri alpha (-
0-) so vai nhom carbonyl (C=0) c6 cac nguyén tir hydro linh dong, dé dang tham
gia vao phan tng ngung tu aldol. Trong cong bd [46], A.I. Komarova da phat trién
phuong phap méi va tong hop thanh cong dan xuat bis(benzo)-bis-piridinoaza-14-
crown-4 ether (79) véi hiéu suét giao dong trong khoang 10% - 20%.

+ M(C10y),
—_—
[ or MCl,]

So dd 1. 18. Tong hop phic chat gita bis(benzo)-bis-piridinoaza-14-crown-4 ether (79¢) vai
céc cation kim loai chuyén tiép

Dua trén cac san pham bis(benzo)-bis-piridinoaza-14-crown-4 ether (79) thu

dugc, V.1 Sokol dd nghién ctu va téng hop thanh cong mot sé phirc chét cua cac

azacrown ether nhém nay véi cac cation Co®*, Cu* va Zn*. Bing phuong phap phan

tich nhidu xa don tinh thé (X-ray), cac san pham phtc chat cua azacrown ether
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(79¢) véi cac ion Co?*, Cu* va Zn* di xac dinh duogc chinh xac cong thuc ciu tao
phtic chat, ciu hinh cua cac tdm bat d6i va xac dinh chinh xac lién két phdi tri gita
bdn nguyén tir nito vai cac cation kim loai chuyén tiép [74, 75].

o Ti23)
cop G

[Zn(79¢)Cly]*C2HsOH

Hinh 1.22. Cong thic cdu tao cua cac phizc chat azacrown ether (79¢) véi cac
cation kim logi chuyén tiép Co®* va Zn*

Phan tir (79c) vai 4 nguyén tu nito, 4 nguyén tir OXy va vong aza-14-crown-4
ether 14 c&c trung tAm thuan loi va canh tranh nhau trong viéc tao lién két véi cac cation
kim loai. Chinh vi vay, Sokol va cac cong su da c6 dong gop y nghia trong viéc xac dinh
rd rang cAc trung tam tao lién két phdi tri vai cation kim loai chuyén tiép.

Véi tiém nang tng dung cao trong hoa ki thuat, hda hoc phirc chat va budc
dau c6 nhimg danh gia, khao sét hoat tinh sinh hoc cua cac hé tich hop giita vong
crown ether va cac di vong chira nito, dinh huéng nghién ctu va phét trién cac hop
chat azacrown ether c6 chira cac di vong nhu pyridine, y-piperidone, pyrrole,... ludn
O tinh thoi su va thu hat sy quan tdm caa cac nha nghién ctru trong cac linh vuc
tong hop hitu co, cong nghé hoa hoc, hda hoc phdi tri, hoa duoc,... Piéu nay, ciing
khang dinh tinh méi va tinh sang tao cua cac két qua thu dugc trong phan nghién
ctru thuc nghiém cuaa luan an khi so séanh vai céc tai liéu trong phan tong quan.

Cung vai viéc diéu ché va xac dinh chinh xac cong thicc ciu tao, dic trung
hoa Iy cua cac hop chat mai thu dwoc, luan an ciing dé cap dén mot cong cu hiru
hiéu, don gian gidp téng hop thanh cdng cac san pham azacrown ether — d6 1a phan

ung ngung tu da tac nhan Petrenko-Kritschenko.
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1.6. Phan trng ngung tu da tac nhan Petrenko-Kritschenko.

Trong phan ndy, luan an sé& trinh bay cac khai niém co ban cua phan tng
ngung tu da tac nhan (MCRS) — Ia c&c phan (mg ngung tu, trong d6 tir cAc chat ban
dau tham gia phan Gng dé tao thanh mot san pham, va tat ca hoiac hau hét cac
nguyén tir ciia cac chat ban dau déu tham gia vao hinh thanh san pham méi [29].
Hién nay, MCRs dang 1a mét trong nhitng cdng cu hiru hiéu trong tong hop hitu co
gitip diéu ché céc san phdm méi véi nhiéu wu diém nhu: phan tng d& thuc hién
(one-pot), tao san pham cudi clng khdng can phan lap va tinh ché cac san pham
trung gian; hiéu suat dat mac téi da; khong tao san pham phu; than hién voi moi
truong; giam gia thanh diéu ché san pham hiru ich [85]. Véi cac wu diém do, luan
an da lya chon phan ing ngung tu da tac nhan nhu 1a mét trong nhitng phuong phap
tong hop chinh duoc thuc hién trong cac nghién ctiu thuc nghiém.

0 DI <o/ Ao NH,
IJJ\ + NH;3 + HCN > R! —=N » R —0
RIH 0 H OH
80 81 82

So do 1.19. Phan itng ngung tu da tac nhdn Strecker tong hop a-amino cyanide
hodc a-amino acid

Mot trong nhiing phan @ng ngung tu da tac nhan dau tién duoc biét dén la
phan ng Strecker — phan ung tong hop a-amino cyanide (81) hoic a-amino acid
(82) (So @6 1.19) — duoc dé cap dén tir nhitng nim 1850 [95].

Mot trong nhitng wu diém dé nhan thay khi so sanh phan ang ngung tu da tac
nhan véi phan ang thong thuong (dién tién qua nhiéu phan ung don 18) d6 1a hiéu
suit tong caa phan tng MCRS luén cao hon.

B C C D C
1 mol 1 mol | 1 mol _|_
Phuong Phap A > s AT B — = A™7B Ap B
uong rhap Imol >0% 0,5 mol 50% 0,25 mol S0% D
0,125 mol
|
——> A-|-B
Phuong phap B(MCRs)y ~ + B + € + D =0 D
1mol 1 mol 1 mol 1 mol 0.5 mol

So d6 1.20. So sanh hai phuong phap tong hop thong thudng (phuong phép A) va phuong
phap ngung tu da tdc nhan (phuong phép B)
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Tir so d6 1.20 c6 thé thay, néu theo phuong phap truyén thong thi hiéu suat
t6ng cua toan bo qué trinh tong hop san pham ABCD t6i da dat 12,5%; trong khi do
theo phuong phap B hiéu suat co thé dat 50% tirc 1 nhiéu hon gap 4 lan.

Dua vao ban chit hda hoc cua cac tac nhan ban dau, phan tng ngung tu da
tac nhan c6 thé duoc phan thanh hai nhdm chinh 1a: phan tmg ngung tu da tac nhan
trén co s& dan xuat isocyanide va phan tng ngung tu da tac nhan trén co S& ngung
tu dan xuat carbonyl [85].

Péi tugng nghién ctu cua luan an 1a phuong phap tong hop hé thiaazacrown
ether mai chtra di vong y-piperidone tir cac tic nhan podand ban dau cé chira dong
thoi hai nhdm chuc arylaldehyde - dé tham gia phan tmg ngung tu aldol va/hoic
tham gia cac phan Gng ngung tu da tac nhan trén co so tuong tac cua nhom
carbonyl. Cac phan ung ngung tu da tac nhan trén co s twong tac ctia nhom
carbonyl phd bién c6 thé ké dén 1a cac phan tng Petrenko-Kritschenko [94], phan

ung Mannich [93], phan (rng Hantzsch [92].

Et0,C

84
So do 1.21. Phan irng ngung tu da tdc nhdn Petrenko-Kritschenko

Phan tmg ngung tu da tic nhan Petrenko-Kritschenko dugc chinh tac gia
cong b lan dau tién vao thang 2 nam 1912 trén tap chi Héa hoc Thuc hanh cua
Lién bang Durc [94].

Ngay nay, phan ung Petrenko-Kritschenko 1a phwong phép hiru hiéu téng
hop cac dan xuat, cac hop chét chaa di vong y-piperidone va tong hop cac dan xuat
cua alkaloid tropinone [8, 22, 24, 43, 53, 66, 81].
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CHUONG 2 - THUC NGHIEM

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

- Phé hong ngoai (IR) duoc ghi trén may phé FTIR MAGNA 760 (NICOLET-
US) tai Khoa Héa hoc, Truong Dai hoc Khoa hoc Ty nhién, Dai hoc Quéc gia Ha
Noi va tai Vién Hoa hoc - Vién Han 1am Khoa hoc va Céng nghé Viét Nam bang
phuong phap ép vién véi bot KBr.

- Phé cong huong tir hat nhan *H-NMR, *C-NMR duoc ghi trén may Bruker
500 MHz tai Phong thi nghiém Hoéa duoc, Khoa Hoa hoc, Truong Pai hoc Khoa
hoc Ty nhién — Pai hoc Quéc Gia Ha Noi (PHKHTN-DHGHN) va tai Vién Hoa
hoc - Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Dung méi chup phd Ia
CDCl;, DMSO-dg v6i chét chuan noi 1a TMS.

- Phd khdi luong duoc ghi trén may AutoSpec Premier va LC/MS LTQ
Orbitrap XL (Thermo Scientific) tai Khoa Hoa hoc , Truong PHKHTN-DHQGHN.

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

Cac cong thuc hop chat & CHUONG 2 biét lap voi cac hop chat xuat hién
trong CHUONG 1 va duoc danh s6 lai tir dau.
2.1. Tong hep cac dan xuat podand — tién chat cho cac phan #ng ngung tu

Phwong phdp chung tong hep cac podand (3a-c)

Cho hdn hop gom 36,52 g (0,22 mol) Kl va 30,36 g (0,22 mol) K,CO; va 150
ml dung mdi DMF vao binh cau ba c6 thé tich 250ml. Lap sinh han hdi luu, nhiét ké
va khuay déu hdn hop & nhiét do 30° C trong 20 phut. Thém tir tir 0,20 mol tc nhan
arylaldehyde [24,4 g hop chat 2-hydroxybenzaldehyde (1a), hoic 34,4 g hop chit 2-
hydroxy-1-naphthaldehyde (1b)] vao hdn hop ban dau thu duoc hdn hop mau vang
chanh. H3n hop phan tng duoc gia nhiét, khudy déu va duy tri ¢ nhiét do 80°C
trong 1 gio. thém tr tr 0,10 mol tdc nhan dichloroether [14,3 g dan xuét
dichlorodiethyl ether (2a), hoic 18,7 g 1,8-dichloro-3,6-dioxaoctane (2b)] vao hon
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hop phan ung. Khuiy déu, gia nhiét dén 115-120°C va duy tri nhiét d6 trong khoang
10-13 gio. Sau khi phan @ng xay ra hoan toan (kiém tra bang sic ky 16p mong -
TLC) dé ngudi dén nhiét do phong réi dd dung dich thu dugc vao 800 ml nudc da
ba0(0-4°C) thu duoc két tua. Loc va rira két tua nhiéu 1an bang nudc trén phéu loc
Biichner. San pham (3) duoc két tinh lai trong ethyl acetate, thu duoc tinh thé hinh
kim, mau tring.

2.1.1. Téng hep podand 1,5-bis(2-formy|phenoxy)-3-oxapentane (3a)

ot ol o

3a
So d6 2.1. Phan tng tong hop 1,5-bis(2-formylphenoxy)-3-oxapentane (3a)
San pham (3a) c6 dang tinh thé hinh kim, mau tring, hiéu suat H = 53%,
t°%.= 66 - 67°C, R; = 0,85 (SiO,, ethylacetate:n-hexane = 2:1). Ph6 hong ngoai IR,

(KBr), v(8), cm™: 3074; 2939; 2889; 1690 (CO); 1596; 1293; 1236 (-C-O-C-). Phé
cong huong tir hat nhan *H-NMR (500MHz, CDCls), 8, ppm, (J, Hz): 3,99 (t, 4H, J
= 6,5 Hz, -CH,-O-CH,-), 4,27 [t, 4H, J = 6,5 Hz, 2x(-CH,-O-CsH,4-)], 6,89 — 7,05
(M, 4H, Hyom), 7,52 (t, 2H, Hyom), 7,81 (d.d, 2H, Hepom), 10,49 (s, 2H, 2xXCHO).
Pho khéi lugng (EI), m/z, (luong asi %): 314 [M]™ (5), 297 [M-OH]" (100), 149
[O=CH-CgH,-O-CH,-CH,]" (46), 121 [0=C-CsH,-OH]" (28). Pho khéi lwong
(LCMS/ESI™), m/z: 337,37 [M+Na]".
2.1.2. Téng hep podand 1,5-bis(1-naphthaloxy)-3-oxapentane (3b)

‘}m QY
KI, K,CO; /\/0 ~o

DMF, 115°C, 13h

So dd 2.2. Phan tng téng hop 1,5-bis(1-naphthaloxy)-3-oxapentane (3b)

San pham (3b) c6 dang tinh thé hinh kim, mau tring, hiéu suat H = 75%,
t°%c= 164 - 166°C, R; = 0,48 (SiO,, ethylacetate:n-hexane = 1:1). Phé hdng ngoai IR,
(KBr), (d), cm™: 1663 (CO); 1252; 1155; 1130; 1080 (-C-O-C-). Phé 'H-NMR
(500MHz, CDCly), d, ppm, (J, Hz): 3,93 — 3,94 (m, 4H, -CH,-O-CH,-), 4,33 — 4,35
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[m, 4H, 2x(-CH,-0-CgH,-)], 7,18 — 7,20 (m, 2H, Hyom), 7,31 — 7,36 (M, 2H, Hyom.),
7,50 — 7,53 (m, 2H, Hyom.), 7,66 (d, 2H, J = 8,0, Hyom), 7,93 (d, 2H, J = 9,0, Hypom),
9,16 (d, 2H, J = 9,0, Hyom), 10,85 (s, 2H, 2xCHO). Phé *C-NMR (125 MHz,
CDCl,), 6, ppm: 69,4; 70,0; 114,0; 117,3; 124,9; 128,2; 128,8; 129,8; 131,4; 137,5;
163,2; 192,0. Pho khéi lwong (ESIY), m/z: 415,22 [M+H]", Co6H230s".

2.1.3. Téng hep podand 1,8-bis(1-naphthaloxy)-3,6-dioxaoctane (3c)

o H Cl Cl

* 0
oo
KI, K,CO;3
1b DMF, 115°C, 13h o 0\32/\0
So dd 2.3. Phan (ing tong hop 1,8-bis(1-naphthaloxy)-3,6-dioxaoctane (3c)

(6] 3¢ (0]

Y

San pham (3c) c6 dang tinh thé mau trang, hiéu suat phan ang H = 82%,
t°.= 174 - 175°C, Ry = 0,60 (SiO,, ethylacetate:n-hexane = 1:1). Phé hong ngoai
IR, (KBr), v@), cm™: 1665 (CO); 1252; 1155; 1130: 1080 (-C-O-C-). Phé 'H-
NMR (500MHz, CDCls), d, ppm, (J, Hz): 3,76 — 3,77 (m, 4H, -O-CH,-CH,-0O-),
3,91 — 3,94 [m, 4H, 2X(-CH,-CH,-O-CH,-)], 4,35 — 4,37 [m, 4H, 2X(-CH,-O-CgHa-
), 7,24 — 7,28 (m, 2H, Hyom), 7,41 — 7,42 (m, 2H, Hyom), 7,61 — 7,62 (M, 2H,
Hiom), 7,74 — 7,75 (m, 2H, Hyom), 8,00 (d, 2H, Hyom), 9,26 (d, 2H, J = 9,0,
Huiom), 10,93 (s, 2H, 2xCHO). Phé 3C-NMR (125MHz, CDCl,), 8, ppm: 69,3:
69,7; 71,0; 114,1; 117,2; 117,2; 124,8; 124,9; 128,2; 128,7; 129,8; 131,46, 137,4,
163,4; 192,2. Ph6 khoi lwong (ESIY), M/z, (lyong asi» %): 459,07 [M+H]" CyH2,06"
(15%); 481,05 [M+Na]" CosHpsOsNa" (100%): 496,99 [M+K]" CagHa606K" (55%).
Cong thirc cau tao cua hop chat podand (3c) dugc khang dinh bang phuong phap
nhiéu xa don tinh thé (X-ray).

2.1.4. Téng hoep tién chat N,N-bis(2-tosyloxyethyl)-N-tosylamine (6)

NEt
HO -~~~ OH + TsCl >, TsO -~ OTs
5
H 4 ® " pem ts (6)

So dd 2.4. Phan tng téng hop N,N-bis(2-tosyloxyethyl)-N-tosylamine (6)
Hon hop phan wng gém 1,05g (10,0 mmol) diethanolamine (4), 4,2 ml

(30,0 mmol) triethylamine va 15 ml dung moi dichloromethane dung trong binh
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non khudy déu & nhiét ¢6 phong 30 phat. thém tir tir dung dich gom 5,72 g (30,0
mmol) 4-toluenesulfonyl chloride (5) hoa tan trong 40 ml dichloromethane vao hon
hop phan @ng, giir lanh ¢ 0°C trong 2 gid. Sau d6 dé & nhiét do phong 2 gio tiép
theo. Sau khi phan @ng xay ra hoan toan (kiém tra bang sic ky 16p mong TLC),
loai bo dung mdi dichloromethane dudi ap suat thap va thu dwoc chat ran mau
trang (6). San pham két tinh lai tir hdn hop dichloromethane/ethanol = 2/1 (theo thé
tich), hiéu suat phan ang H = 70%. Gia tri R; = 0,40 (SiO,, ethylacetate:n-hexane =
2:1 (theo thé tich), t°% = 148 - 152°C. Gia tri twong tng véi tai liéu tham khao [90].

Phwong phdp chung tong hop cac podand (7a,b)

Hon hop phan @ng gdm 8,2 mmol dan xuat chira nhém carbonyl [1,0 g 2-
hydroxybenzaldehyde (1a), hoac 1,41 g 2-hydroxy-1-naphthaldehyde (1b)], va 2,26 g
(16,4 mmol) K,CO; trong 15,0 ml dimethylformamide (DMF) trong binh cau véi
sinh han hoi luu duoc dun néng dén 80°C va duy tri trong 1 gio. Thém tir tir (16,4
mmol) N,N-bis(2-tosyloxyethyl)-N-tosylamine (6) vao dong thoi dun nong hdn hop
dén 100 - 110°C, duy tri phan ung trong khoang 10 — 12 gio. Hon hop sau phan tang
duoc 1am lanh dén nhiét 6 phong va d6 vao 100 ml nude da vun (0-4°C) thu duoc
két tua mau trang. Loc va rira két tua nhiéu 1an bang nudc trén phéu loc Biichner. Két
tinh lai bang ethyl acetate thu dugc san pham (7a,b) dudi dang tinh thé mau trang.

2.1.5. Tong hop podand N,N-bis(2-formylphenoxyethyl)-N-tosylamine (7a)

7 2
9
H o, =0
‘) 15 14 ﬂ " H
16

TSO\/\N/\/OTS (1a) OH i
| O \uo H
Ts (©) K,CO;, DMF - < o° M=o

So dd 2.5. Phan tng tong hop podand N,N-bis(2-formylphenoxyethyl)-N-tosylamine (7a)
San pham (7a) c6 dang tinh thé mau tring, hiéu suat phan ung H = 48%,

t°%c= 136 - 138°C, R; = 0,60 (SiO,, ethylacetate:n-hexane = 1:3). Ph6 hdng ngoai IR
(KB), v(d), cm™ : 3068; 2926; 2879: 1668 (CO); 1157 (-C-O-C-). Phé *H-NMR
(500 MHz, CDCl3, TMS) oy, ppm: 10,28 (s, 2H, H,:, 2xCHO); 7,75 (d.d, 2H,
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Hs,;, J =7,5va 1,5 Hz); 7,70 (d, 2H, Hy4,14, J = 8,0 Hz); 7,51 (d.t, 2H, Hss,, J =
8,5va 15 Hz): 7,21 (d, 2H, Hys,s J = 8,0 Hz); 7,03 (t, 2H, Hy4 J = 7,5 Hz); 6,09
(d, 2H, Hee, J = 8,5 Hz); 3,78 (t, 4H, -CH,-N(Ts)-CH,-, J = 5,5 Hz); 4,30 (t, 4H,
2X0-CH,-, J = 6,0 Hz); 2,36 (s, 3H, CHy). Phé khéi luong (ESI), m/z: 466 [M-H]".
Cong thic phan tir @ CysHasNOgS. Cong thire cu tao cua hop chat podand (7a)
duoc khing dinh bang phwong phap nhiéu xa don tinh thé (X-ray).

2.1.6. Tang hep podand N,N-bis(1-naphthaloxyethyl)-N-tosylamine (7b)

O, H
OH
HO®
TsO\/\N/\/OTs (1b) 5
_——

}S (6) K,CO;, DMF 6

So d6 2.6. Phan ting tong hop podand N,N-bis(1-naphthaloxyethyl)-N-tosylamine (7b)

San pham podand (7b) c6 dang tinh thé mau tring, hiéu suat H = 47,7 %,
t°%.= 144 — 146°C, R; = 0,60 (SiO,, ethylacetate:n-hexane = 1:1). Phd hong ngoai
IR (KBr), v(5), cm™ : 2926; 2875; 1982; 1695 (CO); 1622; 1598; 1516; 1452;
1369; 1267; 1246; 1138. Phé *H-NMR (500 MHz, CDClz, TMS) &y, ppm: 10,77
(s, 2H, CHO); 9,10 (d, 2H, Hy4 J = 8,5 Hz); 7,93 (d, 2H, Hoo, J = 9,5 Hz); 7,72
(d, 2H, H77, J = 8,5 Hz); 7,67 (d, 2H, Hg15-, J = 8,0 Hz); 7,55 (t.d, 2H, Hs5, J =
7,0 va 1,5 Hz); 7,37 (t.d, 2H, Hee, J = 8,0 va 1,0 Hz); 7,21 (d, 2H, Hyo e, J = 8,0
Hz); 7,17 (d, 2H, Hyo10, J = 9,0 Hz); 3,79 (t, 4H, -CH,-N(Ts)-CH,-, J = 5,5 Hz);
4,46 (t, 4H, 2xO-CH,, J = 6,0 Hz); 2,26 (s, 3H, CHs). Phé khéi lugng (ESI™), m/z:
568 [M+H]". Cong thirc phan tir : C33H,9NOgS.

Phwong phdp chung tong hop podand (10a,b)

Han hop phan tng gom 2,04 g (14,26 mmol) 2-chlorobenzanaldehyde (8), 1,0
g (7,23 mmol) din xuat bis-(2-mercaptoethyl) ether (9a) hoac 1,31 g (7,23 mmol) 1,8-
bis(mercapto)-3,5-dioxaoctane (9b) va 1,5 g K,CO; trong 15,0 ml DMSO duoc khuiy
déu tai nhiét do 110 - 115°C trong khoang 10 dén 15 gio. Sau khi phan tng xay ra
hoan toan (kiém tra bang sac ky I6p mong TLC), hdn hop phan tng duoc lam nguoi
dén nhiét d6 phong va d6 vao 100ml nude da bao (0-4°C) thu dugc két taa mau vang

nhat. Loc va rira két taa nhiéu 1an bang nudc trén phéu loc Biichner. Két tinh lai tir
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ethanol tuyét d6i thu duoc tinh thé podand (10) mau tring.

2.1.7. Téng hep ddn xudt 1,5-bis(2-formylphenthio)-3-oxapentane (10a)
Cl (0]

4 SH K,CO;3
z o . 10
DMSO SO

(O]
®) 110° - 115° (10)

So d 2.7. Phan tng tong hop 1,5-bis(2-formylphenthio)-3-oxapentane (10a)

San pham podand (10a) c6 dang tinh thé mau trang, hiéu suat H = 60%, R;
= 0,55 (n-hexane:ethylacetate = 3:1), t°%.= 56 — 58°C. Phé hong ngoai IR (KBr),
v(©®), cml: 3066; 2924; 2879: 1680 (CO): 1284; 1193 (-C-O-C-). Phé *H-NMR
(500 MHz, CDCl3, TMS) 6y, ppm: 3,14 [t, 4H, J= 6,5 Hz; 2x(-S-CH,)]; 3,68 (t,
4H, J = 6,5 Hz; -CH,-O-CHy-); 7,33 (td, 2HA., J = 8,0 Hz; 1,0 Hz); 7,49 (t, 2HA,, J
= 7,0 Hz); 7,53 (td, 2HA,, J = 8,0 Hz; 1,5 Hz); 7,84 (dd, 2H4A,, J = 7,5 Hz; 1,5 Hz);
10,42 (s, 2H, 2xCHO). Pho khdi lugng (ESI™), m/z: 346,7 [M]*. Cong thiic phan tu
. C15H1503S,.

2.1.8. Téng hep ddn xudt 1,8-bis(2-formylphenthio)-3,5-dioxapentane (10b)

Cl O

. sH K,CO;
: Lo (> . 710
DMSO NN

()
®) 110°- 115° (10)

So d6 2.8. Phan uing téng hop 1,5-bis(2-formylphenthio)-3-oxapentane (10b)

San pham podand (10b) c6 dang tinh thé mau triang, hiéu suat H = 52%, R;
= 0,40 (hexane:ethylacetate = 3:1), t°%.= 60 — 61°C. Pho hong ngoai IR (KBr), v(3),
cm™ : 2893; 2862; 2756; 1678 (CO); 1587; 1554 (C=Cyom); 1195 (-C-O-Cetner-);
1111. Phé *H-NMR (500 MHz, CDCls, TMS) 6y, ppm: 3,16 [t, 4H, J = 6,5 Hz,
2X(S-CH,-)]; 3,60 (5, 4H, -O-CH,-CH,-0-); 3,70 (t, 4H, J = 6,5 Hz, -CH,-O-); 7,32
(t.d, 2H,J = 7,5 and 1,5 Hz, H**); 7,48 — 7,53 (m, 4H, Hyom) ; 7,83 (d.d, 2H, J =
7,5 and 1,5 Hz, H""), 10,42 (s, 2H, 2xCHO). Phé khéi lugng LCMS (ESIY), m/z (1,
%): 413 (100) [M+Na] *. Cong thirc phan tir : CyH,0,S,.
2.1.9. Téng hep 2,6-bis(tosyloxymethyl)pyridine (12)

Hon hop phan wng gdm 0,5 g (3,6 mmol) 2,6-bis(hydroxymethyl)pyridine
(11) va 0,5 g (12,5 mmol) NaOH trong 2 ml THF va 2 ml H,O dung trong binh non
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dugc khudy déu va gitr lanh tai nhiét do -5°C. Thém tir tir qua phéu nhé giot dung
dich chta 1,5 g (7,9 mmol) TsClI hoa tan trong 4,0 ml THF vao hon hop phan tng.
Sau khi phan ung xay ra hoan toan (kiém tra bang TLC), hdn hop sau phan {ng
dugc chiét bang ethylacetate (3x10 ml), dich chiét dugc gom va lam khan bang
Na,SO,. Loai ethylacetate bang phuwong phéap cat quay dudi ap suat giam thu duoc
1,37 g (85%) chat ran mau tring, t°% = 107 - 108°C, R; = 0,50 (n-hexan: ethylacetat
= 1:1). Gi4 tri twong ung vai tai liéu tham khao [19].

K(J) + 2TsCl KLJ)
NaOH
a1 THF, H,0, 0°C 12)

So d6 2.9. Phan tng tong hop chat 2,6-bis(tosyloxymethyl)pyridine (12)
2.1.10. Tong hep podand 2,6-bis[(2-formylphenyl)oxymethyl]pyridine (13)

@&m
OH
O OTs ——— >

K,CO3, MeCN
(12) / (13)

So dd 2.10. Phan (g tong hop 2,6-bis[(2-formylphenyl)oxymethyl]pyridine (13)

Han hop gom 1,35 g (3,0 mmol) 2,6-bis(tosyloxymethyl)pyridine (12), 1 ml
(8,3 mmol) 2-hydroxybenzaldehyde (1a) va 2,0 g (14,5 mmol) K,CO; trong 10 ml
acetonitril dung trong binh non dugc dun soi trong khoang 16 gio. Sau khi phan ng
say ra hoan toan (kiém tra bang sic ky ban méng TLC), hdn hop phan tung duoc dé
ngudi dén nhiét d6 phong va d6 vao 50 ml nude da lanh (0-4°C) thu duoc két tua
mau hdng nhat. Loc va rira két tua nhiéu 1an bing nudc trén phéu loc Biichner. San
pham duoc két tinh lai trong ethanol thu dugc tinh thé mau trang véi hiéu suat H =
82,6%, R; = 0,45 (n-hexane:ethylacetate = 3:1), t°%. = 81— 83°C. Phé *H-NMR (500
MHz, CDCls, TMS) 6y, ppm: 5,35 [s, 4H, 2x(-O-CH,-)]; 7,05 — 7,15 (M, 4Hpom);
7,51 — 7,60 (M, 4Hyom); 7,81 — 7,92 (M, 2Hom); 10,45 (s, 2H, 2xCHO). Phd khdi
luong (ESIY), m/z: 348,25 [M+H]". Cong thic phan tir : CyHi7NO.,.
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2.2. Chuyén hda cac din xuat podand trén co sé phan &ng ngwng tu croton

Nghién ciru céc tai liéu lién quan tdi nhém hop chét chalcone va nhan thay tur
cac hop chét podand c6 thé phat trién thanh cac dan xuat mai c6 ciu tao trong dong
cac hop chit chalcone. Trén co s¢ d6, ching toi trién khai tdng hop mot sé san
pham ngung tu croton (15,16) c6 cau tric chira nhém E-chalcone.

Phuong phdp chung tong hop cac san pham ngung tu croton (15,16):

Trong binh nén tam giac vai sinh han héi luu, hdn hop phan tng gom 1,0
mmol podand [0,31 g (3a) hoic 0,35 g (10a)], va 2,0 mmol dan xuat aryl methyl
ketone [0,24 g (14a) hoac 0,31 g (14b)] trong 10,0 ml acetic acid (bang), dugc dun
s6i trong khoang 8-10 gid. Sau khi phan tng xay ra hoan toan (kiém tra bang sac ky
ban mong TLC), hdn hop phan tng duoc dé ngudi dén nhiét do phong va trung hoa
bang dung dich K,COj; téi pH = 7,0. Dung dich sau trung hoa duoc chiét bang
DCM (3x30 ml) va lam khd bang Na,SO, khan. C6 quay dung méi dudi ap suat
giam thu duoc san pham (15,16) & dang keo mau vang nhat.

2.2.1. Téng hep 1 5-bis—[2-(2-pheny|carbonylvinyI)benzenoxy]-3-oxapentane (15a)

(33)
< CH;COOH, reflux, 9h
(0] H
E ; (15a)

So d 2.11. Phan g tong hop dan xuét bis(trans-chalcone) (15a)

San pham (15a) c6 dang tinh thé mau vang, hiéu suat H% = 75%, gia tri R; =
0,51 (ethylacetate:n-hexane = 1:3), t,c = 118 - 119°C. Ph6 hong ngoai IR (KBr),
v(0), cm? : 2920; 2858; 1647 (CO); 1595; 1564 (-C=C,,.-); 1489; 1448; 1328;
1273; 1246 (-C-O-Cetner-); 1120; 1053. Phd *H-NMR (500MHz, CDCl3), &, ppm, (J,
Hz): 8,10 {d, 2H, 2x[-(C=0)-CH=CH-Ar], J = 15,5Hz}; 8,02 (d, 4H, J = 8,0Hz);
7,73 {d, 2H, 2x[-(C=0)-CH=CH-Ar], J = 15,5Hz}; 7,60 (dd, 2H, J = 8,0 va 2,0
Hz); 7,55 (m, 2H); 7,46 (m, 4H); 7,32 (td, 2H, J = 7,0 va 1,5 Hz); 6,99 (t, 2H, J =
8,0 Hz); 6,90 (d, 2H, J = 8,5 Hz); 4,22 (t, 4H, Ar-O-CH,-CH,-0, J = 5,5 Hz); 4,02
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(t, 4H, Ar-O-CH,-CH,-0, J = 5,5 Hz). Phé khdi lugng (ESI+), m/z: 519 [M+H]",
cong thure phan tir: C34H3¢0s.
2.2.2. Téng hep 1,5-bis-{2-[2-(2-chlorobenzen)carbonylvinylJbenzenoxy}-3-oxapentane

(15b)
(3a)
CH;COOH, reflux, 9h
<—O ; - (15b)

So d6 2.12. Phan ing tong hop dan xuat bis(trans-chalcone) (15b)

San pham (15b) dang keo mau vang, hiéu suat H% = 62%, gia tri Ry = 0,36
(ethylacetate:n-hexane = 1:3). t,. = 112 — 113°C. Phd hdng ngoai IR (KBr), v(3), cm™:
3064; 2926; 2870; 1643 (CO); 1593 (C=C,.,); 1487, 1448; 1300; 1244, 1205 (-C-O-
Cetrer-); 1126; 1016. Phd *H-NMR (500MHz, CDCL), 8, ppm, (J, Hz): 7,73 {d, 2H, 2X[-
(C=0)-CH=CH-Ar], J = 16 5Hz}; 7,49 (dd, 2H, J = 7,5 va 1,5 Hz); 7,37 (dd, 2H, J = 7,0
va 2,0 Hz); 7,33 (dd, 2H, J =7,5va 1,5 Hz); 7,18 — 7,30 (m, 10H); 6,91 (t, 2H, J = 7,5
Hz); 6,82 (d, 2H, J = 8,0 Hz); 4,03 (t, 4H, Ar-O-CH,-CH,-0, J = 5,0 Hz); 3,75 (t, 4H,
Ar-O-CH,-CH,-0, J = 5,0 Hz). Phé khéi lugng (ESI+), m/z: 587 [M?®*) +H]* (100%);
589 [M*7C 1 H]* (35%); 591 [MZ®™® +H]* (60%); cong thirc phan ti: CasHysClLOs.
2.2.3. Tong hep 1,5-bis-[2-(2-phenylcarbonylvinyl)benzenthio]-3-oxapentane (16a)

San pham (16a) dang keo mau vang, hi¢u suat H% = 56%, gia tri R; = 0,53
(ethylacetate:n-hexane = 1:3), t,. = 60 - 61°C. Phd hdng ngoai IR (KBr), v(d),cm™:
3057; 2954; 2924; 2858; 1658 (CO); 1597 (C=C,,,.»); 1460; 1309; 1265; 1211 (-C-
O-Cether-); 1105; 1012. Phb 'H-NMR (500MHz, CDCly), o, ppm, (J, Hz): 8,33 {d,
2H, 2x[-(C=0)-CH=CH-Ar)], J = 15,5Hz}; 8,00 (d, 4H, J = 7,0Hz); 7,67 (dd, 2H, J
=7,5va 15 Hz); 7,54 — 7,57 (m, 2H); 7,46 — 7,50 (m, 6H); 7,40 {d, 2H, 2x[-(C=0)-
CH=CH-Ar], J = 15,5Hz}; 7,32 (td, 2H, J = 7,5va 1,5 Hz); 7,25 (t, 2H, J = 8,0 Hz);
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3,56 (t, 4H, -Ar-O-CH,-CH,-0-, J = 6,5 Hz); 3,03 (t, 4H, Ar-O-CH,-CH,-0, J = 6,5
Hz). Pho khéi luong (ESIY), m/z: 551 [M+H]", cong thirc phén tlr: CgqH3003S,.

(lﬂa)
CH;COOH, reflux, 9h o
: S ; - (16a)

So do 2.13. Phan ing tong hop ddn xudt bis(trans-chalcone) (16a)

2.2.4. Téng hep 1,5-bis-{2-[2-(2-chlorobenzen) carbonylvinylbenzenthio}-3-oxapentane

(16b)
(10a)
CH;COOH, reflux, ‘)h
<~S i H (16b)

So do 2.14. Phan ing tong hop bis(trans-chalcone) (16b)

San pham (16b) dang keo mau vang, hiéu suat H% = 58%, gia tri R; = 0,55
(ethylacetate:n-hexane = 1:3), t,. = 58 — 59°C. Phd hdng ngoai IR (KBr), v(d), cm™:
3057; 2922; 2858; 1656 (CO); 1593 (-C=C,,.,-); 1460; 1431; 1319; 1296; 1267; 1209
(-C-O-Ceer-); 1101; 1014. Phd *H-NMR (500MHz, CDCLy), 5, ppm, (J, Hz): 8,06 {d,
2H, 2x[-(C=0)-CH=CH-Ar], J = 16,0Hz}; 7,66 (dd, 2H, J = 7,5 va 1,5 Hz); 7,43 —
7,48 (m, 6H); 7,40 (td, 2H, J = 7,5 va 1,5 Hz); 7,26 — 7,36 (m, 6H); 7,03 {d, 2H, 2x[-
(C=0)-CH=CH-Ar], J = 16.0Hz}; 3,49 (t, 4H, -Ar-O-CH,-CH,-O-, J = 6,5 Hz); 2,95
(t, 4H, -Ar-O-CH,-CH,-O-, J = 6,5 Hz). Phé khéi luong (ESI*), m/z: 619 [M*®)
+H]* (100%), 620 [M*¥ +H]* (52%), 621 [M?®"D +H]" (68%), cong thirc phan tir:
C34H25Cl,05S,.
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2.3. Tong hep cac heterocrown ether méi trén co sé phan @&ng da tic nhén

Petrenko-Kritschenko.

O
R, R,

(17 a-f)
+ NH4OAc
EtOH A,

4 - 6h

1’1

e e i
) (18a—f, 20a-f, 21a-d)

(3b 7a,b, 10a)

SA=N-1S. Y =00 ),___\___o.___y

10a:n=1; 10b n=2.

