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Linh vire k§ thuat dwoe dé cap

Sang ché d& cap dén hop chét chira chit chii von GLP-1R méi va duge phdm
chira hop chat nay.

Tinh trang k§ thuét cia sang ché

Insulin 12 peptit dugc tiét ra béi cac té bao beta tuyén tuy va insulin 12 chét dong
vai trd rét quan trong trong viéc diéu chinh duong huyét trong co thé. Bénh dai théo
duong 13 bénh vé chuyén hoa trong d6 ndng do glucoza trong méu ting do su tiét
insulin khéng du hodc sy hoat dong binh thudong ciia né. Trudong hop trong d6 dudng
huyét tang do sy khong én dinh dé tiét insulin tir tuyén tuy duoc goi 12 bénh dai thao
dudng tuyp 1. Boi vdy, cin phai ding insulin dé diéu tri bénh d4i théo dudng tuyp 1.
Mt khac, khi su tiét insulin 1 khong da hodc insulin d tiét ra khong hoat dong mot
cach ph hop va do d6 dudng huyét trong co thé khong duoc kiém so4t va tang lén,
trwedong hop nay dugce goi 1a bénh dai thdo duong tuyp 2, bénh nay dugc didu tri bang

cach sir dung thube ha duong huyét trén co so chét hoa hoc.

D3 duge ndi tiéng dua trén cdc nghién ctru 14m sang quy md 16n rang viée kiém
soat duong huyét nghiém ngit & mac dudng huyét binh thuong trong viée diéu tri
bénh dai thao dudmg 13 quan trong dé ngan ngira cac bién chimg khac nhau gay ra boi
bénh dai thao dudong. Hop chét tmg vién c¢6 thé ha thdp duong huyét bing cach kich
thich manh sy tiét insulin bao gdbm hormon dugc goi 1a petit gidng glucagon-1 (GLP-
1). GLP-1 dugc phat hién ra 1an ddu vao nim 1985 nhur hormon incretin dugc tiét ra
boi cac té bao L trong hdi trang va két trang. GLP-1 1am ting su tiét insulin bang cach
tac dong 1én mot thu thé dwoc goi 1a GLP-1R (thy thé peptit-1 gidng glucagon). GLP-1
duoc tiét ra qua su kich thich cua céac chét dinh dudng dugce hép thu hodc lugng dudng
trong mau. Viéc didu tri bénh d4i thdo dudng bing GLP-1 c6 wu diém 12 khong xay ra
su ha duong huyét do insulin dugc tiét ra tuy thudc vao néng dd glucoza. Ngoai ra,
hormon ndy dugc biét 12 ¢6 hiéu qua trong viéc giam chuyén dong ctia hé tidu héa trén

va ngan su thém &n, va tdng sinh céc té bao beta hién c6 cia tuyén tuy.
Do nhing dic diém trén day, GLP-1 1 hop chét tmg vién duoc 4p dung cho
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phuong phép didu tri bénh d4i thao dudng tuyp 2, nhung né c6 nhidu tré ngai trong
viéc phét trién nhu mot loai thube vi chu ky ban rd trong mau cua nd chi 1a 2 phut. bé
khic phuc nhing thiéu s6t ctia GLP-1 do thoi gian tac dung ngén, gan déy, cac thudc
didu tri da dugc phat trién st dung chét tuong tu GLP-1 va chét tc ché DPP-4 ¢6 kha
ning khang lai mot loai enzym dugc goi 1a dipeptidyl peptidase IV (DPP-IV) pha huy
GLP-1 trong mau (Oh, Tap chi SJ "Glucagon-like Peptit-1 Analogue and Dipeptidyl
Peptidase-IV Inhibitors" cua Korean Endocrine Society Vol. 21 (6), pp. 437-447,
2006; Holst, J. J. "Glucagon like peptit 1: a newly discovered gastrointestinal
hormone" Gastroenterology Vol. 107, pp. 1848-1855, 1994).

Trong s céc peptit tiét ra insulin ngoai GLP-1, exendin 13 peptit dugc tim thiy
trong dich tiét nudce bot cta thin 1an ddm Mexico (Heroderma horridum) va quai vét
Gila (Helloderma suspectum) 1a 1oai bo séat ni sinh ctia ving Arizona va Bic Mexico.
Exendin-3 ¢6 trong dich tiét nuéc bot ciia Heroderma horridum, va exendin-4 ¢6 trong
dich tiét nu6c bot ctia Helloderma suspectum, va ca hai déu c6 d6 trong ddng cao véi
trinh tw GLP-1 (Goke et al., J. Biol. Chem. Vol. 268, pp. 19650-19655, 1993). Céac bao
c4o nghién ctru duge ly cong b rang exendin-4 c6 thé tac dong vao cac thu thé GLP-1
trén cac té bao tiét insulin cu thé, cac té bao tuyén hinh chum phén tan tr tuyén tuy cua
chudt lang va c4c t& bao thanh da day ciia chung. Peptit nay da dugc bdo céo 1a kich

thich su giai phong somatostatin va trc ché su giai phong gastrin tir da day da phén 14p.

Hién nay, cac chit twong tu GLP-1 khéc nhau c6 kha nang khang lai enzym
DPP-4 ph4 hity GLP-1 trong mau di duogc phat trién va dang duge st dung 1am thudc
diéu tri bénh dai thao dudng tuyp 2. Cac chit twong tw GLP-1 ndy ¢6 chu ky ban ra dai
hon dang ké so v6i GLP-1, va do d6 chung c6 loi thé trong viéc duy tri tic dung ha
duong huyét trong thodi gian dai. Tuy nhién, khong thé dung chiing qua duong ubng,
din dén tinh tién loi cta thudc thip vi vay chiing phai duge dung qua duong tiém. Do
d6, gan day, nghién ctru dé phat hién ra chét cht van GLP-1R phén t& nho c6 thé dugc
dung qua duong ubng va c6 thé dugc st dung 1am thudc diéu tri bénh d4i thdo duong
dang dugc thuc hién. Gén day, tai Han Quéc, da dugc bao cao rr?mg DA-15864 nhu
mot hop chét phan t& nhd méi c6 thé kich thich c6 chon loc thu thé GLP-1 & nguoi va
chudt hoat dong nhu mot chét chu van thu thé GLP-1 ¢6 thé dugc dung qua duong
ubng dé didu tri bénh d4i thao dudng va bénh béo phi. (Moon, H.-S. et al., "The
development of non-peptide glucagon-like peptide 1 receptor agonist for the treatment
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of type 2 diabetes" Arch. Pharm. Res, Vol. 34(7), pp. 1041 - 1043, 2011). Cac cong
thie thube ubng nay co gia tri phét trién cao & chd chiing hoat dong nhu chét chu van

GLP-1R v6i su dé dang trong viéc st dung dugc cai thién.

Hon nita, cdc co quan quan ly nhu FDA Hoa Ky dang cha y dén tac dung phu
d6i voi tim mach cua thube c6 thé gy dot tir, dic biét 1a sy kéo dai QT va sy tai phan
cuc tAm thét cham. Nghién ctru dugc ly vé tinh an toan ddi véi tim mach cta chat méi
dang dugc nhin manh. V& van dé nay, gen lién quan ete-a-go-go & nguoi (hERG) 1a
gen ma hoa tiéu don vi cua cac kénh kali ctia ngudi chiu trach nhiém vé dong dién kali
chinh luu chdm (IKr), duong nhu cé vai trdo dnh hudng nhét trong viéc xac dinh
khoang thoi gian cua dién thé hoat dong va do d6 1a khoang QT. Néu kénh hERG bi trc
ché boi thude, su tai phan cuc tAm that dugc x4c dinh bang thoi gian cia dién thé hoat
dong cua tim bi cham lai, mot tic dung cd thé duge do ludong nhu su kéo dai khoang
QT trén ECG. Piéu ndy c6 lién quan dén doc tinh tim nhu r6i loan nhip tim bao gdm
xo04n dinh (Torsade de pointes) (TdP). Dugc chét méi cin dugc danh gid vé mirc d6 tc
ché cac kénh hERG c6 tac dung dang ké dén su kéo dai QT lién quan dén céc tac dung
bét loi d6i vé6i tim mach. Trong quy trinh nay, hau hét cac loai thude c6 tac dung Gc

ché cac kénh hERG, va do d6 quy trinh phat trién cua ching c6 thé dimg lai.

Dic biét, trong quy trinh phat tridn cac thudc diéu tri bénh dai thao dudng, su
kéo dai QT 1a mot sy xem xét can thiét. Trong truong hop méc bénh dai thao duong,
nguyén nhan t vong do bénh tim thiéu mau cuc bo ting gip 2 dén 3 14n ho#c cao hon.
Phu nit dugc chin doan méc bénh dai thio dudng trude 30 tudi duoc biét 1a c6 nguy
co bi nhdi mau co tim ho#c bénh dong mach vanh gdy tir vong cao hon. Do do, néu
thudc chdng dai thdo dudong gly ra su kéo dai QT thi ban thén thudc d6 khé c6 thé
phat trién v6i han ché khong thé tranh khoi dé sir dung 1au dai, ngay ca khi n6 c6 tac

dung tuyét voi.
Ban chit k§ thuit clia sing ché
Vén dé ky thuat

Do d6, can c6 thudc didu tri méi. Dé dap tmg nhu cdu, sang ché dé xut cac hop
chét chi vén thu thé GLP-1 méi ¢6 thé lam ting déng ké hoat tinh cta thy thé GLP-1

tir cac chat img vién khéc nhau.

Giai phap K¥ thuat
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Theo mot khia canh, sang ché dé xuét cac hop chét c6 cong thirc héa hoc 1 duéi
day, cac chét ddng phan quang hoc ctia hgp chit, hoic mudi duoc dung ciia hop chét

ho#c cac chét ddng phan quang hoc:

Cong thirc hoa hoc 1

A « X..::(
\ 7
st"“"Wz
trong d6 Ry 1a -C(=O)Ra, trong d6 Ra 12 -OH hodc -O-(C1-Cq alkyl)
Y 1a -CH- hodc -N-;

R, duoc chon tir nhém bao gdm aryl ¢6 tir 6 dén 12 nguyén ti cacbon dugc thé
hoic khong dugc thé, heteroaryl ¢6 tir 5 dén 12 nguyén tir cacbon dugc thé hoic khong
duogc thé, heteroxycloalkyl c6 tir 3 dén 8 nguyén tir cacbon dugc thé hodc khong dugc
thé; alkyl c6 tir 1 dén 4 nguyén ti cacbon dugc thé hoic khong dugc thé, xycloalkyl c6
tir 3 dén 8 nguyén tir cacbon duge thé hogc khong duoc thé, trong d6 aryl, heteroaryl,
heteroxycloalkyl, alkyl, va xycloalkyl dugc thé bao gbm it nhit mot phan tir thé 1a -
OH, -(C1-Cs alkyl), halogen, hodc -CN;

Ry 14 hydro hodc -(C1-Cs alkyl);
J1a -CH- hodc -N-;

X 14 -CRe- hodc -N-, trong d6 Re dugce chon tir nhom bao gém -H, halogen, -
CN, -OH, -O-(C1-Cs alkyl), -NHz, -NOa, va -C1-Ca haloalkyl;

Wi 13 -CRy-, trong d6 Ra dugce chon tir nhém bao gém -H, halogen, -CN, -OH,
-O-(C1-Csalkyl), -NHz, -NO», va -C1-Ca haloalkyl;

W3 14 -CRe- hoiic -N-, trong d6 Re dugc chon tir nhém bao gém -H, halogen, -
4
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CN, -OH, -0-(C;-C4 alkyl), -NHz, -NO, va -C1-Cs haloalkyl,

W3 1a -CR#, trong d6 Re duge chon tir nhom bao gbm -H, halogen, -CN, -OH, -
0-(C1-Csalkyl), -NHa, -NOg, va -C1-C4 haloalkyl; va

Ala

Z1 13 -CRg- hodc -N-, trong d6 Rg duge chon tir nhém bao gbm -H, halogen, -
CN, -OH, -O-(C1-Cs alkyl), -NHa, -NO», va -C1-C4 haloalkyl;

72 13 -CRy- hoiic -N-, trong d6 Ry duge chon tir nhom bao gém -H, halogen, -
CN, -OH, -O-(C1-C4 alkyl), -NH>, -NO2, va -C1-Ca haloalkyl;

73 1a -CR;- ho#c -N-, trong d6 R; dugc chon tir nhém bao gém -H, halogen, -
CN, -OH, -O-(C1-C4 alkyl), -NH>, -NO2, va -C1-Cs haloalkyl,

Z4 13 -CR;- hodc -N-, trong d6 R; duoc chon tir nhom bao gE”)m -H, halogen, -
CN, -OH, -O-(Ci-Cs alkyl), -NHz, -NO», va -C;-C4 haloalkyl;

Zs 13 -CRy- hoic -N-, trong d6 Rk dugc chon tir nhém bao gém -H, halogen, -
CN, -OH, -O-(C1-Cs alkyl), -NHa, -NO3, va -C1-Cq haloalkyl; va

71 dén Zs thoa man mot trong sb cac diéu kién sau:
i) it nhat mot trong s6 Z1 dén Zs 1a -N-; va
ii) Z1 14 -CRg-, Z5 12 -CRy-, Z3 12 -CRi-, Z4 12 -CRj-, Z5 1a-CRx-, va

trong d6 khi Z1 dén Zs thoa man diéu kién ii),

%,
Theo mot khia canh khéc, sang ché dé xuét céac hop chét co cong thirc hda hoc 1
du6i ddy, cac chit dong phan quang hoc cta hop chét, hodc mudi duge dung ctia hop

chit hodic c4c chit dong phan:



Céng thtrc hoa hoc 1

trong d6 Ry 14 -C(=0)Ra, trong d6 Ra 13 -OH hodc -O-(C1-Cs alkyl)

Y la -CH- hodc -N-;

R, dugc chon tir nhém bao gdm aryl c6 tix 6 dén 12 nguyén tir cacbon dugc thé
hoic khong duoc thé, heteroaryl ¢ tr 5 dén 12 nguyén t cacbon dugc thé hoic khong
duge thé, heteroxycloalkyl c6 tir 3 dén 8 nguyén ti cacbon dugc thé hodc khong dugc
thé, alkyl co tir 1 dén 4 nguyén tir cacbon dugc thé hodc khong dugc thé, xycloalkyl c6
tir 3 dén 8 nguyén tir cacbon dugc thé hodc khong dugc thé, trong d6 aryl, heteroaryl,
heteroxycloalkyl, alkyl, va xycloalkyl dugc thé bao gdm it nhit mot phin tir thé 1a -
OH, -(C1-Cs4 alkyl), halogen, hodc -CN;

Ry 13 hydro hodc -(C1-Cs alkyl);

J1a-CH - hodc - N -;

X 14 -CRe- hodc -N-, trong d6 Re duge chon tir nhém bao gém -H, halogen, -
CN, -OH, -O-(C1-Cs alkyl), -NHz, -NOa, va -C1-Cs haloalkyl;

W 14 -CRy-, trong d6 Rq dugc chon tir nhém bao gém -H, halogen, -CN, -OH,
-0-(C1-Cs alkyl), -NHa, -NO», va -C1-Cq haloalky];

‘W3 12 -CRe- hoiic -N-, trong d6 Re dugc chon tir nhém bao gbm -H, halogen, -
CN, -OH, -O-(C1-Cq alkyl), -NHaz, -NO, va -C1-Cs haloalkyl;
W3 1a -CR#, trong d6 Rr dugc chon tir nhdm bao gém -H, halogen, -CN, -OH, -
0-(C1-Cs alkyl), -NHa, -NO3, va -C1-Cs haloalkyl; va
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Ala

71 13 -CRg- hodc -N-, trong d6 Rg duge chon tir nhém bao gdm -H, halogen, -
CN, -OH, -0-(C1-C4 alkyl), -NHz, -NO3, va -C1-Cs haloalkyl;

75> 1a -CRy- hodc -N-, trong 6 Ry dugc chon tir nhém bao gém -H, halogen, -
CN, -OH, -O-(C1-Cs alkyl), -NHa, -NOg, va -C1-Cs haloalkyl,

73 1a -CR;- hodc -N-, trong d6 R; dugc chon tir nhém bao gém -H, halogen, -
CN, -OH, -0-(C;1-C4 alkyl), -NHa, -NO3, va -C1-Cs haloalkyl,

Z4 13 -CR;j- hodc -N-, trong d6 R;j duoc chon tir nhém bao gbm -H, halogen, -
CN, -OH, -O-(C;1-Cs alkyl), -NHz, -NO», va -C1-Cs haloalkyl;

75 14 -CRy- hoiic -N-, trong d6 Rk dugc chon tir nhém bao gém -H, halogen, -
CN, -OH, -0-(C;1-C4 alkyl), -NH>, -NO», va -C1-C4 haloalkyl; va

71 dén Zs thoa mén mot trong sb cac diéu kién sau:
i) it nhit mot trong s6 Z1 dén Zs 1a -N-; va

ii) Z1 13 -CRg-, Z2 14 -CRu-, Z3 13 -CRi-, Z4 12 -CRj-, Zs la-CRx-,

g Wy

trong do W:-—““{: -1a
trong do:
: ”"‘%
khi§ Wl W Re1a-(Cr-Ca alkyl;

vaJla-CH-, Y la -N-; va
7



g,
xa—,—zﬁ" -—% Ra
N

Khi =~ W% 13 k.

va J 14 -N-, Ry is xycloalkyl ¢6 tir 3 dén 8

nguyén t cacbon dugc thé hogc khong dugc thé.

Theo mét s6 phuong 4n thuc hién, trong cong thirc héa hoc 1, Z1 1a -CRg- hodc
-N-, Z» 12 -CRy- hoic -N-, Z3 1a -CR;- hodc -N-, Z4 12 -CRj- hodc -N-, Zs la -CRu- hodc

-N-, va chi mot trong s& Z1 dén Zs 1a -N-.

Theo mot vai phuong 4n thyc hién, trong cong thirc héa hoc 1, J1a -N-, X la -N-
: W2 12 -CRe-, Z1 13 -CRg- hodc -N-, Z 13 -CRu- hodc -N-, Z3 1a -CRi- hodc -N-, Z4 12 -
CRj- hodc -N-, Zs 1a -CR - hodc -N-, va chi mot trong s6 Z1 dén Zs 1a -N-.

Theo mot sb phuong 4n thyc hién, trong cong thirc hoa hoc 1, Ra duoc chon tur
nhom bao gém oxazol dugc thé hoic khong dugc thé, oxaxyclobutan duoc thé hodc
khong duoc thé chira cacbon tim khong d6i xtmg, imidazol dugc thé hodc khong duge
thé, C1-Cq alkyl dugc thé hodc khong duoc thé, va C3-Cs xycloalkyl dugc thé hoic
khong dugc thé, trong d6 oxazol, oxaxyclobutan, imidazol, alkyl, va xycloalkyl duoc

thé bao gdm it nhat mot phén tir thé 1a -OH, - (C1-C4 alkyl), halogen, hodc -CN.

Theo mot sb phuong 4n thwc hién, trong cong thirc hoéa hoc 1, Ry la

duoc thé hodc khong duoc thé, N\ dugc thé hoic khéng dugc thé,
L/ N o q
hodc \' dugc thé hoic khong duoc thé, trong do > , va

duge thé bao gdm it nhit mot phan tir thé 1a -OH, - (C1-Ca alkyl), halogen,
hoac -CN.

Theo mdt s6 phuong 4n thuc hién, trong cong thirc héa hoc 1, Y 1a -CH-.

Theo mdt khia canh khac, sang ché d2 xuét cac hop chit c6 cong thirc héa hoc 2

8
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dudi day, chét déng phan quang hoc ctia hgp chét, hoic mudi duge dung cua hop chét

hogic chét ddng phan quang hoc:

Cong thire hoa hoc 2

trong d6 Zi 1a -CRg- hodc -N-, Z2 1a -CRu- hoic -N-, Z3 12 -CR;- hodc -N-, Z4 1a
-CR;- hoic -N-, Zs 1a -CR- hodc -N-, va it nhat mot trong sb 71 dén Zs 1a -N- va trong
d6 X, W1, W2, W3, J, Ry, R, Y va Ry giéng v61 nhitng chét duoc dinh nghia theo cong
thirc héa hoc 1.

Theo mot s6 phuong an thuc hién, trong cong thirc hoa hoc 2, Z1 1a -CRg- hodc
-N-, Z5 13 -CRy- hodc -N-, Z3 12 -CRi- hodc -N-, Z4 la -CR;- hogc -N-, Zs 1a -CRy- hodc

-N-, va chi mdt trong s6 Z1 dén Zs 1a -N-.

Theo mot khia canh khéc, sang ché d@ xuét cac hop chét c6 cong thirc hoa hoc 3
dudi day, chat ddng phan quang hoc cua hop chét, hodc mudi duge dung cia hop chét

hoc chét ddng phan quang hoc:

Cong thirc hoa hoc 3
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trong d6 W - M Re hoic % , va trong

d6 R, Ru, Ry, R, Rig, X, W1, W2, W3, Re, Ra, Re, Rp, J, Ro, Ra, Y, va Ry gibng véi cac
chit duoc dinh nghia theo Cong thirc héa hoc 1 trén day.

Theo mot sb phuwong 4an thuc hién, trong Cong thc hoéa hoc 3, khi

, Rp 13 -(C1-Cs alkyl).

Theo mdt s6 phuong 4n thuc hién, trong Coéng thic héa hoc 3, khi

Wty 1y W R yaJla-CH-, Y la-N-.

Theo mdt sb phwong 4n thyc hién, trong Cong thic hoa hoc 3, khi

10
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ol N7
Ky ® Ry
B, W
AN A ,
Wty oy N %  vaJla-N-, Ry la xycloalkyl c6 tir 3 dén 8 nguyén tir

cacbon duoc thé hodc khong duoc thé.
Theo mot khia canh khéac, sang ché d& xuét cac hop chéit c6 Cong thirc héa hoc
3-1 duéi day, chit dong phan quang hoc clia hop chét, hodc mubi dugc dung cua hop

chét hodc chét ddng phan quang hoc:

Cong thire hoa hoc 3-1

trong d6 Rg, Ru, Ri, Ry, Rk, Re, Rg, Re, Ry, J,Re, R2, Y, va Ry giéng v6i cac chat
duoc dinh nghia theo Cong thirc héa hoc 1 trén déy.

