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Linh vuc ky thuit dwoc dé cap

Sang ché d& cap dén hop chét vira c¢6 tic dung nhu chit ddi khang thu thé
muscarin vira 13 cht chu van thu thé giy tiét adrenalin beta2, quy trinh didu ché

chung, duoc phdm chira ching, va cac td hop vdi cac hoat chit dugc tinh khéc.
Tinh trang k§ thuat ciia sang ché

Céc rbi loan & trong phdi, nhu bénh hen va bénh tic nghén phdi man tinh
(chronic obstructive pulmonary disease-COPD), thuong duogc diéu trj bang thubc gidn
phé quan. Nhom thubc gian phé quan da biét gdbm c6 chét chi van thu thé gy tiét
adrenalin beta-2, nhu salbutamol, fenoterol, formoterol va salmeterol. Cac hop chét

nay thudng dugc ding bang cach xéng.

Nhom thudc gian phé quan da biét khac gébm c6 chat dbi khang thu thé
muscarin (hop chét chéng tac dong kiéu cholin), nhu ipratropi va tiotropi. Céc hop

chét nay ciing thudong duoc ding bang cach xong.

Dugc phdm ding dé xong chira chit chi van beta-2 va chit d6i khang thy thé
muscarin 1 cac chét c6 gia tri trong vi¢c diéu tri bénh hen va COPD, véi ca hai nhém
chét tao ra viéc giam nhe triéu ching do kha ning clia chiing 1am gién dudng ho hép bi
nghén. Céc quan sit vé tc dung ciia chét gian phé quan thudc hai nhém chét nay 1a
cac nghién ctru dugc thic day bd sung véi cac t6 hop cta hai chit. Vao nam 1975, da
duogc thé hién ring cac tac dung c6 loi c6 thé dat dugc bang cach td hop hai thanh phan
nhu fenoterol va ipratropi bromua trong sol khi don. Viéc nay lam cai thién su phat
trién cta cac t6 hop lidu c¢b dinh cua ipratropi bromua thir nhét véi fenoterol
(Berodual, dugc gidi thi¢u vao ndm 1980), va sau d6 véi salbutamol (Combivent, duoc
gidi thi€u vao nam 1994).

Mo6i gin day, mirc d sdn c6 ciia ca chat dbi khang muscarin tac dung kéo dai
vira 1a chét chu vén beta-2 tic dung kéo dai da thic ddy su phat trién céc td hop cia

céc chét nay. Vi du, cong bd don qubc té s6 WO 00/69468 va don yéu cau cép patent



23981

My s6 US 2009/181935 boc 16 dugc phdm chira chét dbi khang thu thé muscarin, nhu
tiotropi bromua va chét chu van thu thé gy tiét adrenalin beta-2, nhu formoterol
fumarat hodc salmeterol, va cong bd don quéc té s6 WO 2005/115467 boc 10 td hop
bao gdm chat chi van beta-2 va chét ddi khang cta thu thé M3 muscarin 13 mudi cia
3(R)-(2-hydroxy-2,2-dithien-2-ylaxetoxy)-1-(3-phenoxypropyl)-1-azoniabixyclo-
[2.2.2]-octan.

Phuong phap khac dé phat trién cac td hop dang liéu ¢ dinh 12 viéc nhén dang
ctia cac phan tir ma td hop ca hai hoat tinh ciia chit d6i khang muscarin vira 1a chét
chil vén beta-2. Trén thuc té, céac hop chét vira ¢6 hoat tinh chit chu van thu thé gay
tiét adrenalin beta-2 1an chét d6i khang thu thé muscarin 12 rAt mong mudn do céc hop
chét hai chirc ¢6 thé tao ra sy gidn phé quan thong qua hai co ché tac dung doc lap

trong khi cé duge dong hoc phén tir don 18.

Loai hop chét nay dugc mod ta trong mot s& don yéu cau cip patent, nhu cong
bS don qudc té€ s6 WO 2004/074246, WO 2004/074812, WO 2005/051946, WO
2006/023457, WO 2006/023460, WO 2010/123766, WO 2011/048409 va don qudc té
s6 PCT/EP2012/060795, ciing nhu trong tai liéu Adam D. Hughes et al., Bioorganic &
Medicinal Chemistry Letters Vol.21, no.5, 1 March 2011.

Bay gio, da phat hién ra ring mot s& din xudt carbamat cu thé, ngoai viéc vira
¢6 hoat tinh cha van thu thé gay tiét adrenalin beta-2 1an d6i khang thu thé muscarin,
né con cb 4i luc ting déi véi cac thu thé M3 muscarin va hoat tinh gian phé quéan kéo
dai.

Ban chit k§ thuit ciia sang ché

Muc dich cta sang ché 1a d& cdp dén hop chit vira c6 tic dung nhu chat ddi
khang thu thé muscarin vira 14 chit cha véan thu thé gay tiét adrenalin beta2, quy trinh
didu ché chung, duge phim chira chiing va céc t6 hop véi hoat chat duoc tinh khéc,
trong sb chung, vi dy, céc hoat chit hién dugc st dung trong diu tri cc rbi loan ho
hép, trong s6 chung 14 chit chi van beta2, chét khang muscarin, chét rc ché protein
kinaza dugc hoat hoa bdi tic nhan phan bao (mitogen-activated protein kinases-P38

MAP kinaza), chét (rc ché beta du6i phan tir kappa-B kinaza nhan t6 nhan (nuclear
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factor kappa-B kinase subunit beta-IKK2), chit wrc ché elastaza bach cdu trung tinh cua
ngudi (human neutrophil elastase-HNE), chét trc ché phosphodiesteraza 4 (phospho-
diesterase 4-PDE4), chét diéu bién leukotrien, chit chng viém khong steroit (non-
steroidal anti-inflammatory agents-NSAID), chit chéng ho, chit diéu hoa dich nhay,
chét phén giai dich nhdy, chét diéu bién long dom/ting ddng nhay, chit phan giai dich
nhiy peptit, thubc khang sinh, chit trc ché JAK, chét (rc ché SYK, chit wc ché
PI3Kdelta hodc PI3Kgama, corticosteroit va chit d6i khang M3/chit tc ché PDE4
(MAPI).

Cu thé 13, séng ché & cap dén hop chit dugc néu duéi day va mudi dugce dung

hoac solvat ciia no.

MB&i 14n cac nhém amino bazo hodc amoni bac bdn ¢ mit trong hop chét theo
sang ché, cac anion chdp nhin duoc vé mit sinh ly, duoc chon trong sb clorua,
bromua, iodua, trifloaxetat, format, sulfat, phosphat, metansulfonat, nitrat, maleat,
axetat, xitrat, fumarat, tartrat, oxalat, suxinat, benzoat, p-toluensulfonat, pamoat va
naphthalen disulfonat c6 thé c6 mat. Tuong tu, véi su cd mat cua cac nhom axit nhu
cac nhém COOH, cac mudi cation sinh ly twong tng ciing c6 thé c6 mat, vi du bao
gém céc ion kim loai kiém hoc kiém thd.

Sang ché ciing dé xuét dugc phdm chira hop chét theo sang ché riéng r& hodc
trong td hop véi hoic trong hdn hop véi mot hodc nhiéu chét mang duoc dung va/hoac
ta dugc.

Phin md ta con mo ta viée st dung hop chét theo sang ché dé san xuét thude.

Phin md ta con mé ta viéc st dung hop chit theo sing ché dé ngian ngira
va/hodc diéu tri bénh nghén hoic viém phé quan bét ky, t6t hon 12 bénh hen hodc bénh
viém phé quan man tinh hogc bénh tic nghén phdi man tinh (COPD).

Phin mé ta con md ta viée st dung hop chét theo sang ché dé san xuét thudc dé
ngdn ngira va/hodc diéu tri bénh nghén hodc viém phé quan bt ky, t6t hon 1a bénh hen
hoidc bénh viém phé quan man tinh hosc bénh tic nghén phdi man tinh (COPD).

Séang ché ciing dé xuét duoc phdm thich hop dé ding bang cach xdng.
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Dugc phdm c6 thé x6ng bao gdm bdt co thé x0ng, sol khi dinh liéu chtra chét

d4y hodc duoc phdm c6 thé xong khong chira chat ddy.

Sang ché ciing d& cap dén thiét bi c6 thé 1a thiét bi x6ng bot kho don lidu hodc
da lidu, thiét bi xong dinh liéu va thiét bi phun sol khi swong nhe bao gdm hop chét

theo sang ché .

Sang ché ciing dé cap dén kit bao gdbm dugc phidm chira hop chét theo sang ché
riéng ré hodc trong tb hop véi hodc trong hdn hop véi mét hodc nhiéu chit mang dugc
dung va/hodc ta duge va thiét bi ma c6 thé 1a thiét bi xong bot khd don liéu hoic da
liéu, thiét bi xong dinh liéu va thiét bi phun sol khi swong nhe bao gdm hop chét theo

sang ché.
M5 ta chi tiét sang ché

Theo céc phuong én cu thé, sdng ché d€ xuat cac hop chat dugc bao cdo dudi

day va mudi duge dung hodc solvat cia chung:

Hop

, | Tén hoa hoc
chat

2-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
1 yl)etyl)Jamino)metyl)-2-metylphenoxy)etyl 4-((3-((S)-phenyl((((R)-
quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat
2-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihydroquinolin-5-
2 yl)etyl)amino)metyl)phenoxy)etyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat
2-(2-Clo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)etyl)amino)metyl)phenoxy)etyl 4-((3-((S)-
phenyl((((R)-quinuclidin-3-

yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat
2-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihydroquinolin-5-
4 yl)etyl)amino)metyl)-2-metoxyphenoxy)etyl 4-((3-((S)-phenyl(((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

5 2-(2-Bromo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
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dihydroquinolin-5-yl)etyl)amino)metyl)phenoxy)etyl 4-((3-((S)-
phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

2-(2-Clo-3-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)etyl)amino)metyl)phenoxy)etyl 4-((3-((S)-
phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

2-((4-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)Saphthalen-1-yl)oxy)etyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

2-(3-Clo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)etyl)amino)metyl)phenoxy)etyl 4-((3-((S)-
phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

2-(3-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)phenoxy)etyl 4-((3-((S)-phenyl(((R)-
quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

10

2-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)-2,6-dimetylphenoxy)etyl 4-((3-((S)-
phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

11

2-(2-Clo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)etyl)amino)metyl)-6-metoxyphenoxy)etyl 4-((3-
((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

12

2-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)-3-metoxyphenoxy)etyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

13

2-(2-Bromo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)etyl)amino)metyl)-5-metoxyphenoxy)etyl 4-((3-
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((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

14

2-(2,6-Diclo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)etyl)Jamino)metyl)phenoxy)etyl 4-((3-((S)-
phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

15

2-(2-Flo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-
5-yl)etyl)amino)metyl)phenoxy)etyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

16

2-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)-2,6-dimetoxyphenoxy)etyl 4-((3-((S)-
phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

17

2-(2-Clo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-
dihydroquinolin-5-yl)etyl)amino)metyl)-5-metoxyphenoxy)etyl 4-((3-
((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

18

4-(2-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)etyl)benzyl 3-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

19

2-Flo-4-(2-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-
5-yD)etyl)amino)etyl)benzyl 4-((3-(phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

20

4-(2-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-
yl)etyl)amino)etyl)-3-metoxybenzyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

21

3-(2-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)etyl)benzyl 3-((3-((S)-phenyl((((R)-quinuclidin-3-
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yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

22

3-((((R)-2-Hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihydroquinolin-5-
ylDetyl)amino)metyl)benzyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

23

(6-((((R)-2-Hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)pyridin-3-yl)metyl 4-((3-(S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

24

(5-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)furan-2-yl)metyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

25

2-Flo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)benzyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

26

5-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)-2-metoxybenzyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

27

(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)furan-2-yl)metyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

28

(5-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)thiophen-2-yl)metyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

29

(5-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo- 1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)thiophen-3-yl)metyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat
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30

3-((((R)-2-Hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihydroquinolin-5-
yletyl)amino)metyl)benzyl 3-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

31

4-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)-3-metoxybenzyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

32

3-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)phenyl)propyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

33

4-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)phenetyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

34

(1-3-(((R)-2-Hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihydroquinolin-5-
yl)etyl)amino)propyl)-1H-pyrazol-4-yl)metyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

35

2-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-o0x0-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)-1H-pyrazol-1-yl)etyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

36

4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)butyl 1-metyl-5-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)- 1H-pyrazol-3-

carboxylat

37

4-(((R)-2-Hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquinolin-5-
yl)etyl)amino)butyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)thiophen-2-carboxylat
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38

4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)butyl 5-((3-((S)-phenyl((((R)-quinuclidin-3-

yloxy)carbonyl)amino)metyl)phenoxy)metyl)nicotinat

39

(R)-Quinuclidin-3-y1 ((S)-(3-((3-((4-(((R)-2-hydroxy-2-(8-hydroxy-2-
oxo0-1,2-dihydroquinolin-5-yl)etyl)amino)butyl)carbamoyl)-1-metyl-
1H-pyrazol-5-yl)metoxy)phenyl)(phenyl)metyl)carbamat

40

(R)-Quinuclidin-3-y1 ((S)-(3-((5-((4-(((R)-2-hydroxy-2-(8-hydroxy-2-
oxo0-1,2-dihydroquinolin-5-yl)etyl)amino)butyl)carbamoyl)furan-2-
yl)metoxy)phenyl)(phenyl)metyl)carbamat

41

(R)-Quinuclidin-3-y1 ((S)-(3-((4-((4-(((R)-2-hydroxy-2-(8-hydroxy-2-
oxo0-1,2-dihydroquinolin-5-yl)etyl)amino)butyl)carbamoyl)oxazol-2-
yl)metoxy)phenyl)(phenyl)metyl)carbamat

42

(R)-3-((S)-(3-((5-((4-((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)etylamino)butoxy)carbonyl)furan-2-
yl)metoxy)phenyl)(phenyl)metylcarbamoyloxy)-1-(2-oxo-2-
(thiophen-2-yl)etyl)-1-azoniabixyclo[2.2.2]octan clorua hydroclorua

Sang ché ciing dé xuit dugc phidm bao gdm hop chét theo sang ché, duoc sir
dung truc tiép hodc mubi dugc dung, va mot hodc nhiéu chét mang dugc dung va/hodc

ta duoc.

Céc hop chit theo sang ché c6 thé duoc dung 1am hoat chit don nhét hodic trong
td hop véi hoat chit dugc tinh khac bao gém cac hoat chét hién duoc st dung trong
diéu tri bénh hd hép, vi du, chét cht vAn beta2, chit khédng muscarin, chat wc ché
protein kinaza dugc hoat hod bdi tdc nhén phén bao (P38 MAP kinaza), chét wc ché
beta dudi phan tir kappa-B kinaza nhan t6 nhan (IKK2), chét {rc ché elastaza bach cau
trung tinh cta ngudi (HNE), chat trc ché phosphodiesteraza 4 (PDE4), chét diéu bién
leukotrien, chit chdng viém khéng steroit (NSAID), chét chdng ho, chit didu hoa dich
nhdy, chét phan giai dich nhiy, chat diéu bién long dom/ting dong nhay, chéit phan

-10-




23981

giai dich nhay peptit, thubc khang sinh, chit e ché JAK, chét e ché SYK, chit uc
ché PI3Kdelta hodc PI3Kgama, corticosteroit va chat d6i khang M3/chét trc ché PDE4
(MAPI).

Sang ché ciing dé xuét té hop gdm céc hop chit theo sang ché, duoc sir dung
tryc tiép hodc nhu mubi duge dung, véi chat chi van B2 dwoc chon tir nhém bao gdbm
carmoterol, GSK-642444, indacaterol, milveterol, arformoterol, arformoterol tartrat,
formoterol, formoterol fumarat, salmeterol, salmeterol xinafoat, salbutamol, albuterol,
levalbuterol, terbutalin, indacaterol (QAB-149), AZD-3199, BI-1744-CL, LAS-
100977, GSK159797, GSKS59790, GSK159802, GSK642444, GSK678007,
GSK96108, bambuterol, isoproterenol, procaterol, clenbuterol, reproterol, fenoterol,

bitolterol, brodxatelor va ASF-1020 va mubi ctia no.

Sang ché ciing d& xuét t hop gdm cac hop chét theo sang ché, dugc sir dung
truc tiép hodc nhu mudi duge dung, véi chét khdng muscarin dugc chon tir nhém bao
gbm aclidini, tiotropi, tiotropi bromua (Spiriva®), ipratropi, ipratropi bromua, trospi,
glycopyrrolat, NVA237, LAS34273, GSK656398, GSK233705, GSKS57319,
LAS35201, QAT370 va mudi oxitropi.

Sang ché ciing dé xuit t6 hop gdm cac hop chét theo sang ché, dugc sir dung
truc tiép hodc nhu mudi duge dung, véi chit tc ché PDE4 dugc chon tir nhém bao
gdbm AN-2728, AN-2898, CBS-3595, apremilast, ELB-353, KF-66490, K-34, LAS-
37779, IBFB-211913, AWD-12-281, cipamfyllin, cilomilast, roflumilast, BAY19-
8004 va SCH-351591, AN-6415, indus-82010, TPI-PD3, EL.B-353, CC-11050, GSK-
256066, oglemilast, OX-914, tetomilast, MEM-1414 va RPL-554.

Sang ché ciing dé xut td hop gdbm cac hop chit theo sang ché, dugc st dung
truc tiép hodc nhu mudi duge dung, véi chét e ché P38 MAP kinaza dugc chon tir
nhém bao gbébm semapimod, talmapimod, pirfenidon, PH-797804, GSK-725,
GSK856553, GSK681323, minokin va losmapimod va mudi cua no.

Theo phuong 4n duge wu tién, sang ché dé xuit td hop gdbm cac hop chét theo

sang ché véi chat trc ché IKK2.

Sang ché ciing dé xuét t6 hop gbm c4c hop chét theo sang ché véi chét trc ché
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HNE duoc chon tir nhém bao g(‘Sm AAT, ADC-7828, aeriva, TAPI, AE-3763, KRP-
109, AX-9657, POL-6014,AER-002, AGTC-0106, respriva, AZD-9668, zemaira,
AAT IV, PGX-100, elafin, SPHD-400, prolastin C va prolastin dugc xong.

Sang ché ciing dé xuét td hop gdbm céc hop chét theo sang ché, duge st dung
truc tiép hodc nhu mubi dugc dung, véi phéan tit leukotrien dugc chon tir nhém bao

g6m montelukast, zafirlukast va pranlukast.

Séang ché ciing dé xut td hop gdm céc hop chét theo sang ché, dugc sir dung
truc tiép hodc nhu mubi duge dung, v6i NSAID dugc chon tr nhom bao gém

ibuprofen va ketoprofen.

Sang ché ciing d& xuit td hop gdm cac hop chét theo sang ché, dugc sir dung
truc tiép hodc nhu mubi duge dung, véi chét chéng ho, duoc chon tir nhém bao gém

codein va dextramorphan.

Sang ché ciing @& xuét t6 hop gdém cac hop chét theo sang ché, duoc sir dung
truc tiép hodc nhu mudi duge dung, véi chét tiéu nhﬁy, duoc chon tir nhém bao gém N

axetyl xystein va fudostein.

Sang ché ciing d& xuét td hop gbém céac hop chét theo sang ché, dugc st dung
truc tiép hodc nhu mudi dugc dung, véi chét diéu bién long dom/dong nhiy, dugc
chon tir nhém bao gdm ambroxol, dung dich ting truong (vi du nudc mudi hozc

manitol) va chét hoat dong bé mat.

Sang ché ciing dé xuét t6 hop gbm céc hop chét theo sang ché, duoc sir dung
truc tiép hodc nhu mudi dugc dung, véi chét tiéu nhéy peptit, dugc chon tir nhém bao
gbm deoxyribonucleaza I tai t6 hop cua ngudi (dornaza-alfa va thDNaza) va helicidin.

Sang ché ciing dé xuét t6 hop gdm cac hop chét theo sang ché, dugc st dung
truc tiép hoac nhu mudi duoc dung, véi thube khang sinh, dugc chon tir nhém bao
gbm azithromycin, tobramycin va aztreonam.

Sang ché cling dé xut td hop gdébm céac hop chét theo sang ché, dugc str dung
tryc tiép hodc nhu mudi duge dung, chét didu hoa dich nhay dugc chon tir nhém bao

gém INS-37217, diquafosol, sibenadet, CS-003, talnetant, DNK-333, MSI-1956 va
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gefitinib.

Sang ché ciing dé xuit t6 hop gdm céc hop chit theo sang ché, duoc sir dung
truc tiép hodc nhu mubi dugc dung, véi chét tc ché JAK, duoc chon tir nhém bao gf“)m
CP-690550 va GLPG0634.

Sang ché ciing dé xuét t& hop gdm cac hop chét theo sang ché, duoc sir dung
truc tiép hodc nhu mudi duge dung, véi chéit tc ché SYK duge chon tir nhém bao gém

R406, R343 va PRT062607.

Sang ché ciing d& xuét t6 hop gdbm hop chit theo sang ché véi corticosteroit
duogc chon tir nhom bao gém dexamethason, fluticason, fluticason furoat, fluticason
propionat, prednisolon, betamethason, budesonit, mometason, mometason furoat,
triamcinolon axetonit, ciclesonit, TPI-1020, beclomethason, beclomethason

dipropionat, prednison, deflazacort, hydrocortison, QAE-397 va flunisolit.

