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(57) Sdng ché dé cap dén hop chat benzimidazol dé diéu bién, cu thé 1a dc ché
hoat tinh hodc chic néng cta ho phosphoinositit 3 ' OH kinaza (du6i day goi 1a
PI3 kinaza), thich hop 1a PI3Ka, PI3K§, PI3K, va/hoac PI3Ky. Sing ché dé cap
hop chét benzimidazol dé diéu tri mot hodc nhiéu tinh trang bénh duogc chon tir:
cdc r6i loan tu mién, bénh viém, bénh tim-mach, bénh thodi héa than kinh, bénh
di ung, bénh hen, bénh viém tuy, suy da co quan, bénh than, két tu tiéu ciu, bénh
ung thu, kha nang di dong clia tinh tring, thai ghép, thai bd manh ghép va tén
thudng phdi. Thich hgp hon nifa 13 sing ché dé cap dén hop chat benzimidazol
chon loc PI3KB dé diéu tri bénh ung thu.
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Linh vue ky thuit dwoc dé cap

Séang ché dé cap t&i hop chit benzimidazol c6 tac dung diéu bién, dic biét 1a
trc ché hoat tinh hodc chirc niang ctia ho phosphoinositit 3’ OH kinaza (duéi day goi
la PI3 kinaza), thich hop la, PI3Ka, PI3K3§, PI3Kp, va/hodc PI3Ky. Thich hop 1a
sang ché d& cap dén hop chét benzimidazol dé diéu tri mot hodc nhidu trang thai
bénh duge chon tir: bénh ty mién, bénh viém, bénh tim-mach, bénh thoai hoa than
kinh, bénh di Gng, bénh hen, bénh viém tuy, suy da co quan, bénh thén, két tu tiéu
cau, bénh ung thu, kha ning di dong cua tinh trung, thai ghép, thai bé manh ghép
va tdn thuong phédi. Thich hop hon 13, sang ché d& cap dén hop chét benzimidazol
chon loc dbi voi PI3KB dé diéu tri bénh ung thur.

Tinh trang k§ thuét ciia sing ché

Con dudng phosphoinositit 3-kinaza (PI3K) 1a mot trong s6 cac con dudng
thuong duoc hoat héa nhit trong bénh ung thu & nguoi va tdm quan trong cia con
duong nay trong nguyén nhan gdy bénh ung thu da duoc thiét 1ap (Samuels Y and
Ericson K. Oncogenic PI3K and its role in cancer. Current Opinion in Oncology,
2006;18:77-82). Viéc khoi mao truyén tin hidu bit ddu bing sy phosphoryl hoa
phosphatidylinositol-4,5-bisphosphat (PIP2) dé tao ra phosphatidylinositol-3,4,5-P3
(PIP3). PIP3 1& mdt chét truyén tin thi cip quan trong tuyén chon protein chira
ving ddng nhét pleckstrin vao mang té bao, noi ma ching dugc hoat héa. Protein
duoc nghién ctru nhidu nhét trong s6 céc protein ny 13 AKT c6 tdc dung thic day

su song sot, phat trién va tang sinh cta te bao.

Ho PI3K bao gdm 15 protein ¢ chung tinh tuong ddng vé& mit trinh tu, dic
biét 1a trong ving kinaza ctia chung, nhung cé tinh dac hiéu co chét khac biét va
mo hinh diéu hoa khac biét (Vivanco I and Sawyers CL. The phosphatidylinositol
3-kinase-AKT pathway in human cancer. Nature Reviews Cancer, 2002;2:489-
501). Nhém I PI3K 1a céc heterodime chira tiéu don vi xtic tac p110 duogc tao phirc
v6i mot trong sb vai tiéu don vi diéu hoa ¢ lién quan mot cach chon loc t6i p85 va
da dugc nghién ctru rdng nhét trong linh vuc sinh u. Tiéu don vi xtc tac nhém 1A
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PI3K bao gdm cac isoform pl10a, pl110p, va pl1108, két hop véi mot trong nam
tidu don vi diéu hoa khic nhau dugc mad hoéa boi ba gen riéng biét. Isoform
p110y thudc tidu don vi don xic thc nhém don 1B PI3K tuong tic véi mot trong
hai tiéu don vi diéu hoa c6 lién quan (Crabbe T, Welham MJ, Ward SG, The PI3k
inhibitor arsenal: choose your weapon Trends in Biochem Sci , 2007;32:450-456).
Nhém 1 PI3K cha yéu chiu trach nhiém phosphoryl héa phan it truyén tin hiéu
PIP2 then chét.

Mbi lién két gitta con duong PI3K va bénh ung thu dugc xac nhan béi
nghién citu trong d6 su dot bién soma di duge nhan dang trong gen PIK3CA mé
héa p110a protein. Sau do, sy dot bién & PIK3CA d3 duoc x4c nhin & nhiéu bénh
ung thu bao gdm ung thu két-truc trang, va, nguyén bao dém, budng trimg va phoi.
Trai nguge voi PIK3CA, khong x4c dinh dugc dot bién soma & isoform B. Tuy
nhién, trong cac nghién ctru su biéu hién qua mirc, isoform PI3KP dugce x4c dinh 1a
¢6 lién quan, khi cn, dén su bién dbi giy ra bdi su mAt mat hodc bét hoat chét trc
ché khdi u PTEN & ca in vitro va in vivo (Torbett NE, Luna A, Knight ZA, et al., A
chemical screen in diverse breast cancer cell lines reveals genetic enhancers and
suppressors of sensitivity to PI3K isotype-selective inhibition. Biochem J
2008:415:97-110; Zhao JJ, Liu Z, Wang L, Shin E, Loda MF, Roberts TM, The
oncogenic properties of mutant pl10a and p110b phosphatidylinositol 3-kinase in
human mammary epithelial cells. Proc Natl Acad Sci USA 2005;102:18443-8).
Phi hop v6i phét hién nay, su biéu hién qué mitc gen PIK3CB da dugc xé4c dinh &
mdt s6 bénh ung thu bang quang, két tring, u nguyén bao dém va bénh bach cau va
su bét hoat p110p qua trung gian siARN cua dong té bao u nguyén bao dém dan
dén wre ché su phat trién khéi u in vitro va in vivo (Pu P, Kang C, Zhang Z, et al.,
Downregulation of PIK3CB by siRNA suppresses malignant glicoma cell growth
in vitro and in vivo. Technolo Cancer Res Treat 2006;5:271-280). Céc sb liéu gn
day hon st dung shARN di chiing minh rang viéc diéu tiét giam p110B va khong
didu tiét p110c 1am bat hoat con dudng PI3K va sau d6 lam bat hoat su phat trién
t& bao khdi u & cac t& bao khéi u ung thu thiéu hut PTEN ca in vitro va in vivo

(Wee S, Wiederschain, Maira S-M, Loo A, Miller C, et al., PTEN-deficient cancers
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depend on PIK3CB. Proc Natl Acad Sci 2008;105:13057-13062). Pht hop véi vai
trd clia viée truyén tin hidu PIK3CB trong khdi u khéng c6 PTEN, p110B duoc bao
céo 12 can thiét cho kiéu hinh dugc chuyén dang trong mé hinh ung thu tién liét
tuyén khong c6 PTEN (Jia S, Liu Z, Zhang S, Liu P, Zhang L, et al., Essential roles
of PI(3)K-p110b in cell growth, metabolism and tumorgenesis. Nature 2008;
10:1038).

Hon nita, ¢6 bdo cdo ring sy tao xo, ké ca xo climg toan than (SSc: systemic
sclerosis), bénh viém khép, bénh thén, bénh xo gan, va mot s6 bénh ung thu, cé
lién quan t6i sy thiéu hut PTEN va biéu hién qua mutc PI3K-Akt tuong {mg
(Parapuram, S.K., et al., Loss of PTEN expression by dermal fibroblasts cuases
skin fibrosis. J. of Investigative Dermatology, advance online publication 9 June
2011; doi: 10,1038/jid,2011,156). Cung v&i didu do6, cac phat hién nay cho biét
PI3K p110pB duéi dang dich hira hen dbi véi bénh ung thu va céc triéu ching khac
co lién quan dén su mat mat PTEN (Hollander, M. Christine; Blumenthal, Gideon
M.; Dennis, Phillip P.; PTEN loss in the continuum of common cancers, rare
syndromes and mouse models. Nature Reviews/Cancer 2011; 11: 289-301). Do

do6, mong mudn tao ra chét e ché PI3K-B chon loc, hiéu nghiém.
Ban chit ky thuit ciia sang ché
Sang ché dé cap dén hop chat c6 cong thire (1):

R,

N
\%Rz
N
O R)\RS

(Rg)n 4

@
trong do:
R, duoc chon tir H, Cisalkyl, alkoxy, hydroxy, halogen, -CN, -NH,, -NHC(O)Ra,
-NHSO,Ra, -CO,H, -CO,Ra, -CONHRb, -CONH,, -CH,0OH, va heteroaryl,
trong do6 heteroaryl c6 thé duoc thé béng mot hoac hai nhém Cy_zalkyl;
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R, duoc chon tir H, -NHRa, alkoxy, halogen, -CF3, -CHF,, va C,_¢alkyl;
R; duogc chon tir aryl va heteroaryl, trong d6 aryl hoic heteroaryl nay c6 thé dugc
thé béng tr mot dén 3 nhém Re;
R4 duoc chon tir H hodc Ra;
mdi nhém Rs ddc 18p duoc chon tir Cj_galkyl;
mdi nhéom Ra ddc 1ap duoc chon tir Cyzalkyl;
Rb dugc chon tir Cy_zalkyl, va SO,Me;
mdi nhém Re doc 14p duoc chon tir Cy.zalkyl, halogen, -CF3, va hydroxy; va
n nim trong khoang tir 0 dén 2,
hodc mudi dugc dung ctia né.
Theo khia canh khéc, séng ché con mé ta phuong phép didu tri khdi u nhay
cam & dong vat co vu can diéu tri, bao gdm viéc cho ddng vat c6 vi ndy sit dung

hop chét c¢6 cong thire (I) (ké ca cong thirc phu cu thé bat ky duge md ta & day) véi

lugng cé tac dung di€u tri hodc mudi dugce dung cta no.

Theo khia canh khac, séng ché d& xut hop chit co cong thire (I), (ké ca cong
thirc phu cu thé bat ky dugc mé ta & day) hoic mudi dugc dung ctia nd dé sur dung

trong diéu tri.

Theo khia canh khéc, sang ché d& xut hop chét c6 cong thire (I) (ké ca cong
thirc phu cu thé bat ky duge mé ta & day) hodc mudi dugc dung ctia n6 dé sir dung

trong di€u tri khoi u nhay cam & dong vat c6 v can di€u tri.

Theo khia canh khac nita, sang ché mé ta viéc st dung hop chét cé cong
thirc (I) (ké ca cong thirc phu cu thé bét ky duoc mé ta & day) hodc mudi duge dung
ctia nd, dé bao ché thube dé sir dung trong diéu tri khdi u nhay cam & dong vat cd
v can diéu tri.

Theo khia canh khac, sang ché d& xuit dugc phdm cha hop chit c6 cong
thire (I) (ké ca cong thirc phu cu thé bt ky duoc mb ta & day) hodc mubi duge dung

cta nd dé sir dung trong dicu tri khoi u nhay cam & dong vét ¢ vl can diéu tri.

M6 ta chi tiét sang ché
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Sang ché dé cap toi hop chét co cong thuc (I).

Theo phuong 4n khéc, sang ché bao gdbm hop chét c6 cong thirc (I)(A),

D(A)
trong do:

R, duoc chon tir H, Cy.¢alkyl, alkoxy, hydroxy, halogen, -CN, -NH,, -NHC(O)Ra,
-NHSO,Ra, -CO,H, -CO,Ra, -CONHRbD, -CONH,, -CH,OH, va heteroaryl,
trong d6 heteroaryl c6 thé duoc thé bing mot hodc hai nhém C,_zalkyl, trong d6
heteroaryl dugc chon tir nhém bao gdm: pyrazolyl, triazolyl, tetrazolyl, oxazolyl

va imidazolyl;
R, duoc chon tir H, -NHRa, alkoxy, halogen, -CF3, -CHF,, va C;_¢alkyl;

R; duoc chon tir aryl va heteroaryl, trong d6 aryl hodc heteroaryl nay c6 thé duoc

thé bang tir mot dén 3 nhom Re;
R4 duogce chon tir H hodc Ra;
mdi nhém Rs doc 1ap duoc chon tir Cy_galkyl;
mdi nhém Ra doc 1ap duoc chon tir Cy_zalkyl;
Rb duoc chon tir Cy_3alkyl, va -SO,Me;
mdi nhém Re doc 1ap duge chon tir Cy_zalkyl, halogen, -CF3, va hydroxy; va
n ndm trong khoang tir 0 dén 2,
hodc mubi dugc dung clia nd.

Theo phuong an khéc, sang ché bao gdm hop chét c6 cong thirc (I)(B):



DH(®B)
trong do:

R, dugc chon tir H, Cysalkyl, alkoxy, hydroxy, halogen, -CN, -NH,, -NHC(O)Ra,
-NHSO,Ra, -CO,H, -CO,Ra, -CONHRb, -CONH,, -CH,OH, va heteroaryl
trong do6 heteroaryl co6 thé dugc thé bang mot hodc hai nhém C_zalkyl;

R, duoc chon tir H, -NHRa, alkoxy, halogen, -CF3, -CHF,, va C;.salkyl;

R; duoc chon tir aryl va heteroaryl, trong d6 aryl hodc heteroaryl nay c6 thé dugc
thé bang tir mot dén 3 nhém Re, va trong d6 aryl hodc heteroaryl dugc chon tir

phenyl, naphtyl, benzothienyl, quinolinyl, isoquinolinyl, va quinazolinyl;

R, duoc chon tir H hoédc Ra;

mdi nhém Rs doc 1ap duoc chon tir Cy_galkyl;

mdi nhém Ra doc 1ap duoc chon tir Cyzalkyl;

Rb dugce chon tir Cyzalkyl, va -SO,Me;

mdi nhéom Re doc 14p duoc chon tir Cy.zalkyl, halogen, -CF3, va hydroxy; va
n nam trong khoang tir 0 dén 2,

hodic mubi duge dung ctia né.

Theo phwong 4n khéc, sang ché bao gdm hop chét c6 cong thire (T)(B), trong
d6 mdi nhém Re ddc 14p 14 Cialkyl, F hodc Cl, van béng 0.

Theo phuong 4n khéc, sang ché bao gdm hop chét c6 cong thire (I)(B), trong
d6 mbi nhém Re ddc 1ap 1a CF; hodc F, van bang 0.

Theo phuong 4n khac, sang ché bao gbm hop chét ¢ cong thirc (I)(C):



trong do:

R; duoc chon tor H, Csalkyl, alkoxy, hydroxy, halogen, -CN, -NHC(O)Ra,
-NHSO,Ra, -CO,H, -CO,Ra, -CONHRb, -CONH,, -CH,OH, va heteroaryl
trong d6 heteroaryl c6 thé duoc thé bing mot hodc hai nhém C_salkyl;

(M©)

R, dugc chon tir H, -NHRa, alkoxy hodc C;_¢alkyl;

mdi nhém Rg, Ry, va Rg doc 1dp duge chon tir Cjsalkyl, halogen, -CFs, va
hydroxyl, hodc R¢ va R; két hop v6i nhau dé tao ra aryl hodc heteroaryl c6
hai vong, hodc R; va Rg két hop véi nhau dé tao ra aryl hodc heteroaryl c6

hai vong;

mdi nhém Ra doc 14p duge chon tir Cy_zalkyl; va

Rb dugc chon tir Cy3alkyl hodc -SO,Me;

hodc muodi dugc dung ctia no.

Theo phuong 4n khéc, sang ché bao gdm hop chit c6 cong thirc (I)(D):

(D(D)
-8-
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R; dugc chon tbr H, Cgalkyl, alkoxy, hydroxy, halogen, -CN, -NHC(O)Ra,
-NHSO,Ra, -CO,H, -CO,Ra, -CONHRb, -CONH,, -CH,OH, va heteroaryl

trong d6 heteroaryl ¢6 thé duoc thé bang mét hodc hai nhém C;_salkyl;

R, dugc chon tir H, NHRa, alkoxy hodc Cy_alkyl;

mdi nhém Ra ddc 14p duge chon tir C;_zalkyl; va

Rb duoc chon tir Cy3alkyl hoac SO,Me;

hodc muoi dugc dung cua no.

Theo phuong an khéc, sang ché bao gébm hop chit cé cong thirc (I)(E):

trong do:

(D(E)

R; duoc chon tr H, Cigalkyl, alkoxy, hydroxy, halogen, -CN, -NHC(O)Ra,
-NHSO,Ra, -CO,H, -CO,Ra, -CONHRb, -CONH,, -CH,OH, va heteroaryl

trong d6 heteroaryl c6 thé duoc thé béng mot hodc hai nhém C,_zalkyl;

R, 1a H, NHRa, alkoxy hodc Cy_alkyl;

mdi nhém Ry va R, doc 1ap duge chon tir Cysalkyl, halogen, -CF;, va hydroxyl;

mdi nhém Ra ddc 14p 1a Cisalkyl; va

Rb 1a Cysalkyl hodc SO,Me;

hodc mudi duge dung cia né.

Theo phuong 4n khac, sang ché bao gdm céc hop chét:

-0-
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2-(1-metyletyl)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-ol,
2-etyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-ol,
1-[(2,3-diclophenyl)metyl]-2-(1-metyletyl)-6-(4-morpholinyl)-1H-benzimidazol-4-
ol,

1-[(2,3-diclophenyl)metyl]-4-flo-2-metyl-6-(4-morpholinyl)-1H-benzimidazol,
1-[(2,3-diclophenyl)metyl]-2-etyl-6-(4-morpholinyl)-1H-benzimidazol-4-ol,
4-flo-2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol,
2-etyl-4-flo-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol,

axit 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)- 1 H-benzimidazol-4-
carboxylic,
1-[(2,3-diclophenyl)metyl]-2-etyl-4-flo-6-(4-morpholinyl)-1H-benzimidazol,
2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-4-(1H-pyrazol-5-yl)-1H-
benzimidazol,

axit 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-4-

carboxylic,

1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-4-(1H-pyrazol-5-yl)-1H-

benzimidazol,

2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-4-(1H-1,2,4-triazol-3-yl)-1H-

benzimidazol,

metyl 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-

carboxylat,

1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)- 1H-benzimidazol-4-

carboxamit,

metyl 1-[(2-flo-3-metylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylat,
2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-carbonitril,
1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)- 1H-benzimidazol-4-
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carbonitril,

metyl 2-metyl-1-{[2-metyl-3-(triflometyl)phenyl|metyl}-6-(4-morpholinyl)-1H-
benzimidazol-4-carboxylat,

axit 2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-1H-
benzimidazol-4-carboxylic,

axit 1-[(2-flo-3-metylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-
4-carboxylic,
2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-carboxamit,
1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-yl)-
1H-benzimidazol,

metyl 2-metyl-6-(4-morpholinyl)-1-(5-quinolinylmetyl)-1H-benzimidazol-4-
carboxylat,

axit 2-metyl-6-(4-morpholinyl)-1-(5-quinolinylmetyl)-1H-benzimidazol-4-
carboxylic,

axit 1-[(3,4-dimetylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-4-
carboxylic,

axit 2-metyl-6-(4-morpholinyl)-1-(2-naphtalenylmetyl)-1H-benzimidazol-4-
carboxylic,

axit 1-[(3,4-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-4-
carboxylic,

2-metyl-1-{[2-metyl-3-(triflometyl)phenyl|metyl }-6-(4-morpholinyl)-4-(1H-1,2,4-
triazol-3-yl)-1H-benzimidazol,
2-metyl-4-(3-metyl-1H-1,2,4-triazol-5-yl)-6-(4-morpholinyl)-1-(1-
naphtalenylmetyl)-1H-benzimidazol,
1-[2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-
yl]etanon,
[2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-

ylJmetanol,
11-
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2-metyl-N-(metylsulfonyl)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-
benzimidazol-4-carboxamit,

metyl 5-(4-morpholinyl)-2-(triflometyl)-1H-benzimidazol-7-carboxylat,

metyl 1-{[2-metyl-3-(triflometyl)phenyl|metyl}-6-(4-morpholinyl)-2-(triflometyl)-
1H-benzimidazol-4-carboxylat,

axit 1-{[2-metyl-3-(triflometyl)phenyl|metyl}-6-(4-morpholinyl)-2-(triflometyl)-
1H-benzimidazol-4-carboxylic,

axit 6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-2-(triflometyl)-1H-benzimidazol-4-
carboxylic,

metyl 1-[(3-clo-2-metylphenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-1H-
benzimidazol-4-carboxylat,

axit 1-[(2,3-diclophenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-1H-
benzimidazol-4-carboxylic,
1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-2-(triflometyl)-1H-
benzimidazol-4-carboxamit,

metyl 6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-2-(triflometyl)-1H-benzimidazol-
4-carboxylat,

metyl 1-[(2,3-diclophenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-1H-
benzimidazol-4-carboxylat,
1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-
yl)-2-(triflometyl)-1H-benzimidazol,

axit 1-[(3-clo-2-metylphenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-1H-
benzimidazol-4-carboxylic,
1-[(2,3-diclophenyl)metyl]-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-yl)-2-
(triflometyl)-1H-benzimidazol,
1-[(3-clo-2-metylphenyl)metyl]-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-yl)-2-
(triflometyl)-1H-benzimidazol,

2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-4-(1H-tetrazol-5-yl)-1H-
-12-
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benzimidazol,

[2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl } -6-(4-morpholinyl)-1H-
benzimidazol-4-ylmetanol,

axit 1-[(3-clo-2-metylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-
4-carboxylic,

axit 2-metyl-1-[(2-metylphenyl)metyl]-6-(4-morpholinyl)-1H-benzimidazol-4-
carboxylic,

etyl 2-metyl-1-{[2-metyl-3-(triflometyl)phenylJmetyl}-6-(4-morpholinyl)-1H-
benzimidazol-4-carboxylat,

4-bromo-2-metyl-6-(4-morpholinyl)- 1 H-benzimidazol,
4-bromo-2-metyl-1-{[2-metyl-3-(triflometyl)phenyl|metyl}-6-(4-morpholinyl)-1H-
benzimidazol,
2-metyl-1-{[2-metyl-3-(triflometyl)phenyljmetyl}-6-(4-morpholinyl)-4-(1,3-
oxazol-2-yl)-1H-benzimidazol,

metyl 2-clo-5-(4-morpholinyl)-1H-benzimidazol-7-carboxylat,

metyl 2-clo-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-1H-
benzimidazol-4-carboxylat,

axit 2-clo-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic,
metyl 2-(diflometyl)-5-(4-morpholinyl)-1H-benzimidazol-7-carboxylat,

axit 2-(diflometyl)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-

carboxylic,

axit 2-(diflometyl)-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-

1H-benzimidazol-4-carboxylic,

axit 1-[(2,3-diclophenyl)metyl]-2-(diflometyl)-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic,

axit 1-[(3-clo-2-metylphenyl)metyl]-2-(diflometyl)-6-(4-morpholinyl)-1H-
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benzimidazol-4-carboxylic,

axit 1-(1-benzothien-7-ylmetyl)-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-4-
carboxylic,

axit 1-[(2,3-dimetylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-4-
carboxylic,

axit 1-[(3-flo-2-metylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-
4-carboxylic,
2,4-dimetyl-1-{[2-metyl-3-(triflometyl)phenyl|metyl}-6-(4-morpholinyl)- 1H-
benzimidazol,

axit 1-[1-(3-clo-2-metylphenyl)etyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-
4-carboxylic,
2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-4-(1,3-
thiazol-2-yl)-1H-benzimidazol,
4-(2-furanyl)-2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-
morpholinyl)-1H-benzimidazol va
2-metyl-4-[(metyloxy)metyl]-1-{[2-metyl-3-(triflometyl)phenyl|metyl}-6-(4-
morpholinyl)-1H-benzimidazol.

Dinh nghia

Thuit ngit “aryl” nhu duogc st dung ¢ day, tru khi c6 quy dinh khéc, nghia la
hé vong hydrocacbon thom. HE vong nay co thé 1a moét vong hodc nhidu vong
ngung tu (vi du hai vong, ba vong, v.v.). Theo phuong 4n khéc, vong aryl mot vong
14 C5-C10, hodc C5-C7, hodc C5-C6, trong d6 sd nguyén it cacbon nay dugc ding
dé chi s6 nguyén tir cacbon tao ra hé vong nay. Hé vong C6, nghia 1a vong phenyl
1a nhom aryl thich hop. Theo phuong &n khéc, vong da vong la nhém aryl hai vong,
trong d6 nhém aryl hai vong thich hgp la C8-C12, hodc C9-C10. Vong naphtyl ma
¢6 10 nguyén tir cacbon 1a vong aryl da vong thich hop.

Thuét ngit “heteroaryl” nhu dugc st dung ¢ day, trir khi ¢c6 quy dinh khéc,

nghia 12 hé vong thom chira cdc nguyén tir cacbon va it nhit mot di nguyén tir.
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Heteroaryl c¢6 thé c6 mdt vong hodc nhiéu vong. Nhém heteroaryl mét vong cb thé
c6 tir 1 dén 4 di nguyén tir trong vong, trong lic d6 heteroaryl da vong c6 thé chira
tir 1 dén 10 di nguyén tir. Vong heteroaryl da vong c6 thé chira lién két vong ngung
tu, spiro hodc ciu, vi du, heteroaryl hai vong 1 heteroaryl da vong. Vong heteroaryl
hai vong c6 thé chia tir 8 dén 12 nguyén tir trong vong. Vong heteroaryl mot vong
c6 thé chira tir 5 dén 8 nguyén tir trong vong (nguyén tir cacbon va di nguyén tir).
Céc nhém heteroaryl duoc 14y 1am vi du bao gdm: benzofuran, benzothien,
benzothiophen, furan, imidazol, indol, isothiazol, oxazol, pyrazin, pyrazol,
pyridazin, pyridin, pyrimidin, pyrol, quinolin, isoquinolin, quinazolin, quinoxalin,
thiazol, va thiophen. Theo phuong 4n khéc, heteroaryl c6 thé dugc thé bang tir 1
dén 3 nhom alkyl.

Thuét ngit "alkoxy" nhu dugc st dung & day nghia 1a —O(alkyl) bao gbdm
-OCH3, -OCH,CHj; va -OC(CHjs);, trong d6 alkyl la nhu duge m6 ta & day.

Thuit ngtt "di nguyén t" nhu dugc s dung & day nghia la oxy, nito hodc
luu huynh.

Thuét ngft "halogen" nhu dugc sir dung & ddy nghia 12 nhém thé dugc chon

tr bromua, iodua, clorua va florua.

Thuét ngtt "alkyl" va céc din xudt clia né va trong tat ca cic mach cacbon
nhu dugc st dung & day, bao gém mach alkyl dugc x&c dinh boi thuat ngl
“(CHp)p”, “-(CHy)pyy” va thuét ngit tuong tw, cé nghia la mach hydrocacbon thing
hodc nhanh, no hodc khéng no, va trir khi c6 quy dinh khac, mach cacbon s€ chira

tir 1 dén 12 nguyén tir cacbon.

Thuét ngit "ddng st dung" va cac thuit ngit phéi sinh ctia n6 nhu duge st
dung & day nghia 1a viéc sir dung dong thoi hodc cach sir dung lién tiép riéng r& bat
ky hop chit (rc ché PI3 kinaza, nhu dugc mo ta & ddy, va mot hoat chat hodc cac
hoat chét khac. Thuét ngit hoat chit khéc hodic cic hoat chét khac, nhu duoc st
dung & day, bao gdm hop chit bat ky hodc chat diéu trj bat ky da biét hoic thé hién
tinh chét c6 loi khi duoc st dung cho bénh nhan can diéu tri. Thich hop néu viéc sir
dung 13 khong ddng thoi, cac hop chat duge st dung trong mét khoang thoi gian
ngén gin v6i nhau. Hon nita, khong c¢6 van d& gi néu cac hop chit duoc str dung &

-15-



23236

dang phan lidu tuong tu, vi du, mot hop chét ¢ thé duge st dung khu tra va hop

chét kia c6 thé duoc sir dung qua dudng miéng.

Thuét ngft “hop chit” nhu dugc st dung & ddy bao gdm tat ca cac chit dong
phan ctia hop chit theo sang ché. Vi du vé cic chat ddng phan nhu vy bao gom:

chét ddng phan dbi anh, tautome, rotame.

Trong céac cong thic, lién két “nét dit” duoc v& gitta hai nguyén tir nghia la
lién két nay c6 thé 1a lién két don hoic lién két d6i. Hé vong chira cac lién két nhu

véy c6 thé 12 thom hodc khong thom.

Mot s& hop chit duge mo ta & ddy c6 thé chira mot hodc nhiéu nguyén tir
khong dbi ximg, hoic theo cach khac co thé ton tai dudi dang hai chat déng phan
dbi anh, hodc hai hodc nhidu chit ddng phan khéng dbi quang. Do d6, hop chét
theo sang ché bao gdm hdn hop cac chit déng phan ddi anh/chit déng phan khong
d6i quang cfing nhu cht déng phan dbi anh/chat ddng phan khong dbi quang tinh
khiét hodc hdn hop dugc 1am giau chit ddng phan dbi anh/chit dong phan khong
d6i quang. Ciing dugc bao ham trong pham vi cla sing ché 14 cac chét dong phan
riéng r& cta hop chit duoc thé hién bing cong thirc (I) néu trén cling nhu cac hdén
hop duoc lam can bing hoan toan hodc mét phan bat ky ctia ching. Sang ché con
bao gdm cac chit ddng phan riéng r& cta cac hop chat dugc biéu dién bang cac
cong thire néu trén du6i dang hdn hop bao gdm céc chit ddng phan ctia né trong d6
mdt hodc nhidu tdm khong dbi xung bi nghich chuyén. Sang ché con bao gém cac
chit ddng phan ddng vi ciia hop chit c6 cong thire (I). Vi du vé cac chit ddng phan
ddng vi nhu vay bao gém, nhung khéng chi gidi han &, cac hop chét c6 mot hodc

nhiéu nguyén tir doteri.

Hop chét c6 cong thirc (I) duge chita trong dugc pham theo sang ché. Khi
nhém -COOH hodc -OH ¢6 mit, thi este duoc dung c¢6 thé duoc stir dung, vi du
metyl, etyl, pivaloyloxymetyl, va cac nhém tuong tu cho -COOH, va axetat maleat
va cac nhom tuong tw cho -OH, va céc este d biét trong linh vuc nay dé lam thay
d6i do hoa tan hodc dic tinh thuy phan, dé st dung lam ché pham giai phéng cham

hoac tién dugc chat.
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Ngudi ¢6 hiéu biét trung binh trong linh vue k¥ thuét nay biét dugc rang hop
chét c6 cong thirc (I) ¢6 thé dugc st dung dudi dang mubi duge dung ciia ching.
Mubi duge dung cta hop chét ¢6 cong thic (I) bao gdm cac mudi thong thuong
duoc tao thanh tir axit hodc bazo v6 co hodc hitu co duge dung (nghia 13, khong
doc) cling nhu mudi amoni béc 4. Cac mudi ldy 1am vi du bao gdm cac mudi sau:
axetat, benzensulfonat, benzoat, bicacbonat, bisulfat, bitartrat, borat, bromua, canxi
edetat, camsylat, cacbonat, clorua, clavulanat, xitrat, dihydroclorua, edetat, edisylat,
estolat, esylat, etanol amin, fumarat, gluxeptat, gluconat, glutamat,
glycollylarsanilat, hexylresorxinat, hydrabamin, hydrobromua, hydroclorua,
hydroxynaphtoat, iodua, isethionat, lactat, lactobionat, laurat, malat, maleat,
mandelat, mesylat (metansulfonat), metylbromua, metylnitrat, metylsulfat,
monokali maleat, mucat, napsylat, nitrat, N-metylglucamin, oxalat, pamoat
(embonat), palmitat, pantothenat, phosphat/diphosphat, polygalacturonat, Kali,
salixylat, natri, stearat, subaxetat, sucxinat, tanat, tartrat, teoclat, tosylat
(metylbenzensulfonat), triethiodua, trimetylamoni va valerat. Cac mudi khac, nhu
oxalic va trifloaxetic, ma ban than chiing khong phai 1a dugc dung, cling c6 thé
duoc st dung trong qué trinh didu ché mudi duéi dang hop chit trung gian dé thu
dugc hop ch_ét theo sang ché va chiing tao thanh mét khia canh khac nita cua sang
ché. Theo mot phuong an, hop chit ¢6 cong thic (1) & dang bazo tu do. Theo mdt
phuong 4an, hop chdt c¢6 cong thic (I) & dang mudbi tris, nghia la
tris(hydroxymetyl)aminometan. Theo mot phuong 4n, hop chét c6 cong thic (I) &
dang mubi sulfat. Theo mot phuong 4n, hop chit c6 cong thirc (I) & dang mubi
hydroclorua. Theo m¢t phuong 4n, hop chét ¢6 cong thirc (I) & dang mubi natri.
Mdt s6 kidu mudi cua hop chit nay co thé 1a solvat, cu thé 13 hydrat. Theo mot
phuong 4n, hop chét cé cong thirc (T) hogc mudi duoc dung ctia né & dang mono-,

di-, tri- hodc hemi- hydrat.

Hién nay da phat hién ra ring hop chit theo sing ché 13 chit tc ché
phosphatoinositit 3-kinaza (PI3K). Khi enzym phosphatoinositit 3-kinaza (PI3K)
duoc e ché bai hop chit theo sang ché, PI3K khong thé sit dung céc tic dung
emzym, sinh hoc va/hodc dugc ly hoc cia né. Do do, hop chét theo sang ché c6 thé

dugc st dung trong didu tri bénh ty mién, bénh viém, bénh tim-mach, bénh thoai
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héa than kinh, bénh di ung, bénh hen, bénh viém tuy, suy da co quan, bénh than,
két tu tiéu cau, bénh ung thu, kha ning di chuyén cua tinh tring, thai ghép, thai bo
manh ghép va tén thuong phi.

Hop chét c6 cong thire (I) 14 thich hop dé didu hoa, dic biét 1a Gc ché hoat
tinh cia phosphatoinositit 3-kinaza (PI3K) va, cu thé hon 13, chit (rc ché chon loc
isoform beta ctia phosphatoinositit 3-kinaza (PI3Kp). Do d6, hop chét theo sang
ché con c6 thé duoc sir dung dé diéu tri cac rdi loan qua trung gian PI3K. Viéc diéu
tri nay lién quan dén sy diéu bién — dang ké 13 Gc ché hoic didu hoa giam —

phosphatoinositit 3-kinaza.

Do hop chét 6 hoat tinh duoc 1y theo sang ché ¢6 hoat tinh duéi dang chét
trc ché PI3 kinaza, cu thé 13 hop chét nay @c ché PI3KP, hodc theo cach chon loc
hodc cing véi mot hodc nhidu PI3KS, PI3Ka, vahoic PI3Ky, ching thé hién tinh
hiru dung vé& mat tri liéu trong didu tri khdi u nhay cam, cu thé 14 cac khbi u nay c6

su thiéu hut PTEN.

Nhu duge st dung ¢ day, cum tir “thiéu hut PTEN” hodc “su thiéu hut
PTEN” dugc dung dé md ta cac khdi u thiéu hut chirc ning tc ché khbi u cua
PTEN (Phosphatase and Tensin Homolog). Su thiéu hut nay bao gbm dot bién gen
PTEN, su giam hodc khong c6 PTEN protein khi so sdnh v&i PTEN kiéu dai, hoic

su dot bién hodc khong c6 mit cac gen khéac gy ra su e ché chirc nang PTEN.

Nhu duge st dung & ddy, thut ngit “su didu tri” hodc “diéu tri” trong ngit
canh phuong phép didu tri, duge ding dé chi viéc lam giam thiéu tinh trang bénh ly
cu thé, loai trir hodc giam bat cac triéu chimg cla trinh trang bénh 1y, 1am cham lai
hoic loai trir su lan rong cua tién trién, xam 14n hodc di cin cia cac tinh trang bénh
1y nay va ngan nglra hodc lam chém lai su tai xuét hién clia céc tinh trang bénh 1y &
d6i tuong d& bi nhiém bénh trudc d6. Sang ché con mo ta viée st dung hop chét
theo sang ché d8 bao ché thudc dé didu tri mét s tinh trang bénh 1y & dong vét co
v (vi du nguoi) can diéu tri.

“Khdi u nhay cam” nhu dugc st dung ¢ ddy dugce ding dé chi khéi u nhay
cam véi viée diéu tri bang chat e ché kinaza va cu thé 12 khdi u nhay cam véi viée

didu tri bang chét trc ché PI3KP. Khéi u c6 lién quan t6i hoat tinh khéng thich hop
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ctia PTEN phosphataza va cu thé 13 khéi u c6 su d6t bién PTEN, hodc dot bién chit
hoat héa nguoc dong cua PISK[ kinaza hoac biéu hién qua muc chit hoat hoa
nguoc dong ctia PI3KP kinaza, va do d6 nhay cam véi viée didu tri bang chét tc
ché PI3KP 1 da biét trong linh vyc k§y thuét ndy, va bao gdm ca khéi u va bénh ung
thur tién phat va di can. Theo mét phuong 4n, su md ta qua trinh didu tri khdi u
nhay cam c6 thé duoc sir dung thay d6i v6i su mé ta qué trinh didu tri bénh ung

thu.

Theo mdot phuong 4n, “khdi u nhay cam” bao gdm, nhung khéng chi giéi han
&, khdi u thiéu hut PTEN duoc liét ké dudi day:

khdi u ndo (u than kinh dém),
u nguyén bao dém,

bénh bach cau,

hdi ching Bannayan-Zonana,
bénh Cowden,

bénh Lhermitte-Duclos,

bénh ung thu vu,

bénh ung thu va do viém,
bénh ung thu két-truc trang,
u Wilm,

sacom Ewing,

sacom co van,

u té bao mang,

u nguyén bao tuy,

ung thu két trang,

ung thu dau va cd,

ung thu than,
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ung thu phdi,

ung thu gan,

u hic séc t6,

caxinom té bio vay,

ung thu budng trimg,

ung thu tuy,

ung thu tién liét tuyén,

ung thu sacom,

sacom xuong,

khéiutébéolénc?xuong,

ung thu tuyén giép,

bénh bach ciu té bao T nguyén bao lymphs,
bénh bach ciu tao nén & tily xuong man tinh,
bénh bach cau nguyén bao lympho man tinh,
bénh bach cau té bao téc,

bénh bach ciu nguyén bao lymphd cép tinh,
bénh bach ciu tao nén & tiy xuong cp tinh,
bénh bach cau ua bach cau trung tinh man tinh,
bénh bach cau té bao T nguyén bao lymphd cép tinh,
u tuong bao,

bénh bach cau té bao 16n mam mién dich,
bénh bach cau té bao vo,

dau tuy,

bénh bach ciu nguyén bao nhéan khéng 15,

da u tay,
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bénh bach cu nguyén bao nhan khéng 16 cép tinh,
bénh bach cau tién tiy bao,

bénh ting sinh nguyén hdng ciu-nguyén tity bao,
u lympho &c tinh,

u lymph6 Hodgkins,

u lympho khong Hodgkins,

u lymphé té bao T nguyén bao lympho,

u lympho Burkitt,

u lympho nang,

u nguyén bao than kinh,

ung thu bang quang,

ung thu ni€u dao,

ung thu am ho,

ung thu ¢6 tir cung,

ung thu ndi mac tir cung,

ung thu thén,

u trung biéu mo,

ung thu thuc quan,

ung thu tuyén nude bot,

ung thu té bao gan,

ung thu da day,

ung thu mili-hong,

ung thu khoang ma,

ung thu miéng,

khéi u té bao dém da day-rudt (gastrointestinal stromal tumor: GIST),
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va ung thu tinh hoan.

Theo phuong 4n khac, thuat ngit “khdi u nhay cam” bao gbm va bi gi6i han
& ung thu tién 1iét tuyén khang hormon, ung thu phdi t€ bao khong nho, ung thu ndi
mac tir cung, ung thu da day, u héac séc t8, ung thu ddu va cb, ung thu vi, ké ca ung
thu v Am tinh véi trip, va u thin kinh dém. Thiéu hut PTEN c6 lién quan dén cac
bénh ung thu nay nhu dugc ching minh trong mot s tai liéu d& dugc cong bd, vi
du, Am J Clin Pathol. 2009 Feb;131(2):257-63 (u nguyén bao dém), J Clin
Neurosci. 2010 Dec;17(12):1543-7 (u nguyén bao dém), Nat Genet. 2009
May;41(5):619-24 (ung thu tién liét tuyén), Br J Cancer. 2008 Oct 21;99(8):1296-
301 (ung thu tién 1iét tuyén), Int J Cancer. 2007 Mar 15;120(6):1284-92 (ung thu
tidn liét tuyén), J Invest Dermatol. 2006 Jan;126(1):154-60 (u hic sic tb), J Clin
Oncol. 2006 Jan 10;24(2):288-95 (u hic sic td), Am J Clin Pathol. 2005
Oct;124(4):528-36 (u hic sic t6), Int J Oncol. 2009 Apr;34(4):983-93 (ung thu vu),
Epigenetics. 2011 May 1;6(5):638-49 (ung thu vu), Gynecol Oncol. 2009
Feb;112(2):307-13 (ung thu budng tring), Mod Pathol. 2010 Oct;23(10):1316-24
(ung thu budng trimg), J Pathol. 2010 Feb;220(3):392-400 (ung thur budng tring),
Lung. 2009 Mar-Apr;187(2):104-9 (ung thu phoi), Anticancer Res. 2007 Jan-
Feb;27(1B):575-81 (ung thu phéi), Am T Surg. 2008 Jun;195(6):719-25 (ung thu
két trang), J Clin Oncol. 2009 Dec 10;27(35):5924-30 (ung thu két trang), Gynecol
Oncol. 2004 Jun;93(3):621-7 (ung thw cb tir cung), va J Oral Pathol Med. 2002
Aug;31(7):379-84 (ung thu dau va co).

Theo khia canh khéc, sang ché con mé ta & diy phuong phap diéu tri khdi u
nhay cam & dong vat c6 via can diéu tri, bao gbm viéc cho ddng vat c6 vi nay su
dung hop chét ¢6 cong thirc (I) (ké ca cong thie chung phu cu thé bat ky duoc md

ta & ddy) hodc mubi dugc dung clia né voi luong co tdc dung di€u tri.

Theo khia canh khéc, sang ché con mo ta & day phuong phap diéu tri ching
xo hoa & dong vét c6 v can diéu tri, bao gdbm viéc cho dong vét c6 va nay st dung
hop chét c6 cong thirc (1) (ké ca cong thire chung phu cu thé bat ky duge md ta &
day) hodc mudi duoc dung clia né véi lugng c6 téc dung diéu tri. Theo cach khéc

hodc mdt cach chon loc, chiing xo hda bao gbém xo cting hé thdng (SS), bénh viém
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khép, bénh than, va bénh xo gan.

Theo khia canh khac, sang ché con mé ta & ddy phuong phap diéu tri ung thu
tién liét tuyén khang hormon & dong vat ¢6 v can diéu tri, bao gdm viéc cho dong
vét c6 via ndy str dung hop chit c¢6 cong thire (I) (ké ca cong thirc chung phu cu thé
bat ky duge md ta & day) hodc mudi duge dung clia né véi lugng ¢6 tac dung didu

tri.

Theo khia canh khac, sang ché con md ta & ddy phuong phap diéu tri ung thu
phéi t& bao khong nhé & dong vat ¢ vi can diéu tri, bao gdm viéc cho dong vat c6
v ndy stt dung hop chét c6 cong thic (I) (ké ca cong thirc chung phu cu thé bat ky

dugc mo ta & ddy) hodc muoi duge dung cia néd véi luong cé tac dung diéu tri.

Theo khia canh khac, sang ché con mé ta & ddy phuong phap diéu tri ung thu
ndi mac ti cung & dong vét c6 v can diéu tri, bao gdm viéc cho dong vét c6 vl nay
str dung hop chit ¢6 cong thirc (I) (ké ca cong thirc chung phu cu thé bét ky dugc

mo6 ta & ddy) hoac muodi dugc dung ctia né véi lugng cé tac dung diéu tri.

Theo khia canh khac, sang ché con mé ta & day phwong phap diéu tri ung thu
da day & dong vat co vu can diéu tri, bao gém vi€c cho dong vat c6 vi nay st dung
tri hop chét ¢6 cong thire (I) (k& ca cong thirc chung phu cu thé bat ky duge mo ta &

day) hodc muoi dugc dung cua n6 véi lugng ¢ tac dung diéu tri.

Theo khia canh khac, sang ché con mé ta & ddy phuong phap didu tri u hic
sic tb & dong vat co vu can diéu tri, bao gém viéc cho ddng vat c6 vl nay st dung
hop chét c6 cong thirc (I) (ké ca cong thiic chung phu cu thé bét ky duoc mo ta &

day) hodc muodi dugce dung ctia n6 véi lugng cd tac dung diéu tri.

Theo khia canh khéc, sang ché con mé ta & ddy phuong phép diéu tri ung thu
d4u va cb & dong vat c6 via can diéu tri, bao gdm viéc cho dong vat c6 vi ndy sir
dung hop chét c6 cong thire (I) (ké ca cong thirc chung phu cu thé bit ky duge mé

ta & day) hodc mudi dugce dung cua nd véi luong c6 tac dung di€u tri.

Theo khia canh khéc, sang ché con mé ta & day phuong phap diéu tri bénh
ung thu v am tinh véi trip & dong vat c6 va can diéu tri, bao gém viéc cho dong

vét ¢6 via nay str dung hop chit ¢ cong thic (I) (ké ca cong thirc chung phu cu thé
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bat ky dugc mo ta ¢ day) hodc mudi duge dung ciia n6 véi lugng cé tic dung didu

tri.