X=Y=0. A = C,,Hy: 18a, 17a: R| = R, = Ph; 18b, 17b: R = H, R, = Ph; 18¢, 17¢: R; = H, R, = -CHj;
18d, 17d: R; = H, R, = -COOEt; 18e, 17e: R; = H, R, = (CH;),CH-; 18f, 17f: R; =R, = -CH,CH;

X =N-Ts, Y =0, A = C¢Hy: 20a: Ry=R,=Ph; 20b: R, = H, R, = Ph; 20¢: R, = H, R, = -CHj3;

20d: R;=H, R, = -COOEt;

X =N-Ts, Y =0, A = CHg: 20e: R;=R,=Ph; 20f: R|= H, R, = -COOE¢;
X=0.Y=8,A=CeHy.n=1:21a: R; =R, = Ph; 21b: R; = H, R, = Ph; 21¢: R; = H, R, = -CH3;

AV 1 7. A7

21d: R, = H, R, = (CH;),CH;-;

So do 2.15. Quy trinh chung téng hop c&c azacrown ether theo phdn ng
Petrenko-Kritschenko
2.3.1. Azacrown ether tzr podand 1,5-bis(1-naphthaloxy)-3-oxapentane (3b)

Phurong phdp chung tong hop cac san pham azacrown ether (18a-f)

Hon hop géom 0,15 g (0,36 mmol) podand 1,5-bis(1-naphthaloxy)-3-
oxapentane (3b), va 0,36 mmol dan xuat ketone (17) [76,0 mg dibenzyl ketone
(17a), hoac 50,0 mg methyl benzyl ketone (17b), hoac 26,0 mg methyl ethyl ketone
(17c¢), hoac 45,0 mg ethyl acetoacetate (17d), hoac 36,0 mg methyl isobutyl ketone
(17e), hoac 31,0 mg n-propyl methyl ketone (17f)], va 0,56 g (7,2 mmol) amonium
acetate dugc dun sbi hdi luu trong 10,0 ml ethanol. Tién trinh phan ang duogc kiém
tra bang phuong phap sic ky 16p mong TLC, phan ung két thiic sau khoang 4-6 gio.
Hon hop phan tng duoc 1am lanh dén nhiét do phong, dung moéi ethanol dwgc 1am
bay hoi duéi ap suat thap va bo sung 20 ml nude cat. Hon hop sau d6 duoc chiét voi
dung mdi ethylacetate (3 x 20 ml), dich chiét dugc rira boi dung dich NaCl b&o hoa

va duoc 1am khd bang Na,SO,. Dung méi duwgc 1am bay hoi dudi &p suit thap va
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két tua thu duoc duogc tinh ché bang phuong phap sic ky cot véi hé dung moi ria
giai n-hexane/ethylacetate (ty 18 twong wng lan luot 1a 4:1, 2:1, 1:1) va két tinh lai tur
hé dung méi CH,Cl,/MeOH (1:1) thu duoc san pham azacrown ether tinh khiét (18a-f).
San pham (19) thu duoc trong qué trinh phan Iap hdn hop phan tmg tong hop (18c)
2.3.1.1. Téng hep 30,32-diphenyl-12,15,18-trioxa-33-azahexacyclo-[27.3.1.0%* -
0*2.01%8 0%*"tritriaconta-2,4,6,8,10,19(28),20,22(27),24-nonaen-31-on (18a)

So d6 2.16. Tong hop [(3,5-diphenyl)-y-piperidino]azacrown ether (18a)

San pham (18a) cd dang tinh thé mau tring, hiéu suat H% = 60% (0,13 g), t,. = 220
— 221°C, gia tri R; = 0,50 (n-hexane:ethylacetate = 1:2). Pho hong ngoai IR (KBr),
v(d), cm™: 3306 (NH); 1705 (CO); 1622; 1597; 1448 (Ar); 1145; 1101; 1055 (-C—
0-C-). Phd 'H-NMR (500MHz, CDCly), 4, ppm, (J, Hz): 4,20 — 4,22 (br.m, 4H,
H*1%): 4,40 — 4,42 (br.m, 4H, H™'): 4,91 (t, 1H, J = 12,5, NH); 5,24 (d, 2H, J =
10,5, H**%); 5,52 (t, 2H, J = 11,5, H"*); 6,88 (t, 2H, J = 7,5, Hyom); 6,97 (t, 4H, J =
7,5, Hipom); 7,11 — 7,14 (m, 6H, Hyom); 7,19 (t, 2H, J = 7,5, Hyom); 7,41 (t, 2H, J =
8,0, Hinom); 7,57 (d, 2H, J = 8,0, Hyom); 7,61 (d, 2H, J = 9,0, Hyom); 8,07 (d, 2H, J =
9,0, Hipom)- Phd *C-NMR (125MHz, CDCly), 8, ppm: 62,0; 62,5; 67,1; 70,0; 112,4;
120,4; 122,4; 123,1; 126,4; 126,6; 127,5; 128,3; 129,1; 129,3; 129,7; 132,6; 136,3;
154.5; 208,1. Ph6 HRMS (ESIY), m/z: 606,2651 [M+H]". Tinh toan cho cong thuc
Ca1H3sNO,, m/z: 606,2639. CONng thirc cAu tao cua hop chét (18a) ciing duoc khing
dinh bang phuong phap nhiéu xa tia X don phén tir.

Bang 2.1. Dir liéu tinh thé hoc va cac théng sé téi wu héa cdu truc azacrown (18a)

Ky hiéu chat 18a
Cﬁng thuc phl:l’C cua don tinh thé C42H37C|2NO4
Khoi lugng phan tir 690,63
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Ky higu chat 18a
Nhiét do khao sat (K) 100°K
Buéc song 0,71073 A
Hé tinh thé Monoclinic
Nhom khéng gian P2:/n
a, A 12,0602(15)
b, A 25,981(3)
c, A 12,0826(14)
a, deg 90
B, deg 117,033(3)
y, deg 90
v, A 3372,3(7)
S6 phan tir trong mot 6 mang (2) 4
Khéi lugng riéng (tinh toan) 1,360 g/mm3
Hé s6 hap thu (i, mm™) 0,239
Tong so tia phan xa 34783
S6 tia phan xa doc l1ap 6323

Két qua phan tich cho cac thong so veé toa do nguyén tir C, H; do dai lién két
[A], gia tri goc lién két [°], goc nhi dién,... cua hop chat (18a) dugc néu chi tiét
trong phu luc (bang phu luc 3.1 va 3.2). Thong sé vé do dai lién két hydro duoc
trinh bay trong phan thao luan két qua (bang 3.4).
2.3.1.2. Téng hep 30-phenyl-12,15,18-trioxa-33-azahexacyclo-[27.3.1.0**1.0%%,
01928 0%*#|tritriaconta-2,4,6,8,10,19(28),20,22(27),24-nonaen-31-ox (18b)

So do 2.17. Tong hop [(3-phenyl)-y-piperidino]azacrown azacrown ether (18b)
San pham (18b) c6 dang tinh thé mau trang, hiéu suat H% = 47% (0,09 g), tuc
= 285 — 286°C, gia tri R; = 0,55 (n-hexane:ethylacetate = 1:3). Phd hong ngoai IR
(KBr), v(d), cm™: 3339 (NH); 1695 (CO); 1620; 1595; 1450 (Ar); 1144; 1099; 1049
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(-C-O-C-). Phé *H-NMR (500MHz, CDCl5), 6, ppm, (J, Hz): 2,84 (dd, 1H, J = 14,5
va J = 3,0, He™); 3,75 (1, 1H, J=13,5, H,,); 4,10 — 4,19 (m, 4H, 2xH'"'); 4,30 -
4,45 (m, 4H, 2xH™*"): 4,86 (t, 1H, J = 12,0, NH); 5,02 (d, 1H, J = 11,0, H*®); 5,28
5,36 (m, 2H, H"*): 6,90 (t, 1H, J = 7,0, Hyom); 6,98 (t, 2H, J = 7,5, Hyom); 7,06 (d,
2H, J = 7,5, Hpom); 7,11 (d, 1H, 3 = 9,0, Hom); 7,16 (t, 1H, J = 7,5, Hiom); 7,24 (d,
1H, J = 9,0, Hyom); 7,35 (t, 2H, J = 7,5, Huom); 7,54-7,58 (M, 2H, Hiom); 7,59 (d,
1H, J = 9,0, Hyom); 7,67-7,90 (M, 2H, Hiom); 7,95 (d, 1H, J = 9,0, Hom); 8,20 (d,
1H, J = 8,5, Hipom). Phd *C-NMR (125MHz, CDCl,), 8, ppm: 47,6; 56,5; 62,1;
62,5; 66,8; 67,1; 69,6; 69,9; 112,3; 113,0; 120,5; 121,4; 122,2; 122,4; 123,0; 123,4;
126,5 (2C); 127,0; 127,6; 128,3; 128,8; 129,1 (2C); 129,4; 129,6; 129,7; 132,0;
132,6; 136,4; 154,4; 154,8; 209,5. Phé HRMS (ESI™), m/z: 530,2336 [M+H]". Tinh
toan cho cong thirc CasH3,NOs, m/z: 530,2326.

2.3.1.3. Téng hgp 30-methyl-12,15,18-trioxa-33-azahexacyclo-[27.3.1.0%*1.0%%.
09?8 0%*#|tritriaconta-2,4,6,8,10,19(28),20,22(27),24-nonaen-31-on (18c)

So d6 2.18. Tong hop [(3-methyl)-y-piperidinoJazacrown ether (18c)

San pham (18c) c6 dang tinh thé mau tring, hiéu suat H% = 45% (0,076 g),
t,c = 147 — 148°C, gia tri R; = 0,45 (n-hexane:ethylacetate = 1:1). Pho hong ngoai
IR (KBr), v(s), cm™: 3378 (NH); 1705 (CO); 1622; 1597; 1450 (Ar); 1138; 1107;
1059 (-C—-O—C-). Phb *H-NMR (500MHz, CDCls), 8, ppm, (J, Hz): 0,88 (d, 3H, J =
6,5, CHa); 2,72 (br.d, 1H, J = 13,0, He,™); 3,63-3,66 (br.m, 1H, Hy*); 3,71-3,77
(br.m, 1H, H*); 3,94-4,37 (m, 8H, H***1%1"): 479480 (br.m, 2H, H'?); 5,12
(br.s, 1H, NH); 7,23 (t, 2H, J = 8,5, Huom); 7,32 (br.s, 2H, Hyom); 7,47—7,55 (br.m,
2H, Huom); 7,73-7,79 (br.m, 4H, Hyom); 8,14 (brss, 2H, Hupom). Phé *C-NMR
(125MHz, CDCl,), 8, ppm: 11,2; 14,0; 22,5; 31,3; 47,8; 49,8; 57,1; 62,1; 67,0; 69,8;
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112,4; 112,9; 120,9; 121,4; 122,0; 122,2; 122,7; 123,8; 124,7; 127,0; 128,7 (2C);
129,3; 129,7; 131,0; 132,0; 133,3; 154,5; 154,8; 212,3. Ph6 HRMS (ESI"), m/z:
468,2173 [M+H]". Tinh toan cho cong thic CsoH3oNO,, m/z: 468,2169.

2.3.1.4. Tong hep (20E,23E)-21-methyl-8,9,11,12-tetrahydro-22H-dinaphtho[2,1-
h:1',2'-0][1,4,7]trioxacyclohexadecin-22-one (19)

.0
(17c )
H H O _FNHOAC
o EtOH A,
o

4 - 6h

3b
(3b) 19)

So dé 2.19. Tong hop dan xudt crown chiza nhém lién hop dienone (19)

Trong qua trinh phan lap san pham (18c), khi sir dung hé dung mai ria giai
n-hexane/ethylacetate = 2:1, thu dugc san pham (19) dang tinh thé c6 mau vang,
hiéu sut H% = 20% (32 mg), t,.= 120-121°C (phan huy). Phé *H-NMR (500MHz,
CDCly), 8, ppm, (J, Hz): 1,83 (3H, s, CH5); 3,86 — 3,88 (2H, m, H*): 3,99 — 4,01
(2H, m, H¥); 4,40 — 4,42 (4H, m, H®): 7.31 (2H, t, J = 8,5, Hyom); 7,38 — 7,42
(2H, M, Hyom); 7,48 (1H, t, J = 8,0, Huom); 7,57 (1H, t, J = 8,0, Hyom); 7,67 (1H, d,
J =85, Hiom); 7,79 (1H, d, J = 8,0, Hyom); 7,82 (1H, d, J = 8,0, Hyom); 7,85 — 7,87
(2H, M, Hgpom), 8,09 (1H, S, Hyom), 8,36 (1H, d, J = 9,0, Huom), 8,41 (1H, d, J =
16,0, H*), 8,53 (1H, d, J = 16,0, H'). Phé HRMS (ESI*), m/z: 451,1939. [M+H]".
C3oH2704. Tinh toan cho cbng thuc, m/z: 451,1909.
2.3.15. Téng hep ethyl 31-oxe-12,15,18-trioxa-33-azahexacyclo-[27.3.1.0%*.0%%,
0"%.0%#tritriaconta-2,4,6,8,10,19(28),20,22(27),24-nonaen-30-carboxylate (18d)

San pham (18d) c6 dang tinh thé mau vang nhat, hiéu suat H% = 52% (0,1
9), tc = 233 — 234°C, gi4 tri Ry = 0,50 (n-hexane:ethylacetate = 1:1). Ph hong
ngoai IR (KBr), v(3), cm™: 3320 (NH); 1726 (CO); 1697 (CO); 1452; 1516; 1597
(Ar); 1032; 1103; 1150 (-C-O-C-). Phé *H-NMR (500MHz, CDCl,), &, ppm, (J,
Hz): 0,77 (t, 3H, J =7,0, CH3); 2,75 (d, 1H, J = 14,0, He™); 3,57 (t, 1H, J = 12,5,
Ha?); 3,75-3,88 (m, 2H, 2xH™); 3,90-4,15 (m, 4H, 2xH', CH,CH,); 4,25-4,34
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(m, 4H, 2xH"'"): 4,64 (t, 1H, J = 12,5, NH); 4,76 (d, 1H, J =10,5, H*); 5,20 (t, 1H,
J=12,5 HY; 545 (t, 1H, J = 11,5, H®); 7,20-7,22 (m, 2H, Hyom); 7,30 (t, 1H, J =
7,0, Hinom); 7,34 (t, 1H, J=7.5, Hipom); 7,50-7,56 (M, 2H, Hyom); 7,70-7,79 (m, 4H,
Hihom); 8,14 (d, 1H, J = 8,5, Huom); 8,26 (d, 1H, J = 8,5, Hyom). PhS *C-NMR
(125MHz, CDCly), 6, ppm: 13,7; 46,4, 55,9; 58,0; 60,6; 62,7; 66,8; 67,1, 69,6; 69,8;
112,6; 112,9; 119,5; 120,9; 122,1; 123,3; 123,4; 123,5; 126,9; 127,2; 128,4; 128,8;
129,3 (2C); 129,9; 130,3; 131,9; 132,6; 154,8; 154,9; 169,2; 205,8. Phé6 HRMS
(ESI"), m/z: 526,2242 [M+H]". Tinh toan cho cong thirc CsH3NOg", m/z:
526,2224.

+ NH,4O0Ac
_—

So do 2.20. Tong hop p-piperidinoazacrown ether (18d)
2.3.1.6. Tong hep 30-isopropyl-12,15,18-trioxa-33-azahexacyclo-[27.3.1.0°"" -

038,012 0%tritriaconta-2,4,6,8,10,19(28),20,22(27),24-nonaen-31-on (18e).

(17¢)
+ NH,4O0Ac

Y

o o EtOH, A,
k/o\) 4-6h i/o\;
(3b) .
So d6 2.21. Téng hop [(3-isopropyl)-y-piperidino]azacrown ether (18e)
San pham (18e) c6 dang tinh thé mau trang, hiéu suat H% = 65% (0,12 g),
t,c = 206-207°C, gié tri Ry = 0,4 (n-hexane:ethylacetate = 1:1). Pho hong ngoai IR
(KB), v(d), cm’: 3335 (NH); 1694 (CO); 1622: 1595; 1450 (Ar); 1159; 1099; 1051
(-C—O—C-). Phé *H-NMR (500MHz, CDCl), 6, ppm, (J, Hz): 0,81 (d, 3H, J = 7.0,

CHy); 1,01 (d, 3H, J = 7,0, CHy); 1,83 — 1,89 (m, 1H, CH(CHa),); 2,67(dd, 1H, J =

52



14,0 va J = 3,5, He); 3,51 (td, 1H, J = 14,0 va J = 1,5, H,,*); 3,67 (dd, 1H, J
=10,5va J = 1,5, H*); 3,95 (td, 1H, J = 10,0 va J = 2,0); 4,01 (td, 1H, J = 10,0 va J
=3,0, H'); 4,15 — 4,05 (m, 2H, H'®); 4,23 — 4,32 (m, 4H, H**'): 455 (t, 1H, J =
12,5, H?); 5,01 (t, 1H, J = 10,0, NH); 5,17 (td, 1H, J = 12,5 va J = 4,0, H%); 7,20 (t,
2H, J = 8,0, Hiom); 7,27-7,35 (M, 2H, Hiwom); 7,47—7,56 (M, 2H, Huom); 7,74 (d, 2H,
J=9,0, Hinom); 7,76 (d, 2H, J = 9,5, Hyom); 8,17 (dd, 2H, J = 9,0 va J = 2,0, Hinom)-
Phé *C-NMR (125MHz, CDCls), 8, ppm: 18,5; 21,3; 27,6; 48,5; 55,8; 58,7; 60,1;
60,4; 66,8; 67,1; 69,8; 112,7; 113,1; 121,6; 121,9; 122,2; 122,7; 123,2 (2C); 126,9;
127,0; 128,7; 128,8; 129,3; 129,5 (2C); 129,7; 132,0; 132,6; 154,7; 154,9; 211,9.
Phé HRMS (ESIY), m/z: 496,2490 [M+H]". Tinh toan cho cong thiac CaHuNO,,
m/z: 496,2483.

2.3.1.7. Téng hep ethyl 2-{32-ethyloxycarbonylmethyl-31-ox0-12,15,18-trioxa-33-
azahexacyclo[27.3.1.0%'1.0%%.0'°% 0?*#|tritriaconta-2,4,6,8,10,19(28),20,22(27)-

,24-nonaen-30-yl}acetate (18f).

(3b)
So dd 2.22. Tong hop [(3,5-diethyl)-y-piperidinoJazacrown ether (18f)

San pham (18f) c6 dang tinh thé mau trang, hiéu suat H% = 60% (0.11 @), t.
= 210 — 211°C, gia tri R; = 0,45 (n-hexane:ethylacetat = 1:1). Pho hong ngoai IR
(KBr), v(d), cm™: 3335 (NH); 1683 (CO); 1622; 1599; 1450 (Ar); 1159; 1099; 1051
(-C—-O—C-). Phé *H-NMR (500MHz, CDCls), 6, ppm, (J, Hz): 0,75 (t, 6H, J = 7,0,
2xCHj); 0,83-1,00 (m, 4H, 2xCH3CH,); 1,71-1,81 (m, 2H, H**); 3,65 (br.t, 1H, J
= 8,0, NH); 4,02 (td, 2H, J=10,5 va J=2,0, 2xH™); 4,13 (br.d, 2H, J =10,5, 2xH");
4,28 (br.d, 2H, J = 10,0, 2xH"®); 4,36 (br.t, 2H, J = 9,5, 2xH""); 4,75 (br.d, 2H, J=
6,0, H'*); 7,21 (d, 2H, J = 9,0, Hipom); 7,29 (t, 2H, J = 7.5, Hipom); 7,48 (t, 2H, J =
8,5, Hinom); 7,72 (d, 2H, J = 8,0, Hyom); 7,75 (d, 2H, J = 9,0, Hyom); 8,10 (d, 2H, J =
9,0, Hisom). Phd *C-NMR (125MHz, CDCl,), 8, ppm: 13,0; 19,4; 58,9; 62,3; 67,1;
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69,9; 112,8; 121,0; 122,8; 123,2; 126,9; 128,6; 129,3; 129,6; 133,2; 154,7; 212,8.
Phé HRMS (ESI*), m/z: 510,2644 [M+H]". Tinh toan cho cong thic CasHssNO,]"
m/z: 510,2639.

2.3.2. Azacrown ether tzr podand 1,5-bis(1-naphthaloxy)-3-oxapentane (7a,7b)

Phwong phdp chung tong hop azacrown ether (20a-f)

Hon hop gém 0,64 mmol podand [0,30 g N,N-bis(2-formylphenoxyethyl)-N-
tosylamine (7a) hoac 0,36 g N,N-bis(1-naphthaloxyethyl)-N-tosylamine (7b)] va
0,64 mmol dan xuat ketone (17) [135,0 mg dibenzyl ketone (17a), hoic 88,9 mg
methyl benzyl ketone (17b), hoac 46,0 mg methyl ethyl ketone (17¢), hoac 80,0 mg
ethylacetoacetate (17d)] duoc khudy déu trong hdn hop ethanol (20 ml)/acetic acid
(1 ml) tai 50°C véi su c6 mat cua 0,49 g (6,4 mmol) ammonium acetate. Tién trinh
phan tng duoc kiém tra bang phuong phap sic ky 16p mong TLC sau khoang 24
gio. Hon hop phan ung duoc 1am lanh dén nhiét d6 phong (25°C), duoc trung hoa
boi K,COs, sau d6 duoc chiét véi dung mdi dichloromethane (3%30 ml). Dich chiét
duogc 1am kho bang Na,SO, khan. Sau d6, dung méi dugc lam bay hoi dudi 4p suat
thap, tinh ché két tua thu duoc bang phuong phap sic ky cot véi hé dung mai ria
giai n-hexane/ethylacetate (ty Ié twong (ng lan luot 1a 4:1, 2:1, 1:1) va két tinh lai tr
ethanol tuyét d6i thu duoc san pham 1,7-diaza-14-crown-4 ether tinh khiét (20a-f).
2.3.2.1. Tong hep 11-tosyl-22,24-diphenyl-8,14-dioxa-11,25-diazatetracyclo-
[19.3.1.0%7.0"%|pentacosa-2,4,6,15(20),16,18-hexaen-23-one (20a)

San pham (20a) c6 dang tinh thé mau trang, hiéu suat H% = 53%, t,. = 275
- 277°C, gia tri R; = 0,53 (n-hexane:ethylacetate = 1:1). Pho hong ngoai IR (KBr),
v(3), cm™: 3296; 2926 2875; 1695 (CO). Phé *H-NMR (500 MHz, CDCl;, TMS),
on, ppm (J, Hz): 7,80 (d, 2H, Heom, J = 8,0 HZz); 7,35 (d, 2H, Hyom, J = 8,0 HZ);
7,12 — 7,14 (br.m, 4H, Hyom); 7,02 — 7,08 (M, 10H, 2xCeHs-); 6,78 (d, 2H, Hiom, J
= 8,0 Hz); 6,75 (br.d, 2H, Hyom J = 6,5 Hz); 6,61 (br.t, 2H, Hyom, J= 6,5 Hz); 4,89
(br.d, 2H, H**, J= 8.5 Hz), 4,38 — 4,45 (br.m, 7H, H?%* 2x H*", NH%); 3,76
(br.s, 2H, 2xH™); 3,61 (br.m, 2H, 2x H'); 2,42 (s, 3H, CH;). Phé **C-NMR (125
MHz, CDCly), dc, ppm: 156,2; 131,7; 130,0; 129,5; 128,5; 127,7; 126,3; 121,2;
51,1; 21,5. Phé HRMS (ESIY), m/z: 703,2441 [M+HCOOT. Tinh toan cho cdng
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thirc CarH3oN,0;S", m/z: 703,2483 [CaoHssN,0sS + HCOOT. Cong thirc ciu tao

cua azacrown ether (20a) ciing duoc khang dinh bang phuong phap nhiéu xa don

(o)
+(17a)

+NH,O0Ac

phan tu (X-ray).

—_—
H H EtOH/AcOH, A N
~24h N
0 0
e 3 7
Q 20
(7a) TsMe-@-ﬁ— (202)
0
N
Ts

So do 2.23. Tong hop N-Ts-[(3,5-diphenyl)-y-piperidino]azacrown ether (20a)

Bang 2.2. Dit liéu tinh thé hoc va cac thdng sé téi wu héa cau tric cua chat (20a)

Ky hiéu chat 20a
Cong thirc phirc cua don tinh the CaoH3sN,05S
Khoi lugng phan tir 658,78
Nhiét d6 khao sat (K) 100°K
Buéc song 0,96330 A
Hé tinh thé Triclinic
Nhém khdng gian P1
a, A 11,606 (2)
b, A 13,856 (3)
c, A 14,920 (3)
a, deg 83,37 (3)
/3, deg 67,38 (3)
y, deg 71,40 (3)
v, A° 2099,0 (9)
S6 phan tir trong mot 6 mang (2) 2
Khéi luong riéng (tinh toan) 1,042 g/mm®
Hé sb hap thu (i, mm™) 0,25
Tong s6 tia phan xa 21088
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Ky higu chat 20a
S6 tia phan xa doc 1ap 8513
S tia phan xa voi diéu kién I>26(I) 4201
Do sai léch R[F* > 2s(F?)] 0,118
Do sai léch wR(F?) 0,289

Két qua phan tich cho cac thdng sé vé toa do nguyén ti C, H; d6 dai lién két
[A], gia tri goc lién két [°], goc nhi dién cia hop chat (20a) dugc néu chi tiét trong
phu luc (bang phu luc 3.2). Thong s6 vé do dai lién két hydro dugc trinh bay trong
phan thao luan két qua.
2.3.2.2. Téong heop 11-tosyl-22-phenyl-8,14-dioxa-11,25-diazatetracyclo[19.3.1.-
0%7.0™%]pentacosa-2,4,6,15(20),16,18-hexaen-23-one (20b)

+(17b)
H H +NH,0Ac 4
—»
EtOH/ACOH, A, |
0 0 ~24h
P
|
Ts

(7a)

So do 2.24. Tong hop N-Ts-[(3-phenyl)-y-piperidino]azacrown ether (20b)

San pham (20b) c6 dang tinh thé mau tring, hiéu suit H% = 75%, t, = 230 -
232°C. Ry = 0,7 (n-hexane:ethylacetate = 1:1). Phd IR (KBr), v(d), cm™: 3311; 2916;
2848; 1699 (CO). Phd *H-NMR (500 MHz, CDCl, TMS), 84, ppm, (J, Hz): 7,76 (d,
2H, Hyom, J = 8,0 Hz); 7,32 (d, 2H, Hyom, J = 8,0 Hz); 7,24 (br.t, 2H, Hyom, J = 7,0
Hz); 7,14 (br.t, 2H, Hyom, J = 7,5 Hz), 7,08 (br.d, 1H, Hp,, J = 7,0 Hz); 6,94 — 7,04 (m,
4H, Hyom); 6,89 (br.d, 2H, Hp,, J = 8,0 Hz); 6,76 (br.d, 1H, Hpp,, J = 8,5 Hz); 6,64 (br.s,
1H, Hpp); 4,10 — 4,50 (br. m, 7H, H*?, 2xH™°, NH®); 3,30 — 3,90 (br.m, 6H, H%,
Ha?, 2xH™); 2,72 (d.d, 1H, He™, 3 = 135 va J = 3,0 Hz), 2,41 (s, 3H, CH,). Phd
BC-NMR (125 MHz, CDCLy), 8¢, ppm: 156,7; 156,2; 144,1; 129,9; 129,5; 129,3;
129,0; 128,4; 127,9; 127,5; 126,6; 121,7; 112,7; 51,7; 31,5; 21,4; 14,0. Ph6 HRMS
(ESIM), m/z: [M+H]" 583,2268 va [M+CH;OH+H]" 615,2531. Tinh toan cho cong thuc
Ca4H3sN,0sS™: 583,2261 va cho cong thitc CasHsgN,06S™: 615,2523.
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2.3.2.3. Tong hop 11-tosyl-22-methyl-8,14-dioxa-11,25-diazatetracyclo-[19.3.1.0%”
.0™?]pentacosa-2,4,6,15(20),16,18-hexaen-23-one (20c )

+(17¢)
+ NH4OAc
EtOH/AcOH A,

~ 24h

[

(7)

So do 2.25. Tong hop N-Ts-[(3-methyl)-y-piperidino]azacrown ether (20c)

San pham (20c) cé dang tinh thé mau trang, hiéu suat H% = 52 %, t,. = 172 —
174°C, gia tri Ry = 0,55 (n-hexane:ethylacetate = 1:1). Phd IR (KBr), v(d), cm™:
3265; 2920; 2850; 1710 (CO). Phd *H-NMR (500 MHz, CDCls, TMS), d4, ppm, (J,
Hz): 7,73 (d, 2H, Hyom, J = 8,5 H2); 7,29 (d, 2H, Hyem, J = 8,0 Hz); 7,18 — 7,26
(br.m, 4H, Hyom); 6,93 (br.t, 1H, Hyom J = 7,5 Hz); 6,90 (br.t, 1H, Hyom, J= 7,5
Hz); 6,85 (d, 1H, Hyom, J = 8,0 Hz); 6,81 (d, 1H, Hupom, J = 8,5 Hz); 4,15 — 4,45
(br.m, 6H, H*?!, 2x H®%): 4,02 — 4,12 (br.m, 2H, H?, NH®); 3,45 — 3,90 (br.m,
4H, 2xH™"); 3,15 (br.t, 1H, Hy, J = 12,0 Hz); 2,61 (d.d, 1H, He™, J = 13,5 va
3,0 Hz); 2,39 (s, 3H, CH3); 1,08 (t, 3H, CH3,J = 7,0 Hz). Phd *C-NMR (125 MHz,
CDCly), dc, ppm: 158,0; 157,9; 144,8; 130,9; 130,7; 129,7; 129,6; 128,7; 121,9;
121,6; 113,5; 62,8; 60,5; 52,8; 52,3; 37,7; 33,4; 32,6; 27,7; 23,3; 21,3; 14,4; 14,3.
Phé HRMS (ESI™), m/z: [M+H]* 521,2686. Tinh toan cho cdng thic CagHssN,0sS™:
521,2105.

2.3.24. Téng hop ethyl 23-oxo-11-tosyl-8,14-dioxa-11,25-diazatetracyclo-
[19.3.1.0>".0">%|pentacosa-2,4,6,15(20),16,18-hexaen-22-carboxylate (20d)

San pham (20d), tinh thé mau tring, hiéu suat H% = 22%, t,. = 194 - 196°C,
gia tri Ry = 0,62 (n-hexane:ethylacetate = 1:1). Phé IR (KBr), v(d), cm™: 3315;
2920; 2852; 1730 [(EtO)-CO-]; 1710 (CO). Phd *H-NMR (500 MHz, CDCl;, TMS),
on, ppm, (J, Hz): 7,74 (d, 2H, Hyom, J= 8,0 Hz); 7,29 (d, 2H, Hyom, J= 8,0 Hz); 7,05
— 7,22 (br.m, 4H, Hyom); 6,93 (br.s, 2H, Hyom); 6,83 (br.d, 2H, Hyom, J= 7,5 H2);
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4,20 — 4,42 (br.m, 6H, H"*% NH®, CH,-CHs); 3,45 — 3,78 (br.m, 5H, H,*,
2xH>"); 3,05 — 3,45 (br.s, 4H, 2xH'**); 2,58 (d.d, 1H, H He,*, J= 13,0 va J= 2,0
Hz); 2,40 (s, 3H, CHs); 0,88 (br.t, 3H, CH,CHs, J= 7,0Hz). Phé *C-NMR (125
MHz, CDCls), dc, ppm: 210,8; 156,6; 144,1; 129,9; 129,6; 128,9; 128,8; 127,4;
126,2; 121,7; 112,6; 70,2; 67,2; 63,2; 52,0; 48,7; 34,1; 31,9; 31,5: 30,3; 30,1; 29,6;
29,3; 29,2; 29,1; 24,9; 22,6; 21,4; 14,1. Phé HRMS (ESI"), m/z: 579,2161 [M+H]*
va 611,2421 [M+CH3;OH+H]". Tinh toan cho cbng thac CsH3sN,0,S™: 579,2159
va cho cong thiac CsH3N,0S™: 611,2422.

0 0
+(17d)
H H +NH,OAc
—_—
EtOH/AcOH, A,
o o ~24h
K/ N \)
|
Ts

(72)

So d6 2.26. Tong hop N-Ts-(y-piperidino)azacrown ether (20d)
2.3.25. Tong hep 15-tosyl-30,32-diphenyl-12,18-dioxa-15,33-diazahexacyclo-
[27.3.1. 0%'1.0%%.0'9% 0%*?|tritriaconta-2,4,6,8,10,19(20),21,23,25,27-decaen-31-
one (20e)

San pham (20e), tinh thé mau tring, hiéu suat H% = 35,7%, t,, = 293 —
295°C, gi4 tri Ry = 0,40 (n-hexane:ethylacetate = 1:1). Phé IR (KBr), v(s), cm™:
3342; 3028; 2920; 1701. Phb H-NMR (500 MHz, CDCls, TMS), 6y, ppm, (J, Hz):
8,37 (d, 2H, Hyom, J= 9,0 Hz); 7,93 (d, 2H, Hyom, J= 8,0 HZ); 7,70 (d, 2H, 2xH*, J=
9,0 Hz); 7,65 (d, 2H, Hypom, J= 7,5 Hz); 7,56 (d, 2H, Hyom, J = 8,0 Hz); 7,46 (d, 2H,
2xHP, J= 9,0 Hz); 7,39 (t, 2H, Hpom, J= 8,0 HZ); 7,29 (d, 4H, Hyom, J= 7,0 Hz); 7,21
(t, 2H, Hyom, J= 7,0 HZ); 6,95 (t, 4H, Hyom, J= 7,5 Hz); 6,83 (t, 2H, Hyom, J= 7,5
Hz); 5,79 (t, 2H, H*, J= 11,5 Hz); 5,31 (d, 2H, H**%, J= 11,0 Hz); 4,75 (t, 1H,
NH*, J= 12,0 Hz); 4,64 — 4,67 (m, 2H, 2xH"); 4,56 — 4,59 (m, 2H, 2xH"®); 3,99 —
4,03 (m, 2H, 2xH'); 3,39 — 3,43 (m, 2H, 2xH™); 2,48 (s, 3H, CHs). Phb *C-NMR
(125 MHz, CDCly), d¢c, ppm: 154,0; 144,7; 132,4; 130,1; 129,5; 129,5; 128,1;
127,8; 127,4; 126,4; 126,2; 123,5; 123,0; 114,0; 67,6; 62,3; 61,8; 51,9; 21,5; 13,8.
Phdé HRMS (ESIY), m/z: 759,2892 [M+H]" va 791,2799 [M+CH;OH+H]*. Tinh
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toan cho cong thirc CugHisN,0sS™: 759,2887 va cho cong thiic CugHaN,OgS™
791,3149.

0 0
+(17€)
H H +NH,40Ac O
o
EtOH/AcOH, A,
o o ~24h
v M
|
Ts

(72)

So d6 2.27. Tong hop N-Ts-(y-piperidino)azacrown ether (20e)

2.3.26. Tong hop ethyl 31-oxo-15-tosyl-12,18-dioxa-15,33-diazahexacyclo-
[27.3.1.0°11.0%8.0'%% 0% tritriaconta-2,4,6,8,10,19(20),21,23,25,27-decaen-30-
carboxylate (20f)

o) o)
+(176) 05 A2!
H H + NH,OAc 4 SN 18
R . H
EtOH/AcOH, A,  § 8 14 17
o] o ~24h ¢ Q 0 6
I\/N\) % 13
Ts AT 20t
N
(7a) |
Ts

So dd 2.28. Tong hop N-Ts-(y-piperidino)azacrown ether (20f)

San pham (20f) dang tinh thé mau trang, hiéu suit H% = 26,2%, t,. = 178 -
180°C, gi4 tri Ry = 0,45 (n-hexane:ethylacetate = 1:1). Phd (KBr), v(3), cm™: 3350;
2981; 2927; 1732; 1707; 1622. Phd *H-NMR (500 MHz, CDCl3, TMS) 6y ppm: 8,27
(d, 1H, Hyom, J= 8,5 Hz); 8,10 (d, 1H, Hiom, J= 8,5 Hz); 7,75 — 7,79 (M, 3H, Hiom);
7,77 (d, 2H, 2xH®% J= 8,0 Hz); 7,70 (d, 1H, Hypom, J= 8,0 Hz); 7,50 — 7,56 (m, 2H,
Hirom); 7,37 (t, 2H, Hom J= 7,5 Hz); 7,32 (d, 2H, 2xHP, J= 8,0 Hz); 7,22 (d, 1H,
Hihom, J= 9,0 Hz); 7,18 (d, 1H, Hiom, J= 9,0 Hz); 5,45 (t, 1H, H®, J= 12,0 Hz); 5,20
(t, 1H, H', J= 12,0 Hz); 5,00 (t, 1H, NH®, J= 12,5 Hz); 4,64 — 4,67 (m, 2H, -O-CH,-
CH,); 4,58 (d, 1H, H*®, J= 11,0 Hz); 4,35 — 4,43 (m, 2H, 2xH™); 3,75 — 3,91 (m, 5H,
2x H*1%1); 355 (m, 1H, HY); 3,35 (t, 1H, Ha 2, J= 13,5 H2); 2,76 (d.d, 1H, He™,
J=14,0 va J = 3,0 Hz); 2,39 (s, 3H, CH3); 0,81 (t, 3H, CH,CHj;, J= 7,0 Hz). Phé *C-
NMR (125 MHz, CDCls), ¢, ppm: 168,9; 154,6; 154,3; 132,2; 131,5; 130,2; 130,0;
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129,7; 129,6; 129,5; 128,7; 128,2; 127,6; 127,1; 126,8; 123,9; 123,6; 122,2; 121,1;
114,3; 113,6; 68,9; 67,6; 62,5; 60,6; 57,6; 55,6; 52,2; 51,4; 46,5; 21,5; 13,7. Pho
HRMS (ESIY), m/z: 679,2474 [M+H]" va 711,2738 [M+CH;OH+H]". Tinh toan cho
cong thirc CagH39N,0,S™: 679,2472 va cho cong thirc CaoHasN,0gS™: 711,2735.