Hop chét theo sang ché ¢6 thé dugce diéu ché mot cach dé dang tir céc vét li€u
khai ddu sin c6 bang cach sir dung cac phuong phap va quy trinh chung sau hoic bing
céch sir dung céc thong tin khac sdn c6 mot cach d& dang ddi véi ngudi c6 hiéu biét
trung binh trong linh vuc nay. Mdc du phuong an cu thé cuia sang ché co thé dugc thé
hién hodc dugc md ta trong ban mod ta nay, ngudi cé hiéu biét trung binh trong linh
vuc ndy s& nhan biét ring tit ¢4 cac phuong 4n hoic khia canh ctia séng ché c6 thé
duge diéu ché bing cach sir dung cac phuong phép duge mo ta trong bin mo ta nay
hodic bang cach sit dung cac phuon phap khac, cac thudc thir va vat liéu khoi dau da
dugc biét dén dbi voi ngudi cé hidu biét trung binh trong linh vuc nay. Cling s& dugc
danh gia cao rang khi cic didu kién quy trinh thong thudng hodic duoc uu tién (nghia
13, nhiét d6 phan ng, thoi gian, ty 1¢ mol cua chét phan tmg, dung méi, ap suét, v.v)
duoc dua ra, cac didu kién quy trinh khéc ciing c6 thé dugc str dung, trir khi c¢6 quy
dinh khac. Trong khi c4c diéu kién phan tng t6i wu c6 thé thay déi phu thudc vao céc
chét phan ng hodc dung moi cu thé dugc st dung, cac diéu kién nay cé thé duoc xac
dinh mot cach d& dang boi ngudi ¢ hiéu biét trung binh trong linh vyc nay bang cac

quy trinh t&i wu hoa thong thuong.

Hop chét theo séng ché ¢6 thé duoc didu ché theo cac vi du.
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Céc phuong phap LCMS A, B, C va D dugc st dung dé mo ta dic diém cua
hop chét theo sang ché, dugc mo ta sau day:
Phwong phap LCMS/HPLC
Phwong phap A (10cm _ESCI_FORMIC)
Thiét 1ap HPLC
Dung moi: Axetonitril (mirc tia cuc tim xa) véi 0,1% (thé tich) axit formic
Nudc (d6 tinh khiét & murc cao qua thiét bi Iyra chon PureLab) v6i axit formic 0,1%
Cot: - Phenomenex Luna Sp C18 (2), 100 x 4,6mm. (thém hop bao v§)
Téc d6 dong: - 2ml/phut
Gradient: - A:nudc/formic  B: MeCN/formic

Thoigian A% B%
0,00 95 5
3,50 5 95
5,50 5 95
5,60 95 5
6,50 95 5

Thé tich phun thong thuong tir 2 &n 7ul (ndng do khoang tir 0,2 dén 1mg/ml).

Phét hién tia cuc tim qua HP hodc Waters DAD

Khoang bét ddu (nm) 210 End Range (nm) 400 khoang cach (nm) 4,0

Vét bude song khac duoc chiét xudt tir dit liéu DAD.

Phat hién ELS tuy y bang cach sir dung Polymer Labs ELS-1000.

Phat hién MS: Micromass ZQ, LC-MS bén mach don hoic Quattro Micro LC-MS-
MS.

Chia tach dong thu dwoc khoang 300ul/phit véi phd khdi

Khoang quét dbi véi dit lieu MS (m/z)

Bit dau (m/z) 100

Két thuc (m/z) 650 hodc 1500 khi can thiét

Vé6i chuyén mach +ve / -ve

Ton hoa 14 ESCI théng thuong: Iya chon ma thu dugc dit li¢u ESI va APCI tir qué trinh
van hanh ddc 1p.
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bién ap ESI va nhiét d0 thong thuong la:

Ngudn 120-150C mao din 3,5KV  nén 25V
Dién 4p APCI va nhiét do thong thuong la:
Nguén 140-160C  vanh 17uA nén 25V

Phwong phap B (diéu kién HPLC - 15cm_Formic_Ascentis HPLC _CH3CN)

Thiét 1ap HPLC
Dung méi: - Axetonitril (mtc tia cyc tim xa) v6i 0,1% (thé tich) axit formic

Nuéc (do tinh khiét & mic cao qua thiét bj PureLab Ultra) véi axit
formic 0,1%
Cot: - Supelco, Ascentis® Express C18 hodc Hichrom Halo C18, 2,7um C18, 150 x
4,6mm.

Téc d6 dong: - lml/phit

Gradient: - A: nugc/formic B: MeCN/formic
Thoi gian A% B%

0,00 96 4

3,00 96 4

9,00 0 100

13,6 0 100

13,7 96 4

15 96 4

Thé tich phun thong thuong tir 0,2 dén 10ul
Thiét 1ap ap suét tbi da 400bar (40.10° kPa).
Thiét bi: Agilent 1100, bom nhi phén, bd 14y mau Agilent va bd do Agilent DAD
Phét hién day diot: (300nm, chiéu rong dai 200nm; tham chiéu 450nm, chiéu rong dai
100nm)
Phwong phap C (diéu kién HPLC - 10cm_Formic ACE-AR_HPLC_CH3CN)
Thiét 1ap HPLC
Dung mbi: - Axetonitril (muc tia cwc tim xa) v6i 0,1% (thé tich) axit formic
Nudc (d6 tinh khiét & muc cao qua thiét bi PureLab Ultra) véi axit

formic 0,1%
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Cot: - Hichrom ACE 3 C18-AR cdt phuong thirc hdn hop 100x4,6mm
Téc d dong: - 1ml/phut
Gradient: - A: nuéc/formic B: MeCN/formic

Thoi gian A% B%
0,00 98 2
3,00 98 2
12,00 0 100
15,4 0 100
15,5 98 2
17 98 2

Thé tich phun thong thudng tir 0,2 dén 10pl

* Thiét 14p ap sudt t6i da 400bar (40.10* kPa).

Thiét bi: Agilent 1100, bom nhi phan, b 14y mau Agilent va bd do Agilent DAD
Do day diot: (300nm, chiéu rong dai 200nm; tham chiéu 450nm, chiéu rong dai
100nm)

Phwong phap D (diéu kién HPLC - 25cm_Acidic_Prodigy HPLC)

Thiét 1ap HPLC

Dung mdi: - Axetonitril (mirc tia cyc tim xa) véi axit formic 0,1%

Nudce (d6 tinh khiét & mirc cao qua thiét bi lya chon PureLab) véi axit formic 0,1%
Cot: - Phenominex Prodigy 5p ODS 3, 250 x 4,6mm.

Téc d6 dong: - 1ml/phit

Gradient: - A:nuédc/formic  B: MeCN/formic

Thoi gian A% B%
0,00 95,5 4,5
1,0 95,5 4,5
22 0 100
23 0 100
25 95,5 4,5
30 95,5 4,5

Thé tich phun thong thudng tir 2 dén 7ul
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Thiét bi: Agilent 1100, bom nhi phén, bd 14y mau Agilent va bd do Agilent DAD

Sang ché ciing d& xuit dugc phdm chira hop chét theo sang ché trong hdn hop
vGi mdt hodc nhiéu chét mang dugc dung, vi du dugc phém dugc mo ta trong 4n
phém: Remington’s Pharmaceutical Sciences Handbook, XVII Ed., Mack Pub., N.Y.,
U.S.A.

Viéc dung hop chét theo sang ché c6 thé dugc hoan thanh theo nhu cau cia
nguoi bénh, vi dy, dung qua dudng miéng, qua mili, ngoai duong ti€u hoéd (dudi da,
trong tinh mach, trong co, trong xwong {rc va bang cach truyén), bang cich xong, qua

truc trang, qua Am dao, tai chd, khu trt, qua da va bang cach diing qua mat.

Céc dang liéu ding qua dudng miéng dang ran khac nhau cé thé duge sir dung
dé dung hop chét theo sang ché bao gébm cac dang rin nhu vién nén, bao gel, vién
nang, vién nhong, hat, vién hinh thoi va bt dang 16n. Céc hop chét theo sang ché c6
thé duoc ding riéng ré hoic t6 hop véi chit mang duogc dung khac nhau, chét pha
lodng (nhu sucroza, manitol, lactoza, tinh bot) va ta dugc da biét, bao gém cac chét tao
huyén phu, chét hoa tan, chét tao dém, chét gén két, chit gdy phén tén, chét bao quén,
chét tao mau, chét tao huong, chét bodi tron va céac chit tuong tu. Vién nang, vién nén
va gel giai phéng theo thoi gian cling c6 1¢i trong viéc dung cac hop chét theo séng

r
A

ché.

Céc dang liéu ding qua dudng miéng dang 16ng khic nhau cling c6 thé dugc st
dung dé dung hop chét theo sang ché, bao gébm dung dich nudc va khong chira nudéc,
nhil trong, huyén phu, xi-rd va cdn ngot. Cac dang lidu nay ciing c6 thé chira chét pha
loding tro da biét thich hop nhu nuéc va ta duge da biét thich hgp nhu chat bao quén,
chit 1am ué6t, chit tao ngot, chét tao huong vi, cling nhu céc chit nhii hoa va/hodc tao
huyén phu cua sang ché. Céc hop chét theo sang ché c6 thé dugc tiém, vi duy, trong
tinh mach, & dang dung dich v6 tring ding truong. Cac dugc phim khéc ciing c6 thé

st dung.

Thubc dan dé dung qua truc trang chira hgp chét theo sang ché c6 thé dugc bao
ché béng cach tron hop chét véi ta duoc thich hgp nhu chit dém ca-cao, salixylat va

polyetylen glycol.
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Duoc phém dé diung trong am dao co thé & dang kem, gel, bot nhao, bt hodc
ché phdm phun chira, ngoai hoat chit, nhu chit mang thich hop, ciing da duoc biét
dén.

Déi véi viéc dung tai chd, dugc phdm c6 thé & dang kem, thubc md, diu thoa,
thudc xirc ngoai da, nhil twong, huyén phu, gel, dung dich, bot nhio, bot, phun va giot
thich hgp dé ding cho da, mat, tai hodc miii. Viéc ding tai chd ciing ¢6 thé bao gdbm

viéc dung qua da qua céc phuong ti€n nhu cao dan qua da.

Pé diéu tri bénh dudng hd hép, hop chit theo sang ché tt hon 1a dugc diung

bang céch xong.

Dugc phdm c6 thé xong bao gdm bdt c6 thé xong, sol khi dinh lidu chtra chit

day hodc duoc phim cé thé xong khong chira chét day.

Pé ding 1am bot khd, thiét bi xéng don liéu hodc da lidu da dwoc biét dén trong
k§ thuat hién nay c6 thé dugc sir dung. Trong trudng hop d6, bot c6 thé duoc nhdi vao
nang gelatin, nang chét déo hodc céc loai nang khac, hdp hodc tii boc hoic trong binh

chtra.

Chét pha loang hodc chit mang, thudng 13 khong doc va tro v& mit hod hoc véi
hop chét theo sang ché, vi du lactoza hodc chét phu trg khac bit ky thich hop dé cai

thién phan suit ho hip c6 thé duoc bd sung vao hop chit dang bot cia sang ché.

Sol khi xéng chira khi ddy nhu hydrofloalkan c6 thé chita hop chét theo sang
ché trong dung dich hodc dang phan tan. Dugc phdm didu khién chét ddy ciing c6 thé

chira cac thanh phan khac nhu ddng dung méi, chit én dinh va tuy y céc ta dugc khac.

Duoc phim c6 thé x6ng khong chira chit day bao gdm hop chét theo sang ché
c6 thé & dang dung dich hodc huyén phi trong mdi truong nude, ruou hodc méi trudng
thuy cdn va chung c¢6 thé dugc phan phdi bang cach phun tia hogc thiét bi phun sol khi
siéu 4m da duoc biét dén trong linh vuc nay hodc bang thiét bj phun sol khi suong nhe

nhu Respimat®,

Hop chét theo sang ché c6 thé dugc dung 1am hoat chit don nhit hodc trong td

hop v6i hoat chét duge tinh khéc bao gdm cac hoat chit hién dugc st dung trong diéu
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tri rbi loan ho hép, trong ) chung la cht chu vén beta2, chat khang muscarin, chét wc
ché protein kinaza dugc hoat hoa bdi tac nhan phan bao (P38 MAP kinaza), chét uc
ché beta dudi phan tir kappa-B kinaza nhéan t6 nhan (IKK2), chét wc ché elastaza bach
cdu trung tinh ctia ngudi (HNE), chit (rc ché phosphodiesteraza 4 (PDE4), chit diéu
bién leukotrien, chit chdng viém khong steroit (NSAID), chit chdng ho, chét didu hoa
dich nhay, chit phan giai dich nhiy, chét didu bién long dom/tang dong nhiy, chét
phén giai dich nhay peptit, thubc khang sinh, chit trc ché JAK, chét e ché SYK, chét
rc ché PI3Kdelta hoic PI3Kgama, corticosteroit va chit dbi khang M3/chét wc ché
PDE4 (MAPI).

Liéu lwong clia hop chét theo sang ché phu thudc vao nhiéu yéu td bao gdm
bénh cu thé s& dugc diéu tri, mirc trim trong cua triéu chung, duong dung, tan sb cia
khoang ding 1idu, hop chét cu thé duoc st dung, hidu qua, profin doc t§ va profin

dwoc dong hoc ctia hop chét.

T6t hon 13, hop chét theo sang ché c6 thé duge ding vi du, v6i lidu ndm trong

khoang tir 0,001 dén 1000mg/ngay, tot hon 14 tir 0,1 dén 500mg/ngay.

Khi hop chét theo sang ché dwoc ding bang dudng xong, thi chung tét hon 1a
dwoc dung véi liéu ndm trong khoang tir 0,001 dén 500mg/ngay, t6t hon 14 nim trong

khoang tir 0,1 dén 200mg/ngay.

Hop chét theo sang ché c6 thé duge ding dé ngin nglra va/hoic diéu tri bénh
nghén hodc viém phé quan, nhu bénh hen, bénh viém phé quan man tinh, bénh tic
nghén phdi man tinh (COPD), hoat tinh qua muc cla phé quan, bénh ho, bénh khi
thiing hodc viém miii; céc r6i loan tiét niéu nhu tiéu tién khong kiém ché duoc, tiéu 14t
vd can, co thit bang quang, viém bang quang man tinh va bang quang phan tGng qua
muc (OAB); cac rbi loan da day-rudt nhu hoi chung rudt, viém rudt két co thét, viém
chi nang, vi€m loét hé ti€u ho4, tinh luu dong cia da day-rudt hodc tiét axit da day;
miéng kho; tat gidn déng tt, ching tim dap nhanh; rdi loan tim mach do can thi¢p mét

nhu chig tim d4p cham do xoang bi kich thich béi than kinh ddi giao cam.
Vi du thye hién sang ché

Bay gio, sang ché s€ dugc mo ta cu thé hon nita bang céc vi dy sau day.
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Céc hop chét trung gian dé tng hop hop chét cudi cing theo sang ché thu dugc

thong qua cic quy trinh didu ché duoc mé ta duéi day.

o
X
5@ S & ¢ J— .
N™ "0  i)BuyNBrs ii) CBS, BH3-Me,S N O iii) tBuMe,SiOTf
o_ "M MeOH THF 2,6-lutidin, DMF
? THF gj

TBDMSO TBDMSO, o
NH,HCI
X
—_— —_— . N
N™ 70 iy) NaNg, Nal NS0 v) P/C, EtOH o
© P ] vl) HCI-Dioxan, iPrOH OH H

Piéu ché (R)-5-(2-amino-1-hydroxyetyl)-8-hydroxyquinolin-2(1H)-on hydro-

clorua

NH,HCI

Buéc 1; 8-(Benzyloxy)-5-(2-bromoaxetyl)quinolin-2(1H)-on
© Br
A
N~ ~O
EjH
Thém nho giot dung dich chira fefra-n-butylamoni tribromua (BusNBr3) (54,5g,

113,0mmol) trong THF khan (130mL) vao huyén phu chta 5-axetyl-8-
(benzyloxy)quinolin-2(1H)-on (19,4g, 66,4mmol) trong THF khan (240mL) va
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metanol khan (165mL) trong 1,5 gid. Khudy dung dich thu dugc & nhiét do trong
phong qua dém trudc khi ¢ dic dudi ap sudt giam ma khong can gia nhiét. Hoa tan lai
phan con lai trong metanol (200mL). Thém dung dich nuéc amoni clorua bdo hoa
(390mL) vao trong khi 1am mat. Loc huyén phii thu dugc va rira chét rin bing nudc va
lam kho khong khi trong chan khong. Chit rin dwoc tao huyén phu trong DCM va
metanol (1:1 thé tich, 100mL) trong 90 phut. Gom chét rin bang cach loc, rira bang
DCM va lam kho trong khong khi dé thu dwgc hop chét néu & dé muc nay (18,0g,
73%).

'TH NMR (400 MHz, DMSO-d¢): 6 11,07 (s, 1 H); 8,51 (d, J= 10,0 Hz, 1 H); 7,94-7,83
(m, 1 H); 7,60 (d, J= 7,5 Hz, 2 H); 7,44-7,27 (m, 4 H); 6,79-6,65 (m, 1 H); 5,53-5,39
(s,2 H); 4,93 (s,2 H)

Budéc 2; (R)-8-(Benzyloxy)-5-(2-bromo-1-hydroxyetyl)quinolin-2(1H)-on

HO Br

X
N 0
o

<

Tao ddng s6i 8-(Benzyloxy)-5-(2-bromoaxetyl)quinolin-2(1H)-on (26,0g,
69,9mmol) va (R)-3,3-diphenyl-1-metyltetrahydro-3 H-pyrrolo[1,2-c][1,3,2]oxazaborol
(21,3g, 76,8mmol) bing toluen (x 3), tiép theo, tao huyén phu trong THF khan
(400mL) trong khi nito. Lam lanh huyén phi dén -20°C (nhiét do bén ngoai) va thém
dung dich phtic h¢ boran dimetyl sulfua (BH3-Me:S) (45,4mL, 90,8mmol, 2,0 M dung
dich trong THF) bing bom xiranh trong 3 gid. Sau khi bd sung xong, khudy hdn hop
phan ing trong mat gi¢ trude khi lam ngirng bang metanol (25mL). Lam 4m hén hop
phan tng dén nhiét d trong phong trong 20 phut. Co dic hdn hop dudi 4p suit giam
va tao huyén phil phan con lai trong dung dich nuéc axit clohydric (500mL, 1M dung
dich) va khudy & nhiét do trong phong trong 18 gid. Sau thoi gian nay, gom chét rén
bing cach loc va rira bang nuéce (3 x 100mL). Hoa tan riéng phén chit rin trong etyl
axetat va tao hdi luu trong 2 gid. Loai bo chét rin con lai bang cach loc néng va lam

bay hoi phan loc dé thu dugc hop chét néu & d& muc nay. Chit rin dugc gom tir etyl
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axetat nong dugc hoa tan riéng phin mét 1an nita trong etyl axetat va tao héi Iuu trong
2 gio, sau do loc dé thu duogc phﬁn loc chira san phém tinh khiét. Quy trinh nay duoc
lap lai bén 14n nita. K&t tinh lai chét rin gom duoc tir etyl axetat va ete diu mo dé thu

duoc hop chit néu & dé muc nay (20,0g, 76%).

'H NMR (400 MHz, DMSO-d¢): & 10,68 (s, 1 H); 8,19 (d, J=9,9 Hz, 1 H); 7,58 (d, J
=7,5 Hz, 2 H); 7,41-7,36 (m, 2 H); 7,34-7,29 (m, 1 H); 7,23-7,19 (m, 2 H); 6,57 (d, J
=9.,8 Hz, 1 H); 5,94 (d, J = 4,7 Hz, 1 H); 5,31 (s, 2 H); 5,25-5,19 (m, 1 H); 3,71-3,58
(m, 2 H).

Buée 3;  (R)-8-(Benzyloxy)-5-(2-bromo-1-((fert-butyldimetylsilyl)oxy)
etyl)quinolin-2(1H)-on

Thém 2,6-lutidin (6,9mL, 59,5mmol) vao dung dich chira (R)-8-(benzyloxy)-5-
(2-bromo-1-hydroxyetyl)quinolin-2(1H)-on (10,1g, 27,0mmol) trong DCM (100mL) &
0°C. Khudy hdn hop phan mg trong 5 phit sau d6 thém nho giot tert-butyldimetylsilyl
triflometansulfonat (tBuMeSiOtf) (13,0mL, 56,8mmol) vao trong 15 phit. Khudy hdn
hop ¢ 0°C trong 30 phut, tiép theo, qua dém & nhiét do trong phong. Sau thoi gian nay,
lam ngung phan ung bang dung dich natri bicacbonat trong nuéc bao hoa va chiét
bang DCM (x 3). Lam khd phan chiét hitu co gom dugc (magie sulfat), loc va ¢ dic
dudi ap suét giam. Thém iso-hexan (500mL) vao vat li¢u thd va gom chét ran thu dugc
bang céach loc. Két tinh lai chit rén tir etyl axetat va ete diu mo (40 : 60) dé thu duge
hop chit néu ¢ dé muc nay (11,3g, 85%).

'H NMR (400 MHz, CDCls): § 9,19 (s, 1 H); 8,23 (dd, J=9.9, 4,4 Hz, 1 H); 7,43 (d, J
= 4.6 Hz, 5 H); 7,17 (dd, J = 8,3, 4,5 Hz, 1 H); 7,03 (dd, J = 8,2, 4,4 Hz, 1 H); 6,71
(dd, J=19,9, 3,7 Hz, 1 H); 5,18 (d, J = 4,5 Hz, 3 H); 3,63-3,56 (m, 1 H); 3,49 (dd, J =
10,4, 4,8 Hz, 1 H); 0,88 (t, J= 4,4 Hz, 9 H); 0,14 (d, J= 4,4 Hz, 3 H); -0,11 (d, J= 4,4
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Hz, 3 H).

Bude 4; (R)-5-(2-Azido-1-((tert-butyldimetylsilyl)oxy)etyl)-8-(benzyloxy)-

|
>Ls|ro Na
AN
N0
H

o)

<

Hoa tan (R)-8-(Benzyloxy)-5-(2-bromo-1-((tert-butyldimetylsilyl) oxy)etyl)-

quinolin-2(1H)-on

quinolin-2(1H)-on (10,0g, 20,5mmol) trong dimetyl formamit (180mL) va nudc
(20mL). Thém lién tiép natri iodua (3,39g, 22,6mmol) va natri azit (1,47g, 22,6mmol)
vao. Khudy hdn hop phan tng & nhiét do trong phong cho dén Kkhi tit ca chit rin 1a
trong dung dich. Gia nhiét dung dich & 80°C trong 40 gi¢ sau d6 lam mat dén nhiét do
trong phong va pha lodng bang etyl axetat (300mL). Rua hdn hop bang nudc, nude
mudi (x2) va lam kho phan chiét hitu co (magie sulfat), loc va cd ddc dudi 4p sudt
giam. Nghién phin con lai thd bang iso-hexan dé thu dugc hop chit mong muébn
(8,16g, 88%). Hop chét nay dugc st dung ma khong can tinh ché thém & budc tiép
theo.