Theo mot khia canh khéc, sang ché @ xuét cac hop chét c6 Cong thitc hoa hoc
3-2 duéi day, chét df?)ng phan quang hoc cua hop chét, hoic mudi dugc dung ctia hop

chét hoic chit ddng phan quang hoc:

Cong thirc hoa hoc 3-2

11
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trong d6 Rg, Ru, Ri, Rj, Rk, Ra, R, J, Rp, R2, Y, va Ry giéng voi cac chat duoc
dinh nghia theo Cong thirc héa hoc 1 trén day.

Theo mot khia canh khéac, sang ché d& xuét cac hop chét c6 Cong thue hoa hoc
4 du6i day, chit ddng phan quang hoc cia hop chét, hodc mudi duoc dung cta hop

chét hodc chit ddng phan quang hoc:

Cong thirc hoa hoc 4

trong d6 Z1 1a -CRg- hodc -N-, Z» 1a -CRe- hodc -N-, 73 14 -CR;- hodc -N-, Z4 1a
-CR;- hodc -N-, Zs 13 -CRx - hodc -N-, va chi mdt trong sb Z1 dén Zs 1a -N-, va trong
d6 W1, Re, W3, R, Ra, Y, va Ry gibng véi céc chit duge dinh nghia theo Cong thic
héa hoc 1 trén day.
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Theo mot khia canh khéc, sang ché dé xuét cdc hop chét c6 Cong thirc hoa hoc
5 dudi day, chét d@)ng phén quang hoc cua hop chét, hoic mubi dugc dung cua hop

chét hodc chit ddng phan quang hoc:

Cong thtrc hda hoc 5

A X,
~<\ Va

W3 — Wz

trong d6 A, X, W1, W2, W3, J, Ry, Rz, va Ri giéng v6i cac chat duge dinh nghia
theo Cong thirc hda hoc 1 trén day.

Theo mot s6 phuong 4n thuc hién, sang ché @ xut cac hop chit dugc liét ké
dudi day, chit déng phan quang hoc ctia hop chét, hodc mubi duge dung cua hop chét

hodc chéit ddng phan quang hoc:

axit 1-(oxazol-2-ylmetyl)-2-((4-(6-(pyridin-4-ylmetoxy)pyridin-2-yl)piperazin-
1-yl)metyl)-1H-benzo[d]imidazol-6-carboxylic;

axit 1-(oxazol-2-ylmetyl)-2-((4-(6-(pyridin-2-ylmetoxy)pyridin-2-yl)piperazin-
1-yl)metyl)-1H-benzo[d]imidazol-6-carboxylic;

axit  (S)-2-((4-(6-((5-cloro-3-flopyridin-2-yl)metoxy)pyridin-2-yl)piperazin-1-
yl)metyl)-1-(oxetan-2-ylmetyl)- 1 H-benzo[d]imidazol-6-carboxylic;

axit  (S)-2-((4-(6-((5-cloro-3-flopyridin-2-yl)metoxy)pyridin-2-yl)piperidin-1-
ymetyl)-1-(oxetan-2-ylmetyl)- 1 H-benzo[d]imidazol-6-carboxylic;

axit (S)-2-((4-(6-((5-xyanopyridin-2-yl)metoxy)pyridin-2-yl)piperidin-1-

yl)metyl)-1-(oxetan-2-ylmetyl)-1 H-benzo[d]imidazol-6-carboxylic;
13
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axit 1-(oxazol-2-ylmetyl)-2-((4-(6-(pyridin-3-ylmetoxy)pyridin-2-yl)piperazin-
1-yl)metyl)-1H-benzo[d]imidazol-6-carboxylic;

axit (S)-2-((4-(6-((5-xyanopyridin-2-yl)metoxy)pyridin-2-yl)piperazin-1-
ylmetyl)-1-(oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylic;

axit (S)-2-((4-(3-((5-cloro-3-flopyridin-2-yl)metoxy)phenyl)piperidin-1-

yDmetyl)-1-(oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylic;

axit (S)-2-((4-(6-((5-xyanopyridin-2-yl)metoxy)pyrazin-2-yl)piperazin-1-
yDmetyl)-1-(oxetan-2-ylmetyl)- 1 H-benzo[ d]imidazol-6-carboxylic;

axit (S)-2-((4-(3-((5-xyanopyridin-2-yl)metoxy)phenyl)piperazin-1-yl)metyl)-
1-(oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylic; '

axit (S)-2-((4-(6-((5-xyanopyridin-2-yl)metoxy)pyridin-2-yl)piperazin-1-
yl)metyl)-3-(oxetan-2-ylmetyl)-3 H-imidazo[4,5-b]pyridin-5-carboxylic;

axit (S)-2-((4-(3-((5-xyanopyridin-2-yl)metoxy)phenyl)piperazin-1-yl)metyl)-
3-(oxetan-2-ylmetyl)-3 H-imidazo[4,5-b]pyridin-5-carboxylic;

axit (S)-2-((4-(6-((5-cloropyridin-2-yl)metoxy)pyridin-2-yl)piperazin-1-
yDmetyl)-1-(oxetan-2-ylmetyl)-1 H-benzo[d]imidazol-6-carboxylic;

axit 2-(((S)-4-(6-((5-xyanopyridin-2-yl)metoxy )pyridin-2-yl)-2-
metylpiperazin-1-yl)metyl)-1-(((S)-oxetan-2-yl)metyl)-1H-benzo[d]imidazol-6-
carboxylic;

axit 2-(((S)-4-(6-((5-xyanopyridin-2-yl)metoxy)pyridin-2-y1)-2-
metylpiperazin-1-yl)metyl)-3-(((S)-oxetan-2-yl)metyl)-3 H-imidazo[4,5-b]pyridin-5-
carboxylic;

axit  (S)-2-((4-(3-((4-xyano-2-flobenzyl)oxy)phenyl)piperidin-1-yl)metyl)-3-
(oxetan-2-ylmetyl)-3 H-imidazo[4,5-b]pyridin-5-carboxylic;

axit  2-((4-(3-((4-xyano-2-flobenzyl)oxy)phenyl)piperazin-1-yl)metyl)-1-((1-
floxyclopropyl)metyl)-1H-benzo[d]imidazol-6-axit carboxylic; va

axit 2-(((S)-4-(6-((4-xyano-2-flobenzyl)oxy)pyrazin-2-yl)-2-metylpiperazin-1-
ylmetyl)-1-(((S)-oxetan-2-yl)metyl)-1H-benzo[d]imidazol-6-carboxylic; chit ddng
phin quang hoc cuia chung hodc mudi duoc dung ciia ching.

14



Theo mot khia canh khéc, sang ché @ xuit duoc phém chtra it nhit mot trong
sb céc hop chét c6 Cong thirc héa hoc 1, 2, 3, 3-1, 3-2, 4 hodc 5, it nhéit mot trong sb
cac chit dong phan quang hoc cia cac hop chét, it nhit mot trong s6 cac mubi duoc
dung cua céc hop chét hoic chét d@)ng phin quang hoc, hodc bat ky su két hop nao ctua
chung.

Theo mot khia canh khéc, sang ché dé xuét duoc phém chira it nhat mot trong
sb cac hop chét c6 Cong thirc hoa hoc 1, 2, 3, 3-1, 3-2, 4 hodc 5, it nhét mot trong sb
céc chit dong phan quang hoc cia cic hop chét, it nh4t mot trong s6 cac mudi dugc
dung cta céc hop chét hodc chit déng phén quang hoc, hodc bét ky su két hop nao cua

ching va chéat mang dugc dung.

Theo mot khia canh khéc, sang ché d& xuét cac hop chit c¢6 Cong thirc héa hoc
1,2, 3, 3-1,3-2,4 hodc 5, it nhit mét trong sb cac chét déng phén quang hoc cua cac
hop chét, it nhit mot trong s cac mudi dugce dung cla cac hop chit hodc céc chét
ddng phan quang hoc, hodc bét ky su két hop nao cta ching ding dé diéu tri va/hodc

phong ngira cic bénh chuyén hoa.

Theo mot khia canh khéc, sang ché d& xuit cac phuong phap diéu tri cac bénh
chuyén hoa, phirong phép nay bao gdm viéc st dung cho d6i twong it nhat mot trong
sb céc hop chét ¢ Cong thic hoa hoe 1, 2, 3, 3-1, 3-2, 4 hodc 5, it nhat mét trong sb
cac chit ddng phan quang hoc cua cac hop chét, it nhat mot trong sb cdc mudi dugc
dung cua céc hop chét hoic cac chit dong phan quang hoc, hodc bét k¥ su két hop nao

cua ching.

Theo mot khia canh khéc, sang ché dé xuét viéc stt dung cac hop chét co Cong |
thire héa hoc 1, 2, 3, 3-1, 3-2, 4 hodc 5, it nhéat mot trong sb céc chat déng phén quang
hoc ctia cac hop chit, it nh4t mot trong sb cic mubi duge dung cta cac hop chét hoic
céc chét dong phan quang hoc, hodc bt ky su két hop nao cua ching dé phong ngira

hodc diéu tri cac bénh chuyén hoa.

Theo mot khia canh khéc, sang ché d& xuit viéc stir dung cac hop chéit c6 Cong
thire hoéa hoc 1, 2, 3, 3-1, 3-2, 4 hodc 5, it nhét mot trong sb céac chat déng phén quang
hoc cua cac hop chét, it nhit mét trong s6 cac mudi duge dung clia cac hop chéit hodc
céc chit dong phan quang hoc, hodc bét k¥ su két hop nao cta ching d8 bao ché thude
dé phong ngira hodc diéu tri cac bénh chuyén hoa.
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Theo mot khia canh khac, sang ché d& xut dugc phdm dé phong ngira hodc
diéu tri cac bénh chuyén héa chira it nhat mot trong sb cac hop chéit c¢6 Cong thirc hoéa
hoc 1, 2, 3, 3-1, 3-2, 4 hodc 5, it nhit mot trong sb cac chét déng phan quang hoc cua
cac hop chit, it nh4t mot trong sb cac mudi dugce dung cua cac hgp chit hodc cac chét

ddng phan quang hoc, hodc bét ky su két hop nao cta ching.

Theo mot khia canh khéc, sang ché d& xuit chit chu van GLP-1R chua it nhét
mot trong sb céc hop chét c6 Cong thirc hoa hoc 1, 2, 3, 3-1, 3-2, 4 hodc 5, it nhat mét
trong s6 cac chit dong phan quang hoc cta cic hop chét, it nht mét trong s6 cac mudi
‘duoc dung cda cac hop chit hoidc céc chét déng phén quang hoc, hodc bt ky su két

hop nao cta ching.

Céc hop chét, chit déng phan quang hoc va mubi duge dung theo séng ch? boc
16 téc dung tuyét voi lam.chat chi vin GLP-1..Cu thé, két qua thyc hién xét nghiém
mién dich canh tranh gifra cAMP ndi bao dugce tao ra trong t8 bao va cAMP ngoai bao
duoc danh déu bing thuc nhuom thé hién ring cac hop chét, chit déng phan quang
hoc va mudi duge dung theo sang ché ¢6 tac dung tuyét voi lam chét ch van GLP-1.
Ngoai ra, thtr nghiém dung nap glucoza trén khi cho thdy riang cic hop chét, chit dong
phén quang hoc va mudi dugce dung theo sang ché ¢6 kha ning dung nap glucoza tuyét
voi & ca dudng tiém tinh mach va dudng ubng ciing nhu ¢6 cac dic tinh duge dong

hoc tuyét voi.

Ngoaira, cac hop chét, chét ddng phan quang hoc va mubi dugc dung theo sang
ché thé hign tinh an toan duoc 1y tuyét voi di v6i hé tim mach. Cu thé, két qua phan
tich qua xét nghiém hERG cho thdy rang cac hop chét, chit ddng phan quang hoc va
mubi dugc dung theo sang ché ¢6 tinh an toan déi v6i tim mach cao dang ké va nguy
co doc tinh trén tim nhu rdi loan nhip tim thip dang ké trong thoi gian st dung dai. Do
do, tac dung cia cac hop chét, chét dong phan quang hoc va mudi dugc dung theo

sang ché 12 khéac hodc cao hon so véi tic dung cta hop chat hién co.

Thuét ngt bénh chuyén hoéa dugce st dung trong tai li¢u nay bao gém, vi du,
bénh dai thao duong (T1D va/hodc T2DM, chéng han nhu tién bénh déi thdo dudng),
TID vo can (tuyp 1b), bénh d4i thao dudng tw mién tiém 4n & ngudi 16n (LADA),
T2DM khdi phét som (EOD), bénh déi théo duong khéi phat khong dién hinh ¢ thanh
thidu nién (YOAD), bénh di théo dudong khi phat & tudi truong thanh (MODY),

16



52317

17/69

bénh dai thao duong li€n quan dén suy dinh dudng, bénh dai thio duong thai ky, tang
duong huyét, khang insulin, khéng insulin ¢ gan, suy giam dung nap glucoza, bénh
than kinh do dai thdo dudng, bénh than do dai thao duong, bénh than (vi du: suy thin
cép, r6i loan chic ning 6ng than, thay dbi tién viém dbi voi dng lugn gan), bénh vong
mac do dai thdo duong, rbi loan chirc ning té bao tao md, tich ty m& ndi tang, ngung
thd khi ng, béo phi (vi dy, béo phi ving dudi ddi va béo phi don gen) va cic benh di
kém (vi du viém xuong khép va déi dam), r6i loan an ubng (vi du: hoi chimg an ubng
vo d9, chimg biéng #n tAm than va hoi chimg béo phi, chiang han nhu hoi chimg
Prader-Willi va hoi ching Barde-Biedl), tang cén do sur dung cac loai thubc khac (v
du, ting can tu viéc st dung steroid va thube chéng loan thﬁ.n), dn qua nhiéu dudng,
61 loan m& mau (bao gbm ting lipid méu, ting triglyxerid mau, tang cholesterol toan
phé‘m, cholesterol LDL cao va cholesterbl HDL thép), tang insulin mau, NAFLD (bao
gém c4c bénh lién quan nhu chung nhidm md, NASH, xo hoa, x0 gan, va ung thu biéu
md t& bao gan), bénh tim mach X0 vita dong mach (bao gbdm ca bénh déng mach |
vanh), bénh mach méu ngoai vi, tdng huyet ap, 161 loan chirc nang ndi mo suy gi an
mach mau, suy tim sung huyét, nhdi méu co tim (vi du hoai tir va t& bao chét theo
chuong trinh), dot quy. dot quy xuét huyet dot quy do thiéu méu cuc b9, chan thuong
so ndo, tang ap dong maf"h phdi, téi tao mach sau nong mach, tap &nh céch ho; tang
lipid méu sau bita an, foan chuyén hoéa, benh xeton (ketosis), viém khap, loang xuong, -
bénh Parkinson, phi dai thét trai, bénh dong mach ngoai bién, mét thi luc, duc thiy
tinh thé, xo hoéa ciu than, suy than man, hoi chimg chuyén héa, hoi ching X, hdi
chang tién kinh nguyét, dau thét nguc, "chl’mg‘huyét khdi, xo vita dong mach, con thiéu
méu ndo cuc bd thoang qua, tai hep mach, suy giam chuyén hoa glucoza, triéu chiing
suy gidm duong huyét lac d6i, tang axit uric trong mau, bénh gut, rdi loah cuong
duong, rdi loan da va md lién két, bénh Véy nén, loét chan, viém loét dai trang, ting
apo lipoprotein B, bénh Alzheimer, tam than phan liét, suy giam nhén thuc, bénh viém
rudt, hoi ching rudt ngén, bénh Crohn, viém dai trang, hdi chimg rudt kich thich, hoi
ching budng trimg da nang va nghién (vi dy, lam dung rugu va/hodc ma tay).

Nhu duge st dung trong tai liéu nay, thuét ngit "alkyl" @& cap dén nhém
hydrocacbon hoa tri mot mach thang hozc mach nhanh c6 cong thic ciu tao -CnHpnt).
Céac vi du khong giéi han vé ching bao gbm metyl, etyl, propyl, isopropyl, butyl, 2-
metyl-propyl, 1,1-dimetyletyl, pentyl va hexyl, va cac chét trong tw. Vi dy, "Ci-Cq
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alkyl" co thé d& cap dén alkyl nhu metyl, etyl, propyl, butyl, 2-metyl-propyl, hodc
isopropyl.

Nhu duogc st dung trong tai liéu nay, thudt nglt "Ce-Ci2 aryl” dé cap dén
hydrocacbon thom chtta 6 hodc 12 nguyén tir cacbon. Thudt ngit "Ce-Cr2 aryl" dé cap
dén, vi du, hé vong nhu don vong (vi dy, phenyl) hodc hai vong (vi dy, indenyl,

naphtalenyl, tetrahydronaphtyl, tetrahydroindenyl).

Nhu duoc st dung trong tai liéu nay, thut ngit "Cs-Ciz heteroaryl" dé cap dén
hydrocacbon thom chua tir 5 dén 12 nguyén tir cacbon trong d6 it nhit mot trong sd
cac nguyén tu cacbon vong duoc thé béﬁg heteroatom chon tir oxy, nito va luu huynh.
Nhom heteroaryl c6 thé dugc lién két qua nguyén tir cacbon dang vong hodc, néu hoa
tri cho phép, lién két qua nguyén t& nito dang vong hodc nguyén t tvong ty. Nhoém

heteroaryl bao gdbm hé vong ngung tu benzo ¢6 tir 2 dén 3 vong.

Nhu duge st dung trong tai liéu nay, thuat ngit "Cs-Cs xycloalkyl" dé cap dén
nhém hydrocacbon vong héa tri mot c6 cong thirc cAu tao -CuH (n-1) chita trong
khoang tir 3 dén 8 nguyén ti cacbon. Cac vi du khong gi6i han cta ching bao gém

xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, xycloheptyl, va xyclooctyl.

Nhu duge sir dung trong tai liéu nay, thudt ngit "Cs-Cs heteroxycloalkyl" dé cap
dén nhom xycloalkyl chira trong khoang tir 3 dén 8 nguyén tir cacbon trong do it nhét
mot trong s6 cac nhém metylen vong (-CHa-) duge thé bang nhém duge chon tir -O-, -
S - va nito. Trong truong hop ndy, nito ¢ thé tao ra diém lién két hodc c6 thé duoc thé

dua trén cic phuong &n thyc hién.

Nhu duoc st dung trong tai liéu nay, thuat ngit "khdng dugc thé" ¢6 nghia 1a
trang thai ma hydro khong duoc thé bing bét ky phén tir thé nao.

Nhu duoc st dung trong tai ligu na‘ly; thuat ngtt "aryl, heteroaryl,
heteroxycloalkyl va xycloalkyl duoc th&" ¢6 thé bao gdm it nhat mot phén tir thé 13,
nghia 13, 1, 2, 3, 4, 5, 6 hogc nhiéu phan tir thé bang -OH, - (Ci-Cq alkyl), halogen,
hodc -CN. Mdi phﬁn tir thé nay co thé duoc thuc hién mot cach doc 14p.

Nhu dugce sit dung trong tai liéu nay, thuat nglt "halogen” d& cap dén florua,
clorua, bromua, hoac iodua.

Nhu dugce st dung trong tai liéu nay, thudt ngit "haloalkyl" d& cap dén nhom
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alkyl trong d6 hydro duoc thé bang mot hodc nhidu halogen (vi du, florua, clorua,

bromua, hodc iodua).

Cac tir viét tit sau day trong sang ché thé hién cac thuét ngit twong ng sau:
EA: etyl axetat

MC: metyl clorua

BINAP: 2,2 -bis(diphenylphosphino)-1,1"-binaptyl
DCM: diclometan

MTBE: metyl tert-butyl ete

MPLC: sic ky 16ng 4p suét trung binh

TEA: trietylamin

DMF: dimetylformamit

THEF: tetrahydrofuran

p-TSA: axit para-toluensulfonic

TBD: triazabixyclodexen

PTLC: Séc ky 16p méng da bao ché

DMSO: dimetyl sulfoxit

Pdy(dba)s: tris(dibenzylideneaxeton)dipaladi(0)
MeOH: metanol

KOtBu: kali tert-butoxit

ADDP: 1,1'-(azodicarbonyl)dipiperidin

Duodng lugn séng " # " trong tai lidu ndy chi ra diém lién két ciia phan tir

thé vao nhom khéc.

Theo mdt s6 phuong 4n thuc hién, trong Cong thirc hoa hoc 1, Ry 1a -C (= O)
Ra, va R, 13 -OH hoic -O- (C1-C4 ankyl). Tét hon, Ry ¢6 thé 14 -C(= O)OH.

Trong Cong thitc héa hoc 1, Rz dugce chon tir nhdém bao gém aryl c6 tir 6 dén 12
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nguyén tir cacbon duoc thé hodc khong dugc thé, heteroaryl co tur 5 dén 12 nguyén tir
cacbon dugc thé hoic khong dugc thé, heteroxycloalkyl c6 tir 3 dén 8 nguyén tir
cacbon duoc thé hoic khong dugc thé, alkyl c6 tr 1 dén 4 nguyén tir cacbon dugc thé
hodc khong dugc thé, xycloalkyl c6 tr 3 dén 8 nguyén ti cacbon duoc thé hosc khong
dwoc thé, trong d6 aryl, heteroaryl, heteroxycloalkyl, alkyl, va xycloalkyl dugc thé bao
¢dm it nhét mot phan tir thé 1a -OH, -(C1-Cs alkyl), halogen, hogc -CN. Tét hon, Rz ¢b
thé duogc chon tir nhém bao gém oxazol dugc thé hodc khong duge thé, oxaxyclobutan
dugc thé hoic khong duge thé c6 chira cacbon trung tdm khong d6i xang, imidazol
duoc thé hodc khong duge thé, alkyl c6 tir 1 dén 4 nguyén to cacbon dugc thé hodc
khong dugc thé, va Cs dén Cs xycloalkyl duoc thé hoidc khong duge thé, trong do
oxazol, oxaxyclobutan, imidazol, alkyl, va xycloalkyl duoc thé bao gém it nhat mot

phan tir thé 12 -OH, - (C1-C4 alkyl), halogen, hodc -CN.