Theo khia canh khac, sang ché con mé ta & ddy phuong phap diéu tri u than
kinh dém & dong vat c6 va can diéu tri, bao gém viéc cho dong vat c6 vl nay su
dung hop chét c6 cong thirc (I) (k& ca cong thirc chung phu cu thé bét ky duoc md

ta & day) hodc muoi dugc dung cia néd véi lugng cé tac dung dicu tri.

Theo khia canh khac, sang ché d& xuét hop chét c6 cong thire (I), (ké ca cong
thirc chung phu cu thé bét ky duge mé ta & day) hoic mubi duoc dung ciia né dé sir

dung trong diéu tri.

Theo khia canh khéc, sang ché d& xuét hop chat ¢ cong thirc (I) (ké ca cong
thirc chung phu cu thé bit ky duge mé ta & dy) hosic mubi duoc dung ciia nd dé sur

dung trong diéu tri khoi u nhay cam & ddng vat cé vi can diéu tri.

Theo khia canh khac, sang ché con mé ta & day viéc st dung hop chét c6
cong thic (I) (ké ca cong thirc chung phu cu thé bt ky duoc mo ta & day) hodc
mudi duoc dung cia né, dé san xuét thubc dé str dung trong diéu tri khéi u nhay
cam ¢ dong vat c6 v can diéu tri.

Theo khia canh khac, sang ché d& xut duoc phdm chtra hop chit c6 cong
thire (I) (k& ca cong thirc chung phu cu thé bat ky dugc mé ta & ddy) hoic mubdi
duge dung cua né dé sir dung trong didu tri khdi u nhay cam & dong vét cé vi can
diéu tri.

Khi hop chét ¢6 cong thic (I) duge sir dung dé diéu tri bénh ung thu, thuat
ngit "ddng st dung" va cac thuat ngit phdi sinh ctia né nhu dugc st dung & day
nghia 13 st dung ddng thoi hodc cach sir dung 1an luot riéng ré bat ky hop chat tic
ché PI3 kinaza, nhu dugc mé ta & day, va hoat chét hodc cac hoat chat khac nita, da
biét 14 hitu hiéu trong diéu tri bénh ung thu, ké ca hoa tri liéu va xa tri. Thuét ngit
hoat chét hodic cac hoat chat khac, nhu duoc sir dung & day, bao gém hop chét hozic
chét didu tri d3 biét hodc thé hién céc tinh chét c6 loi khi duoc st dung cho bénh
nhan cin diéu tri bénh ung thu. T8t hon, néu viéc sit dung 13 khong dong thoi, cac
hop chét dugce sir dung trong khoang thdi gian ngin gan véi nhau. Hon nita, khéng
gap van d& gi néu cac hop chit duoc sir dung & dang phan liéu nhw nhau, vi dy mot
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hop chét c6 thé duoc sit dung khu tra va hop chét khac c6 thé duoc st dung qua

dudng miéng.

Théng thuong, chit chéng khéi u bat ky ma c6 hoat tinh chdng lai khéi u
nhay cam duogc diéu tri c6 thé dugc dong st dung dé diéu tri bénh ung thu theo
sang ché. Vi du vé& cic chit nhu vy c6 thé duoc tim thiy trong tai liéu Cancer
Principles and Practice f Oncology by V.T. Devita and S. Hellman (editors), 6™
edition (February 15, 2001), Lippincott Williams & Wilkins Publishers. Nguoi c6
hiéu biét trung binh trong linh vuc k§ thuét ndy s& c6 thé phan biét hdn hop céc
chét hitu hiéu dua vao céc dic tinh cu thé cia dugc chat va bénh ung thu c6 lién
quan. Chéit chéng khéi u théng thuong hitu hiéu theo sang ché bao gbm, nhung
khong chi gigi han 6, chat khang vi quan nhu diterpenoit va vinca alkaloit; phiic
chét phdi tri platin; chét alkyl héa nhw mu tac nito, oxazaphosphorin, alkylsulfonat,
nitrosoure, va triazen; chit khang sinh nhu anthraxyclin, actinomyxin va
bleomyxin; chit e ché topoisomeraza II nhu epipodophyllotoxin; chét chdng
chuyén hoa nhu chét trong tu purin va pyrimidin va hop chét khang folat; chét G
ché topoisomeraza I nhu camptothexin; hormon va chét tuong ty hormon; chét uc
ché con dudng tai nap tin hiéu; chét trc ché tao mach tyrosin kinaza khong phai thu
th&; chét dung trong liéu phap mién dich; chét tién chét té bao theo chuong trinh; va

chét te ché truyén tin hiéu chu trinh t& bao.

Vi du vé& hoat chét hodc cac hoat chat khéc nita dé str dung phéi hop hoédc
ddng sir dung v&i hop chét e ché PI3 kinaza theo sang ché 1a chat dung trong hoa
trf liéu. |

Chét khang vi quan hodc chét chdng gidn phén 13 chét dic hiéu pha chéng lai
vi quan cta t& bao khdi u trong pha M hoic pha gian phéan cua chu trinh té bao. Vi
du v& chat khang vi quan bao gém, nhung khong chi giéi han &, diterpenoit va
vinca alkaloit.

Diterpenoit, dugc tao ra tir cic ngudn tu nhién, 1a chat chdng ung thu dic
hiéu pha hoat dong & pha G,/M cua chu trinh té bao. Cho ring diterpenoit 1am 6n
dinh tidu don vi B-tubulin cta céc vi quan, bang cach gin két voi protein ndy. Sau

d6, su phan giai protein dudng nhu duge trc ché bang cach kim him qué trinh gian
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phan va tiép theo 1a su chét t& bao. Vi du vé diterpenoit bao gdm, nhung khéng chi

gidi han &, paclitaxel va chat twong tu doxetaxel ctia né.

Paclitaxel, 5B,20-epoxy-1,20.,4,7B,108,13a-hexa-hydroxytax-11-en-9-on
4,10-diaxetat 2-benzoat 13-este v6i (2R,3S)-N-benzoyl-3-phenylisoserin; la san
phim diterpen tw nhién tach duoc tir cdy thong d6 Thai Binh Duong Taxus
brevifolia va hién dang dugc ban trén thi trudong dudi dang dung dich tiém
TAXOL®. D6 1a mét thanh vién cia ho taxan cia terpen. N6 dugc phéan 1ap dau
tién vao ndm 1971 bdi Wani va céc ddng tac gia (J. Am. Chem, Soc., 93:2325.
1971), ho d3 x4c dinh ciu tric cia né bang phuong phéap héa hoc va tinh thé hoc tia
X. Mbt co ché cia hoat tinh ctia hop chit nay lién quan dén kha ning cua paclitaxel
trong viée gén két voi tubulin, bing cach d6 e ché su phat trién ctia té bao ung thu.
Schiff et al., Proc. Natl. Acad, Sci. USA, 77:1561-1565 (1980); Schiff et al.,
Nature, 277:665-667 (1979); Kumar, J. Biol, Chem, 256: 10435-10441 (1981).
Viéc tdng hop va hoat tinh chéng ung thu ctia mot s6 dan xuét paclitaxel c6 thé
duoc tim thiy trong tai liéu: D. G. 1. Kingston ef al., Studies in Organic Chemistry
vol. 26, entitled “New trends in Natural Products Chemistry 19867, Attaur-
Rahman, P.W. Le Quesne, Eds. (Elsevier, Amsterdam, 1986) pp 219-235.

Paclitaxel d3 dugc chip thudn dé sir dung 14m sang trong diéu tri ung thu
budng trimg khang & My (Markman et al., Yale Journal of Biology va Medicine,
64:583, 1991; McGuire et al., Ann. Intem, Med., 111:273,1989) va dé diéu tri bénh
ung thu va (Holmes et al., J. Nat. Cancer Inst., 83:1797,1991). Déy la mot ung cu
vién tiém ning dé diéu tri khdi u & da (Einzig et. al., Proc. Am. Soc. Clin. Oncol.,
20:46) va carxinom dau va ¢ (Forastire et. al., Sem. Oncol., 20:56, 1990). C4c hop
chit nay con thé hién tiém ning trong diéu tri bénh thin da nang (Woo et. al.,
Nature, 368:750. 1994), ung thu phdi va bénh sét rét. Viéc didu tri bénh nhan bang
paclitaxel gdy ra sy tc ché tiiy xuong (dong da té bao, Ignoff, R.J. et. al, Cancer
Chemotherapy Pocket Guide, 1998) lién quan t6i khoang thoi gian st dung thude
trén ndng d6 ngudng (50nM) (Kearns, C.M. et. al., Seminars in Oncology, 3(6)
p,16-23, 1995).

Doxetaxel, (2R,3S)-N-carboxy-3-phenylisoserin,N-zert-butyl este, 13-este
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véi  5B-20-epoxy-1,20.,4,7B,10B,130-hexahydroxytax-11-en-9-on  4-axetat 2-
benzoat, trihydrat; hién dang dwoc ban sin trén thi trudong dudi dang dung dich
tiém c6 tén TAXOTERE®. Doxetaxel dugc chi dinh dé diéu tri bénh ung thu vi.
Doxetaxel 12 din xut ban tdng hop cua paclitaxel g.v., dugc diéu ché bing cach st
dung tién chit tu nhién, 10-deaxetyl-baccatin III, dugc chiét tach tir 14 kim cuia cay
thong dé chau Au. Tinh d6c 1am gi6i han lidu luong doxetaxel 13 giam bach cAu

trung tinh.

Vinca alkaloit 12 chét chéng khéi u dic hiéu pha duoc tao ra tir cdy dura can.
Vinca alkaloit ¢6 tic dung 1én pha M (gi4n phan) cta chu trinh t& bao béng cach
gén két dc hiéu véi tubulin. Do d6, phan tir tubulin d4 gin két khong thé polyme
hoa thanh vi quan. Qua trinh gian phan dugc cho la dugc ngén chdn trong pha meta
cling v&i su chét té bao sau d6. Vi du vé vinca alkaloit bao gdm, nhung khong chi

gi6i han 6, vinblastin, vincristin, va vinorelbin.

Vinblastin, vincaleukoblastin sulfat, hién dang duoc ban san trén thi trudng
13 VELBAN® duéi dang dung dich tiém. Méc du, co thé chi dinh dudi dang liéu
phép diéu tri dong thir cAp nhiéu khéi u ran khéc nhau, n6 chi yéu duge chi dinh
trong diéu tri ung thu tinh hoan va nhidu u lymphd khac ké ca bénh Hodgkin; va u
lymphd do lympho bao va mé bao. Uc ché tay 1a mdt tac dung phu lam giéi han
liéu luong vinblastin.

Vincristin, vincaleukoblastin, 22-oxo-, sulfat, hién dang dugc ban san trén
thi truong 13 ONCOVIN® dudi dang dung dich tiém. Vincristin dugc chi dinh dé
didu tri bénh bach cu cip tinh va ciing duge sir dung trong diéu tri u lymphd &c
tinh Hodgkin va khong Hodgkin. Tac dung rung 16ng toc va tac dung lén than kinh
1 tac dung phu thong thudng nhit cia vincristin va téi tac dung trc ché tiy véi muc
d6 thap hon va viém niém mac da day-rudt xay ra.

Vinorelbin, 3°,4’-didehydro-4’-deoxy-C’-norvincaleukoblastin [R-(R* ,R*)-
2,3-dihydroxybutandioat (1:2) (mubi)], hién dang dugc béan trén thi truong dudi
dang dung dich tiém chira vinorelbin tatrat (NAVELBINE®), 1a mot vinca alkaloit
ban tdng hop. Vinorelbin dugc chi dinh duéi dang chat duy nhét hodc phdi hop véi
chét khac dung trong héa tri liéu, nhu xisplatin, trong didu tri cac khéi u rédn khac
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nhau, cu thé 13 dung thu phdi té bao khong nhé, ung thu vu tién trién, va ung thu
tién liét tuyén khéang hormon. Uc ché tay 13 téc dung phu théng thudng nhat lam

giam han ché liéu lugng vinorelbin.

Phirc chét phéi tri platin 13 chét chéng ung thu khong dic hiéu pha, ¢6 tuong
tac v6i ADN. Phirc chét platin di vao t& bao khéi u, trai qua qué trinh hydrat héa va
tao ra lién két gitra va trong chudi véi ADN giy ra tdc dung sinh hoc d4o ngugc
cho khéi u. Vi du v& phirc chit phéi tri platin bao gdm, nhung khong chi giéi han 4,

xisplatin va carboplatin.

Xisplatin, cis-diamindicloplatin, hién dang duogc bén sén trén thi trudng 1a
PLATINOL® duéi dang dung dich tiém. Xisplatin chi yéu dugc chi dinh trong
didu tri ung thu tinh hoan va ung thu budng trimg di cin va ung thu bang quang
tién trién. Tac dung phu quan trong nhét lam han ché viéc str dung xisplatin 13 tinh
doc di véi than, ma c6 thé duoc kiém soat bang cach hydrat héa va ting bai niéu,
va tinh doc dbi véi tai.

Carboplatin, platin, diamin [1,1-xyclobutan-dicarboxylat(2-)-O,0’], hién
dang dugc ban san trén thi truong 12 PARAPLATIN® duéi dang dung dich tiém.
Carboplatin cht yéu duoc chi dinh trong qué trinh diéu tri hang thr nhét va tht hai
carxinom budng trimg tién trién. Uc ché tay xuong 12 doc tinh 1am giéi han liéu

lugng carboplatin.

Chét alkyl hoa 1a chét chéng ung thu khéng ddc hiéu pha va chét 4i dién tir
manh. Thong thudng, chét alkyl héa tao ra lién két dong héa tri, bang cach alkyl
héa, v6i ADN qua gbc 4i nhan ciia phan tr ADN nhu nhém phosphat, amino,
sulfhydryl, hydroxy, carboxyl, va imidazol. Viéc alkyl héa nay phad v& chiic nang
axit & nhan dn t6i gy chét t& bao. Vi du vé chat alkyl héa bao gdm, nhung khong
chi gi6i han &, mu tac nito nhu xyclophosphamit, melphalan, va clorambuxil; alkyl
sulfonat nhu busulfan; nitrosoure nhu carmustin; va triazen nhu dacarbazin.

Xyclophosphamit, 2-[bis(2-cloetyl)amino]tetrahydro-2H-1,3,2-
oxazaphosphorin 2-oxit monohydrat, hién dang dugc ban sén trén thj truong dudi
dang dung dich tiém hoéc vién nén CYTOXAN®. Xyclophosphamit dugc chi dinh
1am chét diéu tri duy nhat hodc phdi hop v6i chit khac ding trong héa tri liéu, trong
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diéu tri u lympho 4c tinh, da u tiy, va bénh bach cau. Rung long toc, budn ndn, ndn
mira va giam bach cau 13 céc tic dung phu théng thuong nhét lam gi6i han lidu

luong xyclophosphamit.

Melphalan, 4-[bis(2-cloetyl)amino]-L-phenylalanin, hién dang dugc ban san
trén thi truong dudi dang dung dich ti€ém hodc hoac vién nén ALKERAN®.
Melphalan dugc chi dinh dé diéu tri giam dau trong bénh da u tiy va carxinom noi
mo budng trimg khéng thé cit bé. Uc ché tiiy xuong 14 tac dung phu théng thuong

nhit 1am giéi han lidu lugng melphalan.

Clorambuxil, axit 4-[bis(2-cloetyl)amino]benzenbutanoic, hi¢én dang duogc
ban san trén thi truong dudi dang vién nén LEUKERAN®. Clorambuxil dugc chi
dinh dé diéu tri giam dau bénh bach ciu banh huyét man tinh, va u lymphd ac tinh
nhu sacom lymphd, u lymphé nang 16n, va bénh Hodgkin. Uc ché tiy xwong 13 tac

dung phu théng thudng nhét 1am gidi han liéu lugng clorambuxil.

Busulfan, 1,4-butandiol dimetansulfonat, hién dang dugc ban san trén thi
trudng dudi dang vién nén MYLERAN®. Busulfan dugc chi dinh dé diéu tri giam
dau bénh bach ciu tao nén & tiy xuong man tinh. Uc ché tity xuong 13 tic dung phu

thong thudng nhét 1am gi6i han lidu luong busulfan.

Carmustin, 1,3-[bis(2-cloetyl)-1-nitrosoure, hién dang dugc ban sin trén thi
truong dudi dang céc lo riéng r& chia chét dugc lam déng khé 13 BiCNU®.
Carmustin duoc chi dinh dé diéu tri giam dau dudi dang chét duy nhét hoic phdi
hop v6i cac chat khac di v6i khébi u ndo, da u tiy, bénh Hodgkin, va u lympho
khong phai bénh Hodgkin. Uc ché tiy cham 13 tic dung phu thong thudng nhit 1am
gi6i han lidu lugng carmustin.

Dacarbazin, 5-(3,3-dimetyl-1-triazeno)-imidazol-4-carboxamit, hién dang
dugc ban sén trén thi truong dudi dang céc lo riéng r& chira chat 13 DTIC-Dome®.
Dacarbazin dugc chi dinh dé diéu tri u hic sic t6 4c tinh di cin va phdi hop véi cac
chét khac dé diéu tri dong th cip bénh Hodgkin. Budn ndn, nén mira, va chan in

1a cac tac dung phu théng thuong nhit lam gidi han lidu lugng dacarbazin.

Chét chdng khéi u khang sinh 14 chét khong ddc hiéu pha, gin két hodc xen
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vao ADN. Thong thuong, tac dung ndy tao ra phic chat ADN 6n dinh hozc 1am dit
chudi, ph4 v& chitc ning binh thudng cua axit nucleic dan téi viée lam chét té bao.
Vi du vé& chét chéng khdi u khang sinh bao gdm, nhung khong chi giéi han &,
actinomyxin nhu dactinomyxin, anthroxyclin nhu daunorubixin va doxorubixin; va

bleomyxin.

Dactinomyxin, con dugc biét dén 1a Actinomyxin D, hién dang duoc ban san
trén thi truong ¢ dang ti€ém dugce 1a COSMEGEN®. Dactinomyxin dugc chi dinh
dé diéu tri u Wilm va sacom co van. Buon nén, nén mtra, va chan an la céc tac

dung phu thong thudng nhét 1am giéi han lidu luong dactinomyxin.

Daunorubixin, (8S-cis-)-8-axetyl-10-[(3-amino-2,3,6-trideoxy-a-L-lyxo-
hexopyranosyl)oxy]-7,8,9,10-tetrahydro-6,8,11-trihydroxy-1-metoxy-5,12
naphtaxendion hydroclorua, hién dang dugc ban sén trén thi truong duéi dang vi
thé m& tiém duge 1a DAUNOXOME® hoic duéi dang thude tiém 13
CERUBIDINE®. Daunorubixin duge chi dinh dé 1am thuyén giam bénh trong diéu
tri bénh bach cAu khong lymphd bao cip tinh va sacom Kaposi ¢6 lién quan dén
HIV tién trién. Uc ché tuy 13 tac dung phu thong thudng nhét 1am gidi han lidu

lugng daunorubixin.

Doxorubixin, (8S,10S)-10-[(3-amino-2,3,6-trideoxy-o-L-lyxo-
hexopyranosyl)oxy]-8-glycoloyl, 7,8,9,10-tetrahydro-6,8,11-trihydroxy-1-metoxy-
5,12 naphtaxendion hydroclorua, hién dang duoc ban san trén thi trudng dudi dang
thudc tiém 12 RUBEX® hoic ADRIAMYXIN RDF®. Doxorubixin cht yéu duge
chi dinh dé didu tri bénh bach ciu nguyén bao lympho cép tinh va bénh bach cau
nguyén tiy bao cép tinh, nhung né con 13 thanh phan hitu ich trong diéu tri mot s6
khéi u réin va u lymphé. Uc ché tuy 14 tac dung phu théng thudng nhét 1am giéi han
liéu lugng doxorubixin.

Bleomyxin, hon hgp bao gdm chit khang sinh glycopeptit gdy ddc té bao cd
1ap tir ching Streptomyces verticillus, hién dang dugc ban sén trén thi truong 1a
BLENOXANE®. Bleomyxin dugc chi dinh dé diéu tri giam dau, dudi dang chét
duy nhét hoic phéi hop vdi cac chat khac, trong caxinom té bao vy, u lymphd, va
carxinom tinh hoan. Pdc tinh d6i v6i phoi va da la cac tac dung phu théng thudng
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nhit lam gi6i han lidu lugng bleomyxin.

Chét trc ché topoisomeraza II bao gbém, nhung khong chi giéi han o,

epipodophyllotoxin.

Epipodophyllotoxin 14 chit chdng khdi u dic hiéu pha dugc chiét xuat tir cay
khoai ma. Thong thudng, epipodophyllotoxin tac dung 1én té bao & pha S va G, cla
chu trinh t& bao bang céch tao ra phic chit bac ba véi topoisomeraza IT va ADN
lam dut chudi ADN. Cac doan dirt ciia chudi két tu lai va sau d6 gy chét té bao. Vi
du vé& epipodophyllotoxin bao gém, nhung khong chi gidi han &, etoposit va

teniposit.

Etoposit, 4’-demetyl-epipodophyllotoxin 9[4,6-0-(R)-etyliden-B-D-
glucopyranosit], hién dang dugc ban trén thi truong dudi dang dung dich tiém hodc
vién nang 1a VePESID® va thudng dugc goi la VP-16. Etoposit duoc chi dinh duéi
dang chét duy nhét hoic phdi hop vé6i chat hoa tri liéu khac trong diéu tri ung thu
tinh hoan va ung thu phdi té bao khong nho. Uc ché tay 13 tic dung phu thong
thuong nhét cta etoposit. Pham vi anh hudng cta giam bach ciu ¢6 xu huéng

nghiém trong hon gidm ti€u cau.

Teniposit, 4’-demetyl-epipodophyllotoxin 9[4,6-0-(R )-thenyliden-B-D-
glucopyranosit], hién dang dugc ban sén trén thi trudng dudi dang dung dich tiém
14 VUMON® va thuong dugc goi 18 VM-26. Teniposit duge chi dinh dudi dang
chét duy nhét hodc phdi hop véi chit héa tri lidu khéc trong diéu tri bénh bach cau
cép tinh & tré em. Uc ché tiy 1 tac dung phu théng thuong nhét lam giéi han lidu

lugng teniposit. Teniposit co the gay ra ca giam bach cau 14n giam tiéu cau.

Chét chdng khdi u chéng chuyén héa 14 chit chéng khéi u dic hiéu pha c6
tac dong & pha S (tbng hop ADN) cua chu trinh t& bao bang cach trc ché qua trinh
tdng hop ADN hoic bing cich tic ché qui trinh tong hop bazo purin hodc
pyrimidin va bang cdch d6 han ché qua trinh tong hop ADN. Do d6, pha S khong
tién trién nita va tiép theo 1a gay chét t& bao. Vi du vé chat chdng khdi u chong
chuyén hoa bao gbm, nhung khong chi gi6i han &, flouraxil, metotrexat, xytarabin,

mecaptopurin, thioguanin, va gemxitabin.
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5-flouraxil, 5-flo-2,4-(1H,3H) pyrimidindion, hién dang dugc ban sin trén
thi trudng 1a flouraxil. Viée sir dung 5-flouraxil dan téi e ché qué trinh téng hop
thymidylat va con dugc chén vao cd ARN va ADN. Thong thuong, két qua 1a chét
té bao. 5-flouraxil dugc chi dinh dudi dang chét duy nhét hodc phéi hop v6i chét
hoéa tri li€u khac trong diéu tri carxinom v, két trang, truc trang, da day va tuy. Uc
ché tiy va viém niém mac 12 tic dung phu han ché lidu luong 5-flouraxil. Cac chat
tuong tu flopyrimidin khéc bao gdém 5-flo deoxyuridin (floxuridin) va 5-
flodeoxyuridin monophosphat.

Xytarabin, 4-amino-1-B-D-arabinofuranosyl-2 (1H)-pyrimidinon, hién dang
duoc ban sin trén thi trudng 13 CYTOSAR-U® va thudong duge goi 13 Ara-C.
Ngudi ta cho rang Xytarabin thé hién tinh ddc hiéu pha té bao & pha S bang cach tic
ché su kéo dai mach ADN bang cach chén xytarabin ddu cudi vao mach ADN dang
phat trién. Xytarabin dugc chi dinh dudi dang chat duy nhit hoc phéi hop véi chét
héa tri liéu khéc trong didu tri bénh bach ciu cip tinh. Cac chit tuong tu xytidin
khac bao gdm 5-azaxytidin va 2°,2’-diflodeoxyxytidin (gemxitabin). Xytarabin gy

giam bach cau, giam tiéu cau va viém niém mac.

Mercaptopurin, 1,7-dihydro-6H-purin-6-thion monohydrat, hién dang dugc
ban sin trén thi truong 14 PURINTHOL®. Mercaptopurin thé hién tinh dic higu
pha t& bao & pha S bang céch tic ché qua trinh tdng hgp ADN béng co ché van chua
duoc biét 1. Mercaptopurin duoc chi dinh dudi dang chat duy nhat hogc phdi hop
v6i chét héa tri liéu khac trong didu tri bénh bach cau cip tinh. Uc ché tay va viém
niém mac da day-rudt dugc cho 1a tAic dung phu ctia mercaptopurin & lidu cao. Chét

tuong tu mercaptopurin hitu hiu 1a azathioprin.

Thioguanin, 2-amino-1,7-dihydro-6H-purin-6-thion, hién dang dugc ban sén
trén thi trudng 148 TABLOID®. Thioguanin thé hién tinh d3c hiéu pha té bao & pha
S bang céach tc ché qua trinh téng hop ADN bang co ché van chua dugce biét r5.
Thioguanin duge chi dinh du6i dang chét duy nhat hodc phdi hop véi chét hoa tri
liéu khéac trong diéu tri bénh bach cau cép tinh. Uc ché tay, ké ca giam bach cAu,
giam tiéu cau, va thiéu mau, 13 tdc dung phu théng thudng nhit 1am gi6i han liéu

luong thioguanin. Tuy nhién, tdc dung phu 1én da day-rudt xay ra va co thé lam gi6i
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han liéu lwong hop chit nay. Céc chit tuong tu purin khac bao gdm pentostatin,

erytrohydroxynonyladenin, fludarabin phosphat, va cladribin.

Gemxitabin, 2’-deoxy-2’,2’-difloxytidin monohydroclorua (déng phan P),
hién dang duoc ban sin trén thi trudng 18 GEMZAR®. Gemxitabin thé hién tinh
dic hiéu pha té bao & pha S va bang cach chen qué trinh phét trién cia t& bao qua
bién G1/S. Gemxitabin duoc chi dinh phéi hop véi xisplatin trong diéu tri ung thu
phéi té bao khong nho tién trién cuc bd va chi dinh ding mdt minh trong diéu tri
ung thu tuy tién trién cuc bd. Uc ché tay, ké ca giam bach cau, giam tiéu cdu, va

thiéu mau, 13 tic dung phu thong thuong nhat 1dm giéi han lidu luong gemxitabin.

Metotrexat, axit N-[4[[(2,4-diamino-6-pteridinyl)metyl]metylamino]
benzoyl]-L-glutamic, hién dang duoc ban sin trén thi trudng dusi dang metotrexat
natri. Metotrexat thé hién tac dung 1én pha té bao, dic biét & pha S bing cach tc
ché qué trinh tdng hop, stra chita va/hodc sao chép ADN nhd viée e ché axit
dyhydrofolic reductaza can thiét cho su téng hop purin nucleotit va thymidylat.
Metotrexat dugc chi dinh dudi dang chét duy nhat hodc phdi hop voi chat hoa tri
liéu khéc trong didu tri carxinom mang dém, bénh bach ciu thé mang ndo, u
lymphé khong Hodgkin, va carxinom vu, ddu, ¢d, budng trimg va bang quang. Uc
ché tiy (giam bach cau, giam tiéu cau, va thiéu mau) va viém niém mac duoc cho

1a tac dung phu cta viéc st dung metotrexat.

Camptothexin, ké ca, camptothexin va dan XUAt camptothexin 13 c6 sén hoic
dang trong qué trinh phat trién dudi dang chét (rc ché topoisomeraza I. Tac dung
gy doc t& bao cuia camptothexin dugc cho 13 c6 lién quan dén hoat tinh e ché
topoisomeraza I ctia né. Vi du vé camptothexin bao gém, nhung khéong chi giéi han
¢, irinotecan, topotecan, va cac dang quang hoc khac ctia 7-(4-metylpiperazino-
metylen)-10,11-etylendioxy-20-camptothexin dugc mo ta dudi day.

Irinotecan HCI, (4S)-4,11-dietyl-4-hydroxy-9-[(4-
piperidinopiperidino)cacbonyloxy]-1H-pyrano[3°,4°,6,7]indolizino[ 1,2-b]quinolin-
3,14(4H,12H)-dion hydroclorua, hién dang duoc ban san trén thi truong dudi dang
dung dich tiém CAMPTOSAR®.

Irinotecan 1a dan xuat cua camptothexin gan két, ciung véi chat chuyén hoa
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hoat tinh ctia n6 SN-38, véi phitc chit topoisomeraza I — ADN. Ngudi ta cho ring
tinh gy doc té€ bao xay ra 13 két qua cia su dut giy chudi kép khéng sira chita dugc
gdy ra bdi sy twong tic ciia topoisomeraza I : ADN : irinotecan hodc phirc chit bac
ba SN-38 véi enzym sao chép. Irinotecan dugc chi dinh dé didu tri ung thu két
trang hodc truc trang di cin. Céc tac dung phu lam giéi han lidu luong irinotecan
HCI 12 tic ché iy, ké ca giam bach ciu trung tinh, va tac dung 1én da day-rudt, ké
ca ti€u chay.

Topotecan HCIL, (S)-10-[(dimetylamino)metyl]-4-etyl-4,9-dihydroxy-1H-
pyrano[3°,4°,6,7]indolizino[ 1,2-b]quinolin-3,14-(4H,12H)-dion monohydroclorua,
hién dang duogc ban san trén thi trudng dudi dang dung dich tiem HYCAMTIN®.
Topotecan 14 din xuét ctia camptothexin gin két v6i phiic chét topoisomeraza I —
ADN va ngin nglra su sao chép manh v ctia chudi don gay ra bai topoisomeraza I
dap tmg v6i bién dang xo#n cua phan tir ADN. Topotecan dugc chi dinh dbi véi
didu tri hang tht hai carxinom budng tring va ung thu phdi té bao nhé di cin. Téc
dung phu 1am han ché liéu lugng topotecan HCI 13 trc ché tiy, chi yéu 13 giam bach

cau trung tinh.
Ciing duoc quan tAm 1 din xuit camptothexin c6 cong thirc A dudi day,

hién tai dang duoc phat trién, ké ca dang hdn hop raxemic (R,S) cling nhu cac chit
ddng phan dbi anh R va S:
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dugc biét dén véi tén hoa hoc “7-(4-metylpiperazino-metylen)-10,11-etylendioxy-
20(R,S)-camptothexin (hén hop raxemic) hodc “7-(4-metylpiperazino-metylen)-
10,11-etylendioxy-20(R)-camptothexin (chit dong phan ddi anh R) hoic “7-(4-
metylpiperazino-metylen)-10,11-etylendioxy-20(S)-camptothexin (chit dong phén
d6i anh S). Hop chat nay ciing nhu cic hop chét c6 lién quan duoc mo ta, ké ca
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phuong phap diéu ché ching, trong cac patent My s6 6,063,923 5,342,947;
5,559,235; 5,491,237 va don yéu ciu cdp patent My dang xét nghiém sd
08/977,217 (11,24,1997).

Hormon va chit tuong tu hormon 1& céc hop chét hitu ich dé diéu tri bénh
ung thu trong d6 c6 méi lién hé gitta hormon va su phat trién va/hoic khéng c6 su
phat trién ctia bénh ung thu. Vi du v& hormon va chét twong ty hormon c6 thé dugc
st dung trong didu tri bénh ung thu bao gbém, nhung khéng chi gi6i han o,
adrenocorticosteroit nhu prednison va prednisolon ma c6 thé duge st dung trong
diéu tri u lympho &c tinh va bénh bach cau cép tinh & tré em; aminoglutethimit va
céc chét (rc ché aromataza khéac nhu anastrozol, letrazol, vorazol, va exemestan ¢
thé duoc str dung trong diéu tri carxinom vo tuyén thuong than va carxinom vi phu
thudc hormon chira thu thé estrogen; progestrin nhu megestrol axetat c6 thé dugc
str dung trong diéu tri bénh ung thu vu phu thudc hormon va carxinom ndi mac tir
cung; estrogen, androgen, va chét khang androgen nhu flutamit, nilutamit,
bicalutamit, xyproteron axetat va 5o-reductaza nhu finasterit va dutasterit, c6 thé
dugc st dung trong didu tri carxinom tuyén tién liét va phi dai tuyén tién liét lanh
tinh; chit khang estrogen nhu tamoxifen, toremifen, raloxifen, droloxifen,
iodoxyfen, cling nhu chit diéu bién thu thé estrogen chon loc (SERM: selective
estrogen receptor modulator) nhu céc chit dugc mo ta trong patent My sb
5,681,835, 5,877,219, va 6,207,716, ¢ thé duoc sir dung trong diéu tri carxinom va
phu thudéc hormon va cac bénh ung thu nhay cam khéc; va hormon gidi phéng
gonadotropin (GnRH: gonadotropin-releasing hormone) va chat twong tw cia né
kich thich su giai phong hormon hoang thé (LH: leutinizing hormone) va/hoic
hormon kich thich nang trimg (FSH: follicle stimulating hormone) dé diéu tri
carxinom tuyén tién liét, vi du, chit chu van va chat dbi khang LHRH nhu

goserelin axetat va luprolit.

Chét tc ché con dudng tai nap tin hi€u 1a chét rc ché c6 tac dung chen hodc
trc ché quy trinh hoéa hoc tao ra sy thay d6i ndi bao. Nhu duoc sir dung & day su
thay dbi nay 1a ting sinh hodc biét hoa t& bao. Chét tic ché tai nap tin hiéu c6 thé
duoc st dung theo sang ché bao gdm chét tic ché tyrosin kinaza thy thé, tyrosin
kinaza khong thu thé, chit chen ving SH2/SH3, serin/threonin kinaza,
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phosphotidyl inositol-3 kinaza, truyén tin hiéu myo-inositol, v gen sinh u Ras.

Mot s protein tyrosin kinaza xtc tac qua trinh phosphoryl héa gbc tyrosyl
cu thé trong nhiéu protein khac nhau lién quan dén qua trinh diéu hoa su phat trién
clia t& bao. Cac protein tyrosin kinaza nhu vy c¢6 thé dugc phan loai 13 kinaza thy

thé hodc khong thu thé.

Tyrosin kinaza thu thé 14 protein xuyén mang c6 ving gin két phdi tir ngoai
bao, viing xuyén mang va ving tyrosin kinaza. Tyrosin kinaza thu thé c6 lién quan
dén qua trinh didu hoa su phat trién ciia t& bao va néi chung dugc goi 1a thu thé yéu
t6 phat trién. Su hoat héa khong thich hop hodc khong kiém soat dugc nhiéu kinaza
nay, nghia 12 hoat tinh thy thé yéu t6 phat trién kinaza bat thuong, vi du bang su
biéu hién qua mirc hodic dot bién, thé hién 13 gdy ra su phét trién t& bao khong kiéu
soat duge. Do d6, hoat tinh bt thudng cta kinaza ndy c6 lién quan dén su phat
trién mo 4c tinh. Do d6, chit trc ché cac kinaza nay co thé tao ra phuong phép diéu
tri bénh ung thur. Thy thé yéu t6 phat trién, vi du, thu thé yéu t6 phat trién biéu bi
(EGFr: epidermal growth factor receptor), thu thé yéu t& phét trién c6 ngudn gdc
tidu cAu (PDGFr: platelet derived growth factor receptor), erbB2, erbB4, thu thé
yéu t6 phét trién ndi mé mach (VEGFr), tyrosin kinaza ¢ ving tuong dong kiéu
globulin min dich va yéu t& phat trién biéu bi (TIE-2), thu thé yéu t6 phét trién
insulin (IGFIL: insulin growth factor—I), yéu td kich thich quan thé dai thuc bao
(cfms: macrophage colony stimulating factor), BTK, ckit, cmet, thu thé yéu t6 phat
trién nguyén bao soi (FGF: fibroblast growth factor), thu thé Trk (TrkA, TrkB, va
TrkC), thu thé ephrin (eph), va gen sinh u proto RET. M6t s& chét trc ché thu thé
phat trién dang dugc phét trién va bao gdm chat dbi khang thu thé, khang thé, chat
trc ché tyrosin kinaza va oligonucleotit d6i nghia. Thy thé yéu t6 phat trién va chét
tic ché chire ning thu thé yéu t6 phat trién duoc md ta, vi du, trong tai liéu Kath,
John C., Exp. Opin. Ther. Patents (2000) 10(6):803-818; Shawver et al DDT Vol 2,
No. 2 February 1997; va Lofts, F. J. et al, “Growth factor receptors as targets”,
New Molecular Targets for Cancer Chemotherapy, ed. Workman, Paul and Kerr,
David, CRC press 1994, London.

Tyrosin kinaza khong phai 13 kinaza thu thé yéu t6 phat trién dwoc goi 1a
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tyrosin kinaza khéng thu thé. Tyrosin kinaza khéng thu thé c6 thé dugc sit dung
theo sang ché, 14 dich hodc dich tiém ning cta thudc tri bénh ung thu, bao gbm
cSre, Lck, Fyn, Yes, Jak, cAbl, FAK (Focal adhesion kinase (kinaza bdm dinh
diém)), Brutons tyrosin kinaza, va Ber-Abl. Céc kinaza khong thu thé va cac chat
tic ché chiic ning tyrosin kinaza khéng thu thé dugc mé ta trong tai liéu Sinh, S.
and Corey, S.J., (1999) Journal of Hematotherapy and Stem Cell Research 8 (5):
465 — 80; va Bolen, J.B., Brugge, J.S., (1997) Annual review of Immunology. 15:
371-404.

Chét chen ving SH2/SH3 1a chét pha v& gin két ving SH2 hodc SH3 trong
nhidu loai enzym hoic protein ga lip khac nhau ké ca, tiéu don vi PI3-K p85,
kinaza thudc ho Src, phan tir g4 ldp (She, Crk, Nck, Grb2) va Ras-GAP. Ving
SH2/SH3 1a dich d6i vé6i cac thube chéng ung thu duge mé ta trong tai liéu
Smithgall, T.E. (1995), Journal of Pharmacological and Toxicological Methods.
34(3) 125-32.

Chét vrc ché Serin/Threonin Kinaza k& ca chit chen ting MAP kinaza bao
gbm céc chét chen Raf kinaza (rafk), Kinaza dugc diéu hoa gian phan va ngoai bao
(MEK: Mitogen and Extracellular Regulated Kinase), va kinaza dugc diéu hoa
ngoai bao (ERK: Extracellular Regulated Kinase); va cac chat chen thanh vién ho
Protein kinaza C ké ca chét chen PKC (alpha, beta, gama, epsilon, mu, lambda,
iota, zeta). Ho IkB kinaza (IKKa, IKKb), kinaza ho PKB, thanh vién ho AKT
kinaza, va kinaza thu thé TGF beta. Cac Serin/Threonin kinaza va chét tc ché cta
chung duoc mo ta trong tai li€u Yamamoto, T., Taya, S., Kaibuchi, K., (1999),
Journal of Biochemistry. 126 (5) 799-803; Brodt, P, Samani, A., va Navab, R.
(2000), Biochemical Pharmacology, 60. 1101-1107; Massague, J., Weis-Garcia, F.
(1996) Cancer Surveys. 27:41-64; Philip, P.A., va Harris, A.L. (1995), Cancer
Treatment and Research. 78: 3-27, Lackey, K. et al Bioorganic va Medicinal
Chemistry Letters, (10), 2000, 223-226; patent My sb 6,268,391; va Martinez-
Iacaci, L., et al, Int. J. Cancer (2000), 88(1), 44-52.

Chét @c ché thanh vién ho phosphotidyl inositol-3 kinaza k& ca chét chen
PI3-kinaza, ATM, DNA-PK, va Ku cling cé thé duoc su dung theo sang ché.
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Kinaza nay dugc ban ludn trong tai li€u Abraham, R.T. (1996), Current Opinion in
Immunology. 8 (3) 412-8; Canman, C.E., Lim, D.S. (1998), Oncogen 17 (25) 3301-
3308; Jackson, S.P. (1997), International Journal of Biochemistry and Cell Biology.
29 (7):935-8; va Zhong, H. et al, Cancer res, (2000) 60(6), 1541-1545.

Ciing c6 thé duge sir dung theo sang ché 13 chit tic ché truyén tin hiéu Myo-
inositol nhur cht chen phospholipaza C va cac chét twong tu Myoinositol. Cac chét
trc ché tin hiéu ndy dugc mé ta trong tai liéu Powis, G., and Kozikowski A., (1994)
New Molecular Targets for Cancer Chemotherapy ed., Paul Workman and David
Kerr, CRC press 1994, London.

M6t nhoém khéc cia chat Gc ché con dudng tai nap tin hiéu 1a chét uc ché
gen sinh u Ras. Céc chét tic ché nay bao gém chit ic ché farnesyltransferasza,
geranyl-geranyl transferasza, va CAAX proteaza cling nhu oligonucleotit ddi nghia,
ribozym va liéu phap mién dich. Céc chét {rc ché nay ciing thé hién tac dung chen
qué trinh hoat hoa ras trong t€ bao chiia ras dot bién kiéu dai, bang cach d6 c6 tac
dung nhu 13 chét chdng ting sinh. Viéc e ché gen sinh u Ras dugc ban luén trong
tai li€u Scharovsky, O.G., Rozados, V.R., Gervasoni, S.I. Matar, P. (2000), Journal
of Biomedical Science. 7(4) 292-8; Ashby, M.N. (1998), Current Opinion in
Lipidology. 9 (2) 99 — 102; va BioChem. Biophys. Acta, (19899) 1423(3):19-30.

Nhu néu trén, chit dbi khang khang thé dbi véi sy gén két phéi thir thy thé
kinaza ciing c6 thé c6 tac dung nhu 13 chét trc ché tai nap tin hiéu. Nhom chét e
ché con dudng tai nap tin hiéu nay bao gdm viéc sir dung khang thé dugc 1am cho
c6 tinh ngudi & ving gén két phdi tir ngoai bao cla tyrosin kinaza thu thé. Vi du
khang thé dic hiéu Imclone C225 EGFR (xem tai liéu Green, M.C. et al,
Monoclonal Antibody Therapy for Solid Tumors, Cancer Treat. Rev., (2000),
26(4), 269-286); khang thé Herceptin ® erbB2 (xem tai liéu Tyrosin Kinase
Signalling in Breast Cancer:erbB Family Receptor Tyrosin Kinases, Breast Cancer
Res., 2000, 2(3), 176-183); va khang thé dic hiéu 2CB VEGFR2 (xem tai lidu
Brekken, R.A. et al, Selective Inhibition of VEGFR2 Activity by a monoclonal
Anti-VEGF antibody blocks tumor growth in mice, Cancer Res. (2000) 60, 5117-
5124).

-38-



23236

Chét e ché sy tao mach kinaza khong thu thé cling ¢ thé duoc su dung
theo sang ché. Chét tic ché su tao mach VEGFR va TIE2 c6 lién quan dugc ban
ludn trén day lién quan téi chét e ché tai nap tin hiéu (ca hai thu thé nay déu 1a
tyrosin kinaza thu thé). Do d6, chét trc ché tyrosin kinaza khong thu thé c¢6 thé duge
str dung phéi hop véi chét e ché sang ché. Vi du, khang thé khang VEGF, khong
nhan biét VEGFR (tyrosin kinaza thy thé), nhung gén két véi phdi tir; chét tc ché
integrin phén tir nhé (alpha, betas) s& tic ché su tao mach; endostatin va angiostatin
(non-RTK) cling ¢6 thé chimg to tinh hitu dung khi phdi hop véi chét wc ché ho da
duoc mo ta. (Xem tai liéu Bruns CJ et al (2000), Cancer Res., 60: 2926-2935;
Schreiber AB, Winkler ME, va Derynck R. (1986), Science, 232: 1250-1253; Yen
L et al. (2000), Oncogene 19: 3460-3469).

Céc chét duoc str dung trong qua trinh st dung liéu phap mién dich ciing c6
thé duoc st dung phdi hop véi hop chét cé cong thirc (I). C6 mot sé phwong thiic
mién dich hoc tao ra dap tmg mién dinh chbng lai erbB2 hoac EGFR. Néi chung,
cac phuong thirc nay thudc linh vuc tiém chung u. Hi€u qua cua cac phuong phép
mién dich nay c6 thé dugc ting manh nho viée rc ché két hop chu trinh truyén tin
hiéu erbB2/EGFR bang cach st dung chit e ché phan tir nhé. Sy théo luén vé
phuong phap min dich/tiém chung u chdng lai erbB2/EGFR dugc tim thiy trong
tai liéu Reilly RT et al. (2000), Cancer Res. 60: 3569-3576; va Chen Y, Hu D,
Eling DJ, Robbins J, va Kipps TJ. (1998), Cancer Res. 58: 1965-1971.

Céc chét duoc st dung trong phuong phép tién chét té bao theo chuong trinh
(vi dy, oligonucleotit d6i nghia bcl-2) ciing ¢6 thé duoc st dung trong hdn hop theo
sang ché. Cac thanh vién cta ho protein Bcl-2 chen qua trinh chét t& bao theo
chuong trinh. Do d6, viéc diéu hoa ting bel-2 ¢ lién quan dén su khang héa hoc.
Céc nghién ctru d3 thé hién rang yéu t§ phat trién biéu bi (EGF: epidermal growth
factor) kich thich thanh vién khéng chét t& bao theo chwong trinh cta ho bel-2
(nghia 13, mcl-1). Do d6, cac phuong thirc dugc tao ra dé didu hoa giam su biéu
hién ctia bel-2 trong khéi u dd ching minh ich lgi 14m sang va hién nay dang trong
giai doan thir nghiém pha II/IIL, goi 14 oligonucleotit di nghia Genta's G3139 bcl-
2. Cac phuong thirc gay chét t& bao theo chwong trinh nay sir dung oligonucleotit
d6i nghia d6i v6i bel-2 duge ban luan trong tai liéu Water JS et al. (2000), J. Clin.
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Oncol. 18: 1812-1823; va Kitada S et al. (1994), Antisense Res. Dev. 4: 71-79.

