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Linh vwe ky thuat dwoc dé cap

Sang ché dé cap dén hop chat axit 6-carboxylic ciia benzimidazol va 4-aza-,
5-aza-, 7-aza-, va 4,7-diaza-benzimidazol lam cac chit chi vin GLP-1R, quy trinh
diéu ché cac hop chét nay, va cac phuong phép bao gbm budc cho dong vat c6 vi cin
ding sir dung cac hop chat nay.

Tinh trang k§ thuat ctia sang ché

Dai thao dudng 12 mbi quan tAm sirc khoé cong dong chinh vi mirc do phd bién
ngay cang gia ting va cic nguy co strc khde di keém vé6i né. Bénh nay duoc dic trung
b&i néng do glucoza huyét cao do su thiéu s6t trong viéc san xuét insulin, tac dung
cua insulin, hodc ca hai. C6 hai dang dai thao dudong dugc nhan dién 1a Typ 1 va Typ
2. Déi théo duong Typ 1 (T1D) phat trién khi hé théng mién dich ctia co thé pha huy
céc t& bao beta cua tuyén tuy, dy 1a cac té bao duy nhét trong co thé tao ra hormon
insulin didu hoa glucoza huyét. Dé song sot, bénh nhan méc dai thao duong Typ 1
phai dung insulin bang cich tiém hodc bom. Dai thdo duong Typ 2 (thudong duoc goi
12 T2DM) thuong bt dau voi viée khang insulin hodc khi san xuét insulin khong du

dé duy tri luong glucoza chép nhan dugc.

Hién tai, dang c6 cac phuong phap duge ly khac nhau dé diéu tri bénh ting
dudng huyét va sau d6 1a bénh T2DM (Hampp, C. et al. Use of Antidiabetic Drugs in
the U.S., 2003-2012, Diabetes Care 2014, 37, 1367-1374). Cac phuong phap nay co
thé dwoc nhém thanh sdu nhém chinh, mdi nhém tac dung théng qua co ché chinh
khac nhau: (A) Chat loi tiét insulin, bao gdm sulphonyl-ure (vi du, glipizid,
glimepirid, glyburid), meglitinid (vi du, nateglidin, repaglinid), cc chit wc ché
dipeptidyl peptidaza IV (DPP-IV) (vi du, sitagliptin, vildagliptin, alogliptin,
dutogliptin, linagliptin, saxogliptin), va cac chdt chi van thu thé peptit giéng
glucagon-1 (GLP-1R) (vi dy, liraglutid, albiglutid, exenatid, lixisenatid, dulaglutid,
semaglutid), ma lam tang cuong su tiét insulin bang céach tac dong 1én cac té bao beta
tuyén tuy. Céc sulphonyl-ure va cac meglitinid ¢6 hiéu lyc va kha ndng dung nap han

ché, gay ra su ting can va thuong giy ra ching giam duong huyét. Cac chat trc ché
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DPP-IV ¢6 hi¢u luc han ché. Cac chét chii van GLP-1R c6 ban trén thi trudng 14 cac
peptit duoc ding bing cach tiém dudi da. Liraglutid con dugc phé chudn thém dé
diéu tri bénh béo phi. (B) Cac biguanid (vi du, metformin) dugc cho 1a tic dung chu
yéu bang cach lam giam sy san xuit glucoza & gan. Cac biguanid thuong gay ra cac
rdi loan duong tiéu hoa va ching nhiém axit lactic, lam viéc st dung ching bi han
ché hon nita. (C) Céc chit Grc ché alpha-glucosidaza (vi du, acarboza) lam giam su
hép thu glucoza trong rudt. Céc chét nay thuong gay ra cac chimg r6i loan dudng
tiéu hoa. (D) Cac thiazolidindion (vi dy, pioglitazon, rosiglitazon) tdc dung 1én thu
thé dic hiéu (thu thé hoat hoa béi yéu té ting sinh peroxisom gamma) & cac md gan,
md co va md md. Céc chit nay didu hoa sy chuyén hoa lipit sau d6 ting cuong dap
ung ctiia cac mo nay véi cac taic dong cua insulin. Viéc st dung thuong xuyén cac
thudc nay c6 thé dan dén sy ting can va co thé gy ra chimg phu va thiéu mau. (E)
Insulin duoc sir dung & cac truong hgp nang hon, hodc & dang mot minh né hodac két
hop v&i cac chat néu trén, va viée st dung insulin thudng xuyén cling c6 thé din dén
su tdng can va c6 nguy co bi chimg gidm dudng huyét. (F) Cac chét tic ché dong van
chuyén chét van chuyén lién két natri-glucoza 2 (sodium-glucoza linked transporter-
SGLT?2) (vi du, dapagliflozin, empagliflozin, canagliflozin, ertugliflozin) trc ché su
tai hp thu glucoza & than va do d6 1am giam ndéng d6 glucoza trong mau. Nhém thude
m&i ndi nay c6 thé két hop véi ching nhiém toan keton va cdc bénh nhiém trung
duong ni¢u. |