- <,

Cu thé hon, Rz ¢ thé 1a '\ duge thé hoic khong dugc thé, \

duoc thé hoac khéng dugc thé, trong

duge thé bao gdm it nh4t mot phan tir thé 1a -
OH, - (C1-Cs alkyl), halogen, hodc -CN.

Theo mét s& phuong én thye hién, Y ¢6 thé 1a -CH-.

Theo mot s6 phuong an thyc hién, trong Cong thie hda hoc 1, khi A 13 pyridin

duge thé hoic khong duge thé, kS c6 thé duge chon tir nhém bao gém cac

hop chét sau:
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T N %
SOANGANGS

Theo mét s6 phuong 4n thuc hién, A 13 phenyl duge thé hodc khong duoc thé
hodc pyridin duoc thé hodc khong dwoc thé, trong do phan tir thé ¢6 thé bao gdm it
nhAt mdt phin tir thé chon tir nhém bao gdm halogen, -CN, -OH, -O- (C1-Cq alkyl), -
NHa, -NO; va -C1-Cj4 haloalkyl.

Theo mdt sb phuong 4n thyc hién, khi A 1a phenyl, A ¢6 thé 1a phenyl dugc thé,
trong d6 phéan tir thé 12 mot hodc nhidu phan tir thé 1 halogen va/hoic -CN.

Theo mot s6 phuong 4n thuc hién, khi A 14 pyridin, A c6 thé 1a pyridin duge thé
hoic khong dugce thé, trong d6 phéan tir thé 12 mot hodc nhidu phan t th4 13 halogen

va/hodc -CN.

Theo mét sd phurong an thuc hién, A ¢6 thé dugc chon tir nhém bao g(“nn cac

hop chét sau:
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Céc hop chit va chit trung gian nhur duge md ta dudi day duoc dat tén theo quy
uge dit tén duge cung cip tir ChemBioDraw Ultra. Quy u6c dit tén thuong phu hop
vé6i cac khuyén nghi cia Lién minh Qubc té vé Hoa hoc co ban va Hoa hoc tng dung
(IUPAC) vé danh phdp hoa hoc hitu co va cac quy tic vé chi s CAS. S& dugc danh
gia cao rang tén héa hoc co thé chi c6 du ngodc don, hodc ca d4u ngoic don va dau
ngodac vuong. Phan mé ta héa hoc 1ap thé c6 thé dugc dat & cdc vi tri khc nhau trong
chinh tén goi, tuy thudc vao quy udc dat tén. Nhfmg nguoi co hidu biét trung binh v&
linh vuc k§ thuat twong Gng s& nhén thirc duoc cac bién thé dinh dang nhu vay va co

thé danh gia cao ring ching cung cap cing mot cau tric hoa hoc.

Céc hop chét, chét ddng phan quang hoc cia hop chét, hoic mudi dugc dung
cua hop chét hodc chat ddng phan quang hoc theo sing ché c¢6 thé bao gdm mubi cong

axit va mudi cong bazo.

Mudi cong axit thich hop dugc tao thanh tir axit tao thanh mudi khong doc. Vi
du vé ching c¢o thé bao gdm axetat, adipat, aspartat, benzoat, besylat,
bicacbonat/cacbonat, bisulfat/sulfat, borat, camsylat, citrat, xyclamat, ediselat, esylat,
format, fumarat, gluceptat, gluconat, glucuronat, hexaflophosphat, hybenzat,
hydroclorua/clorua, hydrobromua/bromua, hydroiodua/iodua, isethionat, lactat, malat,
maleat, malonat, mesylat, metyl sulfat, naphtylat, 2-naphsylat, nicotinat, nitrat, orotat,
oxalat, palmitat, pamoat, phosphat/hydro phosphat/dihydro phosphat, pyroglutamat,
sacarat, stearat, suxinat, tannat, tartrat, tosylat, trifloaxetat, axit 1,5-naphtalendisulfonic

va muoi xinafoat.

Mubi cong bazo thich hop dugc tao thanh tr bazo tao thanh mubi khong doc.
Vi dy v& chung c6 thé bao gdm nhdm, arginin, benzathin, canxi, cholin, dietylamin,
bi(2-hydroxyetyl)amin (diolamin), glyxin, lysin, magie, meglumin, 2-aminoetanol
(olamin), kali, natri, 2-amino-2-(hydroxymetyl) propan-1,3-diol (tri hodc trimetamin),
va mudi k&m.

Ngoai ra, mudi hemi cla axit va bazo nhw mudi hemisulfat va hemicanxi c6 thé

duoc tao thanh.
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Céc hop chét, cac chét ddng phan quang hoc cua hop chét, hodic mudi duoc
dung cta céc hop chét hodc céc chit dong phan quang hoc theo sang ché c6 thé ton tai
- & cac dang khong solvat hoa va solvat hoa. Nhu dugc st dung trong tai liéu nay, thut
ngit “solvat” dé cip dén phiic hgp phan tir bao gdm mot hodc nhidu phén t& dung mdi
dugc dung (vi du etanol) cling nhu hop chét c6 Cong thirc hoa hoc 1, chit dong phan
quang hoc cua hop chét, hoic mubdi duge dung cua hop chat hodc chit déng phéan

quang hoc. Thuat ngtt 'hydrat’ & cap dén solvat khi dung mdi 1 nudc.

Phtrc hop nhiéu thanh phan (ngoai mudi va solvat) cling dugc bao gbm trong
pham vi cua sang ché. Trong mdi lién hé nay, mot thudc chita bénh va mot hoic nhiéu
thanh phin khéc sau d6 s& c6 mit trong mot lwong hop thirc hode khong hop thire.
Phirc hop cua loai ndy chira trong céc hop chit bao gdm (phirc chit thanh phan 16ng
nhau thudc - chi) va dong tinh thé. Pong tinh‘thé thuong dugc dinh nghia 1a phic chét
tinh thé cia céc thanh phan phén tir trung tinh duoc lién két v6i nhau qua cac twong tac
khong cong hoda tri, nhung cac ddng tinh thé c6 thé 1a cac phiic chét cia cac phan t
trung tinh véi mudi. Pdng tinh thé c6 thé du’Q’c bao ché bang cach két tinh néng chay,
bing cach két tinh lai tir dung mdi, hodc bang cach nghién vat Iy céc thanh phén cing

v&i nhau.

Céc hop chét, chat ddng phan quang hoc cua hop chat, hodc mudi dugc dung
cta hop chét hodc chét dong phan quang hoc theo séng ché c6 thé ton tai & trang thai
rén lién tuc tir v dinh hinh hoan toan dén két tinh hoan toan. Thuit ngit “vo dinh
hinh” d& cap dén trang thdi trong do mét chét mét di tinh can ddi sép xép theo khoang
cach dai & cdp d6 phan tit va cac ddc tinh vét Iy cua chit rén hodc chit long co thé
dugc thé hién tiy thudc vao nhiét do. Thong thuong, chét nay khong tao ra mAu nhiéu
xa tia X duy nhét va thé hién cac dic tinh clia chét rén va duge md ta chinh thirc hon 1a
chét 16ng. Khi 1am néng chung, sy thay dbi cta chung tir dic tinh rin sang 1ong xay ra.
Chét nay dugc dic trung béi su thay d6i trang thai (thuong 1a tha cép) (“su chuyén do6i
thay tinh”). Thult ngit “két tinh” d& cép dén pha rin trong d6 mot chit c6 tinh can ddi
sip xép & chp dd phan tir va tao ra mau nhiéu xa tia X véi cac dinh xac dinh. Chét nay
ciing thé hién cac dic tinh clia chét 16ng khi dugc 1am néng du, nhung sy thay d6i cua
n tir rin sang 16ng dugc dic trung bai sy thay d6i pha (thuong 1a so cép) (“diém nong
chay™).

Céc hop chét theo sang ché ¢6 chira mdt hodc nhiéu nguyén tir cacbon khong
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d6i xtmg c6 thé tn tai duéi dang hai hoic nhidu chét ddng phan lap thé. Khi cc chét
dong phan chu tao chuyén dbi dugce cho nhau qua rao can nang luong thip, su ddng
phan hd bién hodc hién tuong hd bién c6 thé xay ra. Vi du, diéu nay co thé tao ra hién
tuwong hd biénhién tugng hd bién proton trong hop chéit c6 Cong thirc héa hoc 1 chira
cac nhom imino, keto, hodc oxim, hodc tao ra hién tuong hd bién hoa tri trong hop
chét cua chiing c6 chira cac gbc thom. Két qua 13, hop chit c6 thé co it nhit hai loai

hién tuong ddng phan.

Cac mudi duge dung cia cac hop chat theo sang ché c6 the chira cac ion trai

déu c6 hoat tinh quang hoc hodc ¢6 tinh triét quang.

Céc k¥ thuat truyén thong dé didu ché/phan lap cac chit ddng phan dbi anh
riéng 1€ bao gdm tdng hop khong d6i xtmg xing tir cac tidn chit tinh khiét v& mat
quang hoc thich hop, vi du, sy phén giai cac thé raxemic (hodc céc thé raxemic cua
mubi hodc cac din xult) bing sic ky 1ong &p sudt cao khong d6i xang xtmg (HPLC).
Ngoai ra, thé raxemic (hodc tién chit raxemic) c6 thé phan tmg v¢i bazo hodc axit (vi
du: 1- phenyletylamin hodc axit tartric), khi hop chét hoat tinh quang hoc thich hop, vi
du, ruou hodc hgp chét co Cong thirc héa hoc 1 chira céc géc axit hodc bazo. Hon hop
d6ng phan phi d6i hinh c6 thé duoc tach ra bang céch sit dung phép sic ky va/hodc sur
két tinh phan doan, va mdt hodc ca hai chit ddng phan phi d6i hinh c¢6 thé duoc
chuyén ddi thanh (cac) chét ddng phan d6i quang tinh lhiét twong tmg bang cach st
dung cac phuong tién dugce nhitng nguoi ¢ hiéu biét trung binh vé linh vuc k¥ thuét
teong Ung biét r5. Hop chit khéng dbixtmg c6 Cong thirc hoa hoc 1 (va tién chét
khong di xémg cta ching) c6 thé thu duge & dang chét ddng phan d6i quang da 1a
gidu bang phuong phép sic ky, thuong 1a HPLC, trén nhua khong dbi xtmg s dung
pha di dong bao gdm cac hydrocacbon, thuong 1a chia trong khoang tir 0% dén 50%
thé tich heptan hodc hexan, thudong 1a trong khoang tur 2% dén 20% thé tich
isopropanol, va trong khodng tir 0% dén 5% thé tich alkylamin, thuong 1a 0,1% thé
tich dietylamin. Sy c6 ddc dung moi rira giai s€ tao ra hdn hop duoc 1am gidu. Co thé
sit dung phuong phép sic ky khong dbi ximg béng chat luu dudi t6i han va siéu t6i
han. Phuong phap sic ky khong d6i xtmg hitu ich theo mot s phuong 4n thuc hién

cua sang ché da duoc biét dén trong linh vurc k¥ thuét nay.

Khi bat ky thé raxemic nao két tinh, c6 thé c6 hai loai tinh thé khac nhau. Loai

thir nhét 12 hop chat raxemic da dé cap trén day (thé raxemic ndi bao), trong d6 tinh
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thé cua dang ddng nhét c6 chira ca hai chit ddng phan dbi anh & mot lugng dang phan
th gam thé tich duoc tao thanh. Loai thir hai 1a hdn hgp raxemic hodc khéi két trong do
cac tinh thé cta hai dang, mdi dang bao gém mot chét d@)ng phén dbi anh don duge tao
ra v6i mot lwong déng phén tr gam thé tich. Mic du ca hai dang tinh thé c6 trong hon
hop raxemic ddu c6 cac dic tinh vat Iy gidng nhau nhung chung c6 thé c6 cac dic tinh
vat ly khéc v6i cac ddc tinh vat 1y cta thé raxemic thuc. Hon hop raxemic ¢ thé duoc
tach ra bang cac ky thuét truyén thdng ma nhitng ngudi ¢6 hiéu biét trung binh vé linh
vuc k¥ thudt tuong Umg da biét.

Céc hop chét, chit dbng phan quang hoc cua hop chét, hodc mudi dugc dung
cua hop chit hodc chét dong phan quang hoc theo sang ché c6 thé ton tai dudi dang

tién thude cia chung.

Céch ding va liéu hrong

Théng thuong, cic hop chét, chit ddng phan quang hoc cia hop chét, hoic
mubi duoc dung cta hop chét hoic chét d6ng phén quang hoc theo sang ché co thé
duoge st dung v6i mot lugng hitu hi€u qua dé diéu tri cac triéu chung da mo ta trong tai
liéu nay. Ddi v6i muyc dich sir dung va lidu Iwong, cac hop chét, chit dong phan quang
hoc hodc mudi duoc dung theo séng ché c6 thé don gian duge d& cap dén nhu 12 hop

chit hodic cac hop chit theo sang ché.

Hop chét theo sang ché duoc st dung qua bat ky duong thich hop nao, & dang
dugc phim phi hop v6i duong ding va & lidu lwong higu qua dé diéu tri. Hop chit
theo sang ché c6 thé duoc ding qua dudng udng, hoic qua dudng tryc trang, 4m dao,

tiém truyén hodc dung cuc bo.

Hop chét theo séng ché c6 thé duogc sit dung tdt hon bang duong ubng. Ding
qua duong ubng c6 thé bao gdm viée nudt dé hop chit di vao dudng tiéu hoa, hodc c6
thé bao gdbm ngam hoic ngdm dudi ludi dé hop chét di vao méu truc tiép tir khoang
miéng.

Theo mot sb phuong an thuc hién, hop chét theo séng ché ¢6 thé duge st dung
tryc tiép vao mau, co hodc cac co quan ndi tang. Cac phuong phap thich hop dé tiém
truyén bao gbm tiém tinh mach, tiém dong mach, tiém trong mang bung, tiém trong
tuy mac, tiém néo tht, tiém trong niéu nao, tiém trong xuong uc, tiém trong so, tiém

béap va tiém dudi da. Céac thiét bi thich hgp cho viéc st dung qua dudng tiém truyén
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bao gobm 6ng kim tiém (ké ca vi kim), 6ng tiém khong kim va k¥ thuét tiém truyén.

Theo cac phuong an thuc hién khac, hop chét theo sang ché c6 thé duoc ding
cuc bo (nghia 13, theo cach bidu bi hoic thim thiu qua da) cho da hodc mang nhay.
Theo mét phuong an thuc hién khac, hop chit theo sang ché c6 thé duoc st dung qua
duong mii hodc duong hd hép. Van theo céc phuong an thyc hién khac, hop chét theo
sang ché co thé duoc st dung qua duong truc trang hodc am dao. Theo cac phuong an

thuc hién khéc, hop chét theo sang ché co thé duoc st dung truc tiép vao mét hodc tai.

Hop chit theo sang ché vi/hodc thanh phan chira hop chit c6 thé duge st dung
dua trén céc yéu td khac nhau bao gém loai, tudi, cAn nang, giGi tinh va triéu ching y
té ctia bénh nhan; mac d6 nghiém trong cua céc triéu chimg; cach st dung; va hoat
tinh ca mot hop chét cu thé nhu duoc st dung. Do d6, cach su dung ¢ thé rat khac
nhau. Theo mét s6 phwong an thuc hién, tbng lidu luong hang ngady cia hop chét theo
sang ché c6 thé thuong nam trong khoang tir 0,001 mg/kg dén khoang 100 mg/kg (tic
la mg hop chit theo séng ché trén mdi kg khéi lwgng co thé) dé didu tri céc triéu ching )
da thao luan trong tai liéu ndy. Theo cac phuong an thuc hién khéc, tong liéu lugng
hang ngay cua hop chit theo sang ché c6 thé a13m trong khoang tr 0,01 mg/kg dén
khoang 30 mg/kg, trong khodng tir 0,03 mg/kg dén khoang 10 mg/kg, hodc trong
khoang tir 0,1 mg/kg dén khoang 3 mg/kg. Viéc st dung hep chit theo sang ché 1ap lai
nhiéu 14n trong ngly (thudong khong qua 4 14n mot ngay) khong phai la hiém. Thong
thuong c6 thé ding nhiéu lidu mbi ngay déyr tang tong lidu lugng hang ngay néu cin
thiét. |

Khi dung qua dudng ubng, hop chét ¢6 thé dugc cung cip & dang vién nén, vién
nang, chit 16ng, v.v. d8 kiém soat céc triéu chimg lién quan dén lidu lugng cho bénh
nhan. Thubc diéu tri thuong chira trongkhoéng tir 0,01 mg dén khoang 500 mg thanh
phan hoat tinh.

Céc d6i twong thich hop theo sing ché bao gdbm dong vat co vii. Theo mot sd
phuong 4n thyc hién, con ngudi 1a d6i twong thich hop. Déi twong con ngtzbri c6 thé 1a

nam hoic nit va c6 thé dang & bat ky giai doan phat trién nao.

Thanh phﬁn dwoc phém

Theo mot khia canh, sing ché d& xuét cac dugc pham. Cu thé hon, mdt sb

phuong an thyc hién theo sang ché d& xuit dugc pham dé phong nglra va didu tri cac
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bénh chuyén hoa, mdi hoa chira it nhit mot trong sb cac hop chéit duoc thé hién boi
Cong thic hoa hoc 1, it nhét mot trong sb cac chét ddng phan quang hoc cia cic hop
chét, it nhat mot trong s6 mudi duoc dung cua cac hop chit hodc cac chat ddng phan
quang hoc, hodc bét k¥ su két hop nao cta chung. Mdi dugc phim c6 thé con chira it
nhit mot trong sd cac chit mang dugc dung. Nhu dugc st dung trong tai liéu nay,
thuat ngit "chit mang duge dung" bao gbm bt ky va tt ca cac dung moi tuong thich
vé mit sinh 1y hoc, mdi truong phan tan, chét phu, chét khang khuén va khang nim,
chét dang truong va chét lam cham hip thu, va céc chét twong tu. Vi du vé cac chat
mang dugc dung bao gém mot hodc nhiéu trong s6 nude, dung dich mudi, dung dich
mudi dém phosphat, dextroza, glyxerol, etanol, cling nhu cac su két hop cla chung.
C4c chét d%mg truong nhu duong, natri clorua, hoic rugu da chirc nhu manitol hodc

sorbitol ¢6 thé c6 trong ché phém.

M&i duge phdm c6 thé con bao gbém it nhit mot trong sb cac thanh phan hoat
tinh dwoc ly. Vi dy, thanh phé”m duoc dung (vi du, chét lam u6t) hodc mot lwgng nhd
thanh phan phu (vi du, cht lam u6t, chdt nhii hoéa, chét bao quan hodc chit dém) c6
thé tang thoi han st dung hodce tinh hi€u qua ciia khang thé hoic mot phan ctia ching

¢6 thé duoc chira trong ché pham.

Ché phim theo sang ché c6 thé & nhiéu dang khéc nhau. Ché phidm theo sang
ché co thé & dang, vi du, lidu luong 16ng, ban rin va ran, chéng han nhu dung dich
16ng (vi du, dung dich tiém va truyén dugc), chét phén tan hodc huyén phu, vién nén,
thude vién, bot, hat md va thudc dan. Hinh thirc phu thudc vao duong dung du kién va

muc dich diéu tri cia chung.

Ché phédm thong thuong ¢ dang dung dich tiém va truyén dwgc. Mot cach su
dung 1a cach tiém truyén (vi du, phuong an thuc hién tiém tinh mach, tiém dudi da,
tiém trong phiic mac, ti€ém bép). Theo mot ) phuong &n thyc hién, thube c6 thé duogc
st dung qua duong tiém hodc truyén tinh mach. Theo mot s6 phuong 4n thyc hién
khac, thudc c6 thé dugc st dung qua dudng tiém bép hodc tiém dudi da.

Viéc sir dung dang ché phdm rin c6 thé dat dugc qua dudng ubng, vi du, dua
trén vién nang cimg hodc mém, thubc vién, vién nén, vién ngam hodc viénchira lugng
dinh truée gdm mot hodc nhiéu hop chét theo sang ché. Theo mdt sb phuong 4n thuc

hién, viéc st dung qua duong uéng c6 thé dat duoc dua trén dang bot hodc dang hat.
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Theo mot sb phuong an thyc hién khic, dang bao ché udng c6 thé 1a dang dudi ludi, vi
duy, vién ngam. o) dang bao ché ran, hop chét c6 Cong thic hoéa hoc 1 thuong dugce két
hop véi mot hodc nhiéu t4 duge. Vién nang hodc vién nén ¢ thé chira céac dang ché
pham giai phong co kiém soat. Vién nang, vién nén va thudc vién cling c6 thé chira

chit dém hodc c6 thé duge bao ché thanh 16p phu rudt.

Theo céc phuong an thuc hién khéc, viéc dung qua duong ubng c6 thé dat duge
& dang bao ché 16ng. Cac dang bao ché 16ng dé ding qua duong ubng bao gbm, vi du,
nhii tvong dugc dung, dung dich, huyén phu, xi-rd va cdn ngot c6 chira chét pha lodng
tro (vi du nhu nuéce) thuong duge su dung trong linh vyce k¥ thuét nay. Ché pham c6
thé chia céc td duoc nhu chit 1am uwdt, chét tao nhil twong, chét tao huyén phu, chét

tao vi (vidu chét 13m ngot) va/hoic chét tao mui thom.

Theo mét sb phuong an thyc hién, sang ché dé xuit cac dang bao cua ché phém
dé tiém va truyén. Nhu duoc st dung trong tai liéu nay, thuat ngt "dung qua tiém
truyén" bao gé)m, vi du, tiém duéi da, tiém tinh mach, tiém trong mang bung, tiém bép,
tiém trong xuong Gc va truyén. Céc chit pha ché tiém duoc (tic 12 nude tiém hodc
huyén phil diu vo tring) c6 thé duoc dua vao cong thic theo cac ky thuat da biét bang

céch sir dung cac chit phan tén, lam w6t va/hodc tao huyén phu thich hop.