Chét trc ché truyén tin hidu ctia chu trinh t& bao e ché cac phan tir lién quan
dén viéc kiém soat chu trinh t& bao. Ho protein kinaza dugc goi 1a kinaza phu thude
xyclin (CDK: cyclin dependent kinase) va tuong tac ctia ching véi ho protein dugce
goi 12 xyclin kiém soat tién trién cta chu trinh t& bao nhan dién hinh. Viéc hoat héa
va lam bat hoat phéi hop céc phiic chét xyclin/CDK khac nhau 13 cin thiét dbi véi
tién trinh binh thudng tir dau t6i cudi chu trinh té bao. Mot s& chét (rc ché truyén tin
hiéu chu trinh té bao dang dugc phat trién. Vi duy, vi du vé kinaza phu thudce xyclin,.
ké ca CDK2, CDK4, va CDK6 va chét tic ché chiing dwoc mé ta, vi du, trong tai
lué Rosania et al, Exp. Opin. Ther. Patents (2000) 10(2):215-230.

Theo mét phuong 4n, phuong an didu tri bénh ung thu theo sang ché bao
gbm viée ddng sir dung hop chét c6 cong thic I va/hodic mubi, hydrat, solvat hosdc
tién duogc chat dugc dung ctia né va it nhat mot chét chéng khéi u, nhu chit duoc
chon tir nhém bao gdm chit khang vi quan, phiic chat phéi tri platin, chét alkyl hoa,
chét khang sinh, chét rc ché topoisomeraza II, chat chéng chuyén héa, chat {rc ché
topoisomeraza I, hormon va chit tvong tu hormon, chét tic ché con dudng tai nap
tin hiéu, chit tc ché tao mach tyrosin kinaza khdéng thu thé, chét dung trong li¢u
phap mién dich, chét tién chét t& bao theo chwong trinh, va chit @c ché truyén tin

hiéu chu trinh t& bao.

Hop chat c¢6 hoat tinh duge 1y theo sang ché dugc dwa vao cac dang phan
lidu thong thuong nhu vién nang, vién nén, hoic ché phidm dung dé tiém. Chét
mang duoc dung rin hodc 1ong duoc st dung. Chat mang ran bao gdém tinh bot,
lactoza, canxi sulfat dihydrat, terra alba, sucroza, bt talc, gelatin, aga, pectin,
acaxia, magie stearat, va axit stearic. Chat mang long bao gdm xi r6, dau lac, diu
oliu, nudc mudi, va nudc. Tuong tu, chit mang hodc chit 1am lodng c6 thé bao
gém chat giai phéng kéo dai bat ky, nhu glyxeryl monostearat hodc glyxeryl
distearat, mot minh hodic cling v6i sap. Lugng chit mang ran thay dbi trong mot
khoang rong, nhung t&t hon, néu ndm trong khoang tir 25mg dén 1g mdi don vi
phan liéu. Khi chit mang 16ng duoc sir dung, ché pham s& & dang xi 16, con ngot,

nhil twong, vién nang gelatin mém, chat long vd khuén ti€ém dugc nhu ong tiém
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hodc hdn dich 16ng trong nuée hodc khong trong nude.

Duogc pham dugc bao ché theo cac phuong phép thong thuong cua cac nha
héa dugce lién quan dén viéc tron, tao hat va ép, néu can, d6i véi dang vién nén,
hodc trdn, dién day va hoa tan céc thanh phan, néu thich hgp, d€ tao ra san pham

ding qua dudng miéng hodc ngoai duong ti€u héa mong mudn.

Liéu lugng ctia hop chit ¢ hoat tinh duge ly theo sang ché 13 don vi phan
lidu luge pham nhu duge mé ta trén day sé 1a lugng hitu hiéu, khong doc, tét hon 1a
duge chon nam trong khoang 0,001-100mg/kg hoat chét, t6t hon 13 0,001-50mg/kg.
Khi diéu tri cho bénh nhan 14 ngudi cin chit e ché PI3K, lidu lua chon duge st
dung t6t hon 13 tir 1 dén 6 14n hing ngdy qua dudng miéng hoic ngoai dudng tiéu
héa. Dang str dung ngoai dudng tiéu héa duoc wu tién bao gdm khu trd, qua duong
truc trang, qua da, bang cach tiém va truyén lién tuc. Tt hon, néu don vi lidu ding
qua dudng miéng dé st dung cho ngudi chira hoat chat véi lugng nim trong
khoang tir 0,05 dén 3500mg. Theo mot phuong an, lidu dung qua dudng miéng dé
st dung cho nguoi chita hoat chit véi luong ndm trong khoang tir 100 dén 1000mg
mdi ngay. Viée sir dung qua dudng miéng, trong d6 sir dung liéu luong thap hon 1a
duoc uu tién. Tuy nhién, viéc st dung ngoai dudng tiéu hoa, & lidu cao, cling c6 thé

dugc thuc hién néu an toan va thuéan tién cho bénh nhan.

Liéu luong t6i wu dé duoc str dung c6 thé d& dang duge xac dinh boi ngudi
c¢6 hiéu biét trung binh trong linh vuc k§ thuat nay va s& thay déi phu thudc vao
chét tc ché kinaza PI3 cu thé duge s dung, ham luong cta dugc phdm, cach st
dung va tién trién cia tinh trang bénh ly. Cac yéu t6 bd sung phu thudc vao bénh
nhan cu thé dugce diéu tri s& tao ra nhu cau dé didu chinh liéu lugng, ké ca tudi,
trong lwong, ché d6 #n ubng ctia bénh nhan va thoi gian st dung thube. Lidu luong
liy 1am vi du vé ché pham diung qua dudng miéng bao gém ché pham chira hop
chét c6 cong thuc (I) twong duong véi luong 10mg, 25mg, va 100mg, dugc sit
dung mot minh, theo lidu da hodc phbi hop. Mot lidu dung ldy 1am vi du khac 1a
ché pham ding qua dudng miéng chtra mubi tris(hydroxymetyl)aminometan cta
axit  2-metyl-1-{[2-metyl-3-(triflometyl)phenyl] —metyl}-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic twong duong véi bazo tu do cua axit 2-metyl-1-{[2-
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metyl-3-(triflometyl)phenyl]metyl } -6-(4-morpholinyl)-1H-benzimidazol-4-

carboxylic v6i lugng 10mg, 25mg, hodc 100mg.

Phuong phép dugc mé ta trong sang ché bao gdm viée gy tac dung wc ché
PI3 kinaza & dong vat c6 vu, ké ca ngudi, bao gém viéc cho dbi tuong can tac dung
ndy str dung hop chét c6 hoat tinh dugc Iy theo sang ché v6i lugng c6 tic dung diéu

bién/trc ché PI3 kinaza.

Sang ché con moé ta ¢ day viée st dung hop chét c6 cong thic (I) dé san xuét

thubc dé sir dung 1am chét e ché PI3 kinaza.

Sang ché con mé ta & day viée st dung hop chat c6 cong thire (I) dé san xuét

thudc dé st dung trong diéu tri.

Sang ché con mo ta & day viée st dung hop chét c6 cong thic (I) dé san xuat
thudc dé s dung trong diéu tri bénh tu mién, bénh viém, bénh tim-mach, bénh
thoai hoa than kinh, bénh di Gmg, bénh hen, bénh viém tuy, suy da co quan, bénh
thén, két tu tiéu cau, bénh ung thu, kha nang di dong ctia tinh trung, thai ghép, thai
b6 méanh ghép va tén thuong phdi.

Séng ché con d& xudt dugc phim dé st dung dudi dang chat tic ché PI3,

trong d6 duoc phdm nay chira hop chit c6 cong thiic (I) va chit mang duoc dung.

Séang ché con dé xuét dugc phém dé sir dung trong didu tri bénh ty mién,
bénh viém, bénh tim-mach, bénh thoai héa than kinh, bénh di ting, bénh hen, bénh
viém tuy, suy da co quan, bénh than, két tu tiéu cau, bénh ung thu, kha niang di
ddng cua tinh tring, thai ghép, thai bé manh ghép va t6n thuong phdi, trong d6

duoc phdm nay chira hop chét ¢6 cong thirc (I) va chit mang dugc dung.

Ngoai ra, hop chét c6 hoat tinh dugc ly theo sdng ché c6 thé duoc dong st
dung v6i cac hoat chit khéc, ké ca cac hop chat da biét 1a c¢6 tinh hitu dung khi
duogc st dung phbi hop véi chat tic ché PI3 kinaza.

Khong cén giai thich thém, tin ring ngudi c¢6 hidu biét trung binh trong linh
vuc k§ thuat nay c6 thé sit dung ban mé ta trén day, sir dung sang ché & pham vi
ddy du nhit coa n6. Do d6, cac vi du dudi ddy dugc hiéu 14 chi dé minh hoa va

khong lam giéi han pham vi ctia sang ché theo cach bat ky.
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Vi du thuc hién sang ché

Hop chét c6 cong thirc (I) c6 thé dugc didu ché bing cach sir dung cac so dd

chung I — VII, nhu dugec mé ta dudi day.

So dd I (R2 = Me)

ON 1>
Br 2 (N‘L)zs ON
oz'\l(jl\o @ N\>—|ve + RAYBr
EtO—[ HQ, héi lu'u N R3
H
NO, NO, N

bazo N\>_Nb . O(\ NH  Ri(dba),, CsO0;, XFhos @[N\%Nb H /@iN\%NE
L N SR )
5 R4 R3 O\/\J 6 R4 R3 o 7

2,6-dinitro anilin 1 ¢6 thé duoc brom hoa bang brom trong axit axetic dé tao
ra 4-bromo-2,6-dinitroanilin 2, hop chét ndy c6 thé dugc khir thanh di-amino nitro
benzen 3 bing (NH,"),S. Phan tmg tiép theo ctia hop chét 3 véi 2,4-pentandion véi
su ¢4 mit cla axit manh & nhiét dd hdi luu, trong dung moi ruou, tao ra
nitrobenzimidazol 4. Viéc alkyl héa dé tao ra benzimidazol duoc thé 5 c¢6 thé duoc
thuc hién bing alkyl halogenua duoc thé thich hop cing véi bazo, nhu K,COs;,
trong dung moi phan cuc khong proton, nhuw DMF. Sau d6, viéc thay thé brom
trong nhan thom bing morpholin duge xtc tdc bdi paladi c6 thé tao ra
nitrobenzimidazol duogc thé 6, hop chat ndy sau d6 c6 thé duge khir thanh amino
benzimidazol 7. Sau d6, amino benzimidazol 7 ¢6 thé dugc chuyén hoa thanh chét
tuong tu hydroxyl 8, sulfonamit 9, amit 10, va chat twong tw halo 11, bing cach str

dung céc phuong phap hitu co chuén.
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So do 11

2,6-dinitro anilin 1 ¢6 thé duoc brom héa bang brom trong axit axetic dé tao
ra 4-bromo-2,6-dinitroanilin 2, hop chét nay cé thé dugc khtr thanh di-amino nitro
benzen 3 bang (NH,"),S. Phan tmg tiép theo ctia hop chit 3 véi axit carboxylic v6i
su ¢ mat cua axit manh & nhiét d§ gia tdng tao ra nitrobenzimidazol 4. Viéc alkyl
hoa dé tao ra benzimidazol duoc thé 5 c6 thé duoc thuc hién bing alkyl halogenua
duoc thé thich hop cing véi bazo, nhu K,COs, trong dung mdi phan cuc khong
proton, nhu DMF. Sau d6, viéc thay thé brom trong nhan thom bang morpholin
duoc xuc tic béi paladi ¢6 thé tao ra nitrobenzimidazol duoc thé 6, hop chét nay
sau d6 c6 thé duogc khir thanh amino benzimidazol 7. Sau d6, amino benzimidazol 7
¢6 thé dugc chuyén hoa thanh chét twong tyr hydroxyl 8, sulfonamit 9, amit 10, va

chét tuong tu halo 11, bing cach st dung cac phuong phap hitu co chuén.

So d6 III (R1 = OMe; R2 = Me)
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2-amino-3-nitrophenol 1 c6 thé dugc metyl héa bang Mel va K,CO; trong
DMF dé tao ra metoxy nitro anilin 2. Viéc brom héa bang brom trong axit axetic,
tiép do6 1a axetyl hoa bing anhydrit axetic trong axit axetic va axit sulfuric, c6 thé
tao ra hop chét trung gian 4. Sau d6, viéc thay thé brom trong nhén thom bang
morpholin dugc xtic tac boi paladi c6 thé tao ra hop chat trung gian 5. Sau d6, viéc
khir nitro bang sit, tiép d6 1a dong vong co thé tao ra benzimidazol 6, hop chit nay
¢6 thé dugce alkyl hoa bing alkyl bromua dugc thé thich hop c¢é sit dung bazo, nhu
K,CO3, trong dung méi phan cuc khéng proton nhuw DMF, dé tao ra san pham cudi

cung 7.
Sodd IV
N, B Het
@N\} o NNONE M@N\} R HIBCH, @i“g_ >
N N ® N N N
a HE Ro,(ce), RBY)
O\)J% 1 M)\FB O\)J% 2 R4 R3 @@\,D?oxan, 1300°C O\)%% 3 m)\R’)

Aminobenzimidazol 1 ¢6 thé duoc chuyén hoéa thanh bromobenzimidazol 2
c6 st dung natri nitrit cung véi NaBr trong dung dich HBr trong nuéc. Sau do, viéce
két hop voi axit aryl boronic duge xtic tic bdi paladi véi su c6 mit clia phosphin
thich hop cling véi bazo vo co trong dung mdi phan cuc khong proton ¢6 thé tao ra

benzimidazol dugc thé cudi cing 3. Het bao gdm 2-, 3- furanyl, va 1,3-thiozol.

SodoV
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Viéc cacbonyl hoa bromo-benzimidazol 1 duoc xic tic béi paladin co thé
dugc thuc hién béng cach suc khi cacbon-monoxit trong metanol ciing véi trietylamin
dé tao ra metyl este 2. Sau d6, viéc thity phén este c¢6 thé dugc thuc hién bang lithi

hydroxit trong THF/nudc dé tao ra san phdm cudi cling axit benzimidazol 3.

So do VI
Br CN HN.__O
N gy ZN(CN PAPPRY, N 30% H,0,, KOH N OVF-DVA
(\N N (\ N\>_R2 \>—R2
DMF N THE
ol ! ~R3 2 (N N
Rd o/ R3 3
RS s Rd o\)JR ] R4>\R3
| =N
_N_N_O HN__N
HNNH, H,0
N . N
>Rz ACOH rRe
(\ N N (\N N
o) 4 R3 o} 5 R3
Rs 4 s R4

Viéc xyanua hoéa bromo-benzimidazol 1 dugc xtc tac bdi paladi co thé dugc
thyc hién bing k&m xyanua trong DMF dé tao ra benzimidazol nitril 2. Nitril ¢ thé
duoc chuyén héa thanh carboxamit bac mét bing KOH va peroxit trong THF dé tao
ra amit 3. Viéc xtr 1y carboxamit 3 bing DMF-DMA c6 thé tao ra hop chat trung
gian 4, sau d6 hop chét nay c6 thé dugc déng vong thanh chit twong tu triazol 5

bang hydrazin trong axit axetic.

So 6 VII
co H cope on copve
/@l\oz Cu(QAc),, MeONH, NO,  MeOH,H,SO, NO, - @[mz
a +tBUOK DVF NH, c NH, K,CO,, DVF (N N,
1 2 ¢} 4
QO Me COMe R1 R
H

NH, N . N
ReCOH | 1) Alkyl héa @[ Yo
LAY =N L S e &

N-|2 -
o \>J 5 Q ” 2) thay d6i O\)J )\RS

7 R4
R5 R5 R5
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Amin héa axit 5-clo-2-nitrobenzoic bang O-metyl hydroxyl amin va t-
butoxit véi su c6 mit cia dong axetat c6 thé tao ra axit 3-amino-5-clo-2-
nitrobenzoic 2. Viéc este héa c6 thé duogc thuc hién b?mg metanol va axit sulfuric
dé tao ra metyl este 3, hop chét nay c6 thé dugc cho phan tng véi morpholin trong
DMF cling véi K,CO; dé tao ra chat twong tu phenyl morpholin 4. Viéc khir nitro
c6 thé duoc thuc hién bang céch sir dung céc chit khir kim loai khac nhau dé tao ra
diamin 5. Viéc ngung tu hop chét 5 bang cac axit carboxylic khac nhau c6 thé tao
ra benzimidazol metyleste 6 ma c6 thé dugc chuyén héa tiép thanh san pham cubi
cung 7 (R1 = CO,Me, CO,H, CONH,, CN, triazol, tetrazol) sau khi alkyl hoa bﬁng

alkyl halogenua, tiép d6 1a cac phuong phap hitu co chudn nhu dugc mé ta trén

day.
Vidul
NO,
N
\>—Me
Br N

H
Diéu ché 5-bromo-2-metyl-7-nitro- 1H-benzimidazol

a) 4-bromo-2,6-dinitrobenzenamin

NH,
O,N NO

2 2

Br

Huyén pht duoc khudy trén chira 2,6-dinitroanilin (5g, 27,3mmol) trong axit
axetic bang (50ml) dugc bd sung nhoé giot brom (1,5ml, 30mmol) va gia nhiét &
120°C trong 2 gid. Sau khi lam ngudi dén nhiét d6 madi trudng xung quanh, hdn
hop tao ra duogc rét vao nude (50ml). Chét rén két tia duge thu hdi bang cach loc
va rira bang nudc, sau d6 lam kho trong chan khong. Chét rén duoc hoa tan lai
trong EtOAC, rira bang nuéc va nudc mudi bio hoa. Lép hitu co duge thu hdi va
¢ trong chan khong dé tao ra san phdm mong mudn (6,88g, 95%). 'H NMR
(300MHz, DMSO-dg) & ppm 8,37 (br s, 2H), 8,58 (s, 2H).
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b) 5-bromo-3-nitrobenzen-1,2-diamin

NH,

O,N NH,

Br

4-bromo-2,6-dinitrobenzenamin dugc hoa tan trong EtOH (50ml) va
(NH,4),S (2,2ml) dugce thém vao hdn hop. Hon hop phan ung nay duoc gia nhiét
dén 90°C trong 1 gid. Phuong phap TLC cho biét c6 mot hop chat méi va mét it
chét ban dau con lai. Ngoai ra, mdt mé (NHy),S (2,5ml) khac dugc thém vao. Sau 1
gid, phép phén tich TLC cho biét mot it chat ban dau van con lai. Hon hop phan
ung nay dugc co dé tao ra chét rin mau d6 dam. Sau do, chét nay dugc tinh ché
bang phuong phép sic ky silicagel, rira giai bang DCM dé tao ra san phdm mong
mudn dudi dang chit rén mau d6 (578mg, 50%). 'H NMR (300MHz, CDCl;) &
ppm 3,50 (br s, 2H), 5,93 (br s, 2H), 7,04 (d, 1H, J = 1,8Hz), 7,87 (d, 1H, J =
1,8Hz); LC-MS: m/e = 232 [M+1]+.

¢) 6-bromo-2-metyl-4-nitro-1H-benzo[d]imidazol
NO,

N
\>—-Me
N

Br H

Hdn hop bao gdm 5-bromo-3-nitrobenzen-1,2-diamin (464mg) va pentan-
2,4-dion (400mg) trong EtOH (27ml) va dung dich HC1 5N (7,4ml) duoc héi luu
trong 3 gid. HAn hop niy duoc lam ngudi dén nhiét d6 trong phong va dung moi
duogc loai bo trong chan khéng. Ba dugc hoa tan trong EtOAC va rira bang dung
dich NaHCOjs trong nuéc va nude mudi. Lép hitu co duoce ¢d dé tao ra san phdm
mong mudn dudi dang chét rin (460mg, 90%). '"H NMR (300MHz, CDCl;) 8 ppm
2,73 (s, 3H), 8,11 (d, 1H, J=1,8Hz), 8,24 (d, 1H, J = 1,8Hz), 10,20 (s, 1H, s); LC-
MS: m/e =256 [M+1]+.

Vidu2 (R=H)vavidu3 (R =Ac)
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HN”

N\>——Me
N
»
()

Diéu ché 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-

S

amin va N-(2-metyl-6-morpholin-4-yl-1-naphtalen-1-ylmetyl-1H-benzoimidazol-4-
yl)-axetamit
a) 6-bromo-2-metyl-1-(naphtalen-1-ylmetyl)-4-nitro-1H-benzo[d]imidazol

NO,

N
\>—Me
N

Hbn hop bao gdm 6-bromo-2-metyl-4-nitro-1H-benzo[d]imidazol (dugc didu

Br

ché theo phuong phép twong tu nhu phuwong phap trong Vi du 1) (3g), 1-
(bromometyl)naphtalen (2,85g) va K,COs (3,23g) trong DMF (100ml) dugc khudy
& 80°C qua dém. Hon hop phan tng dugc 1am ngudi dén nhiét d6 trong phong va
loc. Sau doé, phﬁn loc duoc rét vao nude. Sau d6, hdn hop duoc loc dé tao ra chét
rén va chét rin ndy duoc rira bang nudc va sau d6 1am khé trong chan khong dé tao
ra san phdm mong mudn (4,63g, 100%). 'H NMR (300MHz, DMSO-ds) & ppm
2,54 (s, 3H), 6,16 (s, 2H), 6,32 (d, 1H, J = 7,5Hz), 7,33 (t, 1H, J = 7,5Hz), 7,61-
7,72 (m, 2H), 7,87 (d, 1H, J = 7,5Hz), 8,01 (d, 1H, J = 7,5Hz), 8,14 (d, 1H, J =
1,8Hz), 8,19 (d, 1H, J = 7,5Hz), 8,28 (d, 1H, J = 1,8Hz); LC-MS: m/e = 296
[M+1]+.

b) 4-(2-metyl-3-(naphtalen-1-ylmetyl)-7-nitro-3H-benzo[d]imidazol-5-yl)morpholin
NO,

‘/\N :\>—Me
o/
9
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Hon hop bao gdm 6-bromo-2-metyl-1-(naphtalen-1-ylmetyl)-4-nitro-1H-
benzo[d]imidazol (4,63g), morpholin (3,05g), Pd,(dba); (1,05g), Cs,CO;5 (5,72g) va
X-Phos (1,09g) trong dioxan (100ml) duoc loai khi bing nito va sau d6 khudy &
80°C qua dém. Hon hop nay duoc 1am ngudi dén nhiét do trong phong va dung mai
duoc loai bo trong chan khong. Sau do, ba dugc tinh ché bang phuong phap sic ky
silicagel, rira giai bang EtOAc : Ete ddu mé = 1:1 d tao ra san pham mong mudn
duéi dang chit rén mau vang (2,8g, 60%). 1H NMR (300MHz, DMSO-d6) & ppm
2,46 (s, 3H), 3,12 (t, 4H, ] = 4,8Hz), 3,70 (t, 4H, J = 4,8Hz), 6,09 (s, 2H), 6,31 (d,
1H, J =7,5Hz), 7,34 (t, 1H, ] = 7,5Hz), 7,53 (d, 1H, J = 2,1Hz), 7,62-7,70 (m, 3H),
7,86 (d, 1H, J = 8,1Hz), 8,01 (d, 1H, J = 7,5Hz), 8,23 (d, 1H, J = §,1Hz); LC-MS:
m/e =403 [M+1]+.

¢) 2-metyl-6-morpholino-1-(naphtalen-1-ylmetyl)-1H-benzo[d]imidazol-4-amin va
N-(2-metyl-6-morpholin-4-yl-1-naphtalen-1-ylmetyl-1H-benzoimidazol-4-yl)-

axetamit

Hn hop dang duge hdi luu ciia 4-(2-metyl-3-(naphtalen-1-ylmetyl)-7-nitro-
3H-benzo[d]imidazol-5-yl)morpholin (804mg) trong HOAc (50ml) dugc bd sung
bot sit (336mg) va hdn hop nay duoc tiép tuc hdi luu trong 3 gid. Hon hop nay
duoc 1am ngudi dén nhiét do trong phong va HOAc dugce loai bd trong chan khéng.
Sau d6, bd duoc trung hoa bing dung dich NaHCO; trong nuéc. Hon hop tao ra
duoc chiét bing DCM va 16p hitu co duoc rira bang nudec mudi, lam kho bing
Na,SO, khan, loc va ¢b trong chén khong. B duoc tinh ché bing phwong phap sic
ky silicagel, rira giai bing MeOH : DCM= 1: 30 dé tao ra hop chat néu & d& muc
cta Vi du 2 (350mg, 47%) va Vi du 3 (350mg, 42%). Hop chit néu & dé muc cla
Vi du 2 '"H NMR (300MHz, DMSO-dg) 8 ppm 2,33 (s, 3H), 2,91 (t, 4H J = 4,8Hz),
3,64 (t, 4H J = 4,8Hz), 5,15 (br s, 2H), 5,83 (s, 2H), 6,10 (d, 1H, J = 2,1Hz), 6,12
(d, 1H, J = 2,1Hz), 6,38 (d, 1H, J = 7,5Hz), 7,34 (t, 1H, J = 7,5Hz), 7,58-7,68 (m,
2H), 7,84 (d, 1H, J = 8,4Hz), 8,01 (d, 1H, J = 7,5Hz), 8,23 (d, 1H, J = 8§,4Hz); LC-
MS: m/e = 373 [M+1]+.; Hop chit néu ¢ d& muc cta Vi du 3 '"H NMR (300MHz,
DMSO-dg) & ppm 2,18 (s, 3H), 2,40 (s, 3H, s), 2,96 (t, 4H, J = 4,8Hz), 3,67 (t, 4H,
J = 4,8Hz), 5,95 (s, 2H), 6,34 (d, 1H, J = 7,5Hz), 6,68 (s, 1H), 7,34 (t, 1H, J =
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7,5Hz), 7,59-7,70 (m, 2H), 7,76 (s, 1H), 7,85 (d, 1H, J = 7,5Hz), 8,01 (d, 1H, J =
7,5Hz), 8,23 (d, 1H, J = 7,5Hz), 9,81 (s, 1H); LC-MS: m/e = 415 [M+1]+.

Vidu 4

Diéu ché N-[2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-
4-yllmetansulfonamit
a) 2-metyl-6-morpholino-1-(naphtalen-1-ylmetyl)-1H-benzo[d]imidazol-4-amin

NH,

N
\>—Me
N

=

Hon hop bao gbébm 4-(2-metyl-3-(naphtalen-1-ylmetyl)-7-nitro-3H-

O

benzo[d]imidazol-5-yl)morpholin (804mg), dugc diéu ché nhu dugc mo ta trong Vi
du 2, bot sit (168mg) va FeSO, (84mg) trong etanol (30ml) va H,O (30ml) dugc
khudy & nhiét d6 hdi luu qua dém. Hon hop nay duoc 1am ngudi dén nhiét d6 trong
phong va dung méi dugc loai bd trong chan khong. Ba dugc hoa tan trong DCM va
loc. Sau @0, phﬁn loc duoc rira béng nuéc mudi, 1am khod béng Na,SOy4 khan, loc va
cb trong chén khoéng dé tao ra san phim mong mudn duéi dang chét rin (720mg,
97%). '"H NMR (300MHz, DMSO-dg) & ppm 2,33 (s, 3H), 2,91 (t, 4H J = 4,8Hz),
3,64 (t, 4H J = 4,8Hz), 5,15 (br s, 2H), 5,83 (s, 2H), 6,10 (d, 1H, J = 2,1Hz), 6,12
(d, 1H, J = 2,1Hz), 6,38 (d, 1H, J = 7,5Hz), 7,34 (t, 1H, J = 7,5Hz), 7,58-7,68 (m,
2H), 7,84 (d, 1H, J = 8,4Hz), 8,01 (d, 1H, J = 7,5Hz), 8,23 (d, 1H, J = 8,4Hz); LC-
MS: m/e =373 [M+1]+.
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b) N-(2-metyl-6-morpholino-1-(naphtalen-1-ylmetyl)-1H-benzo[d]imidazol-4-

yl)metansulfonamit

Dung dich chta 2-metyl-6-morpholino-1-(naphtalen-1-ylmetyl)-1H-
benzo[d]imidazol-4-amin (186mg), Et;N (0,15ml) va DCM (20ml) duogc bd sung
dung dich bao gém metansulfonyl clorua (69mg) trong DCM & 0°C va sau d6 hdn
hop nay duoc khudy & nhiét d6 trong phong trong 1 gid. Hon hop nay duge pha
loang béng DCM va rira béng nuée mudi, lam kho béng Na,SO, khan, loc va c6
trong chan khong. Sau dé, ba dugc tinh ché bing phuong phap sic ky silicagel, rira
giai bing MeOH : DCM = 1:30 @ tao ra san phim mong mubn dudi dang chit ran
(180mg, 80%). "H NMR (300MHz, DMSO-ds) & ppm 2,40 (s, 3H), 2,98 (t, 4H, J=
4,8Hz), 3,21 (s, 3H), 3,68 (t, 4H, J= 4,8Hz), 5,96 (s, 2H), 6,37 (d, 1H, J= 8,1Hz),
6,80 (s, 2H), 7,35 (t, 1H, J= 8,1Hz), 7,60-7,71 (m, 2H), 7,85 (d, 1H, J= 8,1Hz), 8,01
(d, 1H, J= 8,1Hz), 8,24 (d, 1H, J= 8,1Hz), 9,49 (br s, 1H); LC-MS: m/e = 451
[M+1]+.

Vidus

Diéu ché 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-ol
a) 2-metyl-6-morpholino-1-(naphtalen-1-ylmetyl)-1H-benzo[d]imidazol-4-amin

NH,

Ly
5

TiCl; (19,7ml) dugc cho vao dung dich chta 4-(2-metyl-3-(naphtalen-1-

S

ylmetyl)-7-nitro-3H-benzo[d]imidazol-5-yl)morpholin (1,82g), dugc diéu ché theo
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phuong phép tuong tu nhu phuong phap trong Vi du 4, va NH,OAc (4,85g) trong
MeOH (150ml). Sau khi khudy tron trong 7 phiit & nhiét d6 trong phong, phép phan
tich TLC cho biét khong con chit ban du. P pH ctia hdn hop nay dugc chuyén
thanh d6 pH bazo bing cich bd sung dung dich Na,CO; trong nudc. Dung méi
dugc loai bé dudi ap sudt giam va bi duoc chiét bang DCM (250mix2). Lép hitu
co thu gom dugc rira bing nude mudi, 1am kho bing Na,SO, khan, loc va ¢d trong
chén khéng @ tao ra san phdm mong mudn dudi dang chét rin mau tring (1,52g,
91%). 'H NMR (300MHz, CDCl;) & ppm 2,47 (s, 3H), 3,02 (t, 4H, J= 4,8Hz), 3,78
(t, 4H, J=4,8Hz), 4,30 (s, 2H), 5,68 (s, 2H), 6,05 (d, 1H, J=1,8Hz), 6,25 (d, 1H, J=
1,8Hz), 6,56 (d, 1H, J=7,5Hz), 7,27 (t, 1H, J= 7,5Hz), 7,55-7,66 (m, 2H), 7,77 (d,
1H, J= 8,1Hz), 7,93 (d, 1H, J= §,1Hz), 8,05 (d, 1H, J= §,1Hz); LC-MS: m/e = 373
[M+1]+.

b) 2-metyl-6-morpholino-1-(naphtalen-1-ylmetyl)-1H-benzo[d]imidazol-4-ol

‘ Dung dich chta 2-metyl-6-morpholino-1-(naphtalen-1-ylmetyl)-1H-

benzo[d]imidazol-4-amin (842mg) trong H,O (20ml), MeOH (1ml) va dung dich
H,SO, dam dic (3ml) dugc bd sung dung dich NaNO, trong nudc (344mg) theo
kiéu nhé giot & 0°C. Hbn hop nay duge khudy & 0°C trong 15 phut va sau d6 khudy
& nhiét d6 hoi luu trong 1 gid. Hon hop nay dugc 1am ngudi dén nhiét d6 trong
phong va d6 pH dugc trung hoa bang dung dich NaHCO; trong nude. Hon hop nay
dugc chiét bang DCM (100mlx3). Lép hitu co thu gom dugc rira bang nuée mudi,
Jam kho biang Na,SO, khan, loc va ¢6 trong chan khong. Sau d6, bd duoc tinh ché
bang phuong phéap sic ky silicagel, rira giai bang MeOH : DCM = 1 : 60 va sau d6
bang phwong phap HPLC diéu ché dé tao ra san pham mong muén & dang thd, LC-
MS: m/e = 374 [M+1]+, chira tap chat ma duoc loai bo bang quy trinh c6 2 budc

duoc mo6 ta dudi day.

c) 4-{[(1,1-dimetyletyl) (diphenyl)silyl]oxy}-2-metyl-6-(4-morpholinyl)-1-(1-
naphtalenylmetyl)-1H-benzimidazol
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HOn hop bao gdm 2-metyl-6-morpholino-1-(naphtalen-1-ylmetyl)-1H-
benzo[d]imidazol-4-ol thé (200mg), imidazol (73mg) va TBDPSCI (162mg) trong
DCM khan (30ml) dugc khudy & nhiét do trong phong trong 1 gid. Phép phén tich
LCMS cho thy c¢6 san phdm mong mudn nén dung méi duge loai bé trong chan
khong. Ba duoc tinh ché bing phuong phap sic ky silicagel, rira giai bang EtOAc :
ete ddu mo6 = 1 : 2 dé tao ra san pham mong mudn TBDP ete dudi dang chit rin
mau tring (260mg, 79%). 'H NMR (300MHz, CDCl;) & ppm 1,24 (s, 9H), 2,53-
2,56 (m, 7H), 3,55(t, 4H, J=4,8Hz), 5,69 (s, 2H), 5,92 (d, 1H, J= 1,8Hz), 6,12 (d,
1H, J= 1,8Hz), 6,55 (d, 1H, J= 7,5Hz), 7,25-7,45 (m, 7H), 7,56-7,67 (m, 2H), 7,78
(d, 1H, J= 8,7Hz), 7,84-7,87 (m 4H), 7,94 (d, 1H, J= 7,5Hz), 8,06 (d, 1H, J=
8,7Hz); LC-MS: m/e = 612 [M+1]+.

d) 2-metyl-6-morpholino-1-(naphtalen-1-ylmetyl)-1H-benzo[d]imidazol-4-ol

Dung dich chtra 4-{[(1,1-dimetyletyl) (diphenyl)silyl]oxy}-2-metyl-6-(4-
morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol trong THF (50ml) duogc bd
sung TBAF (0,64ml, 1mol/l) & nhiét d§ trong phong va hén hop nay duoc khudy
trong 1 gid. Phép phan tich TLC cho biét sy tiéu thu chit ban dau. Dung méi duogc
loai bo trong chan khong va ba dugc tinh ché bang phwong phép sic ky silicagel,
rira giai bang MeOH : DCM = 1 : 60 d& tao ra san phAm mong muén duéi dang
chit rin mau tring (150mg, 94%). 'H NMR (300MHz, DMSO-dg) & ppm 2,36 (s,
3H), 2,94 (t, 4H, J= 4,8Hz), 3,65 (t, 4H, J= 4,8Hz), 5,87 (s, 2H), 6,30 (d, 1H, J=
1,8Hz), 6,35 (d, 1H, J= 1,8Hz), 6,39 (d, 1H, J= 7,5Hz), 7,35 (t, 1H, J= 7,5Hz),
7,60-7,71 (m, 2H), 7,86 (d, 1H, J= 8,4Hz), 8,01 (d, 1H, J= 7,5Hz), 8,23 (d, 1H, J=
8,4Hz); LC-MS: m/e = 374[M+1]+.
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Vidu6

OMe

e

Cl
Cl

Piéu ché 1-[(2,3-diclophenyl)metyl]-2-metyl-4-(metyloxy)-6-(4-morpholinyl)-1H-

benzimidazol

a) 2-metoxy-6-nitrobenzenamin

NH,
MeO NO,

H&n hop bao gém 2-amino-3-nitrophenol (19,25g) va K,COs (19g) trong
DMF (100ml) duogc bd sung Mel (11ml) & nhiét dd trong phong va hén hop nay
duoc khudy qua dém va sau d6 rét vao nude. Chat két tia tao ra duge thu hdi bang
cach loc va chét rén nay duoc rira bang nudc dé tao ra san phim mong muén (19g,
90%). '"H NMR (300MHz, CDCl;) & ppm 3,92 (s, 1H), 6,43 (br s, 1H), 6,61 (dd,
1H, J = 17,5, 9,0Hz), 6,89 (dd, 1H, J = 0,9, 7,5Hz), 7,73 (dd, 1H, J = 0,9, 9,0Hz);
LC-MS: m/e = 169 [M+1]+.

b) 4-bromo-2-metoxy-6-nitrobenzenamin

NH,
MeO NO

2

Br

NaOAc (17,6g) va Br, (6,76ml) dugc cho vao dung dich chtra 2-metoxy-6-
nitrobenzenamin (21,74g) trong HOAc (250ml). Hon hop nay duoc khudy & nhiét
d6 trong phong trong 20 phut. Chét két tia tao ra duoc loc, rira bang nudc va lam
khé trong chan khong dé tao ra san phim mong muén dudi dang chét rén mau vang
(26,43g, 83%). '"H NMR (300MHz, DMSO-d¢) § 3,91 (s, 3H), 7,18 (d, 1H, J =
1,8Hz), 7,70 (d, 1H, J = 1,8Hz); LC-MS: m/e = 247 [M+1]+.
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c) N-(4-bromo-2-metoxy-6-nitrophenyl)axetamit

0
HN/[K

MeO NO,

Br

Dung dich chtta 4-bromo-2-metoxy-6-nitrobenzenamin (27,85g) trong
HOAc (150ml) va Ac,O (17ml) dugc bé sung dung dich H,SO, d¢am dic & 70°C va
hén hop ndy dugc khudy & 70°C trong 30 phit va giit & nhiét d6 trong phong qua
dém. Chét két tia tao ra dugc thu hdi bang cach loc va rira bang hexan dé tao ra san
phim mong mudn dudi dang chét rin mau vang nhat (24,45g, 75%). 'H NMR
(300MHz, DMSO-d6) & ppm 2,01 (s, 3H), 3,92 (s, 3H), 7,61 (d, 1H, J = 1,8Hz),
7,65 (d, 1H, J = 1,8Hz), 9,91(s, 1H); LC-MS: m/e = 289 [M+1]+.

d) N-(2-metoxy-4-morpholino-6-nitrophenyl)axetamit

0
HNJK

MeO\EN;/NOZ
)

Hon hop bao gdbm N-(4-bromo-2-metoxy-6-nitrophenyl)axetamit (2,89g),
morpholin (2,61g), BINAP (1,21g) va t-BuOK (1,53g) trong dioxan (50ml) duoc
loai khi bing N, va hdn hop nay duoc khudy ¢ 110°C trong 6ng kin qua dém. Hon
hop nay dugc lam ngudi dén nhiét d6 trong phong va logc. Phéan loc dugc cb trong
chan khong. B duoc tinh ché bing phuong phap sic ky silicagel, ra giai bing
MeOH/DCM=1/50 dé tao ra san phdm mong muén (1,03g, 35%) 'H NMR
(300MHz, CDCl;) 6 ppm 2,15 (s, 1H), 3,18 (t, 4H, J = 4,8Hz), 3,85 (t, 4H, J =
4,8Hz), 3,88 (s, 3H), 6,63 (d, 1H, J =2,7Hz), 6,96 (d, 1H, J =2,7Hz).

e) 4-(7-metoxy-2-metyl-3H-benzo[d]imidazol-5-yl)morpholin
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Hbn hop dang duoc hdi luu bao gdm cac mé thu gom chira N-(2-metoxy-4-
morpholino-6-nitrophenyl)axetamit (2,06g) trong HOAc (60ml) dugc bd sung bot
sit (1,18g) va hdn hop nay duoc khudy & nhiét d6 hdi luu qua dém. Hon hop nay
dugce 1am ngudi dén nhiét d6 trong phong va loc. Phan loc duogc ¢b trong chan
khong va bd duoc rira bing EtOAc : ete ddumoé = 1 : 1 dé tao ra san phim tho dudi
dang chét rin (1,73g, 100%). 'H NMR (300MHz, DMSO-ds) & ppm 2,56 (s, 3H),
3,12 (t, 4H, J = 4,8Hz), 3,88 (t, 4H, J = 4,8Hz), 3,94 (s, 3H), 6,39 (s, 1H), 6,62 (s,
1H); LC-MS: m/e = 248 [M+1]+.

) 1-[(2,3-diclophenyl)metyl]-2-metyl-4-(metyloxy)-6-(4-morpholinyl)-1H-

benzimidazol

Hbn hop bao gdm 18 (1,73g), 1-(bromometyl)-2,3-diclobenzen (1,68g) va
K,COj; (1,93g) trong DMF (50ml) duogc khudy & 80°C trong 72 git. Hon hop nay
duoc 1am ngudi dén nhiét do trong phong va rét vao nude. Hon hop ndy dugc chiét
béng EtOAc va 16p hitu co dugc rua bang nudc mudi, 13m khé bang Na,SO, khan,
loc va ¢b trong chan khong. Sau dé, bd duogc tinh ché bing phuong phép sic ky
silicagel, rira giai bing 100% EtOAc va sau d6 1a MeOH : DCM = 1:30 d tao ra
san phdm mong muén dudi dang chét rin mau tring (360mg, 9%) 'H NMR
(CDCl3, TMS, 300MHz) 6 ppm 2,48 (s, 3H), 3,11 (t, 4H, J = 4,8Hz), 3,85 (t, 4H, J
= 4,8Hz), 4,02 (s, 3H), 5,31 (s, 2H), 6,19 (d,1H, J = 1,8Hz), 6,30 (d, 1H, J =
7,5Hz), 6,42 (d, 1H, J = 1,8Hz), 7,03 (t, 1H, J = 7,5Hz), 7,41 (d, 1H, J = 7,5Hz);
LC-MS: m/e =406 [M+1]+.

Vidu7
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Cl

Piéu ché 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-
4-amin
a) 6-bromo-1-(2,3-diclobenzyl)-2-metyl-4-nitro- 1 H-benzo[d]imidazol

NO

2

N
\>—Me
N

Br

Cl
Cl

Hdn hop bao gém hop chét néu & d& muyc cta Vi du 1 (1,17g) (duge didu ché
nhu dugc md ta trén day), 1-(bromometyl)-2,3-diclobenzen (1,19g) va K,CO3 (1,27g)
trong DMF (80ml) duoc khudy & 80°C trong 3 git. Khi phan tich TLC cho biét
khong con chit ban dau, hdn hop nay duoc 1am ngudi dén nhiét d6 trong phong va
loc. Sau do, phr?m loc duoc rét vao nude. Sau d6, hdn hop duoc loc dé tao ra chét
rin va chit rdn ndy duoc rira bing nudc va sau d6 1am kho trong chan khong dé tao
ra san phdm mong mubn (1,59g, 83%) 'H NMR (300MHz, CDCL;) & ppm 2,67 (s,
3H), 5,45 (m, 2H), 6,24 (t, 1H, J= 7,8Hz), 7,10 (t, 1H, J= 7,8Hz), 7,47 (t, 1H, J=
7,8Hz), 7,59 (d, 1H, J=1,8Hz), 8,24 (d, 1H, J=1,8Hz); LC-MS: m/e =416 [M+1]+.

b) 4-(3-(2,3-diclobenzyl)-2-metyl-7-nitro-3H-benzo[d]imidazol-5-yl)morpholin

No2

(\N \>—Me
o/ d
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Hon hop bao gbém 6-bromo-1-(2,3-diclobenzyl)-2-metyl-4-nitro-1H-
benzo[d]imidazol (1,69g), morpholin (1,07g), Pdy(dba); (376mg), Cs,CO3 (2g) va
X-Phos (383mg) trong dioxan (80ml) dugc loai khi bang nito va sau d6 khudy &
80°C trong 3 gid. Khi phép phén tich TLC cho biét di tiéu thu hoan toan chit ban
dau, hdn hop nay duoc 1am ngudi dén nhiét d6 trong phong va dung méi dugc loai
b6 trong chan khéng. B con lai duoc chiét bing EtOAc. Lép hitu co dugce ria
béng nuge mudi, 1am khod béng Na,SO, khan, lgoc va cd trong chén khong. Sau do,
ba duoc tinh ché bang phuong phap sic ky silicagel, rira giai bang EtOAc : ete diu
mo =1 : 1 dé tao ra san pham mong mudn dudi dang chét rin mau vang (83 1mg,
48%). "H NMR (300MHz, CDCl3) & ppm 2,62 (s, 3H), 3,18 (t, 4H, J= 4,8Hz), 3,87
(t, 4H, J=4,8Hz), 5,41 (s, 2H), 6,28 (d, 1H, J=7,8Hz), 6,86 (d, 1H, J= 2,4Hz), 7,08
(t, 1H, J= 7,8Hz), 7,46 (d, 1H, J= 7,8Hz), 7,79 (d, 1H, J= 2,4Hz); LC-MS: m/e =
421 [M+1]+.

