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(57) Sang ché dé cap dén hop chét ¢ cong thirc hoa hoc 1:
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dung dé ngan nglra va diéu tri bénh giy ra do su bat thuong vé hoat tinh cua prolyl-
tRNA synthetaza (PRS), hodc mu6i dugc dung cua nd; phuong phap diéu ché hop chat nay
va dugc pham chira né.
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Linh vue k§ thuit dwoc dé cip
Séang ché dé cap dén hop chét di vong c6 thé duge sir dung hiéu qua dé ngan ngira hodic
didu tri bénh ung thu, bénh viém, bénh tr mién hogc bénh xo héa, phuong phap didu ché hgp

chat nay, va dugc pham chira né.

Tinh trang k¥ thuit ciia sang ché

PRS (prolyl-tRNA synthetaza) 1& nhém enzym thudc ho aminoaxyl-tRNA synthetaza
(ARS) va thich hop d& hoat héa axit amin dé tong hop protein. Nghia 14, ARS thyc hién chirc
ning dich ma dé tao thanh aminoaxyl adenylat (AA-AMP) va sau dé chuyén axit amin duoc
hoat hoa thanh d4u cubi 3 cia tRNA tirong ting. Do ARS déng vai trd quan trong trong su téng
hop protein, nén chat trc ché ARS e ché sy phat trién ciia tt ca cac té bao. Do do, ARS da duge
nhan biét 1a dich ddy htra hen ddi véi chét tri lidu d& diéu tri cic bénh ma te ché thude khang

sinh hodc su biéu hién qué muc cua té bao (Nature, 2013, 494:121-125).

PRS c6 mit, hodc thuc hién chirc ndng lam, phttc hgp multisynthetaza (MSC) du6i dang
EPRS (Glutamyl-Prolyl-tRNA Synthetaza). Cu thé, trong s6 cac MSC khéc nhau, EPRS duoc
bao céo l1a c6 lién quan méat thiét vai cac khdi u rin khac nhau (xem, Nat. Rev. Cancer, 2011, 11,
708-718). Trong nhiing nam gan day, di c6 bao cdo ring EPRS dugc biéu hién qua mc trong
céc té bao PANC-1 1a céc té bao ung thu tuyén tuy (J. Proteome Res, 2012, 11:. 554-563).

Pa biét ring EPRS duoc tach tir MSC thong qua su kich thich cta interferon-gama dé tao
ra phttc hgp GAIT (Chét trc ché su dich m4 duoc hoat héa béng gama-interferon), nh¢ do6 e
ché su tong hop clia protein viém khac nhau bao gdm Cp (xeruloplasmin) (Cell, 2012, 149: 88-
100).

Chét duy nhét, duoc biét 1a chit rc ché PRS, 13 halofuginon. Halofuginon 1 dn xut cua
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febrifugin thu duogc tlir cac san phim tu nhién va c6 tic dung chéng bénh st rét va tac dung
chéng viém khac nhau. Chét nay ciing ¢6 thé dugc sir dung 1am phu gia thirc &n cho dong vit.
Hién tai, halofuginon duoc nghién ctru 14m sang 1a cht chdng bénh ung thu, chét chéng viém
(J Immunol, 2014, 192(5), 2167-76), chét trj liéu d€ diéu tri bénh tr mién (Arthritis Rheumatol,
2014, 66 (5), 1195-207), va chét tri lidu dé didu tri bénh xo héa (World J Gastroenterol, 2014,
20 (40), 14778-14786) (Bioorg. Med. Chem. 2014, 22, 1993-2004).

Tuy nhién, d3 c6 béo c4o rang halofuginon tac dong dén c4c dich khac nhau va ¢6 dac tinh
doc rét nghiém trong (Bioorg. Med. Chem. Lett., 2007, 17: 4140-4143), va con c6 nguy co giy
doc o cép d6 gen (The EFSA Journal, 2003, 8: 1-45). Do d6, viéc phat hién ra cac chét trc ché
PRS ¢6 d6 an toan cao hon ddi véi co thé ngudi trong sb cac chat c6 kha ning rc ché halofuginon
giéng PRS c6 tAm quan trong d6i véi su phat trién clia chét chéng bénh ung thur trong thé hé tiép
theo ma c6 thé duoc sir dung 1am chit chdng xo hoa, chét chéng viém, chét tri liéu tw mién mot

minh hogic két hop v6i chét chéng bénh ung thur dwoc huéng dich hién tai.

V& mat ndy, cAc tic gia sang ché da tién hanh nhidu nghién ctru dé phat trién hop chit phan
tr nhd méi 6 doc tinh gidm trong khi van c6 tac dung trc ché enzym PRS, va nhan thiy ring
hop chét nay c6 chu trac m&i ma s& dugc mo ta sau ddy s& (e ché mét cach chon loc PRS, nhdy

d6 hoan thién sang ché.

Ban chét ky thuit ciia sang ché
Vén dé k§ thuat

Sang ché d& xuét hop chit di vong c6 thé dugc st dung higu qua dé ngan ngira hoic didu
tri bénh ung thu, bénh viém, bénh tr mién hoic bénh xo héa, phuong phép diéu ché hop chit
nay, va dugc phim chira chiing.
Giai phap k¥ thuat

Pé dat duge muc dich néu trén, sang ché dé xuét hop chét c6 cong thirc hoa hoc 1 sau day,
hodc mubi dugc dung cta no:

Cong thirc hda hoc 1:
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trong cong thitrc héa hoc 1,

nlal, hodc 2,

Rj 1a hydro, hodc hydroxy,

Ry’ 14 hydro,

R» lahydroxy, halogen, amino, C14 alkylamino, di(Ci4alkyl)amino, hodc Ci4 alkoxy;
R3 1a hydro, halogen, Ci4 alkyl, hodc Ci4 haloalkyl; hodc Rz va Rs; cling tao ra oxo (=0),
hydroxyimino (=N-OH), hodc Ci4 alkoxyimino (=N-O-(Ci4 alkyl));

v . Ra)sc
v |
N

¥

%
Yla f ,

Y1 1aN, CH, hoac CRy,

trong d6 R4 12 Ci4 alkyl, C14 hydroxyalkyl, Ci4 alkyl duoc thé bang Ci4 alkoxy, Ci.
s haloalkyl, hoic -(CH2)mNR9R 10, trong d6 m 14 s6 nguyén ndm trong khoang tir 1 dén 4, va mdi
Ry va Rio doc 1ap 1a hydro, hodc Ci4 alkyl,

Y2 1aN, hodc CH,

A 1a benzen, heteroaryl co tir 1 dén 4 nguyeén tr nito, hodc xyclohexen, c6 dang vong
sau canh,

k 1 s6 nguyén nim trong khoang tir 0 dén 4, va

mdi Ra doc 18p 1a Ci4 alkyl, Ci4 alkoxy, Ci4 haloalkyl, Ci4 haloalkoxy, halogen,

xyano, hodc carboxy.

Tét hon 13, R, 13 hydroxy, flo, amino, metylamino, dimetylamino, hodc metoxy; Rs
14 hydro, flo, metyl, hogc triflometyl; hodc R, va R; cung tao ra oxo (=0O), hydroxyimino (=N-
OH), hodc metoxyimino (=N-OCH3).
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Ngoai ra, tot hon 13, A 13 benzen, pyridin, pyrimidin, hodc xyclohexen.

Ngoai ra, tot hon 13, R4 13 metyl, etyl, hydroxymetyl, hydroxyetyl, 1-hydroxyetyl,

triflometyl, metoxymetyl, aminometyl, hodc (dimetylamino)metyl.

Ngoai ra, tét hon 13, Y 1a i ,

Y3 1a N, hodc C-Rs; Y4 1a N, hodc C-Rs; Y5 1a N, hodc C-R7; Y6 1a N, hodc C-Rg,

Rs 1a hydro, Ci4 alkyl, C14 haloalkyl, hodc halogen; R¢ la hydro, C14 alkyl, Ci4 alkoxy,
Ci4 haloalkyl, C14 haloalkoxy, halogen, Xyano, hodc carboxy; R 1a hydro, Ci4 alkyl, Ci4 alkoxy,
Ci14 haloalkyl, Ci4 haloalkoxy, halogen, hodc xyano; Rg 1a hydro, Ci4 alkyl, Ci4 haloalkyl, C14
haloalkoxy, hodc halogen. Tét hon nita 13, Rs [a hydro, metyl, triflometyl, flo, clo, hodc brom; R
12 hydro, metyl, triflometyl, triflometoxy, flo, clo, brom, xyano, hodc carboxy; R7 1a hydro, metyl,
triflometyl, flo, clo, hodc brom; va Rs 1 hydro, metyl, triflometyl, triflometoxy, clo, hodc brom.

, hoac
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: k 12 s6 nguyén nam trong khoang tir 0 dén 2. Tét hon nita, mdi Ra doc
lap 1a Ci4 alkyl, Ci14 haloalkyl, Ci4 haloalkoxy, halogen, xyano, hodc carboxy. T6t nhét 13, mbi
Ra doc lap 1a metyl, triflometyl, triflometoxy, flo, clo, brom, xyano, hoéc carboxy.

Ngoai ra, t6t hon 13, trong cong thirc héa hoc 1,

n 12 s6 nguyén bang 1 hoic 2,

Ry 12 hydro, hodc hydroxy,

Ry 14 hydro,

R» 1a hydroxy, halogen, Ci4 alkylamino, hodc Ci4 alkoxy; R3 1 hydro, halogen, Ci4
alkyl, hodc Ci4 haloalkyl; hodc Rz va R3 cing tao ra oxo (=0O), hydroxyimino (=N-OH), hodc
Ci4 alkoxyimino (=N-O-(Ci4 alkyl));

Y1 1a CH, hozc CRy,
trong d6 Ry 14 C14 alkyl, C14 hydroxyalkyl, Ci4 alkyl dugc thé bang Ci.4 alkoxy, Ci.
s haloalkyl, C14 alkyl duoc thé bang amino, hoiic Ci4 alkyl duoc thé bang di(Ci4 alkyl)amino,
Y21aN,

klash nguyén nam trong khoang tix 0 dén 2,
mdi Ra ddc 1ap 1a C14 alkyl, Ci4 haloalkyl, Ci4 haloalkoxy, hodc halogen.

Ngoai ra, t6t hon 13, trong cong thirc héa hoc 1,
nla 2,

R1 14 hydroxy,

R; 12 hydro,
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R 1a hydroxy; R3 1a hydro; hodc R va R3 ciing tao ra oxo (=0);

Y11aCH,

Y2 1aN,

k 12 s& nguyén nim trong khoang tir 0 dén 2,

mdi Ra doc lap 14 Ci4 alkyl, C14 haloalkyl, halogen, hodc xyano.

Vi du dién hinh vé céc hop chét co cOng thirc hdéa hoc 1 hodc mudi duge dung ctia nd
nhu sau:

1) 1-(1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-yl)propan-2-
on, |

2) 1-(5-clo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

3) 1-(6-clo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

4) 1-(5-bromo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

5) 1-(6-bromo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

6) 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(5-(triflometyl)-1H-benzo[d]imidazol-1-
yl)propan-2-on,

7) 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(6-(triflometyl)- 1H-benzo[d]imidazol-1-
yl)propan-2-on,

8) 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(7-(triflometyl)-1H-benzo[d]imidazol-1-
yl)propan-2-on,

9) 1-(5,6-dimetyl-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
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yl)propan-2-on,

10) 1-(5,6-ditlo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

11) 1-(4,5-diflo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

12) 1-(4,5-diclo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

13) 1-(5-flo-4-metyl-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

14) 1-(5-clo-4-metyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

15) 1-(5-bromo-4-metyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

16) 1-(4,5-dimetyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

17) 1-(5-flo-4-(triflometyl)-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

18) 1-(5-bromo-4-(triflometyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

19) 1-(4-bromo-5-metyl-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

20) 1-(5-bromo-4-flo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2

yl)propan-2-on,

21) 1-(4-clo-5-flo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

22) 1-(5-bromo-4-clo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-
2-yl)propan-2-on,

23) 1-(6-bromo-4-metyl-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,
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24) 1-(6-clo-4-metyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

25) 1-(5,6-diclo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

26) 1-(6-bromo-5-flo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

27) 1-(5,6-dibromo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

28) 1-(6-clo-7-metyl-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

29) 1-(5-bromo-1H-imidazo[4,5-b]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

30) 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(5-(triflometyl)-1H-imidazo[4,5-
b]pyridin-1-yl)propan-2-on,

31) 1-(6-bromo-1H-imidazo[4,5-b]pyridin-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

32) 1-(6-clo-1H-imidazo[4,5-c]pyridin-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

33) 1-(7-bromo-1H-imidazo[4,5-c]pyridin-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

34) 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(3H-imidazo[4,5-b]pyridin-3-yl)propan-
2-on,

35) 1-(5-bromo-3H-imidazo[4,5-b]pyridin-3-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

36) 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(5-(triflometyl)-3H-imidazo[4,5-
b]pyridin-3-yl)propan-2-on,

37) 1-(6-bromo-3H-imidazo[4,5-b]pyridin-3-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

38) 3-(3-((2R,3S)-3-hydroxypiperidin-2-yl)-2-oxopropyl)-3H-imidazo[4,5-
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b]pyridin-6-carbonitril,

39) 1-(6-clo-7-metyl-3H-imidazo[4,5-b]pyridin-3-y1)-3-((2R,35)-3-
hydroxypiperidin-2-yl)propan-2-on,

40) 1-(6-bromo-7-metyl-3H-imidazo[4,5-b]pyridin-3-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

41) 1-(5,7-diclo-3H-imidazo[4,5-b]pyridin-3-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

42) 1-(6-bromo-7-clo-3H-imidazo[4,5-b]pyridin-3-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

43) mudi hydroclorua cta axit 3-(3-((2R,3S)-3-hydroxypiperidin-2-y1)-2-
oxopropyl)-3H-imidazo[4,5-c]pyridin-6-carboxylic,

44) mubi 1-(6-clo-9H-purin-9-y1)-3-((2R,3S)-3-hydroxypiperidin-2-yl)propan-2-on
hydroclorua,

45) 1-((2R,3S)-3-hydroxypiperidin-2-y1)-3-(4,5,6,7-tetrahydro-1H-
benzo[d]imidazol-1-yl)propan-2-on,

46) 1-(5,6-diclo-2-metyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

47) 1-(4,5-diflo-2-metyl-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

48) 1-(5,6-diclo-2-etyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-
2-yl)propan-2-on,

49) 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(2-metyl-1H-imidazo[4,5-b]pyridin-1-
yl)propan-2-on,

50) 1-(5,6-diclo-2~(triflometyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

51) 1-(5,6-diclo-2-((dimetylamino)metyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-
3-hydroxypiperidin-2-yl)propan-2-on,

52) 1-(2-(aminometyl)-5,6-diclo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

-10-
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53) 1-(6-flo-2-(2-hydroxyetyl)-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

54) 1-2-((R)-1-hydroxyetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

55) 1-(2~((S)-1-hydroxyetyl)-1H-benzo[d]imidazol-1-yI)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

56) 1-(2-(hydroxymetyl)-1H-benzo[d[imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

57) 1-(5-bromo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

58) 1-(6-bromo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

59) 1-(2-(hydroxymetyl)-6-(triflometyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

60) 1-(2-(hydroxymetyl)-5-(triflometoxy)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-
3-hydroxypiperidin-2-yl)propan-2-on,

61) 1-2-(hydroxymetyl)-7-(triflometoxy)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-
3-hydroxypiperidin-2-yl)propan-2-on,

62) 1-(2-(hydroxymetyl)-4,5-dimetyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

63) 1-(5,6-diclo-2-(metoxymetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

64) 1-(5,6-diclo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on oxim,

65) 1-(5,6-diclo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on oxim,

66) 1-(6-bromo-1H-imidazo[4,5-b]pyridin-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on oxim,

67) 1-(5,6-diclo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-

-11-
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yl)propan-2-on O-metyl oxim,

68) 1-(2-(hydroxymetyl)-1H-imidazo[4,5-b[pyridin-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

69) (2R,3S)-2-(3-(1H-benzo[d]imidazol-1-yl)-2-hydroxypropyl)piperidin-3-ol,

70) (2R,3S)-2-(3~(5,6-diclo-1H-benzo[d]imidazol-1-yl)-2-hydroxypropyl)piperidin-
3-o0l,

| 71) (2R,3S)-2-(3-(5-bromo-4-clo-1H-benzo[d]imidazol-1-yl)-2-

hydroxypropyl)piperidin-3-ol,

72) (2R,3S)-2-(3-(5-bromo-4-(triflometyl)-1H-benzo[d]imidazol-1-yl)-2-
hydroxypropyl)piperidin-3-ol,

73) (2R,3S)-2-(3-(4-bromo-5-metyl-1H-benzo[d]imidazol-1-yl)-2-
hydroxypropyl)piperidin-3-ol,

74) (2R,3S)-2-(3-(5-bromo-4-flo-1H-benzo[d]imidazol-1-yl)-2-
hydroxypropyl)piperidin-3-ol,

75) (2R,3S)-2-(3-(4,5-diclo-1H-benzo[d]imidazol-1-yl)-2-hydroxypropyl)piperidin-
3-0l,

76) (2R,3S)-2-(3-(5-clo-4-metyl-1H-benzo[d]imidazol-1-yl)-2-
hydroxypropyl)piperidin-3-ol,

77) (2R,3S)-2-(3-(6-clo-7-metyl-3H-imidazo[4,5-b]pyridin-3-yl)-2-
hydroxypropyl)piperidin-3-ol,

78) (2R,3S)-2-(3-(6-bromo-7-metyl-3H-imidazo[4,5-b]pyridin-3-yl)-2-
hydroxypropyl)piperidin-3-ol,

79) (2R,3S)-2-(3-(6-bromo-7-clo-3H-imidazo[4,5-b]pyridin-3-yl)-2-
hydroxypropyl)piperidin-3-ol,

80) (2R,3S)-2-(3-(1H-benzo[d]imidazol-1-yl)-2-hydroxy-2-metylpropyl)piperidin-
3-0l,

81) (2R,3S)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-yl)-2-flopropyl)piperidin-3-ol,

82) (2R,3S)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-yl)-2,2-diflopropyl)piperidin-3-

ol,
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83) (2R,3S)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-yl)-2-metoxypropyl)piperidin-
3-0l,

84) (2R,3S)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-yl)-2-hydroxy-2-
metylpropyl)piperidin-3-ol,

85) (2R,3S)-2-(2-((5-bromo-4-metyl-1H-benzo[d]imidazol-1-yl)metyl)-3,3,3-triflo-
2-hydroxypropyl)piperidin-3-ol,

86) (2R,3S)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-yl)-2-
(metylamino)propyl)piperidin-3-ol,

87) 1-(5,6-diclo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

88) (2R,3S)-2-(3-(5,6-diclo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-y1)-2-
hydroxypropyl)piperidin-3-ol,

89) (2R,35)-2-(3-(5-bromo-4-metyl-1H-benzo[d]imidazol-1-yl)-2-
hydroxypropyl)piperidin-3-ol,

90) (S)-1-(5,6-diclo-1H-benzo[d]imidazol-1-yl)-3-(pyrolidin-2-yl)propan-2-on,

91) 1-(5-clo-1H-pyrolo[2,3-b]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

92) 1-(6-bromo-1H-pyrolo[2,3-b]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

93) 1-(7-clo-1H-pyrolo[2,3-c]pyridin-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

94) 1-(6-bromo-1H-pyrolo[3,2-b]pyridin-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

95) 1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)-2-oxopropyl)-4-metyl-1H-pyrolo[2,3-
b]pyridin-5-carbonitril,

96) 1-(5-clo-1H-indazol-1-yI)-3-((2R,3S)-3-hydroxypiperidin-2-yl)propan-2-on,

97) 1-(4-bromo-5-metyl-1H-indazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

98) 1-(5-clo-1H-pyrazolo[3,4-b]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
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yl)propan-2-on,

99) 1-(5-clo-1H-benzo[d][1,2,3]triazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on, va

100) 1-(6-clo-1H-benzo[d][1,2,3]triazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on.

Hop chét theo sang ché c6 thé c6 mat dudi dang mudi, cu thé 13 mubi duge dung. Mubdi
thuong duoc str dung trong linh vire k§ thuat, nhu mudi cong axit duorc tao ra bang axit tir do duoc
dung dudi dang mubi, ¢6 thé dugc st dung, ma khéng gi6i han. Thuat ngit “mudi duoc dung”
dugc sir dung trong ban mé ta ding dé chi mudi céng hitu co hoic vo co bt ky ciia hop chét ¢6
cong thirc héa hoc 1 ma ndng do ctia n6 thé hién tac dung hiéu qua twong ddi khong doc va vo hai

cho ngudi bénh, va tac dung phu ciia né khong lam giam hiéu qua c6 loi ctia hop chét néu trén.

Mubi cong axit c6 thé duoc didu ché bang cach sir dung phwong phap thong thuong, vi
du, bing cach hoa tan hop chét trong mét luong dur dung dich axit trong nudc sau d6 bang cach
didu ché mubi tao thanh bang cach str dung dung mdi hitu co cd thé tron 13n véi nude, nhu metanol,
etanol, axeton hofic axetonitril. Hop chét c6 ciing luong mol ciia hop chét va axit hogic rugu trong
nudce (vi dy, glycol monometyl ete) co thé duoc gia nhiét va sau d6, hdn hop tao thanh c6 thé duoc

1am kho bang cach bay hoi, hoac mubi da két tia c6 thé dugc loc bang cach hut.

Axit vO co va axit hitu co ¢6 thé duge st dung dudi dang axit tu do. Céc vi du vé axit
vd co ¢6 thé bao gdm axit clohydric, axit phosphoric, axit sulfuric, axit nitric, axit tartaric, va cac
loai axit twong tur. Vi du v& axit hitu co c6 thé bao gbm axit metansulfonic, axit p-toluensulfonic,
axit axetic, axit trifloaxetic, axit maleic, axit sucxinic, axit oxalic, axit benzoic, axit tartaric, axit
fumaric, axit mandelic, axit propionic, axit xitric, axit lactic, axit glycolic, axit gluconic, axit
galacturonic, axit glutamic, axit glutaric, axit glucuronic, axit aspartic, axit ascorbic, axit cacbonic,

axit vanilic, axit hydroiodic va cac axit twrong tir, nhung khong bi gidi han & céc axit nay.

Muébi duge dung ctia cac hop chat theo sang ché bao gdm mudi ctia cic nhom axit hodc
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bazo ma c6 thé c6 mit trong hop chit c6 cong thirc héa hoc 1, trir khi ¢6 quy dinh khéc.

Céc muoi cia hgp chat di vong theo sang ché, 1a cadc mudi duge dung, cé thé dugc sir
dung ma khong gidi han néu chiing 1a cac mudi cia hgp chat di vong ma the hién hoat tinh trc ché

enzym PRS tuong dwong v6i hop chét dj vong.

Hop chét ¢6 cong thirc hoa hoc 1 theo sang ché bao gdm mudi duge dung cia né cling
nhur tit ca cac hydrat, solvat c6 thé ¢6 va tit ca cac chét ddng phan 1ap thé ¢6 thé c6, c6 thé dugc
didu ché tir d6, nhung khéng bi gidi han & cac hgp chit nay. Solvat va chit ddng phan 14p thé cta
cac hop chét c6 cong thirc héa hoc 1 ¢6 thé duoe didu ché tir cac hop chét c6 cong thirc héa hoc 1

bang céch str dung cac phuong phép da biét trong linh vire ky thuat.

Ngoai ra, hop chét ¢ cong thiic hoa hoc 1 theo sang ché c6 thé dugc didu ché & dang
tinh thé hosic khong phai tinh thé. Khi hop chit dugc san xuét & dang tinh thé, n6 c6 thé tily y duoc
hydrat héa hoic solvat héa. Sang ché c6 thé khong nhitng bao gdm hydrat theo hé s6 ty lugng cia
cac hop chét c6 cong thirc héa hoc 1 ma con bao gdm céc hop chét chira cac lugng nude khac
nhau. Solvat ctia cac hop chét c6 cong thirc hoa hoc 1 theo sang ché bao gdm ca solvat theo hé sb

ty luong va solvat khong theo hé sb ty lugng,

Sang ché ciing dé xuat phuwong phap diéu ché hop chit c6 cong thirc héa hoc 1. Sang
ché dé xut phuong phép diéu ché hop chit c6 cong thirc hoa hoc 1 nhur duge thé hién trong so
dd phan tmg 1 dudi day 1a mot vi du:

So d6 phan tmg 1
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Budce 1-2

Trong so dd phantmg 1,R1, R1', R, R3, Y1, Y2, A, Ravak la nhu dugc xac dinh 6 trén,
mdi Py va P doc lap ding dé chi mt nhém bao vé. Tuy nhién, khi Ry 14 hydro, hydro dugc thé
thay vi O-P;.

T6t hon 13, Py 1 nhém bao vé bit ky duge chon tir nhém bao gdm carbobenzyloxy
(Cbz), para-metoxybenzyl cacbonyl (Moz), tert-butyloxycacbonyl (Boc), 9-fluorenyl metyloxy
cacbonyl (Fmoc), axetyl (Ac), benzoyl (Bz), benzyl (Bn) va para-metoxybenzyl (PMB). Tt hon
1, P, 1a nhom bao vé bét ky dugc chon tir nhém bao gdm axetyl, benzoyl, benzyl, beta-
metoxyetoxy metyl ete (MEM), metoxymetyl ete (MOM), para-metoxybenzyl ete (PMB),
metylthiometyl ete, pivaloyl (Piv), tetrahydropyranyl (THP), trityl (triphenylmetyl, Tr), tert-
butyldimetylsilyl (TBDMS), triisopropylsilyl (TIPS) ete, va etoxyetyl ete (EE).

Bude 1-1 1a budc didu ché hop chit c6 cong thirc héa hoc 1-3 bang phan tmg ciia hop
chét ¢6 cong thirc hoa hoe 1-1 v6i hop chét c6 cong thirc héa hoc 1-2. Phan ting tot hon 13 duogc
tién hanh véi su c6 mit ctia bazo. Bazo vo co thong thuong co thé duoc st dung lam bazo. Cac
vi du khong gioi han vé bazo vo co c6 thé bao gdm kali cacbonat, hozic xesi cacbonat. Ngoai ra,
tdt hon 13 phan tng c6 thé duoc tién hanh trong dung mdi phan cuc nhu dimetylformamit,
dimetylsulfoxit, dioxan hoic tetrahydrofuran & nhiét d6 nam trong khoang tir 0°C dén 100°C
trong thoi gian tir 10 phut dén 12 gio.

Ngoai ra, hop chét c6 cong thirc héa hoc 1-1 ¢6 ban trén thi trudng hoic ¢ thé dugce
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diéu ché bang cach sir dung phuong phap d biét (vi du, McLaughlin, and Evans, J. org Chem,
2010, 75: 518-521), nhung khong bi gidi han & phuwong phép nay.

Budc 1-2 12 budc didu ché hop chat c6 cong thirc héa hoc 1 theo sang ché bing cach
dwa dbi tugng hop chét c6 cong thirc hoa hoc 1-3 vao phan tmg loai nhém bao vé. Phan tmg nay
t8t hon 1a duoc tién hanh trong diéu kién axit. Cac vi du khong gidi han v& céc axit c6 thé bao
gdm axit clohydric, axit bromic, axit flohydric, axit trifloaxetic ho#ic cic axit trong t. Tét hon
13, dung méi phan tmg c6 thé hozic khong thé sir dung dung méi hitu co phan cuc. Tét hon 13,
khi str dung dung mdi hitu co phan cuc, diclometan, clorofom, toluen, dimetylformamit, dioxan,
tetrahydrofuran hodc cac hop chit turong ti ¢6 thé dwoc st dung 1am dung méi, va phan tmg c6
thé duogc tién hanh & nhiét do trong phong dén nhiét 6 100°C trong thdi gian tir 10 phut dén 6

gio.

So do phan timg 1 & trén c6 theé dugc cai bién néu can trong pham vi ma khong tach
ro1 khoi muc dich cuia sang che. Vi dy, khi nhom béao vé can phai phu thudc vao céc phan tir the,
R2, R3 va /Ra, cc phan tir the cua chung c6 thé dugc bao vé trude bang nhém bao vé cho dén

budc cudi cung.

Sang ché dé xuét phuong phap diéu ché hop chét c6 cong thirc héa hoc 2-10, 2-11, 2-
14 hodc 2-15 trong sb cac hop chét c6 cong thirc héa hoc 1, nhur duoe thé hién trong so d6 phan
ung 2 dudi day 1a mot vi du khac nira:

So db phan ting 2
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Trong so do phan ing 2, n, Ry, R4, A, Ra va k 1a nhu duoc xéc dinh & trén, Py va Py 1a

Budgc 2-10

g

G}

nhu dugc xéc dinh trong so dd phan tmg 1, va X 1a halogen. Tét hon 13, X 13 brom.

Bude 2-1 13 budce diéu ché hop chét co cong thirc hoa hoc 2-2 bing phén ting ciia hop
chét ¢6 cong thirc héa hoc 2-1 véi su c6 mit cia bazo. Bazo vo co théng thudng c6 thé dugc str
dung dudi dang bazo, va cac vi du khong gidi han ciia chung c6 thé bao gdm natri bohydrua,
lithi nhém hydrua, natri cacbonat, natri format, xeri clorua, hodc boran-tetrahydrofuran. Hon
nita, phan tmg co thé duoc tién hanh trong dung mdéi phan cuc nhu metanol, etanol,
tetrahydrofuran, axeton, toluen, dietyl ete, hodc diclometan & nhi€t do ndm trong khoang tir -

78°C dén 20°C trong thoi gian tir 10 phut dén 12 gio.