C6 thé st dung céc chit mang va céch st dung khac da biét dén trong linh vuc
dugc pham. Duge pham theo sing ché c6 thé dugc bao ché bang bat ky k¥ thuat dugce
phim ndi tiéng nao, ching han nhu quy trinh bao ché va st dung hiéu qua. Nhiing cén
nhic lién quan dén quy trinh bao ché va st dung hiéu qua da dugc biét dén trong linh

vue k¥ thuat ndy va chung dugc md ta trong sach gido khoa tiéu chudn.
Bé dung cu

Theo mot khia canh khac, séng ché d& xuit cac bd dung cu ma mdi b6 chua it
nhat mot trong s6 cac hop chét theo sang ché, it nhit mét trong sb cac chét ddng phan
quang hoc cda cac hop chét, it nhit mot trong s6 cac mubi duoc dung cia hop chét
hodc cac chét déng phén quang hoc, hodc bét ky su két hop nao cla ching. Theo mot
sb phuong én thuc hién, sang ché d& xuét bd dung cu ma mdi bd chira hoa bao gém it
nhit mot trong sd cac hop chét, it nhat mot trong s cac chét ddng phan quang hoc cla
hop chét, it nh4t mot trong sb cac mudi duoc dung cta hop chit hodc cac chit dong
phan quang hoc, hodc bét ky sy két hop nao cua chung.
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B0 dung cu vi du c6 thé chira chit chdn doan hoic chét diéu tri ngoai hgp chét,
chét ddng phan quang hoc, mubi dugc dung hodc ché pham. Bo san phim bao gdm céc
hudng dan st dung theophuong phép chin doan hodc diéu tri. Theo mot s6 phuong an
thuc hién, bd dung cu nay bao g@)m hop chét c6 Cong thicc hdéa hoc 1, 2, 3, 3-1, 3-2, 4,
hodc 5, hoac dugce phém c6 chira hop chit va chit chin doan. Theo mdt sb phuong an
thuc hién khéc, b dung cu nay bao gém hop chit c6 Cong thirc héa hoc 1, 2, 3, 3-1, 3-
2,4, hodc 5, hodc dugc phém ¢6 chira hop chét.

Theo cac phuong an thyc hién khac, sang ché @ xuét cac bd dung cu ma mdi
b6 thich hop dé st dung trong viée thuc hién cac phuong phép didu tri duoc mb ta
trong tai liéu ndy. Theo mot sb phuong 4n thuc hién, bo dung cu chira dang bao ché
thir nhat bao gdm mot hodc nhidu hop chit theo sing ché véi luong du dé thuc hién
phuong phap theo sang ché. Theo mot s& phuong 4n thyce hién khac, bd dung cu chira
mdt hodc nhiéu hop chét theo séng ché véi luong du dé thuc hién phuong phép theo

sang ché, va mot vét chira de st dung chang.
Dieu che

Cong thite phan ung nhu dugc mo ta dudi day nhdm cung cdp sy mo ta chung
v hé phuong phép duge st dung d8 didu ché c4c hop chit, chét ddng phan quang hoc,
hodc cac mubi duge dung theo sing ché. Mot sb hop chét theo séng ché ¢6 thé chira
mdt hodic nhidu tsm khong dbi ximg véi cc chi dinh héa hoc 1ap thé (R) hoic (S). DPbi
vGi nhitng nguodi ¢ hiéu biét trung binh v& linh vue k¥ thuat teong Gng s& biét o ring
cho d 1a thé ddng phan dbi quang dugc lam giau hay la thé raxemic, tit ca cic su
chuyén d6i téng hop ¢6 thé dugc thuc hién theo cach twong tu. Ngoai ra, su tich chéit
dich c6 hoat tinh quang hoc ¢o thé dugc thuc hién tai bét ky diém mong mubn nao
trong trinh tu bang cach st dung cac phuong phap da biét nhu dugc md t& trong tai
liéu nay va trong tai liéu hoa hoc.

Theo cac Cong thirc phan Gng sau, cac bién X, Y, W1, W2, W3, Z1, Z2, Z3, Z4,
Zs, J, R1, Rz, Ra, Rb, Re, Ry, Re, Ry, Rg, Ru, Ry, Ry, va R la giéng nhau nhu dugc mo ta
trong tai liéu nay véi viéc tham chiéu dén hop chit c6 Cong thirc hoa hoc 1, 2, 3, 3-1,
3-2, 4 hoic 5, trir khi ¢6 quy dinh khéc.

Céc hop chét ¢c6 Cong thitc héa hoc 1, 2, 3, 3-1, 3-2, 4, hodc 5 theo sang ché
bao gdm cac hop chét ciia cdc Vi du sau nhu dugc didu ché dudi day. Cac hop chét
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cua cac Vi du co thé duoc didu ché hodc tao ra dua trén cac phuong phdp khac nhau
duge md ta trong tai liéu va kién thic k§ thudt phd bién ma nhiing ngudi c6 hiéu biét
trung binh vé linh vuc k¥ thuat tuong tmg da biét dua trén hai hoic nhiéu cac hop chét
trung gian da dugc chon sau day. Cac hop chét trung gian c6 thé dugc didu ché hoic
tao ra dua trén cac phuong phap khac nhau duge md ta trong tai lieu va kién thirc k¥
thuat pho bién ma nhitng ngudi c6 hiéu biét trung binh vé linh vuc k¥ thuat twong Gmg
d3 biét, ngoai cac phén md ta dudi day.

Cac phuong phap didu ché chét trung gian duge sit dung dé didu ché cac hop
chét c6 Cong thitc hoa hoc 1, 2, 3, 3-1, 3-2, 4, hodc 5 dugc mo ta trong Phuong phép

didu ché 1 dén Phuong phép didu ché 6 s& duge mo ta dudi day.
Hiéu qua dat dwge ciia sang chié

Cac hop chit mai theo sang ché thé hién hoat tinh fuyét voi lam chét chu véan
thu thé GLP-1. Dic biét, cac hop chit theo sang ché, 1 chit chi van thu thé GLP-1,
thé hién kha ning dung nap glucoza tuyét voi, do dé thé hién hidu qua déng ké 1am
chét diéu tri @i véi cdc bénh chuyén héa. Hon nita, cac hop chit méi theo sang ché

thé hién tinh an toan dugc 1y tuyét voi d6i voi hé tim mach.
VD ta chi tiét sdng ché

Sau déy, cac vi du uu tién dugc dua ra d¢ giup hiéu rd sang ché. Tuy nhién, céc
vi du sau duoc cung cip dé dé hieu hon vé saug ché va sang ché khong bi gidi han &

cac vi du do.

Chét phan g va dung mdi nhu d8é cap duédi day dugc mua tir Sigma-Aldrich,
TCI, v.v., trir khi c6 ghi chi khac. HE thdng sdc ky 1ong hiéu ning cao (HPLC) cua
Waters Alliance dugc st dung. Hé théng tinh ché Biotage Flash dugc dung lam keo
silic oxitdugc dung cho séc ky cot. Phd '"H NMR duoc ghi lai sit dung hé théng Bruker
400 MHz Ascend™. Heé théng phd khdi Waters Masslynx dugc st dyung.

TAt ca cac phd cong hudng tir hat nhan (NMR) 1H déu pht hop véi c4u tric hoa
hoc cta céc hgp chét trong céc Vi du cua sang ché.

D dich chuyén hoa hoc dic trung (d) dugc tinh bang phan triéu (ppm) so v6i
tin hiéu proton con lai trong dung moi dé doteri hoa (CDCls: 7,27 ppm; CD3OD: 3,31
ppm; DMSO-ds: 2,50 ppm) va dugc béo céo st dung chit viét tit truyén théng dé chi
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dinh cac dinh chinh: vi du, s: vach don; d: vach hai; t: vach ba; q: vach tir; m: vach boi

s0; va br: rong.

Vi du tdéng hop

Vi du téng hop 1: Tong hop céc chét trung gian tr 1 dén 19

Cac phuong phap mAu dé didu ché chét trung gian tir 1 dén 19 duwgc mo ta chi
tiét dudi day. St dung cac Phuong phéap didu ché tir 1 dén Phuong phap diéu ché 6
duoc mo ta dudi diy, nhitng ngudi ¢6 hiéu biét trung binh vé linh vuc k¥ thuét tuong
ung cé thé didu ché cac hop chét duoc liet ké 1a chat trung gian tir 1 dén 19 tir cac
nguyén liéu ban dAu thich hop c6 sén trén thi truong hodc ¢6 thé duoc didu ché bang

cac phuong phép da biét trong linh vuc k¥ thuét twong ung.

1. Phuong phap didu ché 1

(1) Tbng hop chéthop chit trung gian 1: (S)-6-(((6-(3-metylpiperazin-1-
yl)pyridin-2-yl)oxy)metyl)nicotinonitril)

1) Téng hop 6-(((6-cloropyridin-2-y1l)oxy)metyl)nicotinonitril

6-bromometyl-nicotinonitril (1,52 g) va 6-cloro-2-hydroxypyridin (1,0 g) duogc

dit vao binh cau déy tron va duge khudy trong toluen (50 mL). AgoCOs (4,26 g) duoc

thém vao, va dét néng hdn hop dén 100°C va khudy trong 1 ngay. Sau khi TLC xdc

'nhén rang phan tmg d& hoan thanh, hdn hop nay dugc pha lodng véi etyl axetat (EA),

duoc loc qua miéng dém xelit va dugc co ddc dudi ap sut giam. Phén cin duoc tinh

ché bing séc ky cot keo silic oxit v6i hexan/etyl axetat dé thu duoc hop chét dich (1,55
g, 82%) 1a chit rin mau trang. LC-MS(ES®): 246 (M + H)"

2) Téng hop tert-butyl (S)-4—(6-((5—xyanopyridin-2-yl)metoxy)pyridin—2-yl)-2-
metylpiperazin-1-carboxylat
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Hop chit (600 mg) da tbng hop & bude 1), tert-butyl (S)-2-metylpiperazin-1-
carboxylat (539 mg), Pda(dba)s (112 mg), Cs2COs (1,6 g) va BINAP (152 mg) duogc
dit vao binh ciu day tron va dugc khudy trong toluen (20 mL). Hdn hop duoc dbt
néng dén 120°C dudi Na va duoc khudy trong 1 ngay. Sau khi TLC x4c nhén rang
phéan Gng dad hoan thanh, hdn hop nay dugc pha lodng v6i EA, dugce loc bing miéng
dém xelit va duoc ¢b dic dudi dp sut giam. Phin can dugc dem di sic ky cot keo silic
oxit v4i hé rira giai hexan/etyl axetat dé thu duoc hop chét dich (603 mg, 60%) lam
sird LC-MS(ES*): 410 M + H)"

3) Tong hop (S)-6-(((6-(3-metylpiperazin-1-yl)pyridin-2-

yl)oxy)metyl)nicotinonitril

Hop chit (603 mg) da tdng hop & bude 2) duge dit vao binh cau day tron, duoc
hoa tan trong DCM (10 mL) va khudy. Trong khi hdn hop duoc khudy, timg giot TFA
(1,5 mL) dugc bd sung vao hdn hop & 0°C. Sau 46 hHon hop tao thanhtao thanh dugc
khudy & nhiét 4o phong trong 6 giv. Sau khi dugc TLC xac nhén rang phan Gng da
hoan thanh, hdn hop dugc trung hoa bang dung dich NaHCO; bdo hoa trong nudc,
dugc chiét bang dung dich DCM/MeOH 10%, lam kho bang magie sulfat khan, loc
duGi 4p sult gidm va cb ddc dudi ap sult gizm dé thu dwoc hop chat dich (512 mg) &

dang chét rin mau nau. LC-MS(ES"): 310 (M + H)"

(2) Téng hop chit trung gian 2: mubdi axit trifloacetic (S)-3-flo-4-(((6-(3-
metylpiperazin-1-yl)pyrazin-2-yl)oxy)metyl)benzonitril

Chét trung gian 2 dugc téng hop theo Phuong phap didu ché 1.

1) Téng hop 4-(((6-cloropyrazin-2-yl)oxy)metyl)-3 -flobenzonitril

6-cloropyrazin-2-ol (1 eq.) va 4-(bromometyl)-3-flobenzonitril (1 eq.) dugc dat
vao binh ciu ddy tron va dugc khudy trong CH3CN (0,1 M). Sau khi K2COs (3 eq.)

dugce bd sung vao, hdn hop tao thanhtao thanh dugc khudy & nhiét do phong trong 2

gio. Sau khi duge TLC x4c nhan rang phan tmg da hoan thanh, hén hop duge pha
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lodng v&i nude va duge chiét béng EA. Lép hitu co tao thanhtao thanh dugc rira béng
dung dich nudc mudi, lam kho bing magie sulfat khan, va loc dudi ap suit giam dé thu
duoc phﬁn loc. Phan loc dugc co dic dudi ap suét gidm. Phén can duoc tinh ché béng
sfic ky cot keo silic oxit véi hexan/etyl axetat dé thu duoc hop chat dich (82%) 1a chét
rin mau tréng. LC-MS(ES*): 264 (M + H)"

2) Téng hop tert-butyl (S)-4-(6-((4-xyano-2-flobenzyl)oxy)pyrazin-2-yl)-2-

metylpiperazin-1-carboxylat

Hop chit (1 eq.) da tbng hop & budc 1), tert-butyl (S)-2-metylpiperazin-1-
carboxylat (1,1 eq.), Cs2COs3 (2 eq.), BINAP (0,1 eq.), va Pda(dba)s (0,05 eq.) dugc dat
vao binh ciu day tron va dugc khudy trong toluen (0,2 M). Hon hop duge d6t nong
dén 120°C duéi nito va khudy trong 16 gio. Sau khi duge TLC xdc nhén rang phéan
tng dd hoan thanh, hdn hop phan tmg duge pha lodng v6i EA va loc qua miéng dém
xelit. Nude dugc thém vao phén loc, va phén loc dugc chiét béng EA. L6ép hitu co tao
thanhtao thanh dugc rira bang dung dich nuée mudi, 1am kho bang magie sulfat khan,
va loc dudi ép suit gidm dé thu duoc phén loc. Phan loc dugc cd dic dudi ap suét
giam. Phan cin duoc tinh ché bing sic ky cot keo silic oxit voi hexan/etyl axetat dé

thu dwgc hop chét dich (73%) 1a chét rin mau tring. LC-MS(ES"): 428 (M + H)"

3) Téng hop Synthesis of (S)-3-flo-4-(((6-(3-metylpiperazin-1-yl)pyrazin-2-
yl)oxy)metyl)benzonitril

Hop chit (710 mg) da tdng hop & budc 2) duge dat vao binh ciu day tron va
khudy trong DCM (2 mL). Trong khi hdn hop duoc khudy, TFA (1,68 mL) duoc thém
vao timg giot ¢ nhiét do phong. Hon hop sau d6 duoc khudy & nhiét @6 phong trong 1
gio. Sau khi duge TLC xdc nhén rang phan tng di hoan thanh, hén hop duge ¢o dic
dudi ap suét giam dé thu dugc hop chit dich 1a diu mau vang nhat. LC-MS(ES"): 328
M+ H)*

(3) Téng hop chit trung gian 3: 6-(((6-(piperazin-1-yl)pyridin-2-
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yl)oxy)metyl)nicotinonitril
Chét trung gian 3 duoc tong hop theo Phuong phap didu ché 1.
1) Téng hop 4-((3-bromophenoxy)metyl)-3-flobenzonitril

Bing cach sit dung 4-(bromometyl)-3-flobenzonitril (10 g), 3-bromophenol
(5,46 mL) va kali cacbonat (9,68 g), va CH;CN (100 mL), thu duochop chit dich
(11,88 g, 83%). LC-MS(ES): 307 (M + H)"

2) Tbng hop tert-butyl 4-(3-((4-Xyan0-2-ﬂobenzyl)oxy)phenyl)piperazin—1-

carboxylat

Hop chét (2,45g) da tbng hop & bude 1), 1-Boc-piperazin (1,79 g), Pda(dba)s
(367 mg), BINAP (498 mg), va Cs2COs (5,21 g) trong toluen (40 mL) duge phan tng
trong 14 git dé thu dugc hop chit dich (668 mg) véi hicu suat 20%. LC-MS(BSY): 412
M +H)*

3) Tong hop 3-flo-4-((3-(piperazin-1-yl)phenoxy)metyl)benzonitril

Hop chit (411 mg) da tdng hop & budc 2) dugc hoa tan trong DCM (5 mL). |
TFA (5 mL) duge thém vao. Hon hop tao thanhtao thanh duoc khudy ¢ nhiét do ph(‘)ﬁg
trong 1,5 gi¢. Sau khi duge TLC xéac nhén rang phén g d3 hoan thanh, hén hgp duge
b dic dudi 4p suét giam. Pietyl ete duge thém vao. Phén c3n tao thanh duge tan bot

d& thu dugc hop chit dich (410 mg, 81%). LC-MS(ES"): 312 (M + H)*

(4) Téng hop chidt trung gian 4: 6-(((6-(piperazin-1-yl)pyridin-2-
yl)oxy)metyl)nicotinonitril

Chét trung gian 4 duoc tong hop theo Phuong phép didu ché 1.
1) Téng hop 6-(((6-cloropyridin-2-yl)oxy)metyl)nicotinonitril

6-(bromometyl)nicotinonitril (1,52 g) va 6-cloro-2-hydroxy pyridin (1,0 g)
duoc dat vao binh cdu day tron va duge khudy trong toluen (50 mL). AgxCOs (4,26 g)

duoc thém vao hén hop. Hon hop tao thanhtao thanh duoc abt nong dén 100°C va sau
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d6 dugc khudy trong 1 ngay. Sau khi dwge TLC xdc nhan ring phan Gng di hoan
thanh, hdn hop nay duogc pha lodng véi EA va duoc loc qua miéng dém xelit dé thu
dwoc phan loc. Phén loc duoc ¢ dic dudi ap suat giam. Phin cin dugc tinh ché bang
sic k' cot keo silic oxit voi hexan/etyl axetat dé thu duge hop chét dich (1,55 g, 82%).
LC-MS(ES"): 246 (M + H)"

2) Tdéng hop tert-butyl 4-(6-((5-xyanopyridin-2-yl)metoxy)pyridin-2-
yl)piperazin-1-carboxylat

Hop chit (600 mg) da tong hop & bude 1), 1-Boc-piperazin (500 mg), Pdx(dba)s
(112 mg), Cs2COs3 (1,6 g), va BINAP (152 mg) dugc dat vao binh cau day tron va
duoc khudy trong toluen (20 mL). Hon hop duge dbt nong dén 120°C duéi nito va
dugc khudy trong 1 ngay. Sau khi dugc TLC xéc nhén ring phan tng d& hoan thanh,
hdn hop ndy dugc pha lodng v6i EA va dugc loc qua miéng dém xelit dé thu duoc
phan loc. Phan loc dugc ¢ dic dudi ap suét giam. Phan cdn duoc tinh ché bang séc ky
cot keo silic oxit v6i hexan/etyl axetat @8 thu duoc hop chét dich (751 mg, 78%) 1a
xird trong sudt. LC-MS(ES*): 396 (M + H)"

3) Téng hop 6-(((6-(piperazin—1-yl)pyridin-2-yl)oxy)metyl)nicotinonitril

* Hop chét (751 mg) da téng hop & budc 2) duge dat vao binh cdu day tron, hoa
tan trong DCM (10 mL) va khudy. Thém tung giot TFA (1 mL) vao hén hop & 0°C
trong khi hén hop dugc khudy. Sau d6, hHoOn hop tao thanhtao thanh dugc khudy &
nhiét d6 phong trong 6 gio. Sau khi dugc TLC xac nhén ring phan Gng d& hoan thanh,
hén hop duge trung hoa bang dung dich NaHCOj3 bao hoa trong nude, duoc chiét bang
dung dich DCM/MeOH 10%, lam kho bing magie sulfat khan, va loc dudi ép suét
‘gidm. Phan loc tao thanh dugc cd dic dudi ap sult giam dé thu dugc hop chét dich

(600 mg) 13 chét rin mau nau. LC-MS(ES*): 296 (M + H)"

2. Phuong phép didu ché 2
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(1) Toéng hop chit trung gian 5: 1-(6-(pyridin-3-ylmetoxy)pyridin-2-
yl)piperazin

1) Téng hop 2-cloro-6-(pyridin-3-ylmetoxy )pyridin

3-pyridinmetanol (885 mg) dugc ddt vao binh ciu day tron va dugc khudy trong
THF (17 mL). KOtBu (1,37 g) dugc thém tung phin vao hén hop. Hon hop tao
thanhtao thanh duoc khudy trong 30 phat. Sau d6, 2,6-cloropyridin (1000 mg) duoc
thém vao hdn hop, va hdn hop tao thanh duoc khudy ¢ nhiét do phong trong 1 ngdy.
Sau khi dugc TLC xé4c nhin rang phan Gng da hoan thanh, hdn hop nay duoc bd sung
vao hdn hop dung dich NH4Cl bdo hoa trong nudc va EA. Sau d6, hdn hgp tao thanh
duoc khudy trong 15 pht. Hon hop tao thanh duoc loc qua miéng dém xelit va chiét
bing EA. L6p hitu co tao thénh dugc lam kho bang magie suifat khan va duge loc
dudi ap sudt giam. Phan loc tao thanh dugc 6 dic dudi ép sudt giam. Phén cin dugc
tinh ché bang sic ky cot keo silic oxit v6i hexan/etyl axetat @ thu dugc hop chat dich
(1,20 g, 86%) 13 chat rin mau trdng LC-MS(ES™): 221 (M + H)"

2) Téng hop tert-butyl 4—(6-(pyrid‘in—3-ylmetoxy)pyridin-2—yl)piperazin-1—'