"{l NMR (400 MHz, CDCLs): 8 9,19 (s, 1 H), 8,18 (d,J=9,9 Hz, 1 H), 7,45-7,36 (m, 4
H), 7,20 (d, J = 8,3 Hz, 1 H), 7,04 (d, J= 8,3 Hz, 1 H), 6,70 (dd, /= 9,9, 2,2 Hz, 1 H),
5.19-5,13 (m, 3 H), 3,48 (dd, J = 12,7, 8,1 Hz, 1 H), 3,26 (dd, J = 12,7, 3,8 Hz, 1 H),
0,89 (s, 9 H), 0,14 (s, 3 H), 0,11 (s, 3 H).

Budc 5; (R)-5-(2-Amino-1-hydroxyetyl)-8-hydroxyquinolin-2(1H)-on

hydroclorua

Thém 10% paladi trén than chi (4,50g) vao dung dich chira (R)-5-(2-azido-1-
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((tert-butyldimetylsilyl)oxy)etyl)-8-(benzyloxy)quinolin-2(1H)-on (4,50g, 10,0mmol)
trong etanol (50mL) tiép theo, thém 1-metyl-1,4-xyclohexadien (11,0mL, 97,9mmol)
vao. Lam 4m hdn hop phan ung dén 60°C va sau d6 khudy & 60°C trong 2 gid. Lam
mat hon hop phéan tng va loc qua dém xelit. Rira banh loc bing etanol va lam bay hoi
phan loc dudi 4p sudt giam. Lam bay hoi phan con lai tir iso-propanol (x2) va hoa tan
trong iso-propanol (30mL). Thém HCl-dioxan (4M, 50mL, 200mmol) vao va khudy
hdn hop phan (g & nhiét do trong phong trong 18 gio. Loc huyén phu thu dugc, ria
banh loc bang ete va 1am kho chét rin trong chan khong véi su c6 mit ciia P2Os dé thu

dugc hop chét néu & d& muc nay (1,65g, 62%).

'H NMR (400 MHz, MeOD): § 7,71 (d, J = 9,8 Hz, 1 H), 6,57 (d, J = 8,2 Hz, 1 H),
631 (d, J= 82 Hz, 1 H), 6,02 (dd, J = 9,8, 6,5 Hz, 1 H), 4,58 (dd, J = 9,6, 3,5 Hz, 1
H), 2,47-2,31 (m, 2 H).

Tdng hop hop chét tir 1 dén 17
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Vidu 1
2-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-

yDetyl)amino)metyl)-2-metylphenoxy)etyl  4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat (hop chit 1)

O Hoo
0 D)
HO N/\@\/ 0] O 0 N
H 0]
X o
N~ S0

on H

Budce 1; N-((3-hydroxyphenyl)(phenyl)metyl)formamit
0]

A

H> NH

OH

Gia nhiét 3-hydroxybenzophenon (25g, 126,1mmol) trong formamit (130mL,
3,3mmol) dén 180°C trong 18 gid. Lam mat hdn hop phan (g mdt cach khong dang
ké sau d6 rét vao nuée da lanh va khudy trong 30 phut, loc va rira bang nuéc. Khudy
chét rin trong nuéc (60mL) va etanol (60mL) va gia nhiét dén 50°C trong 1 gio, sau
d6 1am mat. Loc chét rén va rira bang nudc dé thu dugc hop chét néu ¢ dé muc nay

duéi dang chat rdn mau nau (33,94g, 118%).

'H NMR (400 MHz, CDsOD): 8 7,39-7,28 (m, 5 H); 7,21-7,13 (m, 1 H); 6,79 (d, J =
7.78 Hz, 1 H); 6,73-6,68 (m, 2 H); 5,45 (s, 1 H).

Budc 2; 3-(Amino(phenyl)metyl)phenol hydroclorua

.Cl
NH, H

Lam mat metanol (125mL) dén 0°C va thém nhé gigt axetyl clorua (17,8mL)
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vao dé thu dugc 2M dung dich metanol hydro clorua. Khudy N-((3-hydroxyphenyl)-
(phenyl)metyl)formamit & 40°C trong 1,5 gio bang 2M metanol hydro clorua. Loai bd
dung méi dudi 4p suét giam va hoa tan lai phén con lai trong metanol va loai bo dung
moi dué6i ap sudt giam. Lip lai quy trinh ndy ba 1an dé thu duge hop chat néu & dé muc

nay dudi dang chét rin mau nau (29,09g, 97,9%)

'H NMR (400 MHz, DMSO-de): & 9,76 (s, 1 H); 9,07 (s, 3 H); 7,59-7,53 (m, 2 H);
7.51-7,37 (m, 3 H); 7,26 (t, J = 7,89 Hz, 1 H); 6,99 (d, J = 7,75 Hz, 1 H); 6,90 (t, ] =
1,97 Hz, 1 H); 6,81 (dd, J = 8,10, 2,32 Hz, 1 H); 5,58 (d, ] = 5,82 Hz, 1 H).

Buéc 3; tert-Butyl ((3-hydroxyphenyl)(phenyl)metyl)carbamat
S
OJ\NH

OH

Lam mat 3-(Amino(phenyl)metyl)phenol hydroclorua (29,09g, 123,4mmol)
trong diclometan (450mL) dén 0°C va thém tir tr diisopropyletylamin (65,9mL,
370,2mmol) va di-tert-butyl dicacbonat (59,2g, 271,5mmol). Khuéy phan tng & 0°C
trong 2 gio sau d6 lam Am dén nhiét d6 trong phong trong 16 gid. Loai bo dung mdi va
tinh ché hop chit qua nit silic oxit, tich rira bing tir 0 dén 20% etyl axetat trong iso-
hexan d& thu dwoc diu mau den. Thém kali cacbonat (51g, 370,2mmol) vao hén hop
nay trong metanol (300mL) va khudy & nhiét do trong phong trong 16 gio. Loc huyén
phu va lam bay hoi phan loc dudi 4p suit giam va hoa tan lai phan con lai trong etyl
axetat (370mL). Thém silic oxit (73g) vao va khudy huyén phu trong 30 phut, loc va
rira banh loc bang etyl axetat hon nita. Lam bay hoi phin loc dén kho. Hoa tan phan
con lai dang rin mau den trong etyl axetat (200mL), thém than d4 va gia nhiét huyén
phu & nhiét do hdi Iuvu trong 1 gio. Loc huyén phu qua xelit va loai bo dung méi dudi
ap suét giam. Hoa tan chit rin mau den trong diclometan va thém iso-hexan vao tiép
theo, 1am bay hoi dung mdi (lap lai ba 1an) dé thu duoc hop chét néu & dé muc nay

dudi dang chét rdn mau vang (34,81g, 92%).

'H NMR (400 MHz, CDCI3): § 7,36-7,16 (m, 6 H); 6,80 (d, J = 7,79 Hz, 1 H); 6,74
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6,69 (m, 2 H); 5,83 (s, 1 H); 5,15 (s, 1 H); 1,53-1,30 (s, 9 H).

Budc 4; (S)-tert-Butyl ((3-hydroxyphenyl)(phenyl)metyl)carbamat
e I
O/U\NH

OH
Tinh ché hdn hop raxemic tir buéc 3 bing SFC bang cach sir dung cot
CHIRALPAK® AD 20uM 250 x 110mm bang cach st dung n-heptan/2-propanol /
dietylamin (60/40/ 0,1) lam chét tach rira vé6i toc do dong 570ml/phut & 25°C. Tu
54,1g vat liéu thd thu dugc (S)-tert-butyl ((3-hydroxyphenyl) (phenyl)metyl)-carbamat
(R¢= 8,5-8,6 phut, 23,9g, 99,2¢.¢.).

Budée 5; (S)-Metyl 4-((3-(((tert-butoxycarbonyl)amino) (phenyl)metyl)
phenoxy)metyl)benzoat

/kojiNH
O

CO,Me

Khudy hdn hop gdm (S)-tert-butyl ((3-hydroxyphenyl) (phenyl)metyl)-
carbamat (3,20g, 10,7mmol), metyl 4-(bromometyl)benzoat (2,70g, 11,8mmol) va kali
cacbonat (2,20g, 16,1lmmol) trong axetonitril (54mL) ¢ nhiét do trong phong trong 16
gid. Co dic hdn hop phan tmg dudi ap sudt giam va phan chia phan con lai gita etyl
axetat va nudc. Chiét pha nudc bang etyl axetat va gom phén chiét hitu co gom lai,
lam kho bang magie sulfat khan, loc va 1am bay hoi dung méi dudi ap sut giam. Két
tinh lai phan con lai tir etyl axetat va iso-hexan @8 thu duoc hop chit néu ¢ dé muc nay

dué6i dang chét rin mau tring (3,25g, 68%).

'H NMR (400 MHz, CDCI3): & 8,04 (d, J = 8,2 Hz, 2 H); 7,46 (d, J = 8,2 Hz, 2 H);
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7,34-7,20 (m, 6 H); 6,90-6,81 (m, 3 H); 5,87 (s, 1 H); 5,13 (s, 1 H); 5,07 (s, 2 H); 3,92
(s, 3 H); 1,44 (s, 9 H).

Buée 6; (S)-Metyl 4-((3-(amino(phenyl)metyl)phenoxy)metyl)benzoat
hydroclorua

NH,HCI

CO,Me

Thém hydro clorua trong dioxan (4M, 9,0mL, 36mmol) vao dung dich chira
metyl 4-((3-(((tert-butoxycarbonyl)amino)(phenyl)metyl)phenoxy)metyl)benzoat
(3,21g, 7,20mmol) trong metanol (36mL). Khudy hdn hop phan tmg & nhiét do trong
phong trong 16 gio. Loai bo dung moi dudi ap sudt giam dé thu duoc hop chét néu &
dé muc nay (2,65g, >95%).

'H NMR (400 MHz, CDCI3): 8 9,21 (s, 2 H); 8,03 (d, /= 8,1 Hz, 2 H); 7,64 (d, /= 8,1
Hz, 2 H); 7,59 (d, J= 7,6 Hz, 2 H); 7,49-7,34 (m, 5 H); 7,17 (d, /= 7,7 Hz, 1 H); 7,06
(dd, J= 8,3, 2,4 Hz, 1 H); 5,64 (s, 1 H); 5,28 (s, 2 H); 3,91 (s, 3 H).

Buée 7; Metyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl)
amino)metyl)phenoxy) metyl)benzoat

i ? @
MeO HNJ\O“' N
°

Thém timg phan (R)-quinuclidin-3-yl carbonochloridat (8,50g, 37,5mmol) vao
dung dich trong khi khudy chia (S)-metyl 4-((3-(amino(phenyl)metyl)
phenoxy)metyl)-benzoat hydroclorua (12,0g, 31,3mmol) trong pyridin (100mL) & 0°C.
Khudy phan tmg & 0°C trong 1 gid va sau do d& cho 4m dén nhiét do trong phong

trong 16 gi¢. Thém nudc vao hdn hop phan Gng va chiét bang etyl axetat (x 3). Rua
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cac phin chiét gom lai bang nudc mudi, 1am khé (natri sulfat), loc va lam bay hoi
dung moi dudi ap suat giam. Tinh ché vat lidu thd bang sic ky trén hop KP-NH
Biotage tach rua bang tir 0 dén 20% metanol trong etyl axetat dé thu duoc hop chét
néu & dé muc nay (10,3g, 66%).

Buéc 8; axit 4-((3-((S)-Phenyl((((R)-quinuclidin-3-yloxy)carbonyl) amino)-
metyl)phenoxy)metyl)benzoic

0 0 @
HO)KQV HN/KO“‘ N
peae

Thém dung dich nude chira lithi hydroxit (2,0M, 9,0ml, 18,0mmol) vao dung
dich trong khi khudy chta metyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)-
carbonyl)amino)metyl)phenoxy)metyl)benzoat (2,27g, 4,50mmol) trong THF (23mL).
Khudy hén hop & nhiét d6 trong phong trong 16 gio. Diéu chinh d6 pH ctia hdon hop
phan Gng dén 6 bang cach bd sung dung dich nudc axit clohydric 4M. Sau do, chiét
hdn hop bang 10% metanol etyl axetat (x2) va lam bay hoi phan chiét hitu co gom
duge dudi ap suét giam. Sau d6, hoa tan phén con lai trong etanol va lam bay hoi lai
duéi ap suét giam dé thu dugc hop chét néu ¢ d& muc nay duéi dang chat rin mau

vang nhat (1,85g, 84%).

'H NMR (400 MHz, DMSO-ds): 6 8,41 (d, J=9,4 Hz, 1 H); 7,99 (d, J=7,9 Hz, 2 H);
7,58 (d, J= 8,0 Hz, 2 H); 7,42-7,26 (m, 6 H); 7,09 (s, 1 H); 7,02-6,91 (m, 2 H); 5,87
(d, J=9 Hz, 1 H); 5,21 (s, 2 H); 4,76 (s, 1 H); 3,98-2,72 (m, 6 H); 2,12-1,54 (m, 5 H).

Buéc 9; 4-(2-Hydroxyetoxy)-3-metylbenzaldehyt

O/
O/\/OH

Thém kali cacbonat (1,10g, 7,97mmol) vao dung dich trong khi khuéy chtra 4-
hydroxy-3-metyl-benzaldehyt (0,545g, 4,00mmol) trong DMF (10mL). Khudy hdn
hop phan tmg & nhiét do trong phong trong 5 phit va sau d6 thém dung dich chira
etylen cacbonat (0,705g, 8,00mmol) trong DMF (2mL) vao. Gia nhiét hdn hop thu
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duge & 80°C trong 90 gid. Lam mat hdn hop phan ung va pha loang bang etyl axetat
va nude. Loai bo pha hitu co, rira bang nuée mudi (x2), 1am khd (magie sulfat), loc va
lam bay hoi dung méi dudi ap suit giam dé thu dugc hop chit néu & dé& muc nay

(0,677 g, 94%).
'H NMR (400 MHz, CDCL3): & 9,87 (s, 1 H); 7,72-7,70 (m, 2 H); 6,95-6,93 (m, 1 H);
4.20-4,18 (m, 2 H); 4,04-4,03 (m, 2 H); 2,29 (s, 3 H); 1,98 (s, 1 H).

Buéc 10; 2-(4-Formyl-2-metylphenoxy)etyl  4-((3-((S)-phenyl((((R)-
quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoat

T 9

Thém di-iso-propyletylamin (0,649mL, 1,79mmol) va HATU (0,679g,
1,79mmol) vao dung dich trong khi khudy chira axit 4-((3-((S)-phenyl((((R)-
quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoic (0,778g,
1,49mmol) trong DMF (6mL) va khudy hdn hop & nhiét do trong phong trong 20 phut.
Thém dung dich chira 4-(2-hydroxyetoxy)-3-metylbenzaldehyt vao dung dich thu dugc
(0,670g, 3,72mmol) trong DMF (2mL). Khudy hdn hop & nhiét dd trong phong trong
18 gid. Pha lodng hdn hop bang etyl axetat rira bing dung dich nuéc kali cacbonat
10%, nude mudi (x2), 1am khd (magie sulfat), loc va 1am bay hoi dung méi dudi ap
sudt giam. Nap phan con lai vao hop SCX-2 va tach rira bang axetonitril (4 thé tich

cot) va sau d6 10% trietylamin/axetonitril (4 thé tich cot).

Cac phan doan 10% trietylamin/axetonitril dugc phéan tich bang TLC va cic
phéan doan chutra san pham dugc gom lai va lam bay hoi dudi ap suét giam. Vat lidu
duogc st dung mot cach truc tiép & budc tiép theo ma khong can tinh ché thém.

Buéc 11; 2-(4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yDetyl)amino)metyl)-2-metylphenoxy)etyl  4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)-benzoat (hgp chit 1)

Thém trietylamin (0,229mL, 1,65mmol) vao huyén phu chtta (R)-5-(2-amino-1-
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hydroxyetyl)-8-hydroxyquinolin-2(1H)-on hydroclorua (0,211g, 0,83mmol) trong
metanol (6mL). Khudy hdn hop trong 10 phut va sau do, thém dung dich chira 2-(4-
formyl-2-mctylphenoxy)etyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)-carbonyl)-
amino)metyl)phenoxy)metyl)-benzoat (0,445g, 0,69mmol) trong metanol (2mL) vao.
Khudy hdn hop & nhiét do trong phong trong 1 gio. Tiép theo, thém axit axetic
(0,188mL, 3,28mmol) vao natri triaxetoxybohydrua (0,292¢, 1,38mmol) va phan tng
duoc tiép tuc trong 18 gid nita. Lam nglng phan tng bang nudc va lam bay hoi duéi
ap sudt giam. Hoa tan phén con lai trong iso-butanol va rira bang nude. Lam bay hoi
pha hitu co dudi ap sudt giam va tinh ché vat liéu tho bing HPLC didu ché pha ngugc
@2 thu duge hop chét néu & d& muc nay (0,065g, 11%).
'H NMR (400 MHz, DMSO-ds): 8 8,29-8,20 (m, 2 H); 8,10 (d, J=9,9 Hz, 1 H);
7,97 (d, J= 8,0 Hz, 2 H); 7,57 (d,J=8,0 Hz, 2 H); 7,32-7,18 (m, 6 H); 7,17-7,01 (m,
4 H); 6,98-6,85 (m, 4 H); 6,47 (d, J=9,9Hz, 1 H); 5,81 (s, 1 H); 5,17 (s, 2 H); 5,09
(dd,J=7,9,4,7Hz, 1 H); 4,60 (d,J=16,8 Hz, 3 H); 4,31 (d, J=5,0 Hz, 2 H); 3,71
(s, 2 H); 3,12 (m, 1 H); 2,81-2,52 (m, 6 H); 2,09 (s, 4 H); 1,92 (s, l H); 1,69-1,26
(m, 4 H).

Céc hop chit sau day duoc didu ché theo ciing cich lién hop rugu can thiét
dugc didu ché & bude 9 véi axit tir bude 8 va sir dung san phdm & bude tiép theo.

Phuong phap khéac dé tao ra rugu can thiét duoc luu y béi viéc tbng hop 3-clo-
4-(2-hydroxyetoxy)-5-metoxybenzaldehyt.
04\©:CI NaH,DMF O~ CI/\/OH
OH  Ho_~g, o

OMe
Didu ché 3-clo-4-(2-hydroxyetoxy)-5-metoxybenzaldehyt
o Cl

OMe

Thém dung dich chira 5-clovanillin (0,746g, 4,00mmol) trong DMF (2mL) vao
huyén phu chira natri hydrua (thé phan tan 60% trong dau khoang, 0,24g, 6,00mmol)
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trong DMF (8mL). Khudy hdn hop phan ting & nhiét d6 trong phong trong 20 phut va
thém 2-bromoetanol (0,42mL, 5,93mmol) vao. Gia nhiét hdn hop phan tmg & 50°C
trong 90 gid. Pha lodng hdn hgp phéan tng bang etyl axetat va rira bang nudc, nude
mubi (x2), 1am kho (magie sulfat), loc va lam bay hoi dung méi dudi ap suit giam.
Tinh ché phéan con lai bing sdc ky cot nhanh tach rta bang tir 0 dén 50% etyl axetat
trong iso-hexan dé thu dugc hop chat néu & dé muc nay (0,413g, 48%).

"H NMR (400 MHz, CDCI3): 6 9,87 (s, 1 H); 7,53 (d,J=1,6 Hz, 1 H); 7,38 (d, J=1,6
Hz, 1 H); 4,29-4,27 (m, 2 H); 3,96 (s, 3 H); 3,90-3,85 (m, 2 H); 2,77 (t, d, J = 6,4 Hz,
1 H).

Céc hop chit sau day dugc didu ché theo cling céach lién hop rugu can thiét

duogc diéu ché ¢ budc 9 véi axit tir bude 8 va st dung san pham trong cac budc tiép

theo.
HO. NH-" Linker- O/\/O
AN
N o
H
OH
Hop chit sb Cau lién két
Cl
3
O\
4
; G
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Téng hop cic hop chit tir 18 dén 21

cl- ~0 MeOQ MeQ
Q PhsP” 07 | OMe OMe
K©\ PTSA, MeOH LIAIH,, THF
CO,Me NaH, DMF CO;Me
M
COZ e HO

pTSA, axeton

MeO
HATU, DIPEA, DMF o)
o)
H
©\/N\ﬂ/0/l‘
Neg

z \> o}
=
)

o

S

NaB(OAC)sH,
@ Et;N, AcOH
MeOH

O
NH;Cl

(e} S
u (¢}
OH
i Koo
/\/@/\O/U\Qﬂo \[( /,,@
HO N 0 N
H
X
N~ "0
oH M
Vidu?2

4-(2-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)etyl)benzyl  3-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)-carbonyl)
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amino)metyl)phenoxy)metyl)benzoat (hop chit 18)

Bwoc 1; Metyl 4-(2-metoxyvinyl)benzoat

|
0

O

Thém nhd giot natri hydrua (thé phan tan 60% trong dau khoang, 0,88g,
22.0mmol) vao huyén phi duge lam mat bang nudc da chira (metoxymetyl)triphenyl-
phosphoni clorua (6,48g, 20,0mmol) trong THF (40mL). Khudy hdn hop phan tng &
nhiét do nay trong 10 phut tiép theo, 50 phiit & nhiét d trong phong. Thém dung dich
chira metyl 4-formyl benzoat (1,16g, 10,0mmol) trong THF (10mL) vao va khudy hén
hop & nhiét d6 trong phong trong 18 gid. Lam nging phan Gng bang dung dich nuéc
natri hydro cacbonat bdo hoa va chiét bang DCM. Rét pha hitu co qua thuy tinh ky
nudc va lam bay hoi dung moi dudi ap sudt giam. Tinh ché phan con lai bang sic ky
ot nhanh tach rira bang tir 0 dén 10% etyl axetat trong iso-hexan dé thu dugc hop chit
néu & d& muc nay (1,36g, 71%).