¢) 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-4-amin

Hén  hop bao gdm 4-(3-(2,3-diclobenzyl)-2-metyl-7-nitro-3H-
benzo[d]imidazol-5-yl)morpholin (210mg), bdt sit (56mg) va FeSO, (152mg)
trong etanol (25ml) va H,O (25ml) dugc khudy & nhiét do hoi luu trong 3 gio. Khi
phép phan tich TLC cho biét d tidu thu hét toan bd chét ban dau, hdn hop nay
duoc 1am ngudi dén nhiét d6 trong phong va loc. Phan loc duogc cb trong chin
khoéng va sau d6, b dugce tinh ché bing phuong phap sic ky silicagel, rira giai bang
MeOH: DCM: NH3.H,0 =1 : 60 : 0,5% d& tao ra san pham mong mudn dudi dang
chét rin mau vang (137mg, 70%). 'H NMR (300MHz, DMSO-d¢) & ppm 2,32 (s,
1H), 2,94 (t, 4H, J= 4,8Hz), 3,68 (t, 4H, J= 4,8Hz), 5,16 (br, s, 2H), 5,40 (s, 2H),
6,09 (d, 1H, J=1,8Hz), 6,13 (d, 1H, J= 1,8Hz), 6,32 (dd, 1H, J= 1,5, 7,5Hz), 7,25
(t, 1H, J=7,5Hz), 7,58 (dd, 1H, J= 1,5, 7,5Hz); LC-MS: m/e = 391 [M+1]+.

Vidy 8
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Diéu ché N-[1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)- 1 H-

benzimidazol-4-yllmetansulfonamit

Dung dich chira hop chit néu & d& muc cta Vi du 7 (82mg) va Et;N (42mg)
va DCM khan (20ml) dwoc b6 sung dung dich bao gdm metansulfonyl clorua
(40mg) trong DCM & 0°C va sau d6 hdn hop nay duoc khudy & nhiét do trong
phong trong 30 phut. Phép phan tich TLC cho biét khong con chat ban diu va mot
it san phdm dimetyl héa dugc phét hién bang phuong phap LC-MS: m/e = 547
[M+1]+. Dung mdéi dugc loai bd trong chan khéng, THF (10ml) va dung dich
NaOH 2N trong nuéc (10ml) dugc thém vao. Hon hop nay duge khudy & nhiét do
trong phong trong 2 gid. San phdm mong mubn dugc phét hién 14 san phim chinh
trén LC-MS. San pham nay duogc chiét bang DCM (75mlx2) va 16p hitu co thu gom
duoc cb trong chan khéng. Ba duoc tinh ché bing phuong phap sic ky silicagel,
rira giai bing MeOH: DCM: NH3.H,O = 1: 60: 0,5% dé tao ra san phdm mong
mudn duéi dang chit rin mau vang (25mg, 26%). "H NMR (300MHz, DMSO-dg) &
2,40 ppm (s, 1H), 3,03-3,04 (m, 4H), 3,09 (s, 3H), 3,70-3,75 (m, 4H), 5,5-5,56 (m,
2H), 6,31-6,34 (m, 1H), 6,80-6,82 (m, 2H), 7,25-7,30 (m, 1H), 7,60-7,62 (m, 1H),
9,50 (s, 1H); LC-MS: m/e = 469 [M+1]+.

Vidu9

)
HNJ\

N\>—Me
N
£

Cl
Cl
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Diéu ché N-[1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol-4-yl]axetamit

Dung dich chira hop chit néu & d& muc ctia Vi du 7 (78mg) va Et;N (30mg)
trong DCM khan (30ml) duoc bd sung dung dich bao gdm Ac,O (20mg) trong
DCM & 0°C va sau d6 hdn hop nay dugc khudy & nhiét d6 trong phong trong 2 gid.
Sau d6, hdn hop nay duge khudy & nhiét ¢ hdi luu cho t6i khi phép phén tich TLC
cho biét khéng con chat ban ddu. Hon hop nay duoc lam ngudi dén nhiét d6 trong
phong va lam lodng bing DCM (150ml) va rira bang nude mudi (100ml x2). Lép
hitu co dugc ¢d trong chan khong va bi dugc tinh ché bang phuong phap sic ky
silicagel, rra giai bang MeOH : DCM = 1 : 60 va sau d6 bing phuong phap HPLC
diéu ché dé tao ra san phim mong mudn dudi dang chét rin mau vang (21mg,
24%). "H NMR (300MHz, CDCl3) & ppm 2,28 (s, 3H), 2,48 (s, 3H), 3,14 (t, 4H, J=
4,8Hz), 3,84 (t, 4H, J= 4,8Hz), 5,33 (s, 2H), 6,28-6,30 (m, 2H), 7,05 (t, 1H, J=
8,1Hz), 7,42 (dd, 1H, J= 1,2Hz, J= §,1Hz), 8,08 (d, 1H, J= 1,8Hz), 8,27 (br s, 1H);
LC-MS: m/e =433 [M+1]+.

Vidu 10
OH

\>—Me
N

‘Q@f

Diéu ché 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-
4-ol

Hop chit néu ¢ dé& muc nay duoc diéu ché theo phuong phap tuwong tur nhu
phwong phap néu trong Vi du 5, thay 1-(bromometyl)naphtalen bang 1-
(bromometyl)-2,3-diclobenzen. (130mg, 69%). '"H NMR (300MHz, DMSO-dg) &
ppm 2,35 (s, 3H), 2,97 (t, 4H, J= 4,8Hz), 3,68 (t, 4H, J= 4,8Hz), 5,44 (s, 2H), 6,24
(d, 1H, J=2,1Hz), 6,31 (dd, 1H, J=1,2, 7,8Hz), 6,38 (d, 1H, J=2,1Hz), 7,26 (t, 1H,
J=17,8Hz), 7,59 (dd, 1H, J= 1,2, 7,8Hz), 9,61 (s, 1H); LC-MS: m/e = 392[M+1]+.

Vidy 11
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OH

pﬁ:\w

Diéu ché 2-(1-metyletyl)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)- 1H-

benzimidazol-4-ol

a) 6-bromo-2-isopropyl-4-nitro-1H-benzo[d]imidazol

NO,
KINH
\
Br H

Hbn hop bao gdm 5-bromo-3-nitrobenzen-1,2-diamin (dugc diéu ché theo
phuong phép tuong tu nhu phuong phap trong Vi du 1, 5,0g) trong axit isobutyric
(20ml) duoc khudy & 120°C qua dém. Hon hop nay duge lam ngudi dén nhiét do
trong phong va rét vao nude (100ml). B6 pH dugce trung hoa bing dung dich
Na,CO; trong nudce. Sau d6, hdn hop nay duoc trung hda bang EtOAc va 16p hitu
co duge rira bing nudc va nude mudi, 1am kho bang MgSO, khan, loc va cd trong
chan khong. Sau d6, bd duoc tinh ché bing phuong phap sic ky silicagel, ria giai
bing EtOAc : ete ddumé =1:1 dé tao ra san phim mong mudn duéi dang chét rin
mau vang (4,7g, 77%). '"H NMR (300MHz, CDCl;) § ppm 1,51 (m, 6H, J = 6,9Hz),
3,32 (m, 1H, J = 6,9Hz), 8,16 (d, 1H, J=1,5Hz), 8,25 (d, 1H, J= 1,5Hz), 10,26 (br s,
1H); LC-MS: m/e = 284 [M+1]+.

b) 6-bromo-2-(1-metyletyl)-1-(1-naphtalenylmetyl)-4-nitro-1H-benzimidazol

NO,

Jons

Br N

Hbn hop bao gdm 6-bromo-2-isopropyl-4-nitro-1H-benzo[d]imidazol (4,7g),
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1-(bromometyl)naphtalen (4,01g) va K,CO5; (4,55g) trong DMF (150ml) duoc
khudy & 80°C trong 2 gid. Hon hop nay duoc 1am ngudi dén nhiét do trong phong
va loc. Sau dé, phan loc dugc rét vao nude (1 lit). Sau d6, hdn hop dugc loc dé tao
ra chat rin, chit rin nay duoc rira bing nudc va sau d6 1am khé trong chan khong

dé tao ra san pham tho (7,2g). LC-MS: m/e = 425 [M+1]+.

c) 2-(1-metyletyl)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-4-nitro-1H-
benzimidazol

NO,

pﬁ:\w

Hdn hop bao gdm 6-bromo-2-(1-metyletyl)-1-(1-naphtalenylmetyl)-4-nitro-
1H-benzimidazol (2,05g), morpholin (1,26g), Pd,(dba); (0,46g), Cs,CO; (2,36g) va
X-Phos (0,41g) trong dioxan (30ml) dugc loai khi bing nito va sau d6 khudy &
80°C qua dém. HOn hop nay duoc 1am ngudi dén nhiét do trong phong va dung moi
duoc loai bo trong chan khéng. Sau d6, ba duge tinh ché bang phuong phép séc ky
silicagel, rira giai bang (EtOAc : ete ddu mé = 1 : 1) dé tao ra san phim mong muén
dudi dang chét rin mau vang (1,6g, 77%). LC-MS: m/e = 431 [M+1]+.

d) 2-(1-metyletyl)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1 H-benzimidazol-4-
amin

NH,

N
0
MRS

W

TiCl; (16,3ml) dugc cho vao dung dich chua 2-(1-metyletyl)-6-(4-
morpholinyl)-1-(1-naphtalenylmetyl)-4-nitro-1H-benzimidazol (1,6g) va NH;OAc
(4g) trong MeOH (40ml). Sau khi khudy tron trong 4 gid & nhiét d6 trong phong,
phép phén tich TLC cho biét khong con chéat ban dau. Po pH cia hdn hop nay duoc

chuyén thanh d6 pH bazo bang cach bd sung dung dich Na,COj; trong nude. Dung
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mdi duoc lam bay hoi dudi 4p sudt giam va ba duoc chiét bang DCM (250mlx2).
Lép hitu co thu gom duoc rira bang nude mudi, 1am khd bang Na,SO, khan, loc va
cb trong chan khéng dé tao ra san phAm mong mudn dudi dang chét rén mau tring

(1,2g, 81%). LC-MS: m/e =401 [M+1]+.
e) 2-(1-metyletyl)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)- 1H-benzimidazol-4-ol

Dung dich chira 2-(1-metyletyl)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-
1H-benzimidazol-4-amin (300mg) trong H,O (20ml), va dung dich H,SO, dam déc
(1ml) duge bd sung dung dich NaNO, trong nuéc (78mg) theo kiéu nho giot & 0°C.
Hbn hop nay duge khudy & 0°C trong 15 phut va sau d6 gia nhiét dén hdi luu trong
1 gid. Hon hop nay duoc 1am ngudi dén nhiét do trong phong va do pH dugc trung
hoa bang dung dich NaHCO; trong nude. Dung dich ndy duoc chiét bing DCM
(250mlx3). Lép hitu co thu gom duge rira bang nude mudi, 1am kho bang Na,SO,
khan, loc va ¢ trong chan khong. Sau d6, ba duoc tinh ché bang phuong phép sic
ky silicagel, rira giai bing EtOAc : ete ddu mé = 1 : 1 d& tao ra san phdm mong
mudn dudi dang chét rin (80mg, 27%). "H NMR (300MHz, DMSO-ds) & ppm 1,21
(d, 6H, J= 6,6Hz), 2,91 (t, 4H, J= 7,5Hz), 3,03 (m, 1H, J= 6,6Hz), 3,64 (t, 4H, J=
7,5Hz), 5,89 (s, 2H), 6,27-6,34 (m, 3H), 7,32 (t, 1H, J= 7,5Hz), 7,59-7,70 (m, 2H),
7,83 (d, 1H, J=7,5Hz), 8,00 (d, 1H, J= 7,5Hz), 8,27 (d,1H, J= 7,5Hz), 9,55 (s, 1H);
LC-MS: m/e =402 [M+1]+.

Vidul12

OH

Diéu ché 2-etyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-ol

Hop chét néu ¢ d& muyc nay duoc didu ché theo phuong phap tuwong tw nhu
phuong phap trong Vi du 11, chi khac 13 thay thé axit isobutyric bang axit
propionic. '"H NMR (300MHz, DMSO-dg) & ppm 1,20 (t, 3H, J= 7,5Hz), 2,67 (q,
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2H, J=7,5Hz), 2,93 (t, 4H, J= 4,5Hz), 3,64 (1, 4H, J= 4,5Hz), 5,86 (s, 2H), 6,26 (s,
1H), 6,33-6,34 (m, 2H), 7,32 (t, 1H, J= 7,5Hz), 7,57-7,68 (m, 2H), 7,82 (d, 1H, J=
8,1Hz), 7,98 (d, 1H, J=7,5Hz), 8,23 (d, 1H, J= 8,1Hz), 9,54 (s, 1H); LC-MS: m/e =
388 [M+1]+.

Vidu 13

Diéu ché 1-[(2,3-diclophenyl)metyl]-2-(1-metyletyl)-6-(4-morpholinyl)-1H-

benzimidazol-4-ol

Hop chét néu & d& muc nay dugc diéu ché theo phuong phap tuwong tir nhur
phuong phéap trong Vi du 11, chi khéc 14 thay thé 1-(bromometyl)naphtalen bang 1-
(bromometyl)-2,3-diclobenzen. 'H NMR (300MHz, CDCl;) & ppm 1,20 (d, 6H, J=
6,9Hz), 2,94-3,06 (m, 2H), 3,67 (t, 4H, J= 4,5Hz), 5,45 (s,2H), 6,24-6,26 (m, 2H,),
6,34 (s, 1H), 7,23 (d, 1H, J= 7,8Hz), 7,56 (d, 1H, J= 7,8Hz), 9,54 (s, 1H); LC-MS:
m/e =420 [M+1]+.

Vidu 14

Cl cl

Pidu ché 1-[(2,3-diclophenyl)metyl]-2-etyl-6-(4-morpholinyl)-1H-benzimidazol-4-ol

Hop chét néu ¢ d& muc nay duogc didu ché theo phuong phép tuong tu nhu
phuong phép trong Vi du 12, chi khéc 13 thay thé 1-(bromometyl)naphtalen bang 1-
(bromometyl)-2,3-diclobenzen. '"H NMR (300MHz, CDCl3) & ppm 1,29 (t, 3H,
J=7,5Hz), 2,86 (q, 2H, J=7,5Hz), 3,10 (t, 4H, J=4,8Hz), 3,82 (t, 4H, J=4,8Hz), 5,32
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(s, 2H), 6,10 (d, 1H, J =2,4Hz), 6,37 (dd, 2H, J=1,5, 7,8Hz), 6,54 (d, 1H, J =2,4H7),
7,04 (t, 1H, J =7,8Hz), 7,4 (dd, 1H, J =1,5, 7,8Hz); LC-MS: m/e = 406 [M+1]+.

Vidu 15

Diéu ché 4-flo-2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-

benzimidazol

Dung dich chta 2-metyl-6-morpholino-1-(naphtalen-1-ylmetyl)-1H-
benzo[d]imidazol-4-amin (dugc diéu ché theo theo phuong phép tuong tu duge sir
dung trong Vi du 2) (200mg) trong 70% HF/pyridin (2ml) trong thiét bi phan tng
Teflon dugc bd sung NaNO, (56mg) & -50°C va hdn hop nay duoc khudy & -50°C
trong 30 phdt va sau d6 gia nhiét dén 70°C trong 1 gid. Hon hop ndy dugc lam
ngudi dén nhiét do trong phong va d6 pH duge trung hoa bang dung dich Na,CO;
trong nudce. Sau d6, hdn hop nay dugc trung hoa bang DCM (100mlx 2). Lép hitu
co thu gom duoc ¢b trong chan khéng va bi dugc tinh ché bang phuong phap TLC
diéu ché, phat trién bing EtOAc : ete ddu mo = 1 : 1 dé tao ra san pham mong
mubn dudi dang chét rén (10mg, 5%). '"H NMR (300MHz, CDCl;) & ppm 2,54 (s,
3H), 3,05 (t, 4H, J= 4,8Hz), 3,79 (t, 4H, J= 4,8Hz), 5,75 (s, 2H), 6,37 (d, 1H, J=
1,8Hz), 6,53 (d, 1H, J= 7,5Hz), 6,66-6,71 (m, 1H), 7,30 (t, 1H, J= 7,5Hz), 7,59-
7,69 (m, 2H), 7,81 (d, 1H, J= 9,0Hz), 7,96 (d, 1H, J= 7,5Hz), 8,05 (d, 1H, J=
7,8Hz); LC-MS: m/e =376 [M+1]+.

Vidu 16
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Piéu ché 1-[(2,3-diclophenyl)metyl]-4-flo-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol

Dung dich chira 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-
benzimidazol-4-amin (dugc diéu ché theo phuong phap tuong tu nhw phuong phap
trong Vi du 7, 200mg) trong 70% HF/pyridin (4ml) trong thiét bi phan tmg Teflon
duoc bd sung NaNO, (53mg) & -50°C va hdn hop nay dugce khudy & -50°C trong 30
phtt va sau d6 gia nhiét dén 70°C trong 1 gid. Hon hop nay duoc 1am ngudi dén
nhiét d6 trong phong va dé pH duoc trung hoa bing dung dich Na,COs trong nudc.
Sau d6, hdn hop ndy duogc trung hoa bang DCM (100mlx 2). Lép hitu co thu gom
duoc ¢b trong chan khoéng va bi duoc tinh ché bang phuong phap TLC didu ché,
phat trién bang MeOH : DCM=1 : 30 d tao ra san pham mong mudn dudi dang
chét rén (40mg, 20%). '"H NMR (300MHz, CDCl3) & 2,49 ppm (s, 3H), 3,09(t, 4H,
J=4,5Hz), 3,83 (t, 4H, J= 4,5Hz), 5,32 (s, 2H), 6,29-6,33 (m, 2H), 6,66 (d, 1H, J=
7,8Hz), 7,06 (t, 1H, J=7,8Hz), 7,42 (d, 1H, J=7,8Hz); LC-MS: m/e = 394 [M+1]+.

Vidy 17

Qﬁi:w

Diéu ché 2-etyl-4-flo-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol

Dung dich chtta 2-etyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-
benzimidazol-4-amin (duoc diéu ché theo phwong phép twong tu nhur phwong phap
trong Vi du 12, 200mg, 0,49mmol) trong 70% HF/pyridin (3ml) duogc bd sung
NaNO, (50mg, 0,73mmol) & -50°C va hdn hop tao ra duge khudy tiép trong 1 gio.
Sau d6, hdn hop nay dugc gia nhiét dén 70°C trong 1 gid. Hon hop nay dugce lam
ngudi t&i nhiét d6 trong phong va chiét bang DCM (30ml x 3). Lép hitu co thu gom
duoc 1am kho bing Na,SO,, ¢b trong chan khéng. B3 tao ra duoc tinh ché bing
phuong phap TLC diéu ché dé tao ra san phim (20mg, 10%), dusi dang chat rin
mau tring. '"H NMR (300MHz, DMSO-ds) & ppm 1,22 (t, 3H, J=7,5Hz), 2,69 (q,
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2H, J=7,5Hz), 3,02 (t, 4H, J=3,9Hz), 3,66 (t, 4H, J=3,9Hz), 5,97 (s, 2H), 6,32 (d,
1H, J=7,8Hz), 6,74-6,79 (m, 2H), 7,34 (t, 1H, J=7,8Hz), 7,60-7,70 (m, 2H), 7,85 (d,
1H, J=8,4Hz), 8,00 (d, 1H, J=7,8Hz), 8,24 (d, 1H, J=7,8Hz); LC-MS: m/e = 390
[M+1]+.

Vidu 18

F

\
S

Cl Cl

Piéu ché 1-[(2,3-diclophenyl)metyl]-2-etyl-4-flo-6-(4-morpholinyl)-1H-

benzimidazol

Dung dich chtra 1-[(2,3-diclophenyl)metyl]-2-etyl-6-(4-morpholinyl)-1H-
benzimidazol-4-amin (duoc diéu ché theo phuong phap tuong tyr nhu phuong phép
trong Vi du 14, 203mg) trong 70% HF/pyridin (2ml) trong thiét bi phan tng Teflon
dugc bd sung NaNO, (52mg) & -50°C va hdn hop nay duoce khudy & -50°C trong 30
phiit va sau d6 gia nhiét dén 70°C trong 1 gid. Hon hop nay dugc 13m ngudi dén
nhiét d trong phong va dd pH duoc trung hoa bang dung dich Na,CO; trong nudc.
Sau d6, hdn hop nay duoc trung hoa bang DCM (100mlx 2). Lép hitu co thu gom
duoc ¢b trong chan khong va b dugc tinh ché bang phuong phap TLC diéu ché,
phat trién bing EtOAc : ete ddu mé =1 : 1 dé tao ra san pham mong mubn duéi
dang chét rin (5mg, 4%). '"H NMR (300MHz, CDCls,): & 1,39 ppm (t, 3H, J=
7,5Hz), 2,80 (q, 2H, J=7,5Hz), 3,10 (t, 4H, J=4,8Hz), 3,84 (t, 4H, J= 4,8Hz), 5,34
(s, 2H), 6,29-6,34 (m, 2H), 6,68 (dd, 1H, J= 1,8, 12,6Hz), 7,06 (t, 1H, J= 7,8Hz),
7,43 (d, 1H, J=7,8Hz); LC-MS: m/e = 408 [M+1]+.

Vidu 19
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Piéu ché 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-4-(1H-pyrazol-5-yl)-

1H-benzimidazol

a) 4-bromo-2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol

Br

)

Dung dich chta 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-
benzimidazol-4-amin (duoc didu ché theo phuong phép tuwong tu nhu phwong phap
trong Vi du 2, 1,1g, 3mmol) trong dung dich HBr trong nuéc (50ml) dugce bd sung
dung dich NaNO, trong nuéc (214mg, 3,1mmol) theo kiéu nhé giot & 0-5° C. Sau
khi thém, hén hop nay duoc khudy & 0°C trong 5 phut, hdn hop nay dugc cho vao
dung dich khac chira NaBr (927mg, 9mmol) trong dung dich HBr trong nudc
(50ml) theo kiéu nhé giot & 60°C. Sau d6, hdn hop tao ra dugc gia nhiét dén 80°C
trong 30 phut va sau d6 1am ngudi dén nhiét d trong phong. D6 pH cia dung dich
nay dugc trung hoa bang dung dich NaHCO; trong nudc (600ml) va chiét bing
DCM (500ml x 3). Lép hitu co thu gom dugc c6 trong chan khong va ba dugec tinh
ché bang phuong phép sic ky silicagel, rira giai bing ete ddu mo : EtOAc =1 : 1 dé
tao ra san phdm mong mudn (725mg, 55%) dudi dang chét rin mau tring. "H NMR
(300MHz, CDCl3) 6 2,55 ppm (s, 3H), 3,05 (t, 4H, J=4,8Hz), 3,79 (t, 4H, J=4,8Hz),
5,73 (s, 2H), 6,50 (dd, 1H, J = 1,2, 7,5Hz), 6,53 (d, 1H, J=1,8Hz), 7,15 (d, 1H,
J=1,8Hz), 7,28 (t, 1H, J = 7,5Hz), 7,60-7,67 (m, 2H), 7,81 (d, 1H, J = 8,4Hz), 7,96
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(d, 1H, J=7,5Hz), 8,06 (d, 1H, J = 8,4Hz); LC-MS: m/e = 436 [M+1]+.

b) 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-4-(1H-pyrazol-5-yl)-1H-

benzimidazol

Hén hop bao gbm 4-bromo-2-metyl-6-(4-morpholinyl)-1-(1-
naphtalenylmetyl)-1H-benzimidazol (200mg, 0,46mmol), axit 1H-pyrazol-5-
ylboronic (100mg, 0,92mmol), Pd(dba), (40mg, 0,046mmol), Cs,CO; (300mg,
0,92mmol) va P(t-Bu); (10% trong luong trong hexan, 20mg, 0,092mmol) trong
dioxan (20ml) va nudc (10ml), duoc khudy & 100°C trong 18 gio trong khi quyén
nito. Hon hop phan tmg nay dugc 1am ngudi va sau d6 co. Ba tao ra duoc tinh ché
bing phuong phép sic ky silicagel, rira giai bang EtOAc dé tao ra san pham
(140mg 72%), dudi dang chit rdn mau tring. '"H NMR cho biét hop chit nay &
dang hon hop tautome (tautome chinh/tautome phu = 5/3) 'H NMR cua tautome
chinh (300MHz, DMSO-dg) 6 ppm 2,45 (s, 3H), 3,08 (s, 4H), 3,71 (s, 4H), 6,00 (s,
2H), 6,37 (d, 1H, J = 7,2Hz), 6,96 (s, 1H), 7,24-7,72 (m, 6H), 7,83-7,87 (m, 1H),
8,01 (d, 1H, J = 7,2Hz), 8,25 (d, 1H, J = 4,2Hz), 13,24 (br s, 1H); LC-MS: m/e =
424 [M+1]+.

Vidu 20

CO,H

C
C

Diéu ché axit 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-

4-carboxylic

a) Metyl 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1 H-benzimidazol-4-

carboxylat
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Hdn hop bao gdm hop chét trung gian 4-bromo-2-metyl-6-(4-morpholinyl)-
1-(1-naphtalenylmetyl)-1H-benzimidazol, dugc diéu ché theo phwong phép tuwong
tu nhu phuong phép trong Vi du 19 (400mg, 0,92mmol), dppf (51mg, 0,092mmol),
Pd(AcO), (20,6mg, 0,092mmol) va trietylamin (111mg, 1,1mmol) trong metanol
(50ml), duogc loai khi bang CO(g). Sau d6, hdn hop phan tng nay duoc khudy &
60°C trong 18 gio trong khi quyén CO(g). Hon hop phan ting nay dugc lam nguoi,
cd. B tao ra duoc tinh ché bing phuong phap sic ky silicagel, rira giai bang EA dé
tao ra san phdm mong mudn (170mg, 45%), dudi dang chét rin mau tring. 'H
NMR (300MHz, DMSO-dg) & ppm 2,42 (s, 3H), 3,05 (t, 4H, J=4,8Hz), 3,69 (t, 4H,
J=4,8Hz), 3,90 (s, 3H), 6,02 (s, 2H), 6,28 (d, 1H, J = 8,4Hz), 7,29-7,39 (m, 3H),
7,60-7,71 (m. 2H), 7,85 (d, 1H, J = 8,4Hz), 8,01 (d, 1H, J = 8,4Hz), 8,24 (d, 1H, J =
8,4Hz); LC-MS: m/e =416 [M+1]+.

b) Axit 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-

carboxylic

Hon hop bao gdm metyl 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-
1H-benzimidazol-4-carboxylat (170mg, 0,41mmol) va LiOH (172mg, 4,1mmol)
trong THF (15mL) va nuéc (10ml), duge khudy & 50°C trong 1 gio. Sau d6, d6 pH
cta hdn hop phan tmg nay duoc trung hoa bang dung dich HC1 IN trong nude. Sau
d6, hdn hop nay dugc khudy & nhiét d6 trong phong trong 1 gid, loc dé tao ra san
phdm mong mudén (150mg, 91%), duéi dang chdt rin mau tring. 'H NMR
(300MHz, DMSO-d6) & ppm 2,51 (s, 3H), 3,07 (t, 4H, J=4,8Hz), 3,70 (t, 4H,
J=4,8Hz), 6,09 (s, 2H), 6,38 (d, 1H, J = 7,8Hz), 7,32-7,46 (m. 3H), 7,60-7,73 (m,
2H), 7,87 (d, 1H, J = 7,8Hz), 8,02 (d, 1H, J = §,4Hz), 8,23 (d, 1H, J = §,1Hz); LC-
MS: m/e =402 [M+1]+.

Vidy 21
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Diéu ché 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-4-(1H-1,2,4-
triazol-3-yl)-1H-benzimidazol

a) 4-bromo-1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol

Dung dich chira NaNO, (0,37g, 5,4mmol) trong nude (0,5ml) dugc cho vao
dung dich choa 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-
benzimidazol-4-amin (duoc didu ché theo phuong phéap twong tur nhu phuong phép
trong Vi du 7, 2,0g, 5mmol) trong HBr (60ml) ¢ 0-5°C va khudy trong 15 phit.
Hon hop nay cho nho giot vao dung dich chita NaBr (1,5g, 15mmol) trong HBr
(60ml) & 60°C, va sau d6 gia nhiét dén 80°C trong 30 phiit. Hon hop nay duoc lam
ngudi t6i nhiét d6 trong phong va rét vao dung dich Na,COj; (200ml). Hon hop nay
duoc chiét bing DCM (100ml x 3). Lép hitu co thu gom duwoc lam khd bing
Na,SOq, loc, ¢6. B dugce tinh ché bang phwong phap sic ky silicagel, rira giai bang
EtOAc dé tao ra san phdm (lg, 44%), dudi dang chét rdn mau tring. 'H NMR
(300MHz, DMSO-d¢) & ppm 2,39 (s, 3H), 3,06 (t, 4H, J=4,8Hz), 3,70 (t, 4H,
J=4,8Hz), 5,53 (s, 2H), 6,31 (dd, 1H, J=1,2, 7,8Hz), 7,02 (d, 1H, J=2,1Hz), 7,09 (d,
1H, J=2,1Hz), 7,26 (t, 1H, J=7,8Hz), 7,60 (dd, 1H, J=1,2Hz, 7,8Hz); LC-MS: m/e =
455 [M+1]+.

b) 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-4-
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cacbonitril

CN

Hon hop bao gdm 4-bromo-1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-
morpholinyl)-1H-benzimidazol (1g, 2,2mmol), Pd(dba), (161mg, 0,22mmol), dppf
(244mg, 0,44mmol), Zn(CN), (1030mg, 8,8mmol), nudc (1ml), Fe(OAc), (191mg,
1,1mmol) va bot Zn (429mg, 6,6mmol) trong DMF (50ml) dugc khudy & 100°C
trong khi quyén N, trong 20 gid. Khi phép phan tich TLC cho biét khéng con chat
ban dau, hdn hop phan tng nay dugc t6i bang nudc va chiét bang EtOAc (100ml x
3). Lép hitu co dugc rira bang nudc mubi, 1am kho bang MgSO,, ¢6. B4 tao ra duogc
tinh ché bang phuong phap séc ky silicagel, rira giai biang EtOAc dé tao ra san
phdm (400mg, 45%), dudi dang chit rin mau tring. "H NMR (300MHz, DMSO-
dg) & ppm 2,43 (s, 3H), 3,11 (t, 4H, J=4,8Hz), 3,72 (t, 4H, J=4,8Hz), 5,60 (s, 2H),
6,30 (dd, 1H, J=1,2, 8,1Hz), 7,25 (t, 1H, J=8,1Hz), 7,35 (d, 1H, J=2,1Hz), 7,42 (d,
1H, J=2,1Hz), 7,60 (dd, 1H, J=1,2, 8,1Hz); LC-MS: m/e =401 [M+1]+.

c) 1 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-4-

carboxamit
O+ _NH,
N
\>—Me
N N
o/ \S }
Cl

Dung dich chta KOH (78mg, 1,4mmol) trong nudc (10ml) dugc cho nho
giot vao dung dich chira 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-
benzimidazol-4-cacbonitril (280mg, 0,7mmol) va 30% H,O, (3ml) trong THF
(10ml) & nhiét do trong phong. Hon hop nay duoc gia nhiét & 50°C trong 2 gio. Khi
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phép phén tich TLC cho biét chit ban déu khong con, d6 pH ctia hdn hop nay duge
axit héa dén @6 pH bing khoang 5 va chiét bang EtOAc (50ml x 3). Lép hitu co
dugce rira bang nude mubi, 1am kho bing MgSO,, ¢b. Ba tao ra dugce tinh ché bing
phuong phép séic ky silicagel, rira giai bang EtOAc dé tao ra san phim (150mg,
51%), duéi dang chit rin mau trang. "H NMR (300MHz, DMSO-dg) 8 ppm 2,44 (s,
3H), 3,11 (t, 4H, J=4,8Hz ), 3,71 (t, 4H, J=4,8Hz), 5,60 (s, 2H), 6,31 (d, 1H,
J=8,1Hz), 7,16 (br s, 2H), 7,25 (t, 1H, J=8,1Hz), 7,35 (d, 1H, J=1,8Hz), 7,41 (d,
1H, J=1,8Hz), 7,60 (d, 1H, J=8,1Hz); LC-MS: m/e = 419 [M+1]+.

d) 1-[(2,3-diclophenyl)metyl]-N-[(1E)-(dimetylamino)metyliden]-2-metyl-6-(4-

morpholinyl)-1H-benzimidazol-4-carboxamit

Os _Nx N

DA
N

\>—Me
N

e,

Cl

Dung dich chita cdc mé thu gom chita 1 1-[(2,3-diclophenyl)metyl]-2-metyl-
6-(4-morpholinyl)-1H-benzimidazol-4-carboxamit (220mg, 0,52mmol) trong DMF-
DMA (15ml) dugc khudy & 130°C trong 2 gio. Khi phép phan tich TLC cho biét
khong con chét ban dau, hdn hop nay duoc 1dm ngudi téi nhiét d6 trong phong va
dung méi duge loai bo dudi 4p suét giam dé tao ra san pham thd (JS211561-105A1,
220mg, 89%), dudi dang chit rin mau vang. LC-MS: m/e = 474 [M+1]+.

e) 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-yl)-

1H-benzimidazol

Hydrazin monohydrat (2ml) dugc cho vao dung dich chuoa 1-[(2,3-
diclophenyl)metyl]-N-[(1E)-(dimetylamino)metyliden]-2-metyl-6-(4-morpholinyl)-
1H-benzimidazol-4-carboxamit (220mg, 0,46mmol) trong axit axetic (5ml) va
khudy & 130°C trong 20 phut. Hdn hop phan tmg ndy duoc 1am ngudi toi nhiét do
trong phong va rét vao dung dich NaHCO; bdo hoa (15ml). Hon hop nay duogc
chiét bang DCM (30ml x 3). L6p hitu co thu gom duogc lam khé bing MgSO,, loc
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va cb. Ba tao ra duoc tinh ché bing phuong phap sic ky silicagel, rira giai bang
DCM : MeOH =30 : 1 d tao ra san pham mong muén (110mg, 53%), dudi dang
chét rin mau tring. "H NMR (300MHz, DMSO-dg) & ppm 2,50 (s, 3H), 3,12 (t, 4H,
J=4,8Hz), 3,75 (t, 4H, J=4,8Hz), 5,62 (s, 2H), 6,36 (d, 1H, J=8,1Hz), 7,21 (s, 1H),
7,27 (t, 1H, J=8,1Hz), 7,54 (s, 1H), 7,61 (d, 1H, J=8,1Hz), 8,08 (s, 1H), 13,80 (s,
1H); LC-MS: m/e = 443 [M+1]+.

Vidu 22
HO_ O
N
\>-Me
N N
oS @
Cl cl

Diéu ché axit 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic

a) Metyl 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-
4-carboxylat

Hdn hop bao gbébm 4-bromo-1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-
morpholinyl)-1H-benzimidazol (duoc diéu ché theo phwong phap tuong tu nhu
phuong phap trong Vi du 21, 150mg, 0,33mmol), dppf (18mg, 0,033mmol),
Pd(AcO), (14,8mg, 0,066mmol) va trietylamin (37mg, 0,363mmol) trong metanol
(30ml), duge loai khi bang CO(g). Sau d6, hdn hop phan ting ndy dugc khudy &
60°C trong 4 gid trong khi quyén CO (g). Hon hop phan tng nay dugc lam ngudi,
¢d. B tao ra dugc tinh ché bing phuong phap sic ky silicagel, rira giai bang ete
diu mo : EtOAc = 1 : 1 dé tao ra san pham mong mudn (65mg, 45%), dudi dang

chét rén mau tring. "H NMR (300MHz, CDCl5) 8 2,58 ppm (s, 3H), 3,16 (t, 4H, J =
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4,8Hz), 3,86 (t, 4H, J = 4,8Hz), 4,07 (s, 3H), 5,38 (s, 2H), 6,24 (d, 1H, J = 7,8Hz),
6,77 (d, 1H, J = 2,4Hz), 7,03 (t, 1H, J = 7,8Hz), 7,42 (d, 1H, T = 7,8Hz), 7,67 (d,
1H, J = 2,4Hz); LC-MS: m/e = 434 [M+1]+.

b) Axit 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-4-

carboxylic

Hdn hop bao gbém metyl 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-
morpholinyl)-1H-benzimidazol-4-carboxylat (65mg, 0,15mmol) va LiOH (19mg,
0,5mmol) trong THF (5ml) va nuéc (5ml), dugc khudy qua dém & nhiét d6 trong
phong. Sau d6, d6 pH ctia hdn hop phan tng nay dugc trung hoa bang dung dich
HCI IN trong nuéc. Sau d6, hdn hop nay duge khudy & nhiét d6 trong phong trong
1 gio, loc dé tao ra san phdm (47mg, 74%, chira khoang 10% monoclorua dudi
dang tap chat) dudi dang chét rin mau tring. 'H NMR (300MHz, DMSO-ds) 8 ppm
2,53 (s, 3H), 3,12 (t, 4H, J = 4,5Hz), 3,73 (t, 4H, J = 4,5Hz), 5,66 (s, 2H), 6,42 (d,
1H, J=7,8Hz), 7,26 (t, 1H, J = 7,8Hz), 7,42 (s, 1H,), 7,48 (s, 1H), 7,62 (d, 1H, J =
7,8Hz); LC-MS: m/e = 420 [M+1]+.

Vidu 23
I’\j_
HN_
N
\>—-I\/Ie
NI
o/ ﬂ
Cl Cl

Piéu ché 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-4-(1H-pyrazol-5-
yl)-1H-benzimidazol

Hon hop bao gdm 4-bromo-1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-
morpholinyl)-1H-benzimidazol (dwoc didu ché theo phuong phap twong tu nhu
phuong phap trong Vi du 21, 250mg, 0,55mmol), axit 1H-pyrazol-5-ylboronic
(64mg, 0,57mmol), Pd(dba), (32mg, 0,055mmol), Cs,CO; (358mg, 1,Immol) va
P(t-Bu); (10% trong luong trong hexan, 110mg, 0,055mmol) trong dioxan (16ml)
va nude (8ml), duge khudy & 80°C trong 3 gid trong khi quyén nito. Hén hop phéan
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g ndy duoc 1am ngudi va sau d6 c6. Ba tao ra dugc tinh ché bang phuong phép
sic ky silicagel, rira giai bang ete ddu moé : EtOAc =1 : 1 dé tao ra san phdm tho
(122mg). San phdm thé duoc tinh ché bing phuong phap HPLC diéu ché thanh san
phim tinh khiét (72mg, 30%) dudi dang chét rin mau tring. "H NMR cho biét hop
chat nay & dang hdn hop tautome (tautome chinh/tautome phu = 5/3) 'H NMR cua
tautome chinh (300MHz, DMSO-d¢) & ppm 2,46 (s, 3H,), 3,12-3,14 (m, 4H), 3,73-
3,76 (m, 4H), 5,57 (s, 2H), 6,36 (d, 1H, J = 7,8Hz), 6,97 (s, 1H), 7,20-7,28 (m, 2H),
7,37 (s, 1H), 7,53-7,61 (m, 2H), 13,17 (s, 1H); LC-MS: m/e = 442 [M+1]+.

Vidu 24

CN

Diéu ché 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-

cacbonitril

Hoén hop bao gdm 4-bromo-2-metyl-6-(4-morpholinyl)-1-(1-
naphtalenylmetyl)-1H-benzimidazol (dugc diéu ché theo phuong phap tuwong tu
nhu phuong phap trong Vi du 19, 300mg, 0,69mmol), Pd(PPh3)4 (80mg,
0,069mmol) va Zn(CN), (162mg, 1,38mmol) trong DMF (30ml) dugc khudy &
80°C trong khi quyén N, trong 18 gid. Sau khi 1am ngudi dén nhiét d6 trong phong,
hdn hop niy duoc rét vao nude va loc. Banh loc dugce tinh ché bing phuong phap
sic ky silicagel, rira giai bang ete ddu mo : EtOAc = 1 : 1 dé tao ra san phim
(180mg, 68%), dudi dang chit rdn mau tring. '"H NMR (300MHz, DMSO-dg): &
2,44 (s, 3H), 3,07 (t, 4H, J=4,5Hz), 3,68 (t, 4H, J=4,5Hz), 6,04 (s, 2H), 6,32 (d, 1H,
J=7,2Hz), 7,31-7,40 (m, 3H), 7,60-7,71 (m, 2H), 7,86 (d, 1H, J=8,4Hz), 8,01 (d,
1H, J=7,2Hz), 8,22 (d, 1H, J=8,4Hz); LC-MS: m/e = 383 [M+1]+.

Vidu 25
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Piéu ché 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-4-(1H-1,2,4-triazol-3-
yl)-1H-benzimidazol

a) 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-

carboxamit

Dung dich chtta KOH (45mg, 0,8mmol) trong nudc (10ml) duoc nho giot
vao dung dich chta 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-
benzimidazol-4-cacbonitril (dugc didu ché bang cach sir dung phuong phép twong
tu nhu phuong phép trong Vi du 24, 150mg, 0,4mmol) va 30% H,0O, (3ml) trong
THF (15ml) & nhiét do trong phong. Hon hop nay duoc gia nhiét dén 35°C trong 1
gir. Khi phép phén tich TLC cho biét khong con chét ban dau, nude (50ml) duogc
thém vao, sau d6 hon hop phan tng duge loc. Banh loc duoc tinh ché bing phuong
phap sic ky silicagel, rira giai bang ete didu mo6 : EtOAc =1 : 2 d& tao ra san phdm
(115mg, 72%), dudi dang chét rin mau tring. '"H NMR (300MHz, DMSO-dg): &
ppm 2,47 (s, 3H), 3,05 (t, 4H, J=4,8Hz ), 3,69 (t, 4H, J=4,8Hz), 6,05 (s, 2H), 6,34
(d, 1H, J=7,2Hz), 7,25 (d, 1H, J=2,4Hz), 7,34 (t, 1H, J=7,8Hz), 7,53 (d, 1H,
J=2,4Hz), 7,63-7,70 (m, 2H,), 7,77 (d, 1H, J=3,0Hz), 7,86 (d, 1H, J=8,1Hz), 8,01
(d, 1H, J=7,2Hz), 8,24 (d, 1H, J=8,1Hz), 9,24 (d, 1H, J=3,0Hz); LC-MS: m/e = 401
[M+1]+.
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b) N-[(1E)-(dimetylamino)metyliden]-2-metyl-6-(4-morpholinyl)-1-(1-

naphtalenylmetyl)-1H-benzimidazol-4-carboxamit

Dung dich chtta cic mé thu gom chta 2-metyl-6-(4-morpholinyl)-1-(1-
naphtalenylmetyl)-1H-benzimidazol-4-carboxamit (150mg, 0,38mmol) trong DMF-
DMA (10ml) duge khudy & 130°C trong 2 gio. Khi phép phéan tich TLC cho biét
khéng con chit ban dau, hdn hop nay duoc 1am ngudi téi nhiét d6 trong phong va
dung méi dugc loai bé dudi 4p sudt giam dé tao ra san pham tho (130mg, 76%)
duéi dang chét rin mau vang. "H NMR (300MHz, DMSO-dy): 8 ppm 2,39 (s, 3H),
3,02 (t, 4H, J=4,5Hz ), 3,13 (s, 3H), 3,20 (s, 3H), 3,69 (t, 4H, J=4,5Hz), 5,99 (s,
2H), 6,30 (d, 1H, J=7,8Hz), 7,12 (d, 1H, J=2,4Hz), 7,33 (t, 1H, J=7,8Hz), 7,54 (d,
1H, J=2,4Hz), 7,60-7,71 (m, 2H), 7,85 (d, 1H, J=7,8Hz), 8,01 (d, 1H, J=7,8Hz),
8,25 (d, 1H, J=7,8Hz), 8,54 (s, 1H); LC-MS: m/e = 456 [M+1]+.

¢) 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-4-(1H-1,2,4-triazol-3-yl)-1H-

benzimidazol

Hydrazin hydrat (3ml) dugc cho vao dung dich chira N-[(1E)-
(dimetylamino)metyliden]-2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-
benzimidazol-4-carboxamit (130mg, 0,29mmol) trong axit axetic (10ml) va khudy
& 130°C trong 30 phut. Hon hop phan tmg ndy duoc 1am ngudi t6i nhiét d6 trong
phong va rét vao dung dich Na,COs bao hoa (20ml). Thuc hién qua trinh loc, va
banh loc duoc tinh ché bang phuong phép séc ky silicagel, rira giai bang EtOAc dé
tao ra san pham (88mg, 72%), dudi dang chit rén mau tring. "H NMR (300MHz,
DMSO-dg): & ppm 2,50 (s, 3H), 3,09 (s, 4H), 3,71 (s, 4H), 6,06 (s, 2H), 6,37 (d, 1H,
J=7,8Hz), 7,20 (s, 1H), 7,34 (t, 1H, J=7,8Hz), 7,54 (s, 1H), 7,61-7,72 (m, 2H,), 7,86
(d, 1H, J=8,4Hz), 8,02 (d, 1H, J=7,8Hz), 8,09 (s, 1H), 8,25 (d, 1H, J=8,4Hz), 13,85

-79-



23236

(s, 1H); LC-MS: m/e = 425 [M+1]+.
Vidu 26

MeO_ O

N\>—Me
S
»

Piéu ché metyl 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-

benzimidazol-4-carboxylat
a) Axit 3-amino-5-clo-2-nitrobenzoic

COH
NO

2

Cl NH,

Trong khi quyén nito, dung dich chira t-BuOK (156,8g) va Cu(OAc), (3,6g)
trong DMF (1,2 lit) duoc bd sung dung dich gém axit 5-clo-2-nitrobenzoic (40,0g)
va MeONH,HCI (33,2g) trong DMF (300ml) & 0°C. Sau 3 gio, phan Ung dugc
dimg lai bing cach bd sung H,0 (2,5 lit) va axit héa bang dung dich HCI 10% dén
d6 pH = 1. Hon hop nay dugc chiét bang EA (2 lit x 2) va sau d6 16p hitu co thu
gom duoc rira bang nude mudi, 1am kho bang Na,SO, khan, loc va cb trong chan
khong dé tao ra san phim tho dudi dang chét rdn mau vang (43,2g, hiéu suit
100%). '"H NMR (300MHz, CDCl;): & ppm 6,88 (s, 1H, J= 2,4Hz), 6,91 (d, 1H, J=
2,4Hz), 8,08 (br s, 2H); LC-MS: m/e =217 [M+1]+.

b) Metyl 3-amino-5-clo-2-nitrobenzoat

CO,Me
NO

2

Cl NH,
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Hdn hop bao gdm axit 3-amino-5-clo-2-nitrobenzoic (43,2g) va HATU (2-
(1H-7-azabenzotriazol-1-yl)-1,1,3,3-tetrametyl uroni hexaflophosphat metanamin,
hién dang dugc ban trén thi trudng) (76g) trong MeOH (81ml), Et;N (83ml) va
THF (300ml) dugc khudy & nhiét d6 trong phong trong 3 giod. Khi phép phén tich
TLC cho biét khéng con chét ban dau, dung méi dugc loai bod trong chan khong va
sau d6 b duoc lam lodng bing EtOAc (2 lit). Sau d6, hdn hop nay duoc rira bang
nude mudi (1 1itx3) va 1am khod bang Na,SO,4 khan, loc va ¢d trong chan khéng.
Sau d6, ba dugc tinh ché bing phuong phép sic ky silicagel, rira giai bang EtOAc :
ete ddu moé =1 : 8 dé tao ra san phdm mong mudn dudi dang chét rin mau vang
(29,5g, hiéu suét 64%). '"H NMR (300MHz, CDCls): 8 ppm 3,90 (s, 3H, s), 5,85 (br
s, 2H), 6,80 (d, 1H, J = 2,4Hz), 6,90 (d, 1H, J = 2,4Hz); LC-MS: m/e = 231
[M+1]+.