Bude 2-2 1a bude didu ché hop cht ¢ cong thirc héa hoc 2-3 bing phan tmg ctia hop
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chét c6 cong thirc hoa hoc 2-2 véi su c6 mit ciia bazo. Bazo v6 co thong thudng c6 thé duogc sir
dung duéi dang bazo, va cac vi du khong gi6i han cta ching co thé bao gdm kali hydroxit, lithi
hydrua, kali florua, natri hydrua, natri etoxit, kali cacbonat, hodc kali tert-butoxit. Ngoai ra, phan
g nay c6 thé dugc tién hanh trong dung mdi phan cuc nhur metanol, tetrahydrofuran, axeton,
dioxan, dietyl ete, diclometan, dimetylformamit, hodc axetonitril, & nhiét do nam trong khoang

tir 0°C dén 20°C trong thosi gian tir 10 phut dén 24 gio.

Bude 2-3 12 budc didu ché hop chét c6 cong thirc hoa hoc 2-4 bang phan tmg ctia hop
chdt c6 cong thirc héa hoc 2-3 trong diéu kién axit v6i sw c6 mit cla natri azit vihodc
trimetylsilyl azit. Axit v0 co hodc axit hitu co thong thuong c6 thé duoc st dung dudi dang axit,
va cc vi du khong gidi han ciia chiing c6 thé bao gdm amoni clorua, tetrabutyl amoni clorua,
axit p-toluensulfonic, axit axetic, axit clohydric, hodc axit sulfuric. Hon nita, phin img nay c6
thé duoc tién hanh trong dung moi phin cuc nhu metanol, etanol, tert-butanol, axeton,
dimetylformamit, axetonitril, hodc nu6c & nhiét do nim trong khoang tir 20°C dén 100°C trong

thoi gian tir 10 phut dén 48 gio.

Bude 2-4 1a budce diéu ché hop chét c6 cong thiic héa hoc 2-5 bang phan tmg ctia hop
chét c6 cong thirc hoa hoc 2-4 v6i su c6 mit clia bazo. Bazo vo co thong thudng c6 thé dugc st
dung duéi dang bazo, va cac vi du khdng gidi han ctia ching c6 thé bao gdm natri bohydrua,
lithi nhom hydrua, paladi, niken, hodc triphenylphosphin. Hon nita, phan tmg c6 thé dugc tién
hanh trong dung mdi phin cyc nhu metanol, etanol, tetrahydrofuran, axeton, toluen, dioxan,
dimetylformamit, axetonitril, dietyl ete, diclometan, hodic nudc & nhiét do nam trong khoang tir

20°C dén 80°C trong thoi gian tir 10 phut dén 18 gio.

Budc 2-5 1a budc diéu ché hop chét c6 cong thirc hoa hoc 2-7 bing phan tmg ciia hop
chét c6 cong thirc héa hoc 2-5 va hop chit ¢6 cong thirc héa hoc 2-6 véi su c6 mit clia bazo.
Bazo v0 co hodc bazo hitu co thong thuong c6 thé dugc st dung dudi dang bazo, va vi dukhong
gi6i han vé bazo hitu co ¢6 thé bao gdm diisopropyletylamin hodc trimetylamin. Cac vi du khong

gi6i han vé bazo vd co c6 thé bao gom kali cacbonat, natri cacbonat, natri hydro cacbonat, xeri
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cacbonat, hoic canxi cacbonat. Hon nita, phan ing ¢6 thé duoc tién hanh trong dung moi phan
cuc nhu metanol, etanol, butanol, tetrahydrofuran, axeton, toluen, dimetylformamit,
dimetylformsulfoxit, clorofom, dioxan, axetonitril, dietyl ete, hodc diclometan & nhiét d6 ndm

trong khoang tir 20°C dén 150°C trong thoi gian tir 10 phut dén 24 gio.

Budc 2-6 13 bude didu ché hop chit c6 cong thirc héa hoc 2-8 bing phan ung cua hop
chét c6 cong thirc hda hoc 2-7 véi sy 6 mét ciia hydro va kim loai. Céc vi du khong gidi han vé
kim loai c6 thé bao gdbm paladi, niken, hoic platin oxit. Hon nita, phan tng c6 thé dugc tién hanh
trong dung mdi phén cuc nhu metanol, etanol, isopropanol, tetrahydrofuran, dimetylformamit,
etyl axetat, diclometan, hodc nude ¢ nhiét do nim trong khoang tir 5°C dén 50°C trong thoi gian
tir 10 phit dén 12 gio.

Budc 2-7 1a budc didu ché hop chét c6 cong thirc hoa hoc 2-9 bing phéan ing clia hop
chét c6 cong thirc hoa hoc 2-8 i) v6i sw c6 mit clia trimetyl orthoformat hosc trietyl orthoformat,
va axit para-toluensulfonic hodc pyridin para-toluensulfonat, hodc ii) voi sy ¢c6 mat cla axit
formic. Phan tmg c6 thé duoc tién hanh trong dung mdi phan cyc nhu metanol, etanol,
tetrahydrofuran, toluen, dioxan, dimetylformamit, axeton, clorofom, etyl axetat, diclometan,
Hoeflc axetonitril & nhiét d6 ndm trong khoang tir 20°C dén 120°C trong thoi gian tix 10 phut dén
12 gio.

Budc 2-8 14 budc didu ché hop chit c6 cong thirc héa hoc 2-10 bang phan tng cia
hop chét c6 cong thirc hoa hoc 2-9 trong diéu kién axit. Cac vi du khong gioi han vé axit c6 thé
bao gém axit clohydric, axit bromic, axit flohydric, axit trifloaxetic hodc céc axit trong tur. Tét
hon 13, dung méi phan ting c6 thé hodc khong thé sir dung dung méi hitu co phan cuc. Tét hon
1a, khi st dung dung mdi hitu co phén cuc, thi c6 thé st dung diclometan, clorofom, toluen,
dimetylformamit, dioxan, tetrahydrofuran hozic cac hop chét trong tur, va phan tmg c6 thé dwoc

tién hanh & nhiét do trong phong dén nhiét d6 100°C trong thoi gian tir 10 phat dén 6 gio.

Budc 2-9 1a bude diéu ché hop chit c6 cong thirc héa hoc 2-11 bang i) phan tmg ctia
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hop chét c6 cong thirc hoa hoc 2-9 véi chit oxy héa, va ii) phan tmg ctia san phdm phan tmg
theo cach tuong tu nhu trong budc 2-8. Vi du khéng gidi han vé chét oxy héa c6 thé bao gdbm
Dess-Martin periodinan, hydro peroxit, hodc oxaly clorua. Hon nita, phan tng c6 thé duoc tién
hanh trong dung mdi phan cuc nhu diclometan, dimetylformamit, dimetylformsulfoxit, toluen,
clorofom, tetrahydrofuran, axeton, axetonitril dietylete, hodc etyl axetat & nhiét do nim trong

khoang tir -78°C dén 30°C trong thoi gian tir 10 phut dén 12 gio.

Bude 2-10 1a bude didu ché hop chét ¢ cong thirc héa hoc 2-12 bing phan tmg clia
hop chét c6 cong thirc hoa hoc 2-8 véi axit carboxylic dugc thé Ry (Ri-COOH) véi sir cb mit
ctia chét phan tmg lién hop amit ctia bis-(2-oxo-3-oxazolydinyl)phosphoryl hydroclorua, 1-etyl-
(3-(3-dimetylamino)propyl)-carbodiimit hydroclorua, benzotriazol-1-yloxy-tris-
(pyrolidino)phosphoni hexaflophosphat, benzotriazol-ol, (benzotriazol-1-
yloxy)tris(dimetylamino)phosphoni hexaflophosphat hodc O-(benzotriazol-1-y1)-N,N,N,N'-
tetrametyluroni hexaflophosphat, va bazo cua trietylamin, di-isopropyl etylamin, pyridin,
dimetylanilin, dimetylamin pyridin hogc natri hydroxit. Phan Gmg niy c6 thé dugc tién hanh
trong dung moi phin cuc nhu metanol, etanol, propanol, tetrahydrofuran, toluen, dioxan,
dimetylformamit, diclometan, axetonitril, hodc axeton ¢ nhi€t do nam trong khoang tir -20°C

dén 80°C trong thoi gian tir 5 phut dén 18 gio.

Bude 2-11 duoe tién hanh theo cach twong tw nhu trong budc 2-7, ngoai trir hop chét

¢6 cong thirc héa hoc 2-12 duoc sit dung.

Bude 2-12 va budc 2-13 duogc tién hanh theo cach trong tu nhu trong budc 2-8 va
budce 2-9, ngoai trir hop chét cé cong thirc héa hoc 2-13 dugc st dung.

So d6 phan g 2 néu trén cd thé duge cai bién néu cin v6i pham vi khong tach roi
khoi muc dich cua sang ché. Vi dy, khi nhém bao v can phai phu thudc vao céc phan tir the, R4
va/hodic Ra, cac phén tir thé nay co6 thé duge bdo vé trude bang nhém bao vé cho dén budc cudi

cung.
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Ngoai ra, sang ché dé xuét hop chét c6 cong thirc héa hoc 2-9 hoidc hop chét ¢6 cong
thtrc hoa hoc 2-13, dudi dang hop chét trung gian ma c6 thé duge str dung trong ché phdm chira
hop chét c6 cong thirc hoa hoc 1.

Cong thirc hda hoc 2-9

~(Ra)

(Ra)k

trong céc cong thirc hoa hoc 2-9 va 2-13,
mdi P1 va P, doc 14p 1a nhém bao vé nhu duge xé4c dinh trong so do phan img 1, va

n, R1', R4, A, k va Ra nhur dugce xac dinh trong cong thirc héa hoc 1.

Hop chét c6 cong thirc héa hoc 2-9 c6 thé dugc diéu ché bang cac budc tir 2-5 dén
bude 2-7 trong so dd phan tmg 2 dugc d& cap & trén. Ngoai ra, hop chét c6 cong thirc héa hoc
2-13 ¢c6 thé duge didu ché bing cac budce 2-5, 2-6, 2-10 va 2-11 trong so db phan g 2 duoc dé
cap o trén.

Ngoai ra, sing ché dé xuét dugc phdm dé ngan ngira hoic diéu tri bénh ung thu, bénh
viém, bénh tw mién hodc bénh xo hoa, chira hgp chét c¢6 cong thirc héa hoc 1 hoic mudi dugce

dung ctia no.
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MG t4 viin tit cac hinh vé

Fig. 114 hinh v& minh hoa c4c két qua do dugc cta nhiéu soi co tim bi hoai ttr va phan
hiy cuc bd trén nhiéu don vi soi co trong tam thét trai cia chudt, thé hién tac dung ctia hop chét
theo mot vi du clia sang ché.

Céc hinh v& Fig. 2 va Fig. 3 14 c4c hinh v& minh hoa céc két qua do dugc theo ty 18
phén trim clia cac soi colagen trén mdi bd phén trén co thé ctia chudt, thé hién tac dung ciia hop
chét theo mot vi du ciia sang ché.

Fig. 4 14 hinh v& minh hoa c4c két qua do dugc vé mirc biéu hién mRNA ctia yéu td
sinh truéng betal bién nap & chudt (TGF-B1), thé hién téc dung ctia hop chit theo mot vi du ciia

sang ché.

MBO ta chi tiét sang ché

Thuét ngft “ngan ngira” dugc sir dung trong ban mé ta ding dé chi hanh dong dé tri
hoan hoic trc ché sy xuét hién, lan rong hodic tai phét cia bénh ung thu, bénh viém, bénh tyr mién
hodc bénh xo hoa bing cach ding ché phdm theo sang ché, va thuét ngit “diéu tri” ding dé chi
hanh dong bt ky dé cai thién hoic thay ddi cac triéu trimg cta bénh néu trén tré nén tot hon
bang cach ding ché phdm theo sang ché.

Ché phim theo séng ché c6 thé dugce st dung hiéu quéa dé ngin ngira hodc diéu tri
bénh ung thur, bénh viém, bénh tu mién hoic bénh xo héa b%mg cach trc ché hoat tinh enzym cua
PRS.

Ché phim theo sang ché c6 thé dugc sir dung & cic dang khac nhau nhu dang lidu
dung qua duong miéng cuia bot, hat nhd, vién nén, vién nang, hén dich, nhii tuong, si-rd, sol khi
va thude tiém chira dung dich tiém v6 tring, ma dugc bao ché bang phuong phap théng thuong
tiry theo muc dich ctia mdi cong dung. Ché phim c6 thé dugc ding théng qua cic dudng ding
khac nhau bao gdm diing qua dudng miéng hoic trong tinh mach, trong bung, duéi da, qua truc
trang va khu tri. Vi du vé chét mang, ta dugc hodc chét pha loang thich hgp cé thé duoc chira
trong ché phém 6 thé bao gém lactoza, dextroza, sucroza, sorbitol, manitol, xylitol, erytritol,
maltitol, tinh bot, cao su g0 keo, alginat, gelatin, canxi phosphat, canxi silicat, xenluloza, metyl
xenluloza, xenluloza vi tinh thé, polyvinyl pyrolidon, nuéc, metyl hydroxy benzoat,
propylhydroxy benzoat, bdt talc, magie stearat, diu khoéng, va céc chit mang twong tu. Ngoai

ra, ché phim theo sang ché c6 thé con chira chit don, chit chdng dong ty, chit bdi tron, chat gitt

-23-



24679

do Am, huong liéu, chét nhil hoa, cht bao quan, va cac chét fuong tu.

Ché phém ran dé dung qua dudng miéng bao gém vién nén, vién tron, bot, hat nho,
vién nang va céc dang twong tu, va dang lidu rn nay duoc bao ché bang c4ch tron ché phdm
theo sang ché v6i mot hodc nhidu ta dugce, nhu tinh bot, canxi cacbonat, sucroza, lactoza, gelatin
va cac chét twong tir. Ngoai ra, chit bdi tron nhu magie stearat va bt talc c6 thé duge sir dung
khac véi cac td duge don gian.

Ché pham l6ng dé ding qua dudng miéng c6 thé duge minh hoa dudi dang hdn dich,
dung dich, nhii trong, si-r6 va cic dang tuong tu, va cd thé bao gém c6 thé bao gém cac ta duogc
khéc nhau nhu chét gilt do Am, chét tao ngot, huong licu, chét bao quéan va cac chét tuong tu,
ngoai nude va parafin 1ong 13 chét pha lodng thuong duoc sir dung.

Ché phdm dé ding ngoai duong tiéu hoa bao gdbm dung dich nu6e v tring, dung
mdi khong chira nudc, chét tao hdn dich, chét nhil hoa, chét 1am kho lanh va chét tao thudc dan.
Dung mdi khong chira nuéc va chét tao hdn dich c6 thé bao gdm propylen glycol, polyetylen
glycol, dAu thuc vat nhu dau dliu, va este c6 thé tiém nhu etyl oleat. Witepsol, Macrogol, Tween
61, bo cacao, bo laurin, glyxerogelatin hodc chét tuong tu cé thé duoc st dung dudi dang chét
ding cho chét trong thubc dan. Mit khac, thudc tiém c6 thé bao gdm cac chét phu gia thong
thuong nhu chét 1am hoa tan, chit déng truong, chét tao hdn dich, chét nhii hoa, chét 8n dinh,
hoic chét bao quén.

Ché phdm c6 thé duge diéu ché theo phuong phap trdn, tao hat hodc boc thong
thuong, va c6 thé chira hoat chit ndm trong khoang tir khoang 0,1 dén 75% trong lwong, va tt
hon 14 nim trong khoang tir khoang 1 dén 50% trong Iuong. Ché phim liéu don vi dung cho
dong vét c¢6 vi ¢6 can ning nim trong khoang tir khoang 50 kg dén 70 kg chira tir khoang 10
mg dén 200 mg hoat chét.

Ché pham theo sang ché dugc dung véi luong ¢6 hiéu qua trong y hoc. Thuat ngf
“lugng c6 hidu qua trong y hoc” dugc str dung trong ban md ta ding dé chi lvong du dé diéu tri
bénh & ty 16 nguy hiém/cé 1oi hop 1y ¢6 thé thich hop ddi véi viée diéu trj bang thudc bét ky,
va ciing 1a dii dé khong gy ra céc tac dung phu. Mirc lugng hidu qua cé thé duoc xac dinh phu
thudc vao loai va tinh nghiém trong cta tinh trang sttc khée ciia bénh nhén, loai bénh, tinh
nghiém trong ctia bénh, hoat tinh ciia thude, d9 nhay déi véi thudc, phuong phap ding, thoi gian
dung, dudng ding, téc do bai tiét, khoang thoi gian diéu tri, sy két hop, cac yéu té bao gdm cac

thude khac duge sir dung ddng thoi va cac yéu 6 khac da biét trong linh vire y hoc. Ché pham
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theo séng ché c6 thé dugc ding lam phuong phap diéu tri bénh riéng 1¢ hodc két hop véi céc
phuong phép diu tri bénh khac, va né c6 thé dugc ding dong thoi hodc tudn tw véi céc phuong
phép diéu tri bénh théng thuong, va mot 1an hodc nhidu 14n. Quan trong 13 1am sao dé khi sir
dung lugng t6i thiéu van c6 thé tao ra tic dung t6i da ma khong c6 tac dung phu va vAn phi hop
V6 tt ca cac yéu t6 néu trén, ¢6 thé dugc xé4c dinh d& dang bdi ngudi c6 hidu biét trung binh vé

linh vuc k¥ thuét lién quan.

Liéu dugc uu tién clia hop chét theo sang ché c6 thé dugce thay dbi theo tinh trang
bénh va can n3ng cia bénh nhén, tinh nghiém trong cia bénh, loai thube, va dudng dung va
khoang thodi gian ding, nhung né c6 thé dugc Iua chon thich hop bai ngudi c6 hidu biét trung
binh v& linh vurc k¥ thuat lién quan. Tuy nhién, &€ dat duoc tac dung mong mubn, hop chét theo
sang ché c6 thé dugc ding hang ngay véi lidu ndm trong khoang tir 0,0001 dén 100 mg/kg (can
nzng), va tdt hon 14 nim trong khoang tir 0,001 dén 100 mg/kg (can ndng). Viéc dung nay co
thé dugc thue hién mot 1An mot ngdy hodc dudi dang lidu phan chia m&i ngay théng qua duong

miéng hodc dudng ngoai dudng ti€u hoa.

Ngoai ra, sang ché d& xuét phuong phép ngin ngira hoic didu tri bénh ung thu, bénh
viém, bénh ty mién hozic bénh xo héa cho dbi twong, bao gdm budc cho ddi tirong can diéu tri

dung duoc phém dugc mo ta & trén.

Nhu duoe str dung & déy, thuat ngit “ddi tuong” ding dé chi dong vat bao g0m ngudi,
khi, bo, ngua, ctru, lon, ga, ga tdy, chim cit, meo, chd, chudt nhét, chudt thuong, tho, hodc chudt
lang, bi bénh ung thu hoic ¢6 tiém ning bj bénh ung thur. Cac bénh néu trén c6 thé dugc ngan
ngura hoac diéu tri hiéu qua bang cach cho dbi tuong dung dugce phim theo sang ché. Duoc

pham theo sang ché c6 thé dugc dimg két hop véi cht tri liéu théng thudng,
Nhu duge st dung & déy, thudt ngit “viéc ding” ding dé chi viéc dua luong chit

thube duogc ké don vao bénh nhan theo phwong phép thich hop da biét, va ché phim theo sang

ché c6 thé duoc sir dung thong qua dudng ding bét ky trong sb cac dudng ding chung mién 13
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n6 c6 thé tién dén mo dich. Cu thé, cac ché do dung khac nhau dugc du tinh, bao gém trong
bung, trong tinh mach, trong co, duéi da, trong da, qua duong miéng, khu trt, trong mili, trong
phdi va trong truc trang, nhung sang ché khong bi giéi han & cac ché do dung dugc néu 1am vi
du nay. Ngoai ra, dugc pham theo sang ché c6 thé duoc ding st dung thiét bi bat ky c6 kha nang
phan phdi cac hoat chét vio cac té bao dich. Ché do ding va ché phim wu tién 13 thudc titm
trong tinh mach, thudc tiém duéi da, thudc tiém trong da, thubc tiém trong co, thudc nhod giot,
hoic dang twong twr. Ché pham c6 thé tiém c6 thé dugc diéu ché bing cach sir dung nuéc mudi,
dung dich chtta nuéc nhu dung dich Ringer, va dung dich khéng chira nude, nhu dau thuc vat,
este cla axit béo cao (vi dy, axit etyl oleic, v.v..), rugu (vi du, etanol, rugu benzyl, propylen
glycol, glyxerin, v.v..). Ché phim c6 thé tiém c6 thé bao gdm chit mang dugc, bao gdm chit
lam 6n dinh dé ngan chin su bién tinh (vi dy, axit ascorbic, natri hydro sulfit, natri pyrosulfit,
BHA, tocopherol, EDTA, v.v..), chét nhii héa, chit dém dé diéu chinh do pH, va chét bao quén
& trc ché sy phat trién ctia vi khuén (vi du, phenylmercuric nitrat, thimerosal, benzalkoni clorua,

phenol, cresol, rugu benzyl, v.v..).

Hiéu qua ciia sang ché

Hop chét di vong m&i theo sang ché c6 thé trc ché mot cach chon loc hoat tinh enzym
ctia PRS, va do d6 n6 co thé dugc st dung hi¢u qua dé ngan nglra va diéu tri bénh ung thu, bénh
viém, bénh ty mién hodc bénh xo hda, 13 cac bénh gy ra boi sy khac thuong v& hoat tinh cua
PRS.

Vi du thure hi€n sang ché
Dudi day, céc vi du uu tién duge dé xuat dé hieu 18 hon vé sang ché. Tuy nhién, cac vi

du sau ddy chi dugc ding v6i muc dich minh hoa, va sang ché khong bi gi6i han & cac vi du ndy.

Vi du 1: Bidu ché 1-(1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-yl)propan-

2-on
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(Budc 1-1) Didu ché benzyl (2R,3S)-2-(3-(1H-benzo[d]imidazol-1-yl)-2-oxopropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat

1H-benzo[d]imidazol (50 mg, 0,42 mmol) dugc hoa tan trong N,N-dimetylformamit (2
mL) dugc bd sung vao kali cacbonat (120 mg, 0,85 mmol) va dugc khudy & nhiét d6 trong phong
trong thoi gian 10 phat. Sau do, benzyl (2R,3S)-2-(3-bromo-2-oxopropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat (210 mg, 0,42 mmol) dugc bd sung vao hdn hop d6
va dugc khudy & nhiét d6 trong phong trong thoi gian 3 gio. Khi phan tmg hoan thanh, dung moi
duoc loai bo, va hdn hop tao thanh duoc pha loang bang etyl axetat va sau d6 dwoc rira bang dung
dich natri clorua bao hoa. Lép hitu co dugc thu gom, duge lam kho trén magie sulfat, dugc loc va
cd dic dudi 4p sudt giam, va sau d6 dugc tinh ché bang phuong phap sic ky cot (diclometan:

metanol = 10:1) dé thu duoc hop chit néu & tidu dé nay (180 mg, hiéu sut: 80%).

(Budc 1-2) Diéu ché 1-(1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on

Benzyl (2R,3S)-2-(3-(1H-benzo[d]imidazol-1-yl)-2-oxopropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat (180 mg, 0,34 mmol) thu dugc tir budc 1-1 dugc
hoa tan trong dung dich axit clohydric 6N (4 mL) va sau d6 duoc khudy dudi nhiét d6 hdi huu
trong thoi gian 1 gio. Khi phan mg hoan thanh, dung dich phén tng duoc lam mat dén nhiét do
0°C, dugc trung hoa bang kali cacbonat (46 pH=7), va dugc chiét bang dung dich da tron chtra
clorofom va mét luong nhé axeton. Ldp hitu co duge thu gom, duge lam kho trén magie sulfat,
duoc loc va c6 dic dudi ap sudt giam, va sau dé duoc két tinh lai bang dietyl ete dé thu dugc
hop chét néu ¢ tiéu dé nay (66 mg, hiéu suat: 70%).

TH-NMR (500 MHz, DMSO-ds): & 8,18 (s, 1H), 7,64 (d, 1H), 7,45 (d, 1H), 7,18 (m,
2H), 5,32 (s, 2H), 4,83 (m, 1H), 3,00 (m, 1H), 2,94 (dd, 1H), 2,83 (d, 1H), 2,69 (m, 1H), 2,42 (m,
2H), 1,89 (m, 1H), 1,49 (m, 1H), 1,35 (m, 1H), 1,25 (m, 1H).
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Vi du 2: Diéu ché 1-(5-clo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on

WOH \
1
Q\)k/l‘d 2 \
H —/ ~C

(Budc 2-1) Dibu ché benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5-clo-1H-
benzo[d]imidazol-1-yl)-2-oxopropyl)-piperidin-1-carboxylat

Hop chét, thu dirgc theo cach twong tir nhu trong bude 1-1 trong Vi du 1 ngoai trir 5-
clo-1H-benzo[d]imidazol dugc st dung thay cho 1H-benzo[d]imidazol, dugc tach riéng thong qua
phuong phap séc ky 10ng siéu t6i han dé thu duoc hop chét néu & tiéu dé nay (38 mg, hiéu suét:
41%) (didu kién tach: cacbon dioxit/etanol/dietanolamin=70/30/0,1(thé tich/thé tich/thé tich), tbc
do dong: 2,5 mL/phut, nhi€t d9: 35°C, thoi gian luu gilt cuc dai cia hop chit=8,5 phut).

TH-NMR (400 MHz, DMSO-de): & 8,14 (s, 1H), 7,75 (s, 1H), 7,48 (dd, 1H), 7,29 (m,
6H), 5,34 (t, 1H), 5,18-5,00 (m, 2H), 4,61 (t, 1H), 3,95 (m, 1H), 3,79 (dd, 1H), 3,12 (dd, 1H), 2,96-
2,85 (m, 2H), 1,78 (m, 2H), 1,52 (d, 1H), 1,37 (m, 1H), 0,82 (d, 9H), 0,02 (m, 6H).

(Bude 2-2) Pidu ché 1-(5-clo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on

Phan Gng duoc tién hanh theo cach tirong tir nhu trong bude 1-2 trong Vi du 1, ngoai
trr  benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5-clo-1H-benzo[d]imidazol-1-yl)-2-
oxopropyl)-piperidin-1-carboxylat thu dugc tir budce 2-1 duge st dung thay cho benzyl (2R,3S)-
2-(3-(1H-benzo[d]imidazol-1-yl)-2-oxopropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-
carboxylat, nhd d6 thu duoc hop chét néu & tidu d& nay (15 mg, hiéu suat: 85%).

TH-NMR (500 MHz, DMSO-ds): 4 8,08 (s, 1H), 7,66 (dd, 2H), 7,20 (dd, 1H), 5,33 (dd,
2H), 4,82 (d, 1H), 3,01 (m, 1H), 2,95 (dd, 1H), 2,83 (d, 1H), 2,66 (m, 1H), 2,41 (m, 2H), 2,13 (s,
1H), 1,90 (dd, 1H), 1,59 (d, 1H), 1,35 (m, 1H), 1,25 (m, 1H).

Vi du 3: Didu ché 1-(6-clo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
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yl)propan-2-on
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(Budc 3-1) Didu ché benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(6-clo-1H-

benzo[d]imidazol-1-yl) -2-oxopropyl)-piperidin-1-carboxylat
* Hop chét thu dugc tir bude 2-1 trong Vi du 2 dugc tach riéng thong qua phuong phap

shc ky 16ng siéu t6i han (thdi gian huu gitt cuc dai cia hop chat = 8,09 phit) trong didu kién tach
twong tir nhu bude 2-1 trong Vi du 2, nhd d6 thu duoc hop chét néu ¢ tiéu d& nay (35 mg, hiéu
suét: 38%).

TH-NMR (500 MHz, DMSO-ds): 8 8,07 (s, 1H), 7,66-7,59 (m, 2H), 7,30-7,19 (m, 6H),
5,29 (m, 1H), 5,16-4,97 (m, 2H), 4,60 (t, 1H), 3,90 (m, 1H), 3,76 (dd, 1H), 3,10 (m, 1H), 2,88 (m,
2H), 1,75 (m, 2H), 1,49 (d, 1H), 1,34 (m, 1H), 0,78 (d, 9H), -0,02 (m, 6H).

(Budc 3-2) Diéu ché 1-(6-clo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

Phén Umg dugc tién hanh theo c4ch twong tu nhu trong budc 1-2 trong Vidu 1,1-2 cta
Vidu 1, ngoai trlr benzyl (2R,3S)-3(tert-butyldimetylsilyloxy)-2-(3-(6-clo- 1H-benzo[ dJimidazol-
1-yl)-2-oxopropyl)-piperidin-1-carboxylat dugc st dung thay cho benzyl (2R,3S)-2-(3-(1H-
benzo[d]imidazol-1-yl)-2-oxopropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-carboxylat, nh¢ d6
thu dugc hop chét néu ¢ tiéu d& nay (17 mg, hiéu sut: 81%).

'H-NMR (500 MHz, DMSO-de): 6 8,11 (s, 1H), 7,70 (d, 1H), 7,50 (d, 1H), 7,25 (dd,
1H), 5,34 (dd, 2H), 4,82 (d, 1H), 3,01 (m, 1H), 2,93 (dd, 1H), 2,81 (d, 1H), 2,66 (m, 1H), 2,38 (m,
2H), 2,08 (s, 1H), 1,90 (d, 1H), 1,58 (d, 1H), 1,34 (m, 1H), 1,24 (m, 1H).