2.3.3. Azacrown ether tzr 1,5-bis(2-formylphensulfanyl)-3-oxapentane (10a)

Phwong phdp chung tong hop azacrown ether (21a-d)

Hon hop gom 1,0 mmol (0,346 g) podand 1,5-bis(2-formylphenthio)-3-
oxapentane (10a) va 1,0 mmol dan xuat ketone (17) [211,0 mg dibenzyl ketone
(17a), hoac 139,0 mg methyl benzyl ketone (17b), hoac 72,0 mg methyl ethyl
ketone (17c), hoac 125,0 mg ethylacetoacetate (17d)] va 10,0 mmol (770 mg)
amoniacetate dugc khudy déu trong hdn hop ethanol (10 ml)/acetic acid (0,3 ml) tai
50°C. Tién trinh phan tng duogc kiém tra bang phuong phap sac ky 16p mong TLC
sau khoang 24 gio phan ing xay ra hoan toan. Hon hop phan ung dugc lam lanh
dén nhiét @6 phong (25°C), dugc trung hoa bai K,COs, va duoc chiét véi dung moi
dichloromethane (3x30 ml). Dich chiét duoc 1am khd bang Na,SO, khan. Sau do,
dung moi dugce 1am bay hoi dudi ap suat thap. Tinh ché két tua thu duoc bang
phuong phap sic ky cot vai hé dung méi rira giai n-hexane/ethyl acetate (ty 16 twong
tng lan luot 12 4:1, 2:1, 1:1) va két tinh lai tir ethanol tuyét d6i thu duoc san pham
dithiaazacrown ether tinh khiét (21a-d).
2.3.3.1. Téng hep 22,24-diphenyl-8,14-dithia-11-oxa-25-azatetracyclo[19.3.1.0%" -
0"*]-pentacosa-2,4,6,15(20),16,18-hexaen-23-one (21a)

San pham (21a) dang tinh thé mau tring, hiéu suat H% = 34,5%, gia tri R; =
0.51 (n-hexane/EtOAC 1:3), t,c = 201 - 203°C. Phé IR (KBr), v(d), cm™: 3304;
3026; 2918; 2850; 1718; 1099. Phd *H-NMR (500 MHz, CDCls, TMS), 64, ppm,
(J, Hz): 7,65 (d, 2H, Hyoms J= 8,0 Hz); 7,31 (d, 2H, Hyom, J= 8,0 Hz); 7,22 (t, 2H,
Hiom, J= 7,5 Hz); 7,13 — 7,16 (M, 4H, Hyom); 7,05 — 7,10 (M, 8H, Huom); 5,77 (d,
2H, J= 11,5 Hz, 2xH>?Y); 4,25 (d, J= 11,0 Hz, 2H, 2xH*%*); 3,48 — 3,50 (m, 2H,
CH,); 3,05 — 3,09 (m, 6H, 3xCH,). Ph **C-NMR (125 MHz, CDCls), ¢, ppm:
227,5; 157,4; 144,0; 133,9; 133,6; 129,7; 128,0; 126,8; 111,2; 100,8; 68,5; 62,7,
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60,6; 37,4; 29,7: 22,3: 14.2. Phé HRMS (ESI*), m/z: 538,1355 [M+H]* va
560,1142 [M+Na]*. Tinh toan cho cong thic [Ca3H3NO,S,]™: 538,1869 [M+H]"
va cho cong thac [Ca3H3:NNaO,S,]": 560,1688 [M+Na]™.

+(17a)

H H +NH,0Ac
7 . H

EtOH/AcOH, A, s 14
8 8 ~24h o S S 16

‘\/0\) 9 13
wl I 21a

(0)

(10a)

So d6 2.29. Tong hop [(3,5-diphenyl)-y-piperidino]-4,12-dithia-8-azacrown ether (21a)
2.3.3.2. Téng hep 22-phenyl-8,14-dithia-11-oxa-25-azatetracyclo[19.3.1.0%" -
0"*]-pentacosa-2,4,6,15(20),16,18-hexaen-23-one (21b)

+ (17b)

H H +NH,0Ac 4
I A H

EtOH/ACOH, A, .
S S ~24h 6 S ST

‘\/0\) 9 13
wl Yo 2w

0O

(10a)

So d6 2.30. Tong hop [(3-phenyl)-y-piperidino]-4,12-dithia-8-azacrown ether (21b)
San pham (21b) dang tinh thé mau tring, hiéu suat H% = 26,8%, gié tri R; =
0.45 (n-hexane/EtOAc 1:3), t,, = 156 - 158°C. Phd IR (KBr), v(d), cm™: 3290;
3057; 2916; 2852; 1687; 1099. Phd *H-NMR (500 MHz, CHCIs, TMS), dn, ppm,
(J, Hz): 7,60 (br.d, J= 7,5 Hz, 1H, Hyom); 7,55 (d.d, J= 7,5 va J =1,0 Hz, 1H,
Hiom); 7,53 (d.d, 3= 7,5 va J = 1,5 Hz, 1H, Hyom); 7,32 (t.d, J= 7,5 va J = 1,5 Hz,
1H, Hyom); 7,24 — 7,28 (M, 2H, Hyom); 7,14 — 7,21 (M, 3H, Hyom); 7,02 — 7,11 (m,
4H, Hipom); 5,5 (br.s, 1H, Hpiperidone); 9,30 (br.s, 1H, Hyigeridone); 4,00 (d, 1H, J= 11,5
Hz, Hyiperidone); 3,48 — 3,56 (m, 2H, CH,); 3,03 — 3,18 (m, 7H, 3xCH, va Hy");
2,67 (d.d, 1H, J= 13,5 va J=3,0 Hz, He*"). Phd “*C-NMR (125 MHz, CDCly), dc,
ppm: 207,5; 144,1; 143,6; 135,0; 134,2; 133,7; 133,1; 129,7; 128,7; 128,2; 128,0;
127,8; 127,1; 126,9; 68,5; 68,2; 63,3; 47,5; 37,4; 37,3. Ph6 HRMS (ESI*), m/z:

462,1555 [M+H]". Tinh toan cho cong thirc [CoH,gNO,S,]™: 462,1556 [M+H]".
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2.3.3.3. Téng hegp 22-methyl-8,14-dithia-11-oxa-25-azatetracyclo[19.3.1.0%" -
0">?]-pentacosa-2,4,6,15(20),16,18-hexaen-23-one (21c)

+(17¢)
H H +NH,0Ac
. H
EtOH/AcOH, A, .
S S ~24h : S S v
\\/0\) 9 13
10 " 21c
11
O

(10a)

So d6 2.31. Tong hop [(3-methyl)-y-piperidino]-4,12-dithia-8-azacrown ether (21¢)

San pham (21c) dang tinh thé mau tring, hiéu suat H% = 30,8 %, gié tri R; =
0,47 (n-hexane/ethylacetate 1:1), t,. = 141 - 143°C. Phé IR (KBr), v(3), cm™: 3298;
3057; 2960; 2920; 2848; 1703; 1114. Phd *H-NMR (500 MHz, CHCl;, TMS), §,
ppm, (J, Hz): 7,49 — 7,56 (br.m, 4H, Hy,om); 7,23 — 7,30 (br.m, 4H, Hy,om); 5,01 (br.s,
1H, Hpigeridone); 4,86 (br.s, 1H, Hpiperidone); 3,52 — 3,56 (br.m, 2H, CH,); 3,05 — 3,16
(br.m, 7H, 3xCH,, H?); 2,97 (br.m, 1H, Hxy’"); 2,83 (br.s, 1H, He™); 0,83 (d,
3H,J= 6.5 Hz, CH3). Phé *C-NMR (125 MHz, CDCl;, TMS), 8, ppm, (J, Hz):
210,0; 144,2; 134,8; 134,3; 133,5; 133,3; 128,6; 128,0; 127,1; 115,2; 112,4; 101,7;
68,5; 68,4; 50,0; 47,4; 37,3; 20,2; 10,1. Pho HRMS, (ESI*), m/z: 400,1402 [M+H]"
va 432,1662 [M+MeOH+H]". Tinh toan cho cong thirc [C,HsNO,S,]": 400,1399
[M+H]" va cho cong thirc [Ca4H3oNO4S,]™: 432,1662 [M+MeOH+H]".
2.3.3.4. Téong hep 22-isopropyl-8,14-dithia-11-oxa-25-azatetracyclo[19.3.1.0%" .-
0"®]-pentacosa-2,4,6,15(20),16,18-hexaen-23-one (21d)

+(17d)
H H +NH,0Ac s
_ H
EtOH/AcOH, A, 8 14
S S ~24h ¥ S N
\\/O\) y ’
0 | i 21d
O

(10a)

Sor do 2.32. Téng hop [(3-isopropyl)-y-piperidino]-4,12-dithia-8-azacrown ether (21d)
San pham (21d) dang tinh thé mau tring, hiéu suat H% = 30,4 %, gia tri Ry
= 0,63 (n-hexane/ethylacetate 3:1), t, = 152 — 154°C. Phé (KBr), v(d), cm™: 3377;
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3057; 2972; 2927; 2856; 1697; 1112. Phd *H-NMR (500 MHz, CDCl;, TMS), 64,
ppm, (J, Hz): 7,54 (d, J= 7,5 Hz, 1H, Hyow); 7,46 — 7,50 (m, 3H, Hyom); 7,27 —
7,29 (M, 1H, Hyom); 7,20 — 7,25 (M, 3H, Hyom); 5,13 (d, J= 10,0 Hz, 1H, CH);
5,07 (d, J= 11,5 Hz, 1H, CH); 3,52 — 3,55 (m, 2H, CH,); 3,07 — 3,18 (6H, 3XCH,);
2.90 (t, J= 13,0 Hz, 1H, Hy2*); 2,75 (br.d, J = 10,5 Hz, J = 1H, H*); 2,47 (d.d, J=
14,0 va J= 3,0 Hz, 1H, He,?"); 1,68 — 1,73 (m, 1H, CH(CHs),); 1,03 (d, J= 7,0 Hz,
3H, CH,); 0,83 (d, J= 7,0 Hz, 3H, CHs). Phé *C-NMR (125 MHz, CDCls), 4,
ppm: 209,8; 145,2; 145,1; 144,8; 144,7; 134,7; 134,6; 133,7; 133,5; 128,9; 128,6;
128,3; 128,3; 68,8; 68,6; 60,4; 60,2; 56,9; 48,7; 37,7; 37,6; 26,8; 21,5; 18,8. Pho
HRMS, (ESI*), m/z: 428,1690 [M+H]" va 460,1954 [M+MeOH+H]*. Tinh toan
cho cong thiac [CHxNO,S,]™: 428,1712 [M+H]" va cho cbng thuc
[CosH34NO;S,]": 460,1975 [M+MeOH+H]".

2.3.4. Azacrown ether tzr 2,6-bis[(2-formylphenyl)oxymethyl]pyridine (13)

Phwong phdp chung tong hop cac san pham diazacrown ether (22a-f)

Hon hop gébm 0,25 g (0,72 mmol) podand 2,6-bis[(2-formylphenyl)-
oxymethyl]pyridin (13), va 1,1 mmol dan xuét ketone (17a-f) [231,0 mg dibenzyl
ketone (17a), hoac 147,0 mg methyl benzyl ketone (17b), hoac 80 mg methyl ethyl
ketone (17c¢), hoac 127 mg ethyl acetoacetate (17d), hoac 110,0 mg methyl isobutyl
ketone (17e), hoac 95,0 mg n-propyl methyl ketone (17f)], va 0,56 g (7.2 mmol)
NH,OAc dugc khudy déu trong hdn hop 20,0 ml EtOH va 1,0 ml CH;COOH tai
60°C. Tién trinh phan tng dugc kiém tra bang phuwong phap sic ky 16p mong TLC,
phan ung két thic sau khoang 11-20 gio. Hon hop phan tng duoc 1am lanh dén
nhiét d6 phong, ct loai bét dung mdi dudi ap suat thap. Sau do thém vao 30 ml
nuéc cat va trung hoa bang Na,CO;. Hon hop tiép tuc duoc chiét véi dung moi
dichloromethane (3x10 ml), dich chiét duoc rira boi dung dich NaCl bdo hoa va
duoc lam khd bang MgSO,. Dung mdi DCM dugc 1am bay hoi dudi ap suat thap va
két tua thu duoc dugc tinh ché bang phuong phap sac ky cot véi hé dung mdi ria
giai n-hexane/ethylacetate (1:1) va két tinh lai tir hé dung méi CH,Cl, thu duoc san

pham azacrown ether tinh khiét (22a-f).
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2.34.1. Tong hop 25-0x0-24,26-diphenyl-8,16-dioxa-27,28-diazapentacyclo-
[21.3.1.1'% 0%7.0'"*]octacosa-2,4,6,10,12,14,17(22),18,20-nonaen (22a)

San pham (22a) c6 dang tinh thé mau tring, hiéu suat H% = 45,3%, t,. = 238
- 239°C, gi4 tri Rf = 0,52 (n-hexane:ethylacetate = 1:1). Phé *H-NMR (500 MHz,
DMSO-Dg, TMS), oy, ppm, (J, Hz): 7,98 (br.s, 1H, Hyom); 7,59 (br.s, 2H, Hyom);
6,64 (br.s, 2H, Hyom); 6,90 (br.s, 2H, Hyon); 6,99 — 7,17 (br.m, 14H, Hyom 2XPh);
5,36 (br.s, 2H, H*®*); 5,15 (br.s, 2H, H®?'); 4,97 (br.s, 1H, H?®); 4,46 (br.s, 4H,
2xH**%). Phé BC-NMR (125 MHz, DMSO-Dy), dc, ppm: 157,2; 156,0; 137,6;
131,6; 129,3; 128,4; 127,3; 125,8; 121,1; 120,0; 111,8: 69,6; 69,0; 61,9. Phé HRMS
(ESI"), m/z: 539,2336 [M+H]" va 561,2139 [M+Na]". Tinh toan cho cong thuc
CasHz1N,03": 539,2329 va CygHaoN,05Na’: 561,2149. Cong thirc cau tao cua hop
chat (22a) duoc khang dinh bang phuong phap nhiéu Xa don tinh thé (X-ray).

o O
0 e Q00
13 OHC EtOH, CH;COOH N
Ph Ph
0 (22 a)
Sor dé 2.33. Téng hop pyridino[(3,5-diphenyl)-y-piperidino] -4,11-diazacrown ether (22a)

Bang 2.3. Diz liéu tinh thé hoc va cac thdng so toi wu héa cdu tric cua chdt (22a)

Ky hiéu chat 22a « 2CHCl,
Cong thirc phirc caa don tinh thé CagH3oN,03-2(CHCI,)
Khéi luong phan tir 777,36
Nhiét d6 khao sét (K) 120°K
Buéc séng 0,71073 A
Hé tinh thé Monoclinic
Nhom khong gian P2:/n
a, A 10,9906 (16),
b, A 19,149 (3),
c, A 34,090 (5)
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Ky higu chat 22a « 2CHCl,
p, deg 96,159 (2)
v, A3 7133,1 (18)
S6 phan tu trong mot 6 mang (2) 8
Khéi luong riéng (tinh toan) 1,042 g/mm®
Hé sé hap thu (1, mm™) 0,52
Tong s6 tia phan xa 46553
S6 tia phan xa doc lap 10332
S6 tia phan xa voi diéu kién I>26(I) 8144
Do sai lech R[F? > 2s(F?)] 0,107
Do sai léch wR(F?) 0,253

Két qua phan tich cac thong sé vé toa dd nguyén tir C, H; do dai lién két [A],
gia tri goc lién két [°], goc nhi dién cua hop chat (22a) dugc néu chi tiét trong phu
luc (bang phu luc 5.1). Thong s6 vé do dai lién két hydro duoc trinh bay trong phan
thao luan két qua.
2.3.4.2. Tong hop 25-oxo-24-phenyl-8,16-dioxa-27,28-diazapentacyclo-[21.3.1.
1014 027 0*"*?]octacosa-2,4,6,10,12,14,17(22),18,20-nonaen (22b)

g 4

o A 0
©: N :@ +(17b) + NH,0Ac
CHO OHC EtOH, CH;COOH

13

So d6 2.34. Tong hop pyridino[(3-phenyl)-y-piperidino]-4,11-diazacrown ether (22b)
San pham (22b) c6 dang tinh thé mau trang, hiéu suat H% = 40,1 %, t, =
211 - 212°C, gia tri Ry = 0,34 (n-hexane:ethylacetat = 1:1). Pho IR (KBr), v(9),
cml: 3263; 3057; 3028; 2920; 2872; 1710; 1593. Phd 'H-NMR (500 MHz,
CDCl3, TMS) 6y, ppm, (J, Hz): 7,78 (t, 1H, J = 8,0 Hz, Hyom); 7,30 (d, 2H, J =
8,0 Hz, Hom); 6,66 (t, 1H, J = 7,5 Hz, Hyom); 6,82 (d, 1H, J = 8.0 Hz, Hyom);
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6,95 — 6,99 (5H, m, 5xHpp); 7,05 (t, 2H, J = 7,5 Hz, Hypom); 7,12 (t, 2H, J = 7,5
Hz, Hiom); 7,28 — 7,34 (M, 2H, Huom); 5,17 — 5,25 (m, 4H, 2x H>'®); 4,34 —
4,37 (br.m, 3H, H**?, H*"); 3,37 (t, 1H, J = 13,0 Hz, H'); 2,68 (dd, 1H, J =
14,0 Hz, J° = 3,0 Hz, Hy?"); 1,26 (br.s, 1H, H*®). Phd *C-NMR (125 MHz,
CDCls), dc, ppm: 157,4; 157,1; 156,3; 156,1; 137,2; 136,6; 129,3; 129,1; 128,6;
127,8; 126,4; 121,4; 121,0; 120,9; 120,9; 111,9; 70,3; 69,9; 62,2; 47,5; 40,2;
40,1; 39,9. Phé HRMS (ESI"), m/z: 463,2019 [M+H]" va 4952275
[M+MeOH+H]". Tinh toan cho cong thirc CsoH,7N,05": 463,2016 va cho cong
thirc Cs3H3;N,O,4": 495,2278,

23.43. Téng hop  25-0x0-24-methyl-8,16-dioxa-27,28-diazapentacyclo-
[21.3.1.1%% 0%7.0'"*]octacosa-2,4,6,10,12,14,17(22),18,20-nonaen (22c)

0 I 0
©i N :@ + (17 ¢) + NH;OAc
CHO OHC EtOH, CH,COOH

13

So d6 2.35. Tong hop pyridino[(3-methyl)-y-piperidino]-4,11-diazacrown ether (22¢)

San pham (22¢) c6 dang tinh thé mau trang, hiéu suat H% = 28.8 %, t, = 217
- 218°C, gié tri R; = 0,61 (n-hexane:ethylacetate = 1:1). Phé IR (KBr), v(d), cm™:
3327; 3296; 3061; 2960; 2922; 2852; 1701; 1589. Phb *H-NMR (500 MHz, CDCls,
TMS), 6y, ppm, (3, Hz): 7,76 (t, 1H, J = 7,5 Hz, Hyom); 7,31 (d, 2H, J = 8,0 Hz,
Hihom); 6,95 — 7,00 (M, 4H, Huom); 7,25 — 7,29 (M, 4H, Huom); 4,21 (br.s, 1H, HY):;
3,70 (br.s, 1H, H*); 3,09 — 3,28 (br.m, 2H, 2x H*"); 2,58 (d, 1H, J = 13,0 Hz, H®);
1,72 (br.s, 1H, H®); 5,16 (s, 2H, 2xH®); 5,19 — 5,25 (br.m, 2H, 2x H'®); 0,83 (d, 3H,
J = 6,0 Hz, Hye). Phé *C-NMR (125MHz, CDCls), dc, ppm: 213,1; 157,3; 156,2;
156,0; 137,2; 129,2; 129,0; 121,4; 120,9; 111,9; 69,9; 65,6; 49,2; 11,0. Phé HRMS
(ESI"), m/z: 401,1863 [M+H]" va 433,2116 [M+MeOH+H]". Tinh toan cho cong
thirc Co5H,5N,05": 401,1860 va cho cong thiac CosHgN,O, " 433,2122.
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2.3.4.4. Téng hep ethyl 25-ox0-8,16-dioxa-27,28-diazapentacyclo-[21.3.1.
1914 027 0'"?]-octacosa-2,4,6,10,12,14,17(22),18,20-nonaen-24-carboxylate (22d)

0. A 0
©: N :@ + (17 d) + NH,0Ac
CHO OHC EtOH, CH;COOH

13

So d6 2.36. Tong hop pyridino(y-piperidino)-4,11-diazacrown ether (22d)

San pham (22d) c6 dang tinh thé mau trang, hiéu suat H% = 32,0 %, t,. = 198 -
199°C, gi4 tri R = 0,45 (n-hexane:ethylacetate = 2:3). Phé *H-NMR (500 MHz, CDCls,
TMS), oy, ppm: 7,76 (t, 1H, J = 7,5 Hz, Hy,om); 7,30 (d, 2H, J = 7,0 Hz, Hyom); 7,24 —
7,30 (M, 4H, Huom); 6,88 — 6,96 (M, 4H, Hyom); 5,13 — 5,21 (m, 4H, 2xH*%); 4,40
(br.s, 1H, HY); 4,17 (br.s, 1H, H*; 3,98 — 4,02 (br.m, 2H, -O-CH,CH); 3,21 (br.s, 1H,
H"); 2,57 (br.d, 1H, J = 14,0 Hz, H®); 1,03 (t, 3H, J = 7,0 Hz, -O-CH,-CHj). Phé **C-
NMR (125 MHz, CDCls), d¢c, ppm: 204,9; 169,1; 157,6; 157,1; 156,1; 155,9; 137,2;
131,9; 130,7; 129,4; 129,2; 127,4; 121,3; 121,0; 120,9; 120,8; 111,9; 111,9; 89,9; 69,9;
69,8; 62,6; 60,5; 46,8; 13,9. Phé HRMS (ESI*), m/z: 459,1920 [M+H]" va 491,2183
[M+MeOH+H]". Tinh toan cho cdng thiuc CyH»N,Os™: 459,1914 va cho cong thic
CgHa1N,Og": 491,2277.

2.345. Tong hep  25-oxo-24-isopropyl-8,16-dioxa-27,28-diazapentacyclo-
[21.3.1.1'% 0%7.0'"*]octacosa-2,4,6,10,12,14,17(22),18,20-nonaen (22€)

o A 0
@ N j@ +(17 ¢) + NH,OAc O
CHO OHC EtOH, CH;COOH

13

B

=
X
N
(0]
H
N

(22 ¢)

So dd 2.37. Tong hop pyridino[(3-isopropyl)-y-piperidino]-4,11-diazacrown ether (22€)
San pham (22e) cé dang tinh thé mau tring, hiéu suat H% = 36,1 %, t,. = 240

— 241°C, gia tri R; = 0,45 (n-hexane:ethylacetate = 1:1). Phé *H-NMR (500 MHz,

CDCl3, TMS), oy, ppm: 7,72 (t, 1H, J = 8,0 Hz, Hyom); 7,34 (br.s, 2H, Hyom); 6,91 —
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6,97 (M, 4H, Hyom); 7,18 — 7,43 (M, 4H, Hyom); 5,09 — 5,22 (br.m, 4H, 2xH**°):;
4,21 (br.s, 2H, H“*): 3,03 — 3,21 (br.m, 2H, 2x H?*); 2,50 (br.d, 1H, J = 13,0 Hz,
H®); 1,75 (br.s, 1H, H®): 0,79 (d, 3H, J = 7,5 Hz, Hy); 0,98 (d, 3H, J = 6,5 Hz,
Hwe); 1,75 (br.s, 1H, H-CH-isopropyt)- Ph6 **C-NMR (125 MHz, CDCy3), dc, ppm:
156,3; 156,0; 137,1; 129,1; 121,4; 120,9; 111,8; 69,8; 59,0; 29,7; 26,5; 20,6; 17,5.
Phé HRMS (ESIY), m/z: 429,2173 [M+H]", 451,2119 [M+Na]® va 461,2438
[M+MeOH+H]". Tinh toan cho cong thic Cy;HN,O3": 429,2173, cho c¢ong thirc
C,7H25N,NaO;": 451,1992 va cho cong thirc CogHssN,O4": 461,2435

2.34.6. Téng hop 25-o0x0-24,26-diethyl-8,16-dioxa-27,28-diazapentacyclo-
[21.3.1.1'% 0%7 0'"?*]octacosa-2,4,6,10,12,14,17(22),18,20-nonaen (22f)

0 0
@[ N ]@ +(171) + NH,0Ac
CHO OHC EtOH, CH;COOH

13

So d6 2.38. Tong hop pyridino[(3,5-diethyl)-y-piperidino]-4,11-diazacrown ether (22f)

San pham (22f) c¢6 dang tinh thé mau trang, hiéu suat H% = 26,2 %, t,. = 219
- 220°C, gié tri Rf = 0,38 (n-hexane:ethylacetate = 1:1). Phé *H-NMR (500 MHz,
CDCl3, TMS), oy, ppm: 7,78 (br.s, 1H, Hyom); 7,32 (d, 2H, J=8,0 Hz, Hyom); 7,20 —
7,29 (br.m, 4H, Hypom); 6,90 — 7,04 (br.m, 4H, Hyom); 5,09 — 5,21 (m, 4H, 2x H**):;
3,68 (br.s, 2H, H"*%); 3,17 (br.s, 2H, H®?"); 1,40 — 1,60 (br.m, 5H, H?®, 2x-CH,-
CHs); 0,65 — 0,80 (m, 6H, 2xHye). Phd *C-NMR (125 MHz, CDCls), ¢, ppm:
211,8; 157,8; 156,2; 137,2; 132,4; 128,9; 121,0; 120,7; 114,4; 111,7; 70,2; 69,9;
57,5; 29,9; 19.4; 11,8. Pho HRMS (ESIY), m/z: 443,2331 [M+H]". Tinh toan cho
cong thic CygHaN,O5': 443,2329.
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2.4. Tong hop azacrown ether méi chira di vong y-aminopiperidine trén co sé

ngung tu bit thwong trong diéu kién phan @ng da tic nhin Petrenko-

Kritschenko

Tong hep cac azacrown ether ¢d chira ddn xudt 4-amino-1,2,5,6-tetrahydropyridine
Trong diéu kién phan @ng Petrenko-Kritschenko va véi lugng du 16n tac

nhan amoniacetate, xuat phat tir cAc dan xuit acetoacetate, c6 thé thu dugc san 4-

amino-1,2,5,6-tetrahydropyridine thay thé cho san pham piperidin-4-one.

24.1. Téng hep ethyl 34-amino-12,15,18,21-tetraoxa-36-azahexacyclo-

[30.3.1.0%1.0%8.0%23 0** |hexatriacontane-2,4,6,8,10,22(23),24,26,28,30,33-

undecaen-33-carboxylate (23).

6
0
N ‘ NH,0Ac 7
H —
CH,COOH/ W
(3d) 1) EtOH " O O O O 23

0 23)

2

So d6 2.39. Tong hop [(4-amino)-1,2,5,6-tetrahydropyridino]-14-azacrown ether (23)

Hon hop phan tng gdm 200 mg (0,44 mmol, 1,0 equiv) podand (3d), 62,98
mg (0,484 mmol, 1,1 equiv) ethylacetoacetate (17d), 677 mg (8,8 mmol, 20 equiv)
ammoniacetate va 13,2 mg acetic acid bang (10,8 ml, 0,5 equiv) dun hoi luu trong 6
ml ethanol trong khoang 24 gio. Sau khi kiém tra bang sic ky I6p mong TLC va
thay phan w@ng xay ra hoan toan, hén hop phan ung dugc lam lanh dén nhiét do
phong, trung hoa bing K,CO; va dugc chiét bang ethylacetate (3x10 ml), ria dich
chiét bang nudc va lam kho bang Na,SO,. Dung méi ethylacetate dugc lam bay hoi
dudi &p suat thap va két tia duoc tinh ché bang phuong phap sac ky cot véi hé dung
moi rira giai ethylacetate:n-hexane (2:1). Sau khi két tinh lai trong methanol va
dichloromethane thu dugc 150 mg san pham (23) dudi dang tinh thé mau trang,

hiéu suat H = 60%, t,. = 186-188°C.
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Phé *H-NMR (500 MHz, CDCls, TMS), du, ppm, (J, Hz): 0,80 (t, 3H, CHs,
J=7,0 Hz ); 2,32 (dd, 1H, He,*, J= 15,0 Hz va J= 3,0 Hz); 2,76 (dd, 1H, H,>®, J=
14,0 Hz, J= 3,0 Hz); 3,70 — 3,74 (m, 4H, H'®*"); 3,78-3,81 (m, 4H, H**™): 3,88-
3,91 (m, 4H, H™*); 4,37-4,40 (m, 2H, CH,CH3); 5,10 (d, 1H, H*, J= 11,0 Hz);
5,19 (t, 1H, H*, J= 11,0 Hz); 5,42 (t, 1H, NH, J= 11,0 Hz); 7,17 (d, 2H, Hyom J= 9,0
Hz); 7,30-7,34 (M, 4H, Huom NH,); 7,39-7,43 (2H, Huon); 7,52-7,54 (M, 2H, Hyon);
8,19 (d, 2H, Hyom J= 9,0 Hz); 8,34 (d, 2H, Huem, J= 8,8 Hz). Phd *C-NMR (125
MHz, CDCly), dc, ppm: 13,6 (COOCH,CH3); 47,1 (COOCH,CH); 56,7 (C35);
58,0 (C1); 60,6 (C32); [62,4; 66,8; 67,0; 69,5; 69,7; 70,0] (6x-O-CH,-); 109,8
(C33); [112,6; 112,9; 119,5; 120,9; 122,0; 123,2; 123,4; 123,5; 126,8; 127,4; 128,3;
128,6; 129,3; 129,3; 129,9; 130,6; 131,9; 132,6; 15,4; 154,8] (20XCpaphino); 155,1
(C34), 169,1 (CO). Phd HRMS (ESI*), m/z: 569,2662 [M+H]*. Tinh toan cho céng
thirc Ca4H37N,Og", m/z: 569,2652. Cong thic cau tao cua hop chat crown ether (23)
duoc khing dinh bang phwong phap nhiéu Xa don tinh thé (X-ray).

Bang 2.4. Dir liéu tinh thé hoc va cac thdng sé téi wu héa cdu tric cua chdt (23)

Ky hiéu chat 2392CH;0H<H,0
Cong thiic phirc cua don tinh the CasHN,Og
Khdi lwong phan tir 618,71
Nhiét d6 khao sét (K) 100°K
Budc song 0,78790 A
Hé tinh thé Monoclinic
Nhom khong gian P2:/n
a, A 12,490 (3)
b, A 20,595 (4)
c, A 13,061 (3)
a, deg 90
S, deg 109,90(3)
7, deg 90
v, A° 3159,1(14)
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Ky higu chat 232CH;0H<H,0
S6 phan ti trong mot 6 mang (2) 4
Khdi lwong riéng (tinh toén) 1,301 g/mm°
Hé sb hap thu (i, mm™) 0,115
Tong so tia phan xa 27774
S6 tia phan xa doc l1ap 7317
S tia phan xa voi diéu kién I>26(1) 6533

Két qua phan tich cho cac thong sé vé toa do nguyén tir C, H; do dai lién két
[A], gié tri goc lién két [°], goc nhi dién caa hop chat (23) dwoc néu chi tiét trong
phu luc (bang phu luc 6.1 va bang phu lyc 6.2). Thong s6 vé do dai lién két hydro
duoc trinh bay trong phan thao luan két qua.
2.4.2. Tong hep benzyl 23-amino-8,14-dithio-11-oxa-25-azatetracyclo[19.3.1.-
0?"*.0">®|pentacosa-2,4,6,15(20),16,18,22-heptaen-22-carboxylate (24)

2 2 + NH,OAc 4
17g) 4
@f‘\H H)‘:© CH;COOH/
EtOH
o)

(10a)

So dd 2.40. Tong hop [(4-amino)-1,2,5,6-tetrahydropyridino]-4,12-dithia-8-azacrown ether
(24)

Hon hop phan ung gdom 0,30 g (0,87 mmol) podand 1,5- bis(2-
formylphenthio)-3-oxapentane (10a), 0,17 g (0,87 mmol) benzyl acetoacetate va
0,67 g (8,7 mmol) ammonium acetate duoc khudy déu va dun nong tai nhiét do
50°C trong 10,0 ml dung m6i ethanol vai s ¢c6 mat cua 0,3 ml acetic acid. Tién
trinh phan tng duoc kiém soat bang phuong phap sic ky 16p mong TLC. Sau khi
phan ang xay ra hoan toan, 1am lanh hdn hop phan ung téi nhiét &6 phong va trung
hoa bang dung dich K,CO5 bdo hoa. Sau khi trung hoa, hon hop dugc chiét véi

dichloromethane (3x30 ml) va 1am khé bang Na,SO,. Dung méi duoc lam bay hoi
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dué6i ap suat thap va két tua duoc tinh ché biang phuong phéap sic Ky cot, sau d6 két
tinh lai trong ethanol tuyét d6i. San pham (24) c6 dang tinh thé mau trang, hiéu suat
H% = 38,6%, gia tri R; = 0,62 (n-hexane:ethylacetate 1:1), t,. = 160 - 162°C.

Phd IR (KBr), v(J), cm™: 3251, 3197 (NH,, NH), 3020, 2929, 2841, 1674
(CO), 1066. Phd *H-NMR (500 MHz, CHCls, TMS), d4 , ppm, (J, Hz): 7,65 (br.s,
1H, Hyom); 7,47 (br.d, J= 7,5 Hz, 2H, Hyom); 7,27 — 7,35 (M, 5H, Hyom); 7,15 — 7,25
(M, 6H, Hyom); 6,92 (br.s, 2H, -CH,-0-CO-); 5,86 (br.s, 1H, NH); 5,60 (br.s, 1H,
Hoiperigine); 5,04 (d, J = 13,0 Hz, 1H, Hx’"); 4,91 (d, J = 13,0 Hz, 1H, He™); 4,58
(br.s, 1H, Hpiperigine); 2,60 - 3,69 (m, 8H, 4XCH,). Phé *C-NMR (125 MHz, CDCly):
oc ppm: 166,7; 154,2; 142,2; 137,3; 133,9; 132,6; 131,6; 129,2; 128,7; 128,0; 127,3,;
126,9; 125,9; 119,6; 93,9; 69,4; 67,3; 64,4; 61,0; 53,4; 43,7; 33,9; 33,6; 21,3. Phd
HRMS (ESIY), m/z: 519,1743 [M+H]", tinh todn cho cong thic [CagHa1N,05S,]":
519,1771 [M+H]".
2.43. Téng hep 31-oxo-12,15,18-trioxa-32,33-diazahexacyclo-[27.3.1.0>1.0%%
0" 02 Mtritriaconta-2,4,6,8,10,19(20),21,23,25,27-decaen-30-carboxamide (26)

(3b)
So d6 2.41. Tong hop [(5-amido)-y-1,3-diazino]-14-azacrown ether (26)

Phuong phép tong hop thuc hién twong tu qua trinh tong hop cac dan xuat
azacrown ether (18). San pham thu dugc c6 dang tinh thé mau trang, hiéu suat H%
= 44%, t,. = 250-251°C, gié tri Ry = 0,50 (n-hexane:ethylacetate = 1:1). Phd IR
(KBr), v(), cm™: 3336; 3298; 3194 (NH, NH,); 1680 (CO); 1645 (CO); 1620;
1595; 1465 (Ar); 1132; 1097; 1057 (C—O—C). Phd *H-NMR (500 MHz, CDCls), 4,
ppm (J, Hz): 3,60 — 3,66 (m, 3H, H*®, NH,); 3,93 — 4,00 (m, 2H, 2xH"); 4,09 — 4,16
(m, 2H, 2xH'®); 4,29 — 4,38 (m, 3H, 2xH' H®); 4,42 (br.d, 2H, J = 10.5, 2xH"®);
4,59 (br.s, 1H, NH); 5,69 (d, 1H, J = 10,5Hz, HY); 6,75 (br.s, 1H, NH*); 7,32 (t, 1H,
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J =70, Hyom); 7,37 (t, 1H, J = 7,5 Hz, Hyom); 7,40 (d, 1H, J = 9,0 Hz, Hyom); 7,44
(d, 1H, 3 = 9,0, Hyom); 7,53 (t, 1H, J = 8,0, Hiom); 7,58 (t, 1H, J = 8,0, Hiom); 7,79
(d, 1H, J = 8,0, Hypom); 7,83 (d, 1H, J = 8,0, Hyom); 7,86 (d, 1H, J = 9,0, Hypom); 7,95
(d, 1H, J = 9,0, Hypom); 8,30 (d, 1H, J = 14,0, H*®); 8,32 (d, 1H, J = 13,5, H%). Phd
BC-NMR (125MHz, CDCl), &, ppm: 57.2; 67,9; 69,0; 69,3; 71,3; 71,7; 72,4;
115,1; 115,4; 119,3; 120,5; 121,6; 123,6; 124,7; 125,4; 125,5; 129,0; 129,5; 130,5;
130,7; 131,4; 131,6; 132,5; 133,5; 134,8; 134,9; 157,1; 158,1; 175,2. Ph6 HRMS
(ESI"), m/z: 498,2008 [M+H]" va 520,1861 [M+Na]". Tinh toan cho cbng thuc
CaoH2sN305: 498,2023 va cho cdng thirc CogH»7N3NaOs: 520,1843.
2.5. Khao sat hoat tinh sinh hec cac hop chat tong hep dwoc
Khdo sét hoat tinh gdy dc té bao trén mgt sé dong té bao ung thw
a. C4c dong té bao dwec danh gia hoat tinh gay dc té bao dwec cung cdp tir phong
Sinh hgc Thuc nghigm — Vién Hoa hec cac Hep chat Thién nhién, gom:

I. FL (HeLa, Human cervix carcinoma): Ung thu tir cung

ii. MCF7 (Human breast adenocarcinoma): Ung thu biéu mé v

iii. RD (Human rhabdomyosarcoma): Ung thu mé lién két

iv. HepG2 (Hepatocellular carcinoma): Ung thu gan nguoi

v. Lul (Human lung adenocarcinoma): Ung thu phoi nguoi

vi. Vero cell line: té bao thudng tir than cua khi xanh truéng thanh chau Phi.
b. Méi trwong nudi cac dong té bao ung thuw

- Mbi truong 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 moi truong
DMEM (Dullbecco’s modified Minimum Essential Medium): 10% huyét thanh bé
tuoi, 1% dich khang sinh (PSF), 1% NAA.