'H NMR (400 MHz, CDCI3): hdn hop chét dong phan: § 7,98-7,90 (m, 2 H); 7,63-
7,59 (m, 1 H); 7,29-7,25 (m, 1 H); 7,17 (d, J = 13,0 Hz, 0,5 H); 6,25 (d, J = 7,0 Hz,
0,5 H); 5,82 (d, J = 13,0 Hz, 0,5 H); 5,31-5,25 (m, 0,5 H); 3,90 (s, 3 H); 3,83 (s, 1,5
H); 3,72 (s, 1,5 H).

Budc 2; Metyl 4-(2,2-dimetoxyetyl)benzoat
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Thém monohydrat cua axit para-toluensulfonic (pTSA) (0,135g, 0,71mmol)
vao dung dich chira metyl 4-(2-metoxyvinyl)benzoat (1,36g, 7,08mmol) trong metanol
(30mL) va gia nhiét hdn hop phan Gng & nhiét do hdi luu trong 18 gid. Lam bay hoi
dung mai dudi ap sudt giam. Phan chia phan con lai gitta DCM va dung dich nuéc kali
cacbonat 10%. R6t pha hitu co qua thuy tinh ky nudc va lam bay hoi dung modi dudi ap

suét giam. Vit li¢u tho dugc st dung & bude tiép theo ma khong can tinh ché thém.
Buéc 3; (4-(2,2-Dimetoxyetyl)phenyl)metanol

l

OO

OH

Thém nhé giot dung dich chua lithi nhém hydrua (2,0M trong THF, 3,50mL,
7,00mmol) vao dung dich duwgc lam lanh (-78°C) chra metyl 4-(2,2-
dimetoxyetyl)benzoat (gia dinh 7,08mmol) trong THF (30mL). Cho hdn hop phén tng
Am dén nhiét do trong phong trong 4 gio. Tiép theo, xir ly hdn hop bing nudc
(0,266mL), dung dich nudc natri hydroxit 2M (0,266mL) va nuéc (3 x 0,266mL). Pha
loang hdn hop bing etyl axetat va thém magie sulfat vao. Khudy hdn hop & nhiét do
trong phong trong 1 gio va sau d6 loc qua xelit. Rtra banh loc bang etyl axetat hon nita
va gom phan loc. Lam bay hoi dung méi dudi ap sudt giam va tinh ché phan con lai
bang sic ky cot nhanh tach rira bang tir 0 dén 30% etyl axetat trong iso-hexan dé thu

duoc hop chit néu ¢ d& muc nay (0,854g, 62%).
IH NMR (400 MHz, CDCI3): § 7,32-7,30 (m, 2 H); 7,26-7,23 (m, 2 H); 4,68 (d, J =

5,6 Hz, 2 H); 4,55-4,52 (m, 1 H); 3,34 (s, 6 H); 2,92 (d, J = 5,6 Hz, 1 H); 1,28 -1,24
(m, 1 H).

Budc 4; axit 3-((3-((S)-Phenyl((((R)-quinuclidin-3-yloxy)carbonyl)amino)-
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metyl)phenoxy)metyl)benzoic

Hop chét néu & dé muc nay dugc diéu ché nhu duoc md ta trong vi du 1 budc
tr 5 dén 8 v&i metyl 3-(bromometyl)benzoat thay thé cho metyl 4-(bromometyl)-

benzoat & budc 5.

Buéc 5; 4-(2,2-Dimetoxyetyl)benzyl 3-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino) metyl)phenoxy)metyl)benzoat

Hop chét néu & d& muc nay dugc didu ché nhu duoc md ta trong vi du 1 bude
10 véi (4-(2,2-dimetoxyetyl)phenyl)metanol va axit  3-((3-((S)-phenyl((((R)-
quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)benzoic lan luot thay thé
cho 4-(2-hydroxyetoxy)-3-metylbenzaldehyt va metyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)-metyl)benzoat hydroclorua.

Budée 6; 4-(2-Oxoetyl)benzyl 3-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)-
carbonyl)amino)metyl) phenoxy)metyl)benzoat

Os
v\<j\/0\n/<jvo\‘/'\‘
SN CAS

Thém monohydrat cua axit para-toluensulfonic (0,086g, 0,45mmol) vao dung
dich trong khi khudy chia 4-(2,2-dimetoxyetyl)benzyl 3-((3-((S)-phenyl(((R)-
quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)-benzoat (0,100g,
0,15mmol) trong axeton (5SmL) va khudy hdn hop & nhiét do trong phong trong 1 gid.
Pha loang hdn hop phén ung bang natri hydro cacbonat bdo hoa va chiét bang etyl

axetat. Lam kho phan chiét hitu co gom dugc (magie sulfat), loc va lam bay hoi dung
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moi dudi ap suit giam. Phan con lai dugce st dung & budc tiép theo ma khong cén tinh

ché thém.

Buoc 7; 4-(2-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)etyl)benzyl  3-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl)
amino)metyl)phenoxy)metyl)benzoat (hop chit 18)

Hop chét néu & d& muc nay dugc diéu ché nhu dugc mé ta trong vi du 1 budc
11 véi 4-(2-oxoetyl)benzyl 3-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl)-
amino)metyl)phenoxy)metyl)benzoat thay thé cho 2-(4-formyl-2-metylphenoxy)-etyl
4-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl)-amino)metyl)phenoxy)metyl)-

benzoat.

"H NMR (400 MHz, DMSO-d¢): & 8,28-8,19 (m, 3 H); 8,17 (d,J=9,9 Hz, 1 H); 8,05
(s, 1 H); 7,94 (d,J=78Hz 1 H); 7,72 (d,J =77 Hz, 1 H); 7,58-7,52 (m, 1 H);
7,38 (d, 7=7,8 Hz, 2 H); 7,31-7,17 (m, 7 H); 7,10-7,02 (m, 2 H); 6,96-6,86 (m, 3 H);
6,51 (d,J=9,9 Hz, 1 H); 5,81 (d,J=9,0Hz, 1H); 5,33 (s, 2 H); 5,16 (s, 2 H); 5,07
(dd, J=17,5, 4,8 Hz, 1 H); 4,57 (s, 1 H); 3,10 (s, 1 H); 2,86-2,65 (m, 8 H); 2,50 (m, 4
H); 1,90 (s, 1 H); 1,79 (s, 1 H); 1,46 (t, ] = 49,4 Hz, 3 H).

Céac hop chat sau day duoc didu ché theo cach twong tw véi vi du 2 bang cach
lién hop rugu can thiét (duoc didu ché nhu duge md ta trong vi du 2 cac bude tir 1 dén
3) v6i axit can thiét nhu dugc mo ta trong vi dy 2 bude 5 va san pham tiép theo dugc

stir dung trong vi du 2 buéc 6 va 7.
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Téng hop cic hop chit tir 22 dén 31
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Vidu3

3-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)benzyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)
carbonyl)amino)metyl)phenoxy)metyl)benzoat (hop chit 22)

HNAO
PNORS
= (o]
OH

Buéc 1; Metyl 3-(1,3-dioxolan-2-yl)benzoat

07/©\[((|)
R

Cho hoi lru hdn hop gé)m metyl 3-formylbenzoat (2,5g, 15,2mmol), etylen
glycol (4,2mL, 75mmol) va monohydrat cia axit para-toluensulfonic (0,29g,
1,52mmol) trong toluen (60mL) trong cac diéu kién Dean va Stark trong 4 gid. Pha
logng hdn hop phan ng bing etyl axetat va tiép theo, rira bing dung dich natri
hydro cacbonat bao hoa va nude mubi. Lam kho pha hitu co (magie sulfat), loc va
lam bay hoi dung mdi dudi ap sudt giam dé thu dwgc hop chit néu ¢ dé muc nay

(3,09g, 98%).

'H NMR (400 MHz, DMSO-dg): 8 8,05-7,95 (m, 2 H), 7,72 (d, 1 H), 7,61-7,52
(m, 1 H), 5,82 (s, 1 H), 4,11-3,94 (m, 4 H), 3,87 (s, 2 H).

Buée 2; (3-(1,3-Dioxolan-2-yl)phenyl)metanol

<O/W/©\/OH

O

Hop chét néu & @& muc nay dugc diéu ché nhu dugc mo ta trong vi du 2

budc 3 véi metyl 3-(1,3-dioxolan-2-yl)benzoat thay thé cho metyl 4-(2,2-
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dimetoxyetyl)benzoat.

'"H NMR (400 MHz, DMSO-de): 8 7,40 (s, 1 H), 7,37-7,27 (m, 3 H), 5,77-5,68
(m, 1 H), 5,21 (t, 1 H), 4,53-4,46 (m, 2 H), 4,09-3,90 (m, 4 H).

Budce 3; 3-(1,3-Dioxolan-2-yl)benzyl 4-((3-((:S)-phenyl((((R)-quinuclidin-
3-yloxy)carbonyl)amino) metyl)phenoxy)metyl)benzoat

0y
(@)

Hop chit néu & d& muc nay duogc diéu ché nhu dugc md ta trong vi du 1
budc 10 véi (3-(1,3-dioxolan-2-yl)phenyl)metanol thay thé cho 4-(2-hydroxy-
etoxy)-3-metylbenzaldehyt.

Buéc 4; 3-Formylbenzyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)-
carbonyl)amino)metyl) phenoxy)metyl)benzoat

Thém dung dich nude axit clohydric 2M (8mL) vao dung dich trong khi
khudy chta 3-(1,3-dioxolan-2-yl)benzyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy) carbonyl)amino)metyl)phenoxy)metyl)benzoat (0,32g, 0,57mmol) trong
THF (8mL). Khudy hdn hop phin ing & nhiét do trong phong trong 1 gio. Pha
lodng hdn hop bing etyl axetat va tip theo, rira bing dung dich nu6c natri hydro
cacbonat bio hoa va nuéc mudi. Lam khd phén chiét hitu co (magie sulfat), loc va
lam bay hoi dung mdi dudi ap sudt giam. Phan con lai duge sir dung & bude tiép

theo ma khéng can tinh ché thém.

Budce 5; 3-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)benzyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)-
carbonyl)amino)metyl)phenoxy)metyl)benzoat (hop chit 22)
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Hop chét néu & d& muc nay dugc diéu ché nhu duge mo ta trong vi du 1
buéc 11 v6i  3-formylbenzyl  4-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)-
carbonyl)amino)metyl)phenoxy)metyl)benzoat thay thé cho 2-(4-formyl-2-
metylphenoxy)etyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl)-amino)-
metyl)phenoxy) metyl)benzoat.

'H NMR (400 MHz, DMSO-ds): 8 8,26 (s, 2 H); 8,17 (d,J=9,9 Hz, 1 H); 8,04
(d, J=8,0Hz 2 H); 7,61 (d, J=8,0Hz, 2 H); 7,48 (s, 1 H); 7,41-7,22 (m, 9 H);
7,13-7,07 (m, 2 H); 7,01-6,90 (m, 3 H); 6,51 (d,J=9,9 Hz, 1 H); 5,86 (d,J = 8,6
Hz, 1 H); 5,39 (s, 2 H); 5,23 (s,2 H); 5,12(dd, J=7,9,4,3 Hz, 1 H); 4,63 (s, 1
H); 3,85 (s, 2 H); 3,17 (d, J = 14,5 Hz, 1 H); 2,83-2,67 (m, 7 H); 1,96 (m, 2 H);
1,66 (s, 1 H); 1,53 (s, 1 H); 1,39 (s, 1 H).

Céc hop chit sau day duoc didu ché theo cach twong tw v6i vi du 3 bang
cach lién hgp rugu can thiét (duoc diéu ché nhu duge mé ta trong vi du 3 Budrc tir
1 dén 2) véi axit can thiét nhu duoc md ta trong vi du 3 Bude 3 va san pham tiép

theo duoc st dung trong vi du 3 Budc 4 va 5.
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Céc hop chét sau day dugc diéu ché theo cach tuong tu v6i vi du 3 bang
céch lién hop rugu can thiét (nhu duge mo ta dudi day) véi axit can thiét nhu duoc
mo ta trong vi du 3 Bude 3 va san pham tiép theo duge sir dung trong vi du 3 Budc

4 vas.
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Tbng hop ruou cén thiét duoc md ta chi tiét dudi day;

Téng hop rugu cin thiét d6i véi hop chat sé 32; 3-(4-(dietoxymetyl)-
phenyl)propan-1-ol

/\0)\©\/\/
OH

Budc 1; (E)-Metyl 3-(4-(dietoxymetyl)phenyl)acrylat

-0
= O\

o)

Gia nhiét dung dich chtra 4-(dietoxy)benzaldehyt (2,08g, 10,0mmol) va metyl
(triphenylphosphoranyliden)axetat (3,68g, 11,0mmol) trong toluen (30mL) & nhiét d
hdi lwu trong 18 gid. Lam bay hoi dung moi dudi &p sut giam. Sic ky cot nhanh phan
con lai tach rira bang tir 0 dén 15% etyl axetat trong iso-hexan @& thu duoc hop chét
néu & d& muc nay (2,41g, 91%).

'H NMR (400 MHz, CDCI3): 6 7,72 (d, J= 16 Hz, 1H); 7,54-7,48 (m, 4 H); 6,46 (d, J
=16 Hz, 1H); 5,51 (s, 1 H); 3,81 (s, 3 H); 3,65-3,50 (m, 4 H); 1,28-1,22 (m, 6 H).

Buwdc 2; Metyl 3-(4-(dietoxymetyl)phenyl)propanoat

/\O)\Q\/\N/
o\

0]

Thém 1-metyl-1,4-xyclohexadien (10,0mL, 89mmol) vao huyén phu chta (E)-
metyl 3-(4-(dietoxymetyl)phenyl)acrylat (2,41g, 9,13mmol) va 10% paladi trén cacbon
(2,4g) trong etanol (40mL). Gia nhiét hdn hgp phan tmg & 60°C trong 1,5 gio. Loc hén
hop phan ng qua xelit va rira banh loc bang etanol. Lam bay hoi dung méi duéi ap

suit giam dé thu duoc hop chit néu & dé muc nay (2,15g, 89%).
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'H NMR (400 MHz, CDCI3): & 7,40 (m, 2 H); 7,20-7,18 (m, 2 H); 5,46 (s, 1 H); 3,73
(s, 3 H); 3,70-3,48 (m, 4 H); 2,97-2,92 (m, 2 H); 2,69-2,60 (m, 2 H); 1,26-1,23 (m, 6
H).

Buérc 3; 3-(4-(Dietoxymetyl)phenyl)propan-1-ol

O
OH

Hop chit néu & d& muc nay duoc diéu ché nhu dugc md ta trong vi du 2 Budce 3
v6éi metyl 4-(2,2-dimetoxyetyl)benzoat thay thé cho metyl 4-(2,2-dimetoxyetyl)-
benzoat.

'H NMR (400 MHz, CDCI3): 8 7,39 (d, J= 8,4 Hz, 2 H); 7,20-7,18 (m, 2 H); 5,47 (s,
1 H); 3,69-3,49 (m, 6 H); 2,73-2,69 (m, 2 H); 1,90-1,85 (m, 2 H); 1,28-1,24 (m, 6 H).
Tbng hop rugu yéu cAu dbi v6i hop chét 33; 2-(4-(1,3-Dioxolan-2-yl)phenyl)-

etanol
<\O
O)\©\/\
OH
Budc 1; Metyl 2-(4-formylphenyl)axetat
o~
Thém axetyl clorua (SmL) vao dung dich nuéc da lanh chita axit 4-(hydroxy-
metyl)phenylaxetic (5,78g, 34,8mmol) trong metanol (200mL). Cho hdn hop phan tng
4m dén nhiét do trong phong trong khi khudy & nhiét do nay trong 42 gid. Lam bay hoi
dung mdi dudi ap suit giam va hoa tan phan con lai trong DCM (100mL). Thém
mangan dioxit (29,47g, 339mmol) vao va khudy huyén phu thu duge & nhiét do trong
phong trong 18 gid. Loc huyén phi qua xelit va rira banh loc bang DCM. Lam bay hoi

dung moi dudi 4p suat giam va tinh ché phan con lai bang sdc ky cot nhanh tach rua

bang tir 0 dén 25% etyl axetat trong iso-hexan dé thu duoc hop chit néu & dé muc nay
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(1,72g, 28%).

"H NMR (400 MHz, CDCI3): § 10,0 (s, 1 H); 7,87-7,83 (m, 2 H); 7,46 (d, J = 8 Hz, 2
H); 3,69-3,65 (m, 5 H).

Buwéc 2; 2-(4-(1,3-Dioxolan-2-yl)phenyl)etanol

"

Hoa tan metyl 2-(4-formylphenyl)axetat (1,72g, 9,66mmol) trong etylen glycol
(2,3mL) va trietyl orthoformat (1,8mL). Thém tetrabutylamoni tribromua (0,048g) vao
va khudy phan (mg & nhiét d9 trong phong trong 1 gid. Thém tiép tetrabutylamoni
tribromua (0,434g) vao va khudy phan ting trong 1 gid. Pha lodng hén hop phan tng
bang etyl axetat va rira bing nudc va nudc mudi. Lam kho pha hitu co (magie sulfat),
loc va lam bay hoi dung mdi duéi 4p sudt giam. Tinh ché phan con lai bang sic ky cot
nhanh tach rira bing tir 0 &én 15% etyl axetat trong iso-hexan dé thu duoc metyl 2-(4-
(1,3-dioxolan-2-yl)phenyl)axetat tap chét (0,84g). Hoa tan vit liéu ndy trong THF
(15mL) va lam mat dén -78°C. Thém nho giot dung dich chtra lithi nhom hydrua
(1,0M trong THF, 6,00mL, 6,00mmol) vao. Cho hén hop phan ung 4m dén nhiét do
trong phong trong 18 gio. Tiép theo, xir Iy hdn hop bang nuéc (0,228mL), dung dich
nude natri hydroxit 2M (0,228mL) va nudc (3 x 0,228mL). Pha loang hén hop bing
etyl axetat va thém magie sulfat vao. Khudy hon hop & nhiét d6 trong phong trong 1
gid va sau do loc qua xelit. Rira banh loc bang etyl axetat va gom phan loc. Lam bay
hoi dung mdi dudi ap sudt giam va tinh ché phan con lai bang sic ky cot nhanh tach
rira bang tir 0 dén 40% etyl axetat trong iso-hexan dé thu duoc hop chét néu & dé muc

nay (0,315g, 17%).

'H NMR (400 MHz, CDCl3): 7,44-7,42 (m, 2 H); 7,26-7,24 (m, 2 H); 5,80 (s, 1 H);
4,17-4,00 (m, 4 H); 3,88-3,83 (m, 2 H); 2,89-2,87 (m, 2 H); 1,39-1,34 (m, 1 H).

Téng hop rugu yéu cdu d6i voi hop chét sb 34; (1-(3-(1,3-Dioxolan-2-
yl)propyl)-1H-pyrazol-4-yl)metanol
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[Om
Budce 1; Etyl 1-(3-(1,3-dioxolan-2-yl)propyl)-1H-pyrazol-4-carboxylat

0

) N@)ko/\
B\
Thém natri hydrua (thé phéan tan 60% trong dau khoang, 0,68g, 17,1mmol) vao
dung dich trong khi khudy dwgc lam mat biang nuéc da chira etyl 1H-pyrazol-4-
carboxylat (2,0g, 14,3mmol) trong DMF (10mL). Cho h&n hop phan Gng 4m dén nhiét
dd trong phong trong 20 phut va thém 2-(2-bromoetyl)-1,3-dioxolan (2,84g,
15,7mmol). Gia nhiét hdn hop phan tng & 60°C trong 16 gid. Phan chia phan tng giita
etyl axetat va nudc mubi. Rira pha hitu co bing nuéc mudi, lam kho (magie sulfat), loc
va lam bay hoi dung moi dudi ap suit giam. Tinh ché phin con lai bang sic ky cot
nhanh tach rira bang tir 0 dén 100% etyl axetat trong iso-hexan dé thu duoc hop chit
néu & d& muc nay (2,14g, 59%).
'H NMR (400 MHz, CDCI3): 8 7,91 (d, J = 4,3 Hz, 2 H); 4,92-4,83 (m, 1 H); 4,33-
4,25 (m, 4 H); 4,03-3,80 (m, 4 H); 2,29-2,22 (m, 2 H); 1,39-1,31 (m, 3 H).

Buéce 2; (1-(3-(1,3-Dioxolan-2-yl)propyl)-1H-pyrazol-4-yl)metanol

N\TOH

[O>’\,JN
o)

Hop chét néu & dé muc nay dugc diéu ché nhu vi du 2 Buée 2 véi etyl 1-(3-

(1,3-dioxolan-2-yl)propyl)- 1H-pyrazol-4-carboxylat ~thay thé cho metyl 4-(2-

metoxyvinyl)benzoat.
'H NMR (400 MHz, CDCl3): 8 7,69 (s, 1 H); 7,60-7,44 (m, 1 H); 4,94-4,84 (m, 1
H); 4,61-4,48 (m, 4 H); 4,06-3,82 (m, 4 H); 2,31-2,21 (m, 2 H); 1,70-1,64 (m, 1 H).

Téng hop rugu yéu cAu dbi voi hop chét s6 35; 1-(2-Hydroxyetyl)-1H-pyrazol-
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4-carbaldehyt
Z N -~_-OH
4 I
) =N

1 H-Pyrazol-4-carboxaldehyt  (0,50g, 5,21mmol), 2-bromoetanol (1,30g,
10,41mmol) va kali cacbonat (0,79g, 5,73mmol) dugc td hop vé6i axetonitril (SmL)
trong 1o vi s6ng. Gia nhiét lo vi séng nay & 150°C trong vi song trong 30 phut. Loc
hén hop phan tng va lam bay hoi dung moi dudi ap suit giam. Tinh ché phan con lai
bang séc ky cot nhanh tach rira bang tir 0 &én 100% etyl axetat trong iso-hexan dé thu

duoc hop chit néu & dé muc nay (0,50g, 69%).