Vi dy 4: Diéu ché 1-(5-bromo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on
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(Budc 4-1) DPidu ché benzyl (2R,3S)-2-(3-bromo-2-hydroxypropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat

Benzyl (2R,3S)-2-(3-bromo-2-oxopropyl)-3-(tert-butyldimetylsilyloxy )piperidin-I-
carboxylat (5,0 g, 10,3 mmol) dugc hoa tan trong dung mdi d3 trdn chita metanol va
tetrahydrofuran (1:1) (20 mL) va sau d6 dwoc 1am mat dén nhiét d6 0°C. Sau d6, natri bohydrua
(390 mg, 10,3 mmol) dugc bd sung vao hdn hop do6 va duoc khudy & nhiét d6 0°C trong thoi
gian 30 phut. Nhiét d6 dugc tang 1én dén nhiét do trong phong va hdn hop dugc khudy thém
trong thoi gian 12 gio. Khi phan tmg hoan thanh, c4c phan tmg sau d6 duoc tién hinh ma khong
cin dén quy trinh tinh ché.

(Budc 4-2) Piéu ché benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(oxiran-2-
ylmetyl)piperidin-1-carboxylat

Kali hydroxit (200 mg, 3,6 mmol) dugc hoa tan trong mdt lugng nho nudce duge bd
sung vao dung dich phdn Umg chtra benzyl (2R,3S)-2-(3-bromo-2-hydroxypropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat thu dugc tir budc 4-1, va sau d6 duge khudy & nhiét
do6 trong phong trong thoi gian 1 gid. Khi phan ing hoan thanh, dung méi duoc loai bé, va hdn
hop tao thanh duoc pha lodng bang etyl axetat va sau d6 duoc rira bing dung dich natri clorua
bao hoa. Lép hitu co duge thu gom, duoc lam kho trén magie sulfat, dugc loc va c¢d dac dudi ap
suét giam, va sau d6 dugc tinh ché bang phuong phép sic ky cot (hexan: etyl axetat = 4:1) dé
thu duge hop chét néu & tidu dé nay (3,4 g, hiéu sut hai budc: 81%).

(Budc 4-3) Diéu ché benzyl (2R,3S)-2-(-3-azido-2-hydroxypropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat

Benzyl (2R,3S)-3-(tert-butyldimetylsilyl)oxy)-2-(oxiran-2-ylmetyl)piperidin-1-
carboxylat (3,4 g, 8,4 mmol) thu dugc tir budc 4-2 dugc hoa tan trong dung moéi da trdn chira

metanol va nude (8:1) (90 mL), duoc bd sung vao natri azit (2,7 g, 41 mmol) va amoni clorua
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(1,3 g, 25 mmol), va sau d6 duoc khudy dudi nhiét do hdi huu & nhiét d6 70°C trong thoi gian 6
gitr. Khi phan tmg hoan thanh, hdn hop phan tmg dugc pha lodng bing etyl axetat va sau do
duoc rira bang dung dich natri clorua bdo hoa. Lop hitu co duge thu gom, dugc lam kho trén
magie sulfat, dugc loc va sau d6 dugc c6 dédc dudi ap sut giam, va sau d6 duoc tinh ché béng
phuong phap sic ky cot (hexan: etyl axetat = 3:1) dé thu dugc hop chét néu & tiéu dé nay (3,8 g,
hiéu suat: 98%).

(Budc 4-4) Biéu ché benzyl (2R,3S)-2-(-3-amino-2-hydroxypropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat

Benzyl (2R,35)-2-((S)3-azido-2-hydroxypropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat (1,5 g, 3,3 mmol) thu dugc tir bude 4-3 duge hoa
tan trong dung méi tron chira tetrahydrofuran va nuée (8:2)(50 mL) dugc bd sung vao
triphenyl phosphin (1,8 g, 6,7 mmol) va sau d6 dugc khudy & nhiét do trong phong trong thoi
gian 6 gid. Khi phan tmg hoan thanh, hén hgp phéan tmg dugc pha lodng bang etyl axetat va
duoc rira bang dung dich natri clorua bio hoa. Lép hitu co duge thu gom, duge 1am kho trén
magie sulfat, duoc loc va c6 diic dudi 4p suat giam, va sau d6 dugc tinh ché bang phuong phap
sic ky cot (diclometan: metanol = 9:1) d& thu dwoc hop chit néu ¢ tiéu dé nay (1,2 g, hiéu suét;

81%).

(Bu6c 4-5) Didu ché benzyl (2R,3S)-2-(-3-((4-bromo-2-nitrophenyl)amino)-2-
hydroxypropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-carboxylat

Benzyl (2R,3S)-2-(-3-amino-2-hydroxypropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat (120 mg, 0,27 mmol) thu dugc tir bude 4-4 duge
hoa tan trong N,N-dimetylformamit (1 mL) dugc bd sung vao 4-bromo-1-flo-2-nitrobenzen
(59 mg, 0,27 mmol) va diisopropyl etylamin (94 mg, 0,54 mmol) va sau d6 dugc khudy dudi
nhiét d6 hdi luu & 80°C trong thoi gian 6 gidr. Khi phan tng hoan thanh, dung méi duoc loai
b0, va hdn hop tao thanh dugc pha lodng bang etyl axetat va dugc rira bang dung dich natri
clorua bao hoa. Ldp hitu co duge thu gom, dugce lam kho trén magie sulfat, dugc loc va co dac

duéi ap suét giam, va sau d6 dugc tinh ché bang phuong phap sic ky cot (hexan: etylaxetat =
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2:1) dé thu dugc hop chit néu & tiéu dé nay (120 mg, hidu sut: 71%).

(Bu6c 4-6) Didu ché benzyl (2R,3S)-2-(3-((2-amino-4-bromophenyl)amino)-2-
hydroxypropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-carboxylat

Benzyl  (2R,3S)-2-(-3-((4-bromo-2-nitrophenyl)amino)-2-hydroxypropyl)-3-(tert-
butyldimetylsilyloxy )piperidin-1-carboxylat (120 mg, 0,19 mmol) thu dugc tir budce 4-5 duge
hoa tan trong metanol (6 mL) duoc bd sung niken Raney véi luong thich hop. Sau khi ndi véi
binh cAu hydro, hdn hop dugc khudy & nhiét d6 trong phong trong thdi gian 1 gid. Khi phan tmg
hoan thanh, dung dich phan tmg duoc loc qua xelit va duge cd ddc dudi dp sut gidm. Phan tng

sau d6 duoc tién hanh ma khong can dén quy trinh tinh ché.

(Budc 4-7) Diéu ché benzyl (2R,3S)-2-(-3-(5-bromo-1H-benzo[d]imidazol-1-y1)-2-
hydroxypropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-carboxylat

Benzyl (2R,3S)-2-(-3-((2-amino-4-bromophenyl)amino)-2-hydroxypropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat (120 mg, 0,20 mmol) thu dugc tir bude 4-6 dugc
hoa tan trong toluen (1 mL) dugc bd sung vao axit papa-toluen sulfonic (7 mg, 0,04 mmol) va
trietylorthoformat (100 uL, 0,42 mmol) va sau dé dugc khudy & nhiét d6 40°C trong thoi gian
12 gid. Khi phan tmg hoan thanh, hdn hgp tao thanh duge pha loang bang etyl axetat va duoc
rira bang dung dich natri clorua bdo hoa. Lép hitu co duge thu gom, dugc 1am kho trén magie
sulfat, duoc loc va ¢ dic dudi ap suét giam, va sau d6 dugc tinh ché bing phuong phép séc ky
cot (hexan: etylaxetat = 1:2) @& thu dugc hop cht néu & tiéu d& nay (64 mg, hidu suit hai budc:
55%).

(Budc 4-8) Diéu ché benzyl (2R,3S)-2-(3-(5-bromo-1H-benzo[d]imidazol-1-yl)-2-
oxopropyl)-3-((tert-butyldimetylsilyloxy)piperidin-1-carboxylat

Benzyl  (2R,3S)-2-(3-(5-bromo-1H-benzo[d]imidazol-1-yl)-2-oxopropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat (64 mg, 0,11 mmol) thu dugc tir budc 4-7 duge hoa
tan trong diclometan (1 mL) duoc bd sung vao 1,1,1-triaxetoxy-1,1-dihydro-1,2-benziodoxol-
3(1H)-on (54 mg, 0,13 mmol) va sau d6 dugc khudy & nhiét do trong phong trong thdi gian 3
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gio. Khi phéan tmg hoan thanh, hdn hop tao thanh dugc pha lodng bang etyl axetat va duoc rira
bang dung dich natri clorua bio hda. Lép hitu co duoc thu gom, duoc 1am kho trén magie sulfat,
duoc loc va cd dic dudi ap sudt giam, va sau d6 dugc tinh ché bang phuong phap séc ky cot

(diclometan: metanol = 15:1) dé thu duoc hop chét néu & tidu d& nay (49 mg, hiéu suit: 77%).

Budc 4-9: Piéu ché 1-(5-bromo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-

hydroxypiperidin-2-yl)propan-2-on
| Benzyl (2R,3S)-2-(tert-butyldimetylsilyloxy)-2~(2-oxo-3-(4-phenyl-1H-

benzo[d]imidazol-1-yl)propyl)piperidin-1-carboxylat (49 mg, 0,08 mmol) thu dugc tir buée 4-
8 dugc hoa tan trong dung dich axit clohydric 6N (2 mL) va sau dé dwoc khudy dudi nhiét do
hdi Iru trong thoi gian 1 gio. Khi phan tmg hoan thanh, dung dich phan Gng dugc 1am mat dén
nhiét d6 0°C, dugc trung hoa (pH=7) bing kali cacbonat va sau d6 dugc chiét bang dung dich
da tron chira clorofom va mot lugng nho axeton. Lép hitu co dugce thu gom, dugce lam kho trén
magie sulfat, duoc loc va c6 dac dudi 4p suét gidm, va sau d6 duoc két tinh lai b@ing dietylete
dé thu dugc hop chét néu 6 tiéu dé nay (20 mg, hiéu suét: 70%).

TH-NMR (500 MHz, DMSO-ds): & 8,09 (s, 1H), 7,84 (d, 1H), 7,36 (dd, 1H), 5,33 (dd,
2H), 4,82 (d, 1H), 2,98 (m, 1H), 2,92 (dd, 1H), 2,82 (d, 1H), 2,67 (m, 1H), 2,39 (m, 1H), 1,90 (m,
1H), 1,59 (d, 1H), 1,35 (m, 1H), 1,22 (m, 1H).

Vi du 5: Didu ché 1-(6-bromo-1H-benzo[d]imidazol-1-y1)-3-(2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on
WOH

N

Phan tmg dugc tién hanh theo cach twong tw nhu trong budic 4-1 dén budc 4-9 trong Vi
du 4, ngoai trir 4-bromo-2-flo-1-nitrobenzen dugc str dung thay cho 4-bromo-1-flo-2-nitrobenzen
trong budc 4-5 trong Vi du 4, nhdy d6 thu duoc hop chét néu & tiéu dé nay (8 mg, hiéu suit: 61%).

TH-NMR (500 MHz, DMSO-ds): 8,05 (s, 1H), 7,79 (d, 1H), 7,58 (s, 1H), 7,29 (dd,
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1H), 5,33 (m, 2H), 4,84 (d, 1H), 3,02 (m, 1H), 2,93 (dd, 1H), 2,84 (m, 1H), 2,67 (m, 2H), 2,39 (m,
1H), 2,11 (s, 1H), 1,92 (m, 1H), 1,59 (m, 1H), 1,39 (m, 1F), 1,28 (m, 1H).

Vi du 6: Diéu ché 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(5-(triflometyl)-1H-

benzo[d]imidazol-1-yl)propan-2-on

OH N

CF;

Phéan tmg dugc tién hanh theo cach twong tu nhu trong budc 4-1 dén bude 4-9 trong Vi
du 4, ngoai trr 1-flo-2-nitro-4-(triflometyl)benzen dugc st dung thay cho 4-bromo-1-flo-2-
nitrobenzen trong budc 4-5 trong Vi du 4, nhé d6 thu duge hop chét néu & tiéu d& nay (9 mg, hidu
suat: 47%).

TH-NMR (500 MHz, DMSO-ds): 5 8,26 (s, 1H), 8,03 (s, 1H), 7,79 (d, 1H), 7,56 (d, 1H),
5,42 (m, 2H), 4,85 (d, 1H), 3,03 (m, 1H), 2,94 (dd, 1H), 2,82 (m, 1H), 2,67 (m, 1H), 2,44 (m, 1H),
2,37 (m, 1H), 1,91 (m, 1H), 1,59 (m, 1H), 1,37 (m, 1H), 1,23 (m, 1H).

Vi du 7: Biéu ché 1-(2R,3 S)-3-hydroxypiperidin-2-yl)-3-(6-(triflomety1)-1H-
benzo[d]imidazol-1-yl)propan-2-on
) ‘\\DH.
-2

N
H

Phan ting duoc tién hanh theo cach trong ti nhu trong budc 4-1 dén bude 4-9 trong Vi
du 4, ngoai trr 2-flo-1-nitro-4-(triflometyl)benzen dugc st dung thay cho 4-bromo-1-flo-2-
nitrobenzen trong budc 4-5 trong Vi du 4, nhé d6 thu duge hop chét néu ¢ tiéu dé nay (15 mg,
hiéu sudt: 58%).

'H-NMR (500 MHz, DMSO-d): 5 8,28 (s, 1H), 8,26 (s, 1H), 7,85 (d, 1H), 7,51 (d, 1H),
5,44 (m, 2H), 4,82 (d, 1H), 3,03 (m, 1H), 2,96 (dd, 1H), 2,83 (d, 1H), 2,68 (m, 1H), 2,45 (m, 1H),
2,39 (m, 1H), 1,92 (m, 1H), 1,60 (m, 1H), 1,38 (m, 1H), 1,24 (m, 1H).
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Vi du 8: Didu ché 1-((2R,38)-3-hydroxypiperidin-2-yl)-3-(7-(triflometyl)-1H-benzo[d]imidazol-
1-yl)propan-2-on

J\O‘H .
) O

Phan tmg dugc tién hanh theo cach twong ty nhu trong bude 4-1 dén bude 4-9 trong Vi
du 4, ngoai trir 2-flo-1-nitro-3-(triflometyl)benzen dugc sit dung thay cho 4-bromo-1-flo-2-
nitrobenzen trong budc 4-5 trong Vi du 4, nhd d6 thu dugc hop chét néu & tiéu dé nay (14 mg,
hiéu suét: 70%).

'H-NMR (500 MHz, DMSO-ds): & 8,28 (s, 1H), 8,26 (s, 1H), 7,85 (d, 1H), 7,51 (d, 1H),
5,44 (m, 2H), 4,82 (d, 1H), 3,03 (m,1H), 2,96 (dd, 1H), 2,83 (d, 1H), 2,68 (m, 1H), 2,45 (m, 1H),
2,39 (m, 1H), 1,92 (m, 1H), 1,60 (m, 1H), 1,38 (m, 1H), 1,24 (m, 1H).

Vi du 9: Diéu ché 1-(5,6-dimetyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-
2-yl)propan-2-on

n"-\DH .
M
N < {
H

Phan (g duoc tién hanh theo cach twong tir nhur trong bude 1-1 va bude 1-2 trong Vi

du 1, ngoai trr 5,6-dimetyl-1H-benzo[d]imidazol dugc st dung thay cho 1H-benzo[d]imidazol,
nhd d6 thu duoc hop chét néu ¢ tiéu d& nay (25 mg, hiéu suit: 63%).

TH-NMR (500 MHz, CDCl3-d): 6 7,70 (s, 1H), 7,53 (s, 1H), 6,97 (s, 1H), 3,15-3,20 (m,
1H), 2,96 (dd, 1H), 2,91 (m, 1H), 2,79 (m, 1H), 2,53 (m, 1H), 2,39 (m, 1H), 2,31 (d, 6H), 2,01 (m,
2H), 1,69 (m, 2H), 1,46 (m, 2H).

Vi dy 10: Diéu ché 1-(5,6-diflo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on
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Phan tng duoc tién hanh theo cach trong tir nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 5,6-diflo-1H-benzo[d]imidazol dugc st dung thay cho 1H-benzo[d]imidazol, nhd
d6 thu dugc hop chét néu ¢ tiéu d& nay (11 mg, hidu sut: 64%).

'H-NMR (500 MHz, CDClz-d): 6 7,70 (s, 1H), 7,57 (s, 1H), 7,07 (s, 1H), 3,15-3,20 (m,
1H), 2,96 (dd, 1H), 2,91 (m, 1H), 2,79 (m, 1H), 2,53 (m, 1H), 2,39 (m, 1H), 2,31 (d, 6H), 2,01 (m,
2H), 1,69 (m, 2H), 1,46 (m, 2H).

Vidu 11: Piéu ché 1-(4,5-diflo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on

. Ky OH P
”

N |

H ‘ F

Phan tmg duoc tién hanh theo cach trong tr nhur trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 4,5-diflo-1H-benzo[d]imidazol dugc sir dung thay cho 1H-benzo[d]imidazol, nho
d6 thu dugc hop chét néu ¢ tiéu @& nay (30 mg, hiéu sut: 60%).

TH-NMR (500 MHz, DMSO-ds): & 8,16 (s, 1H), 7,22-7,5 (m, 2H), 5,77 (m, 2H), 4,82
(d, 1H), 3,00 (m, 1H), 2,98 (m, 1H), 2,81 (m, 1H), 2,66 (m, 1H), 2,35-2,42 (m, 2H), 1,91 (m, 1H),
1,58 (m, 1H), 1,35 (m, 1H), 1,26 (m, 1H).

Vidu 12: Diéu ché 1-(4,5-diclo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on

“OH |
| N .
N
H Cl

Phan tng duoc tién hanh theo cach fuong tw nhu trong budce 1-1 va bude 1-2 trong Vi
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du 1, ngoai trir 4,5-clo-1H-benzo[d]imidazol duoc st dung thay cho 1H-benzo[d]imidazol, nho
d6 thu duoc hop chét néu & tiéu dé nay (32 mg, hiéu sut: 70%).

'H-NMR (500 MHz, DMSO-ds): 5 8,20 (s, 1H), 7,51 (d, 1H), 7,44 (d, 1H), 5,39 (dd,
2H), 5,02 (s, 1H), 3,11 (m, 1H), 2,98 (dd, 1H), 2,90 (d, 1H), 2,81 (m, 1H), 1,91 (m, 1H), 1,64 (d,
1H), 1,43 (m, 1H), 1,29 (m, 1H).

Vi duy 13: Didu ché 1-(5-flo-4-metyl-1H-benzo[d]imidazol-1-yI)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on
 wOH

o =N
N e *\/N
H F

Phén tmg dugc tién hanh theo cach trong tr nhur trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 5-flo-4-metyl-1H-benzo[d]imidazol dugc stt dung thay cho 1H-benzo[d]imidazol,
nhdr d6 thu dugc hop chit néu 6 tidu dé nay (15 mg, hiéu sut: 55%).

'H-NMR (500 MHz, DMSO-d): 8 8,05 (s, 1H), 7,25 (m, 1H), 7,02 (t, 1H), 5,28 (dd,
2H), 4,79 (d, 1H), 2,99 (m, 1H), 2,89 (m, 1H), 2,79 (d, 1H), 2,64 (m, 1H), 2,50 (s, 3H), 2,41 (m,
1H), 2,05 (m,1H), 1,88 (d, 1H), 1,55 (d, 1H), 1,33 (m, 1H), 1,25 (m, 1H).

Vi du 14: Diéu ché 1-(5-clo-4-metyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

» "‘\OHO N

3.

Phan ting dugc tién hanh theo cach tuong tur nhu trong bude 1-1 va bude 1-2 trong Vi

N
H

du 1, ngoai trr 5-clo-4-metyl-1H-benzo[d]imidazol dugc sir dung thay cho 1H-benzo[d]imidazol,
nhd d6 thu duge hop chit néu & tiéu dé nay (17 mg, hiéu suit: 60%).

TH-NMR (500 MHz, DMSO-ds): 8 8,06 (s, 1H), 7,30 (d, 1H), 7,22 (d, 1), 5,30 (s, 2H),
4,79 (m, 1H), 2,99 (m, 1H), 2,88 (m, 1H), 2,78 (d, 1H), 2,64 (m, 1H), 2,49 (s, 3H), 2,36 (m, 2H),
1,88 (m, 1H), 1,58 (m, 1H), 1,34 (m, 1H), 1,23 (m, 1H).
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Vi du 15: Piéu ché 1-(5-bromo-4-metyl-1H-benzo[d]imidazol-1-y1)-3-(2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

~OH "
0 {::-N
(l)a,w
N
H o Br

Phan tng duoc tién hanh theo cach twong ti nhur trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trix 5-bromo-4-metyl-1H-benzo[d]imidazol dugc st dung thay cho 1H-
benzo[d]imidazol, nh& d6 thu dwoc hop chit néu & tiéu d& nay (29 mg, hiéu suét: 91%).

‘ 'H-NMR (500 MHz, DMSO-ds): & 8,06 (s, 1H), 7,38 (d, 1H), 7,27 (d, 1H), 5,32 (m,
2H), 5,81 (d, 1H), 3,00 (m, 1H), 2,91 (dd, 1H), 2,81 (d, 1H), 2,66 (m, 1H), 2,59 (s, 3H), 2,41 (m,
2H), 1,90 (m, 1H), 1,58 (m, 1H), 1,34 (m, 1H), 1,25 (m, 1H).

Vi du 16: Didu ché 1-(4,5-dimetyl-1H-benzo[dJimidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-
2-yl)propan-2-on

“
M - |

Phan tmg dugc tién hanh theo cach twong tw nhur trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 4,5-dimetyl-1H-benzo[d]imidazol dugc st dung thay cho 1H-benzo[d]imidazol,
nhd do6 thu dugc hop chit néu & tiéu dé nay (33 mg, hiéu suét: 72%).

‘ TH-NMR (500 MHz, DMSO-ds): 8 7,93 (s, 1H), 7,13 (d, 1H), 7,00 (d, 1H), 5,24 (dd,
2H), 4,79 (d, 1H), 3,00 (m, 1H), 2,90 (dd, 1H), 2,81 (d, 1H), 2,64 (m, 1H), 2,46 (s, 3H), 2,39 (m,
2H), 2,32 (s, 3H), 1,90 (m, 1H), 1,58 (d, 1H), 1,33 (m, 1H), 1,21 (m, 1H).

Vi du 17: Diéu ché 1-(5-flo-4-(triflometyl)- 1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on
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Phén tmg dugc tién hanh theo cach tuong tir nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 5-flo-4-(triflometyl)-1H-benzo[d]imidazol dugc st dung thay cho I1H-
benzo[d]imidazol, nh& d6 thu dugc hop chét néu ¢ tiéu d& nay (20 mg, hiéu suit: 67%).

'H-NMR (500 MHz, DMSO-de): & 8,27 (s, 1H), 7,81 (m, 1H), 7,32 (m, 1H), 5,41 (d,
2H), 4,83 (d, 1H), 2,94 (m, 1H), 2,91 (m, 1H), 2,80 (d, 1H), 2,67 (m, 1H), 2,42 (m, 1H), 2,36 (m,
1H), 1,90 (d, 1H), 1,57 (d, 1H), 1,35 (m, 1H), 1,23 (m, 1H).

Vi du 18: Diéu ché 1-(5-bromo-4-(triflometyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

~OH
o AN\ cR
N, Y
-/ "Br

Phéan ting dugc tién hanh theo cach trong tur nhur trong bude 1-1 va bude 1-2 trong Vi

N
H

du 1, ngoai trir 5-bromo-4-(triflometyl)-1H-benzo[d]imidazol dugc st dung thay cho 1H-
benzo[d]imidazol, nhd d6 thu duge hop chit néu & tidu dé nay (20 mg, hiéu suit: 67%).

'H-NMR (500 MHz, DMSO-ds): § 8,26 (s, 1H), 7,72 (d, 1H), 7,65 (d, 1H), 5,42 (d, 2H),
4,85 (s, 1H), 3,02 (m, 1H), 2,93 (d, 1H), 2,83 (d, 1H), 2,68 (m, 1H), 2,42 (m, 2H), 1,91 (m, 1H),
1,58 (m, 1H), 1,36 (m, 1H), 1,24 (m, 1H).

Vi du 19: Diéu ché 1-(4-bromo-5-metyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

WOH
N .

Phan tmg dugc tién hanh theo cach trong tur nhu trong budc 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 5-metyl-4-bromo-1H-benzo[d]imidazol duoc st dung thay cho 1H-
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benzo[d]imidazol, nh¢ d6 thu duge hop chit néu & tiéu dé nay (18 mg, hiéu suit: 63%).

'H-NMR (500 MHz, DMSO-de): 8 8,07 (s, 1H), 7,36 (d, 1H), 7,18 (d, 1H), 5,32 (d, 2H),
4,81 (m, 1H), 2,99 (m, 1H), 2,90 (d, 1H), 2,80 (d, 1H), 2,66 (m, 1H), 2,42 (s, 3H), 2,34 (m, 2H),
1,89 (d, 1H), 1,57 (d, 1H), 1,33 (m, 1H), 1,25 (m, 1H).

Vi du 20: Piéu ché 1-(5-bromo-4-flo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

E.t‘\OHO - N

PN\ F
a8

Phan tmg duoc tién hanh theo cach twong tir nhu trong budc 1-1 va bude 1-2 trong Vi

‘N
H

du 1, ngoai trir 5-bromo-4-flo- 1H-benzo[d]imidazol dugc str dung thay cho 1H-benzo[d]imidazol,
nh&r d6 thu dugc hop chét néu & tiéu dé nay (15 mg, hiéu suit: 61%).

TH-NMR (500 MHz, DMSO-ds): & 8,14 (s, 1H), 7,45 (m, 1H), 7,32 (d, 1H), 5,37 (m,
2H), 4,82 (m, 1H), 2,99 (m, 1H), 2,90 (d, 1H), 2,80 (m, 1H), 2,65 (m, 1H), 2,37 (m, 2H), 1,89 (m,
1H), 1,59 (m, 1H), 1,34 (m, 1H), 1,22 (m, 1H).

Vi du 21: Piéu ché 1-(4-clo-5-flo-1H-benzo[dJimidazol- 1-y1)-3-((2R,3S)-3-hydroxypiperidin-
2-yl)propan-2-on

: OH :
N
M

Phan ting duoc tién hanh theo cach twong tir nhur trong budc 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 4-clo-5-flo-1H-benzo[d]imidazol dugc st dung thay cho 1H-benzo[d]imidazol,
nhd d6 thu duoc hop chit néu & tiéu dé nay (22 mg, hiéu suat: 75%).

TH-NMR (500 MHz, DMSO-ds): 6 8,14 (d, 1H), 7,81 (dd, 1H), 7,60 (dd, 1H), 5,33-
5,29 (m, 2H), 4,81 (t, 1H), 3,30-2,99 (m, 1H), 2,93-2,88 (m, 1H), 2,80 (s, 1H), 2,66-2,62 (m, 1H),
2,43-2,34 (m, 1H), 1,88 (d, 1H), 1,56 (d, 1H), 1,26-1,21 (m, 1H).
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Vi du 22: Pidu ché 1-(5-bromo-4-clo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

LEDH
- Ne_/
M
H E!r

Phén g duoc tién hanh theo cach tuwong tur nhur trong budc 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 5-bromo-4-clo-1H-benzo[ d]imidazol dugc str dung thay cho 1H-benzo[d]imidazol,
nh&r d6 thu dugc hop chét néu & tidu dé nay (22 mg, hiéu suét: 75%).

TH-NMR (500 MHz, DMSO-ds): & 8,17 (s, 1H), 7,56 (d, 1H), 7,45 (d, 1H), 5,37 (dd,
2H), 4,87 (d, 1H), 3,03 (m, 1H), 2,94 (dd, 1H), 2,84 (d, 1H), 2,70 (m, 1H), 2,42 (m, 2H), 1,91 (m,
1H), 1,60 (d, 1H), 1,34 (m, 1H), 1,25 (m, 1H).

Vi du 23: Diéu ché 1-(6-bromo-4-metyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on
wOH

0

M
H

Phan tmg duoc tién hanh theo cach tuong tir nhu trong bude 1-1 va budc 1-2 trong Vi
du 1, ngoai trr 6-bromo-4-metyl-1H-benzo[d]imidazol dugc st dung thay cho I1H-
benzo[d]imidazol, nhd d6 thu dwoc hop chit néu & tiéu dé nay (10 mg, hidu suét: 40%).

IH-NMR (500 MHz, DMSO-de): & 8,14 (s, 1H), 7,83 (d, 1H), 7,62 (d, 1H), 5,30 (m,
2H), 4,84 (s, 1H), 3,02 (m, 1H), 2,94 (m, 1H), 2,82 (m, 1H), 2,68 (m, 1H), 2,43 (m, 1H), 2,39 (m,
1H), 1,91 (m, 1H), 1,59 (m, 1H), 1,36 (m, 1H), 1,26 (m, 1H).

Vi du 24: Diéu ché 1-(6-clo-4-metyl-1H-benzo[dJimidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on
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Phan Gng duoc tién hanh theo cach trong tir nhur trong budc 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 6-clo-4-metyl-1H-benzo[d]imidazol dugc st dung thay cho 1H-benzo[d]imidazol,
nhé d6 thu dugc hop chit néu & tiéu dé nay (10 mg, hiéu suit: 36%).