Tuy nhién, ngoai trir cac chit chii van GLP-1R va cac chét trc ché SGLT2, céc
thudc nay déu co hiéu luc han ché va khong nhim dén cac vin dé quan trong nhét 14

su suy giam chirc ning té bao B va bénh béo phi di kem.

Béo phi 1a bénh man tinh ma c¢6 do phd bién cao trong xa hoi hién dai va két
hop v6i nhidu van dé y té bao gdm chung ting huyét ap, chimg ting cholesterol huyét,
va bénh tim mach vanh. Bénh nay ciing lién quan nhiéu dén T2DM va su khéng
insulin, trong d6 su khang insulin thuong di kem véi chig tang insulin huyét hoic
ting duomg huyét, hodc ca hai. Ngoai ra, T2DM con két hop véi sy tang tir hai dén
bén 1an nguy co bi bénh déng mach vanh. Hién tai, cach diéu trj duy nhit ma loai bé
bénh béo phi v6i hiéu Iyc cao 1a phiu thuat giam c4n, nhung viéc diéu tri nay rat ton

kém va nguy hiém. Su can thiép duge 1y thuong kém hiéu Iuc va di kém véi cac tac
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dung phu. Do d6, ¢6 nhu ciu rd rang vé cach can thiép duoc 1y hiéu qua hon véi it

tac dung phu hon va thuén tién khi st dung.

Mic du T2DM di kém théng thuong nhat 13 v6i ching ting duong huyét va
khang insulin nhung cac bénh khac ciing di kém vé1 T2DM bao gdm khang insulin &
gan, suy giam dung nap glucoza, bénh than kinh do dai thao dudng, bénh than do ddi
thao duong, bénh vdng mac do dai thdo dudng, bénh béo phi, r6i loan m& mau, ching
tang huyét 4p, ting insulin huyét va bénh gan nhiém m& khéng do rugu (nonalcoholic

fatty liver disease-NAFLD).

NAFLD 1a bidu hién & gan cia hoi ching chuyén hoa, va 12 phd cac tinh trang
bénh 1y gan bao gdm chimg nhiém mé, viém gan nhiém m& khéong do rugu (non-
alcoholic steatohepatitis-NASH), chiing xo hod, bénh xo gan va cubi cing 1a
carcinom té bao gan. NAFLD va NASH duoc cho 13 cac bénh gan nhiém m& chu yéu
do chiing chiém ty trong 16n nhét trong s6 cac bénh nhan c6 lugng lipit gan cao. Mirc
d6 nghiém trong cuia NAFLD/NASH dua trén co s& su c6 mat cua lipit, su tham
nhiém té bao viém, tao bong t& bao gan, va mirc 6 xo hod. Mic du khong phai tat ca
céc bénh nhan mic chimg nhiém md déu tién trién thanh NASH, nhung phan 16n 12

nhu vay.

GLP-1 1a hormon incretin ¢6 chiéu dai 30 axit amin duoc tiét boi cac té bao L
trong rudt dap ung lai viéc tiéu hoa thirc an. GLP-1 da dugce thé hién 1a 1am kich thich
su tiét insulin theo cach thirc sinh 1y va phu thudc glucoza, lam gidm su tiét glucagon,
trc ché sy lam tréng rng da day, 1am giam su thém #n, va kich thich su ting sinh c4c
té bao beta. Trong cac thir nghiém phi 1dm sang GLP-1 lam thiic ddy kha ning té bao
beta dugc duy tri bang cach kich thich su phién ma cta cac gen quan trong déi véi su
tiét insulin phu thudc glucoza va bang cach thiic day su tan tao té bao beta (Meier, et

al. Biodrugs. 2003; 17 (2): 93-102).