- carboxylat

Hop chét (441 mg) da téng hop & bude 1), 1-Boc-piperazin (559 mg), Pda(dba)s
(92 mg), BINAP (125 mg), va Cs2COs (1,30 g) dugc ddt vao binh cAu day tron va
dugce khudy trong toluen (6 mL). Duéi didu kién nito, hdn hop dugc dbt nong dén
90°C va dugc khudy trong 1 ngdy. Sau khi TLC xac nhan rang phan ung dd hoan
thanh, hdn hop duge loc béng miéng dém xelit. Phan loc tao thanh dugc cd dac dudi
ap sudt giam. Phan cin duge tinh ché bing sic ky cdt keo silic oxit v6i hexan/etyl

axetat d& thu dugc hop chét dich (225 mg, 31%). LC-MS(ES"): 371 (M + H)
3) Téng hop 1-(6-(pyridin-3—ylmetoxy)pyridin-2-yl)piperazin

Axetyl clorua (0,3 mL) dugc thém tir tir timg giot vao dung moi gbm etanol (0,4
mlL) va EA (3 mL) dd trdn, va hdn hop duge khudy & 40°C trong 1 gio. Hop chét (225
mg) da tdng hop & bude 2) dugc thém vao hon hop, va hdn hop tao thanh duge khudy
& 40°C trong 2 gio. EA dugc thém vao hdn hop, hdn hop tao thanh dugc khudy manh
& nhiét d6 phong trong 1 gio va duge loc dé thu duoc chét rén. Chit rin duoc hoa tan
trong dung dich MC/MeOH 5%. Dung dich Na2CO3 bdo hoa trong nudcduoc thém

vao, va hdn hop tao thanh dugc khudy trong 30 phut. Lép hitu co tao thanh tir viéc
36



52317 37/69

tach 16p duoc lam kho bé‘mg magie sulfat khan, duogc loc va duge c6 dac dé thu duoc

hop chét dich (135 mg, 86%). LC-MS(ES®): 271 (M + H)*

3. Phuong phap didu ché 3
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(1) Téng hop chit trung gian 6: mubi  1-(6-((5-cloro-3-flopyridin-2-

yl)metoxy)pyridin-2-yl)piperazin trifloaceticacid

1) Téng hop 5-cloro-2-(clorometyl)-3-flopyridin

(5-cloro-3-flopyridin-2-yl)metanol (324 mg) dugc hoa tan trong DCM (20 mL),.

va hén hop duoc 1am lanh dén 0°C. SOCL (0,3 mL) dugc thém tir tir vao hdn hop, va
hdn hop duge khudy & nhiét do phong trong 3 gio. Sau khi duge TLC xé4c nhén ring
phan tng da hoan thanh, hdn hop tao thanh duge c6 ddc dudi ap suét giam dé thu duge
hop chéat dich. Hop chét dich da duge st dung trong burdc tiép theo dudi ddy ma khong
can tinh ché thém. LC-MS(ES™): 181 (M + H)"

2) Téng hop tert-butyl 4-(6-hydroxypyridin-2-yl)piperazin-1-carboxylat

6-cloropyridin-2(1H)-one (2 g) va N-Boc-piperazin (7,2 g) duoc hoa tan trong
n-butanol (16 mL). Hon hop duoc khudy & 140°C trong 3 ngay. NH4Cl trong nude va
nuée mudi da duoc thém vio hdn hop. Hon hop tao thanh dugc chiét bé“mg.EA hai 1an.
L6p hitu co tao thanh duogc 1am kho b%lng Na,S04 khan, duge loc va duge co dic dudi
ap suit giam. Phin ciin tao thanh dwoc pha lodng véi CH3CN (40 mL) va H20 (200
mL) va dugc khudy & nhiét d6 phong trong 2 gio. Sau do, hdn hop tao thanh dugce loc
d thu dugc hop chat dich (1,49 g, 35%) 1 chit ran. LC-MS(ES"): 280 (M + H)"

3) Téng hop tert-butyl 4-(6-((5-cloro-3-flopyridin-2-yl)metoxy)pyridin-2-
yl)piperazin-1-carboxylat

Tert-butyl 4-(6-hydroxypyridin-2-yl)piperazin-1-carboxylat (559 mg) dugc hoa
tan trong CH3CN (5 mL). 5-cloro-2-(clorometyl)-3-flopyridin (2 mmol) va kali
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cacbonat (553 mg) duoc thém vao hdn hop, va hdn hop duoc khudy & 40°C trong 14
gio. Sau khi dugc TLC xdc nhén rang phan Gng di hoan thanh, hdn hop dugc pha
lodng bang H,O chung cit va dugc chiét bang EA hai 1an. Lép hitu co tao thanh duge
lam kho béng Na»SO4 khan, dugce loc va duge cd dic dudi ap suét giam. Phéan cin
duoc tinh ché bing sic ky cot keo silic oxit voi hexan/etyl axetat dé thu dugc hop chit
dich (249 mg, 29%) la chét 16ng mau vang. LC-MS(ES™): 423 (M + H)"

4) Téng hop mudi  axit trifloacetic  1-(6-((5-cloro-3-flopyridin-2-
yl)metoxy)pyridin-2-yl)piperazin

Hop chit (220 mg) da téng hop & bude 3) duge hoa tan trong DCM (10 mL).
TFA (10 mL) duoc thém vao hdn hop, va hdn hop duge khudy & nhiét do phong trong
1,5 gio. Sau khi TLC x4c nhén réng phan ng da hoan thanh, hén hop duogc cd dic
dudi 4p suét giam dé thu dugc hop chét dich duoc st dung ma khong cin tinh ché
thém. LC-MS(ES*): 323 M + H)"

4. Phuong phép diéu ché 4

Bee

(1) Tng hop chét trung gian 7: mudi 3-flo-4-(((6-(piperidin-4-yl)pyridin-2-
yl)oxy)metyl)benzonitril hydroclorua

1) Téng hop tert-butyl 4-(3-hydroxyphenyl)piperidin-1-carboxylat

3-(piperidin-4-yl)phenol (1 mmol) va (Boc)O (1 mmol) duge dét vao binh cau
d4y tron, dugc hoa tan trong DCM (2 mL) va khudy & nhiét do phong trong 1 gid. Sau
khi duoc TLC x4c nhén rang phan tmg dd hoan thanh, hdn hop duge pha loang véi
nuée va chiét bang DCM. Lép hitu co tao thanh dugc lam kho bang magie sulfat khan,
dugc loc va dugce cd dic dudi ap suit giam. Thu dugc hop chét dich va st dung ma
khong cén tinh ché thém. LC-MS (ES*): 278 (M + H)*

2) Téng hop tert-butyl 4-(6-((4-xyano-2-flobenzyl)oxy)pyridin-2-yl)piperidin-
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1-carboxylat

Hop chét (1 eq.) da tbng hop & budc 1) va 4-(bromometyl)-3-flo-benzonitril (1
eq.) dugc dit vao binh cAu day tron va khudy trong CH3CN (0,1 M). Sau khi thém kali
cacbonat (1,5 eq.), hon hop duge khudy & 50°C trong 2 gid. Sau khi duge TLC xdc
nhén rang phan tng d& hoan thanh, hdn hop dugc thém vao mot lwgng nude thich hop
va chiét bang EA. Lép hitu co tao thanh duge ria bang dung dich nudc mudi, 1am kho
bing magie sulfat, loc duéi ap sudt giam va cd dac dudi ap sudt giam. Phan cin duge
tinh ché bing sic k¥ cot keo silic oxit dé thu duge hop chat dich (70%) la chét 16ng
khong mau. LC-MS(ESY): 412 (M + H)*

3) Téng hop mudi 3-flo-4-(((6-(piperidin-4-yl)pyridin-2-

yl)oxy)metyl)benzonitril hydroclorua

Hop chit (560 mg) da tbng hop & budc 2) dugc hoa tan trong 1,4-dioxan (4
mL). Dung dich HCI 1,4-dioxan 4N (2,6 mL) duogc thém vao & nhiét do phong. Hbn
hop duge khudy trong 4 gio. Sau d6 hén hop duoc cd ddc dudi ap sudt giam, va phan
du tao thanh dugc xi ly bang MTBE dé thu duoc chét ran. Chét rén duge nghién bot
bang MTBE trong 2 gid. Chét rén d& nghién bot dugce loc va 1am kho dé thu duoc hop
chét dich (85%) 12 chét rin mau tring. LC-MS(ES"): 312 (M + H)"

5. Phuong phép diéu ché 5

HO_ W, Eb  Suzutd

S coupling “F

oy BEC
[ Mitsunobo
o7 §u2

(1) Téng hop chit trung gian 8: mudi  5-cloro-3-flo-2-(((6-(piperidin-4-
yDpyridin-2-yl)oxy)metyl)pyridin hydroclorua

1) Téng hop tert-butyl 4-(3 -hydroxyphenyl)piperidin-1-carboxylat

Tert-butyl 4-(4,4,5,5-tetrametyl-1,3,2-dioxabororain-2-yl)-3,6-
dihydroxypyridin-1(2H)-carboxylat, clorohydroxypyridin, Pd(PPhs)s, va NaxCOs dugc

dat vao binh phéan tmg dugc trang bi thiét bi ngung hoi lwu. 1,4-dioxan (7 mL), etanol
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(3 mL), va nude (1 mL) duge thém vao. Hon hop tao thanh duge a6t noéng dén 120°C
trong diéu kién nito. Sau khi dugc khudy qua dém, hon hop duoc lam ngudi dén nhiét
do phong va dugc loc qua miéng dém xelit bang EA (50 mL). Hon hgp dugc pha lodng
v6i nude (20 mL), va 16p nude duge chiét bang EA (3 X 50 mL). Lép hitu co tao
thanh dugc lam kho b%mg magie sulfat khan, duoc loc dudi ap suét giam va dugc tinh
ché bing sic ky cot (MeOH/DCM 5%) dé thu dugc tert-butyl 6-hydroxy-3',6'-dihydro-
[2,4'-bipyridin]-1'(2'H)-carboxylat 1a chét rén mau tring.

Tert-butyl 6-hydroxy-3',6’—dihydro-[2,4'-bipyridin]—1'(2‘H)-carb0xy1at dugc hoa
tan trong MeOH. Pd/C 10% dugc thém vao. Hon hop dugc tiép xic v6i khi quyén
hydro (4p suat khi cAu) & nhiét do phong. Sau 2 gid, phan Ung dugc xac nhén ring
chia hoan thanh va thém Pd/C 10% vao hdn hop. Sau 3 gio, phan Gng duoc xac nhén
rang d hoan thanh va hon hop duge loc qua miéng dém xelit, rira bang MeOHI va
duge cd dic dud6i ap sut giam. Phan cin dugc tinh ché biing sic ky cot (etyl
axetat/hexan 33%) d& thu dugc hop chét dich -(45%) 1a chét rén mau irdng. LC-
MS(ES™): 278 (M + H)* -

2) Tbng hgp tert-butyl 4-(6-((5-clorc-3-flopyridin-2-yl)metoxy)pyridin-2-
yl)piperidin-1-carboxylat

béi v6i dung dich (5—clor0-3-ﬂo-2-pyridyl)metan01, hop chét da tbng hop &
bu6e 1 trén ddy), va toluen duge thém vao (Bu)sP & nhiét ¢o phdng. Hon hop dugce
 Khudy trong 15 phit. ADDP dioc thém Vao & nhiét do phong. Hon hop duge khudy 6
nhiét d0 phong trong 16 gio. Hon hop duoc 8 vao hexan (30 mL) va lgc qua kinh loc.
Chiét xuét hitu co tao thanh dugc ¢d ddc dudi ap suét giam. Phéin cin dugc tinh ché
bang sic ky cot keo silic oxit (etyl axetat/hexan 50%) dé thu dugc hop chét dich (30%)
13 dAu khong mau. LC-MS(ES™): 422 (M + H)"

3) ‘Téng  hop mudi 5-cloro-3-flo-2-(((6-(piperidin-4-y1)pyridin-2-
yl)oxy)metyl)pyridin hydroclorua

Hop chét da tbng hop & budc 2) dugce dit vao binh cAu day tron va khudy trong
1,4-dioxan (4 mL). Thém dung dich HCI 1,4-dioxan 4N (1 mL) vao hdn hop va khudy
hon hop & nhiét d§ phong trong 1 gio. Hon hop dugc cd dic dudi ap sut giam dé thu
duogc hop chét dich 13 chét rén mau tréng, chét nay dugc sir dung trong budce tiép theo
ma khong cén tinh ché thém. LC-MS(ES"): 322 (M + H)”
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6. Phuong phép diéu ché 6

(1) Téng hop chét trung gian 9: metyl (S)-2-(clorometyl)-3-(oxetan-2-ylmetyl)-
3 H-imidazo[4,5-b]pyridin-5-carboxylat |

1) Tdng hop metyl (S)-5-nitro-6-((oxetan-2-ylmetyl)amino)picolinat

Metyl 6-cloro-5-nitropicolinat (1,0 g), TEA (1,93 mL), va (S)-oxetan-2-
ylmetanamin (402 mg) duoc hoa tan trong DMF (10 mL), va hdn hgp tao thanh dugc
khudy & nhiét @6 phong dé qua dém. Hon hop dugc cb dic dé loai bo THF, dugc pha
lodng v6i EA, va duoc rira bang dung dich nuGe mudi (x2). Lép hitu co tao thanh
duoc lam khd béng natri sulfat khan, dugc loc, duoc ¢d dic va dugce tinh ché b%mg sic
ky cot é& thu duge hop chét dich (1,1 g 89%) & dang chét rin mau vang. LC-
MS(ES): 268 (M + H)* |

2) Téng hop metyl (S)-5-amino-6-((oxetan-2-ylmetyl)amino)picolinat

Hop chat (1,1 g) da tdng hop & budc 1) va PA/C (110 mg) dugc thém vao
MeCH (3,8 mL), va hdn hop dugc khudy & nhiét do phong trong 3 giv. Hon hop duge
loc qua miéng dém xelit dé loai bo chit xtc tac kim loai, va phﬁn loc tao thanh dugce
cd dic dé thu duge hop chét dich (1,0 g, 100%) 1a chét rin mau tring. LC-MS(ES"):
238 (M + H)*

3) Tbéng hop metyl (S)-2-(clorometyl)-3-(oxetan-2-ylmetyl)-3 H-imidazo[4,5-
b]pyridin-5-carboxylat

Hop chat (1,0 g) da tdng hop & bude 2) va anhydrit cloaxetic (754 mg) dugc
thém vao THF (21 mL), va hdn hop duoc khudy & 60°C trong 1,5 gio. Hon hop duge
co dac dé 1oai bo THF, EA va dung dich NaHCOs béo hoa trong nudce duoc thém vao.
Han hop tao thanh dugc chiét bing EA (x2). L6p hitu co tao thanh dugce rira bang
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nuée mudi, 1am kho bﬁng natri sulfat khan, loc va c6 dac. Phén can duoc tinh ché béng
sic ky cot dé thu dugc hop chét dich (760 mg, 61%) la chit rdn mau tring. LC-
MS(ES™): 296 M + H)"

T

9

R

e Hgﬁ gF ST R =3
Wl w\¥> |
¥ ﬁgﬁ

(2) Tbéng hop chdt trung gian 10: metyl 2-(clorometyl)-1-((1-
floxyclopropyl)metyl)-1 H-benzo[d]imidazol-6-carboxylat

1) Téng hop 1-floxyclopropan-1-carboxamide

Axit 1-floxyclopropan-1-carboxylic (38, 4,0 g) dugc thém vao thionyl clorua
(1,8 mL), v& hdn hop dugce khudy trong didu kién hoi luu trong 30 phit. Hén hop duoc
c6 dic du6i ap sudt giam dé thu duge 1-flopropan-1-carbonyl clorua ¢ trang thai 16ng,
duoc st dung cho bude tiép theo ma khong cAn tinh ché thém. Trong binh phan tng
riéng, dung dich amoniac 28% (10 mL) va THF (2 mL) dugc trén 14n. Sau d6, thém tir
tir timg giot dung dich 1-flopropan-1-carbonyl clorua (38,4 mmol) vao hdn hop & 0°C.
Hon hop tao thanh dugc khudy trong trang thai binh mé quai dém. Chét rdn mau tring
tao thanh dwoc loc, rira bing nuc d4 va 1am khd dé thu dwoc hop chét dich (500 mg)
13 chat rén mau vang nhat. LC-MS(ES"): 104 (M + H)”

2) Téng hop mudi (1-floxyclopropyl)metanamin hydroclorua

“Hop chét (270 mg) da tdng hop & bude 1) duge hoa tan trong THF (5 mL), va
dung dich THF BHs; 1 M (10,4 mL) dugc thém vao ¢ 0°C. Hon hgp duge khudy &
70°C qua dém. Thém tr tir dung dich HC110% (2 mL) ¢ 0°C. Hdn hop dugc khudy &
nhiét d6 phong trong 1 gio. Hon hop duge ¢d dic dudi ap suit giam, rira bing Et,0,
dugc trung hoa dén pH 10 bang dung dich nuéc NaOH 10%, va chiét bing EtO (x3).
Lép hitu co tao thanh duge lam kho bing magie magie sulfat va duoc co dic dudi ap

sudt giam. Thém timg giot 1,5 mL HCI 2N trong dung dich Et,0 & 0°C. Hon hop tao
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thanh dugc khudy & nhiét dd phong trong 1 gior va dugce loc dé thu dwoc hop chéit dich
(102 mg, 31%) 1 chit rdn mau xanh luc ma khong cén tinh ché thém. LC-MS(ES®):
90 (M + H)*

3) Téng hop metyl 3-(((1-floxyclopropyl)metyljamino)-4-nitrobenzoat

Hop chét (100 mg) da tong hop & bude 2) va metyl 3-flo-4-nitrobenzoat (158
mg) duogc hoa tan trong CH3CN (2,5 mL), va thém tung giot TEA (0,33 mL) vao. Hon
hop duoc khudy & 85°C qua dém. Hon hop duoc ¢o dic dudi ap sudt giam, dugc tich
va tinh ché bing séc ky cot (12 g SiO2, EA 20% -> EA 50%) dé thu dugc hop chat
dich (119 mg, 56%) 1a chét rin mau tring. LC-MS(ES"): 269 (M + H)"

4) Tong hop metyl 4-amino-3-(((1-floxyclopropyl)metyl)amino)benzoat

Hop chét (100 mg) da tbng hop & buéc 3) dugc hoa tan trong THF (5 mL), va
Pd/C (118 mg) dugc thém vao. Hon hop duge khudy & nhiét do phong trong 3 gio
dudi khi hydro. Hdn hop dugc loc va ¢ ddc dudi ap sut giam dé thu dugc hop chét

dich (71 mg, 80%) 14 chit rén mau tring. LC-MS(ES"): 239 (M + H)*

5) Tbéng hop metyl 2-(clorometyl)-1-((1-floxyclopropyl)metyl)-1H-

benzo[d]imidazol-6-carboxylat

Hop chit (70 mg) da tdng hop & budc 4) va 2-cloro-1,1,1-trimetoxyethane (0,04 |
mL) duoc hoa tan trong CH3CN (3 mL), va p-TSA (3 mg) duge thém vao. Hon hop
duoc khudy & 85°C trong 3 gio. Hon hop dugc ¢d dic dudi ap suit giam va dugce tinh
ché bing séc ky cot (12 g SiOs, EA 20%— EA 50%) dé thu dwoc hop chét dich (89
mg, 52%) 1 chét rin mau tring. LC-MS(ES"): 297 (M + H)"

Tbng hop cac chét trung gian tir 11 dén 19

Céc hop chét da liét ké 1a céc chét trung gian tir 11 dén 19 trong Bang 1 duéi
day dugc didu ché bang cach st dung cac quy trinh gidng hodc twong ty v6i Phuong
phép didu ché 1 dén Phuong phép didu ché 6 tir cac nguyén liéu ban d4u thich hop c6
san trén thi truong hodc c¢6 thé duoc didu ché bang cac phuong phap da biét trong linh
vuc k§ thudt tuong tmg. Céc hop chét duoc tinh ché bang cach st dung cic phuong
phép ma nhing ngudi c6 hidu biét trung binh v& linh vuc k¥ thuét trong Ung da biét,
¢6 thé bao gdm sic ky keo silic oxit, HPLC, hogc két tinh lai. C4c hop chét cubdi cing

c6 thé duoc phéan 13p dudi dang chét trung tinh hodc dudi dang mubi cOng axit hodc
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mudi cong bazo. Tén hop chit va dit liéu LC-MS cua céc chit trung gian da diéu ché

duge thé hién trong Bang 1 dudi day.