¢) Metyl 3-amino-5-(4-morpholinyl)-2-nitrobenzoat

CO,Me
NO,

N NH,

O

Hdn hop bao gdm cac mé thu gom chita metyl 3-amino-5-clo-2-nitrobenzoat
(39g), morpholin (29,5g) va K,CO; (47g) dugc khudy trong DMF (200ml) & 110°C
trong 5 gid. Hon hop nay dugc 1am ngudi dén nhiét d6 trong phong va rét vao nudc
(1 lit). Hon hop nay duogc chiét bang EtOAc (500ml x 3). Lép hitu co thu gom
dugce rira bing nude mudi, lam khé bang Na,SO,4 khan, loc va ¢d trong chan khong
dé tao ra san phdm mong mubn dudi dang chét rin mau vang (22g, hiéu suit 46%).
'H NMR (300MHz, CDCl;): & ppm 3,31 (t, 4H, J= 4,8Hz), 3,82 (t, 4H, J= 4,8Hz),
3,89 (s, 3H), 6,03 (d, 1H, J= 2,4Hz), 6,34 (d, 1H, J= 2,4Hz); LC-MS: m/e = 282
[M+1]+.

d) Metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-carboxylat
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Dung dich chita metyl 3-amino-5-(4-morpholinyl)-2-nitrobenzoat (22g)
khudy & nhiét d6 hdi luu trong HOAc (400ml) dugc bd sung timg phan bot sit
(13g). Sau khi thém, hdn hop nay dugc khudy & nhiét d6 hdi luu trong 5 gid. Hon
hop nay duoc 1am ngudi dén nhiét do trong phong va dung méi duge loai bd trong
chén khéng. B3 dugc trung hoa bang dung dich Na,CO; trong nuéc (1 lit). Hon hop
tao ra dugc chiét bang EtOAc (500ml x3). Sau d6, 1ép hitu co thu gom duge co
trong chan khong va ba dugc tinh ché bing phuong phép sdc ky silicagel, rira giai
bing MeOH : DCM = 1 : 30 dé tao ra san pham mong mubn duéi dang chat rin
(16,6g, hiéu sudt 77%). '"H NMR (300MHz, CDCl): & ppm 2,67 (s, 3H), 3,17 (4,
4H, J= 4,8Hz), 3,90 (t, 4H, J=4,8Hz), 3,98 (s, 3H), 7,44 (d, 1H, J= 1,8Hz), 7,54 (d,
1H, J=1,8Hz); LC-MS: m/e =276 [M+1]+.

e) Metyl 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-

carboxylat

Hon hop bao gdm metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-
carboxylat (4,125g), 1-(bromometyl)naphtalen (5g) va K,CO; (6,2g) duoc khudy &
80°C trong 3 gid. Khi phép phan tich TLC cho biét khong con chit ban dau, hdn
hop nay duoc 1am ngudi dén nhiét do trong phong va sau dé rét vao nuée (500ml).
N6 duoc chiét bang EtOAc (500ml x 3) va 16p hitu co thu gom duoc rira bang nudc
mudi (500ml x 3) va sau d6 cd trong chan khong. B duoc tinh ché bang phuong
phap sic ky silicagel, rira giai bang MeOH : DCM= 1 : 100 d tao ra san phdm
mong mudn dudi dang chit rin mau vang (4,6g, 74%). 'H NMR (300MHz,
DMSO-dg): & ppm 2,42 (s, 3H), 3,04 (t, 4H, J=4,8Hz), 3,68 (t, 4H, J= 4,8Hz), 3,90
(s, 3H,), 6,02 (s, 1H), 6,28 (d, 1H, J=7,5Hz), 7,29 (d, 1H, J= 2,4Hz), 7,32 (d, 1H,
J=1,5Hz), 7,39 (d, 1H, J=2,4), 7,60-7,71 (m, 2H), 7,84 (d, 1H, J= 8,4Hz), 8,01 (d,
1H, J="7,5Hz), 8,24 (d, 1H, J="7,5Hz); LC-MS: m/e =416 [M+1]+.
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Vidu 27

Diéu ché 1 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)- 1 H-

benzimidazol-4-carboxamit

Hop chit néu & d& myc nay duoc diu ché tir 1-[(2,3-diclophenyl)metyl]-2-
metyl-6-(4-morpholinyl)-1H-benzimidazol-4-cacbonitril bang cich st dung quy
trinh tuong tw dugc md ta trong Vi du 21, bude c¢. "H NMR (300MHz, DMSO-dg) &
ppm 2,44 (s, 3H), 3,11 (t, 4H, J=4,8Hz ), 3,71 (t, 4H, J=4,8Hz), 5,60 (s, 2H), 6,31
(d, 1H, J=8,1Hz), 7,16 (br s, 2H), 7,25 (t, 1H, J=8,1Hz), 7,35 (d, 1H, J=1,8Hz),
7,41 (d, 1H, J=1,8Hz), 7,60 (d, 1H, J=8,1Hz); LC-MS: m/e =419 [M+1]+.

Vidu 28
O._OMe
N
\>—Me
S
o \\Q
F

Piéu ché metyl 1-[(2-flo-3-metylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylat

Hon hop bao gbm metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-
carboxylat dugc diéu ché nhu duge mé ta trong Vi du 26, budc d (500meg,
1,82mmol), K,CO; (502mg, 3,64mmol) va 1-(bromometyl)-2-flo-3-metylbenzen
(389mg, 1,91mmol) trong DMF (25ml) dugc khudy & 80°C trong 18 gidr. Hon hop
phan tmg nay duoc 1am ngudi, rét vao nude (100ml) va chiét bang EtOAc (50ml x
3). Lép hitu co thu gom dugc lam khé bang Na,SO, va ¢b. Ba tao ra dugc tinh ché
bang phuong phap sic ky silicagel, rira giai bang EtOAc : MeOH = 100 : 1 dé tao
ra san phdm mong mudn (350mg, 48%) dudi dang chét rin mau do. 'H NMR
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(300MHz, DMSO-de): & ppm 2,24 (d, 3H, J = 1,8Hz), 2,47 (s, 3H), 3,09 (t, 4H,
J=4,8Hz), 3,75 (t, 4H, J=4,8Hz), 3,86 (s, 3H), 5,51 (s, 2H), 6,62 (t, 1H, J =
7,5Hz),7,00 (t, 1H, J = 7,5Hz), 7,22 (t, 1H, J = 7,5Hz), 7,32 (d, 1H, J = 2,4Hz), 7,36
(d, 1H, J = 2,4Hz); LC-MS: m/e = 398 [M+1]+.

Vi du 29

O+ _OH

Piéu ché axit 1-[(2-flo-3-metylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic

Hn hop bao gdm metyl 1-[(2-flo-3-metylphenyl)metyl]-2-metyl-6-(4-
morpholinyl)- 1 H-benzimidazol-4-carboxylat, duoc diéu ché nhu duoc md ta trong
Vi du 28 (240mg, 0,6mmol) va dung dich LiOH 2N (1,8ml, 3,6mmol) trong THF
(20ml), duoc khudy & 45°C trong 16 giod. Dung dich nay duoc loc; sau d6, banh loc
dugc hoa tan trong nude (20ml) va cho vao axit formic dé didu chinh d6 pH cia
dung dich nay dén gi tri ndm trong khoang tir 3 dén 4. Sau d6, thuc hién qu4 trinh
loc dé tao ra san phdm (160mg, 70%) dudi dang chat rin mau tring. "H NMR (300
MJz, DMSO-d¢): & ppm 2,24 (d, 3H, J = 1,8Hz), 2,50 (s, 3H), 3,12 (t, 4H,
J=4,8Hz), 3,75 (t, 4H, J=4,8Hz), 5,57 (s, 2H), 6,74 (t, 1H, J = 7,5Hz), 7,03 (t, 1H, J
=17,5Hz), 7,24 (t, 1H, J = 7,5Hz), 7,40 (d, 1H, J = 2,4Hz), 7,42 (d, 1H, J = 2,4Hz);
LC-MS: m/e =384 [M+1]+.

Vi du 30
O._OMe
N
\>—Me
NN
o @
Me CF,
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Didu ché metyl 2-metyl-1-{[2-metyl-3-(triflometyl)phenylmetyl}-6-(4-
morpholinyl)-1H-benzimidazol-4-carboxylat

Dung dich chita metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-
carboxylat dugc diéu ché nhu duoc mé ta trong Vi du 26, budse d (500mg,
1,8mmol), 1-(bromometyl)-2-metyl-3-(triflometyl)benzen (483mg, 1,9mmol) va
K,COj; (497mg, 3,6mmol) trong DMF (50ml) duoc khudy & 80°C trong 3 gidr. Hon
hgp phén tng nay dugc lam ngudi t6i nhiét d§ trong phong va rét vao nude (50ml),
chiét bang EtOAc (30ml x 3). Lép hitu co thu gom duge rira bing nude mudi, 1am
kho bing Na,SOy va cd. Ba tao ra duoc tinh ché bang phuong phap sic ky silicagel,
rira giai bing DCM : MeOH = 50 : 1 dé tao ra san phdm thd (230mg, hiéu suét
29%) duéi dang chit rin mau tring. "H NMR (300MHz, DMSO-dg): & ppm 2,39 (s,
3H), 2,54 (s, 3H), 3,08 (t, 4H, J=4,8Hz), 3,72 (t, 4H, J=4,8Hz), 3,89 (s, 3H), 5,57
(s, 2H), 6,27 (d, 1H, J=7,5Hz), 7,22 (t, 1H, J=7,5Hz), 7,27 (d, 1H, J=2,4Hz), 7,38
(d, 1H, J=2,4Hz) 7,60 (d, 1H, J=7,5Hz); LC-MS: m/e = 448 [M+1]+.

Vidu 31
O _OH
N
\>—Me
SR
ShASY
Me  GF

Pidu ché axit 2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-
morpholinyl)-1H-benzimidazol-4-carboxylic

Dung dich trong nuéc chira dung dich LiOH 2N (1,2ml) dugc cho vao dung
dich chra  metyl  2-metyl-1-{[2-metyl-3-(triflometyl)phenyl|metyl}-6-(4-
morpholinyl)-1H-benzimidazol-4-carboxylat, dugc didu ché nhu dugc mé ta trong
Vi du 30 (180mg, 0,4mmol), trong THF (10ml) va khudy & 50°C trong 1 gid. Khi
phép phan tich TLC cho biét khéng con chit ban dau, hdn hop nay duoc lam ngudi
t6i nhiét do trong phong va THF dugc loai bé dudi ap suat giam. Hon hop nay

duogc axit hoa dén do pH=3. Huyén phtt duoc loc va phan loc duge thu hdi, va ria

-85-



23236

bang nudc (10ml) dé tao ra san phidm dudi dang chét rin mau tring (152mg, hiéu
suat 88%). '"H NMR (300MHz, DMSO-dg): & ppm 2,46 (s, 3H), 2,54 (s, 3H), 3,10
(t, 4H, J=4,8Hz), 3,73 (t, 4H, J=4,8Hz), 5,63 (s, 2H), 6,37 (d, 1H, J=7,8Hz), 7,26 (t,
1H, J=7,8Hz), 7,35 (d, 1H, J=2,4Hz), 7,44 (d, 1H, J=2,4Hz), 7,62 (d, 1H, J=7,8Hz);
LC-MS: m/e =434 [M+1]+.

Vidu 32

CN

Diéu ché 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-

4-cacbonitril

Hop chdt néu ¢ & muc nay duoc didu ché tir 4-bromo-1-[(2,3-
diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol biang cach st
dung phuong phap tuong tu nhu phuong phap dugc mé té trong Vi du 21, budce b.
'H NMR (300MHz, DMSO-dg) & ppm 2,43 (s, 3H), 3,11 (t, 4H, J=4,8Hz), 3,72 (t,
4H, J=4,8Hz), 5,60 (s, 2H), 6,30 (dd, 1H, J=1,2, 8,1Hz), 7,25 (t, 1H, J=8,1Hz), 7,35
(d, 1H, J=2,1Hz), 7,42 (d, 1H, J=2,1Hz), 7,60 (dd, 1H, J=1,2, §,1Hz); LC-MS: m/e
=401 [M+1]+.

Vidu 33
O+ NH,
N
\>—Me
N i

Diéu ché 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-
carboxamit
Dung dich chira axit 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-
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benzimidazol-4-carboxylic, duoc diéu ché nhu duge md ta trong Vi du 20 (100mg)
trong DCM (20ml) duoc bd sung timg giot DMF. Sau dé, dung dich nay dugc lam
lanh t6i 0°C va sau d6 oxalyl clorua (64mg) duoc thém vao. Hon hop nay duoc
khudy & nhiét d6 trong phong trong 30 phiit. Dung mdi duoc loai bod trong chan
khong dé tao ra chit ran mau tring, dugc st dung truc tiép & budc tiép theo. Chit
ran dugc hoa tan trong DCM khan (20ml) dugc suc khi NH; & 0°C trong 5 phit.
Sau d6, hdn hop ndy dugc cd trong chan khong dé tao ra san phdm mong mudn
dué6i dang chat rin mau tring (79mg, 79%). '"H NMR (300MHz, DMSO-dg): & ppm
2,47 (s, 3H), 3,05 (t, 4H, J= 4,5Hz), 3,69 (t, 4H, J= 4,5Hz), 6,05 (s, 2H), 6,35 (d,
1H, J = 7,5Hz), 7,23 (s, 1H), 7,34 (t, 1H, J = 7,5Hz), 7,53 (s, 1H), 7,60-7,74 (m,
3H), 7,86 (d, 1H, J = 7,5Hz), 8,01 (d, 1H, J =9,0Hz), 8,24 (d, 1H, J = 9,0Hz), 9,22
(s, 1H); LC-MS: m/e =401 [M+1]+.

Vidu 34

Diéu ché metyl 2-metyl-6-(4-morpholinyl)-1-(8-quinolinylmetyl)-1H-

benzimidazol-4-carboxylat

Hon hop bao gdm metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-
carboxylat, dugc diéu ché nhu duoc mé ta trong Vi du 26, budc d (500mg,
1,82mmol), K,CO; (502mg, 3,64mmol) va S5-(bromometyl)quinolin (424mg,
1,91mmol) trong DMF (25ml) duoc khudy & 80°C trong 18 gid. Hon hop phan ung
nay duoc 1am ngudi, rét vao nude (100ml) va chiét bang EtOAc (50ml x 3). Lép
hiru co thu gom duoc 1am khé bing Na,SO, va ¢b. B tao ra duge tinh ché bing
phuong phép sic ky silicagel, rira giai bang EtOAc : MeOH = 100 : 1 d tao ra san
phim thé (350mg, 46%), cudi cling né duoc tinh ché bing phuong phép HPLC
didu ché dé tao ra san phim (180mg, 24%) dudi dang chit rdn mau do. 'H NMR
(300MHz, DMSO-d¢): & ppm 2,52 (s, 3H), 3,03 (t, 4H, J=4,8Hz), 3,70 (t, 4H,
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J=4,8Hz), 3,88 (s, 3H), 6,08 (s, 2H), 6,87 (d, 1H, J = 7,5Hz), 7,31 (d, 1H, J =
2,1Hz), 7,36 (d, 1H, J = 2,1Hz), 7,48 (t, 1H, J=7,5Hz), 7,66 (dd, 1H, J=4,2,
8,4Hz), 7,93 (d, 1H, J = 7,5Hz), 8,44 (dd, 1H, J=1,8, 8,4Hz), 9,05 (dd, 1H, J=1,8,
4,2Hz); LC-MS: m/e =417 [M+1]+.

Vidu 35

Diéu ché axit 2-metyl-6-(4-morpholinyl)-1-(8-quinolinylmetyl)-1H-benzimidazol-

4-carboxylic

Hon hop bao gébm metyl 2-metyl-6-(4-morpholinyl)-1-(8-quinolinylmetyl)-
1H-benzimidazol-4-carboxylat, dugc didu ché nhu duge md ta trong Vi du 34
(300mg, 0,72mmol) va dung dich LiOH 2N (2,2ml, 4,3mmol) trong THF (10ml)
duoc khudy & 45°C trong 16 gio. Hdn hop nay duoc loc va banh loc dugc hoa tan
trong nuédc (20ml) va sau dé cho vao axit formic dé diéu chinh d6 pH cua dung
dich ndy dén khoang 3-4. Sau d6, thuc hién qué trinh loc dé tao ra san phém
(200mg, 69%) dudi dang chit rdn mau tring. '"H NMR (300MHz, DMSO-d¢): &
ppm 2,61 (s, 3H), 3,06 (t, 4H, J=4,8Hz), 3,71 (t, 4H, J=4,8Hz), 6,13 (s, 2H), 7,03
(d, 1H, J=7,5Hz), 7,41 (s, 2H), 7,51 (t, 1H, J=7,5Hz), 7,66 (dd, 1H, J=4,2, 8,4Hz),
7,95 (d, 1H, J = 7,5Hz), 8,45 (dd, 1H, J=1,8, 8,4Hz), 9,05 (dd, 1H, J=1,8 , 4,2Hz);
LC-MS: m/e =403 [M+1]+.

Vidu 36

O+ _OH

N
(\N/S\ED:N>_NIe
0]

\\Q\Me

Me
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Diéu ché axit 1-[(3,4-dimetylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic

a) Metyl 1-[(3,4-dimetylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylat

O+_OMe

N
\>—Me
N

Me

Dung dich cha metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-
carboxylat duogc diéu ché nhu duoc md ta trong Vi du 26, budéc d (0,22g,
0,799mmol) trong N,N-dimetylformamit (DMF) (10ml) dugc bd sung 4-
(clometyl)-1,2-dimetylbenzen (0,185g, 1,199mmol) va kali cacbonat (0,331g,
2,397mmol). Hon hop phan tmg tao ra dugc khudy & 80°C trong 3 gid. Hon hop
nay duoc 1dm ngudi dén nhiét d6 trong phong va rét vao nuée (30ml). Hdn hop nay
dugc chiét bang EtOAc (50ml X 3). Pha hitu co thu gom dugc rira bang nudc mudi
(50ml) va cd. Chét thd dugc sic ky pha thuong (0~40%EtOAc/Hexan), sau d6 1a
(0~1%MeOH/DCM) dé tao ra san phdm (0,24g, 76%). MS(ES+) m/e 394,0
[M-+H]".

b) Axit 1-[(3,4-dimetylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-

4-carboxylic

Hon hop bao gébm  metyl 1-[(3,4-dimetylphenyl)metyl]-2-metyl-6-(4-
morpholinyl)-1H-benzimidazol-4-carboxylat (0,24¢, 0,6 Immol) trong
tetrahydrofuran (THF) (10ml) duogc bd sung lithi hydroxit (5,99ml, 11,99mmol).
Hon hop phan tmg nay duge khudy & 50°C trong 2 gid. Hon hop nay dugc lam
ngudi dén nhiét d6 trong phong. Dung mdi hiru co duge loai bo trong chan khong.
Chét két taa duoc thu hdi bé“mg cach loc. Nuée (20ml) dugc thém vao. Hon hop nay
duogc axit hoa bang dung dich HC1 IN. Chét rén tao ra dugc loc va rira bang nudc

va 1am khd dé tao ra san pham (0,16g, 66%). 'H NMR (400MHz, DMSO-ds) & ppm
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2,18 (s, 6H), 2,58 - 2,75 (s, 3H), 3,06 - 3,22 (m, 4H), 3,71 - 3,82 (m, 4H), 5,55 (s,
2H), 6,94 (m, 1H), 7,04 (s, 1H), 7,11 (d, 1H, J=7,83Hz), 7,52 (m, 2H). MS(ES+)
m/e 380,2[M+HJ".

Vidu 37

Didu ché axit 2-metyl-6-(4-morpholinyl)-1-(2-naphtalenylmetyl)-1H-benzimidazol-

4-carboxylic

Hop chét néu ¢ d& muc nay dugc didu ché theo phuong phap tuong tu nhu
phuong phap trong Vi du 36, thay 4-(clometyl)-1,2-dimetylbenzen bang 2-
(bromometyl)naphtalen & budc dau tién. "H NMR NMR (400MHz, DMSO-dg) &
ppm 2,73 (br. s., 3H), 3,11 - 3,21 (m, 4H), 3,70 - 3,78 (m, 4H), 5,82 (br. s., 2H),
7,40 (d, J=7,83Hz, 1H), 7,48 - 7,63 (m, 4H), 7,72 (s, 1H), 7,82 - 7,97 (m, 3H).
MS(ES+) m/e 401,9 [M+H]".

Vidu 38
O+ OH
N
\>—Me
NN

Cl

Piéu ché axit 1-[(3,4-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)- 1H-
benzimidazol-4-carboxylic

Hop chat néu & dé muc nay dugc diéu ché theo phuong phap tuong tu nhu
phuong phép trong Vi du 36, thay 4-(clometyl)-1,2-dimetylbenzen bang 4-
(bromometyl)-1,2-diclobenzen & buéc dau tién. '"H NMR NMR (400MHz, DMSO-
de) & ppm 2,55 (s, 3H), 3,00 - 3,18 (m, 4H), 3,61 - 3,83 (m, 4H), 5,56 (s, 2H), 7,02
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(dd, J=8,34, 2,02Hz, 1H), 7,44 (s, 2H), 7,50 (d, J=2,02Hz, 1H), 7,60 (d, 1H).
MS(ES+) m/e 420,2 [M+H]".

Vidu 39
/=N
HN__N
N
\>—Me
NI
oJ 7
Me o

Diéu ché 2-metyl-1-{[2-metyl-3-(triflometyl)phenylJmetyl}-6-(4-morpholinyl)-4-
(1H-1,2,4-triazol-3-yl)-1H-benzimidazol

a) 2-metyl-1-{[2-metyl-3-(triflometyl)phenyl|metyl}-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxamit

H,N. 0
N\
(\N N>—Me
o/ @
Me ¢

Hén hop chira axit 2-metyl-1-{[2-metyl-3-(triflometyl)phenylJmetyl}-6-(4-
morpholinyl)-1H-benzimidazol-4-carboxylic, duoc didu ché nhu duge md ta trong
Vi du 31 (0,6g, 1,384mmol) trong diclometan (DCM) (60ml) dugc bd sung oxalyl
clorua (0,485ml, 5,54mmol) va tiép d6 bd sung mudi giot DMF. Hn hop phan tng
nay duoc khudy & nhiét d6 trong phong trong 10 phut va cd dé tao ra clorua axit.
Hbn hop bao gdm clorua axit tho trong tetrahydrofuran (THF) (60ml) dugc suc khi
NH;. Hon hop phan tng ndy dwoc khudy & nhiét d6 trong phong trong 10 phit.
Nuéc mudi (20ml) va EtOAc(60ml) duoc thém vao va pha nuée duoc chiét bang
EtOAc (60ml). Pha hitu co duoc thu gom va cb (0,59g, 99%). San pham thé duoc
stt dung & budc tiép theo. MS(ES+) m/e 433,1 [M+H]".

b) 2-metyl-1-{[2-metyl-3-(triflometyl)phenylmetyl} -6-(4-morpholinyl)-4-(1H-
-91-



23236

1,2,4-triazol-3-yl)-1H-benzimidazol

Hbn hop bao gdm 2-metyl-1-{[2-metyl-3-(triflometyl)phenyljmetyl}-6-(4-
morpholinyl)-1H-benzimidazol-4-carboxamit (0,52g, 1,202mmol) trong N,N-
dimetylformamit dimetyl axetal (30ml, 224mmol) dugc khudy & 105°C trong 2 gid
va phan tng hoan thanh. Hn hop phan tng dugc c¢6 dudi 4p suat giam. Chét thé
dugce bd sung axit axetic (30ml) va hydrazin monohydrat (0,264ml, 8,42mmol).
Hdn hop phan tmg nay dugc khudy & 100°C trong 1 gidy va ¢d. Chét tho dugc tinh
ché bang céach sir dung silicagel (0~2%MeOH/DCM) dé tao ra san pham (0,245g,
42%). '"H NMR (400MHz, DMSO-ds) & ppm 2,48 (s, 3H), 2,56 (s, 3H), 3,10 - 3,15
(m, 4H), 3,67 - 3,79 (m, 4H), 5,62 (s, 2H), 6,37 (d, J=7,83Hz, 1H), 7,19 (d,
J=2,02Hz, 1H), 7,26 (t, /=7,83Hz, 1H), 7,55 (d, J=1,77Hz, 1H), 7,62 (d, J/=7,58Hz,
1H), 8,09 (s, 1H), 13,83 (s, 1H). MS(ES+) m/e 457,1[M+H]*.

Vi du 40

Diéu ché 2-metyl-4-(3-metyl-1H-1,2,4-triazol-5-y1)-6-(4-morpholinyl)-1-(1-
naphtalenylmetyl)-1H-benzimidazol

a) 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)- 1 H-benzimidazol-4-cacbonitril

CN

N
\>—Me
ﬁ N

N
~
Hon hop chta 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-
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benzimidazol-4-carboxamit, dugc diéu ché nhu dugc mé ta trong Vi du 33 (0,4g,
0,999mmol) trong diclometan (DCM) (50ml) dugc bd sung POCl; (0,931ml,
9,99mmol) va tiép d6 bd sung mudi giot DMF. Hon hop phéan tmg nay dugce khudy
& nhiét do trong phong trong 1 gid. Hon hop nay duogc t6i bang dung dich natri
bicacbonat trong nuéc. Pha nuéc dugc chiét bang DCM (100ml). Pha hitu co thu
gom duoc rira bang nude mudi, sau d6 1am khé (MgSO4), loc va dung mdi duge
loai bo trong chan khéng. Chit thé duoc tinh ché trén silic oxit (20~50%
EtOAc/Hexan) dé tao ra san phim (0,246g, 64%). '"H NMR (400MHz, DMSO-dj) &
ppm 2,45 (s, 3H), 2,96 - 3,15 (m, 4H), 3,62 - 3,72 (m, 4H), 6,05 (s, 2H), 6,32 (d,
J=1,07Hz, 1H), 7,29 - 7,44 (m, 3H), 7,57 - 7,74 (m, 2H), 7,86 (d, /=8,08Hz, 1H),
8,02 (d, J=7,83Hz, 1H) 8,22 (d, 1H),. MS(ES+) m/z 383,2 [M+H]".

b) 2-metyl-4-(3-metyl-1H-1,2,4-triazol-5-yl1)-6-(4-morpholinyl)-1-(1-
naphtalenylmetyl)-1H-benzimidazol

Huyén phd chta 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-
benzimidazol-4-cacbonitril (120mg, 0,314mmol) trong n-butanol (15ml) duge bd
sung axetic hydrazit (232mg, 3,14mmol) va kali cacbonat (434mg, 3,14mmol). Hon
hop phan tGng nay duoc khudy & nhiét d6 hdi luu trong 4 ngay. DCM (50ml) va
nuée (50ml) duge thém vao. Pha hitu co dugce rira bang nude mubi (50ml x 3), 1am
kho (MgS0y,), va dung mdi duoc loai bo. Chit thd dugc tinh ché bing phuong phép
tinh ché pha nguoc dé tao ra san phidm mong muén (36mg, 25%). 'H NMR
(400MHz, DMSO-ds) 6 ppm 1,71 (br. s., 3H), 1,78 (br. s., 3H), 2,21 - 2,37 (m, 4H),
2,90 - 3,08 (m, 4H), 5,20 (s, 2H), 5,74 (d, J/=7,33Hz, 1H), 6,17 (br. s., 1H), 6,51 (t,
J=1,71Hz, 1H), 6,75 - 6,95 (m, 3H), 7,04 (d, J/=8,08Hz, 1H), 7,17 (d, /=8,08Hz,
1H), 7,43 (d, 1H). MS(ES+) m/e 439,1[M+H] ™.

Vi du 41
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Diéu ché 1-[2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1 H-benzimidazol-
4-yl]etanon

a) N,2-dimetyl-N-(metyloxy)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-

benzimidazol-4-carboxamit

N
\>—Me
(\ N

S
s

Huyén phi chira axit 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-
benzimidazol-4-carboxylic, duoc didu ché nhu duwoc moé ta trong Vi du 20 (200mg,
0,498mmol), trong diclometan (DCM) (30ml) dugc b sung oxalyl clorua
(0,218ml, 2,491mmol) va tiép d6 1a mudi giot DMF. Hdn hop phan tmg nay duoc
khudy & nhiét d6 trong phong trong 10 phat. H3n hop phan tmg nay duogc c6 dudi
4p sudt giam dé tao ra clorua axit. Hon hop chita clorua axit trong diclometan
(DCM) (30ml) dugc bd sung N,O-dimetylhydroxylamin hydroclorua (97mg,
0,996mmol) va TEA (0,694ml, 4,98mmol). Hon hop phan tng nay dugc khudy &
nhiét d§ trong phong trong 18 gid. Nude (50ml) dugce thém vao va pha nudc duoc
chiét bing DCM (50ml x 2). Pha hitu co thu gom duoc rira bing nudc mubi (50ml),
1am kho (MgSOy) va 6 dudi ap sut giam. Chét tho duoc tinh ché trén cot silic oxit
(0~4%MeOH/DCM) dé tao ra san pham (100mg, 43%). 'H NMR (400MHz,
DMSO-ds) 6 ppm 2,39 (s, 3H), 2,92 - 3,10 (m, 4H), 3,26 (br. s., 3H), 3,56 - 3,75
(m, 7H), 5,99 (s, 2H), 6,35 (d, J=6,57Hz, 1H) 6,86 (d, J=2,02Hz, 1H), 7,04 (d,
J=1,7THz, 1H), 7,26 - 7,40 (m, 1H), 7,54 - 7,73 (m, 2H), 7,86 (d, /=8,34Hz, 1H),
8,02 (d, /=7,07Hz, 1H), 8,25 (d, 1H). MS(ES+) m/e 445 2[M+H]™.

b) 1-[2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1 H-benzimidazol-4-

yl]etanon
Dung dich chtta N,2-dimetyl-N-(metyloxy)-6-(4-morpholinyl)-1-(1-
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naphtalenylmetyl)-1H-benzimidazol-4-carboxamit (82mg, 0,184mmol) trong
tetrahydrofuran (THF) (10ml) duoc bd sung dung dich metylmagie clorua 3,0M
(0,123ml, 0,369mmol) trong THF & 0°C. Hon hop phan tng tao ra dugc khudy &
0°C trong 2 gid va sau d6 tdi rat k§ bang dung dich amoni clorua bdo hoa trong
nu6e. Hon hop nay duoc pha lodng bing etyl axetat (50ml) va pha nuéc duge chiét
bing etyl axetat (50ml x 2). Pha hitu co thu gom duoc rira bing nude mudi (50ml),
lam khé bang (MgSO,), va loc. Dung dich ndy dugc c6 dudi 4p sudt giam. San
phim thé dugc tinh ché trén cot silic oxit (40~60% EtOAc/Hexan) dé tao ra san
pham (46mg, 59%). 'H NMR (400MHz, DMSO-ds) & ppm 2,47 (s, 3H), 3,00 (s,
3H), 3,02 - 3,10 (m, 4H), 3,59 - 3,73 (m, 4H), 6,06 (s, 2H), 6,33 (d, J=6,82Hz, 1H),
7,21 - 7,42 (m, 3H), 7,52 - 7,76 (m, 2H), 7,86 (d, J=8,34Hz, 1H), 8,02 (d,
J=1,33Hz, 1H), 8,25 (d, 1H). MS(ES+) m/e 399,9[M+H]".

Vidu42

OH

Diéu ché [2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-

yl]metanol

Hon hop chitra axit 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-
benzimidazol-4-carboxylic, duoc diéu ché nhu duge mé ta trong Vi du 20 (70mg,
0,174mmol), trong tetrahydrofuran (THF) (5ml) duoc bd sung LiAlH, (19,85mg,
0,523mmol) & 0°C va hdn hop phan tmg ndy duoc khudy & nhiét do trong phong
trong 1 gid. Sau d6, LiAlH, (19,85mg, 0,523mmol) dugc thém vao va hdn hop
phan tmg nay duoc khudy & nhiét do trong phong trong 1 gid nita. Hn hop phan
tmg ndy duogc 1am lanh dén 0°C va t6i bang nudc (0,04ml), NaOH (15%, 0,04ml),
sau d6 1a nude (0,12ml). Sau d6 hdn hop tao ra dugce khudy & nhiét d6 trong phong
trong 2 gio, MgSO, khan dugc thém vao va hdn hgp phan tmg nay duoc loc qua
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xelit va rira bang EtOAc. Lam bay hoi dung méi tao ra san phdm thé. San phim tho
duogc tinh ché trén cot silic oxit (0~4% MeOH/DCM) dé tao ra chét rén (12mg,
17%). "H NMR (400MHz, DMSO-dy) & ppm 2,38 (s, 3H), 2,91 - 3,05 (m, 4H), 3,64
- 3,74 (m, 4H), 4,89 (d, J=5,56Hz, 2H), 5,12 (t, J/=5,81Hz, 1H), 5,95 (s, 2H), 6,33
(d, /=6,82Hz, 1H), 6,81 (d, J/=2,02Hz, 1H), 6,97 (d, J=1,77Hz, 1H), 7,34 (4,
J=1,711Hz, 1H), 7,54 - 7,74 (m, 2H), 7,85 (d, J/=8,08Hz, 1H), 8,01 (d, /~7,58Hz,
1H), 8,25 (d, 1H). MS(ES+) m/z 388,0 [M+H]+.

Vi du 43

Diéu ché [2-metyl-1-{[2-metyl-3-(triflometyl)phenylJmetyl}-6-(4-morpholinyl)-

1H-benzimidazol-4-yl]Jmetanol

Dung dich chira metyl 2-metyl-1-{[2-metyl-3-(triflometyl)phenyl|metyl}-6-
(4-morpholinyl)-1H-benzimidazol-4-carboxylat, duoc diéu ché nhu dugc mé ta
trong Vi du 30 (0,37g, 0,827mmol), trong tetrahydrofuran (THF) (10ml) dugc lam
ngudi lanh dén 0°C. LiAlH, (0,038g, Immol) trong THF (3ml) dugc thém vao va
hén hop phan tmg nay duoc khudy ¢ 0°C trong 30 phtt. Hdn hop phan tmg nay
duoc toi bang nudc (0,04ml), NaOH (15%, 0,04ml), sau d6 1a nuée (0,12ml).
MgSO, khan dugc thém vao va hdn hop phan tng nay duoc loc qua xelit va ria
bing EtOAc. Lam bay hoi dung méi tao ra san phim thd. San phim thd duoc tinh
ché trén cot silic oxit (1~4% MeOH/DCM) dé tao ra chét rén (0,32g, 88%). 'H
NMR (400MHz, DMSO-dg) & ppm 2,35 (s, 3H), 2,56 (s, 3H), 2,99 - 3,07 (m, 4H),
3,67 - 3,76 (m, 4H), 4,87 (d, J/=5,81Hz, 2H), 5,11 (t, J/=5,68Hz, 1H), 5,51 (s, 2H),
6,30 (d, J/=7,83Hz, 1H), 6,81 (d, J/=2,27Hz, 1H), 6,97 (d, J/=2,02Hz, 1H), 7,24 (t,
J=7,83Hz, 1H), 7,60 (d, 1H). MS(ES+) m/z 420,1 [M+H]".

Vi dy 44
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Diéu ché 2-metyl-N-(metylsulfonyl)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-

1H-benzimidazol-4-carboxamit

Hoén hop chita axit 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-
benzimidazol-4-carboxylic, dugc diéu ché nhu duwoc md ta trong Vi du 20 (100mg,
0,249mmol), trong N,N-dimetylformamit (DMF) (2ml) trong lo 20ml dugc bd sung
EDC (57,3mg, 0,299mmol), metan sulfonamit (47,4mg, 0,498mmol) va DMAP
(21,30mg, 0,174mmol). H3n hop nay duoc khudy & 60°C va theo d5i bang LC/MS.
Sau khi khudy tron trong 5 ngdy, DMF duoc loai bé trong chan khong va b con lai
duoc hoa tan trong 2ml DMSO va tinh ché bang phuong phép sic ky pha dao véi
hai 14n tiém, ria giai bing gradient tir 27% dén 57% AcCN/H,O trong 12 phut. Cac
phan doan chira hop chit can thiét, nhw dugc xac dinh bang phwong phap LC/MS,
duge thu gom va cb trong chan khong dé tao ra hop chit cin thiét (47mg,
0,097mmol, hiéu sudt 39,0%) dudi dang chit rin mau vang tuoi. 'H NMR
(400MHz, DMSO-dg) 6 ppm 2,52 (s, 3H), 3,12 (t, 4H), 3,50 (s, 3H), 3,73 (t, 4H),
6,15 (s, 2H), 6,38 (d, 1H), 7,35 (t, aH), 7,50 (s. 1H), 7,51-7,75 (m, 2H), 7,88 (d,
1H), 8,05 (d, 1H), 8,25 (2, 1H), 8,35 (s, 1H), 12,8 (br. s, 1H); LC-MS: m/e = 480
[M+1]+.

Vi du 45
MeO._ _O

e,
N N
S
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Diéu ché metyl 5-(4-morpholinyl)-2-(triflometyl)-1H-benzimidazol-7-carboxylat
a) Metyl 2,3-diamino-5-(4-morpholinyl)benzoat
MeO__O

NH

Hdn hop bao gdm metyl 3-amino-5-morpholino-2-nitrobenzoat, duoc didu
ché nhu duoc mé ta trong Vi du 26, bude ¢ (19,2g, 68,3mmol), va Pd/C (1,9g)
trong MeOH (500ml) trong ndi hdp trong khi quyén H, (4atm) dugc khudy & nhiét
d6 trong phong trong 3 gid. Khi phép phén tich TLC cho thay ring d4 tiéu thu hoan
toan chét ban diu, hdn hop nay dugc loc va phan loc dugc cd trong chan khéng dé
tao ra san phAm mong mudn duéi dang chét rin mau nau (13,9g, 80,1%). '"H NMR
(300MHz, DMSO-dg): & ppm 6,62 (d, 1H, J= 2,4Hz), 6,54 (d, 1H, J = 2,4Hz), 5,84
(s, 2H), 4,75 (s, 2H), 3,76 (s, 3H), 3,70 (t, 4H, J = 4,8Hz), 2,85 (t, 4H, 4,8Hz). LC-
MS: m/e =252,1 [M+1]+.

b) Metyl 5-(4-morpholinyl)-2-(triflometyl)-1H-benzimidazol-7-carboxylat

Hdn hop bao gdm metyl 2,3-diamino-5-(4-morpholinyl)benzoat (4,0g) trong
CF;COOH (20ml) duoc gia nhiét & nhiét d6 hoi luu trong 8 gid. Khi phan tich TLC
cho thiy rang sy tiéu thu chét ban dau, hdn hop nay dugc 1am ngudi dén nhiét do
trong phong va dung moi dugc loai b trong chan khong. Ba duoc pha lodng bing
dung dich NaHCO; trong nuéc va chiét bang EtOAc (250ml x 3). Lép hitu co thu
gom duoc rira bing nude mudi (250ml x 2), lam khd bang Na,SO,4 khan. Sau khi
loc, dung moéi dugc loai bo bang cach lam bay hoi quay. Sau d6, bd dugc tinh ché
bang phuong phép sic ky silicagel, rira giai bang EtOAc : ete ddu mé =1 : 4 dé tao
ra san phém mong mudn dudi dang chét rin nhat mau. (4,3 g, 82,7%). 'H NMR
(300MHz, DMSO-dg): 6 ppm 13,47 (s, 1H), 7,71 (s, 1H), 7,56 (s, 1H), 3,96 (s, 3H),
3,79 (t, 4H, J = 4,5Hz), 3,17 (s, 4H). LC-MS: m/e = 330,1 [M+1]+.

Vidu 46
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Diéu ché metyl 1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-2-
(triflometyl)-1H-benzimidazol-4-carboxylat

Huyén phi chira metyl 5-(4-morpholinyl)-2-(triflometyl)-1H-benzimidazol-
7-carboxylat, dugc diéu ché nhu dugc mo t& trong Vi du 45 (1,5g, 4,56mmol), va
kali cacbonat (1,889g, 13,67mmol) trong N,N-dimetylformamit (DMF) (10ml)
duoc khudy & nhiét do trong phong trong 15 phit. 1-(Bromometyl)-2-metyl-3-
(triflometyl)benzen (1,729g, 6,83mmol) duoc thém vao va hdn hop phan tng tao ra
duoc khudy trong 3 gid & 80°C. Sau d6, hdn hop nay duge 1am ngudi dén nhiét do
trong phong va rét vao nudc da/nudc. Chat két tha duoc thu hdi bang cach loc, rira
bang nudc, sau d6 hexan (chuyén thanh gém trén gidy loc - mot it chét bi that
thoat). Chat thd dugc tinh ché trén cot silicagel (ISCO, rira giai bing 0-5% MeOH
trong DCM) dé tao ra san phdm mong mudn (580mg, 1,099mmol, hiéu sut
24,12%) (mdt vai phan doan hdn hop thu duge duge bo di). 'H NMR (400MHz,
DMSO-ds) & ppm 7,65 (d, /=2,53Hz, 1H), 7,61 (d, J=7,83Hz, 1H), 7,37 (d,
J=2,27Hz, 1H), 7,23 (t, J=7,96Hz, 1H), 6,29 (d, /=7,58Hz, 1H), 5,76 (s, 2H), 3,93
(s, 3H), 3,70 - 3,78 (m, 4H), 3,12 - 3,22 (m, 4H), 2,53 (s, 3H). MS(ES+) m/e 502
[M+H]".

Vi du 47
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Biéu ché axit 1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-2-
(triflometyl)-1H-benzimidazol-4-carboxylic

Hon hop bao gdbm metyl 1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-
morpholinyl)-2-(triflometyl)-1H-benzimidazol-4-carboxylat, duoc diéu ché nhu
dugc mo ta trong Vi du 46 (510mg, 1,017mmol) va dung dich lithi hydroxit 2M
(6ml, 12,00mmol) trong THF (12ml) dugc khudy & 50°C trong 2 gid. Hon hop
phan tmg dugc lam ngudi dén nhiét d6 trong phong. Dung mbi hitu co dugc loai bd
dudi ap suét giam va pha nude duge pha lodng bing nudc va axit héa bang cach bd
sung dung dich HCI IN. Chat két tia tao ra dugc thu hdi bang cach loc. Chat rin
nay duoc rira bing ete va chuyén thanh ba dang gom. B duoc rira bing MeOH cho
t61 khi tt ca cac chit duoc chuyén vao binh thu hdi. Chét hitu co duge lam bay hoi
va chit rdn mau tring tao ra khi dé yén. Chét két tua duoc thu hdi bing céch loc,
rira bing nuéc va lam khé dé tao ra san phdm mong mudn (438mg, 0,88 1mmol,
hiéu suét 87%) dudi dang bdt mau tring. 'H NMR (400MHz, DMSO-ds) & ppm
7,68 (d, /=2,02Hz, 1H), 7,61 (d, J=8,08Hz, 1H), 7,23 (t, J/=7,83Hz, 1H), 7,08 (d,
J=2,02Hz, 1H), 6,27 (d, J/=7,58Hz, 1H), 5,74 (s, 2H), 3,63 - 3,82 (m, 4H), 3,05 -
3,21 (m, 4H), 2,52 (br. s., 3H). MS(ES+) m/e 488 [M+H]".

Vidu 48

0] OMe
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N

Diéu ché metyl 6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-2-(triflometyl)-1H-

benzimidazol-4-carboxylat

Hén hop bao gdm metyl 5-(4-morpholinyl)-2-(triflometyl)-1H-

benzimidazol-7-carboxylat dugc diéu ché nhu dugc mé ta trong Vi du 45 (1,5g,
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4,56mmol) va kali cacbonat (1,889g, 13,67mmol) trong N,N-dimetylformamit
(DMF) (10ml) duoc khudy & nhiét d6 trong phong trong 10 phut. Sau khi thém
1-(bromometyl)naphtalen (1,511g, 6,83mmol), hdn hop ndy dugc 1am 4m t6i 80°C
va khudy trong 3 gid & nhiét do nay. Hon hop tao ra dugc 1am ngudi téi nhiét do
trong phong va rét 1én nude da. Chat két tia tao ra dugc thu hdi bang cach loc va
lam khé trong khéng khi (tdng cong 2,4g). Chit thé duge tinh ché trén silicagel
(ISCO, 0-5% MeOH trong DCM) d& tao ra metyl 6-(4-morpholinyl)-1-(1-
naphtalenylmetyl)-2-(triflometyl)- 1 H-benzimidazol-4-carboxylat (1,48g, 3,15mmol,
hidu suét 69,2%). Mot phin chit nay (138mg) duoc tinh ché bing phuong phép
HPLC pha dao (25 dén 95% AcCN trong nuéc, thém 0,1% TFA) d tao ra san
phim mong mudn (93,4mg, 0,195mmol, hiéu sut 4,28%) duéi dang chét rin mau
tring. 'H NMR (400MHz, DMSO-dg) & ppm 8,26 (d, J=8,34Hz, 1H), 8,01 (d,
J=7,33Hz, 1H), 7,85 (d, /=8,08Hz, 1H), 7,60 - 7,73 (m, 3H), 7,39 (d, J=2,27Hz,
1H), 7,31 (t, J=7,83Hz, 1H), 6,24 (br. s., 1H), 6,22 (s, 2H), 3,95 (s, 3H), 3,64 - 3,73
(m, 4H), 3,06 - 3,19 (m, 4H). MS(ES+) m/e 470 [M+H]".