- Dich khang sinh PSF: 100 don vi penixilin/ml, 100 g streptomyxin
sunfat/ml, 0,25 1g amphoterixin B/ml.

- bém PBS (phosphate bufferred saline, g/l): NaCl 8; KCI 0,2; Na,HPO, 1,15;
KH,PQO, 0,2; Khir tring 1 atm trong 30 pht.
C. Phuwong phdp thuc nghiém xdc dinh hoat tinh gdy déc té bao
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Nudi té bao ung thu in vitro theo Skehan va cong su [73]. Xéc dinh hoat tinh
gdy doc cac dong té bao ung thu theo phuong phap SRB cua Likhiwitayawuid va
cac cong su [57] dang duoc tién hanh tai Vién Nghién ctru Ung thu Quéc gia cua
M§ (NCI). Phuong phap nay da dugc phong Sinh hoc Thuc nghiém thudc Vién Hoa
hoc céc Hop chat Thién nhién (VAST) 4p dung tir nim 1996. Phép xac dinh gom
hai buédc nhu sau:

Buéc 1: Sang loc tim cac mau thir c6 hoat tinh

i. Chudn b; té bao

- Dong té bao dugc luu giit trong nito 1ong, hoat hda va duy tri trong cac moi
treong dinh dudng MEME, Eagle hoic DMEM c¢6 b6 sung huyét thanh bé tuoi 7-10%.

- Té bao dugc nudi trong cac diéu kién tiéu chuan (CO, 5%; d6 am 98%;
nhiét ¢6 37°C, vo trung tuyét ddi), té bao dugc hoat hoa 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 moéi trudng sach, dém sb luong, tao huyén dich té bao ¢
ndng do thi nghiém ( khoang 3-5x10* t& bao/ml tlly theo tirng loai té bao thur nghiém).

ii. Chuan bi mdu the

- Hoa tan mau thtr bang dung méi DMSO véi néng do 4 mg/ml dbi voi chat
thd, 2 mg/ml doi véi chat tinh.

iii.Tien hanh thi nghiém

- Nh¢ vao cac giéng cua phién thi nghiém theo dinh luong sau:

o Diy ddi ching am: DMSO 10%

o Diy ddi chimg dwong: chit chuan c6 kha ning diét té bao, elipitine hoic
colchicine, pha téi néng do 0,01 mM trong DMSO.

o Day thi nghiém: mau thir + dich huyén phu té bao

- Phién duoc u trong ta CO, & 37°C trong 3 ngay.

iv. Két thac thi nghiém va danh gid két qud

Té bao sau khi 1t 3 ngay duoc ¢b dinh bang dung dich TCA lanh. Rira, dé khd,
nhuém SRB 0,4% trong acetic acid 1% va rta lai bang acetic acid 1% dé loai mau
thira; dé kh, hoa lai bang dung dich dém trisbazo 10M trén may lic ngang.

Doc trén may ELISA & budc song 495-515 mm.
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Chii : Ludn phdi ¢6 phién ddi chimg cho heong té bio 6 thoi diém bét ddu thi
nghiém (ngay 0). Phién doi chitng ngay 0 ¢ chiza dich huyén phu té bao trong céc
giéng, dé ti am CO, ¢ 37°C trong 30 phut. Cach cé dinh va nhugm nhu trén.

v. Tinh két qua

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

- Giétri CS: 1a kha ning sdng s6t cua té bao & ndng d6 ban dau cia mau thr,
mau nao cho gia tri CS < 50% thi duoc danh gia 1a c6 hoat tinh.

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

0D (mau thitr) — 0D (ngay 0)
OD(DMSO) — 0D (ngay 0)

CS% = [ 100%| + 6

- Trong d6: OD: mat d6 quang  &: do léch tiéu chuan
o o duoc tinh theo céng thuc:

_ /(in—f)z
6= n—1

o Trong do: x; : gia tri OD tai giéng i
- X: gia tri OD trung binh

- n: s giéng thir lap lai

o CAac mau co biéu hién hoat tinh (CSs, < 50% + &) s& dwoc chon ra cho thi
nghiém budc 2 dé tim gia trj 1Cx.

Buée 2: Xac dinh gia tri 1Csg

- Dung gia tri CS% cuia 10 ndng d9, dya vao chuong trinh Table curve theo
thang gia tri logarit ciia duong cong phat trién té bao va nong do chat thir dé tinh gia
tri 1Csp.

Cong thtc: 1=a+blnX

<

o Trong d6: y: nong do chat thir
= X:Giatri CS (%)

- Cac mau thd c6 gia tri 1C5 < 20 pg/ml dugc coi la co hoat tinh.
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d. Két qud khdo sat hogt tinh gdy déc té bao cia cac hep chdt téng hep dwec

Bang 2.5. Két qud thir hoat tinh gdy déc té bao trén mét so dong té bao ung thu

Ty 18 song s6t cia cac dong té bao ung thw (%)

Ne H(ip (ng/ml) Cell survival (%) et lugn
chat HepG2 Lu-1 RD MCF-7 | HeLa (FL) Vero
0 | DMSO 100,0+0,0 | 100,0+0,0 | 100,0+0,0 | 100,0+0,0 | 100,0+0,0 | 100,0+0,0
0 chat 5 1,57+1,03 2,32+0,95 1,56+0,63 3,26+1,11 3,42+1,63 32,07£1,23
chung

L. 10a 20 11,741,00 |53,82+2,15 | 0,0+0,0 4,3612,66 N/A N/A Dwong tinh véi HepG2, RD va MCF-7
. 10b 10 3,4240,90 [48,25+0,91 | 13,54+1,67 |17,50£0,43 N/A 74,26+£1,41 | Dwong tinh véi HepG2, RD va MCF-7
B. 18a 10 8,09+2,42 N/A 94,57+1,00 |92,46+2,48 N/A N/A Am tinh
i 18c 10 62,45+2,73 N/A 56,01+1,46 |79,42+0,25 N/A N/A Am tinh
D. 18d 10 68,65+1,34 N/A 98,97+£1,22 |99,77+0,05 N/A N/A Am tinh
. 18e 10  [98,82+0,95 |98,47+0,67 | 99,45+0,48 |94,95+1,15 N/A N/A Am tinh
/. 18f 10 49,78+1.07 |30,41+2,38 | 30,22+0,79 |15,47+1,62 N/A N/A Dwong tinh véi HepG2, Lu-1, RD, MCF-7
B. 19a 10 |96,97+1,68 |98,36+0,52 | 85,07+1,91 |99,45+0,12 N/A 99,1340,85 Am tinh
. 19b 10 |81,58+2,76 |97,63+0,88 | 90,33+3,02 |98,85+0,52 N/A 88,23+2,52 Am tinh
10. | 19c 10 88,47+1,67 |96,42+2,51 | 92,79+2,55 |98,72+0,36 N/A 74,67+0,95 Am tinh
11. | 19d 10 0,6040,33 0,0£0,0 0,0£0,0 15,39+1,52 N/A 63,87+1,02 Dwong tinh véi HepG2, Lu-1, RD, MFC-7
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Ty 18 song s6t cia cac dong té bao ung thw (%)

Ne H(ip (ng/ml) Cell survival (%) et lugn
chat HepG2 Lu-1 RD MCF-7 | HeLa (FL) Vero
12. | 19e 10 99,24+0,44 |98,95+1,03 | 95,57+2,17 |99,07+0,59 N/A 99,88+0,12 Am tinh
13. 19f 10 95,55+1,84 |99,95+0,05 | 97,01+1,37 |98,87+0,80 N/A 87,28+2,41 Am tinh
14. | 20a 5 97,65+£2,21 |98,16+0,39 | 96,33+1,41 |99,30+0,87 | 99,14+0,72 | 93,56+1,98 Am tinh
15. | 20b 5 98,06+1,28 |97,92+1,55 | 99,02+0,67 |96,14+1,62 | 97,56+1,70 | 85,34+2,32 Am tinh
16. | 20c 10 92,48+1,34 |86,96+1,29 | 99,194+0,51 |99,35+0,57 N/A N/A Am tinh
L7. | 20d 5 31,29+2,09 |48,61+1,65 | 99,22+0,34 |84,12+2,27 | 97,33+0,91 | 95,79+1,57 | Dwong tinh véi cac dong HepG2 va Lu-1
18. | 20e 5 99,12+0,57 |96,89+2,51 | 98,39+1,12 |98,77+1,60 | 99,60+0,14 | 92,98+2,08 Am tinh
19. 20f 10 99,02+0,31 |99,84+0,09 | 98,93+1,03 |98,77+1,46 N/A N/A Am tinh
0. | 2la 10 99,49+1,17 |95,43+2,29 | 99,24+1,62 |83,42+2,29 N/A 52,76+1,36 Am tinh
1. | 21b 20 93,62+1,77 |77,07+£1,69 | 65,71+0,82 |96,15+1,52 N/A N/A Am tinh
p2. | 21c 20 |98,43+0,66 [91,13+1,63 | 92,86+1,35 |89,23+1,56 N/A 99,7540,22 Am tinh
3. | 21d 10 49,61+2,30 (63,89+1,08 | 67,35+3,00 |49,69+1,51 N/A 39,89+1,16 | Dwong tinh véi HepG2, MCF-7 va Vero
P4. | 22a 10 96,90+1,05 |87,25+0,71 | 92,45+2,13 |84,07+2,01 N/A 82,08+2,71 Am tinh
P5. | 22b 10 |97,25+2,66 |99,65+0,34 | 98,62+1,24 |93,37+1,77 N/A 95,3740,35 Am tinh
P6. 24 10 98,57+0,74 |97,59+0,72 | 97,95+2,10 |92,32+1,66 N/A 57,03+1,53 Am tinh
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Bang 2.6. Két qud ddnh gid hoat tinh gdy déc té bao theo chi sé 1C50

Dong té bao, Gia tri 1Csg

Ne Mau HepG2 Lu-1 RD MCF-7 Vero

pg/ml | pM | pg/ml | pM | pg/ml | M | pg/ml | M pg/ml
0 | Chatchung | 0,28 0,49 0,23 0,47
1. 10a 2,16 | 597 | N/A - 0,76 | 2,10 | 4,43 | 12,23 N/A
2. 10b 399 |10,23| 8,28 | 21,23 | 448 | 11,49 | 6,37 | 16,33 | N/A
3. 18f 9,92 | 195 | 4,85 9,5 6,25 | 128 | 3,82 7,5 N/A
4. 22d 6,36 | 13,88 | 2,93 | 6,40 | 2,09 | 4,56 | 589 | 12,86 N/A
S. 20d 432 | 747 | 464 | 8,03 | N/A - N/A - N/A
6. 21d 9,87 | 2311 - - - - 9,92 | 23,23 9,62

Khdo sét hoat tinh khang vi sinh vt kiém dinh
a. Phwong phdp khdo sét hoat tinh khang vi sinh vét kiém dinh
Hoat tinh khang vi sinh vat kiém dinh duoc tién hanh dé danh gia hoat tinh
khang sinh cua cac mau chiét duoc thuc hién trén phién vi lugng 96 giéng (96-well
microtiter plate) theo phuong phap hién dai ctia Vander Bergher va Vlietlinck
(1991) [86] , va McKane va Kandel (1996) [61].
b. Cac ching vi sinh vat kiém dinh
+ Vi khuan Gr (-): - Escherichia coli (ATCC 25922)
- Pseudomonas aeruginosa (ATCC 10145)
+ Vi khuan Gr (+): - Bacillus subtillis subsp. spizizenii (ATCC 6633)
- Staphylococcus aureus subsp. aureus (ATCC 25923)
+ Nam soi: - Aspergillus niger (ATCC 6275)
- Fusarium oxysporum (ATCC 7601)
+ Nam men: - Candida albicans (ATCC 10231)
- Saccharomyces cerevisiae (VTCC-Y-62)
c. Doi chitng dwong tinh
+ Streptomycin cho vi khuan Gr (+)
+ Tetracyclin cho vi khuan Gr (-)

+ Nystatin hoic Amphotericin B cho ndm soi va nim men.
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Khéang sinh pha trong DMSO 100% véi néng dé thich hop.

d. Péi chirng am tinh
Vi sinh vat kiém dinh khdng tron khang sinh va chat thur.

+ MBbi truong duy tri va bao tdon giéng: Saboraud Dextrose Broth (SDB-
Sigma) cho ndm men va nim méc. Trypcase Soya Broth (TSB-Sigma) cho vi
khuan.

+ MBbi trudng thi nghiém: Eugon Broth (Difco, M) cho vi khuan, Mycophil
(Difco, M¥) cho nam.

e. Tién hanh thi nghiém

+ Cac chung kiém dinh dugc hoat héa va pha lodng theo tiéu chuan
McFarland 0,5 rdi tién hanh thi nghiém.

+ Cac phién thi nghiém trong tu 4m 37°C/24 gio cho vi khuan va 30°C/48 gio
dbi véi nAm sgi va nam men.

f. Tinh két qud

+ Nong dé wc ché toi thieu (MIC-Minimum Inhibitory Concentration) cua

mau: Cac mau duoc pha lodng theo cac thang nong do thap dan, dé tinh nong d tc

ché t6i thiéu (MIC) 1a ndng do ma & dé vi sinh vat bi &c ché gan nhu hoan toan.
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g. Két qud tha vi sinh vt

Bang 2.7. Két qud ddnh gid hoat tinh khang vi sinh vt kiém dinh theo chi sé nong dé MIC

Ky Nong dé Nong dé wc ché téi thidu (MIC, pg/ml)
ST | hjgy | daucua Vi khuan Gr(-) Vi khuan Gr(+) Nam méc N4Am men Nhan xét
T % mau
mau (ug/ml) E coli P._Aeru- B_. _ S. A F. Oxy- S: _ C
Kg ginosa subtillis | aureus | niger | sporum |cerevisiae | albicans _
1 15a 100 () () () () () ) ) ) Am tinh
2 15b 100 () () () () () () () () Am tinh
3 16a 100 () () () () () () () () Am tinh
4 | 16b 100 () () () () () () () () Am tinh
5 16¢ 100 () () () () () ) ) ) Am tinh
6 18a 50 () () () () () () () () Am tinh
7 18b 50 () () () () () () () () Am tinh
8 |18 | 50 () Q Q CEECHENS Q () | Duongtinh
véi mot
9 | 18d 50 () () () () (+) () () () chiing VSV
10 | 18e 50 () ®) ®) O 1O 06 ®) ®) Am tinh
11| 18f 50 () ) ) O 1O 06 () () Am tinh
12 [ 22a| 100 () () () 0O 60 6 () () Am tinh
13 | 22b | 100 () () (+) O | ®] 6 () () | Duongtinh
véi hai ching
14 | 22 100 ) Q) (+) Q) (+) Q) ) ) VSV
15 [22d | 100 ) ) ) O[O O ) ) Am tinh
16 | 22e 100 () () () () () () () () Am tinh
17 | 22f 100 () () () () () () () () Am tinh

Céc thir nghiém hoat tinh sinh hoc in vitro cic dan xuat trong luan an duogc thuc hién tai phong thi nghiém Sinh hoc

Thuc nghiém - Vién Hoa hoc cac Hop chat Thién nhién- Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
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CHUONG 3 - KET QUA VA THAO LUAN

Noi dung nghién cru caa luan an tap trung vao xay dung chién luoc tong hop
cac hop chat diazacrown ether méi trén co s& phan tng ngung tu da tic nhan
Petrenko-Kritschenko, nghién cttu khang dinh cau tric cua cac san pham tong hop
duoc bang cic phuong phap hoa 1y hién dai va khao sat danh gia hoat tinh sinh hoc
ctia mot s hop chat méi thu dugc.

Xuat phét tir noi dung nghién cu, luan an dé ra cac nhiém vu chinh:

a. Tong hop céc dan xuat podand 1am tién chat cho cac phan tng ngung tu da
tic nhan: 1,5-bis(2-formylphenoxy)-3-oxapentane; 1,5-bis(1-naphthaloxy)-3-
oxapentane; podand 1,8-bis(1-naphthaloxy)-3,6-dioxaoctane; N,N-bis(2-
formylphenoxyethyl)-N-tosylamine; N,N-bis(1-naphthaloxyethyl)-N-tosylamine,
1,5-bis(2-formylphenthio)-3-oxapentane, 1,8-bis(2-formylphenthio)-3,5-dioxa-
octane; 2,6-bis[(2-formylphenyl)-oxymethyl]pyridine.

b. Tong hop céc chat ngung tu croton ¢6 chia cau chiic nhém E-chalcone.

c. Ap dung phan tmg ngung tu da tac nhan Petrenko-Kritschenko, tong hop
cac dan xuat azacrown ether c¢d chaa di vong y-piperidone hoic vong diazine hoic
hop chat diazacrown ether ¢ chira déng thoi di vong y-piperidone va pyridine.

d. Xac dinh va nghién ctu ciu trdc mot s san pham chuyén hoa dic biét
trong diéu kién phan &ng tong hop cac azacrown ether.

e. Xéac dinh cau tric cac san pham tao thanh bang cac phwong phap héa 1y
hién dai: IR, NMR, HPLC-MS, dic biét bang phuong phap nhidu xa don tinh thé
(X-ray).

f. Khao sat hoat tinh sinh hoc ciia mot s6 san pham thu duoc: danh gia hoat
tinh khang nam, khang khuan, ... va hoat tinh gdy doc té bao trén cac dong té bao
ung thu va té bao thuong.

Chién luoc nghién cau tong hop cac hop chat podand, san pham ngung tu

croton va cac hop chat azacrown ether mai duoc thé hién qua cac so do sau.

81



OH
< +2TsCl1(5) OTs OTs

NH —_— N

Et;N, |
DCM Ts
OH (6) 0
“ o Ts= Me—< >—§—
(6]

K,CO3, . H
DMF ol
(1a,b)
K,CO4/KI K.CO SH
DMF -3
S DMSO
115-120C 110°-115° (9ab) n
(2a,b) A

N (1a,b)
Il

(3a-c, 7a,b, 10a,b)

X_sz_g,A C6ﬂ4110 n=1.

N\ + 2TsCl (5) H cho:;,
M
NaOH | MecN N
7 THF, 0°C | S (13)
(11) (12) (1a) /

So d6 3.1. Tong hop céc tién chét podand chira hai nhom aldehyde
(V4



[0}

(0} o

H H O O

R Y H

% v (14a,b) X

L&/X\ﬁ) CH;COOH, reflux R Z n N h

n [¢) (15a,b,16a,b) o
(3a, 10a) trans - isomer
14a: R =H; 14b: R = 0-Cl;

X=0.Y=S.16a:n=1,R=H; 16b:n=1,R = 0-Cl

So dd 3.2. Phan tmg ngung tu croton cac hop chat podand (3,10) — tong hop c4c dan xuét

(15,16) chira nhom E-chalcone

R]\)k/RZ
17 a-f)
o} N 0
+NH4OAc
H H
EtOH, A,
4-6h
Y Y

(18a—f, 20a-f, 21a-c)

10a:n=1;10b: n=2.
X=Y=0. A = C|(Hg: 18a, 17a: R| =R, = Ph; 18b, 17b: R; = H, R, = Ph; 18¢, 17¢: R, = H, R, = -CH3;

18d, 17d: R, = H, R, = -COOE; 18e, 17¢: R, = H, R, = (CH;),CH-; 18f, 17f: R, = R, = -CH,CHj

20d: R,= H, R, = -COOE;
X =N:-Ts. Y = 0, A = C;Hg;: 20¢: R;=R,=Ph; 20f: R,= H, R, = -COOEt;

AZIN=1S5, X 7V AL

21d: R, = H, R, = (CH,;),CHj-;

So d6 3.3. Chién luoc tong quét tong hop cac y-piperidinoazacrown ether

(¢}

Rl\)k/RZ

(17 a-f)

CHO OHC
C[ D +NH,OAc
—_—
N EtOH, AcOH
O = | O

X
a3)

17a, 22a: R, = R, = Ph; 17b, 22b: R, = H, R, = Ph; (22 a-f)
17¢, 22¢: R, = H, R, = CHy; 17d, 22d: R, = H, R, = COOE¢;
17¢, 22¢: R, = R, = -CH,CHy; 17f, 22f: R, = H, R, = (CH;),CH-

So d6 3.4. Chién luoc tong quét tong hop (pyridino)-y-piperidinoazacrown ether
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O (6]

6

(25)
O
+NH4OAc 7
H H
O Toona
O

o

(3b)

So d6 3.5. Chién luoc tong hop [(5-amido)-y-1,3-diazino]-14-azacrown ether

Ry R,

(17 ¢)
S LY e AT LT
+ NH,OAc

H —_—
o o 4 - 6h z/ \;

O

K/O\)(slb) (19)
So dd 3.6. Crown ether chita nhdm dienone (19) — san pham phu cia qué trinh tong hop
azacrown ether theo Petrenko-Kritschenko

T

0 0
(102) )J\/”\ (3d)
- /R —_—
CH;COOH/ Y CH;COOH/
EtOH (17d, g) EtOH
17d: R = Et;

17g: R = C4H;-CH,- (Benzyl)

So dd 3.7. Tong hop cac dan xuét [(4-amino)-1,2,5,6-tetrahydropyridino]azacrown ether
(23,24)
3.1. Tong hep cac dan xuat podand chira hai nhom aldehyde
C4c tién chit podand, cho cac phan ung ngung tu croton va phan tng ngung

tu da tac nhan, duoc téng hop trong luin an déu co dic diém chung la cac nhom thé
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dau va cudi mach podand déu c6 chira nhém chirc arylaldehyde, va trong luan an
duoc goi chung 1a cac hop chét podand dialdehyde (hinh 3.1).
O O o) 0
Jeekoo il oICe
Y Y 0 "N N
. Ach
(3a-c, 7a,b, 10a,b) 13)
Hinh 3.1. C4c tien chat podand véi hai nhdm chezc arylaldehyde

Véi dic trung c6 chira cac nhom aldehyde twong dbi hoat dong vé mat hoa
hoc, nén céac hop chat dialdehyde (3,7,10 va 11) 1a d6i twong nghién ctu cua cac
phan ing ngung tu trén co s nhom arylaldehyde nay.

3.1.1. Téng hep podand 1,5-bis(2-formylphenoxy)-3-oxapentane (3a), podand 1,5-
bis(1-naphthaloxy)-3-oxapentane (3b) va podand 1,8-bis(1-naphthaloxy)-3,6-
dioxaoctane (3c)

Céc hop chét podand véi mach polyether (3) duoc tong hop tir cac tién chat
2-hydroxybenzaldehyde (1a) hoac 2-hydroxy-1-naphthaldehyde (1b) khi ngung tu
véi dichlorodiethyl ether (2a) hoac 1,8-dichloro-3,6-dioxaoctane (2b) trong moi
treong kiém manh véi sy ¢6 mat caa mudi KI theo so d6 3.8.

Phan tmg duogc thuc hién trong dung méi DMF khan tai nhiét 6 khoang
120°C véi su ¢d mit ddng thoi céc tac nhan Kl va K,CO3 khan. Sau khoang 13 gio,
hdn hop phan Gng chuyén tir mau vang chanh sang mau dé nau, khi d6 phan tng
xay ra hoan toan (kiém tra biang phuong phap sic ky 16p mong). Hn hop phan tng
duoc 1am lanh dén nhiét 46 phong va d6 vao binh chira 800 ml nudc da (nhiét do
khoang 0 — 4°C) s& thu duoc két tia mau doé nau. Loc rira két taa trén phéu loc
Biichner va két tinh lai tir ethylacetate thu dugc céc san pham podand vai hiéu suat
dat duoc lan luot 1a H% = 53% (podand 3a), H% = 75% (podand 3b) va H% = 82%
(podand 3c).

Khao sat diéu kién téi uu, xac dinh dwoc ring su c6 mit cua nudc s& l1am
giam hiéu suit tao thanh san phan podand cua phan tng, dong thoi san pham tao

thanh dudi dang dau, khé phan 1ap. Néu nhiét d6 phan tng duéi 100°C thi phan tng
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s& khéng xay ra hoac hiéu suat rat thdp. CAu tao cta céc hop chat (3a-c) duoc khang
dinh bang cac phuong phap phd hién dai nhu IR, *H-NMR, *C-NMR va HRMS.
Trong d6 hop chat (3a) twong ddng véi cac thong sé tai cac tai lieu tham khao
[51,52].

cl
0
\—ci { :[ 0 o? I ?
0
H (Sa b)
5 KI, K,CO4
DMF, 120°C (\c1
OH 5
[ —
A (1a,b) [
0
K/a

3a: A = CgHy; 3b: A = CoHg; 3¢t A = CyoHg; <—0 (3) o
C

So d 3.8. Tong hop cac podand (3a-C)

sl

e e e I n

TR TR FTAva Frava rera i

Lig

ITRITETRITENY

459.07

47025
- - ax 24103 274.30 309.14  332.32 ; . 431.08 504.06
171.05 ms'ou 215.05 I \ = L N ; Y W5 ey [ ’ 362.31 39194 2 | '
200 250 300 aso 400 450 500
milz

Hinh 3.2. Phé khéi liwong ciia hop chdt (3c)
Trén phd hdéng ngoai cac hop chat (3b) va (3c) dé dang nhan thay tin hiéu

mrmm

dic trung cho dao dong hda tri caa nhém carbonyl (CO) véi cudong do manh lan
lwot twong wng tai 1663 va 1665 cm™. Phé khéi luong (ESIY) cua hop chat (3b) cho
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gia tri [M+H]" = 415,22 twong tng v&i cong thirc phan tir cua (3b) 1a CysHpOs.
Trong khi d6 pho khéi luong (ESI™) cua hop chét (3c) cho cac tin hiéu ion gia phan
ter 1an luot [M+H]" = 459,07 (tng vai cdng thirc CpgH706"), [M+Na]* = 481,05
(Gng Véi cong thic CogHpsOsNa* Véi cuong do 100%) va gia tri [M+K]* = 496,99
(ttng v&i cong thitc CygH2606K™) (hinh 3.2).

- -
COATN S o= MO W o a9 oF c9 &N N

.............

M I |

BEEIEE =B
1 10 N N 7 “ s M 3 2 1 ppm
Hinh 3.3. Phé 1H-NMR cza hep chat (3c)
Trén phd cong huong tir hat nhan cac hop chat (3b) va (3c) dé dang nhan

thay tin hiéu cong hudng dic trung cua hai proton thudc hai nhém aldehyde (CHO)
dudi dang singlet lan luot tai 6 = 10,85 ppm va J = 10,93 ppm twong ung. Di V4i
hop chat (3b), tin hiéu cong huong cua proton nhdm methylene (-CH,-) lan luot tai
3,93 — 3,94 ppm va 4,33 — 4,35 ppm dudi dang hai tin hiéu multiplet (mdi tin hiéu
tuong tng v4i 4H). Bdi vai hop chat (3c) khi mach polyether duoc kéo dai thém 2
nhom methylene, thi cac Huethyiene Ciia mach Ar-CH,-CH,-O-CH,-CH,-0O-CH,-CH,-
O-Ar cho ba cum tin hiéu cong hudng dudi dang multiplet tai 3,76 — 3,77 (m, 4H, -
O-CH,-CH,-0O-) va 3,91 — 3,94 [m, 4H, 2x(-CH,-CH,-O-CH,-)] va 4,35 — 4,37 [m,
4H, 2x(-CH,-0-CgHy-)] (hinh 3.3).
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Bén canh d6, ciu tao cua hop chat (3c) ciing dugc chitng minh bing phuong

phap nhiéu xa don tinh thé (hinh 3.4).

Hinh 3.4. Cdu trac phan tiz cia podand (3c)

3.1.2. Téng hep podand N,N-bis(2-formylphenoxyethyl)-N-tosylamine (7a) va podand
N,N-bis(1-naphthaloxyethyl)-N-tosylamine (7b)

Véi muc tiéu tong hop cac hop chat podand, trong d6 nguyén tir nito (N) s&
thay thé nguyén tir oxy trung tam cua chudi polyether, chung t6i da phat trién dinh

huéng téng hop theo so do sau.

0o
H
OH
+2TsCl (5) OTs OTs (1a,b) H H
—_—

(4?H o (6)S 0 K/IT\)
s Me_®_§_ (7T:,b)
So d6 3.9. Pinh hudng téng hop cac podand (7a,b)

Céc podand (7) dugc tong hop qua hai giai doan dya trén tai liéu tham khao
[94,95]. Xuit phét tir tic nhan diethanolamine (4), sau khi twong tac voi 4-
toluenesulfonyl chloride (5) trong dung mdi DCM véi sy cd mat cua triethylamine
s& thu duoc san pham trung gian N,N-bis(2-tosyloxyethyl)-N-tosylamine (6). Tiép
theo tir san pham trung gian (6) khi twong tac v&i 2-hydroxybenzaldehyde (1a),
hoic 2-hydroxy-1-naphthaldehyde (1b) trong mdi trudong kiém (hé K,CO4/DMF)
chung ta thu dugc cac podand N,N-bis(2-formylphenoxyethyl)-N-tosylamine (7a)
va N,N-bis(1-naphthaloxyethyl)-N-tosylamine (7b) twong tng (so d6 3.9).

Cong thic cau tao cua cac hop chit (7a,b) duwoc chiing minh bang cac
phuong phap IR, NMR va MS. Cy thé, trén phd héng ngoai hop chét (7a) dé dang
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nhan thdy dic trung ro nét cua dao dong hoéa tri caa nhém CO tai 1668 cm™.

N 2 —
‘m_w
%T_ l ,ngg
- N 835g
80— § " §8
| I
d 5 N &
e g |
60_
1 g =18 |3
L] *ild § offV ¢
. ¢ syl |4 e« @
- ® 3 28 ~ § R R
- & | °:° alg 2 J} ~ 0
40 "o - 23 o 8 \
| ) "3 L
2 g & g 8
E ¥ e v
- 3
- g
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Hinh 3.5. Phé hong ngoai hop chat (7a)
2 W ™M O O M 0N WO O ep GO S0 U 0D L= - - B s B s B —
bt EErESRAEgaRZEEER G882k A
= Fedddadedddd s - o e e ~
I
CHO OHC

— . _._Jh_/ L_}.__.JJL__.
| El =
Hinh 3.6. Phé 1H-NMR cua hop chdt (7a)

Trén phé cong huwong tir hat nhan *H-NMR, tin hiéu cong huong caa proton

nhom aldehyde dudi dang singlet tai 0 = 10,28 ppm véi cuong d6 tuong tng 2H.
Céc proton nhan thom cdng huong trong khoang 7,75 — 6,09 ppm, trong d6 dé dang
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nhan thay tin hiéu cong huéng cua hai cip proton Hi414 Va Hys s tai 6 = 7,70 va
7,21 ppm tao thanh hiéu tng “mai nha” vai hang sb twong tac J = 8,0 Hz. Tin hiéu
cong huong cua tam proton methylene dudi dang triplet, dé dang nhan thay tai 6 =
3,78ppm (-CH,-N(Ts)-CH,-) va § = 4,30ppm (2xO-CH,-). Ngoai ra, sy xuét hién
cua tin hiéu cong huong tai d = 2,36ppm dudi dang singlet voi cuong d6 3H khang
dinh sy ¢6 mat cua nhém CHs cua cdu phan N-Ts trong phan tu.

Phé khéi Iwong (ESI) ciing cho tin hiéu ion gia phan ti [M-H] = 466, tuong
g vai cong thic phan tir CysHsNOgS. Cau tao cia hop chét (7a) ciling duoc

khing dinh chic chian bang phuong phap nhiu xa don tinh thé (X-ray).

Hinh 3.7. Cdu tgo phan ti cua chdt (7a) theo da ligu phan tich nhiéu xa don tinh thé
Cong thirc cau tao cua hop chat (7b) ciing duoc khang dinh bang phuong
phép phé IR, *H-NMR va MS. Tuong ty podand (7a), phd cong huong tir hat nhan
'H cho tin hiéu cong huong cua proton nhom aldehyde dudi dang singlet tai 6 =
10,77 ppm Vvéi cuong do tuong ung 2H. Mudi sau (16) proton nhan thom cong
huong trong khoang 9,10 — 7,17 ppm, trong d6 d& dang nhan thay tin hiéu cong
huong dang AA’BB’ cua hai cap proton Hg g va Hig 1o lan luot tai 0 = 7,67 va
7,21 ppm V&i hiéu tng “mai nha” va hang sb twong tac J = 8,0 Hz. Tin hiéu cong

huong cua tam proton methylene dudi dang triplet, dé dang nhan thay tai 0 = 3,79
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ppm (-CH,-N(Ts)-CH,-) va d = 4,46ppm (2xO-CH,-). Ngoai ra, sy xuat hién cua tin
hiéu cong huong tai § = 2,26ppm dudi dang singlet véi cudong d6 3H khang dinh su
c6 mit caa nhdm CH; cia cau phan N-Ts trong phan tir. Pho khéi luong cho tin

hiéu ion gia phan ti [M+H]" = 568, twong ung v&i cong thiac phan tir C35HsNOgS.

L
LN

I's

D R D WS R D P R R PR WS NS R L N W e W

P I

e 2 g e

----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hinh 3.8. Phé 1H-NMR cua hop chat (7b)
3.1.3. Téng hep podand 1,5-bis(2-formylphenthio)-3-oxapentane (10)
Tiép tuc phét trién cac podand méi, trong d6 nguyén tir oxy duoc thay thé
bang céc di t6 khac nhu lwu huynh (S), chung t6i dit muc tiéu tong hop podand
(10) theo so d6 sau.