'H NMR (400 MHz, CDCl3): & 9,86 (s, 1 H); 8,02 (s, 1 H); 7,99 (s, 1 H); 4,33-4,25
(m, 2 H); 4,05 (t, ] =4,8 Hz, 2 H).

Vidu 4

4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)etyl)amino)butyl
1-metyl-5-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl)amino) metyl)-
phenoxy)metyl)-1H-pyrazol-3-carboxylat (hgp chit 36)

Buwéc 1; Metyl 1-metyl-5-(((metylsulfonyl)oxy)metyl)-1H-pyrazol-3-

carboxylat

Thém metansulfonyl clorua (0,41mL, 5,26mmol) vao dung dich dugc lam mat

bang nuéc da chira metyl 5-(hydroxymetyl)-1-metyl-1H-pyrazol-3-carboxylat (0,60g,
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3,51mmol) va trietylamin (1,22mL, 8,77mmol) trong DCM (10mL). Khudy hdn hop
phan ng & nhiét d§ nay trong 15 phut va loai bo chit 1am mat. Khudy hdn hop phan
tng & nhiét do trong phong trong 1 gid. Pha lodng hdn hop phan ung bang DCM va
rira bing nudc va nuéc mudi. Lam kho pha hitu co (magie sulfat), loc va lam bay hoi
dung mdi dudi ap suit giam. Vit liéu tho dugce st dung & bude tiép theo ma khong can

tinh ché thém.

Buéce 2; (S)-Metyl 5-((3-(((fert-butoxycarbonyl)amino) (phenyl)metyl)-
phenoxy)metyl)-1-metyl-1H-pyrazol-3-carboxylat

Hop chit néu & d& muc nay dugc diéu ché nhu dugc mé ta trong vi du 1 Budc 5
v6i metyl 1-metyl-5-(((metylsulfonyl)oxy)metyl)-1H-pyrazol-3-carboxylat thay thé
cho metyl 4-(bromometyl)benzoat.

'H NMR (400 MHz, CDCI3): 8 7,37-7,21 (m, 7 H); 6,92 (d,J=7,7 Hz, 1 H); 6,87-
6,81 (m, 3 H); 5,88 (s, 1 H); 5,25-4,98 (m, 1 H); 5,00 (s, 2 H); 4,05-3,91 (m, 3 H);
3,92 (s, 3 H); 1,44 (s, 9 H).

Buéc 3; Metyl 1-metyl-5-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)-

carbonyl)amino)metyl) phenoxy)metyl)-1H-pyrazol-3-carboxylat

\N HO
iﬂ”‘) TR
)
a0
(0
/O

Hop chit néu & dé muc nay duoc diéu ché nhu duoc mo ta trong vi du 1 Budc 6
voi (S)-metyl 5-((3-(((tert-butoxycarbonyl)amino)(phenyl)metyl)phenoxy)-metyl)-1-
metyl-1H-pyrazol-3-carboxylat thay thé cho metyl 4-((3-(((tert-butoxycarbonyl)-
amino)(phenyl)metyl)phenoxy)metyl)benzoat va san pham tir bu6e nay duge st dung

trong vi du 1 Budc 7.

Buéc 4; axit 1-Metyl-5-((3-((S)-phenyl(((R)-quinuclidin-3-yloxy)carbonyl)-
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amino)metyl)phenoxy)metyl)-1H-pyrazol-3-carboxylic

v 0w,
lf TS
\ (0]
N
o (]
(@]

Hop chét néu & @& muc nay duoc diéu ché nhu dugc mé ta trong vi du 1 Buéde 8
v6i  metyl 1-metyl-5-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl) amino)-
metyl)phenoxy)metyl)-1H-pyrazol-3-carboxylat thay thé cho 4-((3-(phenyl((((R)-
quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl) benzoat.

Buéce 5; 3-(1,3-Dioxolan-2-yl)propyl 1-metyl-5-((3-((S)-phenyl((((R)-
quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)-1H-pyrazol-3-

}N O H O,
Eage e

Hop chat néu ¢ dé muc nay dugc diéu ché nhu duge mo ta trong vi du 1 Bude

carboxylat

10 véi axit 1-metyl-5-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl)amino)-
metyl)-phenoxy)metyl)-1H-pyrazol-3-carboxylic va 3-(1,3-dioxolan-2-yl)propan-1-ol
lan luot thay thé cho axit 4-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)-carbonyl)-
amino)metyl)phenoxy)metyl)benzoic va 4-(2-hydroxyetoxy)-3-metyl-benzaldehyt.

Buée 6; 4-((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yletyl)amino)butyl 1-metyl-5-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)-
carbonyl)amino)metyl)phenoxy)metyl)-1H-pyrazol-3-carboxylat (h¢p chit 36)

Hop chét néu ¢ dé muc nay duoc didu ché nhu duge mo ta trong vi du 2 Budc 6
va Bude 7.

'H NMR (400 MHz, DMSO-d¢): & 8,48-8,07 (m, 3 H); 8,18 (d, J = 9,93 Hz, 1 H);
7,33-7,19 (m, 6 H); 7,13-7,04 (m, 2 H); 7,00-6,90 (m, 3 H); 6,88 (s, 1 H); 6,51 (d, J =
9,86 Hz, 1 H); 5,83 (d, J = 8,56 Hz, 1 H); 5,32-5,03 (m, 3 H); 4,60 (s, 2 H); 4,26-4,19
(m, 2 H); 4,10-3,66 (m, 3 H); 3,20-3,08 (m, 1 H); 2,93-2,54 (m, 9 H); 2,06-1,28 (m, 8
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H).

Céc hop chét sau ddy duoc diéu ché nhu dugc mo ta trong vi du 4 véi chat alkyl
ho4 thich hop & Buéc 1 (metyl 1-metyl-5-(((metylsulfonyl)oxy)metyl)-1H-pyrazol-3-
carboxylat trong truong hop vé hop chét 36) dugc sit dung & Budc 2 va san phim

duoc st dung & budc tiép theo, trong vi du 4.

. Chét alkyl hoa ]
Hop chat so Cau truc
thich hgp
Qo
0
O =
S\\ Br B er?/o
37 HO
/O OH N
© HN o/ = 0 O
\\/\/ 3
N
/N| HO NSO \| 0 O H\H/OI,.F
38 O AN Br A 0 O o
0] N“ 0
oH
Vidu$
(R)-Quinuclidin-3-yl (($)-3-((3-((4-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-

dihydroquinolin-5-yl)etyl)amino)butyl)carbamoyl)-1-metyl-1H-pyrazol-5-
yl)metoxy)phenyl)(phenyl)metyl)carbamat (hgp chét 39)

HO o
HO HN \ O ° N

0]

Buéc 1; (R)-Quinuclidin-3-yl ((S)-(3-((3-((4,4-dietoxybutyl)carbamoyl)-1-
metyl-1H-pyrazol-5-yl)metoxy)phenyl)(phenyl)metyl)carbamat
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Thém trietylamin (0,2mL, 1,53mmol), 4-aminobutyraldehyt dietyl axetal
(0,20mL, 1,22mmol), EDCI (0,18g, 0,91mmol) va 2-hydroxypyridin-N-oxit (0,09g,
0,91mmol) vao dung dich trong khi khudy chua axit 1-metyl-5-((3-((S)-phenyl((((R)-
quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)- 1 H-pyrazol-3-carboxylic
(0,30g, 0,6lmmol) trong DMF (6mL). Khudy hdén hop phan tng & nhiét d9 trong
phong trong 90 gid. Pha lodng hdn hgp phan ung bing etyl axetat va rira bang dung
dich natri hydro cacbonat bdo hoa, nugc mudi, 1am kho (magie sulfat), loc va lam bay
hoi dung moi dudi ap sudt giam dé thu duoc vt liéu dich tho (0,22g, 57%) ma dugc
sir dung mdt cach truc tiép ma khong can tinh ché thém.

Buéc 2; (R)-Quinuclidin-3-yl ((S)-(3-((3-((4-(((R)-2-hydroxy-2-(8-hydroxy-
2-0x0-1,2-dihydroquinolin-5-yl)etyl)amino)butyl)carbamoyl)-1-metyl-1H-pyrazol-
5-yl)metoxy)phenyl)(phenyl)metyl)carbamat (hop chit 39)

HO Q
HN\/\/\H»\Q\AO O HWO/,@
"o hn ) O o

o)
Hop chét néu & dé muc nay duoc didu ché nhu duge md ta trong vi du 2 Bude 6

va Budce 7.

'H NMR (400 MHz, DMSO-ds): 8 10,30 (br s, 1 H); 8,48-8,07 (m, 3 H); 8,21-8,10
(m, 2 H); 7,34-7,19 (m, 6 H); 7,15-7,04 (m, 2 H); 7,00-6,91 (m, 2 H); 6,75 (s, 1 H);
6,53 (d, T = 9,86 Hz, 1 H); 5,84 (d, ] =8,57 Hz, 1 H); 5,31-5,10 (m, 3 H); 4,61 (s, |
H); 3,88 (s, 3 H); 3,31-2,97 (m, 3 H); 2,95-2,56 (m, 7 H); 1,94 (s, 1 H); 1,82 (s, 1
H); 1,73-1,16 (m, 9 H).

Vidu6

(R)-Quinuclidin-3-yl (($)-(3-((5-((4-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
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dihydroquinolin-5-yl)etyl)amino)butyl)carbamoyl)furan-2-yl)metoxy)phenyl)-
(phenyl)metyl)carbamat (hgp chét 40)

OH
HO

HN / HN N o O H !
ST T

Budce 1; axit 5-((3-((S)-Phenyl((((R)-quinuclidin-3-yloxy)carbonyl)amino)-
metyl)phenoxy)metyl)furan-2-carboxylic

H
~-" 0 O NTO/"@
\_0 o Y
o 7]
O

Hop chét néu ¢ d& muc nay dugc diéu ché nhu duge mé ta trong vi du 4 Bude 2
v6i  metyl 5-(bromometyl)furan-2-carboxylat thay thé cho metyl 1-metyl-5-
(((metylsulfonyl)oxy)metyl)-1H-pyrazol-3-carboxylat tiép theo, phuwong phéap ctia vi
du 4 Budce 3. San phim tho duge sir dung & buéde tiép theo ma khong can tinh ché

thém.

Buéc 2; (R)-Quinuclidin-3-yl ((S)-(3-((5-((4,4-dietoxybutyl)carbamoyl)
furan-2-yl)metoxy)phenyl)(phenyl)metyl)-carbamat

3o 0 O ¥
\/O\(\/\N»\@/\ &Ngfo”
¢ ¢ W

Hop chét néu ¢ dé& muc nay dugc diéu ché nhu duge mo ta trong vi du 5 Buée 1
v6i axit 5-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl)amino)metyl)-phenoxy)-
metyl)furan-2-carboxylic  thay thé cho axit 1-metyl-5-((3-((S)-phenyl-((((R)-
quinuclidin-3-yloxy)carbonyl)amino)metyl)phenoxy)metyl)-1H-pyrazol-3-carboxylic.
San phim tho cta phan ung dugc s dung & budc tiép theo ma khong céan tinh ché

thém.
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Bwoéc 3; (R)-Quinuclidin-3-yl ((S)-(3-((5-((4-(((R)-2-hydroxy-2-(8-hydroxy-
2-0x0-1,2-dihydroquinolin-5-yl)etyl)amino)butyl)carbamoyl)furan-2-
yl)metoxy)phenyl)(phenyl)metyl)carbamat (hop chit 40)

Hop chit néu & dé muc nay dugc diéu ché nhu dugc md ta trong vi du 5 Budc
2.

'H NMR (400 MHz, DMSO-d¢): 5 10,38 (br s, 1 H); 8,46-8,39 (m, 1 H); 8,33-8,21
(m, 3 H); 8,18 (d, J=9,93 Hz, 1 H); 7,34-7,19 (m, 6 H); 7,11 (d, ] = 8,15 Hz, 1 H);
7,05 (t, T = 3,66 Hz, 2 H); 6,99-6,89 (m, 3 H); 6,69 (d, ] =3,44 Hz, 1 H); 6,54 (d, ] =
9,86 Hz, 1 H); 5,84 (d, J = 8,95 Hz, 1 H); 5,20 (dd, J = 8,44, 4,14 Hz, 1 H); 5,08 (s, 2
H); 4,60 (s, 1 H); 3,28-3,01 (m, 3 H); 2,88 (d, ] = 8,88 Hz, 2 H); 2,79 (s, 6 H); 1,93
(s, 1 H); 1,88-1,73 (m, 1 H); 1,74-1,15 (m, 7 H).

Vidu?7

(R)-Quinuclidin-3-yl (($)-(3-((4-((4-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)etyl)amino)butyl)carbamoyl)oxazol-2-yl)metoxy)phenyl)-
(phenyl)metyl)carbamat (hop chit 41)

o
© NH O

%

NH
HO —

y
0)3
I'%
o
N

(0]
NH

OH

Buéce 1; axit 2-((3-((S)-Phenyl((((R)-quinuclidin-3-yloxy)carbonyl)amino)-
metyl)phenoxy)metyl)oxazol-4-carboxylic

H
0 O N__O.,
WL
N o) N
Ho (]
o)
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Hop chét néu & dé muc nay duoc diéu ché nhu duoc mod ta trong vi du 4 Buée 2
v6i metyl 2-(clometyl)-1,3-oxazol-4-carboxylat thay thé cho metyl I-metyl-5-
(((metylsulfonyl)oxy)metyl)-1H-pyrazol-3-carboxylat theo phuong phép ctua vi du 4

Buée 3. San phdm thd duoc st dung & budc tiép theo ma khong can tinh ché thém.

Budéce 2; (R)-Quinuclidin-3-yl ((S5)-(3-((4-((4,4-dietoxybutyl)-carbamoyl)
oxazol-2-yl)metoxy)phenyl)(phenyl)metyl)-carbamat

oy
HF @

Hop chat néu & dé muc nay dugc diéu ché nhu duge mo ta trong vi du 5 Bude 1

(0]
N\
J?Juk&f"

voi axit 2-((3-((S)-Phenyl((((R)-quinuclidin-3-yloxy)carbonyl)amino)metyl)-
phenoxy)metyl)oxazol-4-carboxylic thay thé cho axit 1-metyl-5-((3-((S)-phenyl((((R)-
quinuclidin-3-yloxy)carbonyl)-amino)metyl)phenoxy)metyl)-1H-pyrazol-3-carboxylic.
San pham thd cia phan ung dugc st dung & bude tiép theo ma khong can tinh ché
thém.

Buéde 3; (R)-Quinuclidin-3-yl ((S)-(3-((4-((4-(((R)-2-hydroxy-2-(8-hydroxy-
2-0x0-1,2-dihydroquinolin-5-yl)etyl)amino)butyl)carbamoyl)oxazol-2-yl)metoxy)-
phenyl)(phenyl)metyl)carbamat

HO —

OH

Hop chit néu & dé& muc nay dugc dicu ché nhu dugc md ta trong vi du 5 Bude

2.

'H NMR (400 MHz, DMSO-d): 8 10,31 (br s, 1 H); 8,61 (s, 1 H); 8,37 (t, J = 6,01
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Hz, 1 H); 8,37-8,17 (m, 2 H); 8,17 (d, J=9,92 Hz, 1 H); 7,33-7,19 (m, 6 H); 7,10
(d, T = 8,15 Hz, 1 H); 7,05-6,86 (m, 4 H); 6,53 (d, J = 9,86 Hz, 1 H); 5,83 (d, J = 8,65
Hz, 1 H); 5,25-5,14 (m, 3 H); 4,59 (s, 1 H); 3,23 (d, ] = 6,27 Hz, 2 H); 3,21-3,06 (m,
1 H); 2,86-2,52 (m, 8 H); 1,92 (s, 1 H); 1,80 (s, 1 H); 1,71-1,16 (m, 8 H).

Vidu$8
(R)-3-((S)-(3-((5-((4-((R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-
yl)etylamino)butoxy)carbonyl)furan-2-yl)metoxy)phenyl)(phenyl)metyl-

carbamoyloxy)-1-(2-0x0-2-(thiophen-2-yl)etyl)-1-azoniabixyclo[2.2.2]octan clorua
hydroclorua (hop chit 42)

Buée 1: hydroclorua cia axit 5-((3-((S)-phenyl(((R)-quinuclidin-3-
yloxy)carbonylamino)metyl)phenoxy)metyl)furan-2-carboxylic

Axit 5-((3-((S)-phenyl(((R)-quinuclidin-3-yloxy)carbonylamino)-metyl)-
phenoxy)metyl)furan-2-carboxylic duoc diéu ché nhu duoc mo ta trong vi du 6 Budc 1
con dugce tinh ché bang sic ky cdt pha nguoc tach rira bang gradient dung moi rira giai
A: nudc/ACN 95/5 + 0,1% HCOOH va dung moi rira giai B: ACN/nudce 95/5 + 0,1%
HCOOH. Format (1:1) (8,36g, 16,12mmol) cua axit 5-((3-((S)-phenyl(((R)-
quinuclidin-3-yloxy)carbonylamino)metyl)phenoxy)metyl)furan-2-carboxylic ~ dugc
phan tan trong dioxan (50mL) va sau d6 thém dung dich HCl 4M trong dioxan
(16,12mL, 64,5mmol) vao & 0°C va khudy hdn hop & nhiét do trong phong trong 10
phut cho dén khi phan huy hoan toan. Nhé giot dung dich dugc ké dén trén day trong
500mL Et;O trong diéu kién khudy manh dé thu dugc chét két tia mau tring ma dugc
gom bang cach loc. Sau khi 1am kho trong chén khong, tach hydroclorua cia axit 5-
((3-((S)-phenyl(((R)-quinuclidin-3-yloxy)carbonylamino)metyl)phenoxy)metyl)-furan-

2-carboxylic (8,2g, 15,98mmol, hiéu sudt 99%) & dang chét rdn mau tring.
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'H NMR (400 MHz, DMSO-ds) & ppm 12,90 - 13,34 (bs, 1 H), 10,10 (bs, 1 H), 8,43
(d, J=9,26 Hz, 1 H), 7,13 - 7,42 (m, 7 H), 7,04 (m,, 1 H), 6,86 - 7,00 (m, 2 H), 6,72 (d,
J=3,53 Hz, 1 H), 5,83 (d, /=9,26 Hz, 1 H), 5,11 (s, 2 H), 4,61 - 4,95 (m, 1 H), 3,57 -
3,75 (m, 1 H), 2,95 - 3,27 (m, 5 H), 2,22 (m, 1 H), 1,65 - 2,10 (m, 4 H)

Buwéc 2: 4-((R)-2-(8-(Benzyloxy)-2-oxo-1,2-dihydroquinolin-5-yl)-2-(tert-
butyldimetylsilyloxy)etyl)(tert-butoxycarbonyl)amino)butyl 5-((3-((S)-phenyl-
(((R)-quinuclidin-3-yloxy)carbonylamino)metyl)phenoxy)-metyl)furan-2-

carboxylat
TBDMS 0
O_~5% 0
/
X Y
N“™0
0

Hoa tan hydroclorua cta axit 5-((3-((S)-Phenyl(((R)-quinuclidin-3-yloxy)-
carbonylamino)metyl)-phenoxy)metyl)furan-2-carboxylic (3,09g, 6,03mmol) va (R)-
tert-butyl 2-(8-(benzyloxy)-2-oxo-1,2-dihydroquinolin-5-yl)-2-(tert-butyl-dimetylsilyl-
oxy)etyl(4-hydroxybutyl)carbamat (xem didu ché (R)-5-(2-amino-1-hydroxyetyl)-8-
hydroxyquinolin-2(1H)-on hydroclorua, Budc 3 ) (3g, 5,03mmol) trong 15mL DMF,
sau d6 thém EDC (1,445g, 7,54mmol) vao va lam mat hdn hop dén 0°C. Thém nhd
giot DMAP (0,307g, 2,51mmol) dugc hoa tan trong 7mL DMF & 0°C va khqu hén
hop 5 phut & 0°C, 30 phit & nhiét d§ trong phong va gia nhiét & 50°C trong 3 gio va
sau d6 dé qua dém & nhiét @6 trong phong. Sau d6 phén chia phan Ung gitta AcOEt
(300mL) va nudc mubi (600mL). Rira 16p hitu co hai 14n bang 1:1 hdn hop nudc/nuée
mudi (2x300mL). Rira pha hitu co bang nude mudi (300mL), 1am kho qua NaxSO4 va
lam bay hoi dé thu dugc bot mau tréng. Nghién bot trong 300mL 95/5 Hexan/AcOEt
trong 3 gid va gom chit két tia bang cach loc. Hon hop thtt hai thu duge bang céch loc
vGi hexan cua dich nudc cdi. 4-(((R)-2-(8-(benzyloxy)-2-oxo-1,2-dihydroquinolin-5-
y1)-2-(tert-butyldimetylsilyloxy)etyl) ~ (tert-butoxycarbonyl)amino)-butyl 5-((3-((S)-
phenyl(((R)-quinuclidin-3-yloxy)carbonylamino)metyl)phenoxy)-metyl)furan-2-
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carboxylat (4,3g tur hdn hop gom lai, 4,07mmol, hi¢u suét 81%) thu dugc & dang bot

mau trang.