TH-NMR (500 MHz, DMSO-de): & 8,16 (s, 1H), 7,87 (d, 1H), 7,70 (d, 1H), 5,30 (m,
2H), 4,84 (s, 1H), 3,02 (m, 1H), 2,94 (m, 1H), 2,82 (m, 1H), 2,68 (m, 1H), 2,43 (m, 1H), 2,39 (m,
1H), 1,91 (m, 1H), 1,59 (m, 1H), 1,36 (m, 1H), 1,26 (m, 1H).

Vi du 25: Diéu ché 1-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on

I

Phan tGmg duoc tién hanh theo cach trong tir nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 5,6-diclo-1H-benzo[d]imidazol dugc sir dung thay cho 1H-benzo[d]imidazol, nhd
d6 thu duge hop chit néu 6 tiéu dé nay (20 mg, hiéu suat: 70%).

TH-NMR (500 MHz, DMSO-ds): 6 8,16 (s, 1H), 7,93 (d, 2H), 5,34 (dd, 2H), 4,82 (d,
1H), 3,00 (m, 1H), 2,94 (dd, 1H), 2,83 (d, 1H), 2,66 (m, 1H), 2,39 (m, 2H), 1,91 (d, 1H), 1,58 (d,
1H), 1,33 (m, 1H), 1,22 (m, 1H).

Vi du 26: Didu ché 1-(6-bromo-5-flo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on
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Phan tmg dugc tién hanh theo cach turong tir nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 6-bromo-5-flo- 1H-benzo[d]imidazol duogc st dung thay cho 1H-benzo[d]imidazol,
nhdr d6 thu duoc hop chét néu 6 tiéu dé nay (14 mg, hidu sudt: 65%).

'H-NMR (500 MHz, DMSO-ds): & 8,13 (s, 1H), 7,83 (d, 1H), 7,64 (d, 1H), 5,30 (m,
2H), 4,82 (s, 1H), 3,00 (m, 1H), 2,91 (dd, 1H), 2,81 (d, 1H), 2,65 (m, 1H), 2,41 (m, 1H), 2,35 (m,
1H), 2,08 (s, 1H), 1,89 (d, 1H), 1,59 (m, 1H), 1,39-1,21 (m, 2H).

Vi dy 27: Diéu ché 1-(5,6-dibromo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

Iz

Phan tmg duoc tién hanh theo cach twong tw nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 5,6-dibromo-1H-benzo[d]imidazol dugc st dung thay cho 1H-benzo[d]imidazol,
nho d6 thu duge hop chét néu & tiéu dé nay (22 mg, hi¢u suét: 75 %).

TH-NMR (500 MHz, DMSO-de): & 8,13 (s, 1H), 8,06 (d, 2H), 5,34 (dd, 2H), 4,82 (d,
1H), 3,00 (m, 1H), 2,94 (dd, 1H), 2,84 (d, 1H), 2,66 (m, 1H), 2,39 (m, 2H), 1,91 (d, 1H), 1,60 (d,
1H), 1,33 (m, 1H), 1,22 (m, 1H).

Vi du 28: Didu ché 1-(6-clo-7-metyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-
2-yl)propan-2-on
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A OH -
I

Phan tmg dugc tién hanh theo cach twong ty nhu trong budc 4-1 dén budc 4-9 trong Vi

du 4, ngoai trr 1-clo-3-flo-2-metyl-4-nitrobenzen dugc st dung thay cho 4-bromo-1-flo-2-
nitrobenzen trong budc 4-5 trong Vi du 4, nhd d6 thu dwoc hop chét néu & tiéu dé nay (40 mg,
hiéu suét: 70%).

TH-NMR (500 MHz, DMSO-de): & 8,00 (s, 1H), 7,49 (d, 1H), 7,23 (d, 1H), 5,52 (dd,
2H), 4,78 (d, 1H), 2,97 (m, 2H), 2,80 (d, 1H), 2,65 (m, 1H), 2,44 (m, 1H), 2,34 (t, 1H), 1,89 (m,
1H), 1,58 (d, 1H), 1,33 (m, 1H), 1,22 (m, 1H).

Vi du 29: Pidu ché 1-(5-bromo-1H-imidazo[4,5-b]pyridin-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

Phan tmg dugc tién hanh theo cach trong tir nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 5-bromo-1H-imidazo[4,5-b]pyridin dugc sir dung thay cho 1H-benzo[d]imidazol,
nhdr d6 thu duge hop chét néu & tiéu dé nay (20 mg, hiéu suit: 68%).

'H-NMR (500 MHz, DMSO-ds): & 8,31 (s, 1H), 8,08 (d, 1H), 7,48 (d, 1H), 5,32 (dd,
2H), 4,80 (d, 1H), 3,00 (m, 2H), 2,81 (d, 1H), 2,67 (m, 1H), 2,37 (m, 1H), 1,90 (d, 1H), 1,58 (d,
1H), 1,34 (m, 1H), 1,23 (m, 1H).

Vi du 30: Pidu ché 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(5-(triflometyl)-1H-imidazo[4,3-
b]pyridin-1-yl)propan-2-on

(I‘Diu\/ M
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Phén tmg duorc tién hanh theo cach twrong t nhu trong budce 1-1 trong Vi du 1, ngoai
trir 5-(triflometyl)-3H-imidazo[4,5-b]pyridin dugc st dung thay cho 1H-benzo[d]imidazol, va sau
d6 duoc tach bang phuong phap sic ky cot (hexan: etyl axetat = 1:4), nhd d6 thu duge hop chét
trung gian (38 mg, hiéu suét: 30%). Sau d6, phan tmg duoc tién hanh theo cach tuong tw nhu trong
bude 1-2 trong Vi du 1, nhér d6 thu duge hop chat néu & tiéu dé nay (12 mg, hiéu sudt: 56%).

. 'H-NMR (500 MHz, DMSO-de): 6 8,53 (s, 1H), 8,16 (d, 1H), 7,76 (d, 1H), 5,44 (d, 2H),
4,82 (s, 1H), 2,94 (m, 1H), 2,91 (m, 1H), 2,79 (d, 1H), 2,66 (m, 1H), 2,45 (m, 1H), 2,36 (m, 1H),
1,89 (d, 1H), 1,56 (d, 1H), 1,34 (m, 1H), 1,23 (m, 1H).

Vi du 31: Piéu ché 1-(6-bromo- 1H-imidazo[4,5-b]pyridin-1-y1)-3-(2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

Phéan tmg dugc tién hanh theo cach twong tyr nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 6-bromo-1H-imidazo[4,5-b]pyridin dugc sir dung thay cho 1H-benzo[d]imidazol,
nhor d6 thu duoc hop chét néu ¢ tiéu dé nay (22 mg, hiéu suét: 75%).

'H-NMR (500 MHz, DMSO-ds): & 8,48 (d, 1H), 8,33 (s, 1h), 8,29 (s, 1H), 5,37 (dd,
2H), 4,86 (d, 1H), 3,03 (m, 1H), 2,96 (dd, 1H), 2,84 (d, 1H), 2,70 (m, 1H), 2,43 (m, 1H), 1,90 (m,
1H), 1,60 (d, 1H), 1,36 (m, 1H), 1,26 (m, 1H).

Vi du 32: Piéu ché 1-(6-clo-1H-imidazo[4,5-c]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on

Phan tng dugc tién hanh theo cach tuong tw nhu trong bude 1-1 va bude 1-2 trong Vi
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du 1, ngoai trr 6-clo-1H-imidazo[4,5-b]pyridin dugc str dung thay cho 1H-benzo[d]imidazol, nh¢
d6 thu dugc hop chét néu ¢ tiéu d& nay (20 mg, hiéu suat: 72%).

IH-NMR (500 MHz, DMSO-de): & 8,76 (s, 1H), 8,24 (s, 1H), 7,72 (s, 1H), 5,39 (dd,
2H), 5,10 (brs 1H), 3,18 (m, 1H), 3,01 (m, 1H), 2,92 (m, 2H), 2,55 (m, 2H), 1,90 (m, 1H), 1,67 (d,
1H), 1,43 (m, 1H), 1,32 (m, 1H).

Vi du 33: Diéu ché 1-(7-bromo-1H-imidazo[4,5-c]pyridin-1-yI)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

WOH }
AN T
Br’

Phén tmg dugc tién hanh theo cach twong tir nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 7-bromo-1H-imidazo[4,5-b]pyridin dugc sit dung thay cho 1H-benzo[d]imidazol,
nho d6 thu du:(yc hop chét néu & tiéu d& nay (15 mg, hiéu suit: 51%).

'H-NMR (500 MHz, CDCls-ds): 5 8,88 (s, 1H), 8,64 (s, 1H), 8,03 (s, 1H), 5,24 (m, 1H),
5,11 (m, 1H), 4,41 (d, 1H), 3,27 (m, 1H), 2,99-3,08 (m, 2H), 2,59 (m, 1H), 2,09 (m, 1H), 1,75 (m,
1H).

Vi du 34: Biéu ché 1-((2R,3S)-3-hydroxypiperidin-2-y1)-3-(3H-imidazo[4,5-b]pyridin-3-
yl)propan-2-on

OH N
_ N/ ¥

Phan tmg dugc tién hanh theo cach twong tu nhwr trong budc 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 3H-imidazo[4,5-b]pyridin dugc st dung thay cho 1H-benzo[d]imidazol, nhd d6
thu duge hop chét néu & tiéu dé nay (17 mg, hidu suét: 65%).

TH-NMR (500 MHz, CDCls-de): 6 8,35 (d, 1H), 8,09 (dd, 1H), 8,06 (s, 1H), 5,19 (s, 2H),
3,28 (m, 1H), 3,09 (dd, 1H), 2,97 (m, 1H), 2,88 (m, 1H), 2,60 (m, 2H), 2,08 (m, 1H), 1,73 (m, 1H),
1,51 (m, 1H), 1,34 (m, 1H).
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Vi du 35: Diéu ché 1-(5-bromo-3H-imidazo[4,5-b]pyridin-3-y1)-3-(2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

N N\Q
H N
Br

Phan ting dugc tién hanh theo cach trong tir nhur trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 5-bromo-3H-imidazo[4,5-b]pyridin dugc st dung thay cho 1H-benzo[d]imidazol,
nhd d6 thu dugc hop chét néu & tiéu dé nay (19 mg, hiéu sut: 65%).

TH-NMR (500 MHz, DMSO-ds): 8 8,33 (s, 1H), 7,91 (d, 1H), 7,47 (d, 1H), 5,39 (dd,
2H), 4,85 (d, 1H), 3,01 (m, 1H), 2,92 (dd, 1H), 2,66 (m, 1H), 2,37 (m, 2H), 1,90 (m, 1H), 1,58 (d,
1H), 1,36 (m, 1H), 1,24 (m, 1H).

Vi du 36: Diéu ché 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(5-(triflometyl)-3H-imidazo[4,5-
b]pyridin-3-yl)propan-2-on

Phan tmg dugc tién hanh theo cach tuong tir nhur trong budc 1-1 trong Vi du 1, ngoai
trir 5-(triflometyl)-3H-imidazo[4,5-b]pyridin dugc sir dung thay cho 1H-benzo[d]imidazol, va sau
d6 duge tach bang phuong phép sic ky cot (hexan: etyl axetat = 1:4), nhd d6 thu dugc hop chét
trung gian (59 mg, hiéu suit: 47%). Sau d6, phan tmg dugc tién hanh theo cach turong tu nhu trong
bude 1-2 trong Vi du 1, nhdy d6 thu dugc hop chét nédu & tidu dé nay (21 mg, hiéu suét: 63%).

TH-NMR (500 MHz, DMSO-ds): 6 8,55 (s, 1H), 8,36 (d, 1H), 7,78 (d, 1H), 5,39 (d, 2H),
4,77 (d, 1H), 3,00 (m, 2H), 2,79 (d, 1H), 2,66 (m, 1H), 2,36 (m, 1H), 2,02 (s, 1H), 1,89 (d, 1H),1,56
(d, 1H), 1,35 (m, 1H), 1,22 (m, 1H).
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Vi du 37: Bidu ché 1-(6-bromo-3H-imidazo[4,5-b]pyridin-3-y1)-3-((2R,3 S)-3-hydroxypiperidin-
2-yl)propan-2-on

=

Q[
N=, Bf

Phén tmg duoc tién hanh theo céch twong tr nhu trong budc 1-1 va buée 1-2 trong Vi

WOH

~N
H

du 1, ngoai trir 6-bromo-3H-imidazo[4,5-b]pyridin dugc st dung thay cho 1H-benzo[d]imidazol,
nh&r d6 thu duge hop chét néu 6 tiéu dé nay (21 mg, hidu suét: 71%).

IH-NMR (500 MHz, DMSO-ds): & 8,43 (d, 1H), 8,40 (d, 1H), 8,35 (s, 1H), 5,32 (dd,
2H), 4,77 (d, 1H), 2,97 (m, 2H), 2,80 (d, 1H), 2,65 (m, 1H), 2,45 (m, 1H), 2,36 (t, 1H), 1,90 (m,
1H), 1,58 (d, 1H), 1,33 (m, 1H), 1,26 (m, 1H).

Vi du 38: Bidu ché 3-(3-((2R,3S)-3-hydroxypiperidin-2-y1)-2-oxopropyl)-3H-imidazo[4,5-
b]pyridin-6-carbonitril
OH N

| ‘@CN
N"h.a.

Phan tmg duoc tién hanh theo cach trong tur nhu trong bude 1-1 va bude 1-2 trong Vi

N

du 1, ngoai trir 3H-imidazo[4,5-b]pyridin-carbonitril dugc st dung thay cho 1H-benzo[d]imidazol,
nhd d6 thu duge hop chét néu & tiéu dé nay (11 mg, hiéu suat: 48%).

'H-NMR (500 MHz, DMSO-de): 6 8,72 (d, 2H), 8,52 (s, 1H), 5,38-5.5.30 (m, 2H), 4,82
(d, 1H), 3,33 (s, 1H), 2,96 (d, 1H), 2,84 (d, 2H), 2,81 (s, 2H), 2,06 (s, 1H), 1,90 (d, 1H), 1,58 (d,
1H), 1,38-1,26 (m, 1H).

Vi du 39: Didu ché 1-(6-clo-7-metyl-3H-imidazo[4,5-b]pyridin-3-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on
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Phan tmg duoc tién hanh theo cach tuong tir nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 6-clo-7-metyl-3H-imidazo[4,5-b]pyridin dugc st dung thay cho 1H-
benzo[d]imidazol, nhé d6 thu duoc hop chit néu & tiéu dé nay (25 mg, hiéu suat: 77%).

TH-NMR (500 MHz, DMSO-de): 6 8,31 (m, 2H), 5,29 (d, 2H), 4,75 (d, 1H), 2,96 (m,
2H), 2,78 (d, 1H), 2,62 (s, 3H), 2,42 (m, 1H), 2,32 (m, 1H), 1,99 (m, 1H), 1,88 (d, 1H), 1,57 (d,
iH), 1,37 (m, 1H), 1,28 (m, 1H).

Vi du 40: Bidu ché 1-(6-bromo-7-metyl-3H-imidazo[4,5-b]pyridin-3-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

N Br

Phan tng duoc tién hanh theo cach twong tw nhur trong bude 1-1 va bude 1-2 trong Vi

N
H

du 1, ngoai trr 6-bromo-7-metyl-3H-imidazo[4,5-b]pyridin duwoc st dung thay cho 1H-
benzo[d]imidazol, nhd d6 thu duoc hop chit néu & tiéu dé nay (27 mg, hiéu suét: 75%).

TH-NMR (500 MHz, DMSO-dg): 6 8,28 (m, 2H), 5,27 (d, 2H), 4,75 (d, 1H), 2,94 (m,
2H), 2,77 (d, 1H), 2,43 (m, 1H), 2,33 (m, 1H), 1,98 (m, 1H), 1,88 (m, 1H), 1,53 (m, 1H), 1,31 (m,
1H), 1,25 (m, 1H).

Vi du 41: Bidu ché 1-(5,7-diclo-3H-imidazo[4,5-b]pyridin-3-y1)-3-((2R,3S)-3-hydroxypiperidin-
2-yDpropan-2-on

Phan tmg duoc tién hanh theo cach twong tur nhur trong budc 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 5,7-diclo-3H-imidazo[4,5-b]pyridin duoc st dung thay cho 1H-benzo[d]imidazol,
nhd d6 thu dugc hop chit néu & tiéu d& nay (20 mg, hiéu suét: 70%).

TH-NMR (500 MHz, DMSO-d): 6 8,42 (s, 1H), 7,64 (s, 1H), 5,34 (dd, 2H), 4,77 (d,
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1H), 2,99 (m, 2H), 2,81 (d, 1H), 2,65 (m, 1H), 2,46 (m, 1H), 2,36 (m, 1), 1,90 (m, 1H), 1,58 (d,
1H), 1,33 (m, 1H), 1,23 (m, 1H).

Vi du 42: Biéu ché 1-(6-bromo-7-clo-3H-imidazo[4,5-b]pyridin-3-y1)-3-(2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

E.'-“‘OHD M

!I’;; Cl
N )\
. TBr

Phan tmg duoc tién hanh theo cach tuong tir nhur trong bude 1-1 va bude 1-2 trong Vi

M
H

du 1, ngoai trr 6-bromo-7-clo-3H-imidazo[4,5-b]pyridin dugc st dung thay cho 1H-
benzo[d]imidazol, nhd d6 thu duoc hop chét néu & tiéu dé nay (22 mg, hiéu suit: 70%).

'H-NMR (500 MHz, DMSO-de): & 8,57 (s, 1H), 8,42 (s, 1H), 5,34 (d, 2H), 4,75 (d, 1H),
2,96 (m, 2H), 2,77 (d, 1H), 2,63 (m, 1H), 2,43 (m, 1H), 2,35 (m, 1H), 1,88 (d, 1H), 1,55 (d, 1H),
1,33 (m, 1H), 1,24 (m, 1H).

Vi du 43: Dibu ché mudi hydroclorua ciia axit 3-(3-((2R,3S)-3-hydroxypiperidin-2-y1)-2-
oxopropyl)-3H-imidazo[4,5-c]pyridin-6-carboxylic

OH
o 0 F_—_—;N
=
H e,
N OH
2HCl

(Budc 43-1) Didu ché metyl 3-(3-((2R,3S)-1-((benzyloxy)cacbonyl)-3-(tert-
butyldimetylsilyloxy )piperidin-2-y1)-2-oxopropyl)-3H-imidazo[4,5-c]pyridin-6-carboxylat

Metyl 3H-imidazo[4,5-c]pyridin-6-carboxylat (44 mg, 0,25 mmol) dugc hoa tan trong
N,N-dimetylformamit (2 mL) dugc bd sung vao kali cacbonat (69 mg, 0,50 mmol) v sau d6 duoc
khudy & nhiét d6 trong phong trong thdi gian 10 phut. Sau d6, benzyl (2R,3S)-2-(3-bromo-2-
oxopropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-carboxylat (120 mg, 0,25 mmol) dugc bd
sung vao hdn hop d6 va dugc khudy & nhiét do trong phong trong thdi gian 3 gi¢. Khi phan tng
hoan thanh, dung méi dugc loai bd, va hdn hop tao thanh duge pha loang bang etyl axetat va sau
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d6 duoc rira bang dung dich natri clorua bo hda. Lép hitu co duge thu gom, duge 1am kho trén
magie sulfat, dugc loc va cd dic dudi ap sudt giam, va sau d6 dugc tinh ché bang phuong phap
séc ky cot (diclometan: metanol = 10:1), nhd d6 thu dugc hop chét néu & tidu dé nay (110 mg, hidu
suét: 79%).

(Budc 43-2) Didu ché hydroclorua ciia axit 3-(3-((2R,3S)-3-hydroxypiperidin-2-y1)-2-
oxo-propyl)-3H-imidazo[4,5-c]pyridin-6-carboxylic

Metyl 3-(3-((2R,3S)-1-((benzyloxy)cacbonyl)-3-(tert-butyldimetylsilyloxy)piperidin-
2-yl)-2-oxopropyl)-3H-imidazo[4,5-c]pyridin-6-carboxylat (88 mg, 0,15 mmol) thu dugc tir bude
43-1 dugc hoa tan trong dung dich axit clohydric 6N (2 mL) va sau d6 dugc khudy dudi nhiét do
hdi luu trong thdi gian 1 gio. Khi phan tmg hoan thanh, dung dich phan ting dwoc 1am mat dén
nhiét d6 nhiét d6 trong phong va dung moi dugc loai bd. San phim tao thanh duoc két tinh lai
trong axeton va dugc rira bang dietyl ete, nhéy d6 thu dugc hop cht néu & tiéu d& nay (48 mg, hidu
suét: 53%).

TH-NMR (500 MHz, DMSO-d): & 8,76-8,67 (d, 2H), 7,93 (s, 1H), 5,71 (d, 2H), 3,28
(s, 1H), 3,27-3,14 (m, 2H), 2,99-2,94 (m, 1H), 2,81 (d, 1H), 2,71 (s, 1H), 2,19 (s, 1H), 1,93-1,89
(s, 1H), 1,76-1,68 (m, 2H), 1,46-1,40 (m, 1H).

Vi du 44: Piéu ché mudi 1-(6-clo-9H-purin-9-y1)-3-((2R,3S)-3-hydroxypiperidin-2-yl)propan-2-

ff"N cl
N\%‘j{
N

N=/
2 HCI

on hydroclorua
_ OH

N
H

Phan tmg duoc tién hanh theo c4ch twong tu nhu trong bude 43-1 va budc 43-2 trong
Vi du 43, ngoai trtr 6-clo-9H-purin dugc st dung thay cho metyl 3H-imidazo[4,5-c]pyridin-6-
carboxylat, nh¢ d6 thu dugc hop chét néu & tiéu dé nay (19 mg, hiéu sut: 36%).

TH-NMR (500 MHz, DMSO-ds): 8,60 (d, 1H), 8,26 (s, 1H), 5,06 (s, 2H), 3,53 (s, 1H),
3,29-3,16 (m, 3H), 2,99-2,92 (m, 1H), 2,85-2,73 (m, 1H), 2,06 (s, 1H), 1,90 (d, 1H), 1,88 (d, 1H),
1,75 (d, 1H), 1,63 (d, 1H).
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Vidu45: Didu ché 1-((2R,3S)-3-hydroxypiperidin-2-y1)-3-(4,5,6,7-tetrahydro-1H-
benzo[d]imidazol-1-yl)propan-2-on

SRCIA -
; ”“’@
H

Phén tmg duoc tién hanh theo cach twong tw nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trr 4,5,6,7-tetrahydro-1H-benzo[d]imidazol dugc st dung thay cho 1H-
benzo[d]imidazol, nho d6 thu dugc hop chét néu & tiu d& nay (17 mg, hiéu suat: 67%).

'H-NMR (500 MHz, DMSO-ds): 8 7,33 (s, 1H), 5,15 (d, 2H), 4,75 (d, 1H), 2,97 (m,
2H), 2,75 (d, 1H), 2,70 (m, 2H), 2,66 (m, 2H), 2,40 (m, 1H), 2,37 (m, 1H), 1,99 (m, 1H), 1,91 (m,
2H), 1,87 (m, 1H), 1,85 (m, 2H), 1,55 (m, 1H), 1,33 (m, 1H), 1,21 (m, 1H).

Vi du 46: Diéu ché 1-(5,6-diclo-2-metyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

P

H

Cl

Phén tmg duoc tién hanh theo cach trong tir nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trr 5,6-diclo-2-metyl-1H-benzo[d]imidazol dugc st dung thay cho 1H-
benzo[d]imidazol, nho d6 thu dugc hop chét néu & tiéu d& nay (82 mg, hiéu suét: 87%).

'TH-NMR (500 MHz, DMSO-ds): & 7,82 (s, 1H), 7,77 (s, 1H), 5,30 (dd, 2H), 4,84 (d,
1H), 3,00 (m, 1H), 2,93 (dd, 1H), 2,82 (d, 1H), 2,67 (m, 1H), 2,43 (m, 1H), 2,38 (s, 3H), 1,90 (m,
1H), 1,58 (d, 1H), 1,34 (m, 1H), 1,23 (m, 1H).

Vi du 47: Diéu ché 1-(4,5-diflo-2-metyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on
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H ~F

Phan tmg duoc tién hanh theo cach trong tir nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trr 4,5-diflo-2-metyl-1H-benzo[d]imidazol dugc st dung thay cho 1H-
benzo[d]imidazol, nh d6 thu dugc hop cht néu & tiéu dé nay (10 mg, hiéu suat: 40%).

'H-NMR (500 MHz, DMSO-de): 8 7,15-7,36 (m, 2H), 5,33 (m, 2H), 4,84 (d, 1H), 3,02
(m, 1H), 2,97 (dd, 1H), 2,82 (m, 1H), 2,69(m, 1H), 2,43 (m, 5H), 1,9 (m, 1H), 1,59 (m, 1H), 1,35
(m, 1H), 1,24 (m, 1H).

Vi du 48: Diéu ché 1-(5,6-diclo-2-etyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

AL M N
M ; (

H

cl

Phan tmg duoc tién hanh theo cach trong tu nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trix 5,6-diclo-2-etyl-1H-benzo[d]imidazol dugc sir dung thay cho I1H-
benzo[d]imidazol, nhy d6 thu duoc hop chét néu & tidu dé nay (28 mg, hiéu sudt: 83%).

'H-NMR (500 MHz, DMSO-de): 6 7,82 (d, 2H), 5,30 (dd, 2H), 4,82 (d, 1H), 3,00 (m,
1H), 2,94 (dd, 1H), 2,70 (q, 2H), 2,66 (m, 1H), 2,41 (dd, 1H), 2,37 (m, 1H), 1,89 (d, 1H), 1,60 (d,
1H), 1,34 (m, 1H), 1,23 (m, 4H).

Vi du 49: Diéu ché 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(2-metyl-1H-imidazo[4,5-b]pyridin-
1-yl)propan-2-on

| _N
. "‘\OH 0 \li/ _N

N
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Phan tng duoc tién hanh theo cach trong tw nhu trong budc 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 2-metyl-1H-imidazo[4,5-b]pyridin dugc st dung thay cho 1H-benzo[d]imidazol,
nhd d6 thu duge hop chit néu & tiéu dé nay (12 mg, hiéu sudt: 66%).

TH-NMR (500 MHz, DMSO-de): 6 8,20 (d, 1H), 7,93 (d, 1H), 7,21 (m, 1H), 5,30 (m,
2H), 4,78 (m, 1H), 2,98 (m, 1H), 2,80 (m, 1H), 2,66 (m, 1H), 2,39 (m, 2H), 2,01 (m, 1H), 1,90 (m,
1H), 1,58 (d, 1H), 1,34 (m, 1H), 1,22 (m, 1H).

Vi du 50: Didu ché 1-(5,6-diclo-2-(triflometyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

Phan tmg duoc tién hanh theo cach twong tw nhur trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 5,6-diclo-2-(triflometyl)-1H-benzo[d]imidazol duoc s dung thay cho 1H-
benzo[d]imidazol, nh& d6 thu dugc hop chit néu ¢ tiéu dé nay (28 mg, hiéu suat: 80%).

TH-NMR (500 MHz, DMSO-ds): 8 8,20 (d, 2H), 5,55 (dd, 2H), 4,82 (d, 1H), 3,00 (m,
2H), 2,84 (d, 1H), 2,65 (m, 1H), 2,37 (dd, 1H), 1,91 (d, 1H), 1,60 (d, 1H), 1,37 (m, 1H), 1,25 (m,
1H).

Vi du 51: Diéu ché 1-(5,6-diclo-2-((dimetylamino)metyl)-1H-benzo[d]imidazol-1-yI)-3-
((2R,3S)-3-hydroxypiperidin-2-yl)propan-2-on
\N —

? N
N (

H

Ci

(Bude 51-1) Diéu ché N=(2-amino-4,5-diclophenyl)-2-(dimetylamino)axetamit
Dimetylglyxin (58 mg, 0,57 mmol) dugc hoa tan trong N,N-dimetylformamit (2 mL)
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duoc bd sung vao 4,5-diclobenzen-1,2-diamin (100 mg, 0,57 mmol), O-(benzotriazol-1-yl)-
N,N,N',N'-tetrametyluroni hexaflophosphat (320 mg, 0,85 mmol) va N,N-diisopropyletylamin
(200 pL, 1,1 mmol) va sau d6 duoc khudy & nhiét do trong phong trong thdi gian 3 gid. Khi phan
{mg hoan thanh, dung mdi dugc loai bo, va hdn hop tao thanh dugc pha loang bang etyl axetat va
sau d6 duoc rira bang dung dich natri clorua bdo hoa. Lép hitu co duge thu gom, dugc lam kho
trén magie sulfat, dugc loc va ¢ dic dudi ap suét giam, va sau d6 dugc tinh ché béng phuong
phép sic ky cot (diclometan: metanol = 10: 1), nh¢ d6 thu dugce hop chét néu & tiéu d& nay (130
mg, hiéu sut: 87%).