O (0)
Cl O
H SH SH K,CO;5 H H
+ Lb/o\ﬁ) DMSO S S
n 110°-115°
®) (9a,b) 0
ke/(lOa,b) !
So d6 3.10. Tong hop cac podand (10) ¢6 chira cac di t6 Tuu huynh
San pham (10a,b) duoc tong hop tir cac dian xuat dithiol 1a bis-(2-
mercaptoethyl) ether (9a) hoac 1,8-bis(mercapto)-3,5-dioxaoctane (9b) khi tuwong
tac voi 2-chlorobenzanaldehyde (8) trong méi truong kiém (K,COs/DMSO). Phan
tmg dugc duy tri ¢ nhiét d6 khoang 110 - 115°C trong khoang 10 dén 15 gio. Sau
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khi phan @ng két thac va tinh ché hdn hop phan tng thu dugc podand (10a,b) véi
hiéu suat lan luot twong Gtng 60% va 52%. Phan ung Xay ra theo co ché thé
nucleophin vao nhan thom (SyAr) cé chita nhdm halogen. Dung méi phan cuc
DMSO va K,COj3 tao mdi truong kiém manh c6 tac dung ting hiéu suat va téc do

phan tng thé nucleophin - SyAr.
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4,609
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Hinh 3.9. Phé *H-NMR cua hop chdt (10a)

Bang 3.1. D¢ dich chuyén hoa hoc proton cac nhém methylene cia cac phan ti (3, 10)

Nhom Hop chat | Hop chat 10a
Ghi chu
methylene | 3a(X=0,3a)| (X=S5,10a)
-CH,-O-CH,- 3,99 3,68 chuyén dich vé viing tir trudng manh
-CH,-X- chuyén dich vé ving tir truong
4,27 3,14
CeHgs- manh

Cong thirc cau tao cua cac podand (10a,b) duoc khang dinh bang cac phuong
phép phd nhu IR, *H-NMR va MS. Trén phé hong ngoai, d& dang nhan thiy tin hiéu
cua dao dong hda tri nhom aldehyde (CO) lan luot twong tng tai 1680 cm™. Phd 'H-
NMR cua hop chat (10) c6 tin hiéu dic trung cua proton nhém aldehyde tai 10,42
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ppm (2H, 2xCHO). Su xuat hién cua di t6 luu huynh (S), khién d6 chuyén dich hoa
hoc cua cac proton nhém methylene c6 thay d6i vé phia tir truong manh (so sénh
véi podand (3a)) va dudi dang tripet tai 0 = 3,14ppm (nhom -S-CH,) va ¢ =
3,68ppm (nhom -CH,OCH,-) (bang 3.1).

Phd khéi luong cua hop chét (10) lan lugt cho gia tri [M]" = 346 ung véi
cong thirc phan tir C1gH1305S..
3.1.4. Téng hep podand 2,6-bis[(2-formylphenyl)oxymethyl]pyridine (13)

Véi muc tiéu phét trién cac hé diazacrown ether ¢ chia ddng thoi cac di
vong pyridine va y—piperidone, chiing toi da thiét ké va tong hop thanh céng podand
(13) ¢c6 chira di vong pyridine dong thoi véi hai nhém chirc arylaldehyde theo so

do sau.

0 o] o)
H
+2 ©\)L H H
OH OH OTs OTs on
N +2TsCl (5) (1a)

N (0) O

S —_— x _—
| NaOH | K,COs, N
P THF. 0°C P MeCN | x 13
11) 12) F

So do 3.11. Téng hop hep chat pyridinopodand (13)

Quy trinh tong hop podand (13) thong qua hai budc, trudc tién 2,6-
bis(tosyloxymethyl)pyridine (12) dugc tong hop tir 2,6-bis(hydroxymethyl)pyridine
(11) khi twong tac v6i TsCl trong méi trudng kiém, sau d6 hop chét trung gian (12)
phan tng véi 2-hydroxybenzaldehyde (1a) trong hé K,COs/MeCN cho san pham
podand 2,6-bis[(2-formylphenyl)oxymethyl]pyridine (13) c6 chua di vong pyridine
v6i higu suat dat 82,6%.

Cau tao cua hop chat podand (13) duoc khang dinh bang cac phuong phap
hoa Iy hién dai nhu NMR va MS. Phé cong hudng tir hat nhan podand (13) cho cac
gié tri dac trung cua 2 proton nhém aldehyde tai 6 = 10,45 ppm (2xCHO) duéi dang
singlet. Tai viing tir trudng manh, ciing xuat hién tin hiéu cong hudng dang singlet
tai 0 = 5,35 ppm tuong rng véi 4H, do la cac proton nhom methylene (-O-CH,-Py-
CH,-0-). Phé khéi Iwong cho tin hiéu ion gia phan tir [M+H]" = 348,25 Ging Voi
cong thurc phan tor Cy1H7NO,.
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Hinh 3.10. Phé *H-NMR cua hop chdt (13)

3.2. Phan wng ngung tu croton tir cac hep chat podand (3,10) - tong hep din
xuat chira nhém E-chalcone

Trén co s& cac podand (3,10) va xuét phat tir cac tai lidu tham khao [21, 97],
ching t6i da nghién ciru tong hop céc dan xuat (15,16) c6 chaa cau tric nhom E-
chalcone (hinh 3.2), tuong déng véi nhom duoc tinh trén thuéc héa dugc
Elafibranor (dwoc phét trién bai Genfit vai ky hiéu GFT 505), thuc nay hién dang
duoc thir nghiém dé diéu tri cac bénh vé tim mach, tiéu duong, khang insulin, rdi

loan lipid mau va bénh gan nhiém ma khong do ruou (NAFLD) [21]

B (0]

J
o

trans-chalcone

Hinh 3.11. C6ng thic cdu tao cua thuée héa dwoc Elafibranor
Véi muc tiéu dé, chung t6i da trién khai tong hop mot s san pham ngung tu
croton (15,16) véi cau triic ¢d chita nhdm E-chalcone theo so do 3.12.
Qua trinh ngung tu crotone gitta cac podand (3,10) véi cac din xuat keton
(14a,b) dugc dun soi hoi luu trong dung mdi acetic acid (bang) trong khoang 8-10
gio. Sau khi trung hoa, phan 1ap va tinh ché bang phuong phap sic ky cot lan luot
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thu dugc cac dan xuat bis-trans-chalcone (15a, 15b, 16a, 16b) véi hiéu suat dao
dong trong khoang 38% — 75%.

(0] (0]
Y Y (14a b)
Lﬁ/x\aJ CH;3COOH, reflux
n
(3a, 10a,b)
. ) Cl: (15a,b,16a,b)

trans - isomer

So d6 3.12. Tong hop dan xuat podand (15,16) chira nhém bis-(trans-chalcone)
Cong thirc cau tao cua cac hop chat (15a,b) va (16a,b) dugc chimg minh day
du bang cac phuong phap IR, NMR va MS.

100 — A~ [ONAT —
%T ]
90 —4
. L &
— 2 -3
] S2
80— &
7 \
N 3 2
1 Ph \/O 3
70 —
] 5, é
. AL N N =
60— [// | R (o) A \[/ | w
3 S T
50— ' 550
N Ph
40—
—‘rvrvl rrrrrr | T A AT 55 T S A 10758 25 A RIS IR R B 5 RIS A |
4000 3750 3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750 500
NA1 cm-1

Hinh 3.12. Phé hang ngoai IR cia hop chdt (15a)

Phé hong ngoai cac hop chét (15, 16) dé dang nhan thay tin hiéu dao dong
cta nhan thom (=C-H) & vj tri 3057 cm™ véi cudng d6 thip va dao dong hoa tri tai
1460 — 1430 cm™. Dao dong héa trj ciia cac nhém enone (-CO-CH=CH) c6 thé tim
thdy trong khoang 1643 — 1658 cm™ do c6 sy lién hop cia nhém carbonyl véi cac
lien két boi. Céc lién két doi (C=C) xuét hién trong khoang 1564 — 1597 cm™ [18,
45, 97]. Trén phé cong huong tir *H-NMR cac dan xuit E-chancone, s& dang nhan
thdy tin hiéu cong huong cua H nhom vinyl véi hing sé tuong tac spin-spin J vao

khoang 15,0 — 16,5 Hz (khing dinh ciu hinh trans); trong d6 H* & ving tir truong
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manh (7,03 — 7,40 ppm) va H” & viing tir truong yéu (7,73 — 8,33 ppm) (xem bang
3.2) [7, 44, 69, 70].

Bang 3.2. Do dich chuyén hda hoc proton cua cac nhom E-chalcone phan tir (15, 16).

] Do chuyén dich héa hoc (ppm) Ghi chu
Hop chat
[-(C=0)-CH"=CH’-Ar] [[-(C=0)-CH*=CH"-Ar]
15a 8,10 (J = 15,5Hz) 7,33 (J = 15,5Hz)
15b 7,73 (J = 16,5Hz) 7,18 -7,30 chong lan tin hiéu
16a 8,33 (J = 15,5Hz) 7,40 (J = 15,5Hz)
16b 8,06 (J = 16,0Hz) 7,03 (J = 16,0Hz)

3.3. Tong hop céc heterocrown ether trén co sé phan ng ngung tu da tic nhén
Petrenko-Krischenko

Phan &ing Petrenko-Krischenko 1a phan ung ngung tu da tic nhan kinh dién
gitra cac dan xuét ketone, aldehyde thom va mudi amonium (hoic dan xuat amine
bac mot). Pay 1a cong cu hitu hiéu trong tong hop cac di vong piperidine-4-one

(trong mot sé trudng hop 1a di vong tetrahydropyrane).

O 0 0 Et0,C

)]\/U\/U\ + NHX +2PhCHO —
EtO OFt

So do 3.13. Phan ing ngung tu da tdc nhdn Petrenko-Kritschenko

Cac khung piperidine ciing 1a thanh phan cua nhiéu hoat chat c6 ngudn gdc
tu nhién va téng hop cé kha ning thé hién hoat tinh sinh hoc hiru ich di duoc ung
dung trong thuc tién.

Trén co s& cac tac nhan podand (3a-c, 7a,b, 10a va 13) chua hai nhom chac
aldehyde (hinh 3.1), ching t6i da ap dung phan ung Petrenko-Krischenko trong vai
trd 12 phan tng co so trong tong hop cac hop chit di vong méi chira ddng thoi nhan

piperidone va vong crown ether.
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Hinh 3.13. Mét sé hoat chdt chiza nhan piperidine #ng dung trong thuc tién

(18a—f, 20a-f, 21a-c) (22 a-f) (26)

Hinh 3.14. Du kién mét sé azacrown ether méi chiza nhan piperidone va diazine.

Cac hop chat di vong mai, cd kha ning thé hién hoat tinh sinh hoc hitu ich
cua nhan piperidone, dong thoi thé hién tinh chat cua cac hop chat crown ether. Sy
c6 mat ciia nguyén tir nito trong vong crown ether ciing gop phan gia ting kha nang
tao phirc voi cac ion kim loai va do bén caa cac phtc chat nay.

3.3.1. Tong hep bis-(naphthalen-1-yl)aza-14-crown-4 ether chiza di vong p-piperidone

Trén co sé podand 1,5-bis(1-naphthaloxy)-3-oxapentane (3b) va ketone (17)
Vé6i su c6 mat caa NH,OAc, trong diéu kién phan ang Petrenko-Krischenko, di téng
hop thanh cdng dan xuat azacrown ether (18a-f) c6 chira di vong y-piperidone voi
hiéu suat dao dong trong khoang 47% — 65%. Phan tmg dugc tién hanh trong dung
moi ethanol, tai nhiét d6 khoang 50°C va trong 4-6 gid. Céc san pham azacrown
ether (18a-f) duoc phan lap va tinh ché bang phuong phap sic ky cot, ddng thoi két
tinh lai tr hé dung méi CH,Cl,:MeOH (1:1).

Cong thic cdu tao cua céc dan xuat (18a-f) duoc khang dinh bang céc
phuong phép héa 1y hién dai nhu IR, *H-NMR, *C-NMR va HPLC-MS hoic MS.
Pic biét, cong thuc cau tao cta hop chat 18a ciing dugc khang dinh chinh xéac bang
phuong phap nhiéu xa don phan tir X-ray. Trén ph6 héng ngoai cua hop chat (18a),
thiy khong con tin hiéu dao dong dic trung ciia nhoém aldehyde (CHO) ¢ 1662 cm™
(dic trung cho tién chit podand 3), ma thay vao d6 xuét hién tin dic trung cho dao

d6ng hoa tri caa nhém ketone (CgHs),-CO- & 1705 cm™, dac biét tin hiéu caa nhém
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NH & 3306 cm™, ddng thoi van tn tai céc tin hiéu dic trung cho dao dong bién
dang cua cac nhém ether (-C-O-C-) ¢ khoang 1107 cm™ va 1246 cm™ va cua lién
két C=C trén nhan thom & khoang 1597 cm™, 1514 cm™va 1450 cm™ (hinh 3.15).

[0}

(0] [¢]
+ NH4OAc
H H _—
EtOH, A,
4 - 6h

L

17a, 18a: R| = R, = Ph; 17b, 18b: R, = H, R, = Ph;
17¢, 18¢: R = H, R, = -CHj; 17d, 18d: R, = H, R, = -COOE;
17e, 18e: R; = H, R, = (CH;),CH-; 17f, 18f: R, =R, = -CH,CH,

So do 3.14. Tong hop cac dan xudt bis-(naphthalen-1-yl)aza-14-crown-4 ether chiza
di vong y-piperidone

330599~
3086.11~-
3047.537

292023~
28734~

[ 2 1o YU U o A R I A K 0 T W I 7 U B A W 1

R R S T

Hinh 3.15. Phé haong ngoai IR cia hop chdt (18a)

Trén pho khéi luong phan giai cao cua cac dan xuat (18) ¢ sy xuat hién cua
c4c pic ion gia phan t [M+H]" hoic [M+Na]". Cu thé, trén pho khdi luong cua
(18a) thay tin hiéu ion gia phan tr [M+H]" v&i m/z = 606,2651 véi cudng d6 manh,
tinh toan cho thay pht hop véi cong thicc C41HzsNO,* v6i m/z = 606,2639.

Trén phd 'H-NMR, dic trung chung cua cac dan xuit nhém (18) do 1a cac tin
hiéu cong huong cua proton nhom polyether ¢ trong khoang 3,70 — 4,20 ppm; hai S-

proton cta nhan pyridine luén cho tin hiéu cong huong dudi dang singlet trong
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khoang 7,45 ppm- 7,60 ppm. Céac tin hiéu cong huong cia cac proton nhan thom

khac duoc dic trung cho tirng dan xuat véi cac nhom thé khac nhau (bang 3.3).
Bang 3.3 Dit liéu phd "H-NMR cuia cac hop chit (18a-d)

Dir liéu diic trung cia "H-NMR (ppm)

Ky 1 1 7
IR R CacH
h'?u Haryl NHpiperidone Hpiperidone Hether khac
6,88 (2H, t, J = 4,20 — 4,22
7,5); 6,97 (4H, t, (br. m, 4H,
J=175); 7,11 - H18): 4,40 —
7,14 (6H, m); 5,24 (2H, d, J4,42 (br. m,
7,19 (2H, t, J =491 (t, 1H,= 10,5,4H, H*)
18a| Ph | Ph |7,5); 7,41 (2H, tJ = 12,5H%%); 552
J = 80); 7,57NH) (2H, t, J =
(2H, d, J = 8,0); 11,5, H*%)
761 (2H, d, J =
9,0); 8,07 (2H, d,
J=9,0)
6,90 (1H, t, J =
7,0): 6,98 (2H, t,
J = 75); 7,06
(2H, d, J = 7,5); 2,84 (1H, dd,
711 (1H, d, J = J =145, val
9,0); 7,16 (1H, t, = 3,0, He);
4,10 — 4,19
J = 75); 7,24 3,75 (1H, t,
4,86 (1H, t, (m, 4H,
(1H, d, J = 9,0); J=13,5, L1
18b| H | Ph J = 120/ 2xH™1%): 4,30
7,35 (2H, t, J = Hax ; 5,02
NH) - 4,45 (m, 4H,
75); 7,54-7,58 (IH, d, J = T L.,
2xXH™);
(2H, m); 7,59 11,0, H*);
(1H, d, J = 9,0); 5,28-5,36
7,67-7,90 (2H, (2H, m, H%)
m); 7,95 (1H, d,
J = 9,0); 820
(1H, d, J = 8,5).
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Dir liéu diic trung cia "H-NMR (ppm)

Ky 1 1 ,
| R R CacH
hlgu Haryl NHpiperidone Hpiperidone Hether Khac
2,72 (1H, br.
d, J = 13,0,
723 (2H, t, J = Heo); 3,63-
8,5); 7,32 (2H, br. 3,66 (1H, br.3 04 437 0,88
s); 7,47-7,55 (2H,5,12  (1H,m, Hyl2) o (3H, d,
br. m); 7,73-7,79br. s, NH) [3,71-3,77 IS 141617 J =65,
(4H, br. m); 8,14 (1H, br. m, CHy)
2H, br. s) H®): 4,791
(
4,80 (2H, br.
m Hl,29)
2,75 (1H, d, J
7,20-7,22  (2H, 0 0,77
— 14!01 Heq a
m); 7,30 (1H, t, J 3,75-3,88  |((3H, t,
3,57 (1H, t, J
=7,0); 7,34 (1H, t, (2H, m,J =7,0,
= 12’51 Hax32 1 14
J=7.5); 7,50-7,564,64 (1H, t, 2xH™): 3,90-CH5);
COO0 4,76 (1H, d, J
18d| H (2H, m); 7,700 = 125, a0 415 (2H, m,3,90-
Et :10’51 H )’ 16
7,79 (4H, m); 8,14NH); 2xHY): 4,25-4,15
_ 5,20 (1H, t, J
(1H, d, J = 8,5); i W B34 (4H, m(m,
a = 125, HY" 5
8,26 (1H, d, J = .45 (1H, 1 szH ) CH,CH
8’5 ) ) ) ’
) = 11,5, H) o)
2,67(1H, dd, J 0,81
=14,0vaJ = (3H, d,
7,20 (2H,t,J = 25 H.%). 4,01 (lH,td,JJ_70
8,0); 7,27-7,35 e e100vad [
3,51 (1H, td, J iy CH,);
(2H, m); 7,47~ .. [F3,0,H);
5,01 (1H,t,|=14,0vad = 1,01
C(CH|7,56 (2H, m); 7,74 o 4,15 —4,05
18e J=100, | 1,5 Hx); 6 [(3H, d,
3)3 | (2H,d, J=9,0); (2H, m, H™);
NH) |3,67 (1H, dd, J=70,
7,76 (2H, d, J = J-lOSVaJ—4’23_4’32 CH):
9,5); 8,17 (2H, dd, 1; H’30)_45;(4H, m, 18?3;,
J=9,0vaJ=2,0). ’(’lH t’J; H™) 1’89
12,5, H®); (1H, m,
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Ky Dir liéu diic trung cia "H-NMR (ppm)
. y R' | R! CéacH
hlgu Haryl NHpiperidone Hpiperidone Hether Khac
5,17 (1H, td, J CH(CH
=125 vald= 3)2)
4,0, HY
4,02 (2H, td,
J=10,5 va 0,75
7,21 (2H,d,J = 14
J=2,0, 2xH™);|(6H, t,
9,0): 7,29 (2H, t, J
1,71-1,81 4,13 (2H, br.dJ =7,0,
=7,5); 7,48 (2H, t,
3,65 (1H, |(2H, m, ,J=10,5,  [2XCH>)
CH, |CH,ClJ = 8,5); 7,72 (2H, 2040 "
18f br.t,J= |H™%); 4,75 2xH™); 4,28 |, 0,83—
CH;| Hs (d,J=8,0);7,75
8,0, NH); |(br.d, 2H, J= |(2H, br.d, J = [1,00
(2H, d, J =9,0); 1,29y. 13y.
6,0, H*®): 10,0, 2xH™); (4H, m,
8,10 2H, d, J =
9.0) 4,36 (2H, br.t,2xCH;
e J=9,5, CH,)
2xH)
YgrEnausmsspazaissygsoaaEagngsy T o : 5
/| .‘ L) \ .||| A N 'viq I‘II .|" ‘ '|| n‘
LR TR R e et S I S e

Hinh 3.16. Phé 'H-NMR cua hep chdt (18a)
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Trén phé *H-NMR cua hop chit (18a) d& dang nhan thdy tin hiéu cong
hudng cua cac proton methylen nhém polyether dudi dang multiplet rong (br.m.)
trong khoang ¢ = 4,20 — 4,22 va 6 = 4,40 — 4,42, mdi nhom twong tng Véi 4H.
Proton ctia nhom NHpiperigone Cho tin hiéu cong huong dusi dang triplet voi J = 12,5
Hz tai vi tri 6 = 4,91 ppm. Bén proton cta nhan piperidone H*?°%% cho hai tin hiéu
cong huong dudi dang doublet tai 6 = 5,24ppm (c6 hing sé tuong tac spin — spin J
= 10,5) va tai 0 = 5,52ppm (J = 11,5). C4c tin hiéu cong hudng cua c&c proton nhan
thom (22H) lan luot xuat hién twong tng trong khoang 6 = 6,88 — 8,07 ppm.

CAu trdc phan tir caa nhom bis-(naphthalen-1-yl)aza-14-crown-4 ether chuta di
vong y-piperidone (18) da duoc khang dinh chic chian bang phwong phap nhidu xa
don tinh thé. Pon tinh thé hop chat (18a) duwoc nudi cdy trong méi trudng
dichloromethane. Tir két qua phan tich dir liéu don tinh thé hop chét (18a) cd hé ddi
xang truc Cg(m). Tuy nhién do hiéu tng cia mang tinh thé ma cau trac hinh hoc cia
phan tir trong tinh thé (18a) hoi 1éch so vai cau trac ly thuyét. Ngoai ra, hop chit
(18a) con két tinh ¢ dang monosolvate véi dung moi dichloromethane:
18a*CH,Cl,. Phan tir hop chat (18a) 1a mot hé ngung tu sdu vong gdom dai di vong
aza-14-crown-4 ether; vong piperidone, hai vong naphthalene. VVong aza-14-crown-
3 ether ¢6 cau hinh dang bat (a bowl conformation) va duoc 6n dinh nho hai lién két
hydro noi phan tie N-H---O (bang 3.4). Cau hinh cua chudi polyether C(11)-0(12)-
C(13)-C(14)-0(15)-C(16)-C(17)-O(18)-C(19) la t-g-t-t-g*-t [t viét tat cta dang
trans va g theo cu hinh gauche cua lién két don véi goc lién két lan luot twong wng
1a 180° (d6i vai t) va £60° (ddi voi g)]. Cau hinh caa vong piperidone c6 dang ghé
va hai nhém thé phenyl ciing nhu hai nhom thé naphthalene chiém vi tri equatorial
thuan loi hon vé miat nang luong va can tré khong gian. Cac goc duoc tao gitra mat
phiang C(1)-C(29)-C(30)-C(32) (vong piperidone) va cac mat phang cia hai nhan
naphthalene (ngung tu voi khung aza-14-crown-3 ether) lan luot 1a 71,71(8)° va
77,11(8)°. Nguyén tir nito c¢6 cau hinh chop tam giac (a trigonally pyramidal). Phan
tr hop chat (18a) c6 4 tam bat ddi xting, cu thé 1a C(1), C(29), C(30) va C(32) do

d6 c6 thé cd t6i da 16 diastereomer. Tinh thé cua hop chat (18a) thu dugc ¢ dang
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hdn hop dong phan racemic va bao gdm cip dong phan ddi quang (enantiomeric
pair) véi cu hinh cac tim d6i ximg nhu sau: rac-1RS,29SR,30RS,32SR.

Hinh 3.17. Cdu tgo phan ti hop chat 18a*CH,CI, (dang solvat hda).
Cdc nét dut thé hién lién két hydro ngi phan tz N-H...O va lién két hydro giira
cac phan tir C-H...N
Bang 3.4 Dit lidu lién hét hydro trong tinh thé phan tir hop chét (18a) (A va °)

D-H..A d(D-H) | d(H..A) d(D..A) | <(DHA)
C(17)-H(17A)...0(31)" 0,99 2,52 3,223(3) 127
N(33)-H(33)...0(12) 0,86(3) 2,51(3) 3,023(3) 119(2)
N(33)-H(33)...0(18) 0,86(3) 2,31(3) 2,890(3) 125(2)
C(46)-H(46B)...N(33) 0,99 2,40 3,283(17) 148
C(46')-H(46D)...N(33) 0,99 2,29 3,27(4) 167
N(33)-H(33)...0(18) 0,86(3) 2,31(3) 2,890(3) 125(2)

Yéu t6 ddi xtimg twong ddi: ™ : x-1/2, -y+1/2, z-1/2
Trong mang tinh thé, phan tir hop chat (18a) tao solvat hoa véi phan tu
CH,CI, thong qua lién két hydro C—H---N (Bang 3.4 va Hinh 3.17). Bén canh d6
cling ton tai lién két hydro yéu C—H---O noi phan tir dang zig-zag. Céc lién két

hydro véi d6 dai tuong (g vai twong tac Van-der-Waals.
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Cac dan xuat bis-(naphthalen-1-yl)aza-14-crown-4 ether (18) sau khi tinh ché
bang phuong phap sic ky cot va két tinh lai trong ethanol tuyét d6i da duoc nghién
ctru danh gia hoat tinh sinh hoc:

- Hoat tinh khang vi sinh vat kiém dinh: Escherichia coli (ATCC 25922),
Pseudomonas aeruginosa (ATCC 25923), Bacillus subtilis (ATCC 11774),
Staphylococcus aureus subsp. aureus (ATCC11632), Aspergillus niger (439),
Fusarium oxysporum (M42), Candida albicans (ATCC 7754), va Saccharomyces
cerevisiae (SH 20). Nong do thir nghiém ban dau dé xac dinh gié tri MIC (nong dé
ic ché toi thiéu) cua cac hop chat crown ether 12 50 ug/ml. Két qua nghién ctu da
chi ra rang cac hop chat (18c) va (18d) c6 gia tri MIC = 50 pg/ml @c ché su phét
trién d6i voi chiing nam Aspergillus niger.

- Hoat tinh gy doc té bao trén cac dong té bao ung thu ngudi: Ung thu gan -
Hepatocellular carcinoma (HepG2), Ung thu phdi - Human lung adenocarcinoma
(Lul), Ung thu co van tim - Rhabdosarcoma (RD), Ung thu biéu md vl - Human
breast adenocarcinoma (MCF7) theo phuong phap - Sulfo Rhodamine B (SRB). Két
qua khao sat in vitro cho thay chi c6 hop chat (18f) thé hién kha niang wc ché sy phét
trién cua cac té bao ung thu dong HepG2, Lu-1, RD va MCF-7 véi nong do thu
nghiém 10 pg/ml. Hop chat (18f) tiép tuc duoc danh gia kha ning tiéu diét té bao
ung thu HepG2, Lul, RD, va MCF-7 thdng qua chi s6 ICs, va cho két qua twong
ng lan luot nhu sau: ICsy = 19,5uM (HepG2); 1Cso = 9,5 uM (Lul); 1Cso = 12,8 uM
(RD); ICso = 7,5 uM (MCF-7) (bang 2.6).

(o) +(17 ¢)
+ NH4OAc
—_—
H H
O -
O O
Lo

(3b)

So d 3.15. Tong hop bis(naphtho)crownophane chira nhém aryldienone (19)
Trong qué trinh nghién ciu tong hop azacrown ether (18c), khi tinh ché hén

hop san pham bing hé dung méi n-hexane:AcOEt = 2:1 di thu dwgc san pham
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bis(haphtho)crownophane (19) c6 chaa hé lién hop aryldienone va cau ndi crown
ether (hiéu suat 20%).

Cong thuc ciu tao cua hop chat crownophane (19) dwgc ching minh bang
phuong phap phd cong hudng tir hat nhan (*H-NMR) va phé khéi lugng phan giai
cao (HRMS). Trén phé *H-NMR nhan thay tin hiéu cong huong cua 3 proton nhom
CHs dudi dang singlet tai 8 = 1,83 ppm. Tin hiéu caa proton H* duai dang singlet
tai = 8,09 ppm va tin hiéu cua 2 proton H¥, H! cua hé lién hop arylenone lan luot
cong thuong tai & = 8,41 ppm va & = 8,53 ppm Véi hiang sé tuong tac spin — spin J
=16,0 Hz. Gia tri hang s6 J cho thiy cac proton H' va H* & vi tri trans tai lién két
d6i. Pho khéi lwong phan giai cao (19) cho thay pic ion gia phan ti [M+H]* véi m/z:
451,1939 phu hop vai cdng thirc CagH,;04
3.3.2. Téng hep bis(aren)-1,7-diaza-14-crown-4 ether chiza di vong y-piperidone

Tiép tuc nghién ciu tng dung phan tng da tac nhan Petrenko-Krischenko nham
tong hop cac dan xuat azacrown ether méi ¢ kha nang thé hién hoat tinh sinh hoc hitu
ich, chung toi d4 phét trién phuong phap tong hop crown ether méi dya trén podand N,N-
bis(2-formylphenoxyethyl)-N-tosylamine (7a) hoac N,N-bis(1-naphthaloxyethyl)-N-
tosylamine (7b). Phan ting duoc thuc hién trong dung moi ethanol véi sy c6 mat ctaa
acetic acid tai 50°C. Sau khoang 24 gio, phan (g xay ra hoan toan va diazacrown ether
(20a-f) thu duoc véi hiéu suat trong khoang 22 — 75% dudi dang tinh thé mau trang.

O

R1 R,
(17 a- d)
+I\H4OAC
EtOH ‘AcOH. A,
~24h
Ts (Ta, b) . s 20a1

"
7a: A = CgH,: 7b: A = C,oHg: s "‘“‘@‘h—

O A =CgHy: 20a: Rl R,=Ph: 20b: R; = H, R, = Ph;
17a: Ry = —Ph 17b: R; =H.R, —Ph 20c: R; = H, R, = -CHj: 20d: Ry= H. R, = -COOEt;
17¢: Ry = H R, =-CH;; 17d: R, = H, R, = -COOE; A = CjoHg: 20e: R;=R,=Ph: 20f: R,= H, R, = -COOE;

Sor d@6 3.16. Tong hop cac dan xudt bis(aren)-1,7-diaza-14-crown-4 ether chiza d; vong y-
piperidone (20a-f)
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CAu tao cua cac dan xuét bis(aren)-1,7-diaza-14-crown-4 ether (20a-f) chta
di vong y-piperidone dugc khang dinh bang cac phuong phap hoéa 1y hién dai nhu
'H-NMR, *C-NMR, IR, HRMS va phuong phép nhiéu xa don phan tir tia X.
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Hinh 3.18. Phé hong ngogi IR cia hop chdt diazacrown ether (20a)

Trén phd hdéng ngoai cac hop chat diaazacrown ether (20a-f) ¢ thé nhan
thdy khong con tin hiéu dao dong héa tri dic trung cho nhom aldehyde tai 1668cm™
(d6i vai podand 7a) va 1695 cm™ (ddi véi podand 7b), thay vao dé 1a tin hiéu dao
dong hoa tri dac trung cho cac nhom keton 1695 — 1710 cm? (20a-f) va tin hiéu dao
dong hoa tri cia nhém NH & 3265 - 3350 cm™ (hinh 3.18 — vi dy phd hdong ngoai
hop chat (20a). Phd cong huéng tir hat nhan *H-NMR cuaa hop chét bis(aren)-1,7-
diaza-14-crown-4 ether chura di vong y-piperidone (20a-f) cho tin hi¢u dac trung
dang dublet cua cac hydrocacbon thom nhém tosylate 2xH* 2xH’ véi do chuyén
dich hoéa hoc trong khoang: ¢ = 7,70 - 7,80 (d, 2xH"), 6 = 7,29 - 7,46 (d, 2xH%)
tuong (g va hang so twong tac spin — spin trong khoang J = 8,0 — 9,0 Hz. Tin hiéu
cong hudng cua cac proton nhan piperidone xuat hién trong khoang & = 3,30 — 5,80
ppm, tin hiéu cd thé chong lan véi tin hiéu cong huong proton cia cac nhom thé
khac trén nhan piperidone. Tuy nhién, trong mot sé trudng hop (vi du, hop chat

20e) da xac dinh duoc gia tri J trong khoang 11,0 — 14,0 Hz diéu d6 chung té cac
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proton chiém vi tri axial trén nhan piperidone va cac nhém thé phenyl hoic cac
nhom thé khac chiém vi tri equatorial.

Trén phd khdi lugng phan giai cao (HRMS) cua cac dan xuét (20) co su xuat
hién cua cac tin hiéu ion gia phan ta [M+HCOOT hoic [M+H]" hoic [M+CH;OH+
H]". Cu thé, trén phd khdi lwong cua (20a) thiy pic khéi lugng phan ti [M+HCO-
O7 véi m/z = 703,2441 véi cudng d6 manh, tinh toan cho thay phd hop vai cong
thirc C41H39N,O-S, vai m/z = 703,2483.

Cong thirc cau tao cua hop chat 1,7-diaza-14-crown-4 ether (20a) ciing duoc
khang dinh chic chan bang phuong phap nhiéu Xa tia X don phan tir (single crystal
X-ray diffraction study). Nhin chung, phan ti (20a) ¢6 sé hitu dbi xtang truc Cy(m)
Iy twong. Trong mang tinh thé phan tir (20a) ton tai ¢ dang solvate hda dung moi
chloroform véi dang 20ae2CHCIl;. CAu tao phan tir (20a) bao géom hé bon vong
ngung tu cO6 chira vong 1,7-diaza-14-crown-4 ether, vong piperidone va hai vong
benzene. Vong 1,7-diaza-14-crown-4 ether c6 cau hinh dang bat va duoc 6n dinh
bén vitng nho hai lién két hydro noi phan tir N—H---O (hinh 3.19).

Cau hinh cua mach azapolyether C7-08-C9-C10-N11-C12-C13-014-C15 c¢6
dang t-g™-g™-g*-g*-t (t = trans, 180°; g = gauche, £60°). Cau hinh cua vong trung
tam piperidone cé dang ghé léch (do phan nhdém carbonyl bi phang héa). Hai nhom
thé phenyl chiém vi tri equatorial loi thé vé mat nang luong va giam téi da can tro
khong gian. Cac goc dugc tao béi mat phang giira cac nguyén tir C1-C21-C22-C24
(vong piperidone) va mit phang cua hai vong benzene (ngung tu véi vong diaza-14-
crown-4 ether) lan luot 14 81,66(13°) va 81,08(13°). Ca hai nguyén tir nito déu c6
cau hinh dang chdp tam giéc (trigonally pyramidal). Phan tir crown ether (20a) c6
bdn tam bat dbi xing, cu thé 1a cac nguyén tir carbon C1, C21, C22 va C24 do d6 ¢6
thé c6 ti da 16 dong phan diastereomer.

Tinh thé phan ti (20a) thu duoc ¢ dang hdn hop ddng phan racemic, vai cap
dong phan d6i quang (enantiomeric pair) véi cau hinh céc trung tam bat d6i nhu
sau: rac-1RS,21SR,22RS,24SR. Trong tinh thé, cac phan tir (20a) két hop thanh céc
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dimer ddi xtng tam (centrosymmetrical) thong qua cac lién hét hydro C—H---O, cc

lien két nay pht hop véi tiéu chuan lién két Van-der-Waals (hinh 3.20).

Hinh 3.19. C4u tao phan tir va cAu trdc dimer ciia hop chét (20a)
Cac nét dut the hién lién két hydro noi phan tar N-H...O
Bang 3.5. Dit liéu lién hét hydro trong tinh thé phan tir hop chét (20a) (A va °)

D-H..A d(D-H) dH..A) | dD..A) | <(DHA)

C10—H10A---023° 0,99 2,35 3,312(5) 164

C12—H12B---023" 0,99 2,36 3,321(4)
N25—H25---08 0,90 2,23 2,851(4)
N25—H25---014 0,90 2,28 2,879(3)

Yéu t6 doi xitng twong doi: * 1 —x+1, —-y+1, —z+1

Cac dan xuat N-tosyl-1,7-diaza-14-crown-4 ether (20a,b,d va e) duoc lua
chon va tinh ché nham khao sat danh gia hoat tinh gay doc té bao trén cac dong té
bao ung thu nguoi: Ung thu gan - Hepatocellular carcinoma (HepG2), Ung thir phoi
- Human lung adenocarcinoma (Lul), Ung thu co van tim — Human
Rhabdosarcoma (RD), Ung thu tir cung - HeLa cervical cancer cells (HeLa) va dong
thé bao Vero. Két qua khao sét in vitro cho thay chi c6 hop chat (20d) thé hién kha
nang uc ché sy phat trién cua cac té bao ung thu dong HepG2, Lu-1 véi nong do thir
nghiém 5 pg/ml. Hop chét (20d) tiép tuc dugc khao sat kha ning diét té bao ung thu
HepG2, Lul théng qua chi s ICsy va cho két qua twong ung lan lugt nhu sau: 1Cs,
= 4,32 ug/ml (HepG2) va ICso = 4,64 ug/ml (Lul) (bang 2.6).
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3.3.3. Téng hep dithiaaza-14-crown-4 ether chaa di vong y-piperidone

Tiép tuc phat trién huéng nghién ciu tong hop céc azacrown ether méi, c6
kha niang thé hién hoat tinh gdy doc té bao, chung to6i dd nghién ctu tong hop
podand 1,5-bis(2-formylphenthio)-3-oxapentane (10) véi hiéu suat 60% tu 2-
chlorobenzanaldehyde va bis-(2-mercaptoethyl) ether trong dung méi DMSO tai
nhiét d6 110°C trong 15 gid. Trén co so chat ban dau (10) da téng hop thanh céng
mot sé hop chat dithiaaza-14-crown-4 ether chtra di vong y-piperidone (21a-d)

thong qua phan tmg ngung tu da tic nhan Petrenko-Krischenko (so d6 3.17).