'H NMR (400 MHz, DMSO-ds) & ppm 10,64 (bs, 1 H), 8,32 (d, J=8,82 Hz, 2 H), 7,57
(d, J=7,50 Hz, 2 H), 7,12 - 7,44 (m, 11 H), 6,85 - 7,08 (m, 3 H), 6,73 (d, J=2,65 Hz, 1
H), 6,47 - 6,64 (m, 1 H), 5,82 (d, J=8,82 Hz, 1 H), 5,31 (s, 2 H), 5,10 (s, 2 H), 4,65 -
4,78 (m, 1 H), 4,21 (t, 2 H), 2,73 - 3,27 (m, 10 H), 1,46 - 2,18 (m, 9 H), 1,37 (s, 9 H),
0,81 (s, 9 H), -0,01 (s, 3 H), -0,20 (s, 3 H)

Buwéce 3: 4-((R)-2-(8-(Benzyloxy)-2-oxo0-1,2-dihydroquinolin-5-yl)-2-(tert-
butyldimetylsilyloxy)etyl) (tert-butoxycarbonyl)amino)butyl 5-((3-((S)-phenyl-
(((R)-quinuclidin-3-yloxy)carbonylamino)metyl)phenoxy)metyl)furan-2-

carboxylat format

TBDMS )
l Boc
O N/\/\/O
@)
X / %
N o)
OH
HCOOH

Hoa tan 4-(((R)-2-(8-(Benzyloxy)-2-0x0-1,2-dihydroquinolin-5-yl)-2-(tert-
butyldimetylsilyloxy)etyl) (tert-butoxycarbonyl)amino)butyl 5-((3-((S)-phenyl(((R)-
quinuclidin-3-yloxy)carbonylamino)metyl)phenoxy) metyl)furan-2-carboxylat (2,1g,
1,990mmol), 10% Pd/C (0,106g, 0,099mmol) va axit formic (0,092mL, 2,388mmol)
trong MeOH (44,2mL) va khudy & nhiét do trong phong dudi ap suit khi Ho Sau 2 gid
phan tng két thic va loc trén dém xelit va co ddc phan loc dudi 4p sudt giam dé thu
dwoc diu nhét khong mau. Phan tan diu trong EO/AcOEt va lam bay hoi 3 lan dé
thu duoc bot mau tréng nang ma duogc nghién trong hexan/Et,O/AcOEt dé thu duoc
chét rin mau tring ma duoc gom bing cach loc. Co dic dich nudc céi dé thu duoc
0,44g hdon hop thtr hai chtta bot mau tréng nhat. Gom hai hdn hop dé thu dugc 4-(tert-
butoxycarbonyl((R)-2-(tert-butyldimetylsilyloxy)-2-(8-hydroxy-2-oxo-1,2-dihydro-
quinolin-5-yl)etyl)amino)butyl ~ 5-((3-((S)-phenyl(((R)-quinuclidin-3-yloxy)carbonyl-

amino)-metyl)phenoxy)metyl)furan-2-carboxylat format (1,95g, 1,928mmol, hi¢u suét
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97%) & dang chit rin mau tring vo dinh hinh.

'H NMR (400 MHz, DMSO-ds) & ppm 10,38 (br, s,, 2 H), 8,33 (br, s,, 2 H), 8,14 (s, 1
H), 7,16 - 7,40 (m, 7 H), 6,84 - 7,06 (m, 5 H), 6,73 (m, 1 H), 6,41 - 6,60 (m, 1 H), 5,82
(d, J=9,26 Hz, 1 H), 5,18 - 5,50 (m, 1 H), 5,10 (s, 2 H), 4,63 - 4,82 (m, 1 H), 4,20 (,
J=5.95 Hz, 2 H), 2,71 - 3,22 (m, 10 H), 1,44 - 2,16 (m, 9 H), 1,44 (s, 9 H), 0,80 (s, 9
H), -0,01 (s, 3 H), -0,19 (s, 3 H)

Buwoc 4:  4-(tert-butoxycarbonyl((R)-2-(tert-butyldimetylsilyloxy)-2-(8-
hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)etyl)amino)butyl 5-((3-((S)-phenyl(((R)-
quinuclidin-3-yloxy)carbonylamino)metyl)phenoxy)metyl)-furan-2-carboxylat

clorua hydroclorua

HCI O
HO N/\/\/O
H /
AN 7
N~ 0
H

Hoa tan 4-(tert-Butoxycarbonyl((R)-2-(tert-butyldimetylsilyloxy)-2-(8-
hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)etyl)amino)butyl 5-((3-((S)-phenyl(((R)-
quinuclidin-3-yloxy)carbonylamino)metyl)phenoxy) metyl)furan-2-carboxylat format
(150mg, 0,148mmol) trong 500ul. dioxan va sau d6 thém dung dich chtra 2-bromo-1-
(thiophen-2-yl)etanon (33,5mg, 0,163mmol) trong 0,3mL dioxan vao. Sau 2 gio, thém
duong luong thir hai cua chit alkyl hoa vao va khudy hdn hop & nhiét d trong phong
qua dém. Thém natri bicacbonat (33mg, 0,393mmol) vao dé diéu khién phan mg hoan
thanh va gia nhiét hdn hgp phan tmg & 50°C trong 6 gid. Cho phép phan Gmg mat dén
nhiét do trong phong va sau d6 thém Et,O vao. Gom chét két tha nhu chit ran dinh
dugc hoa tan trong MeOH va 1am bay hoi dé thu duoc phan con lai mau vang ma duoc
hoa tan trong 2-propanol (1,8ml). Thém HCI trong dioxan (1,859ml, 7,43mmol) vao
va khudy hdn hop & nhiét do trong phong qua dém. Pha lodng hén hop phan tng bang
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Et,O va gom chét két tia tao thanh bang cach loc va tinh ché bing sic ky cot pha
ngugc tach rua bang ACN:nué6c (gradient tir 100% dén 40 % CNA tao ra (R)-3-((S)-
(3-((5-((4-((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydro-quinolin-5-yl)etylamino)-

butoxy)carbonyl)furan-2-yl)metoxy)phenyl) (phenyl)-metylcarbamoyloxy)-1-(2-oxo-
2-(thiophen-2-yl)etyl)-1-azoniabixyclo[2.2.2]octan ~ clorua  hydroclorua  (96mg,
0,101mmol, hiéu sut 68,1%) & dang chit rén mau vang nhat thu dugc biang cach

nghién véi EtOH va Et,O chira phan con lai.

'H NMR (400 MHz, DMSO-ds) & ppm 9,87 - 10,55 (bs, 1 H), 8,52 (d, J=9,26 Hz, 1
H), 8,33 (s, 2 H), 8,11 - 8,20 (m, 2 H), 8,05 (d, J=3,53 Hz, 1 H), 7,17 - 7,46 (m, 7 H),
6,87 - 7,10 (m, 5 H), 6,74 (d, J=3,53 Hz, 1 H), 6,48 (d, J/=9,70 Hz, 1 H), 5,84 (d,
J=9.26 Hz, 1 H), 4,93 - 5,23 (m, 6 H), 4,23 (t, J=6,39 Hz, 2 H), 3,98 - 4,12 (m, 2 H),
3,52 - 3,75 (m, 4 H), 2,57 - 2,80 (m, 4 H), 2,32 (m, 1 H), 1,86 - 2,23 (m, 4 H), 1,60 -
1,77 (m, 2 H), 1,44 - 1,57 (m, 2 H)

Téng hop quy mé 16n (S)-3-(amino(phenyl)metyl)phenol hydroclorua
i i 1 NH
oH PCls HBr/ACOH NH,OH, 2
> A o
H3C/O © HgC/O OH OH

OH

m0H 25%

. NH
NH,* Cf 2

— 0
OH

OH
Buwéc 1; (3-Metoxyphenyl)(phenyl)metanon

0]

O

Thém ting phin axit 3-metoxy benzoic (2500g, 16,4mol) vao hén hop gdm
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phospho pentaclorua (3763g, 18,1mol) trong 7500mL benzen. Khudy hdn hop trong
50 phut cho dén khi tr& nén ddng nhat. Sy hinh thanh cta clorua axit dugc kiém soét
bing TLC. Sau khi hoan thanh, 1dam mét hdn hop dén 10°C, che phu binh phan ting
bang 14 nhdm va thém nhdm triclorua (4820g, 36,1mol) vao theo ting phén (nhiét do
bén trong duoc gitt dén téi da 30°C). Viée khudy dugc tiép tuc trong 18 i & nhiét do
trong phong. Kiém tra phan ting bing TLC (AcOEt:hex 1:9). Sau khi hoan thanh, rét
hdn hop phan tmg vao nudce da va pha lodng bing AcOEt (7 L). Sau d6, tach 16p hitu
co va chiét 16p nudc bang AcOEt (2 x 10L, 1 x 6L). Rra 16p hitu co gom duoc bing
nuge (5 x 3L) dén d6 pH=tlr 6 dén 7, dung dich dung dich nuéc natri hydro cacbonat
bdo hoa (15L), lam kho (natri sulfat), loc va lam bay hoi dung moi dudi ap suét giam
d thu duoc diu thd. Tinh ché san phim bing chung cit chan khong (tr 130 dén
139°C, 2mbar) dé thu dugc hop chit néu & d& muc nay (2637g, 76%) dudi dang dau

mau vang nhat.
'H NMR (600 MHz, CDCl3); 8 7,80 (m, 2 H); 7,57 (m, 1 H);, 7,46 (m, 2 H); 7,32-7,37
(m, 3 H); 7,12(m, 1 H); 3,83 (s, 3 H).

Buéc 2; (3-Hydroxyphenyl)(phenyl)metanon

o]

OH

Hoa tan 1458g (6,9mol) (3-metoxyphenyl)(phenyl)metanon trong 2090mL
AcOH. Thém 2320ml (20,6mol) 48% HBr vao dung dich nay va khudy hén hop &
90°C trong 18 gio. Kiém tra phan tmg bing TLC (AcOEt:hex 1:9). Sau khi phan Gng
hoan thanh, 1am mat hdn hop dén nhiét do trong phong va rét vao trong khi khudy. Loc
chét rén két ta, rira bing nudc va 1am kho thu duge hop chét néu & & muc nay duéi

dang chét rin mau tring (1234g, 91%).

'H NMR (600 MHz, CDCls); & 7,80 (m, 2 H); 7,58 (m, 1 H); 7,47 (m, 2 H); 7,39 (m, 1
H); 7,28-7,34 (m, 2 H); 7,11 (m, 1 H); 5,59 (brs, 1 H).

Budéc 3; 3-(Amino(phenyl)metyl)phenol
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OH

Hoa tan (3-Hydroxyphenyl)(phenyl)metanon (400g, 2mol) trong metanol (4L).
Thém hydroxylamin hydroclorua (168g, 2,4mol) va natri axetat (331g, 4mol) vao dung
dich thu duge. Cho hdi Iuvu hdn hop trong 18 gid. Sau khi lam mat dén nhiét do trong
phong, 1am bay hoi dung mdi dudi ap sudt giam, sau d6 thém nuée (3L) vao. Chiét san
phAm bang etyl axetat (3 x 3L). Rura phén chiét hitu co gom dugc bang dung dich nudc
natri hydro cacbonat bdo hoa, nudc mudi, 1am khé (natri sulfat), loc va 1am bay hoi
dung moi dudi 4p suat giam. Phan con lai tho (1085g) duge sir dung & budc tiép theo

ma khong can tinh ché.

Hoa tan oxim thd, 362g, (287g, 1,3mol oxim tinh khiét dya trén phan tich)
trong etanol (860mL) va 25% amoniac trong nuéc (3000mL). Thém amoni axetat
(52g, 0,7mol) vao hdn hop nay, tiép theo, thém ting phan bdt kém (440g, 6,7mol) vao
dé duy tri bén trong khong vugt qua 40°C. Khudy hén hop ma khong can phai gia
nhiét trong 18 gid sau do6 loc qua dém xelit. Rira banh loc bing etyl axetat. Gom phan
loc va tach céac 16p nude tao thanh. Chiét 16p nuéc bang etyl axetat (5 x 5L). Rua 16p
chiét hiru co gom duge bang nudce mudi (x 2) va lam bay hoi dung mdi dudi ap suit

giam. Lam kho san phim trong chin khong (35°C, 18 gio).

'H NMR (600 MHz, DMSO-ds); 8 9,25 (brs, 1 H); 7,36 (m, 2 H); 7,25 (m, 2 H); 7,15

(m, 1 H); 7,03 (m, 1 H); 6,79 (m, 2 H); 6,54 (m, 1 H); 4,98 (s, 1 H); 2,17 (brs, 2 H).
Buéc 4; Két tinh (S)-3-(amino(phenyl)metyl)phenol (S)-mandelat

OH

DPidu ché mubi: hoa tan 3-(Amino(phenyl)metyl)phenol (1081g, 5,4mol) trong
iso-propanol (21,62L) va gia nhi¢t dén hoi lvu. Thém nho giot dung dich axit S-
mandelic (908g, 6mol) trong iso-propanol (2160mL) vao hdn hgp. Cho hoi lwu hén
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hop trong 1 gi¢ va sau do6 cho phép mat dén 10°C (trong 18 gid). Loc chit két tia tao

thanh, rtra bing iso-propanol mét va lam kho trong chan khong & 35°C.

Cho hdi luu mudi thu dugc trong 95% iso-propanol trong 1 gid. Lam mat hon
hop nay xubng 10°C trong 18 gid. Loc chét rén, rira bang iso-propanol mét va lam kho
trong 10 chan khong & 35°C. Quy trinh két tinh duoc 13p lai hai 14n hozic nhiéu 14n cho
dén khi luong du chat ddng phan dbi anh (ee) >98% bing phan tich HPLC khong déi

xung.
Budc 5; (S)-3-(Amino(phenyl)metyl)phenol hydroclorua

NH,HCI
OH

Tao huyén phu (S)-3-(Amino(phenyl)metyl)phenol (S)-mandelat (1027g,
2,9mol) trong etyl axetat. Thém nho giot dung dich chira natri hydro cacbonat (737g,
8,8mol) trong nude (11,05L) vao va khudy hdn hgp & nhiét do trong phong trong 18
gidy. Tach hdn hop va chiét 16p nudce bing etyl axetat (5 x10L). Gom phan chiét hitu co
gom dugc va lam bay hoi dung mdi duéi ap suit giam dé thu duoc 464g (85%) amin

1a tinh thé mau vang nhat.

Tao huyén phil amin (464g, 2,3mol) trong metanol va thém nho giot dung dich
HCI 4M trong AcOEt (3500mL, 14mol) vao. Khudy hdn hop trong 18 gid va lam bay
hoi dung moi dudi ép sut giam. Nghién phin con lai bang ete (2740mL) trong 18 gid.

Loc huyén phu, rira banh loc bang ete va lam kho.

'H NMR (600 MHz, DMSO-de); & 9,74 (s, 1 H); 9,19 (s, 3 H); 7,54 (m, 2 H); 7,40 (m,
2 H): 7,33 (m, 1 H); 7,19 (m, 1 H); 7,00 (m, 1 H); 6,89 (m, 1 H); 6,78 (m, 1 H); 5,49
(s, 1H, CH).
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Hop chit

Phwong
phap
LCMS/
HPLC

Dir liéu NMR ¢ 400MHz

(DMSO-de): & 8,29-8,20 (m, 2 H);
8,10 (d, J=9,9 Hz, 1 H); 7,97 (4,7 =
8,0 Hz, 2 H); 7,57 (d,J = 8,0 Hz, 2 H);
7,32-7,18 (m, 6 H); 7,17-7,01 (m, 4 H);
6,98-6.85 (m, 4 H); 6,47 (d,]=9,9 Hz,
1 H); 5,81 (s, 1 H); 5,17 (s, 2 H); 5,09
(dd, J=79, 4,7 Hz, 1 H); 4,60 (d, ] =
16,8 Hz, 3 H); 4,31 (d,J =5,0 Hz, 2
H); 3,71 (s, 2 H); 3,12 (m, 1 H); 2,81-
2,52 (m, 6 H); 2,09 (s, 4 H); 1,92 (s, 1
H); 1,69-1,26 (m, 4 H),

Format

(DMSO-de): 5 10,31 (br s, 1 H); 8,26-
8,19 (m, 2 H); 8,10 (d, J =9,92 Hz, 1
H); 7,96 (d, J = 8,07 Hz, 2 H); 7,56 (d,
J =801 Hz, 2 H); 7,31-7,16 (m, 8 H);
7,07-7,00 (m, 2 H); 6,97-6,85 (m, 5 H);
6,47 (d,J = 9,86 Hz, 1 H); 5,81 (d,J =
9,03 Hz, 1 H); 5,17 (s, 2 H); 5,06 (dd,
J=7,90, 4,39 Hz, 1 H); 4,62-4,58 (m, 3
H); 4,34-4,29 (m, 2 H); 3,70 (s, 2 H);
3,16-3,04 (m, 1 H); 2,75-2,57 (m, 5 H);
2,34-2,31 (m, 1 H); 1,94-1,74 (m, 2 H);
1,64-1,28 (m, 4 H),

Format

(DMSO-dg): & 8,25 (s, 2 H); 8,12 (d,J
=99 Hz, 1 H); 7,95 (d, J = 8,0 Hz, 2
H); 7,56 (d,J = 8,0 Hz, 2 H); 7,37 (d, ]
= 2,0 Hz, 1 H); 7,32-7,14 (m, 8 H);

Format
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7,08-7,02 (m, 2 H); 6,98-6,86 (m, 3 H);
6,47 (d,7=99 Hz, 1 H); 5,82 (d,J=
8,0 Hz, 1 H); 5,17 (s, 2 H); 5,06 (dd, J
=17,9, 4,4 Hz, 1 H); 4,65-4,54 (m, 3 H);
441 (d,J=4,8 Hz, 2 H); 3,69 (s, 2 H);
3,11 (d, J = 13,0 Hz, 1 H); 2,77-2,55
(m, 5 H); 1,91 (s, 1 H); 1,79 (s, 1 H);
1,63-1,31 (m, 4 H),

(DMSO-dg): 6 8,32-8,20 (m, 2 H);
8,11 (d,J =99 Hz, 1 H); 7,96 (d,J=
8,0 Hz, 2 H); 7,56 (d, J = 8,0 Hz, 2 H);
7,32-7,17 (m, 6 H); 7,10-6,82 (m, 8 H);
6,47 (d,J=9,9 Hz, 1 H); 5,81 (s, 1 H);
5,18-5,06 (m, 3 H); 4,58 (m, 3 H);
4,30 (s, 2 H); 3,76 (s, 2 H); 3,71 (s, 3
H); 3,14 (m, 1 H); 2,81-2,63 (m, 6 H);
1,93 (s, 1 H); 1,81 (s, 1 H); 1,73-1,25
(m, 4 H),

Format

(DMSO-de): & 8,27 (s,2 H); 8,12 (d,J
=99 Hz, 1 H); 7,96 (d,J =79 Hz, 2
H); 7,58-7,52 (m, 3 H); 7,34-7,11 (m,
8 H); 7,09-7,00 (m, 2 H); 6,97-6,85
(m, 3 H); 6,47 (d, J = 9,8 Hz, 1 H);
5,81 (s, 1 H); 5,16 (s, 2 H); 5,07 (dd, J
= 8,0, 4,5 Hz, 1 H); 4,61 (s, 3 H); 4,41
(s, 2 H); 3,70 (s,2H); 3,12(d, =113
Hz, 1 H); 2,81-2,51 (m, 5 H); 1,92 (s,
1 H); 1,80 (s, 1 H); 1,59 (s, 1 H); 1,48
(s,2 H); 1,35(s,2 H),

Format

(DMSO-dg): & 10,32 (s, 1 H); 8,33-
8,16 (m, 2 H); 8,14 (d, J =99 Hz, 1

Format
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H); 7,96 (d,J=8,1 Hz, 2 H); 7,56 (d, J
= 8,0 Hz, 2 H); 7,30-7,16 (m, 7 H);
7,15-7,01 (m, 4 H); 6,97-6,85 (m, 3 H);
6,47 (d,7=9,9 Hz, 1 H); 5,81 (d,J =
9,1 Hz, 1 H); 5,17 (s, 2 H); 5,05 (dd, J
=78, 4,5 Hz, 1 H); 4,69-4,55 (m, 3 H);
4.44-4.39 (m, 2 H); 3,85-3,74 (m, 2 H);
3,24-3,07 (m, 1 H); 2,81-2,40 (m, 7 H);
1,92 (s, 1 H); 1,80 (s, 1 H); 1,70-1,26
(m, 3 H),

(DMSO-dg): 8 10,32 (s, 1 H); 8,25 (s,
2 H); 8,21-8,08 (m, 3 H); 7,99 (d,J =
8,1 Hz, 2 H); 7,58-7,44 (m, 4 H); 7,40
d,J=79Hz, 1 H); 7,30-7,16 (m, 6
H); 7,08-6,82 (m, 6 H); 6,46 (d, ] =
9,9 Hz, 1 H); 5,81 (d,7=9,1 Hz, 1 H);
5,16 (s, 2 H); 5,10 (dd, J=7.9, 4,6 Hz,
1 H); 4,78 (s, 2 H); 4,58 (s, 1 H); 4,51
(s, 2 H); 4,14 (t, ] = 3,4 Hz, 2 H);
3,19-3,08 (m, 1 H); 2,87-2,62 (m, 7 H);
1,91 (s, 1 H); 1,79 (s, 1 H); 1,68-1,25
(m, 3 H),

Format

(DMSO-d¢): 6 10,31 (s, 1 H); 8,23 (s,
2 H); 8,13 (d,J =99 Hz, 1H), 7,96
(d, T =8,1 Hz, 2 H); 7,56 (d, J = 8,0
Hz, 2 H); 7,37 (d, J = 8,5 Hz, 1 H);
7,31-7,17 (m, 6 H); 7,09-7,02 (m, 3 H);
6,96-6,86 (m, 4 H); 5,81 (d, J=9,1 Hz,
1 H); 5,17 (s, 2 H); 5,04 (dd, J =7,7,
4.4 Hz, 1 H); 4,59 (s,3 H); 436 (d,J=
4,8 Hz, 2 H); 3,75 (s, 2 H); 3,10 (m, 1

Format
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H); 2,75-2,61 (m, 8 H); 1,90 (s, 1 H);
1,78 (s, 1 H); 1,62-1,29 (m, 3 H),

(DMSO-dg): & 10,20 (s, 1 H); 8,29-
8,20 (m, 2 H); 8,11 (d,J=9,9 Hz, 1
H); 7,96 (d,J = 8,1 Hz, 2 H); 7,56 (d, ]
= 8,0 Hz, 2 H); 7,31-7,17 (m, 7 H);
7,09-7,01 (m, 2 H); 6,97-6,80 (m, 6 H);
6,46 (d,J =9,9 Hz, 1 H); 5,81 (d,J =
9,1 Hz, 1 H); 5,17 (s, 2 H); 5,07 (dd, J
=79, 44 Hz, 1 H); 4,60 (m, 3 H);
4,33-4,28 (m, 2 H); 3,73 (s, 2 H); 3,11
(m, 1 H); 2,77-2,58 (m, 7 H); 1,90 (s,
1 H);, 1,78 (s, 1 H); 1,66-1,25 (m, 3
H),