Béang 1
Chét | Phuong , , Dit liéu
trung phap dicu | Cau truc Tén hop chat LC-MS
gian sO | ché (ES+)
NP ] (Nd | mubi axit trifloacetic  6-(((6- 297
11 1 SN OTN]/ N (piperazin-1-yl)pyrazin-2- (M)
: SN TFA | y])oxy)metyl)nicotinonitril
: Ne~ (" NH mudi  axit trifloacetic 6-((3-
12 1 SN o N (piperazin-1- %I\Q/IS I
@ 1ea | yl)phenoxy)metyl)nicotinonitril ’
N7 NH
13 5 \J\/Q N @ 1-(6-(pyridin-4- 271
: | h ylmetoxy)pyridin-2-yl)piperazin (M+H)*
N
c NH
14 2 %, ,ﬂ\/o\ MK 1-(6-(pyridin-2- 271
b E N U yimetoxy)pyridin-2-yl)piperazin (M+H)*
Gz ~ 1-(6-((5-cloropyridin-2-
[ ( HH Dy
15 3 \[\D\/Q NN yl)metoxy)pyridin-Z- ?18/15+H)+
\[\J yl)piperazin
MO i | mubi 6-(((6-(piperidin-4-
NSO yl)pyridin-2- 295
16 5 1 HCl e .
, X yl)oxy)metyl)nicotinonitril (M+H)
hydroclorua
C’\(\ F wH | mubi 5-cloro-3-flo-2-((3-
17 5 : w0 (piperidin-4- 321
: ‘ HCI yl)phenoxy)metyl)pyridin (M+H)"
hydroclorua
. g:g metyl (S)-2-(clorometyl)-1- 295
18 6 ¢ N (oxetan-2-ylmetyl)-1H- +
/\r}/ P benzo[d]imidazol-6-carboxylat (M+H)
0__
<
O’S metyl 2-(clorometyl)-1-(oxazol- 290
19 6 ol N 2-ylmetyl)-1H- (M)
N 2 benzo[d]imidazol-6-carboxylat
OH
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Céc vidu

Téng hop céc hop chét tir Vi du 1 dén Vi du 18 bang céch st dung céc chét
trung gian & trén s& dugc md ta chi tiét dudi day. Cac Vi du Diéu ché A, B va C dudi
day thé hién cac phuong phap tdng hop vi du dé tdng hop cac hop chét tir Vi du 1 dén
Vi du 18 st dung céc chét trung gian trén ddy. Sir dung Vi du didu ché A, B va C,
nhiing nguoi co hidu biét trung binh vé linh vuc k§ thuat tuong Gng c6 thé didu ché

cac hop chét tir Vi du 1 dén Vi du 18 cua sang ché.
1. Vi du diéu ché A

(1) Téng hop Vi du 1: Axit 2-(((S)-4-(6-((5-xyanopyridin-2-yl)metoxy)pyridin-
2-y1)-2-metylpiperazin-1-yl)metyl)- 1-(((S)-oxetan-2-y1)metyl)— 1H-benzo|d]irnidazol-

6-carboxylic

1) Téng hop metyl 2-(((S)-4-(6-((5-xyanopyridin-2-yl)metoxy)pyridin-2-yl)-2-
metylpiperazin-1-yl)metyl)-1 -=(((S)—oxetan—Z—yl)metyl)- 1 H-benzo|d}imidazol-6-

carboxylat

Chét trung gian 1 (194 mg), chét trung gian 18 (185 mg) va kali cacbonat (350
. mg) duogc hoa tan trong CH3CN (10 mL) trong binh cAu déy tron va hon hop nay dugc
khudy & 60°C trong mot ngay. Sau khi duge TLC x4c nhan rang phan tng d3 hoan
thanh, hon hop dugc pha lodng v6i EA, va L6p hiru co tao thanh duoc 1ira béng céch
stt dung NaHCO3 bao hoa trong nude, NH4Cl bdo hoa trong nude, va nude mudi lién
tiép theo thtr ty. Sau d6, 16p hitu co duge lam kho bing magie sulfat khan va dirgc loc
dudi 4p suét giam dé thu dugc phan loc. Phan loc duge c6 dic dudi ap sudt giam. Phan
cin duoc tinh ché biang sic ky cot keo silic oxit v6i hexan/etyl dé thu dwgc metyl 2-
(((S)-4-(6-((5-xyanopyridin-2-yl)metoxy)pyridin-2-yl)-2-metylpiperazin-1-ylymetyl)-
1-(((S)-oxetan-2-yl)metyl)-1 H-benzo[d]imidazol-6-carboxylat (241 mg, 67%) la xird
trong sudt. LC-MS(ES"): 568 (M + H)"

2) Téng hop hop chét cudi cing

Hop chit (241 mg) da da thu & bude 1) duge hoa tan trong CH3CN (10 mL)
trong binh céu day tron va hdn hop duoc khudy. Trong khi hdn hop dugc khudy, timg
giot dung dich nuéc TBD 1,0 M (0,85 mL) duge thém vao. Nude tinh khiét (1 mL)
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dugc thém vao hdn hop, va hdn hop dugc khuéy & 60°C trong mdt ngdy. Sau khi duoc
TLC x4c nhén rang phan tng da hoan thanh, hdn hop dugc trung hoa dén pH 7 bang
dung dich nuéc HC1 1 N. Hon hop tao thanh duoc chiét bang dung dich DCM/MeOH
10%, duge lam kho bang magie sulfat khan, va duoc loc dudi ap sudt giam dé thu
duoc phan loc. Phan loc duge co dic dudi ap sudt giam. Phan cin dugc tinh ché bang
sic ky cot keo silic oxit voi DCM/MeOH @ thu dugc hop chét cubi cing (55 mg,
24%) la chét rin mau xanh lyc nhat. "H NMR (DMSO-ds): d 8,97 (s, 1H), 8,27 (d, J =
2,0 Hz, 1H), 8,26 (s, 1H), 7,81 (d, J = 8,4 Hz, 1H), 7,64 (d, J = 8,4 Hz, 1H), 7,53 d,J
= 8.4 Hz, 1H), 7,47 (t, J = 8,0 Hz, 1H), 6,31 (d, J = 8,4 Hz, 1H), 6,16 (d, /= 7,6 Hz,
1H), 5,40 (s, 2H), 5,14 (m, 1H), 4,73 (m, 2H), 4,47-4,46 (m, 1H), 4,34-4.25 (m, 2H),
3,70-3,59 (m, 4H), 2,90 (t, J = 10,0 Hz, 1H), 2,72-2,61 (m, 3H), 2,38-2,33 (m, 1H),
2,26-2,21 (m, 1H), 1,03 (d, J= 6,0 Hz, 3H); LC-MS(ES"): 554 [M +H]"

(2) Téng hop Vi du 2: Axit (8)-2-((4-(6-((5 -xyanopyridin-2-yl)metoxy )pyridin-
2-yD)piperazin-1-yl)metyl)-1-(oxetan-2-ylmetyl)-1H-benzo[d] imidazol-6-carboxylic

1) Téng hop metyl (S)-2-((4-(6-((5-xyanopyridin-2-yl)metoxy)pyridin-2-
yl)piperazin- 1-yl)metyl)-1-(oxetan-2-ylmetyl)-1H-benzo[d] imidazol-6-carboxylat

Chét trung gian 4 (233 mg), chét trung gian 18 (232 mg), kali cacbonat (436
mg) duge hoa tan trong CH3CN (10 mL) trong binh cdu day tron va hdn hop nay dugc
khudy & 60°C trong mdt ngdy. Sau khi dugec TLC xéc nhén ring phan (ng da hoan
thanh, hdn hop duge pha lodng véi EA, va Lép hitu co tao thanh duoc rira lién tuc
bang cach sir dung NaHCOs bdo hoa trong nude, NH4Cl bao hoa trong nudce, va nudc
 mubi. Sau dé, 16p hitu co duge lam kho bang magie sulfat khan va dugc loc dudi dp
sudt giam dé thu dugce phan loc. Phén loc duge co dic dudi ap sudt giam. Phan cin
duoc tinh ché bang sic ky cdt keo silic oxit véi hexan/etyl dé thu duoc metyl (S)-2-
((4-(6-((5-xyanopyridin-2-yl)metoxy)pyridin-2-yl)piperazin-1 -yl)metyl)-1-(oxetan-2-
ylmetyl)-1H-benzo[d]imidazol-6-carboxylat (390 mg, 89%) la xird trong sudt. LC-
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MS(ES*): 554 M + H)"
2) Téng hop hop chét cubi cing

Hop chit (387 mg) da da thu & budc 1) dugc hoa tan trong CH3CN (10 mL)
trong binh cau day tron va hdn hop duoc khudy. Trong khi hdn hop duoc khudy, timg
giot dung dich nu¢ec TBD 1,0 M (1,4 mL) dugc thém vao. Nude tinh khiét (0,6 mL)
dwoc thém vio hdn hop, va hdn hop duge khudy & 60°C trong 1 ngay. Sau khi duge
TLC x4c nhén rang phan Gng da hoan thanh, hdn hop duge trung hoa dén pH 7 bang
_dung dich nudc HCI 1 N, dugc chiét bang dung dich DCM/MeOH 10%, dugc lam kho
bang magie sulfat khan, va dugc loc dudi ap suit giam dé thu duoc phén loc. Phan loc
duoc ¢o dic dudi ép sudt giam. Phén cin duge tinh ché bang sic ky cot keo silic oxit
v6i DCM/MeOH dé thu duoc hop chit dich (225 mg, 60%) 14 chat rén mau xanh luc
nhat. '"H NMR (DMSO-de): d 8,97 (s, 1H), 8,28 (d, J= 8,2 Hz, 1H), 8,24 (s, 1H), 7,80
(d, J = 2,8 Hz, 1H), 7,62 (d, J = 8,4 Hz, 1H), 7,56 (d, J = 7.6 Hz, 1H), 7,49 (t, J= 8,0
Hz, 1H), 6,32 (d, J = 8,0 Hz, 1H), 6,18 (d, J = 8,0 Hz, 1H), 5,41 (s, 2H), 5,11-5,05 (m,
1H), 4,79 (d, J= 7,2 Hz, 1H), 4,75 (d, J = 7,2 Hz, 1H), 4,65-4,60 (m, 1H), 4,50-4,45
(m, 1H), 4,39-4,34 (m, 1H), 3,94 (d, J=13,2 Hz, 1H), 3,76 (d, J= 13,2 Hz, 1H), 3,34-
3,29 (m, 3H, gia dinh; bi che khut mot phan béi dinh nu6c), 2,66 (m, 1 H), 2,50-2,42
(m, 6 T, gia dinh; bi che khut mot phan béi dinh dung moi); LC-MS(ES"): 540 (M +
H)"

(3) Téng hop Vi du 3+ Axit (S)-2-((4-(3-((4-xyano-2-
ﬂobenz‘yl)oxy)phenyl)piperidin-1-yl)metyl)-3—(oxetan-Z-ylmetyl)—3H—imidazo[4,5-
b]pyridin-5-carboxylic

1) Téng hop metyl (S)-2-((4-(3-((4-xyano-2-flobenzyl)oxy)phenyl)piperidin-
1-yl)metyl)-3-(oxetan-2-ylmetyl)-3H—imidazo[4,5-b]pyridin—S-carboxylat

Chét trung gian 7 (1,0 eq.), chét trung gian 9 (1,0 eq.) va kali cacbonat (3,0

eq.) duge hoa tan trong CH3CN (0,1 M) trong binh cAu day tron, va hon hop dugce
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khudy & nhiét do phong trong 3 ngay. Sau khi dugc TLC x4c nhén rang phan tmg da
hoan thanh, nuée tinh khiét dugc thém vao hdn hgp. Hon hop duoc chiét bang EA, va
Lép hitu co tao thanh duoc rira bang nude mudi, duge lam kho bang magie sulfat
khan, dugc loc va duge c¢o ddc dudi ap suét giam. Phan cin dugc tinh ché bé‘mg séc ky
cot keo silic oxit dé thu dugc metyl (S)-2-((4-(3-((4-xyano-2-
flobenzyl)oxy)phenyl)piperidin-1-yl)metyl)-3-(oxetan-2-ylmetyl)-3 H-imidazo[4,5-
b]pyridin-5-carboxylat (91%). LC-MS(ES*): 570 (M + H)"

2) Téng hop hop chét cudi cing

Hop chit da da thu & bude 1) duge hoa tan trong CH3CN (0,1 M) trong binh
cAu day tron va hdn hop duge khudy. Sau khi thém dung dich nuée TBD1,0 M vao,
hdn hop duge khudy & 50°C trong 4 gi¢. Sau khi dugc TLC xé4c nhén rang phan tng
'd3 hoan thanh, hdn hop duoc axit hoa dén pH 6 béng dung dich nudc citric acid 2 M
(7,0 mL) va duoc pha loang bing nudc tinh khiét. Lép nudc tao thanh duge chiét bang
dung dich DCM/MeOH 5%. Lép hitu co dugc lam khd bang magie sulfat khan, dugc
lgc va dugc ¢b déac dudi ap sudt giam. Phan cin duge tinh ché bing séc ky cot keo silic
oxit véi DCM/MeOH dé thu duoc hop chit cudi ciing (55%) 1a chét rén mau vang
rihat. '"H NMR. (400 MHz, DM30-dg) 4 13,08-12,98 (m, 1H), 8,16-8,13 (1, 1H), 8,01-
7,90 (m, 2H), 7,77-7,75 (m, 2H), 7,22 (t, J = 7,9 Hz, 1H), 6,94-6,34 (m, 3H), 5,23-5,21
(m, 3H), 4,87 (dd, J= 14,6, 6,3 Hz, 1H), 4,74 (dd, J = 14,6, 4,2 Hz, 1H), 4,53-4,46 (m,
1H), 4,41-4,34 (m, 1H), 4,03-3,91 (m, 2H), 2,95 (dd, J= 15,1, 12,8 Hz, 2H), 2,75-2,65
(m, 1H), 2,30-2,18 (m, 2H), 1,80-1,63 (m, 4H); LC-MS(ES"): 556 (M + H)"

(4) Téng hop Vi du 4: Axit 2-(((S)-4-(6-((4-xyano-2-flobenzyl)oxy)pyrazin-2-
y1)-2-metylpiperazin-1-yl)metyl)-1-(((S)-oxetan-2-yl)metyl)- 1 H-benzo[d]imidazol-6-
carboxylic

1) Téng hop metyl 2-(((S)-4-(6-((4-xyano-2-flobenzyl)oxy)pyrazin-2-yl)-2-
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metylpiperazin-1-yl)metyl)-1 -(((S)-oxetan-2-yl)metyl)- 1 H-benzo[ d]imidazol-6-

carboxylat

Chét trung gian 2 (1,0 eq), chét trung gian 18 (1,0 eq) va kali cacbonat (5,0 eq)
duge hoa tan trong CH3CN (0,1 M) trong binh cAu day tron va hon hop duge khudy &
nhiét d6 phong trong 2 ngay. Da nhén ra chét trung gian 2 van con do phan tmg chua
hoan thanh. Do d9, 0,5 eq cua chit trung gian 18 d3 dugc thém vao hdn hop, va hon
hop duoc dbt nong dén 60°C. Sau khi TLC x4ac nhan rang phan tng d& hoan thanh,
hdn hop dugc lam mat vé& dén nhiét do phong va thém nude tinh khiét. Hon hop duoc
chiét bang EA, va Lép hitu co tao thanh duge ria bang nudce mubi. Sau d6, 16p hitu co
dwoc 1am kho bing magie sulfat khan, dwgce loc va dugc cb dac dudi 4p sudt gidm.
Phin cin duge tinh ché bing sic ky cot keo silic oxit véi hexan/etyl dé thu duoc metyl
2-({(8)-4-(6-((4-xyano-2-flobenzyl) oxy)pyrazin-2-yl)-2-metylpiperazin-1-yhmetyl)-1-
(((S)’»oxetan—Z-yl)metyl)-lH-benzo[d]imidazol~6—carboxylat (70%) la chét 1ong khong
mau. LC-MS (ES™): 586 (M + H)"

2) Téng hop hop chit cudi cling

Hop chit da thu & bude 1) dwge dit vac binh cau day tron va dugc khudy trong
- CH3CN (0,1 M). Sau khi thém dung dich nu-'é’c TBD 1,0 M vao, hén hop duge khuéy §;
60°C trong 3 gid. Sau khi duge TLC Xédnhém'rﬁng ohan Gug da hoan thanh, hén hop
duoc axit hoa dén pH 6 béng dung dich nuéc axit xitric 2 i (7,0 mL) va duogc pha
lodng bang nudc tinh khiét. Hon hop duge chit bang dung dich DCM/MeOH 5%.
L6p hitu co tao tharh dudc lam kho bé‘mg magie sulfat khan, dugc loc va dugc co dac
dudi 4p sudt giam. Phin cin dugc tinh ché bing sic ky cot keo silic oxit véi
DCM/MeOH. dé thu duoc hop chét cudi cing. D9 tinh khiét 13 khong du v6i MPLC.
Do do, viéc tach -tiép tuc dugc thye hién bang céach st dung PTLC (7% DCM/MeOH)
d thu duge hop chét cubi cung (26%) 1a bot mau vang. "H NMR (400 MHz, DMSO-
de) d 12,83 (brs, 1H), 8,28 (d, J =0,8 Hz, 1H), 7,89 (dd, J=9,2, 1,2 Hz, 1H), 7,84 (s,
1H), 7,82 (dd, J = 8,4, 1,6 Hz, 1H), 7,73-7,65(m, 3H), 7,53 (s, 1H), 5,43 (s, 2H), 5,18-
5,15 (m, 1H), 4,76 (d, J = 4,4 Hz, 2H), 4,49 - 4,45 (m, 1H), 4,36 (d, J= 14,0 Hz, 1H),
4,31 - 4,26 (m, 1H), 3,88 (d, J= 10,8 Hz, 1H), 3,80 (d, J = 13,2 Hz, 1H), 3,68 (d, J =
14,0 Hz, 1H), 3,15-3,09 (m, 1H), 2,94 (dd, J = 12,8, 8,6 Hz, 1H), 2,73 - 2,62 (m, 3H),
2,42 -231 (m, 2H), 1,11 (d, J=6,2 Hz, 3H); LC-MS(ES™): 572 (M + H)"
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(5) Téng hop céc Vi du tir 5 dén 10

Bing cach st dung cac quy trinh gidng ho#c tuong ty v6i cac quy trinh dé didu
ché cac hop chét ctia cac Vidu 1, 2, 3 va 4, cac hop chét cta cac Vidu 5 dén Vi du 10
trong Bang 2 duéi day duoc diéu ché tir cac nguyén liéu ban d4u thich hop sin c6 hodc
¢6 thé duoc didu ché bang cac phuong phap dugc biét dén trong linh vyc k¥ thuat
tuong tng. Céc hop chét duoc tinh ché bang cach st dung cac phuong phap di dugc
biét dén bdi nhitng ngudi ¢6 hiéu biét trung binh vé linh vyc k§ thudt twong tng, c6
thé bao gém séc ky keo silic oxit, HPLC, hodc su két tinh lai. Céc hop chét cubi cung
c6 thé duogc phéan 13p duéi dang chét trung tinh hodc dudi dang mubi cdng axit hodc

mubi cong bazo. Tén, dit liéu NMR va dit liéu LC-MS cua cac hop chét trong Vi du 5

dén Vi du 10 duge thé hién trong Bang 2 dudi day.

Béng 2
vy | Chét | Chét | 4 DY liw
dy |fung | WG s on chit | Dt ligu NMR LC-MS
. | glan gian B ) (BSH)

SO0 1 Aso |sd
axit  (S)-2- | 'H NMR (DMSO-de): & 8,97 (s, 1H),
((4-(6-((5- 8,28 (dd, J=8,0, 2,4 Hz, 1H), 8,15 (d, J.
xyanopyridin | = 8,4 Hz, 1H), 8,00 (d, J = 8,4 Hz, 1H),

2- 7,55 (d, J = 8,4 Hz, 1H), 7,48 (t, J= 8,0
ymetoxy)py | Hz, 1H), 6,32 (d, J = 8,0 Hz, 1H), 6,18
ridin-2- (d, J = 8,0 Hz, 1H), 5,41 (s, 2H), 5,16 | 54,

5 |4 9 yl)piperazin- | (m, 1H), 4,86-4,81 (m, 2H), 4.72-4,68 | (V+HH)®
1-yDmetyl)- | (m, 1H), 4,49-4,47 (m, 1H), 4,38-4,35
3-(oxetan-2- | (m, 1H), 4,00-3,89 (m, 2H), 3,35-3,33
ylmetyl)-3H- | (brs, 4H, gia dinh; bi che khudt mot
imidazo[4,5- phén boi dinh nude), 2,68-2,66 (m, 2H),
blpyridin-5- | 2,50-2,47 (m, 3H, gi& dinh; bi che khuét
carboxylic mot phan boi dinh dung mé).
axit  2-(((S)- 'H NMR (DMSO-ds): 6 8,97 (s, 1H),

4-(6-((5- 8,27 (dd, J= 8,2,2,0 Hz, 1H), 8,26 (d, J
xyanopyridin | = 2,4 Hz, 1H), 8,14 (d, J = 8,4 Hz, 1H),
2- 7,99 (d, J= 8,0 Hz, 1H), 7,54 (d, J= 8,4
ymetoxy)py | B% 1H), 747 (¢, J = 8,0 Hz, 1H), 6,32

6 1 9 ridin-2-yl)-2- (d, J= 8,0 Hz, 1H), 6,17 (d, J = 8,0 Hz, | 555
metylpiperazi | 1H)s 5,40 (s, 2H), 5.23-5.21 (m, 1H), (M+H)*
n-l- 4,77-4,76 (m, 2H), 4,50-4,44 (m, 2H),
yDmetyl)-3- | 4:21-4,18 (m, 1H), 3,76-3,63 (m, 3H),
(((S)-oxctan- | 2:88 (m, 1H), 2,68-2,60 (m, 4H), 2.5
2yDmetyl)- | (0, 1H), 2,25 (m, 1H), 1,06 (d, J = 6,0
3H- Hz, 3H).
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imidazo([4,5-
blpyridin-5-
carboxylic
axit 1-
(oxazol-2- .
ylmetyl)-2- 'H NMR (DMSO-dg): 612,89 (brs, 1H),
((4-(6- 8,51 (d, J = 6,0 Hz, 2H), 8.21 (s, 1H),
(pyridin-4- 8,03 (s, 1H), 7,85-7,83 (m, 1H), 7,70-
ylmetoxy)pyr | 7,68 (m, 1H), 7,44 (t, J = 8,0 Hz, 1H), 576
13 19 idin-2- 7,35 (d, J = 6,0 Hz, 2H), 7,11 (s, 1H), (M+H)"
yl)piperazin- | 6,26 (d,J= 8,0 Hz, 1H), 6,13 d,J=28,0
1-yDmetyl)- | Hz, 1H), 5,89 (s, 2H), 5,29 (s, 2H), 3,87
1H- (s, 2H), 3,19-3,13 (m, 4H), 2,39-2,35
benzo[d]imid | (m, 4H).
azol-6-
carboxylic
axit  (S)-2-
((4-(6-((5- 'H NMR (400 MHz, MeOD): 6 8,39 (s,
cloro-3- 1H), 8,35 (s, 1H), 8,00 (s, 1H), 7,83~
flopyridin-2- | 7,81 (m, 1H), 7,70-7,68 (m, 1H), 7,60-
yDmetoxy)py | 7,57 (m, 1H), 6,84-6,82 (m, 1H), 6,67-
ridin-2- 6,65 (m, 1H), 5,55-5,47 (m, 2H), 5,33- 567
8 18 yDpiperidin- | 5,27 (m, 1H), 4,78 (m, 1H), 4,75-4,74 (MAH)
1-yDmetyl)- | (m, 1H), 4,52-4,47 (m, 1H), 4,13-3,99
1-(oxetan-2- | (m, 2H), 3,15-3,11 (m, 1H), 3,04-3,01
ylmetyl)-1H- | (m, 1H), 2,88-2,80 (m, 1H), 2,70-2,51
benzo[d]imid | (m, 2H), 2,46-2,35 (m, 2H), 1,89-1,82
azol-6- (m, 4H). :
carboxylic
axit  (S)-2-
g;gfg&i din IH NMR (400 MHz, CDCls): & 8,89 (s,
. 1H) 8,33 (s, 1H), 8,16-8,13 (m, 1H),
yl)metoxy)py 7,99-7,97 (m, 2H), 7,68-7,61 (m, 3H),
i din-2- 6,87-6,85 (m, 1H), 6,78-6,76 (m, 1H),
16 18 yD)piperidin- 5,57 (s, 2H), 5,30-5.28 (m, 1H), 4,72- | 539
- 1-yDmetyl)- 4,65 (m, 1H), 4,52-4,46 (m, 1H), 4,07- (M+H)"
-(oxetan-2- 4,04 (m, 1H), 3,96-3.91 (m, 1H), 3,08-
yImetyl)-1H- 3,05 (m, 1H), 2,97-2,94 (m, 1H), 2,86-
benzo[dJimid 2,82 (m, 1H), 2,58-2,51 (m, 2H), 2,38-
2,28 (m, 2H), 1,82-1,72 (m, 3H).
azol-6-
carboxylic
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axit  (S)-2- | '"H NMR (400 MHz, DMSO-dg): 6 8,56
((4-(3-((5- (d, J = 1,3 Hz, 1H), 8,28-8,26 (m, 1H),
cloro-3- 8,18 (dd, J=9,7, 1,9 Hz, 1H), 7,83-7,79
flopyridin-2- | (m, 1H), 7,65-7,61 (m, 1H), 7,24-7,18
yDmetoxy)ph | (m, 1H), 6,90-6,84 (m, 3H), 5,21-5,19
enyl)piperidi | (m, 2H), 5,16-5,06 (m, 1H), 4,81 (dd, J 566
10 | 17 18 n-1- = 15,3, 7,3 Hz, 1H), 4,67 (dd, J = 15,2, (MHH)*

yDmetyl)-1- | 2,6 Hz, 1H), 4,54-4,47 (m, 1H), 4,42-
(oxetan-2- 4,34 (m, 1H), 3,95 (d, J= 13,5 Hz, 1H),
ylmetyl)-1H- | 3,82-3,76 (m, 1H), 3,00 (d, J = 11.0 Hz,
benzo[d]imid | 1H), 2,87 (t, J = 7,6 Hz, 1H), 2,78-2,67
azol-6- (m, 1H), 2,47-2,39 (m, 1H), 2,28-2,12
carboxylic (m, 2H), 1,76-1,74 (m, 4H).