SV\O/\/S 0
R! R?
H aoy H
0 0 . CH;COOH/EtOH N
_—
+ R 24h, 50°C H
4, S S
%o
A ! ¢
R
(17a-d)
17a,21a: R = R%2 = Ph; 17b, 21b: R! = Ph, R = H; 0
) . 5 ’ . > td (213-(1)

17¢, 21¢c: R! = CH;, R?=H; 17¢, 21d: R! = (CH;),CH; R>=H.
So dé 3.17. Tong hop dithiaaza-14-crown-4 ether chiza dj vong y-piperidone (21a-d)

Dan xuat ketone (17a-c,e) véi nhém carbonyl (CO) da hoat héa cac proton
nhém methylene tai vi tri o, tham gia ngung tu croton vai hai nhém aldehyde cua
podand (10a). Mudi ammonium acetate hoat dong nhu tdc nhian amine da tham
gia cong hop in situ tao san pham dithiacrown ether (21a-d). Phan @ng tong hop
(21a-d) dugc thuc hién trong dung moi ethanol vai xdc tac axit va xay ra hoan
toan sau khoang 24 gio. Cau tao cua cac hop chat dithiaaza-14-crown-4 ether
(21a-d) dugc khing dinh bang cac phuong phap hoa 1y hién dai nhu 'H-NMR,
BC-NMR, IR, HRMS.

Trén phd hong ngoai cac hop chét dithiaazacrown ether (21a-d), dao dong
hoa tri nhém CO cua di vong piperidone xuat hién véi cuong do manh trong khoang
1700 cm™; dao dong héa tri cia nhém NH véi cudong do yéu trong khoang 3290
3344 cm™. Trén phé cong huong tir hat nhan *H-NMR thay rd rang s phan ving

nhém tin hiéu cong hudng cac proton thom va cac proton alkyl. Trong truong hop
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R,=H (cac chat 21b-d), viéc hinh thanh di vong y-piperidone véi hai nguyén tir
hydro tai vi tri CH- 22 duoc khang dinh r trén phd cong huéng tir hat nhan 'H-
NMR. Tin hiéu céc proton H* va H*® dudi dang doublet-doublet véi hang sé tuong
tac spin — spin (geminal coupling constant) J= 13-14 Hz. Ngoai ra, c6 thé gia tri
tuong tac spin — spin (vicinal coupling constant) J= 3—4 Hz thé hién sy tuwong tac
Véi proton tai vi tri CH-21. Trén phé cong huong tir hat nhan *C-NMR, nguyén tir
carboncua nhom CO cho tin hiéu cong huong dudi dang singlet véi gid tri 0 khoang
200 ppm, c&c nguyén tir carbon thom c6 tin hiéu cong hudng carbon trong khoang ¢
= 101-157 ppm va tin hiéu céng hudéng cua nguyén tir carbon thuoc nhan
piperidone va mach polyether ciing nhu mot sé nhém thé alkyl xuat hién trong
khoang J tir 10 dén 70 ppm.

Hinh 3.20. Twong tdc H — C cua hop chat (21d)

Hop chat (21d) ciing duoc lya chon 1am chét dai dién khao sat tuong tac céac
nguyén tir carbon va hydro théng qua hai hoic ba lién két bang phuong phap phd
cong huong tir hat nhan hai chiéu HSQC (Heteronuclear Single Quantum
Coherence) va HMBC (Heteronuclear Multiple Bond Correlation) (phu luc pho).

Ngoai ra, pho khéi luong phan giai cao, ciing khang dinh chic chin céng
thirc phan tir caa cac hop chat (21b—d).

Cac hop chét (21a-d) ciing duoc thir nghiém in vitro danh gia kha ning gay
doc té bao trén cac dong té bao ung thu nguodi nhu HeLa, HepG2, MCF7 va Lu-1 va
dong té bao thuong Vero. Hoat chat ellipticine duoc str dung nhur chat ddi ching, dé

so sanh va danh gia hoat tinh cua cac dithiaazacrown ether (21a-d). Tir két qua khao
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sat hoat tinh sinh hoc tai bang 2.5, lién hé vé&i cau tao cua crown ether, nhan thiy,
cac hop chét dithiaazacrown ether c6 thé chia thanh hai nhém, nhém tha nhét 1a cac
crown ether (21a,b) c6 chira cac nhém thé hat dién tir (electron-withdrawing) va
nhom tha hai 1a cac crown ether (21c,d) chira cdc nhom thé day dién tar (electron-
donating) trén di vong piperidone. Cac hop chat dithiaazacrown ether c6 chira nhém
thé hat dién tar khong c6 kha ning gay doc té bao trén cac dong té bao thir nghiém
va trong nhém thir 2, chi ¢6 hop chat (21d) véi nhom thé isopropyl c6 kha ning thé
hién hoat tinh gay doc trén cac dong té bao HepG2, MCF-7 va Vero (gia tri CS <
50%). Hop chat (21d) duoc tiép tuc danh gia hoat tinh gay doc té bao dya trén chi
s6 I1Cs (bang 2.6).

111



Bang 3.6. Tuong tac gitra nguyén tir C va H cuia hop chat (21d)

C CHy [CH, [cH [ ci |[c2|c3|[calcs|ce|[c7|cofcio|lciz|[cid3|[ci5|[ci6]|C17 | c18|C19 | C20 | C21 [C22] C24
H ppm 18,8 [ 21,5 | 26,8 | 56,9 [145,2 [134,6128,3[128,7 [133,6 [144,8| 37,6 | 68,6 | 68,8 | 37,7 [144,7[133,7 [128,3]128,9[134,7 |145,1 | 60,2 [48,7] 60,4
CH, 0,83 DB X
CH, 1,03 DB

CH [168-173] X | X | DB X
H? 5,07 DB

H® |7,46-7,50 DB

H* [7,20-7,25 DB

H® | 7,27-7,29 X | DB

H°® [7,46-7,50 DB

H® [3,07-3,18 DB

H® [3,07-3,18 DB

H? [3,52-355 DB

HB [3,07-3,18 DB

H® [7,46-750 DB X X

HY [7,20-7,25 DB | X

H® [7,20-7,25 DB

H® 7,54 DB

H* 5,13 DB

Hed 2,47 DB

H 2,90 DB

H? 2,75 DB

DB: lién két truec tiép; X: Twong tdc théng qua 2 hodc 3 lién két (dya trén di ligu phé HSQC va HMBC).
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3.3.4. Téng hep diaza-4,11-crown-4 ether chiza dong thei di vong y-piperidone va dj
vong pyridine (22a-f)

Tiép tuc nghién ctru tong hop cac hé di vong azacrown ether méi c6 kha
ning thé hién hoat tinh sinh hoc hitu ich, chiing t6i da lan dau tién téng hop duoc
cac hop chat diaza-4,11-crown-4 ether ¢ chtra dong thoi di vong y-piperidone va
di vong pyridine trén co s& phan ing ngung tu da tac nhan Petrenko-Kritschenko
chira tic nhan podand (13) va cac dan xuét ketone (17a-f) khi c6 mat NH,OAc .
Phan tng duoc thuc hién trong dung moi ethanol tai 60°C véi xUc tac acetic acid,
san pham thu duoc ¢6 dang tinh thé mau trang véi hiéu suat trong khoang 29% -
45%. Cong thirc ciu tao cua cac hop chat diaza-4,11-crown-4 ether (22a-f) duoc
khing dinh bing cic phwong phap phd hién dai nhu IR, *H-NMR, *C-NMR va
HPLC-MS va X-ray.

\/@/ I

0 N 0 + RI\)J\/R2 + NH,0A

) e R
CHO 13 OHC EtOH, CH;COOH

17a, 22a: R, =R, = Ph; 17b, 22b: R, = H, R, = Ph;
17¢,22¢: R, = H, R, = CHy; 17d, 22d: R, = H, R, = COOEL;
17e, 22e: R, = H, R, = (CH,),CH-, 17f, 22f: R, =R, = -CH,CH3; (22 a-f)

So do 3.18. Téng hop hep chat diaza-4,11-crown-4 ether (22a-f)

Trén phd hong ngoai cta cac hop chét (22), xuat hién tinh hiéu dao dong hoa
tri ddc trung cua nhom ketone (CO) véi cudng dd manh trong khoang 1710 cm™ —
1701 cm™ va tin hiéu dic trung cua nhém NH & 3327 cm™ — 3263 cm™, ddng thoi
van ton tai c4c tin hiéu dic trung cho dao dong hda tri cua cac nhém ether (-C-O-C-)
& khoang 1026 cm™ va 1247 cm™ va cua lién két C=C trén nhan thom & khoang
1593 cm™, 1494 cm™va 1452 cm™ (hinh 3.22).

Trén phd khdi lugng phan giai cao cua cac dan xuat (22a) d& nhan thay céc tin hiéu
cua cac tin hiéu ion gia phan tr [M+H]" hodc [M+Na]". Cu thé, trén phd khéi luong
(HRMS-ESI™) cua (22a) c6 tin hiéu ion gia phan ti [M+H]" véi m/z = 539,2336 véi
cudng do manh (100%) va tin hiéu ion gia phan t [M+Na]* = 561,2139 (1%) tinh



toan cho thdy phu hop véi cong thic CssHaiN,Os" voi m/z = 539,2329 va
CasHaoN,03Na™: 561,2149. Bi véi mot sé hop chit (22b-e) trén phd HRMS c6 su
Xuat hién cua tin hiéu ion gia phan tir [M+MeOH+H]" = 495,2275 véi cudng do 5%.
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Hinh 3.201. Phé héng ngoai IR cia hop chdt (22a)

Trén phé 'H-NMR cua hop chit (22a) d& dang nhan thiy tin hiéu cong
hudng cua cac proton methylen -CH,- dudi dang singlet tu (br.s.) tai 0 = 4,46 ppm
twong tng vai 4H. Proton cua nhdm NHiiperigone ChO tin hiéu cong hudng dudi dang
singlet tu tai 4,97 ppm. Bén proton cua nhan piperidone H“**?*? cho hai tin hiéu
cong huong dudi dang singlet tu tai 6 = 5,36 ppm va 6 = 5,15 ppm. Céc tin hiéu
cong huong caa cac proton thom nhan pyridine lan luot xuat hién tai J = 7,98 ppm
(cuong do 1H) va 6 = 7,59 ppm (cudng do 2H) déu dudi dang singlet ti. Céc proton
ctia bon nhom thé 1a cac nhan thom trén vong y-piperidone trong khoang J = 6,64 —
7,17 ppm.

Nham khang dinh chac chan cau tao phan tir ciia cac hop chét diazacrown
ether (22a-f), hop chat (22a) da dugc tong hop dudi dang don phan tir va duoc nudi
cay trong dung mdi chloroform. Hop chat (22a) két tinh dudi dang tinh thé don ta
(monoclinic) véi yéu té nhoém 1a P2,/n véi hai dang don tinh thé phan tir doc lap.
Hai phan tir doc 1ap c¢d ciu hinh hinh hoc rat twong déng va duoc phan biét bai su

sai léch & goc tao bai hai mat phang nhan phenyl tai vi tri C29 va vi tri C34 so véi



vong piperidinone (hinh 3.24). Phan tir (22a) c6 hé dbi xing truc noi tai Cy(m) ly
tuong. V6i cac hiéu tng cua mang tinh thé, cdu trdc hinh hoc caa phan tir trong tinh
thé (22a) s& léch so véi tinh toan ly thuyét (hiéu ung twong tu véi hop chat (18a).
Hop chét (22a) két tinh dudi dang disolvate v&i hai phan tir chloroform 22a «
2CHCI;. Phan tir hop chét (22a) 1a mét hé ngung tu nam vong véi vong trung tam
la diaza-14-crown-4 ether, vong piperidinone, vong pyridine va hai vong benzene.
Vong diaza-14-crown-4 ether ¢ cdu hinh dang bat (bowl conformation), va duoc
6n dinh bai hai lién két hydro N—H---O va lién két hydro N—H---N noi phan tir
(intramolecular hydrogen bond) (bang 3.9). Cau hinh cua chudi azapolyether
C7—08—C9—C10—N27—C14—C15—016—C17 c6 dang t-g-t-t-g*-t (t = trans,
18001; g = gauche, £600).

Hinh 3.212. Céng thitc cdu tgo cia hop chdt (22a)
Bang 3.7. Lién két hydrogen trong phan tir 22a<2CHCI; dang tinh thé [A va °]

N28—H28---08 081(9 | 263(8) | 3,017 (9) 111 (7)
N28—H28---016 081(9 | 251(9) | 3,053(9) 126 (7)
N28—_H28---N27 081(9 | 266(9) | 3452(10) | 169 (8)
N28A—H28A---O8A 078(9) | 251(9) | 2,995 (9) 121 (7)
N28A—H28A---O16A 0,789 | 258(8) | 3,023(9) 118 (7)
N28A_H28A---N27A 0,78(9) | 2,68(9) | 3,455 (10) | 174 (8)
C41—H41---N28 1,00 2,22 3,101 (10) 146
C42—H42---025 1,00 2,33 3,151 (10) 139
C43—H43---N28A 1,00 217 3,088 (10) 151




C44—H44A.--O25A 1,00 2,09 3,060 (7) 162

D — nguyén tir cho proton ; A — nguyén tir nhan proton;

N28/N28A

Hinh 3.223. Hai phan tir déc ldp (22a) vé mdt tinh thé duroc xép chong I1én nhau tgi
Cac vi tri nguyén tix duwoc danh ddu: N28, 08, N27, 016

Vong piperidone ¢ dang ghé Iéch (do phan nhém carbonyl bi phang héa).
Hai nhom thé phenyl chiém giir cac vi tri loi thé vé khong gian — vi tri equatorial
(equatorial position). Cac goc nhi dién (dihedral angle) tao bai mit phang vong
piperidone C1/C23/C24/C26 véi hai vong benzene (ngung tu véi vong diaza-14-
crown-2-ether) lan luot 1a 74,0(3)° va 70,9(3)°. Nguyén tir N28 c6 cau hinh dang
chép tam giéc (a trigonally pyramidal). Phan tir (22a) c6 bon tam bat d6i xtng la
C1, C23, C24 va C26 do d6 c6 thé cd toi da 16 ddng phan lap thé (diastereomer).
Tinh thé (22a) dwoc phan lap dang don tinh thé 1a hdn hop dong phan dbi quang
(racemic) voi cap dong phan ddi quang (enantiomeric pair) c6 cau hinh céc trung
tam bat d6i 1a: rac-1RS,23SR,24RS,26SR. Trong tinh thé, phan tir (22a) tao thanh
lien két hydrogen véi phan tir chloroform (dang solvate héa) theo ty & 1:2 théng
qua cac lién két hydro gitta cac phan tir C—H---O va C—H---N (Bang 3.7).

Cac hop chat diaza-4,11-crown-4 ether tong hop duogc (22a-f) duoc khao sat
danh gia hoat tinh gay doc té bao in vitro trén cac dong té bao ung thu nguoi
HepG2, Lu-1, RD, MCF-7 va dong té bao thuong Vero. Két qua thu duoc cho thay
hop chat (22d) c6 kha ning uc ché cac dong té bao HepG2, Lu-1, RD va MCF-7.
Dic biét v6i kha ning e ché sy phét trién va diét hoan toan té bao ung thu ngudi
dong Lu-1 va RD (CS = 0%) véi ndng do thir nghiém 1a 10 ug.ml™ (twong dwong
21,8 uM) cua hop chat (22d). Hop chat (22d) tiép tuc duoc thir nghiém danh gia
kha ning gay doc té bao theo dai luong 1Cso. Diazacrown (22d) tic ché su phét trién
cua c4c té bao ung thu ngudi dong HepG2, Lu-1, RD va MCF-7 véi gia tri 1Cs 1an




lugt twong tng 12 6,36 ug.ml™ (13,8 uM), 2,93 ng.ml™ (6,3 uM), 2,09 ug.ml™ (4,6
uM) va 5,89 ug.ml™* (12,8 uM). Ngodi ra, hop chéit (22d) ciing dugc nghién ciu
danh gia kha nang gay doc trén dong té bao thudng — Vero va cho két qua am tinh
(bang 2.6).

Tiép tuc nghién ctru khao sat hoat tinh sinh hoc, c4c hop chat diazacrown
ether (22a-f) duoc danh gia hoat tinh khang cac vi sinh vat kiém dinh nhu:
Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 10145), Bacillus
subtillis (ATCC 6633), Staphylococcus aureus (ATCC 25923), Aspergillus niger
(ATCC 6275), Fusarium oxysporum (ATCC 7601), Saccharomyces cerevisiae
(VTCC-Y-62) va Candida albicans (ATCC 10231). Nong do thir nghiém ban dau
la 50 xg/ml ddi véi cac hop chat dithiacrown tong hop duogc va ting dan nong do.
Két qua thir nghiém cho thdy cac hop chat (22b) va (22c) c6 kha ning khang khuan
trén cac dong vi khuan Gram dwong (Gram-positive) - Bacillus subtillis (ATCC 6633)
va trén chung nam Aspergillus niger (ATCC 6275) vai néng do uc ché tdi thiéu MIC =
100 g.ml™ (bang 2.7.)

3.3.5. Tong hep bis(naphtho)azacrown ether véi di vong perhydro-1,3-diazin-4-one (26)

Tir céc tai lidu tong quan [4, 82], dua trén phan ¢ng domino tong hop céac
azacrown ether da nghién ciru ¢ cac phan trén, ching toi dé xuat phuong phép tong
hop sir dung tac nhan diamide cia maloic acid (25) thay thé cho cac tac nhan ketone
va di thu dugc (perhydropyrimidino)azacrown ether (26) c6 chira hai nhom thé
naphthalene ngung tu trén vong aza-14-crown-4 ether.

Cong thuc cau tao caa hop chit (26) duoc chimg minh day du bang céc
phuong phap phé hién dai nhu IR, 'H-NMR, **C-NMR va HRMS.

Trén phd hong ngoai IR cua san pham (26) d& dang nhan thay tin hiéu dao
dong hoa tri cia hai nhém amide tai v = 1680 cm™ va 1645 cm™, twong ng voi
nhém amide vong trén nhan perhydrodiazine va nhém amide thé tai vi tri C¥. Tin
hiéu dao dong cia cac nhdm amin NH, NHj tai 3336 cm™, 3298 cm™ va 3194 cm™.

Trén pho cong huong tir hat nhan 'H-NMR, tin hiéu cong huong tir hat nhan
cua cac proton nhém methylene (CH,) dudi dang multiplet trong cac khoang o =
3,93 — 4,00 (2xH); 6 = 4,09 — 4,16 (2xH™®); 6 = 4,29 — 4,38 (2xH") va & = 4,42
(2xH™). Mdi nhém twong wng véi hai proton. Tin hiéu cua proton H' trén vong

perhydrodiazine xuét hién tai 5,69 ppm véi hang s6 tuong tac spin — spin J = 10,5 Hz.



(3b)
So d 3.19. Tong hop bis(naphtho)azacrown ether chira perhydro-1,3-diazin-4-one (26)
Phé khéi lwong phan giai cao (HRMS- ESIY) cho thay tin hiéu ion gia phan
tar [M+H]" v6i m/z = 498,2008 va [M+Na]" véi m/z = 520,1861 lan luot twong Gng
véi cong thac phan tor duoc tinh todn cho CygHygN3Os (m/z = 498,2023) va
Co9H»7N3NaOs (m/z = 520,1843).
3.4. Tong hep bis(areno)azacrown ether chira di vong y-aminopiperidine
Trong qué trinh nghién cau ap dung phan tng Petrenko-Krischenko tong hop
cac hé di vong crown ether méi, chung t6i da xac dinh duoc su tao thanh cac hé
crown ether ¢ chira di vong y-aminopiperidine trong diéu kién du ammonium
acetate. Phan ng xay ra khi tic nhan keton (17) c6 gan vaéi nhém thé hat electron
manh nhu nhém CgHsCH,O-(CO)- va CH3CH,0-(CO)- va c6 su chuyén dich
electron, hoat héa manh cac proton nhom methylene (-CH,-) nhu hinh sau:

i, S
)Hgé\o/\cm H H O/\O
(17d) (7g)
Hinh 3.234. Nhém carboxylic hogt hoa cac proton nhom methylene

Sy gia ting muc do hat dién tir trén cac ketone (17d,g), clng véi su xuat
hién cia nhom carboxylic (-O-CO-) da anh hudéng dén qué trinh hinh thanh san
pham phan tmg ngung tu Petrenko-Kritschenko. Cu thé, thay vi hinh thanh céc
crown ether chira di vong piperidone (23°,24°) chiing t6i thu duoc san pham chira di
vong 4-aminotetrahydropyridine (23,24).



CH,COOH/
EtOH 0

CH,COOH/
EtOH

(17d, g)

17d: R = Et;
17g: R = C¢Hs-CH,-

So dé 3.20. Phan g ngung tu Petrenko-Kritschenko giiza tac nhan podand véi
benzyl acetoacetate (17g) va ethyl acetoacetate (17d)

Cong thirc ciu tao cua cac hop chat (23 va 24) duoc chang minh biang céc
phuong phap phé hién dai nhu IR, NMR, HRMS va phuong phéap nhidu xa don tinh
thé. Trén pho hong ngoai (IR) caa san pham crown ether (24), dé dang nhan thay
dao dong hoa tri nhém carbonyl (CO) tai v = 1674 cm™ duéi dang tin hiéu manh,
ngoai ra tin hiéu dao dong ctia nhom amin: -NH, va NH tai 3252 va 3198 cm™. bic
biét trén pho khdi luong phan giai cao (HRMS-ESIY) nhan thay pic véi gia tri m/z =
519,1743 tinh toan phu hop voéi ion gia phan tir [CoH3eN,05S, + H]' véi m/z =
519,1771, d6 léch khdi A = 5,4x10°. Tuong tw, ciu tao cua san phdm azacrown
ether (23) ciing dugc khang dinh chac chan bang cac phuong phap héa 1y hién dai
nhu 'H-NMR, *C-NMR, HRMS va phuong phép nhidu xa don tinh thé. Trén phd
khéi lugng phan giai cao, tin hiéu ion gia phan tir [M+H]" c6 gia tri m/z = 569,2662
phil hop véi cong thiac [CaH3N,0g + H]™ Vi m/z = 569,2652, @6 léch khéi A =
1,7x10°. Pon tinh thé azacrown ether dugc két tinh lai trong dung mdi methanol



dudi dang solvat héa vai 1 phan tir methanol va 1 phan tir nuéc: 23*MeOH<H,O0 .
Vong aza-17-crown-5 ether c6 ciu hinh dang bat va duoc 6n dinh bén vitng nho ba
lien két giita cac phan tar N-H...O va mét lién két noi phan ti O-H...N. Thong sb vé
d6 dai lién két va goc lién két co tai bang 3.8.

Bang 3.8. Lién két hydro trong phan tir 23sMeOH<H,O dang tinh thé [A va °]

N34—_H34A--037 | 0,884(15) | 2,027(15) | 2,7087(13) | 133,1(12)
N34—H34B---039"" | 0,890(15) | 2,079(15) | 2,9667(14) | 175,6(13)
N36—H36---012 0,898(13) | 2,358(13) | 2,8321(15) | 113,0(10)
N36—H36---021 0,898(13) | 2,573(13) | 3,1216(13) | 120,1(10)
039—H39D---040 0,95(2) 1,83(2) | 2,7735(13) | 173,3(18)
040—H40---N36 0,858(18) | 2,017(18) | 2,8708(13) | 173,2(16)

* D — nguyén tur cho proton ; A — nguyén ti nhén proton;
Yéu té doi xirng twong doi #1: -x+1/2, y-1/2, -z+3/2

Cau hinh chudi polyether C11—012—C13—C14—015—C16—C17—018-
C19—C20—021—C22 c6 dang g*-g*-t-g*-g~-t-g*-g*-g~ (t = trans, 180°; g = gauche,
+60°). Vong 1,2,5,6-tetrahydropyridine ¢ dang ghé khong d6i xing do anh hudng
cuia nhdm NH,. Nhém thé naphthalene & vi tri C32 chiém vi tri equatorial loi thé vé
can tro khong gian.

Nhu vay, bing cac phwong phd 'H-NMR, IR, HRMS, *C-NMR va dic biét
bang phuong phap phn tich nhidu xa don tinh thé (X-ray) di chimg minh duogc su
hinh thanh san pham azacrown ether chira di vong y-aminopiperidine (23, 24) khi
thuc hién phan ung ngung tu bis-arylaldehyde véi dan xuét acetoacetate trong dicu

kién phan tng Petrenko-Kritschenko.



Hinh 3.245. Céng thirc cdu tao cia azacrown ether dgng solvat héa
23*MeOH+H,0.
Puodng nét dut thé hien cac lién két hydro noi phan tir N—H---O va giira cic phan tir
O—H--Nva O—H---O

Co ché phan tng hinh thanh san pham azacrown ether (23 va 24) dugc dé
Xuit theo so d6 3.21. Trong d6, san pham ngung tu azacrown ether (23 va 24) c6 thé
t6n tai dudi dang tautomer: imine (1) va enamine (11). Trong dang tautomer (I1),
lien két hydro noi phan tir gitra nguyén tir O (nhém CO) va nguyén tir H (nhém
NH,) gilp tao thanh vong sau canh. Chinh vi vay dang enamine (I1) 1a san pham
bén vitng hon vé mat nhiét dong hoc so vai dang imine (1). Su hinh thanh san pham
enamine (1) ciing dugc khing dinh trén phé **C-NMR véi 9 tin hiéu cong huong
lan luot tai 6(ppm) = 93,96; 69,42; 67,39; 64,41; 61,09; 53,45; 43,73; 33,96; 33,61
va 21,36 tuong ung vai cac nguyén tu carbon C1, C9, C10, C12, C13, C21, C22,
C24, C27. Trong dang tautomer imine (1) c&c nguyén tir carbon c6 lai hoa sp® va chi
trong dang tautomer enamine (11) nguyén tir carbon C24 c6 lai héa sp? phu hop véi
d6 chuyén dich hoa hoc 5 = 93,96 ppm.
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So d6 3.21. Pé xuat co ché hinh thanh san pham azacrown ether chira di vong y-
aminopiperidine (23 va 24)



KET LUAN

1. Tong hop thanh céng 40 hop chat trong d6 c6 38 hop chat mai, dac biét 1 26
hop chat azacrown ether cua (06) nhdm hop chit: bis-(naphthalen-1-yl)aza-14-
crown-4 ether chia di vong y-piperidone; bis(aren)-1,7-diaza-14-crown-4 ether
chtra di vong y-piperidone; dithiaaza-14-crown-4 ether chira di vong y-piperidone;
diaza-4,11-crown-4 ether chira ddng thoi di vong y-piperidone va di vong pyridine;
bis(naphtho)azacrown  ether v46i  di  vong  perhydro-1,3-diazin-4-one;
bis(areno)azacrown ether chira di vong y-aminopiperidine.
2. Céc san pham duoc phan lap, tinh ché va xac dinh ciu trdc bang cac phuong
phép héa ly hién dai nhu: phé *H-NMR, *C-NMR, IR, HRMS. Phuong phap nhiéu
Xa tia X don phan tr d3 xac dinh chinh xac céu tric cho 06 don tinh thé cac hop
chat (3c, 7a, 18a, 20a, 22a, 23).
3. Céac nhom san pham méi nay duoc khao séat hoat tinh khang vi sinh vat kiém
dinh va cho két qua cu thé nhu sau: Bon mau thtr nghiém (cac azacrown ether 18c,
18d va 22b, 22¢) c6 tac dung khang nam soi Aspergillus niger (439) véi nong do
MIC Ia 50 pg/ml va 100 pg/ml. Ngoai ra, cac azacrown ether (22b, 22¢) c6 tac dung
khang vi khuan Gram (+) Bacillus subtillis subsp. spizizenii (ATCC 6633) véi nong
do MIC la 100 pg/ml.
4. Khao sat danh gia hoat tinh gdy doc té bao (in vitro) trén 5 dong té bao ung
thu nguoi 12 HepG2, Lul, FL (HelLa), RD, MCF-7 va dong té bao thuong Vero, da
xac dinh nhoém cac chit azacrown ether méi ¢ hoat tinh gdy doc té bao tot trén céc
dong té bao ung thu:

e Hop chat (10a) c6 chi s6 ICsq lan lugt 1a: 1Cspmeps2 = 5,97 UM; ICsorp =
2,10 UM VA ICsopicr.7 = 12,23 PM.

e Hop chit (10b) tc ché 4 dong té bao véi chi s6 1Csg 1an Tuot 1 & 1Csoeps2
=10,23 pM; ICsq 1 = 21,23 PM; ICsorp = 11,49 UM; 1Csomer-7 = 16,33 pM;

e Hop chat (19d) tc ché 4 dong té bao vai cac thong s lan luot 13 :
ICs0imepcz = 13,88 UM; 1Csq/ 41 = 6,40 UM; 1Csorp = 4,56 UM; ICsomcr7 = 12,86
HM.



e Hop chit (18f) wc ché 3 dong té bao ung thu véi chi sb 1Cs twong ng
nhu sau: ICsqhepcz = 19,5 UM; 1Cs0 01 = 9,5 UM 1Cs0rp = 12,8 UM; ICsoimcr-7 =
7,5 UM.

e Hop chit (20d) wc ché 02 dong té bao véi chi s6 ICs lan luwot nhu sau:
ICs0mepc2 = 7,47 UM VA 1Cspy 1 = 8,03 M.

e Hop chat (21d) giy doc trén cac 03 dong té bao HepG2, MCF-7 va Vero
Véi chi sb 1Cs, twong tmg nhu sau: ICso/hepc2 = 23,11 UM, [Csqpmcr7 = 23,23 UM va
ICs0 = 9,62 ug/ml (Vero)

e Céc hop chat (10b, 19d) va (20d) khong gay doc trén dong té bao thudng

Vero.
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Display Report - Selected Window Selected Analysis

Analysis Name: 2S20A.d Instrument: LC-MSD-Trap-SL Print Date: 7/24/2020 3:10:14 PM
Method: Quang_2021.m [o] 5 219541 14 Acq. Date: 7/24/2020 3:08:26 PM
Sample Name: 2S20A
Analysis Info:  Column Edlipse XDB-C18, 4.6 x150mm
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Department of Inorganic Chemistry. HUS-VNU
Instrument: FTIR Affinity - 1S
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Display Report - Selected Window Selected Analysis

Analysis Name: DNAl.d Instrument: LC-MSD-Trap-SL Print Date: 4/12/2021 2:29:51 PM
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Instrument: LC-MSD-Trap-SL
Quang_2021.m

Print Date: 4/12/2021 2:22:54 PM
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Intens WS, 0. 1min #8
x1
8 587.0
6
4
2
Japa 2572 3423 4510 607.3 847.4
200 300 400 500 600 miz
MSD Trap Report v 4 (A4-Opt2) Page 1of 1 1 Agilent Technelogies
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Display Report - Selected Window Selected Analysis

Analysis Name: BV03.d Instrument: LC-MSD-Trap-SL Print Date: 4/12/2021 2:59:48 PM
Method: Quang_2021.m Operator: 2195410AE0000514 Acq. Date: 4/12/2021 2:57:59 PM
Sample Name: BV03
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Display Report - Selected Window Selected Analysis

Analysis Name: 2S20T.d Instrument: LC-MSD-Trap-SL Print Date: 8/4/2020 2:51:30 PM
Method: Quang_2021.m Operator: 2195410AE0000514 Acq. Date: 8/4/2020 2:48:21 PM
Sample Name: 2S20T
Analysis Info: Column Eclipse XDB-C18, 4.6 x150mm
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Lab: Materials chemistry, Faculty of Chemdstry, HUS-VINT
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8r20/2018 2:08:42 PM Depantment of Inorgamic Chemistry, HUS-WVNU B sHIMADZU
Instrument: FTIR. Affinity - 15
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82012015 1:58:34 PM Deparment of Inorganic Chemistry, HUS-VNU B sHIMADZU
Instrument: FTIR Affinity - 1S
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1312018 1:03:18 PM Department of Inorganic Chemistry, HUS-VNU @ SHIMADZU
Instrument: FTIR Affinity - 15
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PHU LUC

THONG SO CAU TAO PHAN TU THEO DU LIEU PHAN TICH NHIEU XA PON
TINH THE



. Hinh anh vé cau tao phan tir podand 3c thu duoc ti dit liéu phan tich nhiéu xa don
tinh thé

[I. Hinh anh vé ciu tao phan tir podand 7a thu dwgc tU dit liéu phan tich nhidu xa don
tinh thé

[1l.  Hinh anh vé ciu tao phan tir azacrown ether 18a thu dwoc tir dit liéu phan tich
nhiéu xa don tinh thé

CAu tao phan tir 18a « CH,CI, trong dang bi solvat hda véi phén ti dichloromethane



Mang tinh thé phan tir 18a « CH,CI, véi lién két H c6 dang zigzag doc theo truc ¢ cua
tinh thé



Bang phu luc 3.1. D6 dai lién két [A] va gié tri cac goc lién két [°] cua hop chat 18a.