Vidu 49
O OMe
N
S—cF,
NI
o/
Me
Cl

Didu ché metyl 1-[(3-clo-2-metylphenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-

1H-benzimidazol-4-carboxylat

Hdn hop bao gdébm metyl 5-(4-morpholinyl)-2-(triflometyl)-1H-
benzimidazol-7-carboxylat, dugc diéu ché nhu duge moé ta trong Vi du 45 (1,5g,
4,56mmol), va kali cacbonat (1,889g, 13,67mmol) trong N,N-dimetylformamit
(DMF) (10ml) duoc khudy & nhiét do trong phong trong 10 phut. Sau khi thém
1-(bromometyl)-3-clo-2-metylbenzen (1,500g, 6,83mmol), hdn hop nay dugc lam

4m t6i 80°C va khudy trong 3 gid & nhiét d6 ndy. Hon hop tao ra dugce lam ngudi
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t61 nhiét do trong phong va rét 1én nude da. Chit két tia tao ra dugc thu hdi bang
cach loc va lam kho trong khong khi (tdng cong 2,4g). Tinh ché trén cot silicagel
(10-50% EtOAc trong hexan) dé tao ra chét thd. Cac phan doan chita san phim
duoc thu gom va dung méi duoc loai bo dudi ap suit giam d tao ra metyl 1-[(3-
clo-2-metylphenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-1H-benzimidazol-4-
carboxylat (2,03g, 4,34mmol, hiéu suit 95%) (d6 tinh khiét chi 87%). Mot phén
chat nay (165mg) dugc tinh ché bang RP-HPLC (25 dén 95% AcCN trong nudc,
thém 0,1% TFA) dé tao ra san phdm tinh khiét mong muén (92,3mg, 0,193mmol,
hiéu suét 4,24%). '"H NMR (400MHz, DMSO-ds) & ppm 7,64 (d, J=2,27Hz, 1H),
7,28 - 7,43 (m, 2H), 7,04 (t, J<7,96Hz, 1H), 5,97 (d, /=7,83Hz, 1H), 5,71 (s, 2H),
3,93 (s, 3H), 3,66 - 3,80 (m, 4H), 3,06 - 3,25 (m, 4H), 2,46 (s, 3H). MS(ES+) m/e
468 [M+H]".

Vidu 50

Diéu ché axit 6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-2-(triflometyl)-1H-

benzimidazol-4-carboxylic

Huyén pht chta metyl 6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-2-
(triflometyl)-1H-benzimidazol-4-carboxylat, dugc diéu ché nhu dugc mb ta trong
Vi du 48 (1,28g, 2,73mmol) trong metanol (18ml) va dung dich natri hydroxit 1M
(15ml, 15,00mmol) duge khudy qua dém & nhiét d trong phong, sau d6 & 50°C
trong 5 gid. Hon hop phan tng dugc 1am ngudi dén nhiét d6 trong phong va axit
hoa (pH=4) biang cach bd sung dung dich HCI 1N. Chét két tia tao ra duogc thu hdi
bing céach loc, rira bing nuéc va lam kho dé tao ra san phim mong muén (1,13g,
2,233mmol, hiéu sudt 82%). Mot phin chit nay (132mg) dugc tinh ché bang
phuong phap HPLC pha dao (15-95% AcCN trong nuéc, thém 0,1% TFA). Cac

phan doan chira san phim dugc thu gom va thé tich dugc giam t&i con khoang 1/3
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thé tich ban d4u. Chét két tia tao ra duge thu héi, rira bang nudce va lam kho trong
106 chdn khong (50°C, qua dém) dé tao ra san phdm mong mudn (88,4mg,
0,194mmol, hiéu suit 7,12%). '"H NMR (400MHz, DMSO-d,) & ppm 13,11 (br. s.,
1H), 8,26 (d, J/=8,59Hz, 1H), 8,01 (d, /=7,33Hz, 1H), 7,85 (d, J/=8,34Hz, 1H), 7,57
- 7,73 (m, 3H), 7,35 (d, J=2,53Hz, 1H), 7,29 - 7,34 (m, 1H), 6,24 (d, J=7,07Hz,
1H), 6,22 (s, 2H), 3,64 - 3,72 (m, 4H), 3,06 - 3,18 (m, 4H). MS(ES+) m/e 456
[M+H]+.

Vidy 51

0._OMe

N
(\NJ:E[N\%CFS

0.

Cl
Cl

Didu ché metyl 1-[(2,3-diclophenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-1H-

benzimidazol-4-carboxylat

Hén hop bao gdm metyl 5-(4-morpholinyl)-2-(triflometyl)-1H-
benzimidazol-7-carboxylat, dugc diéu ché nhu duge md ta trong Vi du 45 (1,5g,
4,56mmol) va kali cacbonat (1,889g, 13,67mmol) trong N,N-dimetylformamit
(DMF) (10ml) dugc khudy & nhiét do trong phong trong 10 phut. Sau khi thém 1-
(bromometyl)-2,3-diclobenzen (1,639g, 6,83mmol), hdn hop nay dugc gia nhiét t6i
80°C va khuéy trong 3 gid' & nhiét d6 nay. Hon hop tao ra duge 1am ngudi téi nhiét
d6 trong phong va rét 1én nude da. Chét két tia tao ra duge thu hdi bang cach loc
va 1am kho trong khéng khi dé tao ra san phdm thé (2,2g, 4,51mmol, hiéu suét
99%) (46 tinh khiét 91%). M6t phan chat ndy (230mg) dugc tinh ché bing phuong
phap HPLC pha dao (25 dén 95% AcCN trong nudc, thém 0,1% TFA) dé tao ra san
phidm mong mudn (137,4mg, 0,276mmol, hidu sudt 6,05%). '"H NMR (400MHz,
DMSO-ds) 6 ppm 7,65 (d, /=2,27Hz, 1H), 7,61 (dd, J=8,08, 1,26Hz, 1H), 7,48 (d,
J=2,27Hz, 1H), 7,24 (t, /=7,96Hz, 1H), 6,25 (dd, J=7,83, 1,26Hz, 1H), 5,77 (s,
2H), 3,93 (s, 3H), 3,68 - 3,81 (m, 4H), 3,13 - 3,24 (m, 4H). MS(ES+) m/e 488
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[M+H]".
Vidu 52

O~_OH

N

S—cF,
I
O
Cl
Cl

Diéu ché axit 1-[(2,3-diclophenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-1H-

benzimidazol-4-carboxylic

Hon hop bao gdém metyl 1-[(2,3-diclophenyl)metyl]-6-(4-morpholinyl)-2-
(triflometyl)-1H-benzimidazol-4-carboxylat duogc didu ché nhu dugc md ta trong
Vi du 51 (1,95g, 3,99mmol) va dung dich lithi hydroxit 2M (0,096g, 3,99mmol)
trong tetrahydrofuran (THF) dugc khudy & 50°C trong 3 gid. Hon hop phéan {mg
dugc lam ngudi dén nhiét do trong phong, dung méi hitu co dugc loai bo dudi ap
suit giam va bi trong nudc dugce axit hoa (pH=4) bang cach bd sung dung dich HCI
IN. Chét két tia dang gébm dugc tao ra. Sau khi dé yén & nhiét do trong phong qua
dém, n6 chuyén thanh chét rin. Chét két tia dugc thu hdi, rira bang nudce va lam
kho dé tao ra san phim mong mubn & dang thd (1,83g, 3,86mmol, hiéu sudt 97%)
duéi dang chit rdn mau x4m. Mot phan chit nay (148mg) dugc tinh ché bang
phuong phap HPLC pha dao (15-95% AcCN trong nudc, thém 0,1% TFA). Cac
phan doan chtra san pham dugc thu gom va thé tich dugc giam t6i con khoang 1/3
thé tich ban dau. Chat két tia tao ra dugc thu hdi, rira bang nudc va lam kho trong
16 chan khong dé tao ra san phém mong mudn (88,3mg, 0,182mmol, hi¢u suét
4,57%). '"H NMR (400MHz, DMSO-dg) § ppm 13,09 (s, 1H), 7,64 (d, J=2,53Hz,
1H), 7,61 (dd, J=8,08, 1,26Hz, 1H), 7,44 (d, J/=2,27Hz, 1H), 7,24 (t, J/=8,08Hz,
1H), 6,26 (dd, J=7,83, 1,26Hz, 1H), 5,77 (s, 2H), 3,66 - 3,81 (m, 4H), 3,12 - 3,25
(m, 4H). MS(ES+) m/e 474 [M+H]".

Vidu 53
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Diéu ché axit 1-[(3-clo-2-metylphenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-

1H-benzimidazol-4-carboxylic

Huyén phti chira metyl 1-[(3-clo-2-metylphenyl)metyl]-6-(4-morpholinyl)-2-
(triflometyl)-1H-benzimidazol-4-carboxylat, dugc diéu ché nhu duge mo ta trong
Vi du 49 (1,09g, 2,330mmol) trong metanol (12ml) va tetrahydrofuran (THF) (4ml)
duoc xtr 1y bang dung dich natri hydroxit 1M trong nu6e (12ml, 12,00mmol) va
khudy & 70°C trong 1,5 gio (hon hop chuyén thanh dong nhat). Hon hop phan ting
duoc 1am ngudi dén nhiét do trong phong, thé tich dugc giam téi con mot nira va ba
duoc axit hoa (pH=4) bing cach bd sung dung dich HCI IN. Chét két ta duoc thu
hdi, rira bang nudc va 1am kho dé tao ra san phim mong mubn & dang tho
(918,6mg, 2,024mmol, hiéu suét 87%) dudi dang chit rén mau vang. Mot phan san
phim (140mg) dugc tao huyén phu trong 3,5ml DMSO. Sau khi siéu 4m va gia
nhiét, chit rin chuyén vao dung dich nhung né két tia. Chét két tha dugc thu hoi va
rita bing DMSO, nhung van chira tap chét nhu dugc thé hién bing phuong phép
LC/MS. Phan phan uéc khéc (132mg) dugc hoa tan bang cach gia nhiét trong Sml
DMSO va tinh ché bing phuong phap HPLC pha dao (15 dén 95% AcCN trong
nuée, thém 0,1% TFA). San phAm mong mubn dugc tach ra bang cach lam bay hoi
dung mdi hitu co : chét két tha duoc thu hdi bang cach loc, rira bang nudc va lam
khd trong 10 chan khdéng dé tao ra san pham tinh khiét mong mubn (89mg,
0,192mmol, hiéu suét 8,25%). '"H NMR (400MHz, DMSO-ds) § ppm 13,09 (s, 1H),
7,63 (d, J=2,27Hz, 1H), 7,36 (d, /~=7,83Hz, 1H), 7,30 (d, J/=2,27Hz, 1H), 7,05 (t,
J=7,96Hz, 1H), 5,98 (d, /=7,58Hz, 1H), 5,70 (s, 2H), 3,66 - 3,83 (m, 4H), 3,08 -
3,24 (m, 4H), 2,47 (s, 3H). MS(ES+) m/e 453,9 [M+H]".

Vidu 54
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Piéu ché 1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-2-

(triflometyl)-1H-benzimidazol-4-carboxamit

Oxalyl clorua (0,251ml, 2,87mmol) dugc cho vao huyén phu chira axit 1-
{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-2-(triflometyl)-1H-
benzimidazol-4-carboxylic, duogc didu ché nhur dugc mo ta trong Vi du 47 (350mg,
0,718mmol) trong diclometan (DCM) (6ml). Hon hgp phan tmg nay dugc khudy &
nhiét do trong phong trong 10 phut (chuyén thanh dung dich) va sau d6 dung méi
duoc 1am bay hoi. Ba (clorua axit thd) dugc hoa tan trong tetrahydrofuran (THF)
(6ml). Khi NH; dugc suc vao (hdn hop nay chuyén tir mau vang thanh mau tring,
va chét két tha tao thanh); hdn hop nay dugc khudy & nhiét do trong phong trong 10
pht va sau d6 cho phén b6 gifta nude mubi (15ml) va EtOAc (20ml). Pha nuéce
duoc chiét bing phan phan wéc khic clia EtOAc (20ml). Pha hitu co dugce thu gom
va c6 dé tao ra san phdm mong muén (297mg, 0,580mmol, hiéu sudt 81%). 'H
NMR (400MHz, DMSO-ds) 6 ppm 8,59 (d, J=2,53Hz, 1H), 7,99 (d, J=2,78Hz,
1H), 7,77 (d, J=2,27Hz, 1H), 7,62 (d, /~7,58Hz, 1H), 7,31 (d, /=2,27Hz, 1H), 7,25
(t, J=7,83Hz, 1H), 6,36 (d, /=7,58Hz, 1H), 5,78 (s, 2H), 3,60 - 3,80 (m, 4H), 3,09 -
3,22 (m, 4H), 2,53 (s, 3H). MS(ES+) m/e 487 [M+H]"

Vidu 55
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Diéu ché 1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-4-(1H-1,2,4-
triazol-3-yl)-2-(triflometyl)-1H-benzimidazol

Hén hop bao gbém  I1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-
morpholinyl)-2-(triflometyl)-1H-benzimidazol-4-carboxamit, dugc diéu ché nhu
dugc md ta trong Vi du 54 (250mg, 0,514mmol), va N,N-dimetylformamit dimetyl
axetal (7ml, 52,3mmol) duoc khudy & 105°C trong 1,5 gid. Hon hop phan tmg nay
duoc c6 dudi ap sudt giam va bd dugc tao huyén phi trong axit axetic (Sml). Sau
khi thém hydrazin monohydrat (0,113ml, 3,60mmol), hén hgp phan tng nay dugc
gia nhiét & 100°C trong 1 gio. Dung mdi dugc cb trong chin khong, bd dugc tao
hén hop ddng s6i véi toluen (2x), va b duge hoa tan trong DMSO va tinh ché bang
phuong phap HPLC pha dao (20-95% AcCN trong nudc, thém 0,1% TFA). Cac
phan doan chita san phdm dugc thu gom, trung hoa bang cach bd sung dung dich
NaHCO; bdo hoa trong nudce va chét hitu co dugc 1am bay hoi. Chét két tha & dang
b3 trong nude duoc thu hdi bang cach loc, rira bang nudc va lam khd trong 16 chan
khong (45°C) qua dém dé tao ra san phim mong mudn (157,1mg, 0,302mmol, hidu
sudt 58,7%) duéi dang bot mau tring. 'H NMR (400MHz, CLOROFORM-d) §
ppm 13,05 (br. s., 1H), 8,12 (s, 1H), 8,00 (d, /=2,27Hz, 1H), 7,63 (d, J=7,83Hz,
1H), 7,18 (t, J=7,83Hz, 1H), 6,56 (d, /=7,83Hz, 1H), 6,51 (d, J=2,27Hz, 1H), 5,54
(s, 2H), 3,71 - 3,95 (m, 4H), 3,09 - 3,30 (m, 4H), 2,57 (s, 3H). MS(ES+) m/e
511[M+H]".

Vidu 56
=N

HN. N

N
S—cF,
N
S

Cl
Cl

Diéu ché 1-[(2,3-diclophenyl)metyl]-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-y1)-2-
(triflometyl)-1H-benzimidazol
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a) 1-[(2,3-diclophenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-1H-benzimidazol-

4-carboxamit

H,N._O

N
S—cF,
N
S

Cl
Cl

Oxalyl clorua (0,332ml, 3,80mmol) dugc cho vao huyén pht chira axit
1-[(2,3-diclophenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-1H-benzimidazol-4-
carboxylic, duoc diéu ché nhu dugc md ta trong Vi du 52 (450mg, 0,949mmol)
trong diclometan (DCM) (7ml). Hon hop phan ung ndy dugc khudy o nhiét do
trong phong trong 10 phiit va sau d6 dung moéi dugc lam bay hoi. Bi (clorua axit
tho), dugc tao huyén phu trong tetrahydrofuran (THF) (7ml). Khi NH; dugc suc
vao (hdn hop nay chuyén tir mau vang thanh mau trang), hdn hop nay duoc khudy
& nhiét do trong phong trong 15 phit va sau dé cho phéan bé gitta nuéce mubi (15ml)
va EtOAc (20ml). Pha nu6c duge chiét bing EtOAc (2 x 20ml) va CH,Cl, (10ml).
Pha hitu co duge thu gom, 1am kho bing Na,SO, va cd dé tao ra san pham mong
mudn (395mg, 0,835mmol, hiéu suét 88%), san phém nay dugc st dung luén &
buée tiép theo. '"H NMR (400MHz, DMSO-d;) 8 ppm 8,56 (d, J/=2,27Hz, 1H), 7,98
(d, /=2,53Hz, 1H), 7,76 (d, /=2,27Hz, 1H), 7,62 (dd, /=8,08, 1,26Hz, 1H), 7,42 (d,
J=2,27Hz, 1H), 7,25 (t, J=7,96Hz, 1H), 6,33 (dd, J=7,83, 1,26Hz, 1H), 5,80 (s,
2H), 3,68 - 3,83 (m, 4H), 3,14 - 3,24 (m, 4H). MS(ES+) m/e 473,1 [M+H]".

b) 1-[(2,3-diclophenyl)metyl]-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-yl)-2-
(triflometyl)-1H-benzimidazol.

Huyén phd  chia  1-[(2,3-diclophenyl)metyl]-6-(4-morpholinyl)-2-
(triflometyl)-1H-benzimidazol-4-carboxamit, dugc diéu ché nhu dugc md ta trong
Vi du 56, budc a (389mg, 0,822mmol) trong N,N-dimetylformamit dimetyl axetal
(9ml, 67,2mmol) duoc khudy & 105°C trong 1 gid. Hon hop phan tng duge 6 dudi

4p sudt giam va b dugc tao huyén phu trong axit axetic (7ml). Sau khi thém
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hydrazin monohydrat (0,181ml, 5,75mmol) hdn hop phan tmg ndy dugc gia nhiét &
100°C trong 1 gi¢. Dung moi dugc c6 trong chan khong va bd dugc hoa tan trong
DMSO va tinh ché bang phuwong phap HPLC pha dao (20-95% AcCN trong nuéc,
thém 0,1% TFA) (mét it cht rin con lai duge loc bd). Cac phan doan chira san
phdm dugc thu gom, trung hoa bang cich bo sung dung dich NaHCO; bio hoa
trong nude va chat hitu co duge 1am bay hoi (mét it hop chét bi that thoét trong qua
trinh nay). Chét két tia & dang b trong nude duge thu hoi béng cach loc, rira bang
nude va lam kho trong 10 chan khong (45°C) qua dém dé tao ra san pham mong
muén (115mg, 0,227mmol, hiéu sudt 27,6%) dudi dang bdt mau tring. 'H NMR
(400MHz, CLOROFORM-d) 8 ppm 13,05 (br. s., 1H), 8,12 (s, 1H), 8,00 (d,
J=2,27Hz, 1H), 7,47 (dd, J=8,08, 1,26Hz, 1H), 7,10 (t, /=7,96Hz, 1H), 6,59 (d,
J=2,27Hz, 1H), 6,37 (dd, J=7,83, 1,01Hz, 1H), 5,62 (s, 2H), 3,79 - 3,92 (m, 4H),
3,17 - 3,30 (m, 4H). MS(ES+) m/e 497 [M+H]".

Vidu 57

N
/(E[ S—CF,
N N
oS

Me

Cl

Didu ché 1-[(3-clo-2-metylphenyl)metyl]-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-
yl)-2-(triflometyl)-1H-benzimidazol

Oxalyl clorua (0,347ml, 3,97mmol) dugc cho vao huyén pht chira axit 1-[(3-
clo-2-metylphenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)- 1H-benzimidazol-4-
carboxylic, duoc didu ché nhu duge mo ta trong Vi du 53 (450mg, 0,992mmol),
trong diclometan (DCM) (8ml). Hon hop phan tng nay dugc khudy & nhiét do
trong phong trong 10 phut va sau d6 dung moéi duge 1am bay hoi. Bi (clorua axit
th), duoc tao huyén phu trong tetrahydrofuran (THF) (8ml). Khi NH; dugc suc
vao (hdn hop nay chuyén tir mau vang thinh mau tring) va hon hop nay duoc

khudy & nhiét do trong phong trong 15 phut va sau d6 cho phén b gifta nudc mubi

-109-



23236

(15ml) va EtOAc (20ml). Pha nudc duoc chiét bing EtOAc (2 x 20ml) va CH,Cl,
(10ml). Pha hitu co duoc thu gom, 1am khé bing Na,SO, va ¢6. San pham tho duge
tao huyén phu trong N,N-dimetylformamit dimetyl axetal (10ml, 74,7mmol) va
khudy & 105°C trong 2 gid. Dung méi du dugc lam bay hoi va ba dugc tao huyén
phu trong axit axetic (10ml). Sau khi thém hydrazin monohydrat (0,194ml,
3,97mmol), hdn hop nay duoc khudy & 100°C trong 1,5 gid. Dung moi dugc 1lam
bay hoi va bd dugc hoa tan trong DMSO 4m (8ml) va tinh ché bang phwong phép
HPLC pha dao (20-90% AcCN trong nudc, thém 0,1% TFA) dé tao ra san phim
mong mubn (96mg, 0,197mmol, hiéu sudt 19,90%) dudi dang bot mau tring. 'H
NMR (400MHz, CLOROFORM-d) 8 ppm 13,08 (br. s., 1H), 8,11 (s, 1H), 7,98 (d,
J=2,27Hz, 1H), 7,36 (d, J/=8,08Hz, 1H), 7,01 (t, /<7,96Hz, 1H), 6,51 (d, J=2,02Hz,
1H), 6,32 (d, J=7,83Hz, 1H), 5,51 (s, 2 H), 3,73 - 3,97 (m, 4H), 3,12 - 3,30 (m,
4H), 2,50 (s, 3H). MS(ES+) m/e 476,9 [M+H]".

Vidu 58
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Piéu ché 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-4-(1H-tetrazol-5-yl)-

1H-benzimidazol

Hai lo dung trong 10 vi séng dung tich 5ml dugc bd sung 2-metyl-6-(4-
morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-cacbonitril, ~dugc didu
ché nhu duoc mé ta trong Vi du 24 (80mg, 0,209mmol), natri azit (109mg,
1,673mmol) va amoni clorua (90mg, 1,673mmol) va N,N-dimetylformamit (DMF)
(2ml). Hon hop phan tng nay dugc dem di chiéu xa vi séng (MW: microwave)
trong 15 phut & 180°C, sau d6 80 phut & 185°C. Phép phéan tich LC-MS chi cho
thdy d chuyén hoa bing 30%; tuy nhién, gia nhiét trong khoang thoi gian dai hon
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lai gdy phan htyy san pham. Hai hn hop phan tmg duoc thu gom. Hon hgp thu gom
dugc bd sung nude (10ml) va chiét bang DCM (30ml x 4). Pha hitu co thu gom
duge rira bang dung dich NH,CI bio hoa, 1am khd, va c6. Hon hop phan tmg dugc
tinh ché trén cot silic oxit (20~60% EtOAc/Hexan) va sau d6 (1~5%MeOH/DCM)
dé tao ra san phidm (24mg, 13%),1H NMR (400MHz, DMSO-ds) & ppm 2,53 (s,
3H) 3,08 - 3,15 (m, 4H) 3,68 - 3,75 (m, 4H) 6,10 (s, 2H) 6,40 (d, /=7,33Hz, 1H)
7,26 - 7,39 (m, 2H) 7,56 - 7,74 (m, 3H) 7,88 (d, J/=8,34Hz, 1H) 8,03 (d, J=8,08Hz,
1H) 8,26 (d, 1 H). MS(ES+) m/e 426,0 [M+H]".

Vidu 59
HO_ O
N
\>—Me
NN
o
Me
Cl

Diéu ché axit 1-[(3-clo-2-metylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic

Dung dich chia metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-
carboxylat, duogc diéu ché nhu dugc mo ta trong Vi du 26, budc d (0,2g,
0,726mmol) trong N,N-dimetylformamit (DMF) (10ml) duoc bd sung 1-
(bromometyl)-3-clo-2-metylbenzen (0,239g, 1,090mmol) va kali cacbonat (0,301g,
2,179mmol). H3n hop phan tng tao ra duoc khudy trong 3 gio & 80°C. Dung dich
ndy duoc lam ngudi dén nhiét do trong phong va rét vao nudc va chiét bing
EtOAc. Pha hitu co thu gom dugc rira bang nuée mubi va cb. B dugc tinh ché trén
hé tinh ché Biotage Isolera c6 str dung cot Biotage chira 10g SNAP silicagel va rira
giai bang gradien DCM dén 5% MeOH/DCM trén 10 thé tich cot. Hop chit mong
muébn duoc thu hdi va 1am bay hoi dé tao ra chét rin mau nau vang nhat. Chét ran
mau niu vang nhat ndy dugc hoa tan trong tetrahydrofuran (THF) (10,00ml), tiép
d6 bd sung dung dich lithi hydroxit 1M (10ml, 10mmol). Hon hgp phan mg nay
duge khudy & 50°C trong 2 gid. HOn hop phan tmg dugc 1dm ngudi dén nhiét do
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trong phong va dung mdi hitu co dugce loai bd trong chan khong. Dung dich nay
duoc pha lodng bang nudc (20ml) va axit héa bang dung dich HCI IN. Sau d6, hon
hop nay dugc loc va chét rdn mau vang duoc tinh ché bing pha dao c6 gradien
axetonitril (0,1%TFA) va nudc (0,1%TFA, thé tich) (25-55%) trong 10 phit. Cac
phan doan thich hop duge thu héi va 1am bay hoi dé tao ra san phidm mong mudn
(104,4mg, 0,253mmol, hiéu sult 34,9%). 'H NMR (400MHz, CLOROFORM-d) &
ppm 2,48 (s, 3H) 2,85 (s, 3H) 3,13 (d, J=4,04Hz, 4H) 3,78 - 3,90 (m, 4H) 5,58 (s,
2H) 6,37 (d, /=7,83Hz, 1H) 6,89 (d, J=1,52Hz, 1H) 7,04 (t, J=7,96Hz, 1H) 7,37 (d,
J=8,08Hz, 1H) 7,52 (d, 1H). MS(ES+) m/e 399,8 [M+H]".

Vi du 60

Me

Diéu ché axit 2-metyl-1-[(2-metylphenyl)metyl]-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic

Dung dich chira metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-
carboxylat, dugc diéu ché nhu duoc mé ta trong Vi du 26, buéc d (0,2g,
0,726mmol) trong N,N-dimetylformamit (DMF) (10ml) dugc bd sung 2-
metylbenzyl bromua (0,145ml, 1,090mmol) va kali cacbonat (0,301g, 2,179mmol).
Hdn hop phan tng tao ra dugc khudy trong 3 gid & 80°C. Dung dich nay duge lam
ngudi dén nhiét do trong phong va rét vao nude va chiét bang EtOAc. Pha hitu co
thu gom dugc rira bang nudc mudi va cd. Bi dugc tinh ché trén hé tinh ché Biotage
Isolera c6 sir dung cot Biotage 10g SNAP silicagel va rira giai bing gradien DCM
dén 5% MeOH/DCM trén 10 thé tich cot. Hop chit mong mubn dugc thu héi va
1am bay hoi dé tao ra chét rin mau niu vang nhat. Chét rdn mau nau vang nhat nay
duoc hoa tan trong tetrahydrofuran (THF) (10,00ml), tiép d6 bd sung dung dich
lithi hydroxit 1M (10ml, 10mmol). Hon hgp phan ting nay dugc khudy & 50°C
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trong 2 gid. HAn hop phan tng duoc 1dm ngudi dén nhiét d6 trong phong va dung
mdi hitu co duge loai bd trong chan khéng. Dung dich ndy duoc pha lofing bang
nuée (20ml) va axit hoa bang dung dich HC1 1N. Sau d6, hdn hop nay duoc loc va
chit rin mau xdm duogc tinh ché bang HPLC pha dao c6 gradien axetonitril
(0,1%TFA) va nudc (0,1%TFA, thé tich) (10-40%) trong 10 phut. Cac phan doan
thich hop duoc thu hdi va 13m bay hoi dé tao ra san pham mong mudn (152,6mg,
0,418mmol, hiéu suét 57,5%). '"H NMR (400MHz, CLOROFORM-d) & ppm 2,45
(s, 3H) 2,87 (s, 3H) 3,00 (br. s., 4H) 3,72 - 3,81 (m, 4H) 5,53 (s, 2H) 6,60 (d,
J=7,58Hz, 1H) 6,78 (d, /=1,26Hz, 1H) 7,14 (t, 1H) 7,23 - 7,33 (m, 3H). MS(ES+)
m/e 365,8 [M+H]".

Vidu61

Eto.__O

:\>—Me
&

Me

CF,

Diéu ché etyl 2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-
morpholinyl)-1H-benzimidazol-4-carboxylat

H&n hop bao gém axit 2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-
(4-morpholinyl)-1H-benzimidazol-4-carboxylic, dugc didu ché nhu dugc mo ta
trong Vi du 31 (0,25g, 0,577mmol) trong diclometan (DCM) (20ml) dugc bd sung
oxalyl clorua (0,202ml, 2,307mmol), tiép d6 13 mudi giot DMF. Hon hop phan tng
nay dugc khudy & nhiét do trong phong trong 10 phut va c¢b dé tao ra clorua axit.
Clorua axit thd dugc bd sung etanol (20,00ml). H6n hop phan tng nay dugc khudy
& nhiét do trong phong trong 10 phut. Hn hop phan tng duoc cb. San pham thd
duogc tinh ché trén cot silic oxit (0~10% MeOH/DCM). C4c phan doan dugc co va
DCM (50ml) dugc thém vio. Pha hitu co duge rira bang dung dich NaHCOj; bo

hoa (20ml), nude mudi (20ml), 1am kho (MgSO,) va co dé tao ra san phim dudi
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dang chit rén mau tring (0,18g, 64%). 'H NMR (400MHz, DMSO-dg) & ppm 1,38
(t, J=7,07Hz, 3H) 2,56 (s, 3 H) 2,59 (s, 3H) 3,10 - 3,18 (m, 4H) 3,70 - 3,78 (m, 4H)
4,45 (q, J=7,07Hz, 2H) 5,71 (s, 2H) 6,49 (d, J/=7,58Hz, 1H) 7,26 (t, /=7,96Hz, 1H)
743 (d, /=2,02Hz, 1H) 7,55 (d, J=1,52Hz, 1H) 7,64 (d, 1H). MS(ES+) m/e
462,2[M+H]".

Vi du 62
Br
N
\>—Me
N
O

Diéu ché 4-bromo-2-metyl-6-(4-morpholinyl)-1H-benzimidazol
a) 6-bromo-2-metyl-4-nitro-1-(phenylmetyl)-1H-benzimidazol

NO,

N
\>—Me
N

Br

Hdn hop bao gém 6-bromo-2-metyl-4-nitro-1H-benzo[d]imidazol, dugc didu
ché nhu dugc mé ta trong Vi du 1 (22g), (bromometyl)benzen (15g) va K,COs;
(35g) trong DMF (250ml) dugc khudy & 60°C trong 2 gid. Hon hop phan ting nay
duoc lam ngudi dén nhiét do trong phong va loc. Sau do, phén loc duoc rét vao
nude. Sau d6, hén hop duogc loc dé tao ra chét rén va chit rin nay duoc ria bing
nuée va sau d6 lam kho trong chan khong dé tao ra san phim mong muén (28g,
93%). 'H NMR (300MHz, DMSO-ds): & ppm 2,60 (s, 3H), 5,62 (s, 2H), 7,12-7,15
(m, 2H), 7,29-7,39 (m, 3H), 8,12 (d, 1H, J = 1,8Hz), 8,32 (d, 1H, J = 1,8Hz); LC-
MS: m/e =346 [M+1]+.

b) 2-metyl-6-(4-morpholinyl)-4-nitro-1-(phenylmetyl)-1H-benzimidazol
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Hon hop bao gdm  6-bromo-2-metyl-4-nitro-1-(phenylmetyl)-1H-
benzimidazol (28g), morpholin (21g), Pd(dba), (4,6g), Cs,CO5 (52,8g) va X-Phos
(3,9g) trong dioxan (250ml) dugc loai khi bing nito va sau d6 khudy & 82°C trong
4 git. Hon hop nay duoc 1am ngudi dén nhiét d6 trong phong va dung méi dugce
loai bd trong chan khong. Sau d6, bd dugc tinh ché bang phuong phép sic ky
silicagel, rira giai bing EtOAc : ete ddu mé =1 : 1 d tao ra san phdm mong muén
dudi dang chit rin mau vang (17g, 60%). 'H NMR (300MHz, DMSO-de): & ppm
2,51 (s, 3H), 3,17 (t, 4H, J = 4,8Hz). 3,76 (t, 4H, J = 4,8Hz), 5,55 (s, 2H), 7,10-7,13
(m, 2H), 7,28-7,37 (m, 3H), 7,57-7,61 (m, 2H); LC-MS: m/e = 353 [M+1]+.

b) 2-metyl-6-(4-morpholinyl)-1-(phenylmetyl)-1H-benzimidazol-4-amin

NH

/@:N\>—Me
I

0.

Dung dich chtra 2-metyl-6-(4-morpholinyl)-4-nitro-1-(phenylmetyl)-1H-
benzimidazol (17g) trong EtOH (300ml) duoc bb sung Pd/C (8,7g) va hdn hop niy
duoc khudy & 60°C trong 50 gid trong khi quyén H, (4atm). H5n hop nay dugc 1am
ngudi dén nhiét d6 trong phong va loc; phan loc dugc cb trong chan khong. Ba
duoc tinh ché bang phuong phap séc ky silicagel, rira giai bang EtOAc dé tao ra san
phdm mong muén dudi dang chét rin mau tring (7,4g, 66%). 'H NMR (300MHz,
DMSO-dg): & ppm 2,37 (s, 3H), 2,96 (t, 4H, J = 4,8Hz), 3,72 (t, 4H, J = 4,8Hz),
4,94 (br s, 2H), 6,04-6,11 (m, 2H), 11,57 (br s, 1H); LC-MS: m/e = 233 [M+1]+.

¢) 4-bromo-2-metyl-6-(4-morpholinyl)- 1H-benzimidazol
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Dung dich chura 2-metyl-6-(4-morpholinyl)-1-(phenylmetyl)-1H-
benzimidazol-4-amin (2,3g, 10mmol) trong dung dich HBr trong nudéc (50ml) dugce
bd sung dung dich bao gébm NaNO, (720mg, 10,5mmol) trong nuéc (10ml) theo
kidu nhé giot & 0-5°C. Sau khi thém, hdn hop nay duoc khudy & 0°C trong 5 phit,
mét luong dung dich NaBr nita (3,1g, 30mmol) trong dung dich HBr trong nuéc
(50ml) duoc bd sung theo kiéu nhoé giot & 60°C. Sau d6, hdn hop tao ra dugc gia
nhiét dén 80°C trong 30 phut va sau d6 1am ngudi dén nhiét d§ trong phong. Hon
hop nay dugc trung hoa bang dung dich NaOH 2N trong nudéc va chiét bing EtOAc
(100ml x 3). L6p hitu co thu gom dugce c6 trong chan khéng va ba dugc tinh ché
bing phuong phép sic ky silicagel, rira gidi bing ete ddu mo : EtOAc =1 : 1 dé tao
ra san phdm mong mudn (1,7g, 58%) dudi dang cht rdn mau tring. '"H NMR
(300MHz, DMSO-dg): 8 ppm 2,44 (s, 3H), 3,07 (t, 4H, J = 4,8Hz), 3,74 (t, 4H, J =
4,8Hz), 6,85 (d, 1H, J=1,8Hz), 7,04 (d, 1H, J = 1,8Hz), 12,20 (br s, IH); LC-MS:
m/e =296 [M+1]+.

Vidu 63

Br

s

Me
CF,

Diéu ché 4-bromo-2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-
morpholinyl)-1H-benzimidazol

Huyén phu chtra 4-bromo-2-metyl-6-(4-morpholinyl)-1H-benzimidazol,
duoc didu ché nhu dugc mé ta trong Vi du 62 (500mg, 1,688mmol) va kali
cacbonat (700mg, 5,06mmol) trong N,N-dimetylformamit (DMF) (6ml) duoc
khudy & nhiét do6 trong phong trong 15 phut. 1-(bromometyl)-2-metyl-3-
(triflometyl)benzen (641mg, 2,53mmol) dugc thém vao va hén hop phan Umg tao ra
duoc khudy trong 3 gio' & 80°C. Sau d6, hdn hgp nay dugc lam ngudi dén nhiét do

trong phong va rot vao nude da/nude. Chét két tia duge thu hdi bang cich loc, rira
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bang nude, sau d6 14 vai ml hexan va 1am kho trong khong khi. Chat thd duge tinh
ché trén cot silicagel (ISCO, 0-80% EtOAc trong hexan) thanh san phdm mong
mubn (565mg, 1,182mmol, hiéu suét 70,0%). '"H NMR (400MHz, CLOROFORM-
d) & ppm 7,59 (d, /=7,83Hz, 1H), 7,16 (d, /=2,02Hz, 1H), 7,10 - 7,15 (m, 1H), 6,46
- 6,52 (m, 2H), 5,25 (s, 2H), 3,75 - 3,89 (m, 4H), 3,05 - 3,14 (m, 4H), 2,55 (s, 3H),
2,51 (s, 3H). MS(ES+) m/e 468,9 [M+H]".

Vi du 64

/_\
O__N

Me
CF,

Diéu ché 2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-4-
(1,3-oxazol-2-yl)-1H-benzimidazol

Hdn hop bao gém 4-bromo-2-metyl-1-{[2-metyl-3-
(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-1H-benzimidazol (150mg,
0,320mmol), dugc didu ché nhu duoc mo ta trong Vi du 63, 2-(tributylstannanyl)-
1,3-oxazol (195mg, 0,545mmol) va Pd(Ph;P),Cl, (11,27mg, 0,016mmol) trong
tetrahydrofuran (THF) (5ml) duoc khudy & nhiét d6 hdi luu trong 19 gid. Qua trinh
chuyén héa thanh san phdm mong mudn duoc theo d5i bang phép phan tich
LC/MS, nhung phan 16n hdn hop nay van 12 chét ban dau. Hon hop phan tmg niy
duoc chuyén vao lo ding trong 10 vi séng va chiéu xa trong thiét bi phan tng vi
séng & 120°C trong 90 phut. Hon hop phan ting nay ‘duqc pha lodng bang EtOAc va
CHCl;, rira bﬁmg dung dich NH4Cl bédo hoa trong nudc, nude mubi, lam khé béng
Na,SO, va dung mdi duge 1am bay hoi dudi 4p suit giam. B dugc tinh ché trén
cot silicagel (ISCO, 0-70% EtOAc trong hexan - khong phat hién thay dinh san
phdm- sau d6 sir dung 0-10% MeOH trong CH,Cl,) d tao ra san phdm mong mudn
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(94,8mg, 0,204mmol, hiéu sut 63,5%) dudi dang bot mau vang. 'H NMR
(400MHz, CLOROFORM-d) & ppm 7,87 (s, 1H), 7,71 (d, J=2,27Hz, 1H), 7,58 (d,
J=1,83Hz, 1H), 7,37 (s, 1H), 7,11 (t, J=7,83Hz, 1H), 6,66 (d, /=2,27Hz, 1H), 6,47
(d, /=7,83Hz, 1H), 5,31 (s, 2 H), 3,81 - 3,92 (m, 4H), 3,11 - 3,24 (m, 4H), 2,58 (s,
3H), 2,56 (s, 3H). MS(ES+) m/e 457,1 [M+H]"

Viduy 65

CO,Me

N\>—C|

Piéu ché metyl 2-clo-5-(4-morpholinyl)-1H-benzimidazol-7-carboxylat
a) Metyl 6-(4-morpholinyl)-2-ox0-2,3-dihydro-1H-benzimidazol-4-carboxylat

CO,Me
H
N

>=0

Dung dich chira metyl 2,3-diamino-5-(4-morpholinyl)benzoat, dugc diéu ché
nhu dugc mod ta trong Vi du 45, bude a (11,0g, 4,0mmol), trong DMF (50ml) dugc
bd sung ure (720mg, 12mmol) va hdn hgp nay dugc gia nhiét dén 170°C trong 4
gid. Khi phan tich bang phép phan tich TLC cho biét khong con chit ban dau, hon
hop nay duogc lam ngudi dén nhiét d6 trong phong, sau d6 lam lodng bang DCM
(200ml), rtra bing nuée (50mlx2) va lam kho bang Na,SO, khan, loc va cd trong
chan khong. Sau d6, ba dugc tinh ché bing phuong phép sic ky trén silic oxit (rira
giai bang EtOAc) dé tao ra san phdm mong mudn dudi dang chit rin mau vang
sam (690mg, 62%). 'H NMR (300MHz, DMSO-de): § ppm 3,02 (t, 4H, J = 4,8Hz),
3,74 (t, 4H, J = 4,8Hz), 3,86 (s, 3H), 6,82 (d, 1H, J = 2,1Hz), 6,99 (d, 1H, J =
2,1Hz), 10,48 (s, 1H), 10,82 (s, 1H). LC-MS: m/e = 278 [M+1]+.

b) Metyl 2-clo-5-(4-morpholinyl)-1H-benzimidazol-7-carboxylat
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Dung dich chira cac mé thu gom chtra metyl 6-(4-morpholinyl)-2-ox0-2,3-
dihydro-1H-benzimidazol-4-carboxylat (6,8g, 24,5mmol) trong POCl; (25ml) dugc
bd sung N,N-dimetylanilin (8,8g, 73,5mmol) va hdn hop nay dugc gia nhiét dén
103°C trong 12 gid. Khi phép phan tich TLC cho biét khong con chét ban dau, hdn
hop ndy dugc lam ngudi dén nhiét d6 trong phong, tinh ché bang phuong phap séc
ky (rira giai bing ete ddu mo/EtOAc = 1/1) trén silic oxit dé tao ra san phim mong
muén dudi dang chit rin mau tring nho (1,6g, 23 %). 'H NMR (300MHz, DMSO-
d¢): 8 ppm 3,11 (t, 4H, J = 4,5Hz), 3,77 (t, 4H, J = 4,5Hz), 3,93 (s, 3H), 7,43 (d,
1H, J=1,8Hz), 7,50 (d, 1H, J=1,8Hz), 12,97 (s, 1H). LC-MS: m/e = 296 [M+1]+.

Vidu 66

CO,Me
N

~ N\>—C|
N

Me
CF

3

Diéu ché metyl 2-clo-1-{[2-metyl-3-(triflometyl)phenyl]Jmetyl}-6-(4-morpholinyl)-

1H-benzimidazol-4-carboxylat

HOon hop chita metyl 2-clo-5-(4-morpholinyl)-1H-benzimidazol-7-
carboxylat, duge diéu ché nhu duge mé ta trong Vi dy 65 (0,5g, 1,691 mmol) trong
N,N-dimetylformamit (DMF) (10ml) duoc bd sung kali cacbonat (0,467g,
3,38mmol) va 1-(bromometyl)-2-metyl-3-(triflometyl)benzen (0,428g, 1,691mmol).
Hon hop phan tng nay dugc khudy & 80°C trong 1 gid. Hén hop phan tng dugc
lam ngudi. Nudce (100ml) duge thém vao. Chét rén két tta. Loc dé thu chit ran,
chét rdn nay duoc tinh ché trén cdt silic oxit (20~60% EtOAc/Hexan) dé tao ra san
phdm duéi dang chét rén mau tréng (0,66g, 83%). "H NMR (400MHz, DMSO-dg) §
ppm 2,54 (s, 3H) 3,07 - 3,16 (m, 4H) 3,68 - 3,78 (m, 4H) 3,91 (s, 3H) 5,63 (s, 2H)
6,41 (d, J=7,83Hz, 1H) 7,28 (t, /<7,83Hz, 1H) 7,39 (d, J/=2,27Hz, 1H) 7,50 (d,
J=2,53Hz, 1H) 7,63 (d, 1H). MS(ES+) m/e 468,0 [M+H]".

Vidu 67
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COZH

\>—C|

Diéu ché axit 2-clo-1-{[2-metyl-3-(triflometyl)phenylmetyl}-6-(4-morpholinyl)-

1H-benzimidazol-4-carboxylic

Hdn hop bao gdm metyl 2-clo-1-{[2-metyl-3-(triflometyl)phenyljmetyl}-6-
(4-morpholinyl)-1H-benzimidazol-4-carboxylat, dugc didu ché nhu dugc mo ta
trong Vi du 66 (0,6g, 1,282mmol), trong tetrahydrofuran (THF) (10ml) duoc bd
sung dung dich lithi hydroxit 2N (6,41ml, 12,82mmol). Hon hop phan tmg nay
duoc khudy & 50°C trong 70 phit. Hén hop phéan tng dugc lam ngudi. Dung moi
hitu co dugc loai bo trong chan khong. Hon hop trong nude duge axit hoa béang
cach str dung dung dich HCI IN. Chét rin két tha. Loc va rira bing nudc tao ra san
phim duéi dang chét rin mau tring (0,55g, 90%). "H NMR (400MHz, DMSO-dg) d
ppm 2,54 (s, 3H) 3,05 - 3,16 (m, 4H) 3,67 - 3,78 (m, 4H) 5,63 (s, 2H) 6,43 (d,
J=1,83Hz, 1H) 7,28 (t, /=7,83Hz, 1H) 7,36 (d, J/=2,27Hz, 1H) 7,49 (d, J=2,53Hz,
1H) 7,63 (d, J/=8,08Hz, 1H) 12,90 (s, IH). MS(ES+) m/e 453,9 [M+H]".