2. Vi du didu ché B

Axit 2-((4-(3-((4-xyanc-2-
flobenzyl)oxy)phenyl)piperazin-1-yl)metyl)-1-((1 -floxyclopropyl)metyl)-1H-

(1) Tbng

hop Vi du 11:

benzo[d]imidazol-6-carboxylic

1) Téng hop metyl 2-((4u(3-((4-xyano-2—ﬂobenzyl)oxy)phenyl)piperazin-1-
yDmetyl)-1-((1-floxyclopropyl)metyl)-1H-benzc [d]imidazol-6-carboxylat

Chét trung gian 3 (0,3 mmol), chét trung gian 10 (89 mg) va kali cacbonat (124
mg, 0,9 mmol) duoc hoa tan trong CH3CN (3,0 mL) trong binh cAu day tron va hén
hop duoc khudy & 80°C trong 4 gio. Hon hop nay duoc lam ngudi dén nhiét do phong
va loc qua miéng dém xelit dé thu duoc ph@in loc. Phan loc dugc ¢b dic dudi ap suét
giam. Phén cin duoc tinh ché béng sic ky cdt keo silic oxit voi hexan/etyl dé thu dugc
metyl 2-((4-3 -((4-xyano-2-flobenzyl)oxy)phenyl)piperazin-1 -yDmetyl)-1-((1-
ﬂoxyclopropyl)metyl)-lH-benzo[d]imidazol-6-carb0xylat (93 mg, 57%) la chét rin
mau tréng. LC-MS(ES*): 572 (M + H)"

2) Téng hop hop chét cudi cing
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Hop chét (60 mg) da thu ¢ bude 1) dugce hoa tan trong 1,4-dioxan/nudc (4 : 1,
2,5 mL). Sau khi thém ting giot dung dich nwéc NaOH 1 N (0,2 mL), hon hop dugc
khudy & nhiét do phong trong 24 gio. Trung hoa hén hop bing dung dich nude HCI
1M. Sau d6, hdn hgp duge chiét bang dung dich DCM/MeOH 5%. Lép hitu co tao
thanh dugc lam kho béng magie sulfat khan, dugc loc va duge cd déc duéi ap suét
giam. Phén cin dugc tinh ché bang sic ky cot keo silic oxit véi DCM/MeOH (12 g
Si0,, metanol 5% trong DCM — metanol 10% trong DCM) @& thu dugc hop chat cubi
cling (25 mg, 46%) 1a chét rin mau trang. 'H NMR (400 MHz, DMSO-ds) d 12,82 (m,
C1H), 8,29 (s, 1H), 7,91 (d, J = 10,4 Hz, 1H), 7,83-7,80 (m, 1H), 7,77-1,73 (m, 2H),
7,70-7,64 (m, 1H), 7,14-7,09 (m, 1H), 6,57-6,55 (m, 2H), 6,47-6,45 (m, 1H), 5,20 (s,
2H), 4,99 (d, J = 22,0 Hz, 2H), 3,87 (s, 2H), 3,13 (m, 4H), 2,60 (s, 4H), 1,07-1,02 (im,
4H); LC-MS(ES"): 556 M + H)"

(2) Téng hop céc Vi du tir 12 dén 17

Bing cach str dung cac quy trinh gidng hoic tuwong tw vi quy trinh d8 didu ché
hop chét ctia Vi du 11, cac hop chét tir Vi dy 12 dén Vi du 17 trong Bang 3 duéi déy
duge didu ché tir cac nguyén liéu ban dAu thich hop c6 san trén thi truong hodc ¢b thé
duoc didu ché bang céc phuong phéap da biét dén trong linh vuc k¥ thuit trong Gng.
Céc hop chét dugc tinh ché bang cach st dung cac phuong phap 48 duge biét dén boi
uhitng ngudi ¢ hidu biét trung binh vé linh vuc k¥ thuft twong g da bidt, c6 thé bao
gbm séc ky keo silic oxit, HPLC, hogc sy két tinh lai. Céac hop chét cudi cting c6 thé
dugc phan 18p duéi dang chét trung tinh hodc dudi dang mudi cong axit hodc mudi
cong bazo. Tén, dit lidu NIVIR va dit liu LC-MS ciia cAc hop chét trong Vi dy 12 dén
Vi du 17 dugec trinh bay trong Réng 3 dudi day.

Béng 3

Vi | Chét Chét Dit liéu

du | trung trung | Tén hop chit Dit licu NMR LC-MS

s6 gian A gian B (ES+)
axit  (S)-2-((4- | '"H NMR (400 MHz, CDCl3): &
(6-((5- 8,84 (s, 1H), 8,21 (s, 1H), 8,05
xyanopyridin-2- | (dd, J = 8,4, 1,2 Hz, 1H), 7,96 | 541

12|11 18 ylmetoxy)pyraz | (dd, J = 8.0, 2,0 Hz, 1H), 7,81 (4, | (v+H)*
in-2- J =288 Hz, 1H), 7,68 (d, J = 3,6
yl)piperazin-1- | Hz, 2H), 7,57 (d, J = 8,0 Hz, 1H),
yl)metyl)-1- 5,48 (s, 2H), 5,30 (s, 2H), 5,24-
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(oxetan-2- 5,22 (m, 1H), 4,71-4,62 (m, 3H),
ylmetyl)-1H- 4,39-4,36 (m ,1H), 4,10-3,95 (m,
benzo[d]imidazo | 3H), 3,48 (s, 4H), 2,79-2,68 (m,
1-6-carboxylic 1H), 2,63 (s, 4H), 2,47-2,44 (m,

1H), 2,04 (s, 3H), 1,31-1,23 (m,
3H), 0,89-0,85 (m, 1H).
. 'H NMR (400 MHz, DMSO-de): &
?§1E(5 ($32-(- | 9,04 (brs, 1H), 8,35 (dd, J= 8. .2,
wyanopyridin-2- 2.2 Hz, 1H), 8,03 (d, J = 8,0 Hz,
Dmetoxy)phen 1H), 7,96 (d, J = 8,0 Hz, 1H),
-‘/1) : era;ﬁ_l_ 7,70 (d, J = 8,4 Hz, 1H), 7,11 (t, J
5 1 o zfl)fngtyl)é- = 8.2 Hz, 1H), 6,58-6,54 (m, 2H), | 540
oxetan2  -yl- 6,44 (dd, J = 8,0, 2,0 Hz, 1H), | (M+H)"
metyl)-3 7L 5,25 (s, 2H), 5,19-5,17 (m, 1H),
imidazo[d.5- 4,78 (brs, 2H), 4,48-4,45 (m, 1H),
blpyri P 4,28-425 (m, 1H), 3,94 (q, J =
carboxylic 14.0 Hz, 2H), 3.13 (s, 4H), 2,65-
2,60 (m, 5H), 2,51-2,45 (m, 1H).
'H NMR (400 MHz, DMSO-de):
512,83 (bs, 1H), 9,04 (dd, J=2.0,
0,8 Hz, 1H), 8,36 (dd, J= 6,0, 1,6
Hz, 1H), 8,28 (d, J = 1,2 Hz, 1H),
axit  (S)-2-((4- | 7,81 (ad, J = 8,4, 1,6 Hz, 1H),
(3-((5- 17,67 (dd, J = 18,0, 8,0 Hz, 2H),
xyanopyridin-2- | 7,11 (t, J = 8,0 Hz, 1H), 6,58-6,54
yl)metoxy)phen | (m, 2H), 6,43 (dd, /= 8,0, 2,0 Rz, :
112 |12 18 yl)piperazin-1- 1H), 5,25 (s, 1H), 5,12-5,07 (m, 539 o
| yDmetyl)-1- 1H), 4,79 (dd, J = 15,2, 7,4 Hz, | (VI+H)’
(oxetan-2 - | 1H), 4,65 (dd, J = 15,2, 2,6 Hz,
ylmetyl)-1H- 1H), 4,51-4,46 (m, 1H), 4,41-4,35
benzo[d]imidazo | (m, 1H), 4,00 (d, J = 13,5 Hz,
1-6-carboxylic | 1H), 3,81 (d, J = 13,5 Hz, 1H),
3,13-3,12 (m, 1H), 2,74-2,67 (m,
1H), 2,65-2,56 (m, 4H), 2,46-2,35
(m, 2H), 2,47-2,41 (m, 1H), 1,89-
1,82 (m, 4H).
. 'H NMR (400 MHz, CDCls): &
axit 1-(oxazol-2- | 8 60 (d, J = 4,0 Hz, 1H), 8,29 (s,
ylmetyD)-2-((4- | 11), 8,05 (d, J = 8,0 Hz, 1H),
(6-(pyridin-2- | 7,80 (d, J = 8,0 Hz, 1H), 7,69 (t, J
ylmetoxy)pyridi | = 8.0 Hz, 1H), 7,57 (s, 1H), 7,47 | 506
15 |14 19 n-2- (d, J = 8,0 Hz, 1H), 741 (t, J = | (M+H)*
yDpiperazin-1- | 8 0 Hz, 1H), 7,22-7,19 (m, 1H),
yDmetyD-1H- 17,08 (s, 1H), 6,21 (d, J = 8,0 Hz,
benzo[d]imidazo | 1), 6,13 (d, J = 8,0 Hz, 1H),
1-6-carboxylic | 581 (s, 2H), 5,48 (s, 2H), 3,99 (s,
2H), 3,49 (s, 1H), 3,37 (s, 4H),
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axit  (S)-2-((4-
(6-((5-cloro-3-

'H NMR (400 MHz, DMSO-ds) &
8,50 (d, J = 1,2 Hz, 1H), 8,28 (s,
1H), 8,10 (dd, J = 9.8, 1,8 Hz,
1H), 7,82 (dd, J = 8.4, 1,2 Hz,
1H), 7.65 (d, J = 8,4 Hz, 1H),

flopyridin-2- 7,45 (t, J= 8,0 Hz, 1H), 6,32 (d, J
yDmetoxy)pyrid | = 8,0 Hz, 1H), 6,09 (d, J= 7,6 Hz,
in-2- 1H), 5,38 (d, J = 1,6 Hz, 2H), 567
16 6 18 yl)piperazin-1- | 5,11 (dd, J = 7.2, 2,4 Hz, 1H), (M+H)*

yDmetyl)-1- 4,80 (dd, J = 15,4, 7.4 Hz, 1H),
(oxetan-2- 4,65 (dd, J = 15,0, 2,6 Hz, 1H),
ylmetyl)-1H- 4,51-4,46 (m, 1H), 4,41-4,37 (m,
benzo[d]imidazo | 1H), 3,97 (d, J = 13,2 Hz, 1H),
l-6-carboxylic | 3,80 (d, J = 13,6 Hz, 1H), 3,41 (,

J = 4,6 Hz, 4H), 2,74-2,68 (m,

1H), 2,56-2,48 (m, 4H), 2,46—

2,43 (m, 1H).

'H NMR (400 MHz, DMSO-de):

6 12,78 (brs, 1H), 8,58 (dd, J =

. 2,5 Hz, 1H), 8,27 (d, J = 1,0 Hz,
(6((5- )21 1m), 701 (dd, J = 8.4, 2,5 H,
cloropyridin-2- 1H), 7,81 (dd, J = 84, 1,5 Hz,
yD)metoxy)pyrid 1H), 7,65 (d, J = 8,4 Hz , 1H),
- 7,50-7,43 (m, 2H), 6,32 (d, J= 38,1
17 15 13 y])piperazin-1- Hz, 1H), 6,15 (d, J= 7,8 Hz, 1H), | 549

yHmetyl)-1- 534 (s, 2H), 5,11-5.08 (m, 1H), | M+H)"
(oxetan-2- 479 (dd, J = 15,3, 7,4 Hz, 1H),
yimetyl)-1F- 4,65 (dd, J = 15,2, 2,5 Hz, 1H),
benzo[dimidazo 4,51-4,46 (m, 1H), 4,0-4,35 (m,

1-6-carboxylic

1H), 3,96 (d, J = 13,6 Hz, 1H),
3,78 (d, J = 13,6 Hz, 1H), 3,41-
3,36 (m, 4H), 2,74-2,66 (m, 1H),
2,48-2,38 (m, 4H).

3. Vi dy diéu ché C
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(1) Téng hop Vi du 18: Axit 1-(oxazol-2-ylmetyl)-2-((4-(6-(pyridin-3-
ylmetoxy)pyridin-2-yl)piperazin-1 -yl)metyl)-1H-benzo[d]imidazol-6-carb oxylic

1) Tong hop metyl 1-(0xazol-2-ylmetyl)-2-((4-(6-(pyridin—3-ylmetoxy)pyridin-
2-yl)piperazin-1-yl)metyl)-1H-benzo[d] imidazol-6-carboxylat

Chét trung gian 5 (130 mg), chét trung gian 19 (147 mg) va kali cacbonat (332
mg) dugc hoa tan trong CH3CN (1,5 mL) trong binh chu déy tron va hdn hop dugc
khudy & 50°C trong 4 gio. Szu khi thém nudce tinh khiét, hén hop duoc lam ngudi dén
nhiét d6 phong va khuéy & nhiét ¢o do trong 2 gio. Chét rén tao thanh duoc loc, ria
bing nude tinh khiét: CHsCN (2:1), va duge lam kho d3 thu duoc metyl 1-(oxazol-2-
ylmety1)-2-((4-(6-(pyridin-3 -ylmetoxy)pyridin-2-yl)piperazin-1 -yl)metyl)-1H-
benzo[d]imidazol-6-carboxylat (52 mg, 20%). LC-MS(ES*): 540 (M+ H)"

7) Téng hop hop chit cudi cing

Hop chét (45 mg) da thu & bude 1) dugc hoa tan trong 1,2-dicloetan (3,0 mL).
Sau khi Me3SiOH (49 mg) dugc thém vao, hén hop duge khudy & 80°C trong 6 ngay.
Hon hop dugc cd dic va chiét bing EA. Lép hitu co tao thanh dugc ria bing dung
dich axit clohydric trong nuée, duge lam khod bang magie sunfat khan, dugc loc va
dugc cd dic dudi ap sudt giam. Phén cin dugc tinh ché bang sic ky cot keo silic oxit
vl DCM/MeOH/ACOT dé thu dugc hop chét cudi cing (8 mg, 18%) 1a chét ran mau
nau. 'H NMR (400 MHz, MeOD): d 8,60 (d, /= 1,8 Hz, 1H), 8,46 (dd, J=4,8, 0,8 Hz,
1H), 8,27 (s, 1H), 8,03 (d, J = 8,8 Hz, 1H), 7,91-7,89 (m, 2H), 7,72 (d, J = 8,4 Hz,
1H), 7,46-7,42 (m, 2H), 7,14 (s, 1H), 6,25 (d, J = 8,0 Hz, 1H), 6,14 (d, J = 7,6 Hz,
1H), 5,38 (s, 2H), 3,98 (s, 2H), 3,37-3,34 (m, 4H), 2,55 (t, J = 4,8 Hz, 4H); LC-
MS(ESY): 526 M + H)"

Chu tric héa hoc va tén ciia cac hop chit tir cde Vi du 1 dén Vi du 18 dugc

didu ché bing céc Vi du Didu ché A, B va C dugc trinh bay trong Bang 4 dudi day.

56



52317

Bang 4
Vidu | Chu triic Tén hop chét
EJ\ axit 2-(((S)-4-(6-((5-xyanopyridin-2-
1 NCoA N yl)metoxy)pyridin-2-yl)-2-metylpiperazin-1-
[ o_n_d 1}’@4" yD)metyl)-1- (((S)-oxetan-2-yl)metyl)-1H-
U OH | benzo[d]imidazol-6-carboxylic
’j} axit (S)-2-((4-(6-((5-xyanopyridin-2-
) NG ~u /\\” yl)metoxy)pyridin-2-yl)piperazin-1-yl)metyl)-1-
\L/N:{\,o NN @_/\ (oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-
U carboxylic
5]\ axit (S)-2-((4-(3-((4-xyano-2-
3 NG~ F W~ flobenzyl)oxy)phenyl)piperidin-1-yl)metyl)-3-
Cr\/o /Cf N‘@_q (oxetan-2-yl-metyl)-3 H-imidazo[4,5-b]pyridin-
@ - 5-carboxylic
rj\ axit 2-(((S)-4-(6-((4-xyano-2-
A F flobenzyl)oxy)pyrazin-2-yl)-2-metylpiperazin-1-
4 T\J\ "¢ NJ\ r‘i{/‘w yDmetyl)-1-(((S)-oxetan-2-ylymetyl)-1 H-
benzo[d]imidazol-6-carboxylic
R axit ()-2-((4-(6-((5-xyznopyridin-2-
- NG~ e yl)metoxy)pyridin-2-yl)piperazin-1-yl)metyl)-3-
? IN/ O_N_N_J ﬁ\%j’)_/(o (oxetan-2-ylmetyl)-3 H-imidazo[4,5-b]pyridin-5-
U = OH | carboxylic
axit 2-(((S)-4-(6-((5-xyanopyridin-2-
6 NG~ A yl)metoxy)pyridin-2-yl)-2-metylpiperazin- 1-
W AW yhmetyl)-3-(((S)-oxetan-2-yl)metyl)-3 H-
9 — OH imidazo[4,5-b]pyridin-5-carboxylic
o
J? axit  1-(oxazol-2-ylmetyl)-2-((4-(6-(pyridin-4-
7 N7 (N ° ylmetoxy)pyridin-2-yl)piperazin-1-yl)metyl)-
o °®/“\)/TH 1 H-benzo[d]imidazol-6-caiboxylic
=
é:g axit (S)-2-((4-(6-((5-cloro-3-flopyridin-2-
3 Sl F . yl)metoxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-
[ Ao N u‘ P (oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-
9 o1 | carboxylic

axit (S)-2-((4-(6-((5-xyanopyridin-2-
yl)metoxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-
(oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-
carboxylic
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o axit (S)-2-((4-(3-((5-cloro-3-flopyridin-2-
10 ClF " yl)metoxy)phenyl)piperidin-1-yl)metyl)-1-
m()@f\/' N g (oxetan-2-ylmetyl)-1 H-benzo[d]imidazol-6-
OH | carboxylic
&< axit 2-((4-(3-((4-xyano-2-
11 Ne F W . flobenzyl)oxy)phenyl)piperazin-1-yl)metyl)-1-
@,o N »L@% ((1-floxyclopropyl)metyl)- 1H-
O ° | benzo[d]imidazol-6-carboxylic
R axit (S)-2-((4-(6-((5-xyanopyridin-2-
LN N yDmetoxy)pyrazin-2-yl)piperazin-1-yl)metyl)-1-
12 \EJ\;U /NYN!/:)[\;ID (oxetan-2-ylmetyl)-1 H-benzo{d]imidazol-6-
I\N/lj = o carboxylic
or“% axit (S)-2-((4-(3-((5-xyanopyridin-2-
NG~ N yl)metoxy)phenyl)piperazin-1-yl)metyl)-3-
13 I;Lo : @ /\E /_N\ 4 (oxetan-2-ylmetyl)-3 H-immidazo[4,5-b]pyridin-5-
U o4 | carboxylic
£17 axit , (S)-2-((4-(3~((5-xyanopyridin-2-
14 NC._s PPN yl)metoxy)phenyl)piperazin-1-yl)metyl)-1-
N‘ SN té@_f,(o (oxetan-2-ylmetyl)-1H-benzo{d]imidazol-6-
g ot | carboxylic
N
'S axit  1-(oxazol-2-ylmetyl)-2-((4-(6-(pyridin-2-
15 @ o (\NWN o ylmetoxy)pyridin-2-ylpiperazin-1-yl)metyl)-
: < NN ?‘\3 % § . 4 carboxyli
N ® o 1 H-benzo|[d]imidazol-6-carboxylic
& axit (S)-2-((4-(6-({5-cloro-3-flopyridin-2-
16 cl ~ F AN . yl)metoxy)pyridin—2-yl)piperazir}-1'-y1)metyl)--1-
, WO N NN (oxetan-2-ylmetyl)-1 H-benzo[d]imidazol-6-
g o carboxylic
R axit (S)-2-((4-(6-((5-cloropyridin-2-
17 N s yl)metoxy)pyridin-2-yl)piperazin-1-yl)metyl)-1-
: soh oo n S W 4 (oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-
U O | carboxylic
&
= R axit  1-(oxazol-2-ylmetyl)-2-((4-(6-(pyridin-3-
18 @ (\N’\'}( o ylmetoxy)pyridin-2-yl)piperazin-1-yl)metyl)-
= o.__N__N