D dai lien keét

C(1)-N(33)
C(1)-C(2)
C(1)-C(32)
C(1)-H(1)
C(2)-C(11)
C(2)-C3)
C(3)-C(4)
C(3)-C(8)
C(4)-C(5)
C(4)-H4)
C(5)-C(6)
C(5)-H(5)
C(6)-C(7)
C(6)-H(6)
C(7)-C(8)
C(7)-H(7)
C(8)-C(9)
C(9)-C(10)
C(9)-H(9)
C(10)-C(11)
C(10)-H(10)
C(11)-0(12)
0(12)-C(13)
C(13)-C(14)
C(13)-H(13A)
C(13)-H(13B)
C(14)-0(15)
C(14)-H(14A)
C(14)-H(14B)
0(15)-C(16)
C(16)-C(17)
C(16)-H(16A)
C(16)-H(16B)
C(17)-0(18)
C(17)-H(17A)
C(17)-H(17B)

1.470(3)
1.527(3)
1.567(3)
1.0000
1.380(3)
1.427(3)
1.422(4)
1.435(3)
1.369(4)
0.9500
1.397(4)
0.9500
1.362(4)
0.9500
1.415(4)
0.9500
1.407(4)
1.360(4)
0.9500
1.414(3)
0.9500
1.372(3)
1.423(3)
1.502(4)
0.9900
0.9900
1.411(3)
0.9900
0.9900
1.415(3)
1.497(3)
0.9900
0.9900
1.432(3)
0.9900
0.9900

0(18)-C(19)

C(19)-C(28)
C(19)-C(20)
C(20)-C(21)
C(20)-H(20)
C(21)-C(22)
C(21)-H(21)
C(22)-C(23)
C(22)-C(27)
C(23)-C(24)
C(23)-H(23)
C(24)-C(25)
C(24)-H(24)
C(25)-C(26)
C(25)-H(25)
C(26)-C(27)
C(26)-H(26)
C(27)-C(28)
C(28)-C(29)
C(29)-N(33)
C(29)-C(30)
C(29)-H(29)
C(30)-C(34)
C(30)-C(31)
C(30)-H(30)
C(31)-0(31)
C(31)-C(32)
C(32)-C(40)
C(32)-H(32)
N(33)-H(33)
C(34)-C(39)
C(34)-C(35)
C(35)-C(36)
C(35)-H(35)
C(36)-C(37)
C(36)-H(36)

1.375(3)

1.382(3)
1.410(3)
1.362(4)
0.9500
1.404(4)
0.9500
1.419(3)
1.427(3)
1.357(4)
0.9500
1.406(4)
0.9500
1.372(4)
0.9500
1.423(3)
0.9500
1.433(3)
1.524(3)
1.466(3)
1.570(3)
1.0000
1.508(3)
1.528(3)
1.0000
1.206(3)
1.521(3)
1.510(3)
1.0000
0.86(3)
1.391(3)
1.392(3)
1.381(4)
0.9500
1.386(4)
0.9500



C(37)-C(38)
C(37)-H(37)
C(38)-C(39)
C(38)-H(38)
C(39)-H(39)
C(40)-C(45)
C(40)-C(41)
C(41)-C(42)
C(41)-H(41)
C(42)-C(43)
C(42)-H(42)
C(43)-C(44)

Goc lien két
N(33)-C(1)-C(2)

N(33)-C(1)-C(32)

C(2)-C(1)-C(32)
N(33)-C(1)-H(1)
C(2)-C(1)-H(1)
C(32)-C(1)-H(1)
C(11)-C(2)-C(3)
C(11)-C(2)-C(2)
C(3)-C(2)-C(1)
C(4)-C(3)-C(2)
C(4)-C(3)-C(8)
C(2)-C(3)-C(8)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7)
C(8)-C(7)-H(7)
C(9)-C(8)-C(7)

1.373(4)
0.9500
1.383(4)
0.9500
0.9500
1.389(3)
1.391(4)
1.397(4)
0.9500
1.376(4)
0.9500
1.383(4)

110.23(19)
111.68(19)
114.53(19)
106.6
106.6
106.6
118.8(2)
120.5(2)
120.6(2)
124.1(2)
116.6(2)
119.3(2)
121.7(2)
119.1
119.1
121.1(3)
119.5
119.5
119.5(3)
120.3
120.3
121.3(2)
119.3
119.3
121.4(2)

C(43)-H(43)
C(44)-C(45)
C(44)-H(44)
C(45)-H(45)
CI(1)-C(46)
CI(2)-C(46)
C(46)-H(46A)
C(46)-H(46B)
CI(1)-C(46")
CI(2)-C(46))
C(46')-H(46C)
C(46')-H(46D)

C(9)-C(8)-C(3)
C(7)-C(8)-C(3)
C(10)-C(9)-C(8)
C(10)-C(9)-H(9)
C(8)-C(9)-H(9)

C(9)-C(10)-C(11)
C(9)-C(10)-H(10)
C(11)-C(10)-H(10)
0(12)-C(11)-C(2)
0(12)-C(11)-C(10)
C(2)-C(11)-C(10)
C(11)-0(12)-C(13)
0(12)-C(13)-C(14)
0(12)-C(13)-H(13A)
C(14)-C(13)-H(13A)
0(12)-C(13)-H(13B)
C(14)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
0(15)-C(14)-C(13)
0(15)-C(14)-H(14A)
C(13)-C(14)-H(14A)
0(15)-C(14)-H(14B)
C(13)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
C(14)-O(15)-C(16)

0.9500
1.389(3)
0.9500
0.9500
1.776(3)
1.776(3)
0.9900
0.9900
1.778(3)
1.778(3)
0.9900
0.9900

118.8(2)
119.8(2)
121.8(2)
119.1
119.1
119.4(2)
120.3
120.3
116.0(2)
122.1(2)
121.9(2)
120.46(19)
106.4(2)
1105
1105
1105
1105
108.6
107.1(2)
110.3
110.3
110.3
110.3
108.6
114.60(19)



0(15)-C(16)-C(17)

0(15)-C(16)-H(16A)

C(17)-C(16)-H(16A)
0(15)-C(16)-H(16B)
C(17)-C(16)-H(16B)

H(16A)-C(16)-H(16B)

0(18)-C(17)-C(16)

0(18)-C(17)-H(17A)

C(16)-C(17)-H(17A)
0(18)-C(17)-H(17B)
C(16)-C(17)-H(17B)

H(17A)-C(17)-H(17B)

C(19)-0(18)-C(17)
0(18)-C(19)-C(28)
0(18)-C(19)-C(20)
C(28)-C(19)-C(20)
C(21)-C(20)-C(19)
C(21)-C(20)-H(20)
C(19)-C(20)-H(20)
C(20)-C(21)-C(22)
C(20)-C(21)-H(21)
C(22)-C(21)-H(21)
C(21)-C(22)-C(23)
C(21)-C(22)-C(27)
C(23)-C(22)-C(27)
C(24)-C(23)-C(22)
C(24)-C(23)-H(23)
C(22)-C(23)-H(23)
C(23)-C(24)-C(25)
C(23)-C(24)-H(24)
C(25)-C(24)-H(24)
C(26)-C(25)-C(24)
C(26)-C(25)-H(25)
C(24)-C(25)-H(25)
C(25)-C(26)-C(27)
C(25)-C(26)-H(26)
C(27)-C(26)-H(26)
C(26)-C(27)-C(22)
C(26)-C(27)-C(28)

107.8(2)
110.1
110.1
110.1
110.1
108.5
106.50(19)
110.4
110.4
110.4
110.4
108.6
118.59(18)
116.3(2)
121.5(2)
122.2(2)
119.6(2)
120.2
120.2
121.3(2)
119.4
119.4
120.7(2)
119.2(2)
120.2(2)
121.2(2)
119.4
119.4
119.5(2)
120.3
120.3
120.9(2)
119.6
119.6
121.7(2)
119.2
119.2
116.6(2)
123.8(2)

C(22)-C(27)-C(28)
C(19)-C(28)-C(27)
C(19)-C(28)-C(29)
C(27)-C(28)-C(29)
N(33)-C(29)-C(28)
N(33)-C(29)-C(30)
C(28)-C(29)-C(30)
N(33)-C(29)-H(29)
C(28)-C(29)-H(29)
C(30)-C(29)-H(29)
C(34)-C(30)-C(31)
C(34)-C(30)-C(29)
C(31)-C(30)-C(29)
C(34)-C(30)-H(30)
C(31)-C(30)-H(30)
C(29)-C(30)-H(30)
0(31)-C(31)-C(32)
0(31)-C(31)-C(30)
C(32)-C(31)-C(30)
C(40)-C(32)-C(31)
C(40)-C(32)-C(1)

C(31)-C(32)-C(1)

C(40)-C(32)-H(32)
C(31)-C(32)-H(32)
C(1)-C(32)-H(32)

C(29)-N(33)-C(1)

C(29)-N(33)-H(33)
C(1)-N(33)-H(33)

C(39)-C(34)-C(35)
C(39)-C(34)-C(30)
C(35)-C(34)-C(30)
C(36)-C(35)-C(34)
C(36)-C(35)-H(35)
C(34)-C(35)-H(35)
C(35)-C(36)-C(37)
C(35)-C(36)-H(36)
C(37)-C(36)-H(36)
C(38)-C(37)-C(36)
C(38)-C(37)-H(37)

119.7(2)
118.0(2)
120.2(2)
121.8(2)
111.35(19)
112.90(19)
112.57(19)
106.5
106.5
106.5
113.2(2)
112.56(19)
109.66(18)
107.0
107.0
107.0
122.0(2)
123.1(2)
114.9(2)
113.2(2)
114.52(19)
106.47(19)
107.4
107.4
107.4
111.75(19)
109.1(18)
109.7(17)
118.1(2)
120.0(2)
121.9(2)
121.0(2)
119.5
119.5
120.1(3)
119.9
119.9
119.4(2)
120.3



C(36)-C(37)-H(37)
C(37)-C(38)-C(39)
C(37)-C(38)-H(38)
C(39)-C(38)-H(38)
C(38)-C(39)-C(34)
C(38)-C(39)-H(39)
C(34)-C(39)-H(39)
C(45)-C(40)-C(41)
C(45)-C(40)-C(32)
C(41)-C(40)-C(32)
C(40)-C(41)-C(42)
C(40)-C(41)-H(41)
C(42)-C(41)-H(41)
C(43)-C(42)-C(41)
C(43)-C(42)-H(42)
C(41)-C(42)-H(42)
C(42)-C(43)-C(44)
C(42)-C(43)-H(43)
C(44)-C(43)-H(43)

120.3
120.6(2)
119.7
119.7
120.7(2)
119.6
119.6
118.3(2)
121.9(2)
119.8(2)
120.7(3)
119.6
119.6
120.2(3)
119.9
119.9
119.6(2)
120.2
120.2

C(43)-C(44)-C(45)
C(43)-C(44)-H(44)
C(45)-C(44)-H(44)
C(40)-C(45)-C(44)
C(40)-C(45)-H(45)
C(44)-C(45)-H(45)
CI(2)-C(46)-CI(1)
CI(2)-C(46)-H(46A)
CI(1)-C(46)-H(46A)
CI(2)-C(46)-H(46B)
CI(1)-C(46)-H(46B)

H(46A)-C(46)-H(46B)

CI(2))-C(46')-CI(1")

CI(2)-C(46")-H(46C)
CI(1)-C(46")-H(46C)
CI(2)-C(46")-H(46D)
CI(1)-C(46")-H(46D)
H(46C)-C(46')-H(46D)

120.2(3)
119.9
119.9
121.0(2)
1195
1195
111.2(2)
109.4
109.4
109.4
109.4
108.0
111.2(2)
109.4
109.4
109.4
109.4
108.0




Bang phu luc 3.2. Goc nhi dién (goc xoan) [°] cua phan ti hop chit 18a.

N(33)-C(1)-C(2)-C(11)  68.7(3) C(17)-0(18)-C(19)-C(20) -1.6(3)
C(32)-C(1)-C(2)-C(11)  -58.2(3) 0(18)-C(19)-C(20)-C(21) -179.2(2)
N(33)-C(1)-C(2)-C(3)  -107.1(2) C(28)-C(19)-C(20)-C(21)  1.1(4)
C(32)-C(1)-C(2)-C(3) 126.0(2) C(19)-C(20)-C(21)-C(22)  0.0(4)
C(11)-C(2)-C(3)-C(4) 177.7(2) C(20)-C(21)-C(22)-C(23) 178.6(2)
C(1)-C(2)-C(3)-C(4) -6.4(3) C(20)-C(21)-C(22)-C(27)  -0.5(4)
C(11)-C(2)-C(3)-C(8) -2.4(3) C(21)-C(22)-C(23)-C(24) 179.6(2)
C(1)-C(2)-C(3)-C(8) 173.5(2) C(27)-C(22)-C(23)-C(24)  -1.3(4)
C(2)-C(3)-C(4)-C(5) 179.6(2) C(22)-C(23)-C(24)-C(25)  1.5(4)
C(8)-C(3)-C(4)-C(5) -0.3(3) C(23)-C(24)-C(25)-C(26)  -0.6(4)
C(3)-C(4)-C(5)-C(6) -1.0(4) C(24)-C(25)-C(26)-C(27)  -0.5(4)
C(4)-C(5)-C(6)-C(7) 1.4(4) C(25)-C(26)-C(27)-C(22)  0.6(4)
C(5)-C(6)-C(7)-C(8) -0.4(4) C(25)-C(26)-C(27)-C(28) 179.9(2)
C(6)-C(7)-C(8)-C(9) 178.7(2) C(21)-C(22)-C(27)-C(26) 179.4(2)
C(6)-C(7)-C(8)-C(3) -0.9(4) C(23)-C(22)-C(27)-C(26)  0.3(3)
C(4)-C(3)-C(8)-C(9) -178.4(2) C(21)-C(22)-C(27)-C(28)  0.1(3)
C(2)-C(3)-C(8)-C(9) 1.8(3) C(23)-C(22)-C(27)-C(28) -179.0(2)
C(4)-C(3)-C(8)-C(7) 1.3(3) 0(18)-C(19)-C(28)-C(27) 178.7(2)
C(2)-C(3)-C(8)-C(7) -178.6(2) C(20)-C(19)-C(28)-C(27)  -1.6(4)
C(7)-C(8)-C(9)-C(10)  -179.1(2) 0(18)-C(19)-C(28)-C(29) -1.1(3)
C(3)-C(8)-C(9)-C(10) 0.5(4) C(20)-C(19)-C(28)-C(29) 178.6(2)
C(8)-C(9)-C(10)-C(11)  -2.1(4) C(26)-C(27)-C(28)-C(19) -178.3(2)
C(3)-C(2)-C(11)-0(12)  179.7(2) C(22)-C(27)-C(28)-C(19)  1.0(3)
C(1)-C(2)-C(11)-0(12)  3.8(3) C(26)-C(27)-C(28)-C(29)  1.5(4)
C(3)-C(2)-C(11)-C(10) 0.8(3) C(22)-C(27)-C(28)-C(29) -179.2(2)
C(1)-C(2)-C(11)-C(10)  -175.1(2) C(19)-C(28)-C(29)-N(33) -61.8(3)
C(9)-C(10)-C(11)-0(12) -177.3(2) C(27)-C(28)-C(29)-N(33) 118.3(2)
C(9)-C(10)-C(11)-C(2) 1.5(4) C(19)-C(28)-C(29)-C(30)  66.1(3)
C(2)-C(11)-0(12)-C(13) -179.7(2) C(27)-C(28)-C(29)-C(30) -113.7(2)
C(10)-C(11)-0(12)-C(13)  -0.8(3) N(33)-C(29)-C(30)-C(34) -176.04(19)
C(11)-0(12)-C(13)-C(14) 170.2(2) C(28)-C(29)-C(30)-C(34)  56.8(3)
0(12)-C(13)-C(14)-0(15) -63.0(2) N(33)-C(29)-C(30)-C(31) -49.1(3)
C(13)-C(14)-O(15)-C(16) 161.6(2) C(28)-C(29)-C(30)-C(31) -176.3(2)
C(14)-O(15)-C(16)-C(17) -162.7(2) C(34)-C(30)-C(31)-0(31) -2.0(4)
0(15)-C(16)-C(17)-0(18)  66.0(2) C(29)-C(30)-C(31)-0(31) -128.6(3)
C(16)-C(17)-O(18)-C(19) -178.6(2) C(34)-C(30)-C(31)-C(32) 177.5(2)

C(17)-O(18)-C(19)-C(28) 178.2(2) C(29)-C(30)-C(31)-C(32) 51.0(3)



0(31)-C(31)-C(32)-C(40)
C(30)-C(31)-C(32)-C(40)
0(31)-C(31)-C(32)-C(1)
C(30)-C(31)-C(32)-C(1)
N(33)-C(1)-C(32)-C(40)
C(2)-C(1)-C(32)-C(40)
N(33)-C(1)-C(32)-C(31)
C(2)-C(1)-C(32)-C(31)
C(28)-C(29)-N(33)-C(1)
C(30)-C(29)-N(33)-C(1)
C(2)-C(1)-N(33)-C(29)
C(32)-C(1)-N(33)-C(29)
C(31)-C(30)-C(34)-C(39)
C(29)-C(30)-C(34)-C(39)
C(31)-C(30)-C(34)-C(35)
C(29)-C(30)-C(34)-C(35)
C(39)-C(34)-C(35)-C(36)
C(30)-C(34)-C(35)-C(36)

-2.2(3)
178.2(2)
124.5(3)
-55.1(3)
-175.0(2)
-48.9(3)
59.0(2)
-174.81(19)
-176.6(2)
55.7(3)
170.1(2)
-61.4(3)
128.1(2)
-106.9(3)
-52.0(3)
73.03)
-1.5(4)
178.6(2)

C(34)-C(35)-C(36)-C(37)
C(35)-C(36)-C(37)-C(38)
C(36)-C(37)-C(38)-C(39)
C(37)-C(38)-C(39)-C(34)
C(35)-C(34)-C(39)-C(38)
C(30)-C(34)-C(39)-C(38)
C(31)-C(32)-C(40)-C(45)
C(1)-C(32)-C(40)-C(45)

C(31)-C(32)-C(40)-C(41)
C(1)-C(32)-C(40)-C(41)

C(45)-C(40)-C(41)-C(42)
C(32)-C(40)-C(41)-C(42)
C(40)-C(41)-C(42)-C(43)
C(41)-C(42)-C(43)-C(44)
C(42)-C(43)-C(44)-C(45)
C(41)-C(40)-C(45)-C(44)
C(32)-C(40)-C(45)-C(44)
C(43)-C(44)-C(45)-C(40)

-0.9(4)
2.3(4)
-1.2(4)
-1.3(4)
2.6(4)

-177.5(2)

68.8(3)
-53.6(3)

-110.5(3)

127.1(2)
-0.2(4)
179.1(2)
0.0(4)
0.3(4)
-0.3(4)
0.2(4)

-179.1(2)

0.1(4)



IV. Hinh anh vé ciu tao phan tir azacrown ether 20a thu dwoc tu dit liéu phan tich
nhiéu xa don tinh thé

Mang tinh thé phan tir 20a véi lién két H noi phan tir va ngoai phan tir. Trong mang
tinh thé phan tir 20a tn tai ¢ dang solvate héa dung méi chloroform véi dang
20a2CHCI,



Bang phu luc 4.1. B dai lién két [A] va gié tri cac goc lien két [°] ciia hop chét 20a.
D dai lien két

S1—01 1.448 (3) C21—C22 1.549 (5)
S1-—02 1.454 (3) C21—H21 1.0000
S1—N11 1.658 (3) C22—C32 1.530 (5)
S1-C25 1.786 (4) C22—C23 1.531 (5)
C1—N25 1.457 (4) C22—H22 1.0000
Cl—C2 1.546 (5) C23—023 1.251 (4)
Cl—C24 1.559 (5) C23—C24 1.535 (5)
Cl—H1 1.0000 C24—C38 1.532 (5)
C2—C3 1.394 (5) C24—H24 1.0000
C2—C7 1.429 (5) N25—H25 0.9000
C3—C4 1.399 (5) C25—C30 1.424 (5)
C3—H3 0.9500 C25—C26 1.427 (6)
C4—C5 1.395 (5) C26—C27 1.401 (6)
C4—H4 0.9500 C26—H26 0.9500
C5—C6 1.391 (5) C27—C28 1.411 (7)
C5—H5 0.9500 C27—H27 0.9500
C6—C7 1.399 (5) C28—C29 1.408 (7)
C6—H6 0.9500 C28—C31 1.498 (6)
Cc7—O08 1.388 (4) C29—C30 1.391 (5)
08—C9 1.434 (4) C29—H29 0.9500
C9—C10 1.526 (5) C30—H30 0.9500
C9—HI9A 0.9900 C31—H31A 0.9800
C9—H9B 0.9900 C31—H31B 0.9800
C10—N11 1.505 (4) C31—H31C 0.9800
C10—H10A 0.9900 C32—C33 1.381 (5)
C10—H10B 0.9900 C32—C37 1.399 (5)
N11—C12 1.476 (5) C33—C34 1.418 (6)
C12—C13 1521 (5) C33—H33 0.9500
C12—H12A 0.9900 C34—C35 1.434 (6)
C12—H12B 0.9900 C34—H34 0.9500
C13—014 1.456 (4) C35—C36 1.352 (6)
C13—H13A 0.9900 C35—H35 0.9500
C13—H13B 0.9900 C36—C37 1.392 (6)




014—C15 1.414 (4) C36—H36 0.9500
C15—Ci6 1.385 (5) C37—H37 0.9500
C15—C20 1.394 (4) C38—C43 1.402 (5)
C16—C17 1.392 (5) C38—C39 1.405 (5)
Cl6—H16 0.9500 C39—C40 1.401 (5)
C17—Ci18 1.393 (5) C39—H39 0.9500
C17—H17 0.9500 C40—C41 1.379 (5)
C18—C19 1.391 (5) C40—H40 0.9500
C18—H18 0.9500 C41—C42 1.396 (6)
C19—C20 1.427 (5) C41—H41 0.9500
C19—H19 0.9500 C42—C43 1.388 (5)
C20—C21 1.538 (5) C42—H42 0.9500
C21—N25 1.472 (4) C43—H43 0.9500
Goc lién keét

01—-S1-02 119.81 (16) C20—C21—H21 106.8
0O1—S1—N11 106.84 (15) C22—C21—H21 106.8
02— S1—N11 107.44 (15) C32—C22—C23 111.9 (3)
01—-S1—C25 108.19 (17) C32—C22—C21 112.6 (3)
02—S1-—C25 107.54 (18) C23—C22—C21 112.2 (3)
N11—S1—C25 106.28 (15) C32—C22—H22 106.5
N25—C1—C2 108.9 (3) C23—C22—H22 106.5
N25—C1—C24 113.6 (3) C21—C22—H22 106.5
C2—Cl1—C24 1133 (3) 023—C23—C22 1203 (3)
N25—C1—H1 106.8 023—C23—C24 118.7 (3)
Cc2—C1—H1 106.8 C22—C23—C24 120.8 (3)
C24—C1—H1 106.8 C38—C24—C23 112.3 (3)
C3—C2—C7 118.0 (3) C38—C24—C1 1115 (3)
c3—C2—Cl 1215 (3) C23—C24—C1 113.0 (3)
Cc7r—C2—C1 120.5 (3) C38—C24—H24 106.5
C2—C3—C4 122.0 (3) C23—C24—H?24 106.5
C2—C3—H3 119.0 Cl1—C24—H24 106.5
C4—C3—H3 119.0 C1—N25—C21 111.4 (3)
C5—C4—C3 119.2 (3) C1—N25—H25 109.5
C5—C4—HA4 120.4 C21—N25—H25 109.2
C3—C4—H4 120.4 C30—C25—C26 120.8 (4)




C6—C5—C4 120.3 (4) C30—C25—S1 120.2 (3)
C6—C5—H5 119.8 C26—C25—S1 118.9 (3)
C4—C5—H5 119.8 C27—C26—C25 117.6 (4)
C5—C6—C7 120.6 (3) C27—C26—H26 121.2
C5—C6—H6 119.7 C25—C26—H26 121.2
C7—C6—H6 119.7 C26—C27—C28 122.7 (4)
08— C7—C6 124.3 (3) C26—C27—H27 118.6
08— C7—C2 115.8 (3) C28—C27—H27 118.6
C6—C7—C2 119.8 (3) C29—C28—C27 117.8 (4)
C7—08—C9 116.8 (3) C29-C28—C31 120.3 (5)
08—C9—C10 108.3 (3) C27—C28—C31 121.8 (5)
08—C9—HIA 110.0 C30—C29—C28 122.1 (4)
C10—C9—H9A 110.0 C30—C29—H29 118.9
08— C9—HIB 110.0 C28—C29—H29 118.9
C10—C9—H9B 110.0 C29—C30—C25 118.8 (4)
H9A—C9—H9B 108.4 C29—C30—H30 120.6
N11—C10—C9 113.9 (3) C25—C30—H30 120.6
N11—C10—H10A 108.8 C28—C31—H31A 109.5
C9—C10—H10A 108.8 C28—C31—H31B 109.5
N11—C10—H10B 108.8 H31A—C31—H31B 109.5
C9—C10—H10B 108.8 C28—C31—H31C 109.5
H10A—C10—H10B  |107.7 H31A—C31—H31C 109.5
C12—N11—C10 118.0 (3) H31B—C31—H31C 109.5
C12—N11—S1 114.9 (2) C33—C32—C37 117.6 (4)
C10—N11—S1 114.2 (2) C33—C32C22 121.3 (3)
N11—C12—C13 114.0 (3) C37—C32—C22 121.0 (3)
N11—C12—H12A 108.8 C32—C33—C34 121.2 (4)
C13—Cl12—H12A 108.8 C32—C33—H33 119.4
N11—C12—H12B 108.8 C34—C33—H33 119.4
C13—C12—H12B 108.8 C33—C34—C35 118.8 (4)
H12A—C12—H12B  |107.6 C33—C34—H34 120.6
014—C13—C12 108.3 (3) C35C34—H34 120.6
014—C13—H13A 110.0 C36—C35—C34 119.6 (4)
C12—C13—H13A 110.0 C36—C35—H35 120.2
014—C13—H13B 110.0 C34—C35—H35 120.2




C12—C13—H13B 110.0 C35—C36—C37 120.3 (4)
H13A—C13—H13B 108.4 C35—C36—H36 119.9
C15—014—C13 117.7 (2) C37—C36—H36 119.9
C16—C15—C20 121.8 (3) C36—C37—C32 122.4 (4)
C16—C15—014 123.4 (3) C36—C37—H37 118.8
C20—C15—014 114.8 (3) C32—C37—H37 118.8
C15—C16—C17 120.4 (3) C43—C38—C39 117.2 (3)
C15—C16—H16 119.8 C43—C38—C24 120.7 (4)
C17—Cl16—H16 119.8 C39—C38—C24 122.0 (3)
C16—C17—C18 119.7 (3) C40—C39—C38 120.9 (3)
Cl16—C17—H17 120.2 C40—C39—H39 119.6
C18—C17—H17 120.2 C38—C39—H39 119.6
C19—C18—C17 119.7 (4) C41—C40—C39 120.7 (4)
C19—C18—H18 120.1 C41—C40—H40 119.6
C17—C18—H18 120.1 C39—C40—H40 119.6
C18—C19—C20 121.4 (3) C40—C41—C42 119.3 (4)
C18—C19—H19 119.3 C40—C41—H41 120.3
C20—C19—H19 119.3 C42—C41—H41 120.3
C15—C20—C19 116.8 (3) C43—C42—C41 120.0 (3)
C15—C20—C21 122.5 (3) C43—C42—H42 120.0
C19—C20—C21 120.7 (3) C41—C42—H42 120.0
N25—C21—C20 109.6 (3) C42—C43—C38 121.8 (4)
N25—C21—C22 114.3 (3) C42—C43—H43 119.1
C20—C21—C22 112.2 (3) C38—C43—H43 119.1
N25—C21—H21 106.8

Goc nhj di¢n

N25—C1—C2—C3 -120.7 (3) C32—C22—C23—C24 153.0 (3)
C24—C1—C2—C3 111.8 (4) C21—C22—C23—C24  |25.3(4)
N25—C1—C2—C7 58.5 (4) 023—C23—C24—C38 34.3 (4)
C24—C1—C2—C7 -69.0 (4) C22—C23—C24—C38  |-152.0 (3)
Cr—C2—C3—C4 -2.5 (5) 023—C23—C24—C1 161.5 (3)
Cl—C2—C3—C4 176.8 (3) C22—C23—C24—C1 -24.9 (4)
C2—C3—C4—C5 0.0 (5) N25—C1—C24—C38 168.5 (3)
C3—C4—C5—C6 1.2 (5) C2—C1—C24—C38 -66.5 (3)
C4—C5—C6—C7 0.2 (6) N25—C1—C24—C23 40.9 (4)




C5—C6—C7—08 -179.4 (3) C2—C1—C24—C23 166.0 (2)
C5C6—C7—C2 -2.8 (5) C2—Cl1N25—C21 173.1 (3)
C3—C2—C7—08 -179.3 (3) C24—C1-—N25—C21  |-59.5(4)
Cl-—C2C7—08 1.4 (5) C20—C21—N25—C1  [-172.3(3)
C3—C2—C7—C6 3.8 (5) C22—C21-N25—Cl  [60.7 (3)
Cl—C2C7—C6 -175.5 (3) 01—S1—C25C30 -156.8 (2)
C6—C7—08—C9 -13.8 (5) 02—S1—C25—C30 -26.1 (3)
C2—C7—08—C9 169.5 (3) N11—S1—C25—C30 88.7 (3)
C7—08 C9—C10  |-169.6 (3) 01—S1—C25C26 25.1 (3)
08—C9—C10—N11 |-82.3(3) 02—S1—C25C26 155.8 (3)
C9—C10—N11-C12 [128.2(3) N11—S1—C25C26 -89.4 (3)
C9—C10—N11—-S1 [-92.2(3) C30—C25C26—C27  |-1.7(5)
01—S1-N11-C12 |-39.1(3) S1—C25C26—C27 176.4 (3)
02—-S1-N11-C12 |-168.8(2) C25C26—C27—C28 |1.4(6)
C25-S1-N11-—Cl12 [76.3(3) C26—C27—C28—C29 |-0.3(6)
01—S1-N11-C10 |-179.9 (2) C26—C27—C28—C31  |177.9 (4)
02-S1-N11-C10  [50.3 (3) C27—C28—C29—C30 |-0.5(6)
C25S1-N11—C10 |-64.6 (3) C31—C28—C29—C30  |-178.7 (4)
C10—N11—C12—C13 |-128.3 (3) C28—C29—C30—C25  [0.2 (5)
S1-N11—Cl2—C13 [92.4(3) C26—C25C30—C29  [0.9 (5)
N1l1—C12—C13—014 [79.1 (3) S1—C25C30—C29 -177.2 (3)
C12—C13—014—C15 |170.2 (3) C23—C22-C32-C33  |-51.3 (4)
C13—014—C15C16 [16.9 (5) C21—C22-C32-C33 |76.3(4)
C13—014C15C20 |-165.2 (3) C23—C22-C32-C37 |131.0(3)
C20—C15—C16—C17 |2.4 (6) C21—C22C32—C37 |-101.5 (4)
014—C15C16—C17 |-179.8 (3) C37—C32-C33—C34 |-25(5)
C15C16—C17—C18 |-0.4 (6) C22-C32-C33—C34 |179.7 3)
C16—C17—C18—C19 |-0.3 (5) C32-C33—C34—C35 |-0.1(6)
C17—C18—C19—C20 |-1.1 () C33—C34—C35-C36  |2.4(6)
C16—C15—C20—C19 |-3.6 (5) C34—C35-C36—C37 |-2.0 ()
014—C15—C20—C19 |178.5 (3) C35-C36—C37—C32 |-0.6 ()
C16—C15—C20—C21 |176.6 (4) C33—C32-C37—C36  [2.9(5)
014—C15—C20—C21 |-1.3 (5) C22—C32—C37—C36  |-179.2 (4)
C18—C19—C20—C15 |2.9 (5) C23—C24—C38—C43  |53.4 (4)
C18—C19—C20—C21 |-177.3 (3) Cl—C24—C38—C43 -74.6 (4)




C15—C20—C21—N25 |-59.2 (4) C23—C24—C38—C39  |-129.4 (4)
C19—C20—C21—N25 |121.0 (3) Cl—C24—C38—C39 102.6 (4)
C15—C20—C21—C22 (68.9 (4) C43—C38—C39—C40  |-2.0 (5)
C19—C20—C21—C22 |-110.8 (3) C24—C38—C39—C40  |-179.3 (4)
N25—C21—C22—C32 |-169.4 (3) C38—C39—C40—C41  |1.0(6)
C20—C21—C22—C32 |65.1(3) C39—C40—C41—C42 |05 (6)
N25—C21—C22—C23 |-42.0 (3) C40—C41—C42—C43  |-0.9 (6)
C20—C21—C22—C23 |-167.6 (3) C41—C42—C43—C38  |-0.1(5)
C32—C22-C23—023 |-33.4 (4) C39-C38—C43—C42 |16 (5)
C21—C22C23—023 |-161.1 (3) C24—C38—C43—C42 1789 (3)




V. Hinh anh vé cau tao phan tir azacrown ether 22a thu duoc t0 dit liéu phan tich
nhiéu xa don tinh thé

018/01BA -~

C4u tao phan tir 22a va hinh anh hai phan tir doc 1ap vé mat tinh thé dugc xép chong
l&n nhau tai cac vi tri nguyén tir dugc danh dau: N28, 08, N27, 016

Mang tinh thé phan tir 22a « 2CHCI; véi lién két H noi phan ti va gitra cac phan tu,
phan tir 22a trong mang tinh thé s& ton tai & dang bi solvat hoa véi phan tir
chloroform 22a«2CHCl;



Bang phu luc 5.1. Do dai lién két [A] va gié tri cac goc lién két [°] cua hop chat 22a

D dai lien két

C1—N28 1.452 (10) |C5A—CB6A 1.366 (12)
Cl1—C2 1.512 (10) |C5A—H5A 0.9500
C1—C26 1.561 (10) |C6A—C7A 1.386 (11)
Cl—H1 1.0000 C6A—H6A 0.9500
Cc2—C7 1.381(12) |C7TA—O8A 1.370 (9)
C2—C3 1.394 (12) |08A—C9A 1.398 (10)
C3—C4 1.385(11) |C9A—CI0A 1.500 (12)
C3—H3 0.9500 C9A—H9C 0.9900
C4—C5 1.360 (13)  |COA—HID 0.9900
C4—H4 0.9500 C10A—N27A 1.319 (10)
C5—C6 1.367 (13) |C10A—C11A 1.396 (12)
C5—H5 0.9500 Cl11A—C12A 1.369 (13)
C6—C7 1.390 (11) |C11A—HI11A 0.9500
C6—H6 0.9500 C12A—C13A 1.373 (13)
C7—08 1.350 (10) C12A—H12A 0.9500
08—C9 1.418 (10) |[C13A—C14A 1.386 (13)
C9—C10 1.492 (12) C13A—H13A 0.9500
C9—H9A 0.9900 Cl4A—N27A 1.338 (11)
C9—H9B 0.9900 C14A—C15A 1.478 (12)
C10—N27 1.333(10) |C15A—O016A 1.419 (10)
C10—C11 1.373(12) |C15A—H15C 0.9900
Cl1—C12 1.375 (13) C15A—H15D 0.9900
Cl1—H11 0.9500 016A—C17A 1.363 (10)
Cl12—C13 1.363 (12) |C17A—C22A 1.373 (12)
Cl2—H12 0.9500 C17A—C18A 1.394 (11)
C13—C14 1.398 (12) C18A—C19A 1.358 (12)
C13—H13 0.9500 C18A—H18A 0.9500
C14—N27 1.333(11) |C19A—C20A 1.363 (13)
Cl14—C15 1.481 (12) C19A—H19A 0.9500
C15—016 1.421 (10) |C20A—C21A 1.383 (11)
C15—H15A 0.9900 C20A—H20A 0.9500
C15—H15B 0.9900 C21A—C22A 1.385 (11)




016—C17 1.360 (10) |C21A—H21A 0.9500
C17—C22 1.373(12) |C22A—C23A 1.509 (10)
C17—C18 1.406 (11) |C23A—N28A 1.459 (10)
C18—C19 1.370 (12) |C23A—C24A 1.565 (9)
C18—H18 0.9500 C23A—H23A 1.0000
C19—C20 1.366 (13) |C24A—C29A 1.502 (10)
C19—H19 0.9500 C24A—C25A 1.519 (10)
C20—C21 1.389 (12) |C24A—H24A 1.0000
C20—H20 0.9500 C25A—025A 1.218 (9)
C21-—C22 1.387 (11) |C25A—C26A 1.509 (10)
C21—H21 0.9500 C26A—C35A 1503 (11)
C22-C23 1508 (10) |C26A—H26A 1.0000
C23—N28 1.455(9)  |N28A—H28A 0.78 (9)
C23—C24 1558 (10) |C29A—C30A 1.369 (12)
C23—H23 1.0000 C29A—C34A 1.384 (11)
C24—C29 1500 (10) |C30A—C31A 1.384 (11)
C24—C25 1511 (11) |C30A—H30A 0.9500
C24—H24 1.0000 C31A—C32A 1.382 (12)
C25—025 1213(9) |C31A—H31A 0.9500
C25—C26 1508 (10) |C32A—C33A 1.366 (13)
C26—C35 1506 (11) |C32A—H32A 0.9500
C26—H26 1.0000 C33A—C34A 1.379 (12)
N28—H28 0.81 (9) C33A—H33A 0.9500
C29—C30 1.369 (12) |C34A—H34A 0.9500
C29—C34 1.392 (11) |C35A—C40A 1.364 (12)
C30—C31 1.386 (12) |C35A—C36A 1.381 (11)
C30—H30 0.9500 C36A—C37A 1.385 (12)
C31-C32 1.380 (13) |C36A—H36A 0.9500
C31—H31 0.9500 C37A—C38A 1.383 (13)
C32—C33 1.361(13) |C37A—H37A 0.9500
C32—H32 0.9500 C38A—C39A 1.372 (13)
C33—C34 1.376 (12) |C38A—H38A 0.9500
C33—H33 0.9500 C39A—C40A 1.387 (12)
C34—H34 0.9500 C39A—H39A 0.9500




C35—C40 1.373 (12) C40A—H40A 0.9500
C35—C36 1373 (11) |cli—c41 1.752 (8)
C36—C37 1383 (12) |Cl—c41 1.752 (8)
C36—H36 0.9500 CI3—C41 1.733 (9)
C37—C38 1363 (14) |C41—H41 1.0000
C37—H37 0.9500 Cl4—C42 1.746 (9)
C38—C39 1.368 (13) CI5—C42 1.720 (11)
C38—H38 0.9500 Cl6e—C42 1.736 (10)
C39—C40 1.381 (12) C42—HA42 1.0000
C39—H39 0.9500 ClI7—C43 1.738 (10)
C40—H40 0.9500 CI8—C43 1.749 (8)
C1A—N28A 1.447 (10) |Cl9—C43 1.752 (8)
C1A—C2A 1.525 (10) C43—HA43 1.0000
C1A—C26A 1.565(9)  |CI10—C44 1.756 (3)
Cl1A—H1A 1.0000 Cl11—C44 1.771 (3)
C2A—C3A 1377 (11) |Cli2—ca44 1.750 (3)
C2A—C7A 1379 (11) |CILA—C44 1.760 (3)
C3A—C4A 1398 (12) |Cl1B—C44 1.749 (3)
C3A—H3A 0.9500 clic—cC44 1.770 (3)
C4A—C5HA 1.362 (13) C44—H44A 1.0000
C4A—HA4A 0.9500 C44—H44B 1.0000
Goc lién két

N28—C1—C2 113.0 (6) C4A—C5A—C6A 121.4 (8)
N28—C1—C26 111.3 (6) C4A—C5A—H5A 119.3
C2—C1—C26 1143(6) |C6A—C5A—H5A 119.3
N28—C1—H1 105.8 C5A—C6A—C7A 119.8 (8)
C2—C1—H1 105.8 C5A—C6A—HG6A 120.1
C26—C1—H1 105.8 C7A—C6A—HG6A 120.1
C7—C2—C3 1183(7) |08A—C7A—C2A 116.6 (7)
C7—C2—C1 122.7(7) |O8A—C7A—C6A 123.3(7)
Cc3—C2—C1 1190 (7)  |C2A—C7A—C6A 120.2 (8)
C4—C3—C2 1206 (8) |C7A—O8A—C9A 1187 (6)
C4—C3—H3 119.7 O8A—C9A—CI10A 108.4 (6)
C2—C3—H3 119.7 O8A—C9A—H9C 110.0