Vidu 68

Diéu ché metyl 2-(diflometyl)-5-(4-morpholinyl)-1H-benzimidazol-7-carboxylat
a) Metyl 2,3-diamino-5-morpholinobenzoat

CO,Me
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Hdn hop bao gdm hop chét trung gian metyl 3-amino-5-(4-morpholinyl)-2-
nitrobenzoat, dugc diéu ché nhu dugc mé ta trong Vi du 26, budc ¢ (98¢, 0,35 mol)
trong MeOH (2,2 lit) dugc bd sung Pd/C (9,8g, 10%) va sau dé hén hop tao ra
duoc khudy & nhiét d6 trong phong trong khi quyén H, (4atm). Sau khi khudy tron
trong 16 gio, hdn hop nay duoc loc va cb trong chan khong dé tao ra san pham tho
(84,4g, 96%) dudi dang chit rdn sim mau. 'H NMR (300MHz, DMSO-dg): § ppm
2,85 (t, 4H, J = 4,8Hz), 3,70 (t, 4H, J=4,8Hz), 3,76 (s, 3H), 4,77 (br. S, 2H), 5,86
(br. S, 2H), 6,54 (d, 1H, J = 2,7Hz), 6,61 (d, 1H, J = 2,7Hz); LC-MS: m/e = 252
[M+1]+.

b) Metyl 2-(diflometyl)-5-(4-morpholinyl)-1H-benzimidazol-7-carboxylat

Hbn hop bao gdm axit metyl 2,3-diamino-5-morpholinobenzoat (40,16g,
160mmol) va 2,2-difloaxetic (46,08g, 480mmol) trong toluen (500ml) dugc khudy
& nhiét do hdi luu trong 15 gid. Sau do, hdn hop nay dugce 1am ngudi dén nhiét d6
trong phong va dung méi dugc loai bo trong chan khong. Ba dugc tinh ché bing
phuong phép sic ky silicagel, rira giai bing ete ddu mo : EtOAc =2 : 1 dé tao ra
san phdm mong mubn. Sau d6, hdn hop nay dugc hoa tan EtOAc (2 lit) va rira bing
dung dich NaHCO; trong nudce (1 1it) va nudc mudi (1 1it). Lép hitu co duge lam
kho bing Na,SO, khan va cd dé tao ra san phim mong mudn (40,9g, 82%) dudi
dang cht rén mau vang. "H NMR cho biét hop chit ndy & dang hdn hop tautome
(tautome chinh/tautome phy = 5/1) "H NMR ctia tautome chinh (300MHz, DMSO-
d¢): 6 ppm 3,14 (t, 4H, J = 4,8Hz), 3,78 (t, 4H, J = 4,8Hz), 3,96 (s, 3H), 7,21 (t,
1H, J = 52,8Hz), 7,55 (d, 1H, J = 2,4Hz), 7,65 (d, 1H, J = 2,4Hz), 12,92 (s, 1H);
LC-MS: m/e =312 [M+1]+.

Vidu 69

A
>~
O
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Diéu ché axit 2-(diflometyl)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-

benzimidazol-4-carboxylic

a) Metyl 2-(diflometyl)-6-morpholino-1-(naphtalen-1-ylmetyl)-1H-

benzo[d]imidazol-4-carboxylat

Co,Me

b
5

Hn hop bao gdm metyl 2-(diflometyl)-5-(4-morpholinyl)-1H-benzimidazol-

9

7-carboxylat, duoc didu ché nhu duge mé ta trong Vi du 68 (500mg, 1,6mmol),
K,CO; (442mg, 3,2mmol) va 1-(bromometyl)naphtalen (426mg, 1,9mmol) trong
DMF (15ml) dugc khudy & 70° C trong 18 gio. Hon hop phan tmg nay duge lam
ngudi dén nhiét do trong phong va loc. Chét long duoc rét vao nude (100ml) va
loc, banh loc duge thu hdi va tinh ché bing phuong phép sic ky silicagel, ria giai
bing ete dau mé : EtOAc =1 : 1 dé tao ra san phAm mong mudn (710mg, 98%)
duéi dang chét rén mau vang. "H NMR (300MHz, DMSO-dg,): & ppm 3,08 (t, 4H, J
= 4,5Hz), 3,68 (t, 4H, J = 4,5Hz), 3,94 (s 3H), 6,21 (s, 2H), 6,27 (d, 1H, J =6,9Hz),
7,21-7,38 (m, 3H), 7,56-7,69 (m, 3H), 7,84 (d, 1H, J = 8,4Hz), 8,00 (d, 1H, J =
8,4Hz), 8,24 (d, 1H, J = 8,7Hz); LC-MS: m/e = 452 [M+1]+.

b) Axit 2-(diflometyl)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-

4-carboxylic

Hon hop bao gdm metyl 2-(diflometyl)-6-morpholino-1-(naphtalen-1-
ylmetyl)-1H-benzo[d]imidazol-4-carboxylat (700mg, 1,55mmol) va dung dich
LiOH 2N (5ml) trong THF (10ml) dugc khudy & 45°C trong 4 gio. Hon hop nay
duoc loc, banh loc dugc hoa tan trong nudce (10ml) va axit formic duogc b6 sung dé
didu chinh d6 pH = 3 - 4. Sau d6, thuc hién qua trinh loc va banh loc dugc thu hdi,
lam khé trong chan khéng dé tao ra san phim (450mg, 66%) dudi dang chét ran
mau tréng. 'H NMR (300MHz, DMSO-dg,): 8 ppm 3,07 (s, 4H), 3,68 (s, 4H, s),
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6,20 (s, 2H), 6,30 (d, 1H, J = 7,2Hz), 7,20-7,72 (m, 6H), 7,85 (d, 1H, J = 8,1Hz),
8,01 (d, 1H, J=7,8Hz), 8,24 (d, 1H, J=7,5Hz); LC-MS: m/e = 438 [M+1]+.

Vidu 70

Diéu ché axit 2-(diflometyl)-1-{[2-metyl-3-(triflometyl)phenylJmetyl}-6-(4-
morpholinyl)-1H-benzimidazol-4-carboxylic

a) Metyl 2-(diflometyl)-1-(2-metyl-3-(triflometyl)benzyl)-6-morpholino-1H-

benzo[d]imidazol-4-carboxylat

CO,Me

Me
CF,

Han hop bao gdm metyl 2-(diflometyl)-5-(4-morpholinyl)-1H-benzimidazol-
7-carboxylat, duoc didu ché nhu dugc md ta trong Vi dy 68 (500mg, 1,6mmol),
K,CO; (442mg, 3,2mmol) va 1-(bromometyl)-2-metyl-3-(triflometyl)benzen
(480mg, 1,9mmol) trong DMF (15ml) dugc khudy & 70°C trong 18 gid. Hon hop
phéan tmg nay duoc 1am ngudi dén nhiét d6 trong phong va loc. Phan loc duoc rét
vao nuée (100ml) va loc, banh loc duoc thu hdi va tinh ché bang phuong phap sac
ky silicagel, rira giai bang ete ddu mé : EtOAc =1 : 1 dé tao ra san pham mong
mudn (710mg, 98%) dudi dang chit rin mau vang. "H NMR (300MHz, DMSO-de):
& ppm 2,53 (s, 3H), 3,14 (t, 4H, J = 4,5Hz), 3,73 (t, 4H, J = 4,5Hz), 3,93 (s, 3H),
5,75 (s, 2H), 6,27 (d, 1H, J = 7,8Hz), 7,22 (t, 1H, J = 7,8Hz), 7,30 (d, 1H, J =
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2,1Hz), 7,36 (t, 1H, J= 51,6Hz), 7,58-7,61 (m, 2H); LC-MS: m/e = 484 [M+1]+.

b) Axit 2-(diflometyl)-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-
morpholinyl)-1H-benzimidazol-4-carboxylic

Hdn hop bao gdm metyl 2-(diflometyl)-1-(2-metyl-3-(triflometyl)benzyl)-6-
morpholino-1H-benzo[d]imidazol-4-carboxylat (700mg, 1,45mmol) va dung dich
LiOH 2N (5ml) trong THF (10ml) dugc khudy & 45°C trong 4 gid. Hon hop nay
duoc loc, banh loc duoc hoa tan trong nude (10ml) va axit formic dugc bd sung dé
diéu chinh d6 pH = 3 - 4. Sau d6, thuc hién qua trinh lgc va banh loc dugc 1am kho
trong chan khéng d tao ra san phidm mong mudn (400mg, 59%) duéi dang chét rén
mau tréng. "H NMR (300MHz, DMSO-dg): 8 ppm 2,53 (s, 3H), 3,13 (s, 4H), 3,73
(s, 4H), 5,75 (s, 2H), 6,29 (d, 1H, J = 7,5Hz), 7,19-7,61 (m, 5H), 12,97 (br s, 1H);
LC-MS: m/e =470 [M+1]+.

Vidu71

CO,H

N F

>—
(\N N F
o
o]

Cl

Didu ché axit 1-[(2,3-diclophenyl)metyl]-2-(diflomety1)-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic

a) Metyl 1-(2,3-diclobenzyl)-2-(diflometyl)-6-morpholino-1H-benzo[d]imidazol-4-

carboxylat
CO,Me
N F
>—
(\ N N F
o)
Cl
Cl
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Hon hop bao gdm metyl 2-(diflometyl)-5-(4-morpholinyl)-1H-benzimidazol-
7-carboxylat, dugc didu ché nhu duge mé ta trong Vi du 68 (1000mg, 3,2mmol),
K,COj3; (884mg, 6,4mmol) va 1-(bromometyl)-2,3-diclobenzen (926mg, 3,8mmol)
trong DMF (30ml) dugc khudy & 70°C trong 18 gid. Hon hgp phan tmg nay dugc
lam ngudi dén nhiét d6 trong phong va loc. Phan loc duge rét vao nude (100ml)
va loc, banh loc dugce thu hdi va tinh ché bing phwong phap sic ky silicagel, ria
giai bing ete dau moé : EtOAc =1 : 1 dé tao ra san phdm mong mudn (1,4g, 93%)
dudi dang chét rin mau vang. '"H NMR (300MHz, DMSO-dg): § ppm 3,16(s, 4H),
3,74 (s, 4H), 3,92 (s, 3H), 5,77 (s, 2H), 6,21 (d, 1H, J = 7,5Hz), 7,20-7,58 (m, SH);
LC-MS: m/e =470 [M+1]+.

b) Axit 1-[(2,3-diclophenyl)metyl]-2-(diflometyl)-6-(4-morpholinyl)-1H-
benzimidazol-4-carboxylic

Hbn hop bao gébm metyl 1-(2,3-diclobenzyl)-2-(diflometyl)-6-morpholino-
1H-benzo[d]imidazol-4-carboxylat (1350mg, 2,88mmol) va dung dich LiOH 2N
(10ml) trong THF (20ml) dugc khudy & 45°C trong 4 gid. Hon hgp nay dugc loc,
banh loc duogc hoa tan trong nude (10ml) va axit formic dugc thém vao dé diéu
chinh d6 pH = 3- 4. Sau d6, thuc hién qua trinh loc va banh loc dugc lam kho trong
chéan khong dé tao ra san phim mong mudn (600mg, 46%) dudi dang chét rin mau
tréng. 'H NMR (300MHz, DMSO-dg): & ppm 3,15 (s, 4H), 3,73 (s, 4H), 5,76 (s,
2H), 6,22 (d, 1H, J = 7,5Hz), 7,20-7,60 (m, 5H), 12,98 (br s, 1H); LC-MS: m/e =
456 [M+1]+.

Vidu 72

Me
Cl

Diéu ché axit 1-[(3-clo-2-metylphenyl)metyl]-2-(diflometyl)-6-(4-morpholinyl)-

1H-benzimidazol-4-carboxylic
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a) Metyl 1-(2,3-diclobenzyl)-2-(diflometyl)-6-morpholino-1H-benzo[d]imidazol-4-

carboxylat

CO,Me

Me
Cl

Hbn hop bao gém metyl 2-(diflometyl)-5-(4-morpholinyl)-1H-benzimidazol-
7-carboxylat, duogc diéu ché nhu duoc mod ta trong Vi du 68 (1,18g, 3,8mmol),
K,CO; (2,48g, 7,6mmol) va 1-(bromometyl)-3-clo-2-metylbenzen (lg, 4,6mmol)
trong DMF (40ml) dugc khudy & 70°C trong 18 gid. Hon hop phéan tmg nay duoc
lam ngudi dén nhiét do trong phong va loc. Phan loc duge rét vao nude (100ml)
va loc, banh loc duge thu hdi va tinh ché bang phuong phap sac ky silicagel, rira
giai bang ete diu mo : BtOAc =1 : 1 dé tao ra san phAm mong mubn (1,18g, 69%)
dudi dang chét rin mau vang. '"H NMR (300MHz, DMSO-dg): 8 ppm 2,46 (s, 3H),
3,13 (t, 4H, J = 4,8Hz), 3,73 (t, 4H, J = 4,8Hz), 3,92 (s, 3H), 5,70 (s, 2H), 5,97 (d,
1H, J = 7,5Hz), 7,04 (t, 1H , J = 7,5Hz), 7,26 (d, 1H, J = 1,8Hz), 7,34 (t, 1H, J =
7,5Hz), 7,35 (t, 1H, J = 51,6Hz), 7,58 (d, 1H, J = 1,8Hz); LC-MS: m/e = 450
[M+1]+.

b) Axit 1-[(3-clo-2-metylphenyl)metyl]-2-(diflometyl)-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic

Dung dich chita metyl 1-(2,3-diclobenzyl)-2-(diflometyl)-6-morpholino-1H-
benzo[d]imidazol-4-carboxylat (1045mg, 2,3mmol) trong THF (40ml) duoc cho
vao dung dich LiOH 2N (20ml) va hdn hop nay duge khudy & 45°C trong 4 gid.
Hon hop nay duoc loc, banh loc duge cho vao nude (100ml) va axit formic duge
bb sung dé diéu chinh d6 pH = 3. Sau d6, thuc hién qu4 trinh loc, banh loc duge thu
hdi va rira bang nude (200ml), 1am kho trong chin khong dé tao ra san phdm mong
muén (800mg, 80%) du6i dang chit rin mau vang. "H NMR (300MHz, DMSO-dg):
§ ppm 2,46 (s, 3H), 3,13 (t, 4H, J = 4,8Hz), 3,73 (t, 4H, J = 4,8Hz), 3,92 (s, 3H),
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5,70 (s, 2H), 6,00 (d, 1H, J = 7,5Hz), 7,04 (¢, 1H, J = 7,5Hz), 7,23 (d, 1H, J =
1,8Hz), 7,34 (t, 1H, J = 7,5Hz), 7,36 (t, 1H, J = 51,9Hz), 7,57 (d, 1H, J = 1,8Hz),
12,96 (br s, 1H); LC-MS: m/e = 436 [M+1]+.

Vidu73
O+~_OH

N

\>—Me

Didu ché axit 1-(1-benzothien-7-ylmetyl)-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic

Dung dich chia metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-
carboxylat, duoc diéu ché nhu duoc mé ta trong Vi du 26, budc d (0,2g,
0,726mmol) trong N,N-dimetylformamit (DMF) (10ml) dugc b6 sung 7-
(bromometyl)-1-benzothiophen (0,247g, 1,090mmol) va kali cacbonat (0,301g,
2,179mmol). Hon hop phan tmg tao ra dugc khudy trong 3 gi& & 80°C. Mdt lugng
7-(bromometyl)-1-benzothiophen nita (0,247g, 1,090mmol) dugc thém vao va hén
hop duoc khudy trong 3 gid' & 80°C. Dung dich nay duge 1am ngudi dén nhiét @6
trong phong va rét vao nudc va chiét baing EtOAc. Pha hitu co thu gom duge ria
bing nudc mubdi va cb. Bi duoc tinh ché trén hé tinh ché Biotage Isolera c6 sir
dung cot Biotage 10g SNAP silicagel va rira giai bang gradien DCM dn 5%
MeOH/DCM trén 10 thé tich cot. Hop chit mong mudbn duge thu hdi va 1am bay
hoi dé tao ra chit rin mau niu vang nhat. Chét rdn mau nau vang nhat ndy dugc
hoa tan trong tetrahydrofuran (THF) (10,00ml) tiép d6 bb sung dung dich lithi
hydroxit 1M (10ml, 10mmol). Phan ting duoc phéat hién la chua hoan thanh nén
dung dich nay dugc trung hoa bang dung dich HC1 1M va 1am bay hoi. Ba duoc
hoa tan trong 5ml metanol va xtr Iy bang dung dich NaOH 1N trong 2 gi¢ & 50°C,

viéc ndy 1am cho phan tmg hoan thanh. Hon hop phan tng dugc lam ngudi dén
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nhiét do trong phong va dung méi hitu co dugce loai boé trong chén khong. Dung
dich nay duoc pha lodng bing nu6c (20ml) va axit héa bang dung dich HCI IN.
Sau d6, hon hop nay duogc loc va chit rin mau vang duge tach ra. Lép nude duge
phat hién 1a chira mét luong dang ké san phdm va 1am bay hoi. Ca chit rdn va ba
duoc tinh ché bing phuong phép séc ky pha dao c6 gradien axetonitril (0,1%TFA)
va nuée (0,1%TFA, thé tich) (10-45%) trong 10 phut. Cac phan cat phan doan thich
hop dugc thu hdi va 1am bay hoi thanh san pham mong mubn (27,9mg, 0,068mmol,
hiéu suét 9,42%). 'H NMR (400MHz, DMSO-ds) 6 ppm 2,76 (s, 3 H) 3,14 - 3,21
(m, 4 H) 3,71 - 3,76 (m, 4 H) 6,01 (s, 2 H) 7,06 (d, /=7,07Hz, 1 H) 7,36 - 7,44 (m,
1 H) 7,56 - 7,62 (m, 2 H) 7,71 (d, /=2,27Hz, 1 H) 7,83 (d, J=5,31Hz, 1 H) 7,92 (d,
1 H). MS(ES+) m/e 408,1 [M+H]".

Vidu 74

O~_OH

Me

Me

Didu ché axit 1-[(2,3-dimetylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic

Dung dich chira metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-
carboxylat, dugc diéu ché nhu dugc md ta trong Vi du 26, budc d (0,2g,
0,726mmol) trong N,N-dimetylformamit (DMF) (10ml) dugc bd sung 2,3-
dimetylbenzyl bromua (0,289¢, 1,453mmol) va kali cacbonat (0,301g, 2,179mmol).
Hon hop phan tng tao ra dugc khudy trong 3 gid & 80°C. Dung dich nay dugc lam
ngudi dén nhiét d6 trong phong va rét vao nudce va chiét bang EtOAc. Pha hitu co
thu gom duge rira bang nudc mudi va c6. Ba dugc tinh ché trén hé tinh ché Biotage
Isolera c6 st dung cot Biotage 10g SNAP silicagel va rira giai bang gradien DCM
dén 5% MeOH/DCM trén 10 thé tich cot. Hop chit mong mudn dugc thu héi va
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1am bay hoi dé tao ra chat rin mau nau vang nhat. Chét rin mau nau vang nhat nay
duoc hoa tan trong tetrahydrofuran (THF) (10,00ml) tiép d6 b sung dung dich lithi
hydroxit 1M (10ml, 10mmol). Hén hgp phan tmg nay dugc khudy & 50°C trong 2
gid. HOn hop phan tmg duoc 1am ngudi dén nhiét d trong phong va dung méi hitu
co duoc loai b6 trong chian khéng. Dung dich ndy duoc pha loidng bang nudc
(20ml) va axit hoa bing dung dich HC1 IN. Sau d6, hdn hop ndy dugce loc va chat
rin mau xam dugce tinh ché bing HPLC pha d4o c6 gradien axetonitril (0,1%TFA)
va nude (0,1%TFA, thé tich) (20-50%) trong 10 phut. Céc phan cit phan doan thich
hop dugc thu héi va lam bay hoi dé tao ra san phim mong muébn (55,2mg,
0,145mmol, hiéu suit 20,02%). 'H NMR (400MHz, CLOROFORM-d) & ppm 2,31
(s, 3 H) 2,36 (s, 3 H) 2,85 (s, 3 H) 3,13 - 3,24 (m, 4 H) 3,80 - 3,96 (m, 4 H) 5,49 -
5,61 (m, 2 H) 6,29 - 6,38 (m, 1 H) 6,94 - 6,99 (m, 1 H) 7,00 - 7,07 (m, 1 H) 7,14 -
7,23 (m, 1 H) 7,72 (m, 1 H). MS(ES+) m/e 379,8 [M+H]".

Vidu 75

O~_OH

Me
F

Didu ché axit 1-[(3-flo-2-metylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic

Dung dich chita metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-
carboxylat, dugc diéu ché nhu dugc mé ta trong Vi du 26, budc d (0,2g,
0,726mmol) trong N,N-dimetylformamit (DMF) (10ml) dugc bd sung 1-
(bromometyl)-3-flo-2-metylbenzen (0,295g, 1,453mmol) va kali cacbonat (0,301g,
2,179mmol). Hdn hop phan tng tao ra duoc khudy trong 3 gi & 80°C. Dung dich
nay duoc 1am ngudi dén nhiét do trong phong va rét vao nude va chiét bang

EtOAc. Pha hitu co thu gom dugce rira bing nudc mudi va c6. Ba dugc tinh ché trén
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hé tinh ché Biotage Isolera c6 sir dung cot Biotage 10g SNAP silicagel va ria giai
bing gradien DCM dén 5% MeOH/DCM trén 10 thé tich cot. Hop chit mong mudn
duoc thu hdi va 1am bay hoi dé tao ra chét rin mau nau vang nhat. Chét rén mau
nau vang nhat nay dugc hoa tan trong tetrahydrofuran (THF) (10,00ml) tiép d6 bd
sung dung dich lithi hydroxit 1M (10ml, 10mmol). Hon hgp phan tng nay dugc
khudy & 50°C trong 2 gid. Hon hop phan tmg duge 1am ngudi dén nhiét d6 trong
phong va dung mdi hitu co duge loai bo trong chan khong. Dung dich nay dugc
pha loding bang nude (20ml) va axit hoa bang dung dich HCI IN. Sau d6, hén hop
nay dugc loc va chéit rdn mau xam dugc tinh ché bang HPLC pha ddo c6 gradien
axetonitril (0,1%TFA) va nuée (0,1%TFA, thé tich) (10-40%) trong 10 phut. Cac
phan c4t phan doan thich hop dugc thu hdi va lam bay hoi dé tao ra san phdm mong
mubn (62,7mg, 0,164mmol, hiéu sudt 22,51%). 'H NMR (400MHz,
CLOROFORM-d) & ppm 2,36 (s, 3 H) 2,87 (s, 3 H) 3,07 - 3,20 (m, 4 H) 3,81 - 3,92
(m, 4 H) 5,55 (s, 2 H) 6,29 - 6,38 (m, 1 H) 6,85 - 6,90 (m, 1 H) 7,03 - 7,17 (m, 2 H)
7,55 (m, 1 H). MS(ES+) m/e 383,8 [M+H]".

Vidu 76

Me
N
H—Me
N

Me

9

CF

3

Diéu ché 2,4-dimetyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-

1H-benzimidazol

Hbn hop bao gdm 4-bromo-2-metyl-1-{[2-metyl-3-
(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-1H-benzimidazol, dugc diéu ché nhu
duoc mo ta trong Vi du 62 (200mg, 0,427mmol), trimetylboroxin (0,239ml,
1,708mmol), Pd(Ph;P)4 (49,4mg, 0,043mmol) va kali cacbonat (118myg,
0,854mmol) trong 1,4-dioxan (2,5ml)/nude (0,25ml) duge chiéu xa & 120°C trong

thiét bi téng hop vi séng trong 40 phut, sau d6 lam ngudi va rét vao nudc. Hbn hop
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nay duoc chiét bing etyl axetat. Phan chiét dugc rira bang nuéc mubi, lam kho
(Na,SO,) va lam bay hoi dudi 4p sudt giam. B& duoc tinh ché bang RP-HPLC (25-
45% AcCN trong nudc, thém 0,1% TFA) dé tao ra hop chét can thiét (77mg,
0,181mmol, hiéu suét 42,5%) dudi dang chét rin mau tréng (chtra 3-5% hop chit 4-
H). '"H NMR (400MHz, CLOROFORM-d) § ppm 7,58 (d, J=8,08Hz, 1 H), 7,12 (,
J=7,83Hz, 1 H), 6,80 (d, /~=1,01Hz, 1 H), 6,51 (d, /=7,83Hz, 1 H), 6,40 (d,
J=1,77THz, 1 H), 5,26 (s, 2 H), 3,78 - 3,91 (m, 4 H), 3,01 - 3,15 (m, 4 H), 2,67 (s, 3
H), 2,56 (s, 3 H), 2,50 (s, 3 H). MS(ES+) m/e 404,1 [M+H]". (Luu y: Phan Gmg nay
duoc lap lai bang cach st dung PACly(dppf) lam chét xuc tac. Quan sat thiy qua
trinh khtr din ra khéng dang ké).

Vidu 77

O._OH

N
\>—Me

NN
O\) Me
Me

Cl

Diéu ché axit 1-[1-(3-clo-2-metylphenyl)etyl]-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic

Dung dich chira metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-
carboxylat, dugc diéu ché nhu dugc mé ta trong Vi du 26, budc d (0,2g,
0,726mmol) trong N,N-dimetylformamit (DMF) (10ml) duogc bd sung 1-(1-
bromoetyl)-3-clo-2-metylbenzen (0,339g, 1,453mmol) va kali cacbonat (0,301g,
2,179mmol). Hdn hop phéan tmg tao ra duogc khudy trong 3 gio & 80°C. Dung dich
nay duoc 1am ngudi dén nhiét do trong phong va rét vao nude va chiét bang
EtOAc. Pha hiru co thu gom dugc rira béng nude mudi va cd. Ba duge tinh ché trén
hé tinh ché Biotage Isolera c6 sir dung cot Biotage 10g SNAP silicagel va rira giai
bang gradien DCM dén 5% MeOH/DCM trén 10 thé tich cot. Hop chit mong mudn
duoc thu hdi va lam bay hoi dé tao ra chit rén mau niu vang nhat. Chét rin mau

nau vang nhat nay dugc hoa tan trong tetrahydrofuran (THF) (10,00ml) tiép d6 bod
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sung dung dich lithi hydroxit 1M (10ml, 10mmol). Hon hgp phén mg nay duoc
khudy & 50°C trong 2 git. Hon hop phan tng duge lam ngudi dén nhiét do trong
phong va dung mdi hitu co dugc loai bo trong chan khéng. Dung dich nay duogc
pha loding bing nudc (20ml) va axit héa bang dung dich HCI IN. Sau dé, hdn hop
ndy duoc loc va chit rin mau x4m dugc tinh ché bang HPLC pha dao c6 gradien
axetonitril (0,1%TFA) va nudc (0,1%TFA, thé tich) (20-50%) trong 10 phut. C4c
phin cét phan doan thich hgp dugc thu hdi va lam bay hoi dé tao ra san pham mong
muén (36,1mg, 0,087mmol, hiéu sudt 12,01%). "H NMR (400MHz, CLOROFORM-
d) & ppm 2,04 - 2,10 (m, 6 H) 2,88 (s, 3 H) 2,98 - 3,17 (m, 4 H) 3,87 (s, 4 H) 5,95 -
6,06 (m, 1 H) 6,70 - 6,77 (m, 1 H) 7,35 - 7,42 (m, 1 H) 7,51 - 7,57 (m, 1 H) 7,60 -
7,67 (m, 1 H) 7,71 - 7,77 (m, 1 H). MS(ES+) m/e 413,8 [M+H]".

Vidu78
/4\
S /N
N
\>—Me
NN
o
Me
CF,

Diéu ché 2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl} -6-(4-morpholinyl)-4-
(1,3-thiazol-2-yl1)-1H-benzimidazol

Hbn hop bao gdm 4-bromo-2-metyl-1-{[2-metyl-3-
(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-1H-benzimidazol, dugc diéu ché nhu
duoc md ta trong Vi du 62 (200mg, 0,427mmol), 2-thazolyl k&m bromua (1,708ml,
0,854mmol) va Pd(Ph;P), (49,4mg, 0,043mmol) trong tetrahydrofuran (THF)
(1,5ml) duoc chiéu xa trong thiét bi phan tmg vi séng & 110°C trong 2,5 gi¢. Hon
hop phan Gng nay dugc pha lodng bang EtOAc va CHCL, rira bang dung dich
NH,CI b&o hoa trong nudc, nude mudi, 1am kho béng Na,SO, va lam bay hoi dudi
ap suat giam. B4 dugce tinh ché trén silicagel (ISCO, 0-70% EtOAc trong hexan,
sau d6 0-10% MeOH trong CH,Cl,) dé tao ra san phdm mong mubn (127mg,
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0,255mmol, hiéu sudt 59,8%) dudi dang b6t mau vang. 'H NMR (400MHz,
CLOROFORM-d) & ppm 7,97 (d, J=3,28Hz, 1 H), 7,55 (d, /=3,54Hz, 1 H), 7,45
(d, /=7,83Hz, 1 H), 7,32 (d, /=2,02Hz, 1 H), 7,03 (t, J/=7,83Hz, 1 H), 6,74 (d,
J=1,77Hz, 1 H), 6,35 (d, J=7,83Hz, 1 H), 5,32 (s, 2 H), 3,60 - 3,76 (m, 4 H), 2,95 -
3,07 (m, 4 H), 2,60 (s, 3 H), 2,55 (s, 3 H). MS(ES+) m/e 473,1 [M+H]".

Vidu 79
o/
N
if—Me
(NI
o)
Me
CF

3

Diéu ché 4-(2-furanyl)-2-metyl-1-{[2-metyl-3-(triflometyl)phenylJmetyl}-6-(4-
morpholinyl)-1H-benzimidazol

Hén hop bao gbém 4-bromo-2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]
metyl}-6-(4-morpholinyl)-1H-benzimidazol, duogc didu ché nhu dugc md ta trong
Vi du 62 (200mg, 0,427mmol), axit 2-furanyl-boronic (71,7mg, 0,641mmol), san
phém cong PdCly(dppf)-CH,Cl, (34,9mg, 0,043mmol) va natri cacbonat (91mg,
0,854mmol) trong 1,2-dimetoxyetan (DME) (2,5ml) va nuéc (0,5ml) duoc chiéu xa
trong thiét bi phan tng vi séng trong 1 gid & 100°C. Hon hop nay duoc rét vao
nudce va chiét bing EtOAc. Pha hitu co duge ria bing nudc mubi, lam khd bang
Na,SO, va lam bay hoi. Bi dugc tinh ché biang RP-HPLC (Gilson, 25-65%
Axetonitril trong nudc, thém 0,1% TFA) dé tao ra san phAm mong mudn (48,5mg,
0,104mmol, hiéu suét 24,43%) dudi dang bdt mau trang (viéc tach tap chét 13 kho
khan, phin ddu cta dinh dugc loai b lam gidm hiéu sudt toan phan). 'H NMR
(400MHz, CLOROFORM-d) § ppm 7,51 - 7,63 (m, 3 H), 7,42 (d, J/=2,02Hz, 1 H),
7,12 (t, J=7,83Hz, 1 H), 6,60 (dd, /=3,28, 1,77Hz, 1 H), 6,51 (d, J=7,83Hz, 1 H),
6,49 (d, /=2,02Hz, 1 H), 5,28 (s, 2 H), 3,80 - 3,94 (m, 4 H), 3,12 - 3,22 (m, 4 H),
2,56 (s, 3 H), 2,53 (s, 3 H). MS(ES+) m/e 456,0 [M+H]".
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Vidu 80
I
0]
N
e
NN
(0]
Me
CF,

Diéu ché 2-metyl-4-[(metyloxy)metyl]-1-{[2-metyl-3-(triflometyl)phenyljmetyl } -
6-(4-morpholinyl)-1H-benzimidazol

Hon hop chta [2-metyl-1-{[2-metyl-3-(triflometyl)phenylmetyl}-6-(4-
morpholinyl)-1H-benzimidazol-4-ylJmetanol, dugc diéu ché nhu duoc mo ta trong
Vi du 43 (160mg, 0,381mmol), trong N,N-dimetylformamit (DMF) (15ml), natri
hydrua (30,5mg, 0,763mmol) dugc thém vao va tiép d6 bd sung metyl iodua (0,048ml,
0,763mmol). Hon hop phan tmg ndy duoc khudy & nhiét d6 trong phong trong 3
gi. Mot lugng natri hydrua nira (30,5mg, 0,763mmol) va metyl iodua (0,048ml,
0,763mmol) dugc thém vao. Hon hop phan ng nay dugc khudy & nhiét do trong
phong trong 2 gid nita, sau d6 nude (70ml) dugc thém vao. Hdn hop nay dugc chiét
bang EtOAc (100ml). Pha hitu co duge rira bang nude mudi (100ml), 1am kho
(MgSOy) va cb. Chét thd dugc tinh ché ISCO (0~2% MeOH/DCM) dé tao ra san
phim. "H NMR (400MHz, DMSO-dg) & ppm 2,36 (s, 3 H) 2,54 (s, 3 H) 3,00 - 3,07 (m,
4 H) 3,37 (s, 3 H) 3,68 - 3,75 (m, 4 H) 4,76 (s, 2 H) 5,52 (s, 2 H) 6,32 (d, /= 7,83
Hz, 1 H) 6,88 (m, 2 H) 7,25 (s, 1 H) 7,60 (d, 1 H). MS(ES+) m/e 434,4 [M+H]".

Vi du 81
(0]
/ S
N
S—Me
S
o/
Me
CF

3
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Diéu ché 4-(3-furanyl)-2-metyl-1-{[2-metyl-3-(triflometyl)phenylmetyl}-6-(4-
morpholinyl)-1H-benzimidazol

Hdn hop bao gdm 4-bromo-2-metyl-1-{[2-metyl-3-
(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-1H-benzimidazol, dugc diéu ché nhu
duoc mo ta trong Vi du 62 (200mg, 0,427mmol), axit 3-furanyl boronic (47,8mg,
0,427mmol), natri cacbonat (91mg, 0,854mmol) va san pham cdng PdCly(dppf)-
CH,CI, (34,9mg, 0,043mmol) trong 1,2-dimetoxyetan (DME) (2,5ml) va nuéc
(0,5ml) duoc chiéu xa trong thiét bi phan tmg vi séng trong 1 gid & 100°C. Hon hop
nay dugc rét vao nudce va chiét bang EtOAc. Pha hitu co dugc rira béng nudc mudi,
lam kho bang Na,SO4 va 1am bay hoi. Quan sat thdy chi chuyén héa mét phan
(khoang 50%) bang phép phan tich LC/MS. B4 dugc tinh ché bang RP-HPLC
(Gilson, 25-65% Axetonitril trong nuéc, thém 0,1% TFA) thanh san pham mong
mudn (28mg, 0,060mmol, hiéu suét 14,11%) duéi dang bot mau trang (kho tach tap
chét, phan dau dinh dugc loai bd 1am giam hiéu sut toan phan, ngoai viéc quan sat
thdy su chuyén héa mét phan). "H NMR (400MHz, CLOROFORM-d) & ppm 8,57
(s, 1 H), 7,58 (d, J=7,58Hz, 1 H), 7,55 (t, /<1,52Hz, 1 H), 7,09 - 7,15 (m, 2 H),
7,02 (d, J=1,26Hz, 1 H), 6,52 (d, J=7,83Hz, 1 H), 6,48 (d, J=2,02Hz, 1 H), 5,29 (s,
2 H), 3,80 - 3,97 (m, 4 H), 3,07 - 3,21 (m, 4 H), 2,57 (s, 3 H), 2,52 (s, 3 H).
MS(ES+) m/e 456,0 [M+H]"

Vidu 82

CO,H

Me
Diéu ché axit 2-metyl-1-{[2-metyl-5-(triflometyl)phenyl]metyl}-6-(4-
morpholinyl)-1H-benzimidazol-4-carboxylic
Dung dich chita metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-

carboxylat, dugc diéu ché nhu dugec md ta trong Vi du 26, busec d (0,3g,
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1,090mmol) trong N,N-dimetylformamit (DMF) (10ml) dugc bd sung 2-metyl-5-
(triflometyl)benzyl bromua (0,552g, 2,179mmol) va kali cacbonat (0,452g,
3,27mmol). Hdn hop phan tng tao ra dugc khudy trong 3 gid & 80°C. Dung dich
nay dugc 1am ngudi dén nhiét dd trong phong va rét vao nude va chiét bang
EtOAc. Pha hitu co thu gom dugc rira bang nudc mudi va cd. Ba dugc tinh ché trén
hé tinh ché Biotage Isolera c6 st dung cot Biotage 10g SNAP silicagel va rira giai
bang gradien DCM dén 5% MeOH/DCM trén 10 thé tich cot. Hop chit mong muén
duoc thu hdi va lam bay hoi dé tao ra chit rin mau ndu vang nhat. Chét rdn mau
nau vang nhat ndy duoc hoa tan trong tetrahydrofuran (THF) (10,00ml) tiép d6 bd
sung dung dich lithi hydroxit 1M (10ml, 10mmol). Hon hop phan tmg nay dugc
khudy & 50°C trong 2 gid. Hon hop phan tng duge lam ngudi dén nhiét d6 trong
phong va dung mdi hitu co dugc loai bé trong chan khéng. Dung dich nay dugc
pha lodng bang nudc (20ml) va axit hoa bing dung dich HCI IN. Sau d6, hdn hop
nay dugc loc va chit rin mau xam dugc tinh ché bang HPLC pha do c6 gradien
axetonitril (0,1%TFA) va nuéce (0,1%TFA, thé tich) (25-55%) trong 10 phut. Cac
phén cét phan doan thich hop dugc thu hdi va lam bay hoi dé tao ra san phAm mong
mudn (120,1mg, 0,277mmol, hiéu suit 25,4%). 'H NMR (400MHz, METANOL-
dy) & ppm 2,53 (s, 3 H) 2,88 (s, 3 H) 3,15 - 3,23 (m, 4 H) 3,79 - 3,88 (m, 4 H) 5,84
(s,2 H) 7,06 (s, 1 H) 7,27 (d, J/=2,27Hz, 1 H) 7,51 - 7,58 (m, 1 H) 7,59 - 7,64 (m, 1
H) 7,86 (d, 1 H). MS(ES+) m/e 433,8 [M+H]".

Vidu 83
CO,H
N
\>—Me
NS
o/
Me

Me

Diéu ché axit 1-[(2,5-dimetylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylic

Dung dich chta metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-
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carboxylat, dugc didu ché nhu dugc md ta trong Vi du 26, bude d (0,2g,
0,726mmol) trong N,N-dimetylformamit (DMF) (10ml) dugc bd sung 2,5-
dimetylbenzyl bromua (0,289g, 1,453mmol) va kali cacbonat (0,301g, 2,179mmol).
Hbn hop phan {mg tao ra dugc khudy trong 3 gid & 80°C. Dung dich nay dugc lam
ngudi dén nhiét d trong phong va rét vao nude va chiét bang EtOAc. Pha hitu co
thu gom dugc rira bing nuéc mudi va c6. Bi dugc tinh ché trén hé tinh ché Biotage
Isolera c6 st dung cdt Biotage 10g SNAP silicagel va rua giai bang gradien DCM
dén 5% MeOH/DCM trén 10 thé tich cot. Hop chét mong mubn dugc thu hdi va
1am bay hoi d& tao ra chét rdn mau ndu vang nhat. Chét rén mau niu vang nhat nay
duoc hoa tan trong tetrahydrofuran (THF) (10,00ml), tiép d6 bd sung dung dich
lithi hydroxit 1M (10ml, 10mmol). Hon hgp phan Gng nay duoc khudy & 50°C
trong 2 gid. Hon hop phan tmg dugc lam ngudi dén nhiét d trong phong va dung
mdi hitu co duge loai bd trong chan khong. Dung dich nay dugc pha lodng bang
nude (20ml) va axit héa bang dung dich HCI IN. Sau do, hén hop nay duoc loc va
chit rén mau xam dugc tinh ché bing HPLC pha déo c6 gradien axetonitril
(0,1%TFA) va nuéc (0,1%TFA, thé tich) (15-50%) trong 10 phut. Céc phan cét
phén doan thich hop dugc thu hdi va lam bay hoi dé tao ra san phim mong mubn
(96,4mg, 0,254mmol, hiéu suit 35,0%). "H NMR (400MHz, METANOL-d,) 8 ppm
2,19 (s, 3 H) 2,40 (s, 3 H) 2,84 (s, 3 H) 3,13 - 3,27 (m, 4 H) 3,78 - 3,86 (m, 4 H)
5,70 (s, 2 H) 6,54 (s, 1 H) 7,09 (d, /=7,83Hz, 1 H) 7,20 (d, /=7,58Hz, 1 H) 7,25 (d,
J=2,27Hz, 1 H) 7,83 (d, 1 H). MS(ES+) m/e 379,8 [M+H]".

Vidu 84

Diéu ché axit 1-[1-(3-clophenyl)etyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-

4-carboxylic
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Dung dich chta metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-
carboxylat, dugc didu ché nhu dugc md ta trong Vi du 26, budc d (0,2g,
0,726mmol) trong N,N-dimetylformamit (DMF) (10ml) dugc b6 sung 1-(1-
bromoetyl)-3-clobenzen (0,203ml, 1,453mmol) va kali cacbonat (0,301g,
2,179mmol). HAn hop phan tmg tao ra dugc khudy trong 3 gid & 80°C. Dung dich
nay dugc 1am ngudi dén nhiét d6 trong phong va rét vao nude va chiét bing
EtOAc. Pha hitu co thu gom duoc rira bing nude mubi va c6. Bi dugc tinh ché trén
hé tinh ché Biotage Isolera c6 sir dung cot Biotage 10g SNAP silicagel va rira giai
bing gradien DCM dén 5% MeOH/DCM trén 10 thé tich cot. Hop chit mong mubn
duoc thu hdi va lam bay hoi dé tao ra chét rin mau n4u vang nhat. Chét rin mau
nau vang nhat nay dugc hoa tan trong tetrahydrofuran (THF) (10,00ml), tiép do6 bd
sung dung dich lithi hydroxit 1M (10ml, 10mmol). Hon hop phan tmg nay duoc
khudy & 50°C trong 2 gio. Hon hop phéan mg duge 1am ngudi dén nhiét do trong
phong va dung mdi hitu co dugc loai bé trong chan khong. Dung dich nay duge
pha lofing bang nuéc (20ml) va axit hoa bing dung dich HCI IN. Sau d6, hdn hop
nay dugc loc va chit rin mau xdm dugc tinh ché bang HPLC pha ddo c6 gradien
axetonitril (0,1%TFA) va nuédc (0,1%TFA, thé tich) (10-40%) trong 10 phut. Céc
phan cit phan doan thich hgp dugc thu hdi va lam bay hoi dé tao ra san pham mong
mudn (70,5mg, 0,176mmol, hiéu suit 24,27%). "H NMR (400MHz, CLOROFORM-
d) & ppm 2,04 (d, /=6,82Hz, 3 H) 2,78 (br. s., 4 H) 3,02 (s, 3 H) 3,78 (br. s., 4 H)
5,95 - 6,06 (m, 1 H) 6,49 (br. s., 1 H) 7,35 - 7,51 (m, 3 H) 7,57 (m, 1 H). MS(ES+)
m/e 399,8 [M+H]".

Vidu 85

O+ _OH
N
\>—Me
N

£

Cl

Diéu ché axit 1-[(3-clophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-
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4-carboxylic

Dung dich chta metyl 2-metyl-5-(4-morpholinyl)-1H-benzimidazol-7-
carboxylat, duogc didu ché nhu dugc md ta trong Vi du 26, budc d (0,2g,
0,726mmol) trong N,N-dimetylformamit (DMF) (10ml) duoc bd sung 1-
(bromometyl)-3-clobenzen (0,190ml, 1,453mmol) va kali cacbonat (0,301g,
2,179mmol). Hon hop phan tng tao ra dwoc khudy trong 3 gi® & 80°C. Dung dich
nay duoc lam ngudi dén nhiét do trong phong va rét vao nudc va chiét bang
EtOAc. Pha hitu co thu gom dugce rira bang nuée mubdi va cd. B dugc tinh ché trén
hé tinh ché Biotage Isolera c6 sir dung cot Biotage 10g SNAP silicagel va rira giai
bing gradien DCM dén 5% MeOH/DCM trén 10 thé tich cot. Hop chit mong muén
duge thu hdi va 1am bay hoi d8 tao ra chit rin mau nau vang nhat. Chét rén mau
nau vang nhat nay dugc hoa tan trong tetrahydrofuran (THF) (10,00ml), tiép d6 bd
sung dung dich lithi hydroxit 1M (10ml, 10mmol). Hon hop phan mg nay duge
khudy & 50°C trong 2 gi. Hon hop phan tng dugc lam ngudi dén nhiét d6 trong
phong va dung méi hiru co duge loai bo trong chan khéng. Dung dich nay duge
pha lofing bang nuéc (20ml) va axit hoa bang dung dich HCI IN. Sau d6, hdn hop
nay duoc loc va chit rdn mau xam duoc tach ra. Lép nudc duoc phat hién 1a chira
mdt luong déng ké san phdm va lam bay hoi. Ca chit rén va ba dugc tinh ché bing
HPLC pha dao c6 gradien axetonitril (0,1%TFA) va nude (0,1%TFA, thé tich) (5-
50%) trong 10 phit. C4c phan cét phan doan thich hgp dugc thu hdi va 1am bay hoi
tao thanh san phém mong mudn (37,5mg, 0,097mmol, hiéu sut 13,38%). '"H NMR
(400MHz, CLOROFORM-d) & ppm 2,93 (br. s., 3 H) 3,05 (br. s., 4 H) 3,77 - 3,85
(m, 4 H) 5,55 (br. s., 2 H) 6,88 (s, 1 H) 7,09 (br. s., 1 H) 7,20 (s, 1 H) 7,31 - 7,39
(m, 3 H). MS(ES+) m/e 385,8 [M+H]".