‘ (Bude 51-2) Piéu ché 1-(5,6-diclo-1H-benzo[d]imidazol-2-yl)-N,N-

dimetylmetanamin

N-(2-amino-4,5-diclophenyl)-2-(dimetylamino)axetamit (130 mg, 0,50 mmol) thu
duoc tir bude 51-1 duge hoa tan trong axit axetic (10 mL) va sau d6 dugc khudy bing céch gia
nhiét & nhiét do 65°C trong thoi gian 1 gid. Khi phan tmg hoan thanh, dung moéi dugc loai bd, va
hén hop tao thanh dugce pha lodng bang etyl axetat va duoc rira bing dung dich natri clorua bdo
hoa. Lép hitu co duge thu gom, duge 1am khd trén magie sulfat, duoc loc va ¢6 déc dudi ap suét
giam, va sau d6 dugc tinh ché bang phuong phap séc ky cot (hexan: etyl axetat = 1: 1) dé thu duoc
hop chat néu & tidu d& nay (115 mg, hiéu suat: 95%).

(Bude 51-3) Piéu ché benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5,6-diclo-2-
((dimetylamino)metyl)-1H-benzo[d]imidazol-1-yl)-2-oxopropyl)piperidin-1-carboxylat

1-(5,6-diclo-1H-benzo[d]imidazol-2-y1)-N,N-dimetylmetanamin (115 mg, 0,47 mmol)
tﬁu dugc tir bude 51-2 dugce hoa tan trong N,N-dimetylformamit (2 mL) duogc bd sung vao kali
cacbonat (130 mg, 0,94 mmol) va dugc khudy & nhiét d9 trong phong trong thodi gian 10 phut. Sau
do, benzyl (2R,3S)-2-(3-bromo-2-oxopropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-carboxylat
(140 mg, 0.56 mmol) dugc bd sung vao va sau dé dugc khudy & nhiét do trong phong trong thoi
gian 3 git. Khi phan tmg hoan thanh, dung mdi duoc loai bo, va hdn hop tao thanh duge pha lodng
béng etyl axetat va dugc rira b%mg dung dich natri clorua bao hoa. L6p hitu co dugce thu gom, dugc

1am kho trén magie sulfat, duoc loc va c6 dic dudi ap suét giam, va sau d6 duogc tinh ché b%mg
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phuong phap séc ky cot (hexan: etyl axetat = 3: 1) dé thu dugc hop chét néu 6 tiéu dé nay (130
mg, hiéu suit: 84%).

(Budc 51-4) Pidu ché 1-(5,6-diclo-2-((dimetylamino)metyl)-1H-benzo[d]imidazol-1-
y1)-3-((2R,3S)-3-hydroxypiperidin-2-yl)propan-2-on

Benzyl (2R,3S)-3-(tert-butyldimetylsityloxy)-2-(3-(5,6-diclo-2-
((dimetylamino)metyl)-1H-benzo[d]imidazol-1-yl)-2-oxopropyl)piperidin-1-carboxylat (130
mg, 0.20 mmol) thu dugc tir bude 51-3 duoc hoa tan trong dung dich axit clohydric 6N (5 mL)
va sau d6 duoc khudy dudi nhiét do hdi Iuu trong thoi gian 1 gidr. Khi phan tmg hoan thanh,
dung dich phén tng dugc 1am mat dén nhiét d 0°C, dugc trung hoa (pH=7) bang kali cacbonat
va sau d6 dugc chiét bang dung dich d tron chira clorofom va mét lugng nhé axeton. Lép hitu
co dugce thu gom, duge lam kho trén magie sulfat, dugc loc va cd déc dudi ap suét gidm, va sau
d6 dugce két tinh lai bang dietyl ete d& thu dugc hop chit néu & tiéu d& nay (61 mg, hiéu suét:
76%).

TH-NMR (500 MHz, DMSO-dg): 6 7,87 (d, 2H), 5,34 (dd, 2H), 4,79 (d, 1H), 3,59 (s,
2H), 2,97 (m, 1H), 2,94 (dd, 1H), 2,84 (d, 1H), 2,66 (m, 1H), 2,38 (m, 3H), 2,10 (s, 6H), 1,90 (m,
1H), 1,59 (d, 1H), 1,38 (m, 1H), 1,25 (m, 1H).

Vi du 52: Piéu ché 1-(2-(aminometyl)-5,6-diclo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on
NH,

. M N
N ,

H

Cl

(Budc 52-1) Didu ché tert-butyl (2-((2-amino-4,5-diclophenyl)amino)-2-
oxoetyl)carbamat '

(Tert-butoxycacbonyl)glyxin (300 mg, 1,7 mmol) dugc hoa tan trong N,N-
dimetylformamit (10 mL) dugc b6 sung vao 4,5-diclobenzen-1,2-diamin (300 mg, 1,7 mmol), O-
(benzotriazol-1-y1)-N,N,N',N'-tetrametyluroni hexaflophosphat (970 mg, 2,6 mmol), va N,N-
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diisopropyletylamin (600 L, 3,4 mmol) va sau d6 dugc khudy & nhiét do trong phong trong thi
gian 3 gio. Khi phan tmg hoan thanh, dung méi dugc loai bd, va hdn hop tao thanh dugc pha logng
béng etyl axetat va dugc rira b?mg dung dich natri clorua bao hoa. Lép hitu co duge thu gom, dugc
lam khé trén magie sulfat, dugc loc va co dic dudi ép suét gidm, va sau d6 dugc tinh ché bﬁng
phuong phép sic ky cot (hexan: etyl axetat = 1:1) dé thu dugc hop chét néu ¢ tiéu d& nay (480 mg,
hiéu suét: 85%).

(Budc 52-2) Pidu ché 1-(2-(aminometyl)-5,6-diclo-1H-benzo[d]imidazol-1-y1)-3-
((2R,3S)-3-hydroxypiperidin-2-yl)propan-2-on

Phan tmg duoc tién hanh theo cach tuong tw nhu trong budc 51-2 dén budce 51-4 trong
Vi du 51, ngoai trir tert-butyl (2-((2-amino-4,5-diclophenyl)amino)-2-oxoetyl)carbamat thu duogc
tir bude 52-1 duge st dung thay cho N-(2-amino-4,5-diclophenyl)-2-(dimetylamino)axetamit, nho
d6 thu duoc hop chét néu & tiéu d& nay (120 mg, hiéu suét: 80%).

IH-NMR (500 MHz, DMSO-de): 6 7,87 (d, 2H), 4,96 (s, 1H), 4,85 (m, 2H), 3,09 (m,
1H), 3,01 (d, 1H), 2,82 (d, 1H), 2,71 (s, 1H), 2,41 (m, 1H), 2,26 (dd, 1H), 1,95 (dd, 1H), 1,61 (d,
1H), 1,39 (m, 1H), 1,26 (m, 2H).

Vi du 53: Diéu ché 1-(6-flo-2-(2-hydroxyetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

Phan tmg duoc tién hanh theo cach trong tu nhur trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 2-(2-((tert-butyldiphenylsilyl)oxy)etyl)-6-flo- 1H-benzo[d]imidazol dugc st dung
thay cho 1H-benzo[d]imidazol, nh¢ d6 thu duoc hop chit néu & tiéu @8 nay (15 mg, hiéu suit:
75%).

TH-NMR (500 MHz, DMSO-dg): 8 7,52 (m, 1H), 7,31 (m, 1H), 6,98 (m, 1H), 5,32 (m,
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2H), 4,81 (m, 2H), 3,77 (s, 2H), 3,01 (m, 1H), 2,95 (dd, 1H), 2,85 (m, 3H), 2,67 (m, 1H), 2,42 (m,
2H), 1,91 (d, 1H), 1,59 (d, 1H), 1,36 (m, 1H), 1,25 (m, 1F).

Vi dy 54: Diéu ché 1-(2-((R)-1-hydroxyetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

Phan tmg duoc tién hanh theo cach twong tw nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir (R)-2-(1-((tert-butyldiphenylsilyl)oxy)etyl)- 1H-benzo[d]imidazol dugc st dung
thay cho 1H-benzo[d]imidazol, nhd d6 thu duge hop chét néu & tiéu dé nay (15 mg, hiéu suit:
77%).

'H-NMR (500 MHz, DMSO-de): § 7,59 (d, 1H), 7,40 (d, 1H), 7,20 (m, 2H), 5,40 (dd,
2H), 4,87 (m, 1H), 4,81 (d, 1H), 2,97 (m, 2H), 2,83 (d, 1H), 2,70 (m, 1H), 2,42 (m, 2H), 1,90 (m,
1H), 1,60 (m, 1H), 1,52 (d, 3H), 1,37 (m, 1H), 1,23 (m, 1H).

Vi du 55: Diéu ché 1-(2-((S)-1-hydroxyetyl)-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on
HO,

’ r
M I‘ﬂ\"\ ‘
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OH _

Phan tng dugc tién hanh theo cach twong tir nhur trong budce 1-1 va bude 1-2 trong Vi

du 1, ngoai trir (S)-2-(1-((tert-butyldiphenylsilyl)oxy)etyl)-1H-benzo[d]imidazol dugc st dung
thay cho 1H-benzo[d]imidazol, nhd d6 thu dugc hop chat néu & tiéu d& nay (15 mg, hidu suét:
T77%).

IH-NMR (500 MHz, DMSO-ds): 8 7,59 (d, 1H), 7,40 (d, 1H), 7,20 (m, 2H), 5,40 (dd,
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2H), 4,87 (m, 1H), 4,81 (d, 1H), 2,97 (m, 2H), 2,83 (d, 1H), 2,70 (m, 1H), 2,42 (m, 2H), 1,90 (m,
1H), 1,60 (m, 1FD), 1,52 (d, 3H), 1,37 (m, 1H), 1,23 (m, 1H).

Vi du 56: Piéu ché 1-(2-(hydroxymetyl)-1H-benzo[dJimidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

OH
, ; N
N _
H

(Budc 56-1) Bidu ché 2-((tert-butyldimetylsilyloxy) metyl)-1H-benzo[d]imidazol

(1H-benzo[d]imidazol-2-yl)metanol (150 mg, 1,0 mmol) dugc hoa tan trong N,N-
dimetylformamit (10 mL) dugc bd sung vao trietylamin (420 pL, 3,0 mmol) va dugc khudy &
nhiét o trong phong trong thoi gian 10 phut. Sau do, tert-butylclodimetylsilan (270 mg, 1,8 mmol)
dugc bd sung vao hdn hop dé va duge khudy & nhiét do trong phong trong thoi gian 3 gid. Khi
phan tmg hoan thanh, dung méi dugc loai bd, va hén hgp tao thanh duge pha lofing bang etyl
axetat va dugc rira bang dung dich natri clorua bio hoa. Lép hitu co duge thu gom, duge 1am kho
trén magie sulfat, duoc loc va ¢b dic dudi ap suat giam, va sau d6 duoc tinh ché bing phuong
phép sic ky cot (hexan: etyl axetat = 3:1) dé thu duoc hop chit néu & tidu dé nay (240 mg, hiéu
suét: 90%).

(Budc 56-2) Piéu ché benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(2-((tert-
butyldimetylsilyloxy)metyl)—lH-benzo[d]imidazol-1-y1)-2-oxopropy1)piperidin-l-carboxylat

2-((tert-butyldimetylsilyloxy)metyl)-1H-benzo[d]imidazol (38 mg, 0,14 mmol) thu
duoc tir budc 56-1 duoc hoa tan trong N,N-dimetylformamit (2 mL) duogc bd sung vao kali
cacbonat (40 mg, 0,29 mmol) va duoc khudy & nhiét do trong phong trong thoi gian 10 phut. Sau
do, benzyl (2R,3S)-2-(3-bromo-2-oxopropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-carboxylat
(70 mg, 0,14 mmol) dugc bd sung vao va dugc khqu & nhiét do trong phong trong thoi gian 3
gidr. Khi phan tmg hoan thanh, dung méi dugrc loai bd, va hdn hop tao thanh dugc pha lodng bing

etyl axetat va dugc rua béng dung dich natri clorua bdo hoa. Lép hitu co duge thu gom, dugce 1am
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kho trén magie sulfat, dugc loc va ¢6 dac dudi ap suét giam, va sau d6 dugc tinh ché bang phuong
phép séc ky cot (diclometan: metanol = 10:1) d& thu dugc hop chit néu & tiéu dé nay (86 mg, hiu
suét: 90%).

(Budc 56-3) Diéu ché 1-(2-(hydroxymetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

Benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(2-((tert-
butyldimetylsilyloxy)metyl)-1H-benzo[d]imidazol-1-yl)-2-oxopropyl)piperidin-1-carboxylat (86
mg, 0,13 mmol) thu dugc tir budce 56-2 duge hoa tan trong dung dich axit clohydric 6N (3 mL)
va sau d6 duoc khudy dudi nhiét d6 hdi hru trong thoi gian 1 giov. Khi phan ing hoan thanh,
dung dich phan {mg duoc 1am mat dén nhiét d6 0°C, duoc trung hoa (pH=7) béng kali cacbonat
va sau d6 dugce chiét bing dung dich da trdn chira clorofom va mot lwong nho axeton. Lép hitu
co dugce thu gom, duge lam kho trén magie sulfat, dugc loc va co dic dudi ap suét gidm, va sau
d6 duoc két tinh lai bang dietyl ete dé thu duoc hop chit néu & tiéu dé nay (32 mg, hiéu suit:
82%).

TH-NMR (500 MHz, DMSO-de): 8 7,57 (m, 1H), 7,42 (m, 1H), 7,18 (m, 2H), 5,34 (dd,
2H), 4,82 (d, 1H), 4,58 (s, 2H), 2,99 (m, 1H), 2,95 (dd, 1H), 2,68 (m, 1H), 2,39 (m, 2H), 1,90 (d,
1H), 1,58 (d, 1H), 1,34 (m, 1H), 1,22 (m, 1H).

Vi du 57: Diéu ché 1-(5-bromo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

OH
WOH

0 =N

N )

(Bude 57-1) Didu ché benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(oxiran-2-

M
H

ylmetyl)piperidin-1-carboxylat
Benzyl  (2R,3S)-2(3-bromo-2-oxopropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-
carboxylat (7 g, 14 mmol) dugc hoa tan trong dung mdi trdn chira metanol va tetrahydrofuran (1:1)

-60-


LDT248
Textbox


24679

(30 mL) dwoc bd sung vao natri bohydrua (550 mg, 14 mmol) va dugc khudy & nhiét do 0°C trong
thoi gian 30 phit. Sau d6, hdn hop dugc khudy b sung & nhiét d6 trong phong trong thoi gian 12
gidr. Khi phan tmg hoan thanh, dung méi duoc loai bd, va hdn hop tao thanh duge pha lodng bing
etyl axetat va dugc rua bé‘mg dung dich natri clorua bdo hoa. Lép hitu co duge thu gom, dugce lam
kho trén magie sulfat, dugc loc va co dac dudi ép suét giam. Phan ¢b diic duge hoa tan trong etanol
(150 ml) duoc bd sung vao vao kali hydroxit (810 mg, 14 mmol) va sau d6 duoc khudy & nhiét do
trong phong trong thoi gian 3 gi¢v. Khi phan tmg hoan thanh, dung méi dugc loai bd, va hdn hop
tao thanh dugc pha lodng bang etyl axetat va dugc rira bang dung dich natri clorua bio hoa. Lop
hitu co dugc thu gom, duge lam kho trén magie sulfat, duge loc va c6 dac dudi ap suét gidm, va
sau d6 duoc tinh ché biang phuong phap sic ky ot (hexan: etylaxetat = 3:1) dé thu dugc hop chét

néu & tiéu dé nay (4,7 mg, hiéu suét: 80%).

(Budc 57-2) Piéu ché benzyl (2R,38)-2-(3-azido-2-hydroxypropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat

Benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(oxiran-2-ylmetyl)piperidin-1-
carboxylat (3,0 g, 7,4 mmol) thu dugc tir budc 57-1 duge hoa tan trong dung mdi trdn chira
metanol va nudc (8:1). Natri azit (2,4 g, 37 mmol) va amoni clorua (1,2 g, 22 mmol) dugc bd
sung vao hdn hop do, dugc gia nhiét va khudy ¢ nhiét do 50°C trong thoi gian 12 gio. Khi phén
tmg hoan thanh, dung méi duoc loai bd, va hdn hop tao thanh dugc pha lodng bing etyl axetat va
dugc rira bang dung dich natri clorua bo hoa. Lép hitu co duge thu gom, duge 1am khé trén
magie sulfat, dugc loc va ¢d dic dudi ap suat giam, va sau d6 dugc tinh ché bang phwong phép
sic ky cot (hexan: etylaxetat = 3:1) dé thu dugc hop chét néu & tiéu d& nay (3.3 mg, hidu suét:
99%).

(Bude 57-3) Diéu ché benzyl (2R,3S)-2-(3-amino-2-hydroxypropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat

Benzyl (2R,3S)-2-(3-azido-2-hydroxypropyl)-3-(tert-butyldimetylsilyloxy)piperidin-
I-carboxylat (2,8 g, 5,8 mmol) thu dugc tir budc 57-2 duge hoa tan trong tetrahydrofuran (130
mL) dugc bd sung vao triphenylphosphin (3,0 g, 12 mmol) va nude (0,13 mL) va sau d6 duge
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khudy & nhiét d9 trong phong trong thoi gian 6 gio. Khi phan timg hoan thanh, dung méi dugc loai
bo, va hdn hop tao thanh dugc pha lodng bang etyl axetat va duoc rira bang dung dich natri clorua
bdo hoa. Lép hitu co duge thu gom, duge lam kho trén magie sulfat, dugce loc va co dic dudi ap
suét giam, va sau d6 duorc tinh ché bang phuong phép sic ky cot (diclometan:metanol=10:1 + 1%
trietylamin) dé thu dugc hop chit néu & tiéu d& nay (2,0 g, hiéu suét: 80%).

(Budic 57-4) Didu ché benzyl (2R,3S)-2-(3-((4-bromo-2-nitrophenyl)amino)-2-
hydroxypropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-carboxylat

Benzyl (2R,3S)-2-(3-amino-2-hydroxypropyl)-3-(tert-butyldimetylsilyloxy)piperidin-
1-carboxylat (980 mg, 2,2 mmol) thu dugc tir bude 57-3 dugc hoa tan trong N,N-
dimetylformamit (10 mL) dugc b6 sung vao N,N-diisopropyletylamin (0,77 mL, 4,4 mmol) va
4-bromo-1-flo-2-nitrobenzen (490 mg, 2,2 mmol) va dugc khudy & 50°C trong thoi gian 6 gio.
Khi phan (g hoan thanh, dung moi dugc loai bo, va hén hop tao thanh dwoc pha lodng b%mg
etyl axetat va dugc rira bang dung dich natri clorua bdo hda. Lép hitu co duge thu gom, dugce
lam kho trén magie sulfat, dugc loc va c6 déc dudi ap suét giam, va sau d6 duoc tinh ché bang
phuong phap séc ky cot (hexan: etylaxetat=3:1) dé thu dugc hop chét néu & tiéu dé nay (580
mg, hidu suét: 42%).

(Bude 57-5) Didu ché benzyl (2R,3S)-2-(3-((4-bromo-2-((tert-
butyldiphenylsilyl)oxy)axetamido)phenyl)amino)-2-hydroxypropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat

Benzyl (2R,3S)-2-(3-((4-bromo-2-nitrophenyl)amino)-2-hydroxypropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat (550 mg, 0,88 mmol) thu dugc tir bude 57-4 dugc
hoa tan trong metanol (6 mL) dugc b6 sung vao Niken Raney (1 mL), dugc 14p day bang khi hydro
va sau d6 duge khudy & nhiét do trong phong. Khi phéan img hoan thanh, 16p hitu co dugce lam kho
va sau d6 duoc hoa tan trong N,N-dimetylformamit (10 mL) duoc bd sung vao axit 2-((tert-
butyldiphenylsilyl)oxy)axetic (280 mg, 0,88 mmol) va diisopropyletylamin (0,38 mL, 2,2 mmol)
va sau d6 duge khudy & nhiét d9 trong phong trong thoi gian 3 gio. Khi phan tmg hoan thanh,

dung méi dugc loai bd va hdn hop tao thanh dugc pha lodng bang ety axetat va dugc rira bang
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dung dich natri clorua bdo hoa. Lép hitu co duge thu gom, dugce lam kho trén magie sulfat, duoc
loc va cd dac dudi &p sudt giam, va sau d6 dugc tinh ché bing phuong phép sic ky cot

(hexan:etylaxetat = 3:1) dé thu dugc hop chit néu & tiu d& nay (360 mg, hiéu sudt: 46%).

(Budc 55-6) Didu ché benzyl (2R,3S)-2-(3-(5-bromo-2-(((tert-
butyldiphenylsilyl)oxy)metyl)-1H-benzo[ d]imidazol-1-yl)-2-hydroxypropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat

Benzyl (2R,3S)-2-(3-((4-bromo-2-(2-((tert-
butyldiphenylsilyl)oxy)axetamido)phenyl)amino)-2-hydroxypropyl)-3-((tert-
butyldimetylsilyloxy)piperidin-1-carboxylat (160 mg, 0,18 mmol) thu dugc tir bude 57-5 duge
b sung vao va dugc hoa tan trong axit axetic (6 mL) va sau d6 dwoc khudy & nhiét do 65°C
trong thoi gian 3 gio. Khi phan tmg hoan thanh, dung mdi dwoc loai bd va hdn hop tao thanh
duoc pha loang bang etyl axetat va duoc rira bang dung dich natri clorua bdo hoa. Lop hitu co
duoc thu gom, dugc 1am kho trén magie sulfat, duoc loc va co diic dudi ap suat giam, va sau
d6 duoc tinh ché bang phuong phap sic ky cot (hexan:etylaxetat = 3:1) dé thu dugc hop chit

néu & tidu dé nay (140 mg, hiéu suat: 92%).

(Buéc 55-7) Didu ché benzyl (2R,3S)-2-(3-(5-bromo-2-(((tert-
butyldiphenylsily)oxy)metyl)-1H-benzo[d]imidazol-1-yl)-2-oxopropyl)-3-((tert-
butyldimetylsilyl)oxy)piperidin-1-carboxylat

Benzyl (2R,3S)-2-(3-(5-bromo-2-(((tert-butyldiphenylsilyl)oxy)metyl)-1H-
benzo[d]imidazol-1-yl)-2-hydroxypropyl)-3-((tert-butyldimetylsilyloxy)piperidin-1-carboxylat
(140 mg, 0,17 mmol) thu duoc tir bude 57-6 duoc hoa tan trong diclometan (5 mL) duoc bd
sung vao 1,1,1-triaxetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-on (110 mg, 0,25 mmol) & nhiét
d6 0°C va duge khuy & cing nhiét do trong thoi gian 1 gio, sau d6 khudy & nhiét do trong
phong trong thdi gian 3 gidr. Khi phan tmg hoan thanh, dung mdi dugc loai bé va hdn hop tao
thanh dugc pha lodng bing etyl axetat va dugc rira bing dung dich natri clorua bo hoa. Lép
httu co dugc thu gom, duge 1am kho trén magie sulfat, dugc loc va cd dédc dudi ap suit gidm,

va sau d6 duge tinh ché bang phuong phap séc ky cot (hexan:etylaxetat = 3:1) dé thu duoc hop
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chét néu & tiéu dé nay (120 mg, hidu sut: 88%).

(Budc 55-8) Piéu ché 1-(5-bromo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-y1)-3-
((2R,3S)-3-hydroxypiperidin-2-yl)propan-2-on

Benzyl (2R,3S)-2-(3-(5-bromo-2-(((tert-butyldiphenylsilyl)oxy)metyl)-1H-
benzo[d]imidazol-1-yl)-2-oxopropyl)-3-((tert-butyldimetylsilyloxy)piperidin-1-carboxylat (40
mg, 0,05 mmol) thu dugc tir budc 57-7 dugc hoa tan trong 6N dung dich hydro clorua (4 mL)
va sau d6 dugc khudy dudi nhiét do hdi luu trong thoi gian 1 gid. Khi phan timg hoan thanh,
dung dich phan tmg duoc 1am mat dén nhiét d6 0°C, dugc trung hoa (pH=7) bang kali
cacbonat va sau d6 dugc chiét bang dung dich di tron chira clorofom va mét lugng nho
axeton. Lép hitu co duge thu gom, dugce lam kho trén magie sulfat, dugc loc va co dac dudi ap
sudt giam, va sau d6 dugc két tinh lai bing dietyl ete dé thu dugc hop chét néu & tiéu d& nay
(13 mg, hiéu suét: 74%).

TH-NMR (500 MHz, DMSO-de): 6 7,77 (d, 1H), 7,43 (d, 1H), 7,34 (d, 1H), 5,36 (dd,
2H), 4,81 (d, 1H), 4,59 (s, 2H), 3,00 (m, 1H), 2,95 (dd, 1H), 2,81 (d, 1H), 2,66 (m, 1H), 2,38 (m,
2H), 1,90 (m, 1H), 1,59 (d, 1H), 1,34 (m, 1H), 1,24 (m, 1H).

Vi du 58: Didu ché 1-(6-bromo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on
OH

u‘:“OHO S_:’;‘_N
N,
N

H
Br

Phan tmg duoc tién hanh theo cach twong tw nhu trong bude 57-1 dén bude 57-8 trong
Vi du 57, ngoai trir 4-bromo-2-flo-1-nitrobenzen dugc st dung thay cho 4-bromo-1-flo-2-
nitrobenzen trong budc 57-4 trong Vi du 57, nh¢ d6 thu duge hgp chét néu & tiéu dé nay (15 mg,
hiéu suét: 77%).

'H-NMR (500 MHz, DMSO-ds): 8 7,77 (s, 1H), 7,53 (d, 1H), 7,30 (d, 1H), 5,36 (dd,
2H), 4,82 (d, 1H), 4,58 (s, 2H), 3,00 (m, 1H), 2,96 (dd, 1H), 2,83 (d, 1H), 2,68 (m, 1H), 2,40 (m,

-64-


LDT248
Textbox


24679

2H), 1,91 (d, 1H), 1,60 (d, 1H), 1,35 (m, 1H), 1,25 (m, 1H).

Vi du 59: Diéu ché 1-(2-(hydroxymetyl)-6-(triflometyl)- 1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-

3-hydroxypiperidin-2-yl)propan-2-on
OH

. .a‘OHO K‘,__,_,N

N
H

Phan tmg dugc tién hanh theo cach twong tr nhu trong bude 57-1 dén bude 57-8 trong
Vi du 57, ngoai trir 2-flo-1-nitro-4-(triflometyl)benzen dugc st dung thay cho 4-bromo-1-flo-2-
nitrobenzen trong budc 57-4 trong Vi du 57, nhd d6 thu dugc hop chit néu & tiéu d& nay (16 mg,
hiéu suét: 58%).

'H-NMR (500 MHz, DMSO-ds): 8 7,99 (s, 1H), 7,79 (m, 1H), 7,51 (m, 1H), 5,49 (m,
2H), 4,83 (m, 1H), 4,65 (s, 2H), 4,33 (m, 1H), 4,15 (m, 1H), 3,00 (m, 1H), 2,83 (m, 1H), 2,68 (m,
IH), 2,37 (m, 1H), 1,92 (m, 1H), 1,60 (m, 1H), 1,16-1,38 (m, 2H).

Vi du 60: Biéu ché 1-(2-(hydroxymetyl)-5-(triflometoxy)-1H-benzo[d]imidazol-1 -y1)-3-((2R,3S)-
3-hydroxypiperidin-2-yl)propan-2-on
OH

z.“XDHD | -""’N

N
/ —0CF;

Phan tmg dugc tién hanh theo c4ch tuong tw nhur trong budc 57-1 dén bude 57-8 trong

M
H

Vidu 57, ngoai trir 1-flo-2-nitro-4-(triflometoxy)benzen dugc st dung thay cho 4-bromo-1-flo-2-
nitrobenzen trong budc 57-7 trong Vi du 57, nhé d6 thu dugc hop chét néu & tiéu d& nay (15 mg,
hiéu suét: 61%).

TH-NMR (500 MHz, DMSO-de): § 7,59 (m, 2H), 7,22 (m, 1H), 5,39 (m, 2H), 4,83 (d,
1H), 4,61 (s, 2H), 3,01 (m, 1H), 2,96 (dd, 1H), 2,81 (d, 1H), 2,67 (d, 1H), 2,43 (m, 1H), 2,35 (m,
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1H), 2,10 (s, 1H), 1,92 (d, 1H), 1,59 (d, 1H), 1,34 (m, 1H), 1,24 (m, 1H).

Vi du 61: Bidu ché 1-(2-(hydroxymetyl)-7-(triflometoxy)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-
3-hydroxypiperidin-2-yl)propan-2-on
OH

.\.\\OHO ¥N
AT

F3CO

Phan tmg duoc tién hanh theo cach turong tir nhu trong budc 57-1 dén budc 57-8 trong
Vi du 57, ngoai trir 2-flo-1-nitro-3-(triflometoxy )benzen dugc st dung thay cho 4-bromo-1-flo-2-
nitrobenzen trong budc 57-4 trong Vi du 57, nho d6 thu duge hop chit néu & tiéu dé nay (8 mg,
hiéu suét: 46%).

IH-NMR (500 MHz, DMSO-ds): 8 7,63 (d, 1H), 7,24 (m, 2H), 5,40 (m, 2H), 4,75 (m,
1H), 4,63 (m, 2H), 4,25 (s, 1H), 3,99 (d, 1H), 2,81 (m, 1H), 2,65 (m, 1H), 2,41 (m, 1H), 2,34 (m,
1H), 1,90 (m, 1H), 1,63 (m, 1H), 1,32 (m, 1H), 1,22 (m, 1H).