Format

10

(DMSO-ds): 6 10,34 (s, 1 H); 8,28 (d,
J=9,7Hz, 1 H); 821 (s,2 H); 8,12 (d,
J=9,9Hz 1 H); 8,00(d,J=8,1Hz?2
H); 7,60 (d, J = 8,0 Hz, 2 H); 7,32-
7,19 (m, 6 H); 7,09-7,02 (m, 2 H);
7,00-6,87 (m, 5 H); 6,48 (d, J=9,9 Hz,
1 H); 5,83 (d, J=8,6 Hz, 1 H); 5,19 (s,
2 H); 5,15-5,09 (m, 1 H); 4,68-4,53
(m, 3 H); 4,08 (s, 2 H); 3,72 (s, 2 H);
3,32-3,16 (m, 1 H); 2,87-2,56 (m, 7 H);
2,21 (s, 6 H); 1,96 (s, 1 H); 1,84 (s, 1
H); 1,73-1,31 (m, 3 H),

Diformat

11

(DMSO-de): & 10,29 (br s, 1 H); 8,27-
8,19 (m, 2 H); 8,13 (d,J =9,93 Hz, 1
H); 7,90 (d, J = 8,06 Hz, 2 H); 7,54 (d,
J=18,00 Hz, 2 H); 7,32-7,18 (m, 6 H);
7,09-7,02 (m, 2 H); 6,99-6,85 (m, 5 H);

Format
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6,45 (d,]=9,86 Hz, 1 H); 5,82 (d,] =
7,84 Hz, 1 H); 5,16 (s, 2 H); 5,07 (dd,
J =764, 4,41 Hz, 1 H); 4,59 (s, 1 H);
4,53 (s, 2 H); 4,30 (s, 2 H); 3,74 (s, 3
H); 3,69 (s, 2 H); 3,13 (s, 1 H); 2,78-
2,55 (m, 7 H); 1,92 (s, 1 H); 1,80 (s, 1
H); 1,67-1,29 (m, 3 H),

12

(DMSO-dg): & 10,31 (br s, 1 H); 8,24
(s, 3 H); 8,11 (d, T =9,93 Hz, 1 H);
7,97 (4,7 = 8,04 Hz, 2 H); 7,57 (d, ] =
8,01 Hz, 2 H); 733-7,15 (m, 8 H);
7,04 (t, T = 5,55 Hz, 2 H); 6,96-6,85
(m, 3 H); 6,60 (d, J =2,32 Hz, 1 H);
6,57-6,47 (m, 2 H); 5,81 (s, 1 H); 5,18
(s, 2 H); 5,08 (dd, J = 7,86, 4,61 Hz, 1
H); 4,60 (s, 3 H); 4,34 (s, 2 H); 3,73
(d, 7=13,93 Hz, 5 H); 3,13 (d, ] =12,40
Hz, 1 H); 2,77-2,62 (m, 6 H); 1,92 (s,
1 H); 1,80 (s, 1 H); 1,71-1,25 (m, 3
H),

Diformat

13

(DMSO-dg): 3 10,29 (br s, 1 H); 8,30-
8,20 (m, 3 H); 8,12 (d,J=9,93 Hz, 1
H); 7,96 (d, J = 8,05 Hz, 2 H); 7,56 (d,
J=8,00 Hz, 2 H); 7,41 (s, 1 H); 7,32-
7,18 (m, 6 H); 7,05 (d, J = 8,40 Hz, 2
H); 6,96-6,85 (m, 3 H); 6,82 (s, 1 H);
6,47 (4,7 = 9,86 Hz, 1 H); 5,82 (d, ] =
7,95 Hz, 1 H); 5,17 (s, 2 H); 5,03 (dd,
J =760, 4,58 Hz, 1 H); 4,63 (d,J =
5,03 Hz, 2 H); 4,58 (s, 1 H); 4,46 (d,J
— 4,85 Hz, 2 H); 3,88-3,70 (m, 3 H);

Diformat
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3,63 (s, 2 H); 3,11 (d, J = 13,87 Hz, 1
H); 2,78-2,54 (m, 7 H); 1,90 (s, 1 H);
1,79 (s, 1 H); 1,46 (t, ] = 49,22 Hz, 3
H),

14

(CH30H-de): § 8,55 (s, 1 H); 8,28 (d, ]
=9,87 Hz, 1 H); 8,00 (d, J=8,13 Hz, 2
H); 7,50 (d, J = 8,09 Hz, 2 H); 7,32-
721 (m, 5 H); 7,16 (d, J = 8,16 Hz, 1
H); 7,06 (s, 2 H); 6,98 (d, ] =8,15 Hz,
1 H); 6,95-6,87 (m, 4 H); 6,59 (d,J =
9,84 Hz, 1 H); 5,88 (s, 1 H); 5,20-5,13
(m, 4 H); 4,90 (m, 1 H); 4,70-4,65 (m,
2 H); 4,43-4,39 (m, 2 H); 4,13-4,05 (q,
J=10,6 Hz, 2 H); 3,51-3,48 (m, 1 H);
3,19-3,13 (m, 2 H); 3,08 (d, J = 14,26
Hz, 2 H); 2,92-2,88 (m, 2 H); 2,26 (s,
1 H); 2,2-2,07 (m, 1 H); 2,0-1,68 (m, 3
H)

Format

15

(CH30H-d4): & 8,53 (s,2 H); 8,28 (d,J
=9,88 Hz, 1 H); 7,99 (d,J=8,13 Hz, 2
H);, 7,49 (d,J = 8,04 Hz, 2 H); 7,31-
7,12 (m, 10 H); 7,01 (d,J = 8,15 Hz, 1
H); 6,96-6,88 (m, 3 H); 6,64 (d,J =
9,83 Hz, 1 H); 5,88 (s, 1 H); 5,31 (dd,
J = 8,86, 4,22 Hz, 1 H); 5,14 (s, 2 H);
490 (m, 2 H); 4,71-4,66 (m, 2 H);
4,49-445 (m, 2 H); 4,01 (s, 2 H);
3,61-3,49 (m, 1 H); 3,25-3,16 (m, 2 H);
3,18-3,08 (m, 3 H); 3,04-2,98 (m, 1 H);
2,28 (s, 1 H); 2,21-2,1 (m, 1 H); 2,02-
1,7 (m, 3 H),

Diformat
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16

(DMSO-dg): 8 10,29 (brs, 1 H); 8,30-
8,19 (m, 2 H); 8,12 (d, J =9,93 Hz, 1
H); 7,92 (d, J = 8,05 Hz, 2 H); 7,56 (d,
J =8,00 Hz, 2 H); 7,32-7,18 (m, 6 H);
7,11-7,02 (m, 2 H); 6,97-6,86 (m, 3 H);
6,63 (s, 2 H); 6,45 (d, J =9,86 Hz, 1
H); 5,82 (d,J=28,41 Hz, 1 H); 5,17 (s,
2 H); 5,10 (dd, J = 7,85, 4,46 Hz, 1 H);
4,59 (s, 1 H); 4,46 (d, J = 5,00 Hz, 2
H); 4,18 (t, ] =3,94 Hz, 2 H); 3,71 (s,
2 H); 3,65 (s, 6 H); 3,19-3,08 (m, 1
H); 2,77-2,62 (m, 7 H); 1,93 (s, 1 H);
1,81 (s, 1 H); 1,70-1,25 (m, 3 H),

Format

17

(DMSO-dg): 6 10,49 (s, 2 H); 9,84 (s,
1 H); 9,01 (s, 1 H); 8,77 (s, 1 H); 8,45
(d,7=9,11 Hz, 1 H); 8,13 (d, J =9,94
Hz, 1 H); 7,98 (d, J = 8,08 Hz, 2 H);
7,57 (d, J = 9,33 Hz, 3 H); 7,32-7,19
(m, 6 H); 7,13 (d, J = 8,19 Hz, 1 H);
7,03 (s, 1 H); 7,02-6,86 (m, 4 H); 6,57
(d, J =987 Hz, 1 H); 6,17 (s, 1 H);
5,83 (d, J=9,06 Hz, 1 H); 5,38 (d,J =
8,92 Hz, 1 H); 5,17 (s, 2 H); 4,88-4,83
(m, 1 H); 4,66 (s, 2 H); 4,53 (s, 2 H);
4,21-4,07 (m, 1 H); 3,87 (s, 3 H);
3,71-3,59 (m, 1 H); 3,33-2,92 (m, 7 H);
2,23 (s, 1 H); 2,06 (d,J = 13,09 Hz, 1
H); 1,90-1,72 (m, 3 H),

Di-triflo-

axetat

18

(DMSO-de): & 8,28-8,19 (m, 3 H);
8,17 (d,J = 9,9 Hz, 1 H); 8,05 (s, 1 H);
794 (d,T=78Hz, 1 H); 7,72 (d,] =

Diformat
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7,7Hz, 1 H); 7,58-7,52 (m, 1 H); 7,38
(d,J =78 Hz, 2 H); 7,31-7,17 (m, 7
H); 7,10-7,02 (m, 2 H); 6,96-6,86 (m,
3 H); 6,51 (d,J=09,9 Hz, 1 H); 5,81
(d,J=9,0 Hz, 1 H); 5,33 (s, 2 H); 5,16
(s,2 H); 5,07 (dd, J=17.,5,4,8 Hz, 1 H);
4,57 (s, 1 H); 3,10 (s, 1 H); 2,86-2,65
(m, 8 H); 2,50 (m, 4 H); 1,90 (s, 1 H);
1,79 (s, 1 H); 1,46 (t,J=49,4 Hz, 3 H),

19

(DMSO-de): & 8,29 (s, 1 H); 8,16 (s, 1
H); 7,96 (d, J = 8,00 Hz, 2 H); 7,57 (d,
J=7098 Hz, 2 H); 7,46 (t, J = 7,83 Hz,
1 H); 7,32-7,17 (m, 7 H); 7,17-6,99
(m, 4 H); 6,96-6,85 (m, 3 H); 6,50 (d,
J=9,84 Hz, 1 H); 5,80 (s, 1 H); 5,37
(s, 2 H); 5,18 (s, 2 H); 5,03 (dd, J =
7,70, 4,49 Hz, 1 H); 4,56 (s, 1 H); 3,16
(s, 3 H); 2,86-2,69 (m, 7 H); 2,68 (s, 1
H); 2,33 (s, 1 H); 1,89 (s, 1 H); 1,78
(s, 1 H); 1,57 (s, 1 H); 1,46 (s, 1 H);
1,32 (s, 1 H),

Format

20

(DMSO-dg): § 8,28 (s, 1 H); 8,23 (d,J
=95 Hz 1 H); 8,17 (d, J=99 Hz, 1
H); 8,00 (d, ] =8,0 Hz, 2 H); 7,58 (d,J
= 8,0 Hz, 2 H); 731-7,17 (m, 6 H);
7,15 (d, J = 7,6 Hz, 1 H); 7,09-7,05 (m,
2 H); 7,03 (s, 1 H); 6,99-6,84 (m, 4
H); 6,51 (d, J=9,9 Hz, 1 H); 5,81(d,J
=92 Hz, 1 H); 5,32 (s, 2 H); 5,18 (s, 2
H); 5,10-5,03 (m, 1 H); 4,56 (s, 1 H);
3,79 (s, 3 H); 3,09 (m, 1 H); 2,82-2,65

Format
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(m, 11 H); 1,90 (d, J = 6,3 Hz, 1 H);
1,78 (s, 1 H); 1,58 (s, 1 H); 1,46 (s, 1
H); 1,33 (s, 1 H),

21

(DMSO-dg): & 8,28-8,19 (m, 3 H);
8,17 (d, ] =9,9 Hz, 1 H); 8,05 (s, 1 H);
7,95 (d, J=78 Hz, 1 H); 7,72 (d, ] =
7,6 Hz, 1 H); 7,57-7,51 (m, 1 H); 7,33-
7,17 (m, 10 H); 7,10-7,01 (m, 2 H);
6,96-6,85 (m, 3 H); 6,50 (d, J=9,9 Hz,
1 H); 5,81 (d,J=8,8 Hz, 1 H); 5,34 (s,
2 H), 5,16 (s, 2 H); 5,11-5,05 (m, 1
H); 4,58 (s, 1 H); 3,11 (m, 1 H); 2,95-
2,60 (m, 11 H); 1,91 (s, 1 H); 1,79 s,
1 H); 1,59 (s, 1 H); 1,48 (s, 1 H); 1,34
(s, 1 H),

Diformat

22

(DMSO-d6): & 8,26 (s, 2 H); 8,17 (d, ]
= 9,9 Hz, 1 H); 8,04 (d, ] =8,0 Hz, 2
H); 7,61 (d, J=8,0 Hz, 2 H); 7,48 (s, 1
H); 7,41-7,22 (m, 9 H); 7,13-7,07 (m,
2 H); 7,01-6,90 (m, 3 H); 6,51 (d,J =
9,9 Hz, 1 H); 5,86 (d, J = 8,6 Hz, 1 H);
5,39 (s, 2 H); 5,23 (s, 2 H); 5,12 (dd, ]
=7.9,43 Hz, 1 H); 4,63 (s, 1 H); 3,85
s, 2 H); 3,17 (d, J = 14,5 Hz, 1 H);
2,83-2,67 (m, 7 H); 1,96 (m, 2 H);
1,66 (s, 1 H); 1,53 (s, 1 H); 1,39 (s, 1
H),

Format

23

(DMSO-d6): & 8,62 (d, ] = 2.2 Hz, 1
H); 8,24 (5,2 H); 8,16 (d,J=9,9 Hz, 1
H); 7,99 (d, ] = 8,0 Hz, 2 H); 7,86 (dd,
1=80,22Hz 1 Hy 7,57 @, =380

Format
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Hz, 2 H); 7,44 (d, J = 8,0 Hz, 1 H);
7,31-7,17 (m, 6 H); 7,07 (d,J = 8,1 Hz,
1 H); 7,03 (s, 1 H); 6,95-6,84 (m, 3
H); 6,49 (d,7=9,9 Hz, 1 H); 5,81 (d,J
=9,0 Hz, 1 H); 5,38 (s,2 H); 5,18 (s,2
H); 5,09 (dd, J = 7.8, 4,5 Hz, 1 H);
4,57 (s, 1 H); 3,88 (s, 2 H); 3,12 (m, 1
H); 2,82-2,60 (m, 7 H); 1,91 (s, 1 H);
1,79 (s, 1 H); 1,66-1,28 (m, 3 H),

24

(DMSO-d¢ & 85C): & 8,22 (s, 2 H);
8,17 (d, J = 9,93 Hz, 1 H); 7,97-7,91
(m, 2 H); 7,54 (t, J = 7,70 Hz, 3 H);
7,31-7,19 (m, 6 H); 7,07 (d, J = 8,17
Hz, 1 H); 7,01 (s, 1 H); 6,95-6,86 (m,
3 H); 6,51-6,45 (m, 2 H); 6,23 (d,J =
3,12 Hz, 1 H); 5,82 (d, J = 8,64 Hz, 1
H); 5,28 (s,2 H); 5,17 (s, 2 H); 5,03
(dd, J = 17,69, 4,73 Hz, 1 H); 4,60-4,57
(m, 1 H); 3,76 (s, 2 H); 3,07 (dd, J =
15,45, 8,55 Hz, 3 H); 2,82-2,76 (m, 1
H); 2,72-2,63 (m, 3 H); 2,62 (d,J =
4,93 Hz, 1 H); 2,59 (d, J = 4,88 Hz, 1
H); 1,89 (d,J=3,93 Hz, 1 H); 1,58 (d,
J=28,96 Hz, 1 H); 1,49-1,47 (m, 1 H),

Format

25

(DMSO-dg): & 8,30-8,18 (m, 2 H);
8,14 (d, ] = 9,9 Hz, 1 H); 7,96 (d,J =
8,1 Hz, 2 H); 7,57 (d, J = 8,0 Hz, 2 H);
7,52-7,45 (m, 1 H); 7,31-7,15 (m, 8 H);
7,10-6,99 (m, 2 H); 6,95-6,84 (m, 3 H);
6,47 (d, 7 =9,9 Hz, 1 H); 581 (d,J =
9,0 Hz, 1 H); 5,37 (s, 2 H); 5,18 (s, 2

Format
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H); 5,06 (dd, J = 7.8, 4,4 Hz, 1 H);
4,58 (s, 1 H); 3,78 (s, 2 H); 3,12 (m, 1
H); 2,76-2,57 (m, 7 H); 1,91 (s, 1 H);
1,79 (s, 1 H); 1,65-1,27 (m, 3 H),

26

(DMSO-ds): & 8,28-8,19 (m, 2 H); 8,10
(d,7=9,9 Hz, 1 H); 7,96 (d, J = 8,0 Hz,
2 H); 7,56 (d,J =8,0 Hz, 2 H); 7,39 (s,
1 H); 7,33-7,17 (m, 7 H); 7,08-6,97
(m, 3 H); 6,96-6,85 (m, 3 H); 6,46 (d,J
=9,9 Hz, 1 H); 5,81 (d,J=9,0Hz 1
H); 5,31 (s,2 H); 5,17 (s, 2 H); 5,07
(dd, J=7,8,4,5 Hz, 1 H); 4,58 (s, 1 H);
3,81 (s, 3 H); 3,75 (s, 2 H); 3,12 (m, 1
H); 2,79-2,63 (m, 7 H); 1,91 (s, 1 H);
1,79 (s, 1 H); 1,59 (s, 1 H); 1,48 (s, 1
H); 1,34 (s, 1 H),

Format

27

(DMSO-d6): § 8,23 (s, 3 H); 8,15(d,J
- 9,9 Hz, 1 H); 7,95 (d, ] =8,1 Hz, 2
H); 7,57 (d, ] = 8,0 Hz, 3 H); 7,30-7,17
(m, 7 H); 7,07 (d, J = 8,1 Hz, 1 H);
7,03 (s, 1 H); 6,96-6,86 (m, 3 H); 6,60
(s, 1 H); 6,49 (d, T =9,9 Hz, 1 H); 5,81
(d,J=8,8 Hz, 1 H); 5,29 (s, 2 H); 5,18
(s, 2 H); 5,06 (dd, ] = 7,6, 4,6 Hz, 1 H);
4,58 (s, 1 H); 3,61 (s, 2 H); 3,12 (m, 1
H); 2,78-2,60 (m, 6 H); 1,91 (s, 1 H);
1,79 (s, 1 H); 1,59 (s, 1 H); 1,48 (s, 1
H); 1,35 (s, 1 H),

Diformat

28

(DMSO-d6/D20): & 8,14 (d, J = 9,9
Hz, 1 H); 8,01 (d, J = 8,1 Hz, 2 H);
7,62 (d,J = 8,1 Hz, 2 H); 7,35-7,22 (m,

Triflo-axetat
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8 H), 7,17 (d,J = 8,2 Hz, 1 H); 7,05-
6,99 (m, 3 H); 6,97-6,93 (m, 1 H); 6,61
d, =99 Hz, 1 H); 5,87-5,84 (m, 1
H); 5,58 (s, 2 H); 5,21 (s, 2 H); 4,95-
4,88 (m, 1 H); 4,44 (s, 2 H); 3,75-3,63
(m, 1 H); 3,30-3,07 (m, 9 H); 2,27 (s, 1
H); 2,10-1,76 (m, 3 H)

29

(DMSO-d6): & 823 (s, 3 H); 8,13 (d,J
— 9,9 Hz, 1 H); 7,98 (d,J = 8,0 Hz, 2
H); 7,56 (d,J = 8,0 Hz, 2 H); 7,46 (s, 1
H); 7,32-7,18 (m, 6 H); 7,10-6,99 (m,
3 H), 6,97-6,84 (m, 3 H); 6,47 (d,] =
9,9 Hz, 1 H); 5,81 (d, ] = 8,8 Hz, 1 H);
5,26 (s, 2 H); 5,18 (s, 2 H); 5,06 (dd, J
=728,4,5Hz, 1 H); 4,58 (s, 1 H); 3,92
d, J=2,6Hz 2 H);, 3,12(d,J =142
Hz, 1 H); 2,77-2,65 (m, 6 H); 1,91 (s, 1
H): 1,80 (s, 1 H); 1,59 (s, 1 H); 1,48
(s, 2 H); 1,35 (s, 1 H),

Diformat

30

(DMSO-d6): & 8,27-8,19 (m, 3 H);
8,11 (d, J=9,9 Hz, 1 H); 8,05 (s, 1 H);
7,94 (d,J=7,7Hz, 1 H); 7,72 (d, ] =
7,7 Hz, 1 H); 7,57-7,51 (m, 1 H); 7,43
(s, 1 H); 7,35-7,16 (m, 9 H); 7,08-7,02
(m, 2 H); 6,96-6,85 (m, 3 H); 6,46 (d,
J=99Hz, 1 H); 5,81(d,J=9,0Hz 1
H); 5,35 (s, 2 H); 5,16 (s, 2 H); 5,07
(dd, T =8,0, 4,3 Hz, 1 H); 4,58 (s, 1 H);
3,79 (s, 2 H); 3,12 (m, 1 H); 2,77-2,63
(m, 7 H); 1,91 (s, 1 H); 1,80 (s, 1 H);
1,59 (s, 1 H); 1,48 (s, 1 H); 1,35 (s, 1