Vidu 86
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Diéu ché mudi 2-amino-2-(hydroxymetyl)-1,3-propandiol cia axit 2-metyl-1-{[2-
metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)- 1H-benzimidazol-4-

carboxylic

Diéu ché mam tinh thé - Mé 1: Axit 2-metyl-1-{[2-metyl-3-
(triflomety])phenyl]metyl}-6-(4-morpholinyl)-1H-benzimidazol-4-carboxylic
(52,9mg, 0,122mmol) dugc bd sung metanol (2,0ml). Huyén phu dic nay dugc bd
sung trometamin (2-amino-2-(hydroxymetyl)-1,3-propandiol) (dung dich 3,0M
trong nudc, 1,0 duong luong). Huyén phu dic duge gia nhiét dén 60°C va gitt
khudy tron & 60°C trong 3 gid. Sau do, huyén phu dzc dugc 1am ngudi tir tir
(0,1°C/phtit) dén 20°C. Khi nhiét d6 ctia huyén phit d3c 1én t6i 20°C, huyén phi dic
duoc git khudy tron & 20°C trong 8 gid. ChAt rén tinh thé duoc tach ra bang cach

loc chin khong. Thu dugce 57,2mg mudi mong mudn (hiéu suat 85%).

Didu ché mam tinh thé - Mé 2: Axit 2-metyl-1-{[2-metyl-3-
(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-1H-benzimidazol-4-carboxylic
(353,0mg), metanol (14,0ml) dugc thém vao. Huyén phu dic dugc gia nhiét dén
60°C va trometamin (dung dich 3,0M trong nudc, 1,0 duong luong) dugc b6 sung
theo bén phan phan wdc trong 15 phit, tiép d6 bd sung mam tinh thé ctia mubi
trometamin tinh thé thu duoc tir mé 1. Huyén ph dic dugc khudy & 60°C trong 3
gi®, 1am ngudi (1°C/phit) dén 20°C, va khudy & 20°C trong 8 gid. Chét rén dugc
tach ra bang cach loc chan khong, 1am khd & 60°C trong chan khong trong 5 gid.

Thu dugc 401,5mg mudi trometamin (hiéu suét ~88,9%).

Mé 3: Axit 2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-

1H-benzimidazol-4-carboxylic (40,0g, 92mmol) dugc tao huyén phu trong metanol
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(1,6 lit) trong binh ba cb d4y tron dung tich 3 lit. Huyén phl tao ra dugc gia nhiét
dén 60°C, tron trén bé nudc c6 thiét bi bay hoi quay buchii va
tris(hydroxymetyl)aminometan (dung dich 3M trong nuéc) (0,031 lit, 92mmol)
duge bd sung 1am bén phan phan wéce vao trong 15 pht, tiép d6 bd sung mam tinh
thé nhu dugc tao ra bang phuong phap twong tw véi Vi du 86, Mé 2, néu trén
(108mg). Huyén phu ndy duoc khudy (binh phan tmg dugc quay trén thiét bi quay
buchii) & 60°C trong 3 gio, sau d6 1am ngudi (~1°C/phut) dén 20°C (nhiét d6 trong
phong), sau d6 khudy tir & 20°C (nhiét d¢ trong phong) trong 8 gio. Chét rén mau
tring tao ra duoc tach ra bang cach loc chan khong, 1am kho trong chén khong &
60°C trong 8 gitr dé tao ra mudi 2-amino-2-(hydroxymetyl)-1,3-propandiol cua axit
2-metyl-1-{[2-metyl-3-(triflometyl)phenylJmetyl}-6-(4-morpholiny])-1H-
benzimidazol-4-carboxylic (1:1) (47,76g, 86mmol, hiéu sudt 93%) dudi dang chét
rdn mau tring. Ca hai phd NMR proton va LCMS du phi hop véi cdu tric dé xuit.
1H NMR (400MHz, DMSO-d6) & ppm 7,61 (d, J=7,83Hz, 1 H) 7,37 (d, J=2,27Hz,
1 H) 7,17 - 7,33 (m, 2 H) 6,33 (d, J=7,83Hz, 1 H) 5,59 (s, 2 H) 3,66 - 3,80 (m, 4 H)
2,98 - 3,15 (m, 4 H) 2,50 - 2,58 (m, 10 H) 2,43 (s, 3 H); LCMS m/z MH+ =434,3.

Vidu 87

Diéu ché mudi 2-amino-2-(hydroxymetyl)-1,3-propandiol cua axit 1-(3-(clometyl)-
2-metylbenzyl)-2-metyl-6-morpholino-1H-benzo[d]imidazol-4-carboxylic

Axit  1-(3-clo-2-metylbenzyl)-2-metyl-6-morpholino-1H-benzo[d]imidazol-
4-carboxylic (10g, 25,01mmol) dugc tao huyén phti trong metanol (400ml) trong
binh d4y tron dung tich 1 lit. Huyén phu tao ra dugc gia nhiét dén 60°C bang cach
stt dung bé nude c6 thiét bi lam bay hoi quay Buchii (khong hut chén khéng) va
tris(hydroxymetyl)aminometan (dung dich 3M trong nudc) (8,34ml, 25,01mmol)
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duoc bd sung 1am 4 phin phan wéc vao trong 15 phut. Huyén phit ndy dugc khudy
(binh phan tng dugc quay trén thiét bi quay Buchii) & 60°C trong 3 gid, sau d6 lam
ngudi (~1°C/phut) dén 20°C (nhiét d6 trong phong), sau dé khudy tir & 20°C (nhiét
d6 trong phong) trong 15 gid. Chat rdn mau tréng tao ra duoc tach ra bang cach loc
chin khong, 1am khd trong chén khoéng & 65°C trong 18 gid dé tao ra mudi 2-
amino-2-(hydroxymetyl)-1,3-propandiol cta axit 1-(3-clo-2-metylbenzyl)-2-metyl-
6-morpholino-1H-benzo[d]imidazol-4-carboxylic (11,1g, 21,09mmol, hiéu sudt
84%) duéi dang chat rin mau tring. MS (ES+) m/e: 400,0, 402,0 [M+H]+. 'H
NMR (400MHz, DMSO-ds) & ppm 7,32 - 7,39 (m, 2 H) 7,16 (d, J=2,27Hz, 1 H)
7,05 (t, J=7,96Hz, 1 H) 6,05 (d, /=7,58Hz, 1 H) 5,52 (s, 2 H) 3,68 - 3,77 (m, 4 H)
3,36 (s, 6 H) 3,02 - 3,11 (m, 4 H) 2,47 (s, 3 H) 2,42 (s, 3 H).

Thir nghiém sinh hoc

Hop chét theo sang ché duogc thir nghiém theo céc tht nghiém dudi ddy va
dugc phat hién 1a chét trc ché PI3 kinaza, cu thé 13 PI3KB. Hoat tinh (ICs) ctia céc
hop chit 14y 1am vi du ddi véi PI3KB nim trong khoang tir 1nM dén 10pM. Phén
16n céc hop chét nay déu c6 ICso dudi 500nM; Hau hét hoat chét c6 ICsy dudi 10
nM. Gia tri ICsy c6 thé duoc chuyén d6i hoéa va duoc thé hién dudi dang gia tri
pICso.

Thtr nghiém profil HTRF In vitro d6i véi viée e ché PI3K

Thir nghiém profil PI3-kinaza dugc phat trién dé& do mirc e ché phu thude
hop chat ctia c4c isoform alpha, beta, delta, va gama ctia PI3K trong thir nghiém
xtic tac in vitro. Thir nghiém nay duoc phét trién va t61 wu hoéa tir kit dugc san xuét
boi Upstate (Millipore catalog # 33-017). Noéi ngén gon thi qué trinh nay st dung
phirc chat HTRF (Homogeneous Time-Resolved Fluorescence energy transfer) da
duoc didu ché trude gitta bdn thanh phan gén két: 1) PIP3 di dugc biotinyl hoa, 2)
ving ddng nhét pleckstrin (PH: pleckstrin homology) dugc danh dau boi GST, 3)
khang thé don dong khang GST dugc danh dau boi Europi, va 4) Streptavidin-
Alophycoxanin (APC). PIP3 tu nhién dugc tao ra boi tAc dung PI 3-Kinaza thay thé
biotin-PIP3 tir ving PH, tao ra sy phan tach phirc chat HTRF va c6 sy gidm tin hiéu

huynh quang. Dang thr nghiém nay la twong tu d6i véi tit ca bbn isoform cua
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PI3K; su khac biét nim & néng d6 enzym dugc st dung dé dat duoc tin hiéu manh
nhét. Thir nghiém alpha va delta duoc chay & ndng d6 enzym bing 400pM; thir
nghiém beta dugc chay & ndng d6 enzym bing 200pM va thit nghiém gama dugc
chay & ndng d6 enzym bing 1nM. Ngodi ra, cic thtt nghiém alpha, beta va delta
duoc thuc hién cuing v6i NaCl 150mM, trong lac d6 thir nghiém gama lai khong str
dung NaCl. Néng d6 ATP bang 100uM trong cic thir nghiém alpha, beta, va delta
va ndng d6 ATP bing 15uM trong thit nghiém gama. T4t ca cac phan tmg dugc

chay v&i ndng d6 PIP2 bang 10uM.

Cac hop chét dugc pha losing hang loat (3 14n trong 100% DMSO) qua dia
gbc polypropylen c6 384 16 tlr cot 1 dén cot 13 va cot 13 dén cot 24 dé tao ra 11
ndng d6i d6i v6i mdi hop chat thir nghiém. Cot 6 va 18 chi chira DMSO. Khi viée
chuén dd duoc thuc hién, 0,05ul duoc chuyén vao dia thir nghiém thé tich thip c6
384 16 (Greiner 784076). Dia thr nghiém nay chua ba d6i chimg dugc ly (chét e
ché PI3K d4 biét) va 3 dbi chimg thi nghiém 3: (1) Enzym khong chira chét tic ché;
(2) Chat dém khong chtra enzym, va (3) chit dém khong chita enzyme chira thém
PIP3 tu nhién. DMSO dugc cho vao tAt ca cac 16 & ¢t 6 va 18. PIP3 dugc bd sung
& ndng dd 40uM trong dung dich dém phan tng 1X (1pl dung dich PIP3 200uM)
vao cac hang xen k& ctia cdt 18 (cac 16 B,D,F,H,J,L,N, P & cot 18). Phan Umg
kiém soat khong enzym dugc chay & céc 16 18 A, C,E.g, I, K, M, O (0,1pl 100%
DMSO).

Thir nghiém profin PI3-kinaza dugc t61 uu hoa bang cach str dung kit HTRF
duge cung cdp bdi Upstate (Millipore). Kit thir nghiém nay chta bay chét phan
ung: 1) 4X Chéit dém phan tng; 2) PIP2 tu nhién (co chét); 3) Dung dich dimg
phan tmg Stop A (EDTA); 4) Dung dich dimg phan tng Stop B (Biotin-PIP3); 5)
hon hop phét hién A (Streptavidin-APC); 6) Hon hop phét hién B (khang GST
duge danh dau Eu thém ving PH duoc danh d4u GST); 7) Hon hop phat hién C
(KF). Ngoai ra, cic chat sau c6 dugce hogc mua duge: PI3Kinaza (dugc didu ché boi
GSK BR&AD), dithiothreitol (Sigma, D-5545), Adenosin-5’-triphosphat (ATP,
Teknova cat. # A0220), PIP3 ty nhién (mudi 1,2-dioctanoyl-sn-glyxero-3-
[phosphoinositil-3,4,5-triphosphat] tetraamoni (Avanti polar lipids, 850186P),
DMSO (Sigma, 472301).
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Chét dém phan tng PI3Kinaza dugc didu ché bang cach lam lodng dung dich
gbc bang nudc khir ion voi ty 1€ 1:4. DTT méi duge diéu ché duoc thém vio &
ndng d6 cudi ciing bang SmM vao ngdy st dung. Thém enzym va viéc 0 so bd hop
chit duoc khoi mao bing cach bd sung 2,5u1 PI3K (¢ nong d6 gip 2 14n ndng d6
ban du cta nd) trong chit dém phan tng 1X vio tit ca c4c 16 bang cach sir dung
méy Multidrop Combi. Céc dia dugc U ¢ nhiét d§ trong phong trong 15 phut. Phan
uing dugc khoi mao bang cach bd sung 2,5ul dung dich co chat 2X (PIP2 va ATP
trong chat dém phén tmg 1X) bang cich st dung mdy Multidrop Combi. Bia dugc
U & nhiét d6 trong phong trong 1 giod. Phan tng dugc dung bang céch b sung 2,5ul
dung dich dirng phan tmg (Stop A va Stop B d& duoc tron trude & ty 1€ tuong Gng
5:1) vao tat ca céc 16 bang cach sir dung may Multidrop Combi. Sau do, hdn hop
phan tmg di dugc lam dung phan tmg duogc xu ly dé phat hién sy hinh thanh san
phim bing cach bd sung 2,5ul dung dich phat hién vao tat ca cac 18 bang céach sir
dung may Mulitdrop Combi (hdn hop phat hién C, hdn hop phat hién A, va hén
hop phat hién B dugc tron véi nhau theo ty 1& 18:1:1, nghia la: dé nhan duoc téng
thé tich 6000p], dem 5400ul hdn hop phat hién C, 300ul hdn hop phat hién A, va
300pl hon hop phét hién B tron véi nhau. Luu y: Dung dich nay nén dugc didu ché
2 gid trude khi st dung). Sau 1 gid U trong bong t61, tin hiéu HTRF dugc do trén
may doc dia Envision dit & budce song kich thich 330nm va budc song phat hién

phéat xa kép ¢ 620nm (Eu) va 665nm (APC).

Mitc t&n thét tin hiéu HTRF 1a do sy thay thé PIP3 dugc biotinyl héa & ving
PH béi viée chuyén hoa PIP2 thanh PIP3 phu thudc PI3K. Mirc tén thét cia tin higu
1a khong tuyét tinh v& c4 muc ting san phim va thoi gian. Su phat hién khong
tuyén tinh s& anh huéng dén do chinh xac cua viée tinh ICse; do do, can c6 yéu to
hiéu chinh dé thu duoc cac gia tri ICso chinh xac hon. Viéc hiéu chinh nay dugc bét

nguon tir cac chuan thir nghiém trong cac 16 ctia cot 6 va 18 cua dia thir nghiém.

Toan bd sb liéu dugc tinh bang cach sir dung ty 1é tin hiéu huynh quang cua
chit cho (APC) v6i chét nhan (Europi) & mdi 16 trén dia thir nghiém. Mirc trc ché
(%) d6i v6i mbi ndng dd hop chit duoc tinh nhu sau: % e ché = 100*(ty 18 huynh
quang — CtrIB)/(CtrlA — CtrIB), trong d6 CtrlA= phan tmg (-) PI3Kinaza va CrtIB=
PI3Kinaza + DMSO.
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Sau d6, ICs, duoc tinh bang cach lam khép s6 1idu % e ché véi cong thirc:
% trc ché = min + (max-min)/(1 + ([chét trc ché)/ICs0) n), trong d6 min 13 % trc ché
khi khong c6 chit tc ché (thong thudng bang 0%), max 1a tin hiéu trong d6i chimg
(-) Enzym, va n 1 d6 déc Hill (thong thudng bing 1). Cubi ding, ICs, dugc chuyén
dbi thanh pICso (pICso = -log(ICs0)), va gié tri pICsy dugc hiéu chinh bang cach st
dung dbi ching dia va cong thirc duéi day:
pICso (d& hiéu chinh) = pICsy (thu dugc) + loglO((CtrlA-CtrIB)/(CtrIB-CtrlC)),
trong d6 CtrlA va CtrlB 1a nhu dugc xé4c dinh trén day va CrtlC= 10puM
PI(3,4,5)P3, thay thé 100% PI(3,4,5)P3 d3 dugc biotinyl hoa.

No6i chung, cac hop chit dugc liét ké trong Bang 1 duge thir nghiém theo cac
thr nghiém dugc md ta ¢ ddy. Bang 1 liét ké gia tri pIC50 dbi v6i mot thir nghiém

hoic trung binh cta hai hodc nhiéu thir nghiém véi cac vi du da cho.
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Béang 1

. % Gié tri trung binh
Viduso | MW | prap s prcso
3 414,51 | 6,7
5 373,46 | 8,8
11 401,51 | 8,7
13 420,34 | 8,1
14 406,32 | 8.5
15 375,45 | 9,0
17 389,48 | 8,6
18 408,31 | 8,0
20 401,47 | 8.2
22 420,30 | 7,8
25 424,51 | 9,6
31 433,43 | 8.2
32 401,30 | 7.9
35 402,46 | 7.2
38 420,30 | 7,0
39 456,48 | 9.2
41 399,50 | 8,8
43 419,45 | 8.3
50 455,44 | 8.9
53 453,85 | 9.3
54 486,42 | 8.6
58 425,50 | 8,2
59 399,88 | 8,2
63 468,32 9,0
70 469,42 9.7
72 435,86 | 8,8
73 407,50 | 7.6

Tht nghiém té bao — thir nghiém e ché sy phat trién cta t& bao trong dong té bao

khéi u thiéu hut PTEN kiéu dai hoic PTEN

22 dong té bao khdi u thiéu hut Phosphataza va Tensin Homolog (PTEN)
kiéu dai hodc PTEN duoc nudi ciy chung theo chi din dugc cung cdp bdi nha cung
cAp té bao American Type Culture Collection, Manassas, VA, cing voi 10% huyét
thanh bao thai bo, 5% CO, va 37°C. Cac té€ bao dugc gieo trong binh T-75 hodc T-
175 tir 3 dén 4 ngdy trude vao dia thir nghiém 96 16 sao cho binh phan tmg c6 do
nhip dong khoang 70-80% vao thoi gian thu té bao. Cac thé bao dugc thu bang
cach st dung 0,25% trypsin-EDTA (Invitrogen #25200056). Viéc nhuém mau loai
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trir Trypan Blue dugc sir dung dé x4c dinh s6 té bao.

Céac té bao co thé séng sét duge U trong dia sach, day phéng 96 15 (BD
#353075) trong diéu kién khdng phu thudc neo & ndng d6 2000-10.000 té bao mdi
16 phu thudc vao dong té bao. P8 tao ra diéu kién phat trién khong phu thudc neo,
dung dich gbc 5% aga trong nuéc duge diéu ché va hap dé 1am néng chay va vo
khudn. Ttr dung dich 5% aga, dung dich chua 0,6% aga/moéi truong + 10% huyét
thanh bao thai bd (FBS) duoc diéu ché dé tao ra 16p aga & dudi day trong dia dé
ngan nglra sy bam dinh cua té bao. 75 microlit dung dich 0,6% aga-mdi trudng
duoc cho vao mbi 16 trén dia. Sau khi hoa rén, dung dich té bao chira 266.870 dén
1.334.022 t& bao (phu thudc vao dong té bao) trong 10ml 0,3% aga/méi trudong +
10% FBS duoc didu ché va 75ul huyén phi té bio/méi trudng/aga duoc cho vao
dia. Sau khi 16p té bao héa ran, S0ul moi trudng + 10% FBS duge cho 1én phia trén
té bao. Dung dich 0,3% Brij 35 (Sigma B4184) trong mo6i truong + 10% FBS dugc
cho vao cot 12 lam ddi chimg trix nén. Té bao duoc U qua dém & moi truong chira
5% CO, va 37°C. Ngay tiép theo, mot dia dung té bao dugc duoc xur Iy vao thoi
diém bd sung hop chit dé xac dinh s6 luong té bao ban dau (T = 0 hogc T0).

Pé tao ra dia chudn do hop chét, 15p1 dung dich hQ‘pChét thu dugce & Vi du
31¢6 ndng d6 2mM hoic 20ul dung dich hop chit thu duge & vi du 31c6 ndng do
20mM duoc 1am lodng trong dia polypropylen déay trong sudt c6 96 (BD #351190)
bang cach 1an lugt st dung phuong phap chudn d6 10 diém, 3 1dn hodc phuong
phap chuan do 20 diém, 2 14n. 300 microlit moi trudng dung dich chira hop chét. 10
microlit mdi 16 cta dich pha lodng hang hoat dugc cho vao t€ bao va dia dugc 1
trong 6 ngay trong moi truong 5% CO, va 37°C. Nong d6 cudi ciing cia DMSO
trong tat ca cac 16 12 0,15% va ndng do cubi cling cao nhét cta hop chit néu & dé

muc cta Vi du 31 1a 3,7uM hodc 30,7uM.

Sau 6 ngay U, 20ul Alamar Blue (Invitrogen #DAL1100) dugc cho vao té
bao, 0 & mdi trudng 5% CO, va 37°C trong 6 gi¢ va dia dugc doc trén thiét bi
Spectramax (Gemini EM) & bugc séng 530nm (kich thich) va 590nm (phét xa) véi
diém cit tu dong bi bit hoat. Pé phan tich dudng cong dap tmg lidu luong-trc ché

su phat trién t€ bao, so liéu dugc v& dudi dang phan trdm mau doi chimg duoc xir

-147-



23236

ky bing DMSO (miu DMSO duoc dit & 100%). Dap tng t& bao dugc x4c dinh ddi
v6i hop chét néu & & muc cta Vi du 31 va hop chét ddi chimg bang cach 1am khép
dap ing ndéng d6 véi dudng cong 4 théng s§ bang cach st dung phan mém XLfit va
x4c dinh néng dd e ché 50% cﬁva clra s Ymax-Ymin (ECsg). ECsp 12 diém giira
clia cira s tac dung hoat chét (gifta doan bang Ymax va doan bang Ymin ctia hop
chét) va thé hién ndng d6 ctia hop chit néu & dé muc cua Vi du 31, tai d6 quan sét
duge 50% tac dung tdi da ctia nd. Cac gia tri thu duge tir cac 16 chtra 0,3% Brij 35
(trong diéu kién khong phu thudc neo) duge trix tir tht ca cac mAu dé hidu chinh
nhiéu.

Céc két qua duoc thé hién trong Bang 2 chimg minh rang cac dong da té bao
c6 su tdn that chét Grc ché khéi u PTEN 1a nhay cam, trong lic mot s6 dong té bao

khdi u PTEN kiéu dai 1 nhay cam.
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Béang 2
Thir nghiém phét trién khdi u trén aga mém khong phu thude neo
’ , Phéan Hop chit
Dong té . Dot bién PTEN | tich :
bao biouon Darle /s hiéu ban sao | Westen ECg)tg]M) . Sgrr]gn -
PTEN ev tDev
BT549 Vi carxinom | p.V275fs*1 Khong 7 0+ 2 |52 7
protein
WM-115 Da u hic sic td | p,165fs* Khong 8 + 3 54 + 1
protein 4
32 Da | uhdcséctd | p,55fs* Khong | ¢, 5 |90 & !
protein 4
SW1783 | CNS | LDEWeR 1, po33s Khong | 15 p 3 | 69 x4
bao dém protein
UM-UC-3 | P38 | chuyén tidp | Tén that Khong 10 + 8 |8 =z 2
quang protein 9
SW1088 | CNS | DBl Tén thit Khong | 15 6 | 36 = 8
bao dém protein
H4 CNS | JDEWCR | Tén that Khéng |5, g | 55 & |
bao dém protein 8
CHL-1 Da u hic sic td | Kiéu dai Protein 14 <+ 6 82 =+ 2
UACC-62 | da u hic séc td | p.P248fs*5 Khong | o3 4 97| 76 + |
protein 8
HCC19377 | viu carxinom | Tén thit Khong 1 oy 4 g | 67 = 8
protein
tién R
PC-3 lit | carxinom | Tén that Khéng | o7 4 5| g0 =+ |
X protein 3
tuyen
HCC70 | Vu carxinom | p.F90fs*9 Khong | g3 | 91 | 27 + 3
protein
MDA-MB- | vy carxinom | p.?, L70Fs*7 Khong 89 £ 55| 44 =+ 6
468 protein
HCC1395 | Vu carxinom | p.N212fs*3 Khong 1104 & 53|26 &9
protein
U-87MG | CNS | 1P8wel |9 Khong | »975 L9771 | 34 = 18
bao dém protein
BT474 A% carxinom Kiéu dai Protein | 3360 + 868 | 75 + 3
U251 CNs | UPeUWER ) o Eoanfe1s Khong | 10996 1 8625| 80 = 17
bao dém protein
HCC1954 | Vu carxinom Kiéu dai Protein >30722 >80
Colo205 ke‘t carxinom Kiéu dai ND >30722 >80
trang
HCT-116 | ' | carxinom | Kidu dai ND >30722 >80
trang
SKOV-3 | Pbuong |adenocarxi | iia 4o ND >30722 >80
tring | nom
LOXIMVI | da u hiic séc t | Kiéu dai Protein >30722 >90

p.2 thé hién su dot bién & vi tri ghép nbi
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Thir nghiém in vivo
Uc ché khéi u phy thudc néng do

Hoat tinh cta hop chét néu & d& muc ciia Vi du 31 chdng lai PC-3 (dong té
bao carxinom tién 1iét tuyén m4 hoa thiéu hut PTEN protein) duoc dénh gia in vivo
trén md hinh chudt nhét di ghép. Chudt nhit mang khdi u PC-3 dugc tao ra bing
cach tiém dudi da & sudn chudt nhét cai trui 16ng (Charles River — Wilmington;
ching Crl: CD-1-Foxnl) 2,5 x 10° t& bao PC-3 dugc tao huyén phu theo ty 1€ 1:1
trong Matrigel. Mt nhém chudt, mdi con khoang 19 tudn tudi dugc cay té bao véi
lidu luong 100, 30, va 10mg/kg va nhém chudt khac, mdi con khoang 11 tun tudi

duoc cdy té bao vai lidu lugng 10, 3, va Img/kg.

Chuét nhit mang di ghép PC-3 duoc ldy ngiu nhién vao nhém st dung
thudc v6i n=8 dua trén thé tich khéi u 29 (100, 30, va 10mg/kg) hodc 28 (1, 3,
10mg/kg) ngay sau khi té bao khdi u duge cdy vao. Viée diéu tri chuot nhét bit dau
vao ngay hém sau va tiép tuc trong 21 ngay. Chudt dugc nhan hop chit hoic chat
dan & lidu luong 10ml/kg mdi ngdy mot 1an bang cach cho sir dung bang dng thong

qua dudng miéng.

Su phat trién ctia khéi u duge do hai 1n mdi tuén theo hai chiéu bang thudc
kep c6 du xich; kich thu6e dai nhét dugc xéc dinh 14 chidu dai (1), va chiéu rong
(w) dugc do vudng goc voi chidu dai. Thé tich khdi u (V) duoc tinh bang cach sir
dung cong thirc sau: V = (Va)lw?. Gia tri trung binh cla thé tich khéi u dugc sir
dung d& so sanh cac nhom didu tri. Trang thai bénh 6n dinh dbi v6i nghién ctru nay
duoc xac dinh 1a thé thich khdi u trong qua trinh sir dung hop chét gin nhu khong
tang hodc giam ma twong tu véi thé tich trude khi sit dung hop chét so sanh véi
nhém duge str dung chét din, trong d6 thé tich khéi u tiép tuc ting trong qua trinh
nghién ctru. Sy 1am cham lai qué trinh phat trién khéi u duoc xac dinh khi thé tich
khéi u dugc gidm di trong qué trinh st dung hop chét so voi thé tich khéi u cia

nhém dugce cho sir dung chét dan.

Két qua chung minh rang viéc diéu tri chudt nhét trui 16ng cai mang di ghép
PC-3 tién liét tuyén béng hop chét néu & d& muc cta Vi du 31 véi lidu luong 10,

30, va 100mg/kg trong 21 ngay lam cho tinh trang bénh 6n dinh véi liéu lugng 1 va
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3mg/kg tao ra sy lam chém phat trién khéi u so v6i nhém st dung chét dan trong

qua trinh diéu tri.
B) Téac dung dugc dong hoc

Hoat tinh ctia hop chit néu & d& muc cta Vi du 31 chéng lai PC-3 (dong té
bao carxinom tién liét tuyén ma hoéa thiéu hut PTEN protein) dugc danh gié in vivo
trén mo hinh chudt nhit di ghép. Chudt nhit mang khdi u PC-3 (Charles River —
Wilmington; chung Crl: CD-1-Foxnl, khoang 6 tudn tudi) duoc tiem dudi da &
suon 2ml t& bao PC-3 (carxinom tién tiét tuyén ngudi) tron theo ty 18 1:1 voi

Matrigel. Cac khéi u duge dé phat trién trong khoang 5 tuan.

Chu6t nhit mang di ghép PC-3 dugc cho str dung hop chét néu & dé muc ctia
Vi du 31 véi luong 3mg/kg hodc hop chét néu & d& muc cua Vi du 31 véi lugng
10mg/kg va bi giét bang cach str dung cacbon dioxit sau 1, 2, 4, 6, 8, 10, va 24 gid
(n=3 chudt/nhom didu tri/thoi diém); mot nhém 3 chudt mang di ghép PC-3 duge
cho st dung chit din va bi giét sau 2 gio. Khéi u duge cit ra. Mot nira clia mi
khéi u ngay 1ap tic duge xir ly bang Medicon (BD Catalog # 340592) trong 1ml
dung dich d&m phan giai Meso-Scale Discovery (MSD) cung v&i chét e ché
proteaza (Roche complete protease cocktail, cat# 04 693 116 001) va chét e ché
phosphataza (Sigma, cat # P2850 va P-5726) trong tur 30 dén 60 gidy va chuyén vao
bng nghiém Eppendorf 1,5ml. Ong nghiém duoc gitt trén nude da cho téi khi chiing

dugc ly tAm trong 10 phut & 4°C & t6c do tdi da trong may ly tAm lam lanh dé ban.

Dich tan khdi u dugc 1am loding hang loat trong dia polypropylene 96 16 trén
nuéce da. Dich tan (150pl) duge cho vao hang 1; hang 2-12 dugc bd sung 75pl dung
dich dém phan giai hoan toan Meso Scale Discovery (MSD) (dugc cung clp trong
kit MSD; # K15100D-3). Mau dugc lam loang hang loat 2 1an qua dia bang cich
chuyén lién tuc 75ul qua hang 11; hang 12 chi chira dung dich dém phén giai. Dia
thtr nghiém MSD Multi-Spot (toan b¢ kit phén giai t€ bao: Phospho(ser473),Total
AKT Assay, catalog # K15100D-3) dugc chen bang 150pl dung dich chen A 3%
qua dém & 4°C biang may lic trude khi rira 4 14n bang 200pl dung dich dém rta
MSD Tris. 50 microlit dich phan giai d4 dugc lam lodng hang loat dugc nho bing
pipet vao dia MSD da duoc phong bé, day lai, va i qua dém & 4°C, két hop lic. Pia
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dugc ria bang dung dich d&ém Tris sau d6. Khang thé phat hién dugc bb sung
(25u1/18) ndng d6 cudi ciing bang 10nM trong 1ml dung dich phong bé A va 2ml
dung dich dém rira Tris va U trong 1 gio ¢ nhiét do trong phong, két hop lic. Pia
duogce rira nhu mo ta trén day, trude khi bb sung 150ul dung dich dém doc MSD va
doc ngay trén mdy doc dia 6000 MSD. Toan by céc thao tac dugc thuc hién phu
hop véi céc thu tuc PA0079 va PA0271 cia Uy ban cham s6c va st dung dong vét
(IACUC).

Gi4 tri ctia nhém ddi chimg khoéng str dung dich tan & ¢t 12 duge léy trung
binh va st dung lam nén dé trir di gia tri ctia tat ca cac 16. P/T AKT dugc tinh nhu
sau: (tin hidu phospho AKT(Ser473))/[(tin hi¢u phospho AKT(Ser473)) + (t6ng tin
hiéu AKT)]. Gia trj tir 3 diém trong mdi dong ctia miu dugc lam lodng dugc xac
dinh nhu trong khoang tuyén tinh phat hién duge tinh trung binh dé thé hién moi
gié tri P/T AKT cua mAu. Gi4 tri trung binh va do 1éch chuén cta gié tri P/T AKT
ctia mdi nhém cé 3 chudt duge xace dinh. % uc ché duoc tinh d6i v4i mdi nhém nhu

sau: 100-[(giéd tri P/T AKT ctia mau)/(gia tri P/T AKT cua chit mang)]*100.

Hop chit néu & dé& muc cta Vi du 31 thé hién su trc ché phu thudce lidu lugng

clia chit danh diu dugc dong hoc pAKT (pAKT/AKT).
Céc tai liéu tham chiéu bd sung:

Hop chét theo sang ché con c6 thé dugc thir nghiém dé xac dinh hoat tinh trc
ché cua ching & PI3Ka, PI3KS, PI3Kp va PI3Ky theo cong b6 don qudc t& sb
W02009/039140.

Duoc chét theo sang ché c¢6 thé duoc sir dung lam cac chét trc ché PI3 kinaza

& dong vat ¢6 v, cu thé 1a ngudi, can diéu tri.

Do d6, sang ché dé xuat phuong phap diéu tri bénh lién quan t6i su e ché
PI3 kinaza, cu thé 13: bénh tu mién, bénh viém, bénh tim-mach, bénh thoai hoa than
kinh, bénh di tmg, bénh hen, bénh viém tuy, suy da co quan, bénh thén, két tu tiéu
cau, bénh ung thu, kha ning di dong cia tinh tring, thai ghép, thai bé manh ghép
va tén thuong phéi va cac tinh trang bénh ly khac cAn didu hoa/trc ché PI3 kinaza,
trong d6 phuong phép nay bao gdm viée sir dung hop chét ¢6 cong thirc (I) hodc
mudi, hydrat, solvat hodac tién duoc chit duge dung ctia n6 véi luong hitu hiéu.
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Hop chit c6 cong thite (I) con duge dung cho phuong phap diéu tri cac tinh trang
bénh néu trén nhd tac dung cua chung nhu 13 chit te ché PI3. Thubc nay c6 thé
duoc sir dung béi bénh nhén can diéu trj bing dudng st dung théng thudng bat ky,
ké ca, nhung khong chi gi6i han &, trong tinh mach, trong co, dudng miéng, dudi

da, trong chan bi va dudng ngoai ti€u hoa.
Vi du vé ché pham vién nang

Dang phén liéu diing qua dudng miéng dé sir dung theo sang ché dugc bao
ché bang cach nap cac thanh phan vio hai vd nang gelatin cimg chuén theo ty 1&

nhu duge thé hién trong Bang 3 dudi day.

Bang 3
Thanh phan Luogng
Hop chét ctia Vi duy 1 25mg
Lactoza S55mg
Bét talc 16mg
Magie stearat 4mg

Vi du v& dugc pham dung theo dudng ngoai tiéu hoa bang cach tiém

Dang thudc tiém dé st dung theo sang ché dugc bao ché bang cach khudy
hop chit néu & dé muc cua Vi du 1 véi lugng 1,5% trong luong trong dung dich
propylen glycol 10% thé tich trong nudc.

Vi du vé dugc phém vién nén

Sucroza, canxi sulfat dihydrat va chét tc ché PI3K nhu duoc thé hién trong
Bang 4 dudi déy, dugc trdn va tao hat theo ty 1€ dugc thé hién vé6i dung dich gelatin
10%. Hat uét dugc sang loc, lam kho, tron vai tinh bot, bot talc va axit stearic; sang

va ép thanh vién nén.

Béang 4
Thanh phén Lugng
Hop chét ctia Vi dy 1 20mg
Canxi sulfat dehydrat 30mg
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Sucroza 4mg
Tinh bot 2mg
Bot talc Img
Axit stearic 0,5mg

Trong khi c4c phuong 4n uvu tién theo séng cheé dugc gidi thich nhu trén day,
cAn hidu rang sang ché khoéng bi gi6i han & céc chi dan chinh x4c duge md ta & déy
va rang quyén thuc hién tat ca cc su cai bién nam trong pham vi ctia céc di€ém yéu

cau bao hd sau day duoc bao toan.
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YEU CAU BAO HO

1. Hop chét c6 cong thire (I):

N
S,
N

N
(L7
(Rgn

4

@
trong do:

R, duoc chon tir H, C;.¢alkyl, alkoxy, hydroxy, halogen, -CN, -NHo,
-NHC(O)Ra, -NHSO,Ra, -CO,H, -CO,Ra, -CONHRb, -CONH,, -CH,0H, va
heteroaryl trong d6 heteroaryl cé thé duoc thé bang mot hodc hai nhém

Cialkyl;
R, dugc chon tir H, -NHRa, alkoxy, halogen, -CF3, -CHF,, va Cy_galkyl;

R; duoc chon tir aryl va heteroaryl, trong d6 nhém aryl hodc heteroaryl nay c6 thé

duoc thé béng mot dén ba nhom Re;
R4 duoc chon tir H hodc Ra;
mdi nhéom Rs ddc 1ap dugce chon tir Cy_galkyl;
mdi nhém Ra doc 1ap duge chon tir Cy_zalkyl;
Rb duoc chon tir H, Cy3alkyl, va SO,Me;
mdi nhém Re ddc 1ap duge chon tir Cy_zalkyl, halogen, -CFs, va hydroxy; va
n nim trong khoang tir 0 dén 2,
hodc mubi duge dung ciia né.

2. Hop chét theo diém 1, trong d6 hop chét nay c6 cong thire (I) (C):
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trong do:

mdi nhém trong sb Re, R5, va Rg doc 1ap duge chon tir Cysalkyl, halogen, -CF3, va
hydroxyl, hodc Rg va R7 ciing nhau tao thanh aryl hodc heteroaryl c6 hai

vong, hoic Ry va Rg cling nhau tao thanh aryl hodc heteroaryl c6 hai vong;
3. Hop chét duoc chon tir:
2-(1-metyletyl)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-ol,
2-etyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-ol,

1-[(2,3-diclophenyl)metyl]-2-(1-metyletyl)-6-(4-morpholinyl)-

1H-benzimidazol-4-ol,
1-[(2,3-diclophenyl)metyl]-4-flo-2-metyl-6-(4-morpholinyl)- 1H-benzimidazol,
1-[(2,3-diclophenyl)metyl]-2-etyl-6-(4-morpholinyl)- 1H-benzimidazol-4-ol,
4-flo-2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol,
2-etyl-4-flo-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol,

axit 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-

carboxylic,
1-[(2,3-diclophenyl)metyl]-2-etyl-4-flo-6-(4-morpholinyl)-1H-benzimidazol,

2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-4-(1H-pyrazol-5-y1)-1H-

benzimidazol,
axit 1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)- 1 H-benzimidazol-4-
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carboxylic,

1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-4-(1H-pyrazol-5-yl)-1H-

benzimidazol,

2-metyl-6-(4-morpholiny!)-1-(1-naphtalenylmetyl)-4-(1H-1,2,4-triazol-3-yl)-1H-

benzimidazol,

metyl 2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-

carboxylat,

1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-4-

carboxamit,

metyl 1-[(2-flo-3-metylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-
benzimidazol-4-carboxylat,
2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-carbonitril,
1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)- 1H-benzimidazol-4-
carbonitril,

metyl 2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-1H-
benzimidazol-4-carboxylat,

axit 2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-1H-
benzimidazol-4-carboxylic,

axit 1-[(2-flo-3-metylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-
4-carboxylic,
2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-carboxamit,
1-[(2,3-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-y1)-
1H-benzimidazol,

metyl 2-metyl-6-(4-morpholinyl)-1-(5-quinolinylmetyl)-1H-benzimidazol-4-
carboxylat,

axit 2-metyl-6-(4-morpholinyl)-1-(5-quinolinylmetyl)-1H-benzimidazol-4-

carboxylic,
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axit 1-[(3,4-dimetylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-4-

carboxylic,

axit 2-metyl-6-(4-morpholinyl)-1-(2-naphtalenylmetyl)-1H-benzimidazol-4-

carboxylic,

axit 1-[(3,4-diclophenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-4-
carboxylic,
2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-4-(1H-1,2,4-
triazol-3-yl)-1H-benzimidazol,
2-metyl-4-(3-metyl-1H-1,2,4-triazol-5-yl)-6-(4-morpholinyl)-1-(1-
naphtalenylmetyl)-1H-benzimidazol,
1-[2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-
yl]etanon,

[2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)- 1H-benzimidazol-4-
ylJmetanol,
2-metyl-N-(metylsulfonyl)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-
benzimidazol-4-carboxamit,

metyl 5-(4-morpholinyl)-2-(triflometyl)-1H-benzimidazol-7-carboxylat,

metyl 1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-2-(triflometyl)-
1H-benzimidazol-4-carboxylat,

axit 1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-2-(triflometyl)-
1H-benzimidazol-4-carboxylic,

axit 6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-2-(triflometyl)-1H-benzimidazol-4-
carboxylic,

metyl 1-[(3-clo-2-metylphenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-1H-
benzimidazol-4-carboxylat,

axit 1-[(2,3-diclophenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-1H-
benzimidazol-4-carboxylic,

1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-2-(triflometyl)-1H-
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benzimidazol-4-carboxamit,

metyl 6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-2-(triflometyl)-1H-benzimidazol-
4-carboxylat,

metyl 1-[(2,3-diclophenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-1H-
benzimidazol-4-carboxylat,
1-{[2-metyl-3-(triflometyl)phenylmetyl}-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-
yl)-2-(triflometyl)-1H-benzimidazol,

axit 1-[(3-clo-2-metylphenyl)metyl]-6-(4-morpholinyl)-2-(triflometyl)-1H-
benzimidazol-4-carboxylic,
1-[(2,3-diclophenyl)metyl]-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-yl)-2-
(triflometyl)-1H-benzimidazol,
1-[(3-clo-2-metylphenyl)metyl]-6-(4-morpholinyl)-4-(1H-1,2,4-triazol-3-yl)-2-
(triflometyl)-1H-benzimidazol,
2-metyl-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-4-(1H-tetrazol-5-yl)-1H-
benzimidazol,
[2-metyl-1-{[2-metyl-3-(triflometyl)phenyl|metyl}-6-(4-morpholinyl)-1H-
benzimidazol-4-ylmetanol,

axit 1-[(3-clo-2-metylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-
4-carboxylic,

axit 2-metyl-1-[(2-metylphenyl)metyl]-6-(4-morpholinyl)-1H-benzimidazol-4-
carboxylic,

etyl 2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-1H-

benzimidazol-4-carboxylat,

4-bromo-2-metyl-6-(4-morpholinyl)-1H-benzimidazol,
4-bromo-2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl }-6-(4-morpholinyl)- 1H-
benzimidazol,

2-metyl-1-{[2-metyl-3-(triflometyl)phenylJmetyl}-6-(4-morpholinyl)-4-(1,3-
oxazol-2-yl)-1H-benzimidazol,
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metyl 2-clo-5-(4-morpholinyl)-1H-benzimidazol-7-carboxylat,

metyl 2-clo-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-morpholinyl)-1H-
benzimidazol-4-carboxylat,

axit 2-clo-1-{[2-metyl-3-(triflometyl)phenyl|metyl }-6-(4-morpholinyl)-1H-
benzimidazol-4-carboxylic,

metyl 2-(diflometyl)-5-(4-morpholinyl)-1H-benzimidazol-7-carboxylat,

axit 2-(diflometyl)-6-(4-morpholinyl)-1-(1-naphtalenylmetyl)-1H-benzimidazol-4-
carboxylic,

axit 2-(diflometyl)-1-{[2-metyl-3-(triflometyl)phenylJmetyl}-6-(4-morpholinyl)-
1H-benzimidazol-4-carboxylic,

axit 1-[(2,3-diclophenyl)metyl]-2-(diflometyl)-6-(4-morpholinyl)-1H-
benzimidazol-4-carboxylic,

axit 1-[(3-clo-2-metylphenyl)metyl]-2-(diflometyl)-6-(4-morpholinyl)-1H-
benzimidazol-4-carboxylic,

axit 1-(1-benzothien-7-ylmetyl)-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-4-
carboxylic,

axit 1-[(2,3-dimetylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-4-
carboxylic,

axit 1-[(3-flo-2-metylphenyl)metyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-
4-carboxylic,
2,4-dimetyl-1-{[2-metyl-3-(triflometyl)phenylmetyl}-6-(4-morpholinyl)-1H-
benzimidazol,

axit 1-[1-(3-clo-2-metylphenyl)etyl]-2-metyl-6-(4-morpholinyl)-1H-benzimidazol-
4-carboxylic,
2-metyl-1-{[2-metyl-3-(triflometyl)phenyljmetyl}-6-(4-morpholinyl)-4-(1,3-
thiazol-2-yl)-1H-benzimidazol,
4-(2-furanyl)-2-metyl-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-

morpholinyl)-1H-benzimidazol va
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2-metyl-4-[(metyloxy)metyl]-1-{[2-metyl-3-(triflometyl)phenyl]metyl}-6-(4-
morpholinyl)-1H-benzimidazol,

ho#ic mudi dugc dung cuia ching.

4. Hop chét c6 cong thire:

O~ _OH
N
\>——Me
N N
o @
Me

hodc mubi dugc dung ctia né.
5. Duoc phdm chira hop chét theo diém 4 va chat mang duoc dung.

6. Hop chit c6 cong thitc:

7. Dugc phim chira hop chat theo diém 6 va chat mang dugc dung.
8. Mudi dugc dung ctia hop chét c6 cong thirc:

O-_OH

N
\>—Me
N

YR

CF,

9. Dugc phim chira hop chét theo diém 8 va chit mang dugc dung.

10. Mudi tris ctia hop chét ¢6 cong thire:
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11. Duoc phdm chira hop chét theo diém 10 va chat mang dugc dung.
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