Vi du 62: Didu ché 1-(2-(hydroxymetyl)-4,5-dimetyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

oH
| N
M .
H e

Phan ting duoc tién hanh theo cach tuong tu nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 2-(((tert-butyldiphenylsilyl)oxy)metyl)-4,5-dimetyl-1H-benzo[d]imidazol dugc st
dung thay cho 1H-benzo[d]imidazol, nh¢ d6 thu duge hop chét néu & tiéu dé nay (36 mg, hiéu
suét: 72%).

TH-NMR (500 MHz, DMSO-ds): 8 7,11 (d, 1H), 6,98 (d, 1H), 5,27 (dd, 2H), 4,78 (d,
1H), 4,58 (s, 2H), 2,98 (m, 1H), 2,93 (dd, 1H), 2,81 (d, 1H), 2,66 (m, 1H), 2,44 (s, 3H), 2,40 (m,
2H), 2,30 (s, 3H), 1,90 (m, 1H), 1,58 (d, 1H), 1,33 (m, 1H), 1,22 (m, 1H).
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Vi du 63: Didu ché 1-(5,6-diclo-2-(metoxymetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

(ﬁ ‘

Phéan tmg duoc tién hanh theo cach tuong tir nhu trong bude 1-1 va bude 1-2 trong Vi

X

du 1, ngoai trir 5,6-diclo-2-(metoxymetyl)-1H-benzo[d]imidazol dugc sir dung thay cho 1H-
benzo[d]imidazol, nhdr d6 thu dugc hop chét néu & tiéu dé nay (28 mg, hiéu suit: 78%).

'H-NMR (500 MHz, DMSO-dg): & 7,91 (s, 2H), 5,34 (dd, 2H), 4,82 (d, 1H), 4,57 (s,
2H), 3,22 (s, 3H), 3,00 (M, 1H), 2,95 (dd, 1H), 2,84 (d, 1H), 2,65 (m, 1H), 2,38 (m, 2H), 1,91 (m,
1H), 1,59 (d, 1H), 1,35 (m, 1H), 1,23 (m, 1H).

Vi du 64: DBidu ché 1-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on oxim

WOH _OH

. N v

M
H

1-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yDpropan-2-on (50 mg, 0,15 mmol) thu dugc tir Vi du 25 dugc hoa tan trong etanol (1,5 mL)
duoc bd sung tir tir vao hydroxylamin (20pL, 0,73 mmol) va natri axetat (72 mg, 0,88 mmol)
va sau d6 dugc khudy dudi nhiét d6 hdi luu trong thoi gian 1 gio. Khi phan tmg hoan thanh,
dung méi dugc 1am bay hoi duéi 4p sut giam va duoc chiét bang etyl axetat. Phan chiét duoc
1am kho trén magie sulfat, duoc loc va c6 dic dudi ap sut giam, sau d6 két tinh dé thu dwoc hop
chét néu & tiéu dé nay (15 mg, hiéu sut: 29%).

H-NMR (500 MHz, DMSO-ds): § 11,37 (s, 1H), 8,40 (s, 1H), 7,98 (s, 1H), 5,10 (m,
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2H), 4,51 (d, 1H), 2,89-2,96 (m, 1H), 2,74-2,87 (m, 1H), 2,65-2,70 (m, 1H), 2,19-2,28 (m,2H),
1,83-1,98 (m, 1H), 1,81 (m, 1H), 1,51 (m, 1H), 1,07-1,25 (m, 1H).

Vi du 65: Diéu ché 1-(5,6-diclo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on oxim

OH

- HO_

Phan tmg dugc tién hanh theo cach tuong tu nhu trong Vi du 64, ngoai trir 1-(5,6-diclo-
2-(hydroxymetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-piperidin-2-on
duoc sir dung thay cho 1-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-
2-yl)propan-2-on, nhd d6 thu dugc hop chat néu & tiéu dé nay (35 mg, hiéu suét: 71%).

TH-NMR (500 MHz, DMSO-de): 6 7,80-7,95 (m, 2H), 5,19 (m, 2H), 4,73 (m, 1H), 4,67
(s, 1H), 2,99 (m, 1H), 2,87 (d, 2H), 2,75 (m, 2H), 2,61 (m, 1H), 2,30 (m, 2H), 1,74 (d, 2H), 1,60
(m, 1H).

Vi du 66: Diéu ché 1-(6-bromo-1H-imidazo[4,5-b]pyridin-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on oxim

Phan tmg duoc tién hanh theo cach tuong tir nhu trong Vi du 64, ngoai trir 1-(6-bromo-
1H-imidazo[4,5-b]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-yl)propan-2-on dugc st dung
thay cho 1-(5,6-diclo-1H-benzo[d]imidazol-1-y])-3-((2R,3S)-3-hydroxypiperidin-2-yl)propan-2-
on, nhdr d6 thu dugc hop chét néu & tiéu dé nay (20 mg, hiéu suét: 38%).

'H-NMR (500 MHz, DMSO-ds): 6 8,36-8,51 (m, 3H), 5,12 (d, 2H), 2,94 (m, 1H), 2,82
(d, 1H), 2,74 (m, 2H), 2,27 (m, 3H), 1,88 (m, 1H), 1,62 (m, 1H), 1,48 9m, 1H), 1,18-1,39 (m 2H).
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Vi du 67: Biéu ché 1-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
YI)propan-2—on O-metyl oxim

. '.,t\OHNfO

4
H

Phan tmg duoc tién hanh theo cach tuong tw nhu trong Vi du 64, ngoai trir metyl
hydroxylamin dugc sir dung thay cho hydroxylamin, nhé d6 thu dugc hop chat néu & tiéu d& nay
(15 mg, hiéu sudt: 28%).

'H-NMR (500 MHz, DMSO-de): & 8,38 (d, 1H), 7,84-7,98 (m, 2H), 5,14 (m, 2H), 4,64
(d, 1H), 4,04 (m, 1H), 3,86 (d, 3H), 2,94 (m, 1H), 2,81 (m, 1H), 2,65 (m, 1H), 2,30 (m, 1H), 2,14
(m, 1H), 1,76 (m, 1H), 1,55 (m, 1H).

Vi du 68: Diéu ché 1-(2-(hydroxymetyl)-1H-imidazo[4,5-b]pyridin-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on
OH

| N —N

H

Phan tmg duoc tién hanh theo cach trong tw nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 2-(((tert-butyldiphenylsilyl)oxy)metyl)-1H-imidazo[4,5-d]pryidin dugc st dung
thay cho 1H-benzo[d]imidazol, nho d6 thu dwoc hop chét néu & tidu dé nay (20 mg, hiéu suét:
71%).

TH-NMR (500 MHz, DMSO-ds): 5 8,27 (d, 1H), 8,03 (d, 1H), 7,26 (dd, 1H), 5,37 (dd,
2H), 4,81 (d, 1H), 3,03 (d, 1H), 2,82 (d, 1H), 2,70 (m, 1H), 2,41 (m, 2H), 1,91 (d, 1H), 1,59 (d,
1H), 1,36 (m, 1H), 1,23 (m, 1H).

Vi du 69: Diéu ché (2R,3S)-2-(3-(1H-benzo[d]imidazol-1-yl)-2-hydroxypropyl)piperidin-3-ol
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~OH ;
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(Budc 69-1) Didu ché benzyl (2R,3S)-2-(3-(1H-benzo [d]imidazol-1-yl)-2-
hydroxypropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-carboxylat

Benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(1H-benzo[d]imidazol-1-y1)-2-
oxopropyl)piperidin-1-carboxylat (200 mg, 0,34 mmol) dugc hoa tan trong metanol (1 mL) va
sau d6 dugc 1am mét dén 0°C. Natri bohydrua (39 mg, 1,0 mmol) dugc bd sung tix tir vao do.
Sau khi ting nhiét do phan Gmg dén nhiét do trong phong, hdn hop duoc khudy trong thoi gian
1 gio. Khi phén tmg hoan thanh, phan ng duoc 1am két thic bing nude, dugc chiét bing etyl
axetat. Phan chiét duoc 1am kho trén magie sulfat, dugc loc va cd dic dudi ap suét giam, va sau
d6 duoc tinh ché bang phuong phap sic ky cot (etyl axetat) dé thu dwgc hop chit néu & tiéu dé
ndy (180 mg, hiéu sut: 90%).

(Budc 69-2) Diéu ché (2R,3S)-2-(3-(1H-benzo[d]imidazol-1-y1)-2-
hydroxypropyl)piperidin-3-ol

Phan tmg dugc tién hanh theo cach tuong t nhur trong bude 1-2 trong Vi du 1, ngoai
trir benzyl (2R,3S)-2-(3-(1H-benzo[d]imidazol-1-yl)-2-hydroxypropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat thu dugc tir bude 69-1 duge st dung thay cho
benzyl (2R,3S)-2-(3-(1H-benzo[ d]imidazol-1-yl)-2-oxopropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat, nhd d6 thu dugc hop chét néu & tiéu dé nay (24 mg,
hiéu suét: 78%).

'H-NMR (500 MHz, MeOH-ds): 6 8,23 (s, 1H), 7,68 (m, 2H), 7,34-7,28 (m, 2H), 4,39-
4,31 (m, 2H), 3,47-3,45 (m, 1H), 3,23-3,21 (m, 1H), 3,12-3,07 (m, 1H), 2,91 (m, 1H), 2,34-2,31
(m, 1H), 2,06-2,05 (m, 1H), 2,03-1,95 (m, 1H), 1,68-1,51 (m, 4H).

Vi du 70: Didu ché (2R,3S)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-2-
hydroxypropyl)piperidin-3-ol
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Phan tmg dugc tién hanh theo cach twong tw nhu trong budc 69-1 va bude 69-2 trong
Vi du 69, ngoai trr benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5,6-diclo-1H-
benzo[d]imidazol-1-yl)-2-oxopropyl)piperidin-1-carboxylat dugc st dung thay cho benzyl
(2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-1H-benzo[d]imidazol-1-yl)-2-oxopropyl)piperidin-1-
carboxylat, nhd d6 thu duoc hop chit néu & tiéu dé nay (22 mg, hidu suét: 75%).

'H-NMR (500 MHz, DMSO-ds): & 8,16 (s, 1H), 7,78 (d, 1H), 7,46 (dd, 1H), 7,30-7,27
(m, 2H), 4,21 (s, 2H), 3,06-3,05 (m, 1H), 2,94-2,92 (m, 1H), 2,36-2,35 (m, 1H), 2,27-2,24 (m, 2H),
2,20-2,17 (m, 1H), 1,74-1,71 (m, 1H), 1,40-1,35 (m, 2H), 1,26-1,23 (m, 1H), 1,22 (s, 3H).

Vi du 71: Didu ché (2R,3S)-2-(3-(5-bromo-4-clo-1H-benzo[d]imidazol-1-y1)-2-
hydroxypropyl)piperidin-3-ol
N

- OH
N /%
M : 1
H Br

Phén tmg dugc tién hanh theo cAch twong tur nhur trong budic 69-1 va bude 69-2 trong
Vi du 69, ngoai trir benzyl (2R,3S)-2-(3-(5-bromo-4-clo-1H-benzo[d]imidazol-1-y1)-2-
hydroxypropyl)-3-(tert-butyldimetylsilyloxy )piperidin-1-carboxylat dugc st dung thay cho
benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-1H-benzo[d]imidazol-1-y1)-2-
oxopropyl)piperidin-1-carboxylat, nhdr d6 thu duoc hop chit néu & tiéu dé nay (28 mg, hiéu suét:
75%).

'H-NMR (500 MHz, DMSO-de): 6 8,26 (s, 1H), 7,61 (d, 1H), 7,56 (d, 1H), 4,61 (d, 1H),
4,30 (d, 1H), 4,13 (m, 1H), 4,02 (s, 1H), 2,90 (m, 1H), 2,76 (d, 1H), 2,33 (m, 1H), 2,03 (d, 1H),
1,86 (d, 1H), 1,54 (d, 1H), 1,33 (m, 1H), 1,20 (m, 1H), 1,05 (m, 1H).

Vi du 72: Pidu ché (2R,3S)-2-(3-(5-bromo-4-(triflomety])- 1H-benzo[d]imidazol-1-y1)-2-

-71-



24679

hydroxypropyl)piperidin-3-ol
WOH

OH r::-N CFs
_ N
N
N Br

Phan Gng duoc tién hanh theo cach trong tu nhur trong budc 69-1 va budc 69-2 trong
Vi du 69, ngoai trir benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5-bromo-4-(triflometyl)-
1H-benzo[d]imidazol-1-yl)-2-oxopropyl)piperidin-1-carboxylat dugc st dung thay cho benzyl
(2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-1H-benzo[d]imidazol-1-yl)-2-oxopropyl)piperidin-1-
carboxylat, nhd d6 thu dugc hop chat néu & tiéu dé nay (21 mg, hiéu suat: 74%).

TH-NMR (500 MHz, DMSO-ds): 6 8,33 (s, 1H), 7,85 (d, 1H), 7,62 (d, 1H), 5,99 (s, 1H),
4,59 (s, 1H), 4,32 (m, 1H), 4,15 (m, 1H), 4,12 (m, 1H), 2,88 (m, 1H), 2,71 (d, 1H), 2,29 (m, 1H),
2,07 (m, 1H), 1,99 (d, 1H), 1,82 (m, 1H), 1,50 (m, 1H), 1,29 (m, 1H), 1,21 (m, 1H), 1,15 (m, 1H).

Vi du 73: Diéu ché (2R,3S)-2-(3-(4-bromo-5-metyl-1H-benzo[d]imidazol-1-yI)-2-
hydroxypropyl)piperidin-3-ol

wOH
-0

Phan g duoc tién hanh theo cach trong tur nhur trong budce 69-1 va budc 69-2 trong

N
H

Vi du 69, ngoai trir benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(4-bromo-5-metyl-1H-
benzo[d]imidazol-1-yl)-oxopropyl)piperidin-1-carboxylat dugc st dung thay cho benzyl (2R,3S)-
3-(tert-butyldimetylsilyloxy)-2-(3-1H-benzo[ d]imidazol- 1-y1)-2-oxopropyl)piperidin-1-
carboxylat, nhdr d6 thu duoc hop chit néu & tiéu dé nay (18 mg, hiéu suét: 65%).

‘ 'H-NMR (500 MHz, DMSO-dg): 8 8,16 (s, 1H), 7,51 (d, 1H), 7,20 (d, 1H), 4,60 (m,
1H), 4,23 (m, 1H), 4,10 (m, 1H), 4,05 (m, 1H), 2,91 (m, 1H), 2,75 (m, 1H), 2,45 (s, 3H), 2,35 (m,
2H), 2,08 (d, 1H), 1,86 (d, 1H), 1,55 (m, 1H), 1,34 (m, 1H), 1,23 (m, 1H), 1,05 (m, 1H).

Vi du 74: Diéu ché (2R,3S)-2-(3-(5-bromo-4-flo- 1H-benzo[d]imidazol-1-yI)-2-
hydroxypropyl)piperidin-3-ol
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Phan tg duoc tién hanh theo cach twong tw nhur trong budc 69-1 va budc 69-2 trong
Vi du 69, ngoai trir benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5-bromo-4-flo-1H-
benzo[d]imidazol-1-yl)-2-oxopropyl)piperidin-1-carboxylat dugc st dung thay cho benzyl
(2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-1H-benzo[d]imidazol- 1-yl)-2-oxopropyl)piperidin-1-
carboxylat, nh¢ d6 thu duoc hop chét néu & tiéu d& nay (17 mg, hiéu suat: 63%).

TH-NMR (500 MHz, DMSO-ds): 8 8,22 (s, 1H), 7,45 (m, 2H), 7,43 (m, 3H), 4,62 (m,
1H), 4,28 (m, 1H), 4,15 (m, 1H), 4,05 (m, 1H), 2,91 (m, 1H), 2,73 (m, 1H), 2,30 (m, 2H), 2,07 (m,
1H), 1,97 (m, 1H), 1,89 (m, 1H), 1,54 (m, 1H), 1,33 (m, 1H), 1,25 (m, 1H), 1,05 (m, 1H).

Vidu 75: Bidu ché (2R,3S)-2-(3-(4,5-diclo-1H-benzo[d]imidazol-1-y1)-2-
hydroxypropyD)piperidin-3-ol
WOH "

oH = e

Phan tng duoc tién hanh theo cach trong tw nhur trong budce 69-1 va budc 69-2 trong
Vi du 69, ngoai trir benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(4,5-diclo-1H-

L

benzo[d]imidazol-1-y1)-2-oxopropyl)piperidin-1-carboxylat dugc st dung thay cho benzyl
(2R,3S)-2~(3-(5-bromo-4-clo-1H-benzo[d]imidazol-1-yl)-2-oxopropyl)-3-(tert-
butyldimetylsilyloxy )piperidin-1-carboxylat, nhd d6 thu duge hop chit néu ¢ tiéu dé nay (22 mg,
hiéu suét: 74%).

'H-NMR (500 MHz, DMSO-ds): 5 8,29 (d, 1H), 7,66 (d, 1H), 7,65 (d, 1H), 4,61 (d,
1H), 4,31 (d, 1H), 4,13 (m, 1H), 4,03 (s, 1H), 2,90 (m, 1H), 2,76 (d, 1H), 2,30 (m, 2H), 2,03 (d,

1H), 1,86 (d, 1H), 1,54 (d, 1H), 1,33 (m, 1H), 1,21 (m, 1H), 1,05 (m, 1H).

Vi du 76: Didu ché (2R,3S)-2-(3-(5-clo-4-metyl-1H-benzo[d]imidazol-1-y1)-2-
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hydroxypropyl)piperidin-3-ol

. .\\OHDH N

N

Phan ting duoc tién hanh theo cach twong tw nhu trong budc 69-1 va budc 69-2 trong

M
H

Vi du 69, ngoai trr benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5-clo-4-metyl-1H-
benzo[d]imidazol-1-yl)-2-oxopropyl)piperidin-1-carboxylat dugc st dung thay cho benzyl
(2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(1H-benzo[ d]imidazol-1-y1)-2-oxopropyl)piperidin-1-
carboxylat, nhdr d6 thu dugc hop chét néu & tiéu d& nay (22 mg, hiéu suat: 71%).

TH-NMR (500 MHz, DMSO-de): 6 8,17 (s, 1H), 7,46 (d, 1H), 7,25 (d, 1H), 6,01 (m,
1H), 4,60 (m, 1H), 4,23 (m, 1H), 4,10 (m, 1H), 4,02 (m, 1H), 2,91 (m, 1H), 2,75 (m, 1H), 2,29 (m,
1H), 2,10 (m, 1H), 2,02 (m, 1H), 1,85 (m, 1H), 1,53 (m, 1H), 1,33 (m, 1H), 1,24 (m, 1H), 1,12 (m,
1H).

Vi du 77: Diéu ché (2R,3S)-2-(3-(6-clo-7-metyl-3H-imidazo[4,5-b]pyridin-3-y1)-2-

.a-—N
Ve Cl

Phan tmg duoc tién hanh theo cach twong tur nhu trong bude 69-1 va budc 69-2 trong

hydroxypropyl)piperidin-3-ol

OH

™
H

Vi du 69, ngoai trir benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(6-clo-7-metyl-3H-
imidazo[4,5-b]pyridin-3-yl)-2-hydroxypropyl)piperidin-1-carboxylat dugc st dung thay cho
benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(1H-benzo[d]imidazol-1-yl)-
oxopropyl)piperidin-1-carboxylat, nh¢ d6 thu dugce hop chét néu & tiéu dé nay (20 mg, hiéu suit:
75%).

TH-NMR (500 MHz, DMSO-ds): 5 8,37 (s, 1H), 8,32 (d, 1H), 4,54 (m, 1H), 4,22 (m,
1H), 4,12 (m, 2H), 2,88 (m, 1H), 2,70 (d, 1H), 2,59 (s, 3H), 2,34 (m, 2H), 1,98 (m, 1H), 1,84 (m,
1H), 1,53 (m, 1H), 1,32 (m, 1H), 1,20 (m, 1H), 1,05 (m, 2H).
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Vidu 78: Didu ché 2R3 S)-2-(3-(6-bromo-7-metyl-3H-imidazo[4,5-b]pyridin-3-y1)-2-
hydroxypropyl)piperidin-3-ol

’&QHDH _,;__;N

>

Phan tmg duoc tién hanh theo cach twong tir nhur trong budc 69-1 va budc 69-2 trong
Vi du 69, ngoai trir benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(6-bromo-7-metyl-3H-
ifnidazo[4,5-b]pyn'din—3 -y1)-2-hydroxypropyl)piperidin-1-carboxylat dugc st dung thay cho
benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(1H-benzo[d]imidazol- 1-y1)-2-
oxopropyl)piperidin-1-carboxylat, nhy d6 thu dugc hop chit néu & tiéu dé nay (27 mg, hiéu suét:
77%).

TH-NMR (500 MHz, DMSO-ds): 5 8,42 (s, 1H), 8,36 (s, 1H), 6,02 (s, 1H), 4,55 (d, 1H),
4,23 (m, 1H), 4,13 (m, 2H), 2,89 (m, 1H), 2,77 (m, 1H), 2,60 (s, 3H), 2,27 (m, 1H), 2,17 (m, 1H),
1,98 (d, 1H), 1,83 (d, 1H), 1,52 (d, 1H), 1,31 (m, 1H), 1,27 (m, 1H), 1,18 (m, 1H).

Vi du 79: Biéu ché (2R,3S)-2-(3-(6-bromo-7-clo-3H-imidazo[4,5-b]pyridin-3-y1)-2-
hydroxypropyl)piperidin-3-ol

H
+~on =N\
N —Br

Phan tmg dugc tién hanh theo cach twrong tw nhu trong budc 69-1 va budc 69-2 trong
Vi du 69, ngoai trir benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(6-bromo-7-clo-3H-

N
H

imidazo[4,5-b]pyridin-3-yl)-2-hydroxypropyl)piperidin-1-carboxylat dugc str dung thay cho
benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(1H-benzo[d]imidazol-1-yl)-2-
oxopropyl)piperidin-1-carboxylat, nh¢ d6 thu duogc hop chét néu & tiéu dé nay (20 mg, hiéu suét:
70%).

TH-NMR (500 MHz, DMSO-ds): 6 8,59 (s, 1H), 8,50 (s, 1H), 4,56 (m, 1H), 4,27 (m,
1H), 4,13 (m, 2H), 2,88 (m, 1H), 2,75 (m, 1H), 2,33 (m, 2H), 1,99 (d, 1H), 1,84 (m, 1H), 1,53 (m,
2H), 1,32 (m, 1H), 1,20 (m, 1H), 1,07 (m, 1H).
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Vi du 80: Diéu ché (2R,3S)-2-(3-(1H-benzo[d]imidazol-1-y1)-2-hydroxy-2-
metylpropyl)piperidin-3-ol

‘\\QH '
" O

H

(Budc 80-1) Benzyl (2R,3S)-2-(3-(1H-benzo[d]imidazol-1-yl)-2-hydroxy-2-
metylpropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-carboxylat

H

Metyl magie bromua (420 pL, 0,42 mmol) dugc hoa tan trong tetrahydrofuran (2 mL)
va duoc 1am mat dén 0°C. Benzyl (2R,3S)-2-(3-(1H-benzo[d]imidazol-1 -yD)-2-oxopropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat (89 mg, 0,17 mmol) dugc hoa tan trong
tetrahydrofuran (1 mL) dugc bd sung tix tir g giot vao dung dich néu trén. Sau khi tang nhiét do
phén g dén nhiét d9 trong phong, hdn hop duoc khudy trong thoi gian 3 gior. Khi phan tmg hoan
thanh, phan tmg duoc 1am két thic bang dung dich amoni clorua bao hoa va duoc chiét bang etyl
axetat. Phan chiét duogc 1am khé trén magie sulfat, dugc loc va co déc dudi ap suét gidm, va sau
d6 dugc tinh ché bang phuong phap sic ky cot (etyl axetat) dé thu dugc hop chét néu & tiéu dé nay
(42 mg, hidu suit: 46%).

(Buéc 80-2) Diu ché (2R,3S)-2-(3-(1H-benzo[d]imidazol-1-yl)-2-hydroxy-2-
metylpropyl)piperidin-3-ol

Phan tmg duoc tién hanh theo cach tuong tw nhu trong budc 1-2 trong Vi du 1, bang
céach st dung benzyl (2R,35)-2-(3-(1H-benzo[ d]imidazol-1-yl)-2-hydroxy-2-metylpropyl)-3-
(tert-butyldimetylsilyloxy)piperidin-1-carboxylat thu dugc tir bude 80-1, nhdr d6 thu duge hop
cht néu & tidu dé nay (15 mg, hidu suét: 68%).

TH-NMR (500 MHz, DMSO-de): 6 8,14 (s, 1H), 7,75 (s, 1H), 7,48 (dd, 1H), 7,29 (m,
6H), 5,34 (t, 1H), 5,18-5,00 (m, 2H), 4,61 (t, 1H), 3,95 (m, 1H), 3,79 (dd, 1H), 3,12 (dd, 1H), 2,96-
2,85 (m, 2H), 1,78 (m, 2H), 1,52 (d, 1H), 1,37 (m, 1H), 0,82 (d, 9H), 0,02 (m, 6H).

Vi du 81: Bidu ché (2R,38)-2-(3-(5,6-diclo-1H-benzo[d]imidazol- 1-y1)-2-flopropyl)piperidin-3-
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(Budc 81-1) Pidu ché benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5,6-diclo-
1H-benzo[d]imidazol-1-yl)-2-flopropyl)piperidin-1-carboxylat

Benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5,6-diclo-1H-benzo[ d]imidazol-1-
yl)-2-hydroxypropyl)piperidin-1-carboxylat (73 mg, 0,12 mmol) thu dugc tir budc 70-1 trong Vi
du 70 duogc hoa tan trong diclometan (1 mL) va dugc 1am méat dén -78°C. Dietylaminotriflometyl
sulfua (16 pL, 0,12 mmol) dugc hda tan trong diclometan (1 mL) dugc bd sung tir tir timg giot vao
do, va hdn hop duoc khudy ¢ nhiét d6 -78°C trong thoi gian 30 phut. Khi phan tmg hoan thanh,
phén tmg dugc lam két thiic bang dung dich natri hydro cacbonat bdo hoa, va dugc chiét bang
diclometan. Phan chiét dugc 1am khé trén magie sulfat, duogc loc va c6 dédc dudi ép Suét giam va
sau d6 dugc tinh ché bang phuong phap séc ky cot (etyl axetat) dé thu dugc hop chét néu & tiéu dé
ndy (51 mg, hiéu suit: 69%).

(Budce 81-2) Diéu ché (2R,3S)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-2-
flopropyl)piperidin-3-ol

Phan tng dugc tién hanh theo cach tuong tw nhu trong budce 1-2 trong Vi du 1, bang
cach st dung benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5,6-diclo- 1H-benzo[d]imidazol-
1-y1)-2-flopropy)piperidin-1-carboxylat thu dugre tir bude 80-1, nhd d6 thu duge hop chét néu &
tiéu d& nay (24 mg, hidu sudt: 64%).

TH-NMR (500 MHz, DMSO-de): 6 8,29 (s, 1H), 8,09 (s, 1H), 7,93 (s, 1H), 4,57-4,52
(m, 2H), 4,47-4,43 (m, 1H), 4,04 (dd, 1H), 3,29 (m, 1H), 3,15-3,13 (m, 1H), 2,94-2,92 (m, 1H),
1,83-1,82 (m, 1H), 1,59-1,54 (m, 2H), 1,37-1,26 (m, 3H).

Vi du 82: Didu ché (2R,3S)-2-(3-(5,6-diclo- 1H-benzo[d]imidazol-1-y1)-2,2-
diflopropyl)piperidin-3-ol
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(Budc 82-1) Bidu ché benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5,6-diclo-
1H-benzo[d]imidazol-1-yl)-2,2-diflopropyl)piperidin-1-carboxylat

Benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-
yl)-2-oxopropyl)piperidin-1-carboxylat (100 mg, 0,17 mmol) duoc hda tan trong diclometan (5
mL) va duoc 1am mat dén -78°C dugc bd sung tir tir timg giot vao dietylaminotriflometyl sulfua
(67 uL, 0,51 mmol). Sau khi ting nhiét d§ phan img dén nhiét do trong phong, hon hgp dugc
khudy trong thoi gian 12 gid. Khi phan tmg hoan thanh, phan tmg duoc 1am két thic bing dung
dich natri hydro cacbonat bdo hoa va dugc chiét biang diclometan. Phan chiét dugc [am kho trén
magie sulfat, dugc loc va ¢b dic dudi ap sudt giam, va sau d6 dugc tinh ché bang phwong phép

sic ky cot (etyl axetat: hexan=2:1) dé thu duoc hop chit néu & tiéu dé nay (42 mg, hiéu suat: 41%).

(Budc 82-2) Pidu ché (2R,38)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-2,2-
diﬂopropyl)piperidin—3-ol

Phan tmg dugc tién hanh theo cach turong tr nhur trong budc 1-2 trong Vi du 1, bing
cach str dung benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-
1-y1)-2,2-diflopropyl)piperidin-1-carboxylat thu dugc tir budc 82-1, nhd d6 thu duoc hop chét
néu & tiéu dé nay (17 mg, hiéu suit: 68%).

TH-NMR (500 MHz, DMSO-ds): 8,32 (s, 1H), 7,98 (s, 1H), 7,94 (s, 1H), 4,95-4,83
(m, 2H), 4,74-4,73 (dd, 1H), 2,92-2,89 (m, 1H), 2,81-2,79 (m, 1H), 2,62-2,59 (m, 1H), 2,37-2,33
(m, 1H), 1,84-1,80 (m, 1H), 1,77-1,75 (m, 1H), 1,56-1,54 (m, 1H), 1,34-1,29 (m, 1H), 1,24-1,19
(m, 1H).