Diformat
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H),

31

(DMSO-ds): 6 10,53 (d,J = 7,72 Hz, 2
H); 9,59 (s, 1 H); 8,83 (s, 2 H); 8,49
(d,7=9,18 Hz, 1 H); 8,13 (d,J =9,95
Hz, 1 H); 8,07 (d, J = 8,14 Hz, 2 H);
7,64 (d,J=8,14 Hz, 2 H); 7,51 (d,J=
7,73 Hz, 1 H); 7,39-7,25 (m, 6 H);
7,17 (t, J = 8,05 Hz, 2 H); 7,09-6,98
(m, 3 H); 6,96 (dd, J =8,21, 2,42 Hz, 1
H); 6,62 (dd, J = 9,87, 2,00 Hz, 1 H);
6,23 (d, ] =3,80 Hz, 1 H); 5,88 (d,J=
9,09 Hz, 1 H); 5,46-5,35 (m, 2 H);
5,23 (s, 2 H); 4,93-4,88 (m, 1 H); 4,30
(d, T = 13,50 Hz, 2 H); 3,92 (s, 3 H);
3,71 (t, J = 10,79 Hz, 1 H); 3,38-3,09
(m, 6 H); 3,11 (s, 3 H); 2,28 (s, 1 H);
1,98-1,78 (m, 3 H),

Di-triflo-

axetat

32

(DMSO-ds): 6 10,29 (s, 1 H); 8,28-
8,20 (m, 2 H); 8,11 (d,J=992Hz, 1
H); 7,96 (d, J = 8,06 Hz, 2 H); 7,56 (d,
J=1798 Hz, 2 H); 7,32-7,15 (m, 10 H);
7,07-7,02 (m, 2 H); 6,96-6,85 (m, 3
H); 6,46 (d,J=9,87 Hz,1 H); 5,82(d,
J=9,23 Hz, 1 H); 5,18 (s, 2 H); 5,06
(m, 1 H); 4,57 (m, 1 H); 4,29-4,22 (t,]
= 6,34 Hz, 2 H); 3,72 (s, 2 H); 3,10
(m, 1 H); 2,75-2,60 (m, 7 H); 2,08-
1,96 (m, 3 H); 1,90 (s, L H); 1,79 (s, 1
H); 1,62-1,26 (m, 4 H),

Format

33

(DMSO-dg): & 830-8,18 (m, 2 H);
8,11 (d, J =99 Hz, 1 H); 791 (d,J =

Format
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8,0 Hz, 2 H); 7,54 (d,J=8,0 Hz, 2 H);
7,32-7,15 (m, 8 H); 7,07-7,01 (m, 2
H); 6,97-6,85 (m, 3 H); 6,46 (d,J =
9,8 Hz, 1 H); 5,82 (d,J=9,2Hz, 1 H);
5,16 (s, 2 H); 5,05 (dd, J=8,0, 4,3 Hz,
1 H); 4,56 (s, 1 H); 4,50-4,42 (m, 2
H); 3,71 (s, 2 H); 3,10-2,98 (m, 3 H);
2,74-2,59 (m, 6 H); 1,99-1,32 (m, 8 H),

34

(DMSO-dg): & 8.29-8,18 (m, 2 H);
8,17 (d,J = 9,9 Hz, 1 H); 7,94 (d,] =
8,1 Hz, 2 H); 7.84 (s, 1 H); 7,57-7,50
(m, 3 H); 7,31-7,17 (m, 6 H); 7,08 (d,J
— 8,1 Hz, 1 H); 7,02 (s, 1 H); 6,96-6,90
(m, 2 H); 6,88 (dd, J = 8,2, 2,5 Hz, 1
H); 6,51 (d,J=9,9 Hz, 1 H); 5,81(d,]
— 9,0 Hz, 1 H); 5,21 (s,2 H); 5,16 (s, 2
H); 5,10-5,04 (m, 1 H); 4,63-4,53 (m,
1 H); 4,17-4,10 (m, 2 H); 3,15-3,09
(m, 2 H); 2,75-2,48 (m, 8 H); 1,97
1,88 (m, 3 H); 1,85-1,72 (m, 1 H);
1,68-1,52 (m, 1 H); 1,55-1,40 (m, 1 H);
1,42-1,27 (m, 1 H),

Format

35

'H NMR (400 MHz, DMSO): § 10,50
(s, 2 H); 9,66 (s, 1 H); 8,87 (s, 2 H);
8,46 (d, T =92 Hz, 1 H); 8,08 (d,J=
9,9 Hz, 1 H); 7,95 (s, 1 H); 7,87 (d, T =
8,1 Hz, 2 H); 7,61 (s, 1 H); 7,51 (d,J=
8,1 Hz, 2 H); 7,33-7,20 (m, 6 H); 7,10
d, ] =82 Hz, 1 H); 7,04-6,93 (m, 3
H); 6,90 (dd, J = 82, 2,4 Hz, 1 H);
6,56 (d, T = 9,9 Hz, 1 H); 6,17 (s, 1 H);

Di-triflo-

axetat
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584 (d,J=09,1 Hz, 1 Hy; 5,30 (d, ] =
9.4 Hz, 1 H); 5,15 (s, 2 H); 4,89-4,84
(m, 1 H); 4,57 (dd, J = 19,0, 5,3 Hz, 4
H); 4,10 (s, 3 H); 3,67 (t, ] = 12,4 Hz,
2 H); 3,31-2,98 (m, 5 H); 2,24 (s, 1 H);
2,12-1,72 (m, 3 H),

36

(DMSO-de): & 8,48-8,07 (m, 3 H); 8,18
(d, T=9,93 Hz, 1 H); 7,33-7,19 (m, 6 H);
7,13-7,04 (m, 2 H); 7,00-6,90 (m, 3 H);
6,88 (s, 1 H); 6,51 (d, J = 9,86 Hz, 1 H);
5,83 (d, J = 8,56 Hz, 1 H); 5,32-5,03 (m,
3 H); 4,60 (s, 2 H); 4,26-4,19 (m, 2 H);
4,10-3,66 (m, 3 H); 3,20-3,08 (m, 1 H);
2,93-2,54 (m, 9 H); 2,06-1,28 (m, 8 H),

Diformat

37

(DMSO-de): § 8,30-8,20 (m, 2 H); 8,18
(d,J=9,9 Hz, 1 H); 7,93 (s, 1 H); 7,82
(d,J =15 Hz, 1 H); 7,34-7,26 (m, 4 H);
7,28-7,18 (m, 2 H); 7,09 (d, J = 8,2 Hz,
1 H); 7,02 (s, 1 H); 6,94 (d,J=8,0 Hz,
2 H); 6,88 (dd, J =82, 2,5 Hz, 1 H),
6,51 (d,J=9,9Hz, 1 H); 5,82 (d,T=82
Hz, 1 H); 5,16-5,11 (m, 1 H); 5,07 (s, 2
H); 4,58 (s, 1 H); 4,28-4,21 (m, 2 H);
3,11 (d,J = 11,1 Hz, 1 H); 2,85-2,58 (m,
7H); 1,96-1,33 (m, 11 H)

Format

38

(DMSO-d¢): & 9,06 (d, J = 2,1 Hz, 1
H); 8,89 (d,J=2,2Hz, 1H); 8,35 (s, 1
H); 8,36-8,16 (m, 3 H); 8,21-8,12 (m,
1 H); 7,32-7,18 (m, 7 H); 7,11-7,04
(m, 2 H); 6,99-6,89 (m, 3 H); 6,51 (dd,
J=9851Hz 1H), 583(d J=2838

Diformat

-85-




23981

Hz, 1 H); 5,23 (s, 2 H); 5,14-5,07 (m,
1 H); 4,57 (s, 1 H); 4,36-4,29 (m, 2
H); 3,10 (m, 1 H); 2,82-2,70 (m, 6 H);,
1,90 (s, 1 H); 1,81-1,71 (m, 4 H);
1,65-1,55 (m, 4 H); 1,48 (s, 1 H); 1,34
(s, 1 H),

39

(DMSO-de): 8 10,30 (br s, 1 H); 8,48-
8,07 (m, 3 H); 8,21-8,10 (m, 2 H);
7,34-7,19 (m, 6 H); 7,15-7,04 (m, 2 H);
7,00-6,91 (m, 2 H); 6,75 (s, 1 H); 6,53
(d,J=9,86Hz, 1 H); 5,84 (d, ] = 8,57
Hz, 1 H); 5,31-5,10 (m, 3 H); 4,61 (s,
1 H); 3,88 (s, 3 H); 3,31-2,97 (m, 3
H); 2,95-2,56 (m, 7 H); 1,94 (s, 1 H);
1,82 (s, 1 H); 1,73-1,16 (m, 9 H),

Diformat

40

(DMSO-de): § 10,38 (br s, 1 H); 8,46-
839 (m, 1 H); 833-821 (m, 3 H);
8,18 (d, J = 9,93 Hz, 1 H); 7,34-7,19
(m, 6 H); 7,11 (d, J = 8,15 Hz, 1 H);
7,05 (t, J = 3,66 Hz, 2 H); 6,99-6,89
(m, 3 H); 6,69 (d, ] = 3,44 Hz, 1 H);
6,54 (d,1=9,86 Hz, 1 H); 5,84 (d, ] =
8,95 Hz, 1 H); 5,20 (dd, J = 8,44, 4,14
Hz, 1 H); 5,08 (s, 2 H); 4,60 (s, 1 H);
3,28-3,01 (m, 3 H); 2,88 (d, J = 8,88
Hz, 2 H); 2,79 (s, 6 H); 1,93 (s, 1 H);
1,88-1,73 (m, 1 H); 1,74-1,15 (m, 7
H),

Diformat

41

(DMSO-dg): 8 10,31 (br s, 1 H); 8,61
s, 1 H); 837 (t, T = 6,01 Hz, 1 H);
8,37-8,17 (m, 2 H); 8,17 (d, J = 9,92

Format
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Hz, 1 H); 7,33-7,19 (m, 6 H); 7,10 (d,
J=8,15 Hz, 1 H); 7,05-6,86 (m, 4 H);
6,53 (d,J=9,86 Hz, 1 H); 5,83 (d,J =
8,65 Hz, 1 H); 5,25-5,14 (m, 3 H);
4,59 (s, 1 H); 3,23 (d,J =6,27 Hz, 2
H); 3,21-3,06 (m, 1 H); 2,86-2,52 (m,
8 H); 1,92 (s, 1 H); 1,80 (s, 1 H);
1,71-1,16 (m, 8 H),

42 C

(DMSO-dg) § 9,87 - 10,55 (bs, 1 H),
8,52 (d, J=9,26 Hz, 1 H), 833 (s, 2
H), 8,11 - 8,20 (m, 2 H), 8,05 (4,
J=3,53 Hz, 1 H), 7,17 - 7,46 (m, 7
H), 6,87 - 7,10 (m, 5 H), 6,74 (d,
J=3,53 Hz, 1 H), 6,48 (d, J=9,70 Hz,
1 H), 5,84 (d, J=9,26 Hz, 1 H), 4,93 -
5,23 (m, 6 H), 4,23 (t, J=6,39 Hz, 2
H), 3,98 - 4,12 (m, 2 H), 3,52 - 3,75
(m, 4 H), 2,57 - 2,80 (m, 4 H), 2,32
(m, 1 H), 1,86 - 2,23 (m, 4 H), 1,60 -
1,77 (m, 2 H), 1,44 - 1,57 (m, 2 H)

Hydroclorua

M6 ta dic diém sinh hoc

Vidu 14

Thir nghiém gén két phéi tir phong xa thu thé M3

Mang thy thé M3 ctia nguoi (15ug/giéng) tir Perkin Elmer dugc G véi 0,52nM
Scopolamine Metyl Clorua, [N-metyl-3H] c¢6 hodc khong c6 hop chét thu nghiém hodc
Atropin v6i ndng do gay bao hoa (5uM) dé x4c dinh viéc gén két khong dac hiéu. Thir
nghiém dugc thyc hién trong dia polypropylen 96 giéng vé6i thé tich 250ul. Chét dém
thir nghiém dugc str dung la S0mM Tris-HCI, 154mM NaCl (d6 pH=7.4). fo)ng do thu
nghiém cudi cung ciia DMSO 1a 0,5% (thé tich). Boc kin dia va @ trong 2 gio ¢ nhiét
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dé trong phong trén thiét bi lic theo quy dao (téc dd cham). Thu hoach mang trén dia
bd loc don nhit GF/bd loc C 96 giéng dugc xit ¥ so bd bang 0,5% polyetylenimin (thé
tich), bing cach st dung bd loc nhidu nhanh, rira bon lan bang 200ul dung dich dém
thir nghiém. Lam kho dia trude khi thém 50pl microscint-0, boc kin sau dé doc trong
thiét bi dém nhép nhay Trilux Microbeta. Tri $6 IC50 dugc xéac dinh tir duong cong
canh tranh bang céach sir dung chuong trinh khép duong cong khong tuyén tinh. Tri s&

Ki duoc tinh toan dua trén tri s6 1C50 bang phuong trinh Cheng va Prusoff.
Tri 56 Ki ctia hiu hét cac hop chét ciia vi du déu nhd hon 10nM.

Vi du 15

Thir nghiém gén két phéi tir phong xa thu thé gay tiét adrenalin 2

Mang thu thé gay tiét adrenalin B> cua ngudi (7,5ug/giéng) tir Perkin Elmer
duoc 1 véi 0,3nM 125-1 Cyanopindolol c6 hogc khong ¢c6 hop chét thir nghiém hoic s-
propranolol v6i ndng dd trung hoa (2uM) dé xé4c dinh su gin két khong dic hiéu. Thu
nghiém dugc thyuc hién trong dia polypropylen 96 giéng véi thé tich 200ul. Chét dém
thtr nghiém duoc st dung la 25mM HEPES, BSA 0,5% (trong hrqng/thé tich), ImM
EDTA, axit ascorbic 0,02% (thé tich), (d6 pH=7,4). Néng dd thtr nghiém cubi cung
ctia DMSO 14 0,5% (thé tich). Boc kin dia va G trong 1 gio ¢ nhiét do trong phong trén
thiét bi lac ¢6 quy dao (tc dd thap). Thu hoach mang trén dia GF b loc don nhét/bo
loc C 96 giéng duge xt 1y so bd bing polyetylenimin 0,5% (thé tich), bang cach st
dung nhiéu mit loc, rira sau 14n bang 200ul chit dém rtra chira 10mM HEPES va
500mM NaCl. Lam khé dia trude khi bd sung 50ul microscint-0, boc kin sau do doc
trong thiét bi dém nh4p nhay Trilux Microbeta. Cac tri s6 IC50 duoc x4c dinh tir cac
dudng cong canh tranh bang cach st dung chuong trinh khép dudng cong khong tuyén
tinh. Cac tri s Ki dugc tinh toan dya trén cac tri s 1C50 bang phuong trinh Cheng va

Prusoff. Céc tri s6 Ki ctia hau hét cac hop chét ctia vi du déu nho hon 10nM.
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YEU CAU BAO HO
1. Hop chét dwoc chon tir nhém bao gdm:

2-(4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-3-
yl)etyl)amino)-metyl)-2-metylphenoxy)etyl 4-((3-((S)-phenyl(((R)-

quinuclidin-3-yloxy)carbonyl)-amino)metyl)phenoxy)metyl)benzoat;

2-(4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-35-
yl)etyl)amino)-metyl)phenoxy)etyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;

2-(2-clo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yletyl)-amino)metyl)phenoxy)etyl4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;

2-(4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yDetyl)amino)-metyl)-2-metoxyphenoxy)etyl 4-((3-((S)-phenyl(((R)-

quinuclidin-3-yloxy)carbonyl)-amino)metyl)phenoxy)metyl)benzoat;

2-(2-bromo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1 ,2-dihydrociuinolin-5-
yl)etyl)-amino)metyl)phenoxy)etyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;

2-(2-clo-3-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)-amino)metyl)phenoxy)etyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;

2-((4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)-metyl)naphtalen-1-yl)oxy)etyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)-amino)metyl)phenoxy)metyl)benzoat;
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2-(3-clo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)-amino)metyl)phenoxy)etyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;

2-(3-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)-metyl)phenoxy)etyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;

2-(4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-3-
yDetyl)amino)-metyl)-2,6-dimetylphenoxy)etyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)-amino)metyl)phenoxy)metyl)benzoat;

2-(2-clo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)-amino)metyl)-6-metoxyphenoxy)etyl 4-((3-((S)-phenyl(((R)-

quinuclidin-3-yloxy)-carbonyl)amino)metyl)phenoxy)metyl)benzoat;

2-(4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)-metyl)-3-metoxyphenoxy)etyl 4-((3-((S)-phenyl(((R)-

quinuclidin-3-yloxy)carbonyl)-amino)metyl)phenoxy)metyl)benzoat;

2-(2-bromo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)-amino)metyl)-5-metoxyphenoxy)etyl 4-((3-((S)-phenyl(((R)-

quinuclidin-3-yloxy)-carbonyl)amino)metyl)phenoxy)metyl)benzoat;

2-(2,6-diclo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)metyl)phenoxy)etyl 4-((3-((S)-phenyl(((R)-quinuclidin-3-
yloxy)carbonyl)-amino)metyl)-phenoxy)metyl)benzoat;

2-(2-flo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)-amino)metyl)phenoxy)etyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;
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2-(4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)-metyl)-2,6-dimetoxyphenoxy)etyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)-amino)metyl)phenoxy)-metyl)benzoat;

2-(2-clo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)-amino)metyl)-5-metoxyphenoxy)etyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)-carbonyl)amino)metyl)phenoxy)metyl)benzoat;

4-(2-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)-etyl)benzyl 3-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)-phenoxy)metyl)benzoat;

2-flo-4-(2-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)etyl)-
amino)etyl)benzyl 4-((3-(phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)-phenoxy)metyl)benzoat;

4-(2-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)-etyl)-3-metoxybenzyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;

3-(2-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yDetyl)amino)-etyl)benzyl 3-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)-phenoxy)metyl)benzoat;

3-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)etyl)amino)-
metyl)benzyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)-phenoxy)metyl)benzoat;

(6-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)etyl)amino)-
metyl)pyridin-3-yl)metyl 4-((3-(S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;
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(5-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)etyl)amino)-
metyl)furan-2-yl)metyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;

2-flo-4-((((R)-2-hydroxy-2-(8-hydroxy-2-0xo-1,2-dihydroquinolin-5-yl)etyl)-
amino)metyl)benzyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)-phenoxy)metyl)benzoat;

5-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)etyl)amino)-
metyl)-2-metoxybenzyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;

(4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)etyl)amino)-
metyl)furan-2-yl)metyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;

(5-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)etyl)amino)-
metyl)thiophen-2-yl)metyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;

(5-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)etyl)amino)-
metyl)thiophen-3-yl)metyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;

3-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5 -yl)etyl)amino)-
metyl)benzyl 3-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)-phenoxy)metyl)benzoat;

4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)etyl)amino)-
metyl)-3-metoxybenzyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;
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3-(4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yDetyl)amino)-metyl)phenyl)propyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)-phenoxy)metyl)benzoat;

4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-yl)etyl)amino)-
metyl)phenetyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)-phenoxy)metyl)benzoat;

(1-(3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)-propyl)-1H-pyrazol-4-yl)metyl 4-((3-((S)-phenyl((((R)-

quinuclidin-3-yloxy)carbonyl)-amino)metyl)phenoxy)metyl)benzoat;

2-(4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)-metyl)-1H-pyrazol-1-yl)etyl 4-((3-((S)-phenyl(((R)-

quinuclidin-3-yloxy)carbonyl)amino)-metyl)phenoxy)metyl)benzoat;

4-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)etyl)amino)butyl 1-metyl-5-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)-metyl)-1H-pyrazol-3-carboxylat;

4-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yDetyl)amino)butyl 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)metyl)phenoxy)metyl)-thiophene-2-carboxylat;

4-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yDetyl)amino)butyl 5-((3-((S)-phenyl((((R)-quinuclidin-3-

yloxy)carbonyl)amino)metyl)phenoxy)metyl)-nicotinate;

(R)-quinuclidin-3-y1 ((S)-(3-((3 -((4-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)etyl)amino)butyl)carbamoyl)-1-metyl-1H-pyrazol-5-
yl)metoxy)-phenyl)(phenyl)metyl)carbamat;
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(R)-quinuclidin-3-y1 ((S)-(3-((5-((4-((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)etyl)amino)butyl)carbamoyl)furan-2-
yl)metoxy)phenyl)(phenyl)-metyl)carbamat;

(R)-quinuclidin-3-y1 ((S)-(3-((4-((4-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-5-yl)etyl)amino)butyl)carbamoyl)oxazol-2-
yl)metoxy)phenyl)(phenyl)-metyl)carbamat, va

(R)-3-((S)-(3-((5-((4-((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-
5-yl)etylamino)butoxy)carbonyl)furan-2-
yl)metoxy)phenyl)(phenyl)metylcarbamoyloxy)-1-(2-oxo-2-(thiophen-2-
yl)etyl)-1-azoniabicyclo[2.2.2]octan clorua hydroclorua,

hodc mudi dugc dung cia hop chat nay.

2. Duoc phém bao gﬁ‘)m hop chit nhu dugc xac dinh theo diém 1, v6i mot hodc nhiéu

chit mang dugc dung va/hoic ta dugc.

3.TH hop g61n hop chit nhu dugc x4c dinh theo diém 1 v6i mot hodc nhiéu hoat chét
dugc chon tr nhém bao gff)m chét chi van beta2, chét khédng muscarin, chit e ché
protein kinaza dugc hoat hod béi tac nhan phan bao (P38 MAP kinaza), chét trc ché
beta dudi phan tur kappa-B kinaza nhén t6 nhan (IKK2), chit tic ché elastaza bach cau
trung tinh cia nguoi (HNE), chét e ché phosphodiesteraza 4 (PDE4), chét diéu bién
leukotrien, chét chdng viém khong steroit (NSAID), chét chéng ho, chit diéu hoa dich
nhiy, chit phan giai dich nhdy, chit diéu bién long dom/ting dong nhdy, chét phan
giai dich nhdy peptit, thudc khang sinh, chit trc ché JAK, chét tc ché SYK, chit tic
ché PI3Kdelta hodc PI3K gama, corticosteroit va chét dbi khang M3/chét e ché PDE4
(MAPI).

4. thiét bi chira dugc pham theo diém 2, trong d6 thiét bi nay c6 thé 1a thiét bi
xong bot khd don lidu hodic da liéu, thiét bi x6ng dinh liéu va thiét bi phun sol khi

suong nhe.
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Textbox
4. thiết bị chứa dược phẩm theo điểm 2, trong đó thiết bị này có thể là thiết bị