1 H-benzo[d]imidazol-6-carboxylic

Vi du thi nghiém

1. Vi du thi nghiém 1: thtt nghiém cAMP
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Thtr nghiém cAMP dugc thyue hién theo phuong phap duoc tdi wu hoa dya trén
giao thirc do nha san xuit bo thtr nghiém cAMP (CISBIO) cung cip. Cac té bao CHO-
K1 thu thd GLP-1 duge phan phéi vao dia 96 giéng dé do cAMP (thé tich thap, mau
tring) & 6 X 103 t& bao/giéng/5 mL. Nhu mot chat dbi chimg, SmL Exendin-4 & ndng
ds 0, 1, 10, 100, 1000 va 10009 pM duge xtt ly cho mdi giéng cua mot trong sb cac
dia. 5SmL cda cac hop chét theo cac Vidu 1, 2,3, 4, 5,10, 11, 13, 14, 16 va 17 & néng
do 0, 1, 10, 100, 1000, 10000 nM dwoc xir ly tuong tmg cho mdi giéng clia cac dia
khéc. Céc té bao duoc 1 & nhiét do phong trong 7 phut. Chét phan tmg lién hgp cAMP-
d, duge didu ché bang cach tron chét lién hop cAMP vé6i dung dich dém rira gidi theo
ty 1€ 1:4. Chét phan Gmg lién hgp cryptate chéng cAMP duge didu ché bang cach tron
chét lién hop cGMP véi dung dich dém rira gidi theo ty 18 1:4. Sau d6, 5 mL chat phan
g lién hop cAMP-d; duoc thém vao mdi giéng. Tiép theo, 5 mL chét phan g lién
hop cryptate chéng cAMP duge thém vao mdi giéng. Sau khi u té bao & nhiét do
phong trong 1 gid, tin hiéu HTRF & budc séng 665 nm va 620 nm cua quy trinh nud1
chy duoc do bang thiét bi FlexStaton 3 (Thiét bi phén ti). Ty 1& 665/620 dwgc tinh
toan turong Gng tir cac gid tri do dugc ¢ bude séng 665 nm va 620 nm d6i v6i Exendin-
4 va céc hop <hét ctia cac Vi du. Bing cach chuyén G6i ty 1¢ lién quan dén Exendin-4
thanh 100%, gi4 tri Eien nnat cia cac hop chét trong cac Vi du duge tinh toan nhu ty 1¢
kich thich cAMP ctia céc hop chét. Két qua dwoc thé hién ¢ Bang 5 dudi day. Trong
bang, ++ c6 nghia 12 ECso tho hon 50 nM va + ¢6 nghia 1a ECso 14 ndm trong khoing
i 50 nM dén 100 nM. |

Béang 5

Vidusé | ECso (nM) Elon nét (%)
1 ++ 103,79
2 — 107,81
3 ++ 108.19
4 —- 108,76
5 + 110,68
10 + 96,41
11 ++ 96,45
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13 ++ 128,05
14 ++ 91,37

16 ++ 101,90
17 ++ 100,52

2. Vi du thi nghiém 2: Phén tich sy dung nap glucoza qua dudng tinh mach
(1) Chuén bi miu

Tru6e khi thuc hién xét nghiém dung nap glucoza qua dudng tinh mach
(ivGTT), nhitng con khi duge sir dung trong Xét nghiém dugc cho nhin &n trong 16
gidr. Sau khi nhin &n, luvong duong trong mau e d5i dugc do vao ngay thir nghiém, va
nhiing con khi dugc phan nhém dé giam thiéu do 1&ch duong huyét. Mdi con khi duge
cb dinh trén mot chiée ghé didu chinh va dugc gy mé. Dua bng thong vao tinh mach
hién cua khi ngay trude khi truyén glucoza (0 pldt), va tiém chit thir nghiém (1
mg/mL/kg) vao tinh mach. Sau khi ding thubc, glucoza (0,25 g/kg, dung dich dextroza
50% 0,5 mL/kg) dugc tiém tinh mach qua 6ng théng da dwa vao tinh mach. Méu duogc
14y tir tinh mach dui ngay trudc khi truyén glucoza (0 phut) va vao 15 phut, 30 phit,
40 phut, 50 phat, 60 phut va 120 phut sau khi truyén glucoZa, va sau do huyét tuong
duge tach qua sy Iy tAm trong vong 30 phut sau khi 14y méu. Cac mAu huyét twong da

. tach duogc bao quan ¢ trang thai dong lanh cho dén khi phén tich insulin.
(2) Phuong phép phén tich insulin

Céc mAu huyét trong dong lanh dugc 18 dong tir tir trén da. Xet nghi¢m ELISA
dugc thuc hién theo quy trinh da cung cp cung v6i bd dung cu Monkey insulin
ELISA (LSBio, Cat No. LS-F10306). Nong d6 insulin dugc tinh todn bang cach v&
mot dudng cong tiéu chuin st dung do hép thu cua chuén insulin va 4p dung d6 hép
thu cua timg mau dugce do vao do. Két qua phan tich vé céc hop chét ctia mot s6 Vi dy
duoc thé hién & Bang 6 du6i day. Trong bang, ++ c6 nghia la ndng do insulin 16n nhét
16n hon 250 TU/mL va + c6 nghia la ndng do insulin 16n nhét 13 trong khoang tir 200
IU/mL dén 250 IU/mL.

Bang 6
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ivGTT Khi (iv)

Vi du s6 insulinien nhat
(IU/mL)

1 T

3 +

4 ++

6 ++

13 +

14 +

17 +

Két qua phan tich dung nap glucoza qua dudng tinh mach cho thdy rang céac

hop chét theo sang ché thé hién hiéu qua tiét insulin.

3. Vi du thi nghiém 3: Phén tich sy dung nap glucoza qua dudng tinh mach qua
duomg udng

(1) Chuén bi thi nghiém

Tru6e khi thue hién ivGTT, nhitng con khi dugc dung trong thir nghiém dugc
cho nhin #n trong 16 gid. Sau khi nhin n, lugng duong trong mau lac déi duge do vao
ngdy thir nghiém, va sau d6 nhiing con khi dugc phan nhom dé giam thiéu do 1éch
duong huyét. Vao 60. phit trude khi cho ubng glucoza (-60 phit), mdi con khi doc ¢b
* dinh trén ghé didu chinh, va chat thir nghiém (50 mg/5 ‘mL/kg) duoc ding qua dudng
miéng bang bng thong dé ubng. Cen khi duogc ¢b dinh trén ghé diéu chinh dugc gy
mé, va glucoza (0,25 g/kg, dung dich dextroza 50% 0,5 mL/kg) duge tiém tinh mach
qua éng théng dua vao iinh mach. Mau duge iy tr tinh mach dui ngay trudce khi
truyén glucoza (0 phut) va vao 15, 30, 40, 50, 60 va 120 phut sau khi truyén glucoza,
va huyét tuong duge tach qua sy ly tam trong vong 30 phut sau khi 14y mau. Cac mau
huyét twong da tach dugc bdo quan & trang thai dong lanh cho dén khi phan tich
insulin.

Phuong phép phan tich insulin
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Céc mAu huyét twong dong lanh dugc rd dong tir tir trén da. Xét nghiém ELISA
duogc thuc hién theo quy trinh d& cung cép clng vé6i bd dung cu Monkey insulin
ELISA (LSBio, Cat No. LS-F10306). Néng do insulin dugc tinh toan bﬁng cach vE&
mot duong cong ti€u chuén st dung do hép thu cta chuén insulin va ap dung dd hép
thu cta timg mau duge do vao do. Két qua phan tich v& céc hop chit ciia mot s6 Vi du
dwoc thé hién & Bang 7 dudi déy. Trong bang, ++ ¢o nghia la ndng dd insulin 16n nhét
16n hon 100 IU/mL va + c6 nghia la ndng do insulin 16n nhét 13 trong khoang tr 50
[U/mL dén 100 IU/mL.

Béang 7
ivGTT Khi (po)
Vi du sb insulinien nnét
(IU/mL)
1 +
2 o
3 o
4 ++
6 +
11 ++ J

Céc hop chit theo sang ché ciing thé hién hiéu qua tiét insulin tuyét voi & cach

dung qua dudng ubng.

4. Vi dy thi nghiém 4: Phén tich hERG Su e ché hoat dong cua kénh kali
hERG (gen lién quan dén ete-a-go-go & ngudi) béi cac hop chit dugc danh gia bing
cach st dung hé théng kep miéng dan toan bd t8 bao tu dong (QPatch 48 HT, Sophion
Bioscience) c6 thé do truc tiép dong ion qua kénh kali trong té bao. Dong té bao CHO-
K1 biéu hién én dinh cADN hERG ctia ngudi (Kv11.1, KCNH2) dugc st dung. Ché
phim cta dung dich ndi bao (mM) dugc st dung dé phan tich 12 70 KF, 60 KCl, 15
NaCl, 5 HEPES, 5 EGTA, 5 MgATP, pH 7.3 bang KOH. Ché pham cta dung dich
ngoai bao (mM) dugc su dung dé phan tich 1a 137 NaCl, 4 KCl, 1 MgCla, 1,8 CaCly,

10 HEPES, 10 glucoza, pH 7,35 bang NaOH.
62



Dong t& bao CHO-K1 bidu hién hERG duge xi 1y véi mdi hop chat & nam
néng dd (1, 3, 10, 30 va 100 uM), va duogc u véi moi néng do thtr nghiém trong 5 phut
lap lai. T4t ca céc thi nghiém déu dugc tién hanh & nhiét do phong. Sy thay ddi bién dd
dong dién qua kénh hERG dugc ghi lai sau mdi 8 gidy.

Dung dich gbc cho mdi hop chét duge didu ché trong DMSO 6 ndéng do thir
nghiém cudi cing ghp 300 lan va dugc béo quan ¢ -20°C cho dén ngay thir nghiém.
Vao ngay thr nghiém, dung dich gbc dugc pha loang thanh dung dich ngoai bao dé tao
ra ndng do xur 1y cubi cing. D& dam bao tinh hop 1& cua hé théng thtr nghiém, chét dbi
chimg duong E-4031 (trong khoang tir 0,003 pM dén 0,3 pM) dugc su durig cho mdi
14n th@r nghiém. Ndng d6 cubi cing cia DMSO 0,33% dugc duy tri cho mdi ndéng do
ctia cdc hop chét thir nghiém va céc ddi chl’l’ng;

Sy thay d6i dong hERG irude va sau khi didu tri bang chat thir nghiém dugce ghi
lai bang céch st dung kep miéng dan toan bo té bao tu dong, va phan trim tc ché

hERG (%) duge tinh toan dwa trén nhém ddi ching.

ICs0 (ndng a6 cda hop chét ma tai d6 50% su Gc ché kénh duoc quen sét thay)
duoc tinh toan sit dung GraphPad Prism dya trén gid tri trung binh ctia phan tram c
ché hERG (%) dua trén ndng do6 cia ting chat. Theo su tinh to4n nay, dudng cong d4p
tng lidu hzgng cla chét e ché duge phan tich bang céch st dung chuong trinh didu
“chinh dudng cong st dung phuong trinh dip tng lidu logistic 4 tham s6 da duge sir
dung. Do d6, du doén dugc nguy co vé su tiém 4n kéo dai QT phu thudc vao liéu
lugng cla tung chét. Két qua phan tich vé céc hop chét cta mot $b Vi du duogc thé hién
& Bang 8. Vi du 4A-01 d& mo ta trong W02018109607 cua Pfizer dugc st dung Jam
chat d6i ching.

Béng 8

Vi du sb ICso (LM)

Chét dbi chimg | 4,3

1 > 100
2 > 100
3 34,6
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4 55,8

6 > 100
11 18,5

13 > 100
14 > 100
16 > 100
17 > 100

64/69

Két qua ctia thi nghiém ring phan trim Gc ché hERG cia céc hop chét theo séng ché

thip hon so v6i phén tram tc ché hERG ciia chét d6i chimg cho thdy ring d¢ an toan

cua cac hop chat theo sang ché dugc cai thién.
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YEU CAU BAO HQ
1. Hop chét c6 cong thirc hoa hoc 1 dudi day, chit ddng phan quang hoc ctia hop chét

hozc mudi duge dung ctia hop chit hodc chét ddng phan quang hoc:

Cong thitc hoa hoc 1

trong do:
R; 14 -C(=O)R., trong d6 Ra 13 -OH hodc -O-(C1-C4 alkyl)

Y 1a -CH- ho#c -N-;

oo 4

\ khong dugc thé, S\ halogen dugc thé, hodc

§

A

Ry 1a
khong dugc thé;

Ry 13 hydro hodc -(C1-Ca alkyl);

J1a -N-;

X 13 -CR.- hodc -N-, trong d6 Re 1a -H;
W1 12 -CRg-, trong d6 Ra 1a -H;

W 12 -CRe- hodc -N-, trong d6 Re 1a -H;

W3 1a -CR#, trong do Rela -H; va
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s
Za/ ) ~ 2y
1] i
Za Z

an

trong do:

7112 -CRg-, trong d6 R 1a -H, halogen hodc -CN;
7, 13 -CRy-, trong d6 Ru 12 -H, halogen hodc -CN;
7314 -N-;

74 12 -CRj-, trong d6 R; 12 -H, halogen hodc -CN; va
75 13 -CRy, trong d6 R 1a -H, halogen hodc -CN.

2. Hop chét, chét ddng phan quang hoc, hogc mubi duge dung theo diém 1, trong d6 J

1a -N-; X ]a -N-; va W 1a -CRe-.

3. Hop chét, chit dong phan quang hoc, hodc mubi duge dung theo diém 1, trong d6 Y
la -CH-.

4. Hop chét, chét déng phan quang hoc, hodc mudi duge dung theo diém 1, trong 6 J

Ja -N-; X 13 -N-; va W2 12 -CRe-; Y 1a -CH-; va

9
I <, ‘y
Ry 1a N\ khong dugc thé, \ halogen dugc the, hodc \ khong duge
thé.

5. Hop chét, chit déng phan quang hoc, hodc mudi dugc dung theo diém 1, trong @6

R, 1a -H; Ry 12 -H hodc halogen; R; 1a -H; va Ry 13 -H, halogen hogc -CN.

6. Hop chét, chit ddong phan quang hoc, hodc mudi dugce dung theo diém 4, trong d6
I

R 1a \ khong dugc thé.

7. Hop chét, chét ddng phan quang hoc, hodc mudi duge dung theo diém 1, trong d6 X
1a -N-.
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8. Hop chét, chét déng phan quang hoc, hodc mubi duoc dung theo diém 1,
trong d6 W2 12 -CRe-.

9. Hop chit, chét ddng phan quang hoc, hoic mubdi duge dung theo diém 1, trong d6
Rn 13 -H hodc halogen; va Ri 1a -H, halogen hodc -CN.

10. Hop chét, chit ddng phan quang hoc, hodc mudi duge dung theo diém 1, trong d6
3
Ry 1a \ khong dugc thé.
11. Hop chét, chit dong phan quang hoc, hogc mudi dugc dung theo diém 1,
trong d6 hop chit c6 cong thirc héa hoc 11a hop chét duoc chon tir nhém bao
gdm:

axit 1-(oxazol-2-ylmetyl)-2-((4-(6-(pyridin-2-ylmetoxy)pyridin-2-yl)piperazin-
1-yDmetyl)-1H-benzo[d]imidazol-6-carboxylic;
axit (S)-2-((4-(6-((5-cloro-3 -flopyridin-2-yl)metoxy)pyridin-2-yl)piperazin-1-
yDmetyl)-1-(oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylic;
axit (S)-2-((4-(6-((5 -Xyanopyridin?Z-yl)metoxy)pyridin-Z-yl)piperidin- 1-
ylmetyl)-1-(oxetan-2-ylmetyl)-1 H-benzo[d]imidazol-6-carboxylic;
axit (S)-2-((4-(6-((5-xyanopyridin-2-yl)metoxy)pyrazin-2-yl)piperazin-1-
yDmetyl)-1-(oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylic;
axit  (S)-2-((4-(3-((5-xyanopyridin-2-yl)metoxy)phenyl)piperazin-1-yl)metyl)-
1-(oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylic;
axit (S)-2-((4-(6-((5-xyanopyridin-2-yl)metoxy)pyridin-2-yl)piperazin-1-
‘yDmetyl)-3-(oxetan-2-ylmetyl)-3 H-imidazo[4,5-b]pyridin-5-carboxylic;
axit (S)-2-((4-(3-((5-xyanopyridin-2-yl)metoxy)phenyl)piperazin-1-yl)metyl)-
3-(oxetan-2-ylmetyl)-3 H-imidazo[4,5-b]pyridin-5-carboxylic;
axit (5)-2-((4-(6-((5-cloropyridin-2-yl)metoxy)pyridin-2-yl)piperazin-1-
yDmetyl)-1-(oxetan-2-ylmetyl)-1 H-benzo[d]imidazol-6-carboxylic;
axit 2-(((S)-4-(6-((5-xyanopyridin-2-yl)metoxy )pyridin-2-yl)-2-

metylpiperazin-1-yl)metyl)-1-(((S)-oxetan-2-yl)metyl)-1H-benzo[d]imidazol-6-
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carboxylic; va

axit 2-(((S)-4-(6-((5-xyanopyridin-2-yl)metoxy)pyridin-2-yl)-2-
metylpiperazin-1-yl)metyl)-3-(((S)-oxetan-2-yl)metyl)-3 H-imidazo[4,5-b]pyridin-5-

carboxylic.

12. Hop chét, chét déng phén quang hoc, hodc mubi duoc dung theo diém 11, trong do
hop chét c6 cong thirc héa hoc 1 12 hop chét dugc chon tir nhém bao gom:

axit (S)-2-((4-(6-((5-xyanopyridin-2-yl)metoxy)pyridin-2-yl)piperazin-1-
yl)metyl)-1-(oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylic;

axit 2-(((S)-4-(6-((5-xyanopyridin-2-yl)metoxy )pyridin-2-y1)-2-
metylpiperazin-1-yl)metyl)-1-(((S)-oxetan-2-yl)metyl)-1H-benzo[d]imidazol-6-

carboxylic;

axit 1-(oxazol-2-ylmetyl)-2-((4-(6-(pyridin-2-ylmetoxy)pyridin-2-yl)piperazin-
1-yD)metyl)-1H-benzo[d|imidazol-6-carboxylic;

axit  (S)-2-((4-(6-((5-cloro-3-flopyridin-2-yl)metoxy)pyridin-2-yl)piperazin-1-
yDmetyl)-1-(oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylic; va

axit (S)-2-((4-(6-((5-cloropyridin-2-yl)metoxy )pyridin-2-yl)piperazin-1-
yDmetyl)-1-(oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylic.

~ 13. Dugc phim d diéu tri cac bénh chuyén héa chita hop chét, chit dong phan quang

hoc, hodc mubi duge dung theo diém 1,

trong d6 cac bénh chuyén hoéa 1a bét ky bénh nao duoc chon tr nhém bao gbm
bénh dai thdo duong, bénh T1D v6 cén, bénh dai thao duong tu mién tiém 4n & nguoi
16n (LADA), T2DM khéi phat sém (EOD), bénh dai thao duong khéi phét khong dién
hinh & thanh thiéu nién (YOAD), bénh ddi thdo dudng khoi phat & tudi truéng thanh
(MODY), bénh dai thdo duong li€n quan dén suy dinh dudng, bénh dai thio duong
thai ky, ting dudng huyét, khang insulin, khang insulin & gan, suy gidm dung nap
glucoza, bénh than kinh do dai thdo dudng, bénh than do d4i thdo duong, bénh than,
bénh vong mac do déi thdo duong, r6i loan chitc ning té bao tao md, tich tu m& ndi
tang, ngung thd khi ngu, béo phi, r6i loan dn udng, rdi loan m& m4u, ting insulin mau,
bénh gan nhiém m& khong do rugu (NAFLD), bénh tim mach, xo vita dong mach,
bénh mach mau ngoai vi, ting huyét 4p, suy tim sung huyét, nhdi méau co tim, d6t quy,
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dot quy xuét huyét, dot quy do thiéu mau cuc bo, chin thuong so nio, ting ap dong
mach phéi, tai tao mach sau nong mach, tap t&nh cach hoi, tang lipid méu sau bita an,
toan chuyén héa, bénh xeton (ketosis), viém khdp, lodng xuong, bénh Parkinson, phi
dai that trai, bénh dong mach ngoai bién, mét thi luc, duc thiy tinh thé, xo héa ciu
than, suy thdn man, hoi chimg chuyén héa, hoi chiung X, hdi ching tién kinh nguyét,
dau thét nguc, chung huyét khdi, con thiéu mau nfo cuc bd thoang qua, tai hep mach,
suy gidm chuyén héa glucoza, triéu chimg suy gidm duong huyét luc déi, ting axit uric
trong mau, bénh gut, r6i loan cuong duong, bénh vy nén, loét chan, viém loét dai
- trang, ting lipoprotein apo B, bénh Alzheimer, tam than phén 1iét, suy giam nhéan thuec,
bénh viém rudt, hdi chimg rudt ngén, bénh Crohn, viém dai trang, hoi ching rudt kich

thich va hdi chimg budng tring da nang.