Vi du 83: Bidu ché (2R,38)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-2-
metoxypropyl)piperidin-3-ol

-78-



24679

(Budc 83-1) Diéu ché benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5,6-diclo-
1H-benzo[d]imidazol-1-yl)-2-hydroxypropyl)piperidin-1-carboxylat

Benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-
y1)-2-oxopropyl)piperidin-1-carboxylat (200 mg, 0,34 mmol) dugc hoa tan trong metanol (1 mL)
va sau d6 duoc 1am mat dén 0°C. Natri bohydrua (39 mg, 1,0 mmol) dugc bd sung tir tir vao do.
Sau khi ting nhiét do phan ing dén nhiét do trong phong, hdn hop dugc khudy trong thoi gian 1
gir. Khi phan tmg hoan thanh, phan tmg duoc lam két thiic bang nudc va dugc chiét bing etyl
axetat. Phan chiét duoc 1am kho trén magie sulfat, dugc loc va c6 dac duéi ap Suét gidm, va sau
d6 duoc tinh ché bang phuong phép sic ky cot (etyl axetat) dé thu dugc hop chét néu & tiéu dé nay
(180 mg, hiéu suét: 90%).

(Bude 83-2) Didu ché benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5,6-diclo-
1H-benzo[d]imidazol-1-yl)-2-metoxypropyl)piperidin-1-carboxylat

Benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-
yl)-2-hydroxypropyl)piperidin-1-carboxylat (100 mg, 0,17 mmol) thu dugc tir bude 83-1 dugc
hoa tan trong tetrahydrofuran (2 mL) va sau d6 dugc lam mét dén 0°C. Natri bohydrua (39 mg,
1,0 mmol) va metyl iodua (16 pL, 0,25 mmol) duoc bd sung tudn tur tir tir vao dung dich do. Sau
khi tang nhiét do phan tmg dén nhiét do trong phong, hdn hop duge khudy trong thoi gian 3 gio.
Khi phan tmg hoan thanh, phan tmg dugc lam két thiic bang nude va dugc chiét bang etyl axetat.
Phan chiét duoc 1am kho trén magie sulfat, dugc loc va cd déc dudi ap suét giam, va sau do dugc
tinh ché bing phuong phép sic ky cot (etyl axetat 100%) dé thu dugc hop chat néu & tidu dé nay
(80 mg, hiéu suét: 78%).

(Bude 83-3) Diéu ché (2R,3S)-2-(3-(5,6-diclo-1H-benzo[dJimidazol-1-y1)-2-
metoxypropyl)piperidin-1-carboxylat
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Benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-
yl)-2-metoxypropyl)piperidin-1-carboxylat (50 mg, 0,08 mmol) thu dugc tir budc 83-2 duoc hoa
tan hoan toan trong dung dich axit clohydric 6N (4 mL) va sau d6 dugc khqu & nhiét @6 100°C
trong thoi gian 1 gio. Khi phan tng hoan thanh, hdn hop duge 1am mét 1én dén nhiét do trong
phong, va sau d6 dugc didu chinh dén d6 pH=9 bang c4ch bd sung kali cacbonat. San phim tao
thanh duoc pha loang bang mdt luong du nude va duge chiét bang clorofom. Phan chiét dwoc [am
kho trén magie sulfat, duoc loc va c¢d dic dudi dp suft giam, va sau d6 dugc két tinh lai bang dietyl
ete d& thu dugc hop chét néu & tiéu dé ndy (22 mg, hiéu sut: 75%).

'H-NMR (500 MHz, DMSO-de): 8 8,05 (s, 1H), 7,90 (s, 1H), 7,47 (s, 1H), 4,60-4,58
(m, 1H), 4,41-4,31 (m, 2H), 3,41 (s, 3H), 3,29 (m, 1H), 3,05-3,01 (m, 1H), 2,64-2,61 (m, 1H),
2,49-2,46 (m, 1H), 2,24-2,20 (m, 1H), 1,48-1,44 (m, 2H), 1,33-1,25 (m, 2H).

Vi du 84: Biéu ché (2R,38)-2-(3-(5,6-diclo-1H-benzo[dJimidazol-1-y1)-2-hydroxy-2-
metylpropyl)piperidin-3-ol
WOH

I

Phan g dugc tién hanh theo c4ch trong tw nhur trong budc 80-1 va bude 80-2 trong
Vi du 80, ngoai trir benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(5,6-diclo-1H-
benzo[d]imidazol-1-yl)-2-oxopropyl)piperidin-1-carboxylat duoc sir dung thay cho benzyl
(2R ,3S)-2-(3-(1H-benzo[d]imidazol-1-y1)-2-oxopropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-
carboxylat, nh¢ d6 thu dugc hgp chét néu & tiéu d& nay (22 mg, hidu sudt: 71%).

TH-NMR (500 MHz, CDCl3-d): 6 8,26 (s, 1H), 8,02 (s, 1H), 7,89 (s, 1H), 4,24 (s, 2H),
2,93 (m, 1H), 2,79-2,77 (m, 1H), 2,38-2,34 (m, 1H), 2,05-1,99 (m, 2H), 1,89-1,87 (m, 1H), 1,58-
1,55 (m, 1H), 1,32-1,27 (m, 3H), 0,90 (s, 3H).

Vi du 85: Diéu ché (2R,3S)-2-(2-((5-bromo-4-metyl- 1H-benzo[d]imidazol-1-yl)metyl)-3,3,3-
triflo-2-hydroxypropyl)piperidin-3-ol
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(Budc 85-1) Didu ché benzyl (2R,38)-2-(2-((5-bromo-4-metyl-1H-benzo[d]imidazol-

1-yDmetyl)-3,3,3-triflo-2-hydroxypropyl)-3-(tert-butyldimetylsilyloxy )piperidin-1-carboxylat

Benzyl (2R,3S)-2-(3-(5-bromo-4-metyl-1H-benzo[d]imidazol-1-yl)-2-oxopropyl)-3-
(tert-butyldimetylsilyloxy)piperidin-1-carboxylat (100 mg, 0,16 mmol) dugc hoa tan trong
tetrahydrofuran (5 mL) dugc bd sung vao trimetyl(triflometyl)silan (36 mL, 0,24 mmol) & nhiét
d6 0°C, sau d6 bd sung tir tir tertbutylamoni florua (190 ml, 0,19 mmol) vio. Hon hop duoc khudy
& nhiét do trong phong trong thoi gian 8 gid. Khi phan (g hoan thanh, dung méi dugc loai b, va
hén hop tao thanh dugc pha lodng bang etyl axetat va dugc rira bang dung dich natri clorua bao
hoa. Lop hitu co dugce thu gom, duge 1am kho trén magie sulfat, dugc loc va co déc dudi ap suét
gidm, va sau d6 dugc tinh ché bang phuong phép séc ky cot (diclometan: metanol = 10:1) dé thu
dugc hop chét néu & tiéu dé nay (61 mg, hiéu sudt: 55%).

(Budc 85-2) Diéu ché (2R 3S)-2-(2-((5-bromo-4-metyl -1H-benzo[d]imidazol-1-
yl)metyl)-3,3,3-triflo-2-hydroxypropyl)piperidin-3-ol

Benzyl (2R,3S)-2-(2~((5-bromo-4-metyl-1H-benzo[ d]imidazol-1-yl)metyl)-3,3,3-
triflo-2-hydroxypropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-carboxylat (60 mg, 0,09 mmol)
thu duoc tr budce 85-1 duge hoa tan trong dung dich axit clohydric 6N (3 mL) va sau d6 dugc
khudy dudi nhiét do hdi huu trong thoi gian 1 giov. Khi phan tmg hoan thanh, dung dich phan ting
duge 1am mat dén nhiét do 0°C, duoc trung hoa (pH=7) bang kali cacbonat, va duogc chiét bing
dung dich da trdn chira clorofom va mot lugng nho axeton. Lép hitu co duoc thu gom, duge lam
kho trén magie sulfat, duoc loc va ¢d dic dudi ap sudt giam, va sau d6 dugc két tinh lai bang dietyl
ete dé thu duoc hop chét néu & tiéu dé nay (27 mg, hiéu suét: 70%).

TH-NMR (500 MHz, DMSO-ds): 6 8,97 (s, 1H), 8,24 (d, 1H), 8,20 (d, 1H), 5,59 (s, 1H),
5,20 (dd, 2H), 3,64 (m, 1H), 3,60 (d, 1H), 3,48 (d, 1H), 3,38 (s, 3H), 3,01 (d, 2H), 2,26 (m, 1H),
2,28 (d, 1H), 2,01 (m, 2H), 1,92 (m, 1H).
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Vi du 86: Diéu ché (2R,3S)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-2-
(metylamino)propyl)piperidin-3-ol
u‘\O}ij{Nf

1-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-yl)propan-
2-on (20 mg, 0,06 mmol) dugc hoa tan trong etanol (2 mL) duoc bd sung vao metylamin
hydroclorua (19 mg, 0,29 mmol), titan(IV) isopropoxit (86 pL, 0,29 mmol) va trietylamin (41 pL,
0,29 mmol) v sau dé duoc khudy & nhiét do trong phong trong thoi gian 8 gio. Natri bohydrua (8
mg, 0,22 mmol) dugc bd sung vao hdn hgp d6 va hdn hop duge khudy thém & nhiét do trong
phong trong thoi gian 8 gio. Khi phan tmg hoan thanh, dung dich phéan tng duoc loc qua xelit.
Phin loc duge ¢ dic dudi 4p sudt giam dé loai bé dung méi, dugc pha lodng bang etyl axetat va
duocria bﬁng dung dich natri clorua bao hoa. Lép hitu co duge thu, duge 1am kho trén natri sulfat,
duoc loc, va duge co didc dudi ép suét giam. Phén c6 dic duge két tinh lai bz‘“mg dietyl ete dé thu
duge hop chét néu 6 tiéu d& nay (5 mg, hi¢u suat: 10%).

TH-NMR (500 MHz, DMSO-de): 6 8,03 (s, 1H), 7,88 (s, 1H), 7,50 (s, 1H), 4,60 (m, 1H),
4,31 (m, 2H), 3,27 (s, 3H), 3,22 (m, 1H), 3,01 (m, 1H), 2,77 (m, 2H), 2,45 (m, 1H), 2,18 (m, 1H),
1,45 (m, 2H), 1,25 (m, 2H).

Vi du 87: Pidu ché 1-(5,6-diclo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on

Phan g duoc tién hanh theo cach twong tu nhu trong budce 56-1, Bude 56-2 va bude
56-3 trong Vi du 56, ngoai trlr (5,6-diclo-1H-benzo[d]imidazol-2-yl)metanol duoc sir dung thay
cho (1H-benzo[d]imidazol-2-yl)metanol, nhd d6 thu dugc hop chit néu & tiéu dé nay (24 mg, hiéu
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sudt: 78%).

'H-NMR (500 MHz, DMSO-de): § 7,87 (d, 2H), 5,37 (dd, 2H), 4,82 (d, 1H), 4,59 (s,
2H), 3,00 (m, 1H), 2,95 (dd, 1H), 2,82 (d, 1H), 2,67 (m, 1H), 2,40 (m, 2H), 1,90 (m, 1H), 1,60 (d,
1H), 1,35 (m, 1H), 1,24 (m, 1H).

Vi du 88: Diéu ché (2R,38)-2-(3-(5,6-diclo-2-(hydroxymetyl)-1H-benzo[dJimidazol-1-y1)-2-
hydroxypropyl)piperidin-3-ol
* OH

_ N
N 1

H

Cl

(Budre 88-1) Didu ché 2-((tert-butyldimetylsilyloxy)metyl)-5,6-diclo-1H-
benzo[d]imidazol

Phén tmg dugc tién hanh theo cach trong tu nhu trong budce 56-1 trong Vi du 56, ngoai
trr (5,6-diclo-1H-benzo[d]imidazol-2-yl)metanol dugc sir dung thay cho (1H-benzo[d]imidazol-
2-yl)metanol, nh&r d6 thu duge hop chét néu & tiéu dé nay (81 mg, hidu suit: 92%).

(Budc 88-2) Pidu ché (2R,3S)-benzyl 3-(tert-butyldimetylsilyloxy)-2-(3-(2-((tert-
butyldimetylsilyloxy)metyl)-5,6-diclo- IH-benzo[ d]imidazol- 1-yl)-2-oxopropyl)piperidin-1-
carboxylat

2-((tert-butyldimetylsilyloxy)metyl)-5,6-diclo-1H-benzo[d]imidazol (75 mg, 0,23
mmol) thu duge tir bude 88-1 duge hoa tan trong N,N-dimetylformamit (2 mL) duoc bd sung vao
kali cacbonat (62 mg, 0,45 mmol) va dugc khqu ¢ nhiét do trong phong trong thoi gian 10 phut.
Sau do, benzyl (2R,3S)-2-(3-bromo-2-oxopropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-
carboxylat (130 mg, 0,27 mmol) dugc bb sung vao va dugc khuéy & nhiét d9 trong phong trong
thoi gian 3 gior. Khi phan img hoan thanh, dung méi duge loai bd, va hdn hop tao thanh dugc pha
loing bang etyl axetat va dugc rira bang dung dich natri clorua bao hda. Lép hitu co dugce thu gom,
duoc 1am khd trén magie sulfat, dugc loc va ¢b dic dudi ap sudt giam, va sau d6 duoc tinh ché

bang phuong phap sac ky cot (hexan: etylaxetat = 3:1) dé thu dugc hop chit néu & tiéu d& nay (160
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mg, hiéu suét: 93 %).

(Budc 88-3) Didu ché benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(2-((tert-
butyldimetylsilyloxy)metyl)-5,6-diclo- IH-benzo[d]imidazol- 1-y1)-2-hydroxypropyl)piperidin-1-
carboxylat

Benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(2~((tert-
butyldimetylsilyloxy)metyl)-5,6-diclo-1H-benzo[d]imidazol-1-yl)-2-oxopropyl)piperidin-1-
carboxylat (90 mg, 0,12 mmol) thu dugc ttr bude 88-2 dugce hoa tan trong metanol (5 mL) duoc
bd sung vao natri bohydrua (14 mg, 0,37 mmol) va hdn hop duge khudy ¢ nhiét do trong phong
trong thoi gian 2 gio. Khi phan tng hoan thanh, dung méi duoc loai bé, va hdn hop tao thanh
dugc pha lodng bang etyl axetat va dugc rira bang dung dich natri clorua bao hoa. Lép hitu co
duoc thu gom, duge 1am kho trén magie sulfat, dugc loc va ¢d dac dudi ap suét gidm, va sau do6
dugc tinh ché bang phuong phap séc ky cot (hexan: etylaxetat = 3:1) dé thu dugc hop chét néu &
tiéu d& nay (36 mg, hiéu suit: 40%).

(Budc 88-4) Piéu ché (2R,3S)-2-(3-(5,6-diclo-2-(hydroxymetyl)-1H-
benzo[d]imidazol-1-yl)-2-hydroxypropyl)piperidin-3-ol

Phén tmg duoc tién hanh theo cach twong tw nhu trong bude 1-2 trong Vi du 1, ngoai
trr benzyl (2R,3S)-3-(tert-butyldimetylsilyloxy)-2-(3-(2-((tert-butyldimetylsilyloxy)metyl)-5,6-
diclo-1H-benzo[d]imidazol-1-yl)-2-hydroxypropyl)piperidin-1-carboxylat thu dugc tir budc 88-3
dugc st dung thay cho benzyl (2R,3S)-2-(3-(1H-benzo[d]imidazol-1-yl)-2-oxopropyl)-3-(tert-
butyldimetylsilyloxy)piperidin-1-carboxylat thu duoc tir budc 88-3, nhey d6 thu duge hop chét néu
& tieu & nay (15 mg, hidu suét: 84%).

IH-NMR (500 MHz, DMSO-d): 8 7,93 (s, 1H), 7,84 (s, 1H), 4,77 (m, 3H), 4,32 (dd,
1H), 4,18 (dd, 1H), 4,03 (m, 1H), 2,96 (m, 1H), 2,80 (d, 1H), 2,38 (dt, 1H), 2,30 (m, 1H), 1,87 (m,
2H), 1,56 (d, 1H), 1,41 (m, 1H), 1,30 (m, 1H), 1,22 (m, 1H).

Vi du 89: Bidu ché (2R,3S)-2-(3-(5-bromo-4-metyl-1H-benzo[d]imidazol-1-y1)-2-
hydroxypropyl)piperidin-3-ol
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Phan tmg dugc tién hanh theo cach tuong tu nhu trong budc 69-1 va budc 69-2 trong
Vi du 69, ngoai trir benzyl (2R,3S)-2-(3-(5-bromo-4-metyl-1H-benzo[d]imidazol-1-yl)-2-
oxopropyl)-(tert-butyldimetylsilyloxy )piperidin-1-carboxylat dugc st dung thay cho benzyl
(2R,3S)-3~(tert-butyldimetylsilyloxy)-2-(3-(1H-benzo[d]imidazol-1-yl)-2-oxopropyl)piperidin-1-
carboxylat, nhd d6 thu dugc hop chét néu & tiéu d& nay (2 mg, hidu sut: 22%).

TH-NMR (500 MHz, DMSO-ds): 8 8,27 (s, 1H), 8,02 (s, 1H), 7,92 (s, 1H), 4,65 (s, 1H),
4,20 (m, 2H), 2,93 (m, H), 2,78 (d, 1H), 2,37 (m, 2H), 2,09 (d, 1H), 1,86 (d, 1H)1,79 (m, 1H), 1,55
(m, 1H), 1,38 (m, 1H), 1,20 (m, 1H).

Vi du 90: Diéu ché (S)-1-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-3-(pyrolidin-2-yl)propan-2-on

CLEL,F;M
N~ N
H 1

Phan tng duoc tién hanh theo cach twrong tur nhur trong bude 1-1 va buée 1-2 trong Vi

ci

du 1, ngoai trir benzyl (S)-2-(3-bromo-2-oxopropyl)pyrolidin-1-carboxylat dugc str dung thay cho
benzyl  (2R,3S)-2-(3-bromo-2-oxopropyl)-3-(tert-butyldimetylsilyloxy)piperidin-1-carboxylat,
nh¢ d6 thu dugc hop chét trung gian (69 mg, hiéu suét: 77%) va hop chit néu & tiéu dé nay (21
mg, hiéu suét: 64%) duoc tong hop tir do.

TH-NMR (500 MHz, MeOH-das): 6 9,49 (s, 1H), 8,35 (s, 1H), 8,10 (s, 1H), 5,82 (m, 2H),
4,03-3,99 (m, 1H), 3,43-3,41 (m, 2H), 3,30-3,26 (m, 2H), 2,32-2,29 (m, 1H), 2,14-2,11 (m, 1H),
2,00-1,97 (m, 1H), 1,86-1,82 (m, 1H).

Vi du 91: Bidu ché 1-(5-clo-1H-pyrolo[2,3-b]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on
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Phan tmg duoc tién hanh theo cach trong tir nhu trong bude 1-1 va budc 1-2 trong Vi
du 1, ngoai trir 5-clo-1H-pyrolo[2,3-b]pyridin dugc st dung thay cho 1H-benzo[d]imidazol, nho
d6 thu dugc hop chit néu & tiéu d& nay (5 mg, hiéu suat: 13%).

'H-NMR (500 MHz, DMSO-de): & 8,20 (d, 1H), 8,11 (dd, 1H), 7,51 (t, 1H), 6,52 (d,
1H), 5,27 (s, 2H), 5,14 (s, 1H), 3,20 (m, 1H), 3,04 (dd, 1H), 2,93 (m, 3H), 2,59 (m, 3H), 1,90 (m,
1H), 1,68 (d, 1H), 1,47 (m, 1H), 1,32 (m, 1H).

Vi du 92: Biéu ché 1-(6-bromo-1H-pyrolo[2,3-b]pyridin-1-y1)-3-((2R, 3S)-3-hydroxypiperidin-
2-yl)propan-2-on

Phan g duoc tién hanh theo cach trong tw nhur trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 6-bromo-1H-pyrolo[2,3-b]pyridin dugc st dung thay cho 1H-benzo[d]imidazol,
nhd d6 thu duge hop chét néu & tiéu dé nay (11 mg, hiéu sult: 25%).

TH-NMR (500 MHz, DMSO-d): & 7,92 (d, 1H), 7,38 (d, 1H), 7,22 (d, 1H), 6,50 (d,
1H), 5,17 (d, 2H), 4,70 (d, 1H), 2,91 (m, 2H), 2,76 (m, 1H), 2,61 (m, 1H), 2,38 (m, 1H), 2,33 (m,
1H), 1,95 (m, 1H), 1,53 (m, 1H), 1,32 (m, 1H), 1,15 (m, 1H).

Vi du 93: Piéu ché 1-(7-clo-1H-pyrolo[2,3-c]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on

Phan tmg duoc tién hanh theo cach tuong ti nhur trong budc 1-1 va bude 1-2 trong Vi
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du 1, ngoai trir 7-clo-1H-pyrolo[2,3-b]pyridin duogc st dung thay cho 1H-benzo[d]imidazol, nhd
d6 thu duoc hop cht néu & tiéu dé nay (15 mg, hiéu sut: 20%).

'H-NMR (500 MHz, DMSO-dg): 6 7,88 (d, 1H), 7,58 (d, 1H), 7,52 (d, 1H), 6,63 (d,
1H), 5,52 (d, 2H), 4,73 (d, 1H), 3,01 (m, 2H), 2,77 (m, 1H), 2,62 (m, 1H), 2,42 (m, 1H), 2,35 (m,
1H), 1,89 (m, 1H), 1,55 (m, 1H), 1,35 (m, 1H), 1,21 (m, 1H).

Vi du 94: Piéu ché 1-(6-bromo-1H-pyrolo[3,2-b]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on

Phan tmg duoc tién hanh theo cach turong tw nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoai trir 6-bromo-1H-pyrolo[2,3-b]pyridin dugc st dung thay cho 1H-benzo[d]imidazol,
nho d6 thu duge hop chét néu ¢ tidu dé nay (15 mg, hiéu suat: 22%).

TH-NMR (500 MHz, DMSO-de): & 8,36 (d, 1H), 8,13 (d, 1H), 7,51 (d, 1H), 6,58 (d,
1H), 5,25 (d, 2H), 4,78 (m, 1H), 2,98 (m, 1H), 2,87 (m, 1H), 2,81 (m, 1H), 2,62 (m, 1H), 2,38 (m,
2H), 1,90 (m, 1H), 1,56 (m, 1H), 1,33 (m, 1H), 1,23 (m, 1H).

Vi du 95: DBiéu ché 1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)-2-oxopropyl)-4-metyl-1H-
pyrolo|2,3-b]pyridin-5-carbonitril

Phan tmg duoc tién hanh theo cach tuong tir nhur trong bude 1-1 va budce 1-2 trong Vi
du 1, ngoai trir 4-metyl-1H-pyrolo[2,3-b]pyridin-5-carbonitril dugc s dung thay cho 1H-
benzo[d]imidazol, nhd d6 thu duoc hop chit néu & tiéu dé nay (29 mg, hiéu suét: 78%).

TH-NMR (500 MHz, DMSO-ds): 6 8,50 (s, 1H), 7,54 (d, 1H), 6,76 (d, 1H), 5,27 (d, 2H),
4,72 (d, 1H), 2,93 (m, 2H), 2,77 (m, 1H), 2,69 (s, 3H), 2,61 (m, 1H), 2,35 (m, 2H), 1,87 (d, 1H),
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1,54 (d, 1H), 1,32 (d, 1H), 1,20 (m, 1H).

Vi du 96: Diéu ché 1-(5-clo-1H-indazol- 1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-yl)propan-2-on

L=

Phan ting dugc tién hanh theo cach tuong ty nhur trong budic 1-1 va bude 1-2 trong Vi
du 1, ngoai trr 5-clo-1H-indazol dugc st dung thay cho 1H-benzo[d]imidazol, nh¢ d6 thu dugc
hop chét néu & tidu dé nay (15 mg, hiéu suit: 29%).

'H-NMR (500 MHz, DMSO-d): 5 8,08 (s, 1H), 7,86 (s, 1H), 7,60 (d, 1H), 7,39 (d, 1H),
5,55 (s, 2H), 5,40 (s, 1H), 3,03 (m, 5SH), 2,66 (m, 3H), 1,88 (m, 1H), 1,73 (d, 1H), 1,53 (m, 1H),
1,34 (m, 1H).

Vi du 97: Bidu ché 1-(4-bromo-5-metyl-1H-indazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on
. ‘,,1"«0‘;H

Phan ting duoc tién hanh theo cach tuong twr nhur trong bude 1-1 va budce 1-2 trong Vi
du 1, ngoai trir 4-bromo-5-metyl-1H-indazol dugc st dung thay cho 1H-benzo[d]imidazol, nho
d6 thu dugc hop chit néu ¢ tiéu dé nay (28 mg, hiéu sudt: 61%).

TH-NMR (500 MHz, DMSO-de): 6 7,94 (s, 1H), 7,44 (d, 1H), 7,30 (d, 1H), 5,44 (d, 2H),
4,74 (d, 1H), 2,95-2,93 (m, 1H), 2,87 (dd, 1H), 2,84 (d, 1H), 2,53 (d, 1H), 2,39-2,28 (m, 1H), 1,96
(s, 1H), 1,85 (d, 1H), 1,53 (d, 1H), 1,33-1,28 (m, 1H), 1,19 (t, 1H).

Vi du 98: Biéu ché 1-(5-clo-1H-pyrazolo[3,4-b]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on
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Phan ting dugc tién hanh theo cach trong ty nhu trong bude 1-1 va bude 1-2 trong Vi
du 1, ngoati trir 5-clo-1H-pyrazolo[3,4-bpyridin dugc stir dung thay cho 1H-benzo[d]imidazol, nhd
d6 thu dugc hop chit néu o tiéu dé nay (10 mg, hiéu suat: 17%).

'H-NMR (500 MHz, DMSO-ds): & 8,55 (s, 1H), 8,43 (s, 1H), 8,19 (s, 1H), 5,49 (s, 2H),
3,12 (m, 1H), 2,95 (dd, 1H), 2,83 (d, 1H), 2,68 (m, 3H), 1,87 (m, 1H), 1,38 (d, 1H), 1,36 (m, 1H),
1,23 (m, 1H).

Vi du 99: Diéu ché 1-(5-clo-1H-benzo[d][1,2,3 triazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on

Iz

-

Phan tmg duogc tién hanh theo cach twong tr nhu trong bude 1-1 trong Vi du 1, ngoai
trir 5-clo-1H-benzo[d][1,2,3]triazol dugc st dung thay cho 1H-benzo[d]imidazol, va sau d6 dugc
thch bang phwong phap sic ky cdt (hexan: etyl axetat = 1: 1), nhd d6 thu dugc hop chat trung gian.
Sau d6, phan tmg duoc tién hanh theo cach trong tu nhur trong bude 1-2 trong Vi du 1, nhdy d6 thu
duoc hop chit néu 6 tiéu d& nay (12 mg, hiéu sudt: 64%).

'H-NMR (500 MHz, DMSO-ds): & 8,06 (d, 1H), 7,90 (d, 1H), 7,38 (d, 1H), 5,80 (d,
2H), 4,90 (m, 1H), 3,02 (m, 1H), 2,92 (m, 1H), 2,78 (m, 1H), 2,65 (m, 1H), 2,37 (m, 1H), 2,12 (m,
1H), 1,88 (m, 1H), 1,55 (m, 1H), 1,35 (m, 1H), 1,22 (m, 1H).

Vi du 100: Didu ché 1-(6-clo-1H-benzo[d][1,2,3]triazol-1-y1)-3-((2R,3 S)-3-hydroxypiperidin-2-
yl)propan-2-on
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Phan Umg duoc tién hanh theo cach tuong tu nhu trong budce 1-1 trong Vi du 1, ngoai
trir 5-clo-1H-benzo[d][1,2,3 ]triazol dugc st dung thay cho 1H-benzo[d]imidazol, va sau d6 dugc
tach bang phuong phép séc ky cot (hexan: etyl axetat = 1: 1), nh&r d6 thu dugc hop chét trung gian.
Sau d6, phan tmg duoc tién hanh theo cach twrong twr nhur trong budc 1-2 trong Vi du 1, nhd d6 thu
duoc hop chit néu & tidu dé nay (10 mg, hiéu suét: 69%).

IH-NMR (500 MHz, DMSO-ds): 5 8,15 (s, 1H), 7,71 (d, 1H), 7,53 (d, 1H), 5,84 (s, 2H),
4,85 (m, 1H), 3,05 (m, 1H), 2,97 (m, 1H), 2,77 (m, 1H), 2,65 (m, 1H), 2,37 (m, 1H), 2,02 (m, 1H),
1,88 (m, 1H), 1,50 (m, 1H), 1,31 (m, 1H), 1,17 (m, 1H).

Vi dy thtr nghiém 1. Thir nghiém su @c ché hoat tinh enzym ciia PRS in vitro

Dé x4c nhén hoat tinh sinh hoc ctia cac hop chét duogc diéu ché trong Vidy, % trc ché
hoic tri s6 ICso ctia hoat tinh enzym PRS (enzym phosphoribosylpyrophosphat synthetaza) duge
tinh toan.