C5—C4—C3 1197(8)  |Cl0A—C9A—HIC 110.0
C5—C4—H4 120.2 08A—C9A—HID 110.0
C3—C4—H4 120.2 C10A—C9A—HID 110.0
C4—C5—C6 1212(8)  |H9C—C9A—HID 108.4
C4—C5—H5 119.4 N27A—C10A—C11A 122.9 (8)
C6—C5—H5 119.4 N27A—C10A—C9A 114.9 (7)
C5—C6—C7 1194 (8) |Cl1A—CI0A—C9A 122.1 (8)
C5—C6—H6 120.3 C12A—C11A—C10A 118.6 (8)
C7—C6—H6 120.3 C12A—C11A—H11A 120.7
08— C7—C2 1160 (7)  |C10A—CI11A—H11A 120.7
08— C7—C6 1233(8) |Cl1A—CI2A—C13A 119.0 (8)
C2—C7—C6 1207(8)  |Cl1A—CI2A—H12A 1205
C7—08—C9 117.3(6)  |C13A—CI2A—H12A 1205
08—C9—C10 1074 (7)  |C12A—CI13A—CI14A 118.7 (8)
08—C9—HIA 110.2 C12A—C13A—H13A 120.6
C10—C9—H9A 110.2 C14A—C13A—H13A 120.6
08— C9—HIB 110.2 N27A—C14A—C13A 122.8 (8)
C10—C9—H9B 110.2 N27A—C14A—C15A 115.7 (8)
H9A—C9—HOB 108.5 C13A—C14A—CI15A 121.5 (8)
N27—C10—C11 1229(8) |016A—C15A—C14A 106.6 (7)
N27—C10—C9 1150 (7)  |016A—C15A—H15C 110.4
C11—C10—C9 1221(8) |Cl4A—CI15A—H15C 110.4
C10—Cl11—C12 1194 (9) |016A—C15A—H15D 110.4
C10—C11—H11 120.3 C14A—C15A—H15D 110.4
Cl2—C11—H11 120.3 H15C—C15A—H15D 108.6
C13—Cl2—C11 1186 (8) |C17A—O16A—CI15A 118.0 (6)
C13—Cl12—H12 120.7 016A—C17A—C22A 116.3 (7)
C11—Cl12—H12 120.7 016A—C17A—C18A 122.5 (8)
Cl2—Cl13—Cl4 1190(8) |C22A—CI17A—C18A 121.3 (8)
C12—C13—H13 1205 C19A—C18A—C17A 119.5 (8)
C14—C13—H13 1205 C19A—C18A—H18A 120.3
N27—C14—C13 122.4(8) |C17A—CI18A—H18A 120.3
N27—C14—C15 1155(7)  |C18A—CI19A—C20A 121.1 (8)
C13—Cl14—C15 1220(8) |C18A—CI9A—H19A 119.4




016—C15—C14 108.3(7)  |C20A—CI19A—H19A 119.4
016—C15—H15A 110.0 C19A—C20A—C21A 118.8 (8)
C14—C15—H15A 110.0 C19A—C20A—H20A 120.6
016—C15—H15B 110.0 C21A—C20A—H20A 120.6
C14—C15—H15B 110.0 C20A—C21A—C22A 122.0 (8)
H15A—C15—H15B  |108.4 C20A—C21A—H21A 119.0
C17—016—C15 119.3(6)  |C22A—C21A—H21A 119.0
016—C17—C22 1169 (7)  |C17A—C22A—C21A 117.3 (7)
016—C17—C18 1225(8) |C17A—C22A—C23A 122.8 (7)
C22—C17—C18 1206 (8)  |C21A—C22A—C23A 119.8 (7)
C19-Cl18—C17 1196 (8)  |N28A—C23A—C22A 112.8 (6)
C19—C18—H18 120.2 N28A—C23A—C24A 110.7 (6)
C17—C18—H18 120.2 C22A—C23A—C24A 115.0 (6)
C20—C19—C18 1205(8)  |N28A—C23A—H23A 105.9
C20—C19—H19 119.8 C22A—C23A—H23A 105.9
C18—C19—H19 119.8 C24A—C23A—H23A 105.9
C19—C20—C21 119.8(8)  |C29A—C24A—C25A 111.7 (6)
C19—C20—H20 120.1 C29A—C24A—C23A 115.0 (6)
C21—C20—H20 120.1 C25A—C24A—C23A 106.1 (6)
C22—C21—C20 1209 (8)  |C29A—C24A—H24A 107.9
C22—C21—H21 1195 C25A—C24A—H24A 107.9
C20—C21—H21 1195 C23A—C24A—H24A 107.9
C17—C22—C21 1186 (7)  |025A—C25A—C26A 122.2 (7)
C17—C22—C23 1223(7)  |025A—C25A—C24A 120.8 (7)
C21—C22—C23 119.1(7)  |C26A—C25A—C24A 117.0 (6)
N28—C23—C22 1128 (6) |C35A—C26A—C25A 113.6 (6)
N28—C23—C24 1126 (6)  |C35A—C26A—C1A 111.3 (6)
C22—C23—C24 113.9(6)  |C25A—C26A—C1A 109.4 (6)
N28—C23—H23 105.6 C35A—C26A—H26A 107.4
C22—C23—H23 105.6 C25A—C26A—H26A 107.4
C24—C23—H23 105.6 C1A—C26A—H26A 107.4
C29—C24—C25 1135(6)  |C10A—N27A—C14A 117.9 (7)
C29—C24—C23 1125(6) |C1A—N28A—C23A 109.9 (6)
C25—C24—C23 1086 (6) |C1A—N28A—H28A 112 (6)




C29—C24—H24 107.3 C23A—N28A—H28A 111 (6)
C25C24—H24 107.3 C30A—C29AC34A 117.8 (7)
C23—C24—H24 107.3 C30A—C29AC24A 122.4 (7)
025—C25—C26 122.1(7)  |C34A—C29A—C24A 119.7 (7)
025—C25—C24 1223(7)  |C29A—C30A—C31A 121.4 (8)
C26—C25—C24 1156 (6)  |C29A—C30A—H30A 119.3
C35—C26—C25 1136 (6)  |C31A—C30A—H30A 119.3
C35—C26—C1 1136 (6) |C32A—C31A—C30A 119.7 (8)
C25C26—C1 107.1(6)  |C32A—C31A—H31A 120.1
C35C26—H26 107.4 C30A—C31AH31A 120.1
C25—C26—H26 107.4 C33A—C32A—C31A 119.6 (8)
C1—C26—H26 107.4 C33A—C32A—H32A 120.2
C14—N27—C10 117.7(7)  |C31A—C32A—H32A 120.2
C1—N28—C23 110.4 (6)  |C32A—C33A—C34A 119.9 (8)
C1—N28—H28 115 (6) C32A—C33A—H33A 120.1
C23—N28—H28 105 (6) C34A—C33A—H33A 120.1
C30—C29—C34 118.0(7)  |C33A—C34A—C29A 121.5 (8)
C30—C29—C24 1214 (7)  |C33A—C34A—H34A 119.3
C34—C29—C24 1206 (7)  |C29A—C34A—H34A 119.3
C29—C30—C31 1212 (8)  |C40A—C35A—C36A 119.1 (8)
C29—C30—H30 119.4 C40A—C35A—C26A 120.3 (7)
C31—C30—H30 119.4 C36A—C35A—C26A 120.5 (7)
C32—C31—C30 1195(9) |C35A—C36A—C37A 120.2 (8)
C32—C31—H31 120.2 C35A—C36A—H36A 119.9
C30—C31—H31 120.2 C37A—C36A—H36A 119.9
C33—C32—C31 120.1(8)  |C38A—C37A—C36A 120.4 (8)
C33—C32—H32 120.0 C38A—C37A—H37A 119.8
C31—C32—H32 120.0 C36A—C37A—H37A 119.8
C32-—C33—C34 120.1(9) |C39A—C38A—C37A 119.0 (8)
C32—C33—H33 120.0 C39A—C38AH38A 120.5
C34—C33—H33 120.0 C37A—C38A—H38A 120.5
C33—C34—C29 121.1(8)  |C38A—C39A—C40A 120.2 (9)
C33—C34—H34 119.5 C38A—C39A—H39A 119.9
C29—C34—H34 119.5 C40A—C39A—H39A 119.9




C40—C35—C36 117.6(8)  |C35A—C40A—C39A 121.1 (8)
C40—C35—C26 1223(7)  |C35A—C40A—H40A 119.5
C36—C35-C26 120.1(7)  |C39A—C40A—H40A 119.5
C35C36—C37 121.7(9) |CI3—C4l—Cl1 110.5 (5)
C35—C36—H36 119.1 CI3—C41—CI2 111.3 (5)
C37—C36—H36 119.1 Cl1—C41—CI2 109.5 (4)
C38—C37—C36 120.1(9)  |CI3—C4l—H41 108.5
C38—C37—H37 120.0 Cl1—C41—Ha41 108.5
C36—C37—H37 120.0 Cl2—C41—Ha1 108.5
C37—C38C39 118.9(8)  |Cl5—C42—Cl6 111.2 (6)
C37—C38—H38 120.6 Cl5—C42—Cl4 109.7 (5)
C39—C38—H38 120.6 Cl6—C42—Cl4 110.0 (5)
C38—C39—C40 1209 (9)  |CI5—C42—H42 108.6
C38—C39—H39 119.6 Cl6—C42—H42 108.6
C40—C39—H39 119.6 Cl4—Cl2—H42 108.6
C35C40—C39 1209 (8)  |Cl7—C43—CI8 110.6 (5)
C35—C40—H40 119.6 CI7—C43—CI9 110.6 (5)
C39—C40—H40 119.6 CI8—C43—CI9 109.4 (4)
N28A—C1A—C2A  |113.6(6)  |CI7—C43—H43 108.8
N28A—C1A—C26A |113.7(6)  |CI8—C43—H43 108.8
C2A—C1A—C26A  |110.9(6) |CI9—C43—H43 108.8
N28A—C1A—HI1A  [106.0 Cl12—C44—CI10 110.7 (2)
C2A—C1A—HI1A 106.0 CI1B—C44—CI1A 110.5 (2)
C26A—C1A—H1A  |106.0 CI1B—C44—Cl1C 110.1 (2)
C3A—C2A—C7A 119.0(7)  |CILA—C44—CIIC 108.8 (2)
C3A—C2A—CI1A 1189 (7)  |Cll12—C44—Cl11 109.6 (2)
C7A—C2A—CI1A 122.0(7)  |Cl10—C44—Cl11 109.0 (2)
C2A—C3A—C4A 121.0(8)  |Cl12—Cdd—H44A 109.2
C2A—C3A—H3A 119.5 CI10—C44—HA4A 109.2
C4A—C3A—H3A 119.5 CI11—C44—HA4A 109.2
C5A—C4A—C3A 1185(8)  |ClIB—C44—H44B 109.1
C5A—C4A—H4A 120.7 CI1A—C44—H44B 109.1
C3A—C4A—H4A 120.7 CI1C—C44—H44B 109.1




Goc nhj di¢n

N28—C1—C2—C7 |64.8(10) |N28A—CIA—C2A—C3A  |-117.8(8)
C26—Cl—C2—C7 |-63.8(10) |C26A—CIA—C2A—C3A  |112.7 (8)
N28—C1—C2—C3  |-114.3(8) |N28A—CIA—C2A—C7A  [63.8(9)
C26—C1—C2—C3  [117.0(8) |C26A—C1A—C2A—C7A  |-65.7 (9)
C7—C2—C3—C4 1.0(11)  |C7TA—C2A—C3A—C4A 0.7 (11)
Cl1—C2—C3—C4 1782(7)  |C1A—C2A—C3A—C4A -177.7 (7)
C2—C3—C4—C5 0.1(12) |C2A—C3A—C4A—C5A -1.1 (12)
C3—C4—C5—C6 1.0 (12) C3A—C4A—C5A—C6A 0.5 (12)
C4—C5—C6—C7 -0.6(12) |C4A—C5A—C6A—CT7A 0.4 (12)
C3—C2—C7—08 -179.4 (7)  |C3A—C2A—C7A—08A -179.0 (6)
Cl—C2—C7—08 1.4 (11) C1A—C2A—C7A—O8A -0.6 (10)
C3—C2—C7—C6 1.4 (11) C3A—C2A—C7A—C6A 0.2 (11)
C1—C2—C7—C6 1778 (7)  |C1A—C2A—C7A—C6A 178.6 (7)
C5—C6—C7—O08 -179.7(7)  |C5A—C6A—C7A—O08A 178.4 (7)
C5—C6—C7—C2 -06(12)  |C5A—C6A—C7A—C2A -0.7 (11)
C2—C7—08—C9 -154.6 (7) |C2A—C7A—08A—C9A -162.3 (6)
C6—C7—08—C9 246 (10) |C6A—C7TA—O8A—CIA 18.6 (10)
C7—08—C9—C10  |[1585(6) |CTA—OBA—C9A—CI10A  |152.2 (6)
08—C9—C10—N27 [-496(9)  |O8A—CI9A—CI0A—N27A |-40.3 (9)
08—C9—C10—C11 |[131.8(8) |O8A—CYIA—CI10A—C11A |143.1(7)
N27—C10—C11—C12 |0.6 (13) N27A—C10A—C11A—C12A |-1.2 (12)
C9—C10—Cl11—C12 |179.1(8) |COA—Cl0A—CIlIA—CI12A |175.1(7)
C10—Cl11—C12—C13 [-0.2(12)  |Cl0A—C11A—CI12A—C13A |2.2 (12)
C11—C12—C13—C14 (0.3 (12) C11A—C12A—C13A—C14A |-1.1 (12)
C12—Cl13—C14—N27 [-09(12)  |C12A—C13A—CI14A—N27A |-1.1 (12)
C12—C13—C14—C15 [-177.0(8) |C12A—C13A—C14A—C15A |-178.8 (8)
N27—C14—C15—016 |43.8 (9) N27A—C14A—C15A—O016A |47.2 (9)
C13—C14—C15—016 |-139.8(7) |C13A—C14A—C15A—016A |-134.9 (8)
Cl14—C15—016—C17 |-149.3(7)  |C14A—C15A—O016A—C17A |-158.6 (6)
C15—016—C17—C22 |159.6 (7)  |C15A—016A—C17A—C22A |157.3 (7)
C15—016—C17—C18 [-21.1 (10)  |C15A—016A—C17A—C18A |-22.7 (10)
016—C17—C18—C19 [179.5(7)  |016A—C17A—C18A—C19A |-179.7 (7)
C22—C17—C18—C19 |-1.2(12)  |C22A—C17A—C18A—C19A (0.2 (12)




C17—C18—C19—C20 |0.5 (12) C17A—C18A—C19A—C20A |05 (12)

C18—C19—C20—C21 (0.3 (13) C18A—C19A—C20A—C21A |-0.8 (12)
C19-C20—C21—C22 [-0.2(12)  |C19A—C20A—C21A—C22A |05 (12)

016—C17—C22—C21 |-179.4(6)  |O16A—C17A—C22A—C21A |179.4 (6)
C18—C17—C22—C21 |1.3 (11) C18A—C17A—C22A—C21A |-0.5 (11)
016 C17—C22—C23 |-1.5(10)  |O16A—C17A—C22A—C23A |-3.3 (10)
C18—C17—C22—C23 |179.2(7)  |C18A—C17A—C22A—C23A |176.7 (7)
C20—C21—C22—C17 |-0.6 (11)  |C20A—C21A—C22A—C17A |0.1 (11)

C20—C21—C22—C23 |-178.6 (7)  |C20A—C21A—C22A—C23A |-177.2 (7)
C17—C22C23N28 |-67.2(9)  |C17A—C22A—C23A—N28A |-64.1 (9)
C21—C22—C23—N28 [110.7 (8)  |C21A—C22A—C23A—N28A |113.1 (8)
C17—C22—C23—C24 (62.8 (9) C17A—C22A—C23A—C24A |64.1 (10)
C21C22C23—C24 |-119.3(7) |C21A—C22A—C23A—C24A |-118.7 (8)
N28—C23—C24—C29 |-178.6 (6)  |N28A—C23A—C24A—C29A [176.0 (6)
C22—C23—C24—C29 |51.4 (9) C22A—C23A—C24A—C29A |46.7 (9)

N28—C23—C24—C25|-52.1(8)  |N28A—C23A—C24A—C25A [-60.0 (8)
C22C23—C24—C25 |177.9(6)  |C22A—C23A—C24A—C25A |170.7 (6)
C29—C24—C25—025 |-3.2(10)  |C29A—C24A—C25A—025A |-1.1 (10)
C23—C24—C25—025 |-129.2 (8)  |C23A—C24A—C25A—025A |-127.1 (7)
C29—C24—C25C26 |176.4 (7)  |C29A—C24A—C25A—C26A |177.8 (6)
C23—C24—C25—C26 |50.5 (8) C23A—C24A—C25A—C26A |51.8 (8)

025—C25—C26—C35 (0.4 (11) 025A—C25A—C26A—C35A |7.9 (10)

C24—C25C26—C35 |-179.3(7)  |C24A—C25A—C26A—C35A |-170.9 (6)
025 C25-C26—Cl |126.6(8) |025A—C25A—C26A—C1A [133.0 (7)
C24—C25—C26—C1 |-53.0(9)  |C24A—C25A—C26A—CI1A |-45.9 (9)
N28—C1—C26—C35 |-176.0(6) |N28A—CIA—C26A—C35A [173.9 (6)
C2—Cl-C26—C35 |-465(10) |C2A—C1A—C26A—C35A |-56.6 (8)
N28—C1—C26—C25 |57.7 (8) N28A—C1A—C26A—C25A |47.6 (8)

C2—Cl-C26—C25 |-172.8(7) |C2A—C1A—C26A—C25A |177.0 (6)
C13—Cl14—N27—C10 |1.2 (11) C11A—C10A—N27A—C14A |-0.9 (11)
C15—Cl14—N27—C10 [177.6 (7)  |COA—C10A—N27A—Cl4A |-177.4(7)
C11—C10—N27—Cl4 |-1.1(11)  |C13A—C1l4A—N27A—C10A [2.1 (11)

C9—C10—N27—C14 |-179.6(7) |C15A—C14A—N27A—C10A |179.9 (7)
C2—C1—N28—C23 |167.0(6) |C2A—C1A—N28A—C23A |173.0(6)




C26—C1N28—C23 |-629(8)  |C26A—CLA—N28A—C23A |-58.9 (8)
C22-C23—N28—Cl |-169.5(6) |C22A—C23A—N28A—C1A |[-163.8 (6)
C24—C23—N28—C1 [59.9 (8) C24A—C23A—N28A—C1A |65.8 (8)
C25C24—C29—C30 |-62.2(9)  |C25A—C24A—C29A—C30A |-79.5 (9)
C23—C24—C29—C30 |61.6 (9) C23A—C24A—C29AC30A [41.5 (10)
C25C24—C29—C34 [117.6(8)  |C25A—C24A—C29A—C34A [98.4 (8)
C23—C24—C29—C34 |-118.6 (8)  |C23A—C24A—C29A—C34A [-140.6 (7)
C34—C29C30—C31 |1.0 (12) C34A—C29A—C30A—C31A |0.0 (12)
C24—C29—C30—C31 |-179.1(8)  |C24A—C29A—C30A—C31A [178.0 (7)
C29—C30-C31—C32 |04 (13)  |C29A—C30A—C31A—C32A [0.9 (13)
C30—C31—C32—C33 (0.2 (14) C30A—C31A—C32AC33A |-0.9 (13)
C31C32C33C34 |-05(14)  |C31A—C32A—C33A—C34A (0.1 (13)
C32—C33—C34—C29 (1.1 (13) C32A—C33A—C34A—C29A (0.8 (13)
C30C29C34C33 |-1.4(12)  |C30A—C29A—C34A—C33A |-0.9 (12)
C24—C29C34—C33 |178.8(7)  |C24A—C29A—C34A—C33A |-178.9 (7)
C25C26—C35—C40 [72.9 (9) C25A—C26A—C35A—C40A |62.4 (9)
Cl—C26—C35C40 |-49.9 (10) |ClA—C26A—C35ACA40A |-61.7 (9)
C25—C26—C35—C36 |-109.5 (8) |C25A—C26A—C35A—C36A [-119.3 (8)
Cl—C26—C35C36 |127.7(8) |ClA—C26A—C35A—C36A |116.7 (8)
C40—C35—C36—C37 |1.6 (12) C40A—C35A—C36A—C37A |2.4 (11)
C26—C35C36—C37 |-176.1(7) |C26A—C35A—C36A—C37A |-176.0 (7)
C35-C36—C37—C38 [-09(13)  |C35A—C36A—C37A—C38A |-1.7 (12)
C36—C37—C38—C39 |-04 (14)  |C36A—C37A—C38A—C39A [0.2 (13)
C37—C38—C39—C40 (0.8 (13) C37A—C38A—C39AC40A |0.6 (13)
C36—C35C40—C39 |-1.2 (12)  |C36A—C35A—C40A—C39A |-1.6 (11)
C26—C35—C40—C39 |176.5 (7)  |C26A—C35A—C40A—C39A |176.8 (7)
C38—C39—C40—C35 (0.0 (13) C38A—C39AC40A—C35A (0.1 (12)




V1. Hinh anh vé ciu tao phan tir azacrown ether 23 thu duoc tir dir liéu phan tich
nhiéu xa don tinh thé

CAu tao phan tir 23 » H,O » CH;0H
trong dang bi solvat hoa

Mang tinh thé phan ttr 23 « H,O « CH;OH vai cac lién két Hydro



Bang phu luc 6.1. Do dai lién két [A] va goc lien két [°] cua hop chit 23.

D dai lién két
C(1)-N(36) 1.4806(12) C(22)-C(23) 1.4141(14)
C(1)-C(2) 1.5153(13) C(23)-C(24) 1.3683(15)
C(1)-C(35) 1.5267(13) C(23)-H(23) 0.9500
C(1)-H(1) 1.0000 C(24)-C(25) 1.4143(15)
C(2)-C(11) 1.3813(15) C(24)-H(24) 0.9500
C(2)-C(3) 1.4326(15) C(25)-C(26) 1.4215(15)
C(3)-C(4) 1.4225(17) C(25)-C(30) 1.4292(14)
C(3)-C(8) 1.4309(14) C(26)-C(27) 1.3704(16)
C(4)-C(5) 1.3692(16) C(26)-H(26) 0.9500
C(4)-H(4) 0.9500 C(27)-C(28) 1.4115(16)
C(5)-C(6) 1.4088(18) C(27)-H(27) 0.9500
C(5)-H(5) 0.9500 C(28)-C(29) 1.3757(15)
C(6)-C(7) 1.361(2) C(28)-H(28) 0.9500
C(6)-H(6) 0.9500 C(29)-C(30) 1.4261(14)
C(7)-C(8) 1.4233(17) C(29)-H(29) 0.9500
C(7)-H(7) 0.9500 C(30)-C(31) 1.4320(14)
C(8)-C(9) 1.4129(18) C(31)-C(32) 1.5255(13)
C(9)-C(10) 1.3623(18) C(32)-N(36) 1.4839(12)
gg%)*'é%)l ) 222‘232 ) C(32)-C(33) 1.5335(13)
' C(32)-H(32) 1.0000
C(10)-H(10 0.9500
c§11§-0E12§ 1.3677(14) C(33)-C(34) 1.3699(14)
0(12)-C(13) 1.4422(14) C(33)-C(37) 1.4509(14)
C(13)-C(14) 1.4947(18) C(34)-N(34) 1.3483(13)
C(13)-H(13A) 0.9900 C(34)-C(35) 1.5056(14)
C(13)-H(13B) 0.9900 N(34)-H(34A) 0.884(15)
C(14)-0(15) 1.4337(15) N(34)-H(34B) 0.890(15)
ggigngjg)) 88888 C(35)-H(35A) 0.9900
0(15)-C(16) 1.4266(16) Egg';(éz)m 8'232?13)
C(16)-C(17) 1.5036(19) '
C(16)-H(16A) 0.9900 C(37)-0(37) 1.2294(12)
C(16)-H(16B) 0.9900 C(37)-0(38) 1.3526(12)
C(17)-0(18) 1:4217(15) 0(38)-C(38) 1.4471(12)
C(17)-H(17A) 0.9900 C(38)-C(39) 1.5039(15)
C(17)-H(17B) 0.9900 C(38)-H(38A) 0.9900
0(18)-C(19) 1.4154(14) C(38)-H(38B) 0.9900
C(19)-C(20) 1.5008(16) C(39)-H(39A) 0.9800
C(19)-H(19A) 0.9900 C(39)-H(39B) 0.9800
COotles)  omm o cGoHeg o
C(20)-H(20A) 0.9900 g(gg) ﬂ(ggg) g‘gg(g)
C(20)-H(20B) 0.9900 (39)-H(39E) 89(2)
0(21)-C(22) 1.3728(12) 0(40)-C(40) 1.4209(14)
C(22)-C(31) 1.3880(14) 0O(40)-H(40) 0.858(18)



C(40)-H(40A)
C(40)-H(40B)

Goc lién két
N(36)-C(1)-C(2)
N(36)-C(1)-C(35)
C(2)-C(1)-C(35)
N(36)-C(1)-H(1)
C(2)-C(1)-H(1)
C(35)-C(1)-H(1)
C(11)-C(2)-C(3)
C(11)-C(2)-C(2)
C(3)-C(2)-C(2)
C(4)-C(3)-C(8)
C(4)-C(3)-C(2)
C(8)-C(3)-C(2)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(7)-C(6)-C(5)
C(7)-C(6)-H(6)
C(5)-C(6)-H(6)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7)
C(8)-C(7)-H(7)
C(9)-C(8)-C(7)
C(9)-C(8)-C(3)
C(7)-C(8)-C(3)
C(10)-C(9)-C(8)
C(10)-C(9)-H(9)
C(8)-C(9)-H(9)
C(9)-C(10)-C(11)
C(9)-C(10)-H(10)
C(11)-C(10)-H(10)
0(12)-C(11)-C(2)
0(12)-C(11)-C(10)
C(2)-C(11)-C(10)
C(11)-0(12)-C(13)
0(12)-C(13)-C(14)

0(12)-C(13)-H(13A)

C(14)-C(13)-H(13A)
0(12)-C(13)-H(13B)
C(14)-C(13)-H(13B)

H(13A)-C(13)-H(13B)

0(15)-C(14)-C(13)

O(15)-C(14)-H(14A)

0.9800
0.9800

114.09(8)
110.22(8)
112.75(8)
106.4
106.4
106.4
119.00(9)
121.15(9)
119.82(9)
117.22(10)
123.22(9)
119.53(10)
121.71(11)
119.1
119.1
120.44(12)
119.8
119.8
119.93(11)
120.0
120.0
121.11(11)
119.4
119.4
121.78(11)
118.83(10)
119.39(11)
121.22(10)
119.4
119.4
120.20(11)
119.9
119.9
116.43(9)
122.53(10)
121.02(10)
118.28(9)
108.05(10)
110.1
110.1
110.1
110.1
108.4
107.41(10)
110.2

C(40)-H(40C)

C(13)-C(14)-H(14A)
0(15)-C(14)-H(14B)
C(13)-C(14)-H(14B)

H(14A)-C(14)-H(14B)

C(16)-0(15)-C(14)
0(15)-C(16)-C(17)

O(15)-C(16)-H(16A)

C(17)-C(16)-H(16A)
0(15)-C(16)-H(16B)
C(27)-C(26)-C(25)
C(27)-C(26)-H(26)
C(25)-C(26)-H(26)
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)-H(28)
C(27)-C(28)-H(28)
C(28)-C(29)-C(30)
C(28)-C(29)-H(29)
C(30)-C(29)-H(29)
C(29)-C(30)-C(25)
C(29)-C(30)-C(31)
C(25)-C(30)-C(31)
C(22)-C(31)-C(30)
C(22)-C(31)-C(32)
C(30)-C(31)-C(32)
N(36)-C(32)-C(31)
N(36)-C(32)-C(33)
C(31)-C(32)-C(33)
N(36)-C(32)-H(32)
C(31)-C(32)-H(32)
C(33)-C(32)-H(32)
C(34)-C(33)-C(37)
C(34)-C(33)-C(32)
C(37)-C(33)-C(32)
N(34)-C(34)-C(33)
N(34)-C(34)-C(35)
C(33)-C(34)-C(35)

C(34)-N(34)-H(34A)

C(34)-N(34)-H(34B)

H(34A)-N(34)-H(34B)

C(17)-C(16)-H(16B)

0.9800

110.2
110.2
110.2
108.5
114.09(9)
112.71(10)
109.0
109.0
109.0
121.19(10)
119.4
119.4
119.21(10)
120.4
120.4
121.09(10)
119.5
1195
121.36(10)
119.3
119.3
117.13(9)
123.43(9)
119.45(9)
118.41(9)
120.57(9)
121.01(8)
109.52(8)
113.39(8)
113.40(8)
106.7
106.7
106.7
119.49(9)
121.60(9)
118.55(8)
124.14(9)
114.73(9)
121.09(9)
116.4(9)
118.5(9)
123.0(13)
109.0



H(16A)-C(16)-H(16B)
0(18)-C(17)-C(16)
0(18)-C(17)-H(17A)
C(16)-C(17)-H(17A)
0(18)-C(17)-H(17B)
C(16)-C(17)-H(17B)
H(17A)-C(17)-H(17B)
C(19)-0(18)-C(17)
0(18)-C(19)-C(20)
0(18)-C(19)-H(19A)
C(20)-C(19)-H(19A)
0(18)-C(19)-H(19B)
C(20)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
0(21)-C(20)-C(19)
0(21)-C(20)-H(20A)
C(19)-C(20)-H(20A)
0(21)-C(20)-H(20B)
C(19)-C(20)-H(20B)
H(20A)-C(20)-H(20B)
C(22)-0(21)-C(20)
0(21)-C(22)-C(31)
0(21)-C(22)-C(23)
C(31)-C(22)-C(23)
C(24)-C(23)-C(22)
C(24)-C(23)-H(23)
C(22)-C(23)-H(23)
C(23)-C(24)-C(25)
C(23)-C(24)-H(24)
C(25)-C(24)-H(24)
C(24)-C(25)-C(26)
C(24)-C(25)-C(30)
C(26)-C(25)-C(30)

107.8
108.58(10)
110.0
110.0
110.0
110.0
108.4
112.74(9)
108.23(9)
110.1
110.1
110.1
110.1
108.4
107.29(9)
110.3
110.3
110.3
110.3
108.5
118.57(8)
116.31(9)
121.62(9)
122.06(9)
119.67(9)
120.2
120.2
120.94(10)
119.5
1195
120.55(10)
119.43(9)
120.01(10)

C(34)-C(35)-C(1)
C(34)-C(35)-H(35A)
C(1)-C(35)-H(35A)
C(34)-C(35)-H(35B)
C(1)-C(35)-H(35B)
H(35A)-C(35)-H(35B)
C(1)-N(36)-C(32)
C(1)-N(36)-H(36)
C(32)-N(36)-H(36)
0(37)-C(37)-0(38)
0(37)-C(37)-C(33)
0(38)-C(37)-C(33)
C(37)-0(38)-C(38)
0(38)-C(38)-C(39)
0(38)-C(38)-H(38A)
C(39)-C(38)-H(38A)
0(38)-C(38)-H(38B)
C(39)-C(38)-H(38B)
H(38A)-C(38)-H(38B)
C(38)-C(39)-H(39A)
C(38)-C(39)-H(39B)
H(39A)-C(39)-H(39B)
C(38)-C(39)-H(39C)
H(39A)-C(39)-H(39C)
H(39B)-C(39)-H(39C)
H(39D)-0(39)-H(39E)
C(40)-0(40)-H(40)
0(40)-C(40)-H(40A)
0(40)-C(40)-H(40B)
H(40A)-C(40)-H(40B)
0(40)-C(40)-H(40C)
H(40A)-C(40)-H(40C)
H(40B)-C(40)-H(40C)

109.74(8)
109.7
109.7
109.7
109.7
108.2
108.30(7)
108.4(8)
108.3(8)
121.75(9)
126.84(9)
111.35(8)
117.49(8)
106.39(8)
110.4
110.4
110.4
110.4
108.6
109.5
109.5
109.5
109.5
109.5
109.5
101.1(16)
108.5(11)
109.5
109.5
109.5
109.5
109.5
109.5



Bang phu luc 6.2. Goc nhi dién hop chat 23a

N(36)-C(1)-C(2)-C(11)
C(35)-C(1)-C(2)-C(11)
N(36)-C(1)-C(2)-C(3)
C(35)-C(1)-C(2)-C(3)
C(11)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
C(11)-C(2)-C(3)-C(8)
C(1)-C(2)-C(3)-C(8)
C(8)-C(3)-C(4)-C(5)
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(5)-C(6)-C(7)-C(8)
C(6)-C(7)-C(8)-C(9)
C(6)-C(7)-C(8)-C(3)
C(4)-C(3)-C(8)-C(9)
C(2)-C(3)-C(8)-C(9)
C(4)-C(3)-C(8)-C(7)
C(2)-C(3)-C(8)-C(7)
C(7)-C(8)-C(9)-C(10)
C(3)-C(8)-C(9)-C(10)
C(8)-C(9)-C(10)-C(11)
C(3)-C(2)-C(11)-0(12)
C(1)-C(2)-C(11)-0(12)
C(3)-C(2)-C(11)-C(10)
C(1)-C(2)-C(11)-C(10)
C(9)-C(10)-C(11)-0(12)
C(9)-C(10)-C(11)-C(2)
C(2)-C(11)-0(12)-C(13)
C(10)-C(11)-0(12)-C(13)
C(11)-0(12)-C(13)-C(14)
0(12)-C(13)-C(14)-0(15)
C(13)-C(14)-O(15)-C(16)
C(14)-O(15)-C(16)-C(17)
0(15)-C(16)-C(17)-O(18)
C(16)-C(17)-0(18)-C(19)
C(17)-0(18)-C(19)-C(20)
0(18)-C(19)-C(20)-0(21)
C(19)-C(20)-0(21)-C(22)
C(20)-0(21)-C(22)-C(31)
C(20)-0(21)-C(22)-C(23)
0(21)-C(22)-C(23)-C(24)
C(31)-C(22)-C(23)-C(24)
C(22)-C(23)-C(24)-C(25)
C(23)-C(24)-C(25)-C(26)
C(23)-C(24)-C(25)-C(30)

54.08(12)
-72.65(12)
-128.12(9)
105.15(10)
172.57(10)
-5.28(15)
-5.44(14)
176.71(9)
-3.36(16)
178.59(10)
-0.52(18)
2.94(19)
-1.30(18)
177.09(11)
-2.67(17)

-174.88(10)

3.24(15)
4.89(15)
-176.99(9)

-179.32(10)

0.44(16)

-1.93(17)
-177.27(9)
0.55(14)

4.03(15)
-178.14(9)

-178.98(10)

-0.37(16)
156.87(10)
-24.46(15)

-143.17(10)

71.26(12)
175.63(10)
93.97(13)
-64.42(13)
-178.60(9)
-166.22(9)
69.77(11)
160.24(9)
-160.95(9)
20.54(13)
177.12(9)
-1.30(15)
-0.65(15)

-178.42(10)

1.21(15)

C(24)-C(25)-C(26)-C(27)
C(30)-C(25)-C(26)-C(27)
C(25)-C(26)-C(27)-C(28)
C(26)-C(27)-C(28)-C(29)
C(27)-C(28)-C(29)-C(30)
C(28)-C(29)-C(30)-C(25)
C(28)-C(29)-C(30)-C(31)
C(24)-C(25)-C(30)-C(29)
C(26)-C(25)-C(30)-C(29)
C(24)-C(25)-C(30)-C(31)
C(26)-C(25)-C(30)-C(31)
0(21)-C(22)-C(31)-C(30)
C(23)-C(22)-C(31)-C(30)
0(21)-C(22)-C(31)-C(32)
C(23)-C(22)-C(31)-C(32)
C(29)-C(30)-C(31)-C(22)
C(25)-C(30)-C(31)-C(22)
C(29)-C(30)-C(31)-C(32)
C(25)-C(30)-C(31)-C(32)
C(22)-C(31)-C(32)-N(36)
C(30)-C(31)-C(32)-N(36)
C(22)-C(31)-C(32)-C(33)
C(30)-C(31)-C(32)-C(33)
N(36)-C(32)-C(33)-C(34)
C(31)-C(32)-C(33)-C(34)
N(36)-C(32)-C(33)-C(37)
C(31)-C(32)-C(33)-C(37)
C(37)-C(33)-C(34)-N(34)
C(32)-C(33)-C(34)-N(34)
C(37)-C(33)-C(34)-C(35)
C(32)-C(33)-C(34)-C(35)
N(34)-C(34)-C(35)-C(1)
C(33)-C(34)-C(35)-C(1)
N(36)-C(1)-C(35)-C(34)
C(2)-C(1)-C(35)-C(34)
C(2)-C(1)-N(36)-C(32)
C(35)-C(1)-N(36)-C(32)
C(31)-C(32)-N(36)-C(1)
C(33)-C(32)-N(36)-C(1)
C(34)-C(33)-C(37)-0(37)
C(32)-C(33)-C(37)-0(37)
C(34)-C(33)-C(37)-0(38)
C(32)-C(33)-C(37)-0(38)
0(37)-C(37)-0(38)-C(38)
C(33)-C(37)-0(38)-C(38)
C(37)-0(38)-C(38)-C(39)

179.69(10)
0.07(16)
0.34(16)
-0.62(16)
0.48(16)
-0.07(14)
179.99(9)

-179.83(9)
-0.20(14)
0.11(14)
179.74(9)

-175.92(8)
2.58(14)
5.26(13)

-176.24(9)
177.99(9)
-1.95(13)
-3.20(14)
176.86(8)

-78.31(11)

102.90(10)
49.45(12)

-129.34(9)
-6.56(13)

-132.28(10)

-179.58(8)
54.69(11)
-12.65(15)
174.40(9)
165.13(9)
-7.83(14)
162.38(8)
-15.59(13)
54.26(11)
-176.97(8)
162.56(8)
-69.41(10)
171.53(8)
43.76(10)
17.76(15)
-169.06(9)
-159.55(9)
13.62(12)
-1.46(14)
176.02(8)
165.06(9)