Cu thé, phan twong tng v6i PRS trong cDNA ctia EPRS duoc tao dong phu, va
protein PRS thu dugc ¢6 do tinh khiét cao dugc tinh ché va sir dung trong thir nghiém. Hop chét
(1uM) duoc diéu ché trong cac Vi du duoc bd sung vao dung dich dém phéan tng (20 mM KPO,4
(pH=7,4), 6 mM MgAc, 5 mM ATP, 400 mg/mL tRNA, 0,5 mM DTT, 20 mCi[*H]prolin (1
mCi/mL)) va cho phép phan tmg & nhiét do 37°C trong thoi gian tir 5 dén 10 phit. Phan tmg
duoc lam két thuc bing gidy 3M dugc 1am khd trude bang cach bd sung 5% TCA. Hoat tinh
phéng xa dugc do bang cach sir dung may dém nhap nhay chit long.

Tri s6 ICso ctia cac hop chét trong g dugc tinh toan va phén tich bang cach st dung

Microsoft Excel hodc Sigma Plot 8.0. Cac két qua dugc thé hién trong bang 1 duéi day. Trong
bang 1, cac két qua dugc phan chia thinh A, B va C theo khoang ctia ICso. Trudng hop khi ICs
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thu duge bing 100nM hodc nho hon duoc thé hién bang "A", truong hop khi ICso1a tir 100 dén
500nM dugc thé hién bang "B", va trudng hop khi ICso bang 500 nM hodc cao hon dugc thé

hién bang "C".
Béng 1
Vidusd | PRSICso | Vidusd | PRSICso | Vidusd | PRSICso | Vidusé | PRSICs

1 C 26 A 51 C 76 C
2 A 27 A 52 C 77

3 A 28 A 53 C 78 A
4 A 29 C 54 C 79 B
5 A 30 C 55 C 80 C
6 B 31 C 56 A 81 C
7 A 32 B 57 B 82 C
8 A 33 A 58 A 83 C
9 A 34 B 59 A 84 C
10 B 35 A 60 C 85 C
11 B 36 A 61 C 86 C
12 A 37 A 62 C 87 A
13 A 38 B 63 C 88 B
14 A 39 A 64 C 89 A
15 A 40 A 65 C 90 C
16 A 41 A 66 C 91 B
17 A 42 A 67 C 92 C
18 A 43 C 68 B 93 B
19 A 44 C 69 C 94 C
20 A 45 B 70 B 95 C
21 B 46 A 71 A 96 C
22 A 47 C 72 C 97 B
23 A 48 C 73 C 08 C
24 A 49 C 74 C 99 B
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25 A 50 C 75 C 100 C

Vi du thir nghiém 2: Thir nghiém tic ché sur phét trién ctia t& bao ung thu

Céc t& bao NCI-H460, dong té bao ung thu phdi, duoc nudi ciy trong 5% CO,, ti i
37°C str dung binh thét ¢b ding cho méi trudng nudi cay mo 75 cm? Pia 96 15 dugc st dung
d& danh gia. Cac dia ndy dugc chudn bi bang cach d6 vao médi 18 & cac ndng do khac nhau nim
trong khoang tir 6000 dén 12000 t& bao/13 theo tc d phat trién cia dong té bao. Mdi truong
chtra 5% FBS duoc phan phdi 200 pL/15 va dugc sir dung. Moi trurdng duge nudi ciy trong thoi
gian 24 gioy. Sau khi xac nhan trang thai ctia t bao va dang phén tén clia dia 96 15 duéi kinh hién
\;i, ching dugc st dung trong cac thir nghiém tiép theo. Céc hop chét dugc d4nh gia & cac ndng
do béng 100, 30, 10, 3, 1, 0,3, 0,03, 0,01 uM. Sau khi loai béd mdi trudng hién tai, cac hop chét
& cac ndng do khac nhau dugc xir Iy voi lugng bang 200 pL/18. Céc dia dugce xir 1y bang cic
hop chét dugc nudi cdy thém trong thoi gian 48 gid, va kha ning sdng ctia té bao dugc do bing
thir nghiém MTT d tinh cac trj s6 ICso.

% Uc ché va tri s ICso ctia cac hop chét tuong tmg duoc tinh toan va phan tich bang
cach st dung Sigma Plot 8.0. Két qua dugc thé hién bf?mg A, B va C trong bang 2 dudi day..
Trudng hop khi ICsothu dugc bing 5 uM hogic nho hon dugc thé hién bang "A", trudng hop khi
[Csondm trong khoang tir 5 dén 30 M duge thé hién bang "B", va truong hop khi ICsobang 30
uM hodc cao hon dugc thé hién béng "C".

Bing 2
Vidust NCI-H460| Vi fiu NCI-H460] Vidy |NCI-H460 Viduss NCI-H460
ICs0 s6 ICso No. ICso ICs0
1 C 19 B 40 A 80 C
2 B 20 A 42 A 81 C
3 B 21 B 46 C 82 C
4 B 22 A 48 C 83 C
5 B 23 B 50 C 84 C
6 C 24 B 51 C 87 A
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7 B 25 A 52 C 88 C
8 B 26 A 56 C 89 C
9 C 27 B 57 B 90 C
10 B 28 C 58 B 92 C
11 B 30 C 59 B 93 C
12 A 32 C 60 C 94 C
13 A 33 B 61 C 95 C
14 A 35 B 62 C 99 C
15 A 36 B 69 C 100 C
16 B 37 A 70 B

17 B 38 C 71 B

18 B 39 A 78 C

Vi du thtr nghiém 3: Téc dung diéu trj bénh chéng lai bénh xo héa tim trong mé hinh chudt nhét

Mo hinh cua phuong phdp co dong mach chi co ngang (Transverse Aorta
Constriction - TAC) duoc st dung cho bénh xo hoéa tim. Dong mach v6 danh phai va dong mach
canh trai cia chudt nhat C57BL/6 (n = 8~10) dugc dua vao dng nbi mot phin, nho dé gay ra su
phinh truéng tAm that trai va bénh xo hoa do su qua tai cia ap luc. TAt ca cc loai duge phim
duoc ding qua dudng miéng & 10 mg/kg mét ngdy trong thoi gian hai tudn sau su kich thich
b?mg TAC. Nhiéu soi co tim b hoai it va phan hiy cuc bd cho mdi 56 lugng don vi cla cac soi
co ciia tAm thét trai clia chudt nhét dugc do sau khi nhuém H&E bang k§ thuat phan tich hinh
anh mo bénh hoc & thoi diém két thuc thir nghiém, nhd d6 danh gid mic do hu hai dbi véi co
tim (Fig. 1). Ty 1& phan trim ctia cac soi colagen trén mdi don vi dién tich cta chudt duge do
sau khi nhu¢m Sirius do, nho d6 danh gid mitc do cua bénh xo hdéa dugce khu trt quanh mach
(Fig. 2 va Fig. 3). Ngoai ra, mRNA ctia m6 tim dugc chiét & thoi diém két thuc thir nghiém, va
mtic biéu hién mRNA ctia yéu t6 sinh truéng betal bién nap & chudt (TGE-B1), yéu t6 s¢i, ciing
duoc do (Fig. 4).
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YEU CAU BAO HO

1. Hop chét c6 cong thirc héa hoc 1 dudi day, hoic mubi dugc dung clia no:

R

cong thirc hoa hoc 1

trong cong thirc hda hoc 1 nay:

nlal, hodc 2,

Ry 12 hydro, hodc hydroxy,

Ry 1a hydro,

R 1a hydroxy, halogen, amino, Ci.4 alkylamino, di(Ci4 alkyl)amino hozc Ci4 alkoxy;
R3 1a hydro, halogen, Ci4 alkyl, hodc Ci4 haloalkyl; hodc R» va Rs cling tao ra oxo (=0),
hydroxyimino (=N-OH), hodc Ci4 alkoxyimino (=N-O-(Ci4 alkyl));

Y1I1aN, CH, hodc CRs,
trong d6 Ry 1a Ci14 alkyl, Ci4 hydroxyalkyl, Ci4 alkyl dwoc thé bang Ci4 alkoxy, Ci.

s haloalkyl, hodc -(CH2)mNRgR 10, trong d6 m 13 s6 nguyén nim trong khoang tir 1 dén 4, va mdi
Ry va Rio ddc 1ap 1a hydro, hodc Ci4 alkyl,

Y2 1aN, hodc CH,

A 13 benzen, heteroaryl c6 tir 1 dén 4 nguyén tt¥ nito, hoic xyclohexen, & dang vong
sau canh,

k 12 s6 nguyén nam trong khoang tir 0 dén 4, va

mdi Ra doc 1ap 1a Ci4 alkyl, Ci4 alkoxy, Ci4 haloalkyl, Ci4 haloalkoxy, halogen,

xyano, hodc carboxy.
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2.Hop chét hoic mudi duge dung ctia n6 theo diém 1,

trong d6 Ry 1a hydroxy, flo, amino, metylamino, dimetylamino hodc metoxy; R3 1a
hydro, flo, metyl, hodc triflometyl; hodc Rz va R3 ciing tao ra oxo (=0O), hydroxyimino (=N-OH),
hodc metoxyimino (=N-OCH3).

3. Hop chét hoic mudi duoc dung ctia no theo diém 1,

trong d6 A 1a benzen, pyridin, pyrimidin, hodc xyclohexen.

4. Hop chét hoic mudi duoc dung cuiia n6 theo diém 1,
trong d6 R4 la metyl, etyl, hydroxymetyl, hydroxyetyl, 1-hydroxyetyl, triflometyl,

metoxymetyl, aminometyl, hodc (dimetylamino)metyl.

5. Hop chét hodc mudi duge dung cta né theo diém 1,

trong do:

(‘T’Z = va

‘S
25

WEL Y6

Yia / :

Y3 1aN, hoac C-Rs;

Y4 1a N, hoac C-Re;

Y5 1aN, hoac C-R7;

Y6 1a N, hodc C-Rs,

Rs 1a hydro, Ci4 alkyl, C14 haloalkyl, hoéc halogen;

Re la hydro, Ci14 alkyl, C14 alkoxy, Ci4 haloalkyl, Ci4 haloalkoxy, halogen, xyano, hoéc
carboxy;

R7lahydro, Ci14 alkyl, C14 alkoxy, C14 haloalkyl, Ci4 haloalkoxy, halogen, hodc xyano;
va

Rs 12 hydro, Ci4 alkyl, C14 haloalkyl, Ci4 haloalkoxy, hodc halogen.
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6. Hop chét hoic mubi dugc dung ctia né theo diém 5,
trong do:
Rs 1a hydro, metyl, triflometyl, flo, clo, hodc brom;
R¢ la hydro, metyl, triflometyl, triflometoxy, flo, clo, brom, xyano, hodc carboxy;
R7 1a hydro, metyl, triflometyl, flo, clo, hodc brom; va
Rg 1a hydro, metyl, triflometyl, triflometoxy, clo, hodc brom.

7. Hop chét hoic mubi duoc dung ctia né theo diém 1,

trong do:

k 14 s6 nguyén nam trong khoang tir 0 dén 2.

8. Hop chét hodic mubi duge dung cua né theo diém 7,
trong d6 mdi Ra doc 13p 1a Ci4 alkyl, C14 haloalkyl, Ci4 haloalkoxy, halogen, xyano,

hodc carboxy.

9. Hop chét hodc mudi duoc dung cia n theo diém 8,

trong d6 mdiRa doc lap Ia metyl, triflometyl, triflometoxy, flo, clo, brom, xyano, hodc
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carboxy.

10. Hop chét hodc mubi duoc dung ctia n6 theo diém 1,

trong do:

n 14 s nguyén bang 1 hoic 2,

R 1a hydro hodc hydroxy,

R;’ 1a hydro,

R 14 hydroxy, halogen, C14 alkylamino, hodc Ci.4 alkoxy; v

R3 14 hydro, halogen, Ci4 alkyl, hodc Ci4 haloalkyl; hodc Rz va R3 cling tao ra oxo
(=0), hydroxyimino(=N-OH), hodc Ci4 alkoxyimino (=N-O-(Ci alkyl));

Y1 1a CH, hodc CRy,
trong d6 R4 1 C14 alkyl, Ci4 hydroxyalkyl, Ci4 alkyl dugc thé bang Ci4 alkoxy, Ci-

s+ haloalkyl, Ci4 alkyl dugc thé bang amino, hodc Ci alkyl duoc thé bang di(Ci4 alkyl)amino,
Y21aN,

k 12 s& nguyén ndm trong khoang tir 0 dén 2, va

mdi Ra doc 1ap 1a Ci4 alkyl, C14 haloalkyl, Ci4 haloalkoxy, hoic halogen.

11. Hop chét hodic mubi duoc dung cta n6 theo diém 1,
trong do:
nla 2,
R 14 hydroxy,
Ry 13 hydro,
R2 1a hydroxy; Rs3 14 hydro; hodc R; va R3 cing tao ra oxo (=O);
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Yla e ,

Y11aCH,

Y2 1aN,

k 14 s6 nguyén nam trong khoang tir 0 dén 2,

mdi Ra doc 1ap 1a Ci4 alkyl, C14 haloalkyl, halogen, ho#c xyano.

12. Hop chét hodc mudi duge dung ctia n6 theo diém 1,

trong d6 hop chét ¢ cong thirc héa hoc 1 13 hop chét bat ky duoc chon tir nhém bao

1) 1-(1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-yl)propan-2-
on,

2) 1-(5-clo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

3) 1-(6-clo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

4)  1-(5-bromo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

5) 1-(6-bromo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

6) 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(5-(triflometyl)-1H-benzo[d]imidazol-1-
yl)propan-2-on,

7) 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(6-(triflometyl)-1H-benzo[d]imidazol-1-
yl)propan-2-on,

8) 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(7-(triflometyl)- 1H-benzo[d]imidazol-1-
yDpropan-2-on,

9) 1-(5,6-dimetyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
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yl)propan-2-on,

10) 1-(5,6-diflo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

11) 1-(4,5-diflo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yDpropan-2-on,

12) 1-(4,5-diclo-1H-benzo[d]imidazol-1-yI)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

13) 1-(5-flo-4-metyl-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yDpropan-2-on,

14) 1-(5-clo-4-metyl-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

15) 1-(5-bromo-4-metyl-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

16) 1-(4,5-dimetyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

17) 1-(5-flo-4-(triflometyl)-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

18) 1-(5-bromo-4-(triflometyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

19) 1-(4-bromo-5-metyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

20) 1-(5-bromo-4-flo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

21) 1-(4-clo-5-flo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

22) 1-(5-bromo-4-clo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-
2-yl)propan-2-on,

23) 1-(6-bromo-4-metyl-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,
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24) 1-(6-clo-4-metyl-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

25) 1-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

26) 1-(6-bromo-5-flo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

27) 1-(5,6-dibromo-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,
\ 28) 1-(6-clo-7-metyl-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

29) 1-(5-bromo-1H-imidazo[4,5-b]pyridin-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

30) 1-((2R,3S)—3-hydroxypiperidin—2—yl)-3-(5-(triﬂometyi)—1H—imidazo[4,5-
b]pyridin-1-yl)propan-2-on,

31) 1-(6-bromo-1H-imidazo[4,5-b]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

32) 1-(6-clo-1H-imidazo[4,5-c]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
ylD)propan-2-on,

33) 1-(7-bromo-1H-imidazo[4,5-c]pyridin-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,
‘ 34) 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(3H-imidazo[4,5-b]pyridin-3-yl)propan-
2-on,

35) 1-(5-bromo-3H-imidazo[4,5-b]pyridin-3-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

36) 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(5-(triflometyl)-3H-imidazo[4,5-
b]pyridin-3-yl)propan-2-on,

37) 1-(6-bromo-3H-imidazo[4,5-b]pyridin-3-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

38) 3-(3-((2R,3S)-3-hydroxypiperidin-2-yl)-2-oxopropyl)-3H-imidazo[4,5-
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b]pyridin-6-carbonitril,

39) 1-(6-clo-7-metyl-3H-imidazo[4,5-b]pyridin-3-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

40) 1-(6-bromo-7-metyl-3H-imidazo[4,5-b]pyridin-3-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

41) 1-(5,7-diclo-3H-imidazo[4,5-b]pyridin-3-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

42) 1-(6-bromo-7-clo-3H-imidazo[4,5-b]pyridin-3-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

43) mubi hydroclorua cta axit 3-(3-(2R,3 S)-3-hydroxypiperidin-2-yl)-2-
oxopropyl)-3H-imidazo[4,5-c]pyridin-6-carboxylic,
\ 44) mudi 1-(6-clo-9H-purin-9-yl)-3-((2R,3S)-3-hydroxypiperidin-2-yl)propan-2-on
hydroclorua,

45) 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(4,5,6,7-tetrahydro-1H-
benzo[d]imidazol-1-yl)propan-2-on,

46) 1-(5,6-diclo-2-metyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

47) 1-(4,5-diflo-2-metyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

48) 1-(5,6-diclo-2-etyl-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-
2-yl)propan-2-on,

49) 1-((2R,3S)-3-hydroxypiperidin-2-yl)-3-(2-metyl-1H-imidazo[4,5-b]pyridin-1-
yl)propan-2-on,
\ 50) 1-(5,6-diclo-2~(triflometyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

51) 1-(5,6-diclo-2-((dimetylamino)metyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-
3-hydroxypiperidin-2-yl)propan-2-on,

52) 1-(2-(aminometyl)-5,6-diclo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,
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53) 1-(6-flo-2-(2-hydroxyetyl)-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,
‘ 54) 1-(2-((R)-1-hydroxyetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,
55) 1-(2-((S)-1-hydroxyetyl)-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,
56) 1-(2-(hydroxymetyl)-1H-benzo[d]imidazol-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,
57) 1-(5-bromo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,
58) 1-(6-bromo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,
59) 1-(2-(hydroxymetyl)-6-(triflometyl)-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,
\ 60) 1-(2-(hydroxymetyl)-5-(triflometoxy)-1H-benzo[d]imidazol-1-yI)-3-((2R,3S)-
3-hydroxypiperidin-2-yl)propan-2-on,
61) 1-(2-(hydroxymetyl)-7-(triflometoxy)-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-
3-hydroxypiperidin-2-yl)propan-2-on,
62) 1-(2-(hydroxymetyl)-4,5-dimetyl-1H-benzo[d]imidazol-1-yI)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,
63) 1-(5,6-diclo-2-(metoxymetyl)-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,
64) 1-(5,6-diclo-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on oxim,
65) 1-(5,6-diclo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-yl)-3-((2R,35)-3-
hydroxypiperidin-2-yl)propan-2-on oxim,
‘ 66) 1-(6-bromo-1H-imidazo[4,5-b]pyridin-1-yI)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on oxim,

67) 1-(5,6-diclo-1H-benzo[dJimidazol-1-yl)-3-((2R,38)-3-hydroxypiperidin-2-
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yDpropan-2-on O-metyl oxim,

68) 1-(2-(hydroxymetyl)-1H-imidazo[4,5-b]pyridin-1-y1)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

69) (2R,3S)-2-(3-(1H-benzo[d]imidazol-1-yl)-2-hydroxypropyl)piperidin-3-ol,

70) (2R,3S)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-yl)-2-hydroxypropyl)piperidin-
3-ol,

71) (2R,3S)-2-(3-(5-bromo-4-clo-1H-benzo[d]imidazol-1-yl)-2-
hydroxypropyl)piperidin-3-ol,

72) (2R,3S)-2-(3-(5-bromo-4-(triflometyl)-1H-benzo[d]imidazol-1-yl)-2-
hydroxypropyl)piperidin-3-ol,

73) (2R,3S)-2-(3-(4-bromo-5-metyl-1H-benzo[d]imidazol-1-yl)-2-
hydroxypropyl)piperidin-3-ol,

74) (2R,3S)-2-(3-(5-bromo-4-flo-1H-benzo[d]imidazol-1-yl)-2-
hydroxypropyl)piperidin-3-ol,

75) (2R,3S5)-2~(3-(4,5-diclo-1H-benzo[d]imidazol-1-yl)-2-hydroxypropyl)piperidin-
3-ol,

76) (2R,3S)-2-(3-(5-clo-4-metyl-1H-benzo[d]imidazol-1-yl)-2-
hydroxypropyl)piperidin-3-ol,

77) (2R,3S)-2-(3-(6-clo-7-metyl-3H-imidazo[4,5-b]pyridin-3-y1)-2-
hydroxypropyl)piperidin-3-ol,

78) (2R,3S)-2~(3-(6-bromo-7-metyl-3H-imidazo[4,5-b]pyridin-3-yl)-2-
hydroxypropyl)piperidin-3-ol,

79) (2R,3S)-2~(3-(6-bromo-7-clo-3H-imidazo[4,5-b]pyridin-3-yl)-2-
hydroxypropyl)piperidin-3-ol,

80) (2R,3S)-2-(3-(1H-benzo[d]imidazol-1-yl)-2-hydroxy-2-metylpropyl)piperidin-
3-ol,

81) (2R,3S)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-yl)-2-flopropyl)piperidin-3-ol,

82) (2R,3S)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-2,2-diflopropyl)piperidin-3-

ol,
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83) (2R,3S)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-2-metoxypropyl)piperidin-
3-ol,

84) (2R,35)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-yl)-2-hydroxy-2-
metylpropyl)piperidin-3-ol,

85) (2R,35)-2-(2-((5-bromo-4-metyl-1H-benzo[d]imidazol-1-yl)metyl)-3,3,3-triflo-
2-hydroxypropyl)piperidin-3-ol,

86) (2R,3S)-2-(3-(5,6-diclo-1H-benzo[d]imidazol-1-y1)-2-
(metylamino)propyl)piperidin-3-ol,

87) 1-(5,6-diclo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-yl)-3-((2R,3S)-3-
hydroxypiperidin-2-yl)propan-2-on,

88) (2R,35)-2-(3-(5,6-diclo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-y1)-2-
hydroxypropyl)piperidin-3-ol,

89) (2R,3S)-2-(3-(5-bromo-4-metyl-1H-benzo[d]imidazol-1-yl)-2-
hydroxypropyl)piperidin-3-ol,

90) (S)-1-(5,6-diclo-1H-benzo[d]imidazol-1-yl)-3-(pyrolidin-2-yl)propan-2-on,

91) 1-(5-clo-1H-pyrolo[2,3-b]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

92) 1-(6-bromo-1H-pyrolo[2,3-b]pyridin-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

93) 1-(7-clo-1H-pyrolo[2,3-c]pyridin-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

94) 1-(6-bromo-1H-pyrolo[3,2-b]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

| 95) 1-(3-((2R,3S)-3-hydroxypiperidin-2-yl)-2-oxopropyl)-4-metyl- 1H-pyrolo[2,3-

b]pyridin-5-carbonitril,

96) 1-(5-clo-1H-indazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-yl)propan-2-on,

97) 1-(4-bromo-5-metyl-1H-indazol-1-yl)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on,

98) 1-(5-clo-1H-pyrazolo[3,4-b]pyridin-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
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yl)propan-2-on,

99) 1-(5-clo-1H-benzo[d][1,2,3]triazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on, va

100) 1-(6-clo-1H-benzo[d][1,2,3]triazol-1-y1)-3-((2R,3S)-3-hydroxypiperidin-2-
yl)propan-2-on.

13. Phwong phap diéu ché hop chét c6 cong thirc héa hoc 1 sau day bao gdm cac budre:

1) cho hop chét ¢6 cong thirc hoa hoc 1-1 sau day phén ing v6i hop chit ¢ cong thirc
héa hoc 1-2 sau day dé didu ché hop chét c6 cong thirc hoéa hoc 1-3 sau day; va

2) dwa hop cht c6 cong thirc héa hoc 1-3 sau day vao phéan ing loai nhém bao vé dé

diéu ché hop chét ¢6 cong thirc hoa hoc 1 sau day:

cong thirc hoa hoc 1:

cong thirc hoa hoc 1-2:

y1==Y2

cong thirc héa hoc 1-3:
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trong céc cong thirc héa hoc 1, 1-1, 1-2 va 1-3,

n, R1, Ri', R, R3, Y1, Y2, A, k va Ra 14 nhu dugc xé4c dinh theo diém 1,

X 1a halogen

P 12 nhém bao vé bét ky dugc chon tir nhém bao gdm carbobenzyloxy, para-
metoxybenzyl cacbonyl, tert-butyloxycacbonyl, 9-fluorenyl metyloxy cacbonyl, axetyl, benzoyl,
benzyl va para-metoxybenzyl,

P, 13 nhom béo vé bét ky duoc chon tir nhém bao gdm axetyl, benzoyl, benzyl, beta-
metoxyetoxy metyl ete, metoxymetyl ete, para-metoxybenzyl ete, metylthiometyl ete, pivaloyl,
tetrahydropyranyl, trityl, tert-butyldimetylsilyl, triisopropylsilyl ete, va etoxyetyl ete,

v6i diéu kién 13 khi Ry 1a hydro, thi hydro dugc thé thay cho O-P, trong cac cong thirc
héa hoc 1-1 va 1-3.

14. Dugc phém trc ché hoat tinh cia enzym PRS, chira hop chét theo diém 1, hoic mubi duoc

dung ciia no, va chat mang.

15. Hop chét c6 cong thirc hoa hoc 2-9 hodc hop chét co cong thirc héa hoc 2-13:

cong thirc hoa hoc 2-9:

cong thirc hoa hoc 2-13:
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~{Ra)

trong cac cong thirc hoa hoc 2-9 va 2-13,

mdi Py va P, doc 1ap 13 nhém bao vé,

nla 1 hodc 2,

Ry’ 14 hydro,

R4 12 Ci4 alkyl, Cr4 hydroxyalkyl, Ci4 alkyl dugc thé bing Ci4 alkoxy, Ci4 haloalkyl,
hoic (CH,)mNRoR 9, trong d6 m 14 s6 nguyén nim trong khoang tir 1 dén 4, mdi Ro vaRyo doc
lap 1a hydro hodc Ci4 alkyl,

A 1a benzen, heteroaryl ¢6 tir 1 dén 4 nguyén tir nito, hodc xyclohexen, ¢6 dang vong
sau canh,

k 12 s6 nguyén nam trong khoang tir 0 dén 4,

mdi Ra ddc 14p 1a Ciu alkyl, Ci4 alkoxy, Ci4 haloalkyl, Ci4 haloalkoxy, halogen,

xyano, hodc carboxy.

16. Phuong phap didu ché hop chét c6 cong thirc hoa hoc 2-9 sau day theo diém 15 bao gdm cac
budc:

1) cho hop chét c6 cong thirc héa hoc 2-5 sau dy phan tmg véi hop chét c6 cong thire
héa hoc 2-6 sau day véi sur c6 mét clia bazo dé diéu ché hop chét ¢6 cong thirc héa hoc 2-7 sau
day;

2) cho hop chét c6 cong thirc héa hoc 2-7 phén tmg véi su ¢6 mit clia hydro va kim
loai dé diéu ché hop chat c6 cong thirc hoa hoc 2-8 sau day; va

3) cho hop chét ¢6 cong thirc héa hoc 2-8 sau ddy phan tmg 1) véi su 6 mit cia
trimetyl orthoformat hodc trietyl orthoformat, va axit para toluensulfonic hodc pyridin para
toluensulfonat, hodc ii) vdi su c6 mat cla axit formic, dé diéu ché hop chét ¢ cong thirc hoa

hoc 2-9 sau day:
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cong thirc hoa hoc 2-5:

NHz

cong thirc héa hoc 2-9:
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trong cc cong thirc héa hoc tir 2-5 dén 2-9,
P1, P2, n, Ry, A, k vaRa la nhu dugce x4c dinh theo diém 15.

17. Phuong phap didu ché hop chét ¢ cong thirc héa hoc 2-13 theo diém 15 sau day bao gdm
cac budc:

1) cho hop chit c6 cong thirc héa hoc 2-5 sau day phan tmg v6i hop chit c6 cong thirc
héa hoc 2-6 sau diy véi su c6 mit ciia bazo dé diéu ché hop chét co cong thirc héa hoc 2-7 sau
day;

2) cho hop chit c6 cong thirc héa hoc 2-7 sau day phan Umg v6i su c6 mt cia hydro
va kim loai dé didu ché hop chét c6 cong thirc héa hoc 2-8 sau day;

3) cho hop chit c¢6 cong thirc hoa hoc 2-8 va axit carboxylic duoc thé bang Ry (Rs-
COOH) phan tmg véi sw c6 mit cia chit phan ung lién hgp amit cua bis-(2-0xo0-3-
oxazolydinyl)phosphory]l hydroclorua, 1-etyl-(3-(3-dimetylamino)propyl)-carbodiimit
hydroclorua, benzotriazol-1-yloxy-tris-(pyrolidino)phosphoni hexaflophosphat, benzotriazol-ol,
(benzotriazol-1-yloxy) tris(dimetylamino)phosphoni hexaflophosphat hodc O-(benzotriazol-1-
yD-N,N,N,N'-tetrametyluroni hexaflophosphat, va bazo cua trietylamin, diisopropyl etylamin,
pyridin, dimetylanilin, dimetylaminpyridin hogc natri hydroxit dé diéu ché hop chét c6 cong
thirc hoa hoc 2-12; va:

cong thirc hoa hoc 2-5:

o
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cong thirc hda hoc 2-6:
Dg

cong thirc héa hoc 2-7:

(Ra),

cong thirc hoa hoc 2-12:

P2
£ aRy ‘

OH HN Ry

Ra
P.1 { )k

cong thirc hoa hoc 2-13:
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trong cac cong thitrc hoa hoc tir 2-5 dén 2-8,2-12va 2-13,
P1, P2, n, Ry, Ry, A, k va Ra 14 nhu dugce x4c dinh theo diém 15.
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