O d6i tuong khoe manh, GLP-1 déng vai trd quan trong trong viéc diéu hoa
ndéng do glucoza trong mau sau an bang cach kich thich sy tiét insulin phu thudc
glucoza boi tuyén tuy dan dén su hip thu glucoza gia ting & ngoai bién. GLP-1 con
ngan chin su tiét glucagon, ddn dén giam sy san xuét glucoza & gan. Ngoai ra, GLP-

1 con lam tri hodn sy lam trong rong da day va lam chdm sy van dong cua rudt non
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1am tri hodn sy hip thu thirc an. O ngudi bi T2DM, su ting GLP-1 thong thuong sau
khi an khong xuét hién hoic bi giam Vilsboll T, et al. Diabetes. 2001. 50; 609-613).

Holst (Physiol. Rev. 2007, 87, 1409) va Meier (Nat. Rev. Endocrinol. 2012, 8,
728) da mé ta ring cac chit chii van thu thé GLP-1, nhu GLP-1, liraglutid va exendin-
4, ¢6 3 hoat tinh dugc 1y chinh d& cai thién sy kiém soat duong huyét & bénh nhan bi
T2DM bang cach giam glucoza lic déi va glucoza sau in (fasting glucose - FPG va
postprandial glucose - PPG): (1) su tiét insulin phu thudc glucoza gia ting (pha thi
nhét va tht hai duoc cai thién), (ii) hoat tinh ngan chan glucagon trong diéu kién ting
duong huyét, (iii) tri hodn tc do lam tréng da day din dén cham hip thu glucoza thu

duoc tir bita an.

Van can c6 phuong phap phong ngira va/hodc didu tri ma d& sir dung dbi véi

bénh chuyén héa tim va cac bénh két hop.
Ban chit k§ thuit sang ché

Sang ché dé cap dén cac hop chét ¢ cong thirc I:

\’/ z1—z2
\(Fﬁ

hodc mudi dugc dung cia né, trong do:

mdi R! ddc 1ap 1a halogen, ~CN, —Ci.3alkyl, hodc —~OC.zalkyl, trong d6 alkyl
ctia Cr3alkyl va OCisalkyl duogc thé bang tir 0 dén 3 nguyén tir F;

m bé‘mg 0, 1, 2, hodc 3;
mdi R? doc 1ap 1a F, Cl, hodc —CN;

p béng 0, 1 hoac 2;
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mdiR3 doc lap 1a F, —OH, —CN, —C1.3alkyl, —OC;i.3alkyl, hodc —Cs.sxycloalkyl,
hodc 2 R3 ¢6 thé ciing nhau vong héa tao ra —Cs.sspiroxycloalkyl, trong d6 alkyl cia
Ci-zalkyl va OCi.zalkyl, xycloalkyl, hodc spiroxycloalkyl c6 thé duoc thé néu hoéa tri
cho phép bang tir 0 dén 3 nguyén tix F va bang tir 0 dén 1 —OH;

q bang 0, 1, hodc 2;
Y la CH hoiac N;

R* 1a  —Crsalkyl, —Cosalkylen-Csexycloalkyl,  —Cosalkylen-R’,
hoic -Cisalkylen-RS, trong d6 alkyl nay c6 thé dugc thé néu hoa trj cho phép bang tir
0 dén 3 phén tir thé doc 14p dwoc chon tir 0 dén 3 nguyén tir F va 0 dén 1 phan tir thé
duoc chon tir -Co-1alkylen-CN, -Co-1alkylen-ORO, va -N(RN),, va

trong d6 alkylen va xycloalkyl nay c6 thé doc lap dugc thé néu hoa tri cho phép bang
tir 0 dén 2 phdn tir thé doc 1ap duge chon tir 0 dén 2 nguyén td F va 0 dén 1 phan tir
thé duoc chon tir -Co.1alkylen-CN, -Co-1alkylen-ORC, va -N(RN);

R’ 14 heteroxycloalkyl c6 4 dén 6 canh, trong d6 heteroxycloalkyl nay c6 thé

duoc thé bing 0 dén 2 phin tir thé néu hoéa tri cho phép doc 1ap duge chon tir:
0 dén 1 oxo (=0),
0 dén 1 —CN,
0 dén 2 nguyén tir F, va

0 dén 2 phan tir thé doc 1ap dugc chon tir —Ci-3alkyl va ~OC1.3alkyl, trong d6
alkyl cua Crsalkyl va OCsalkyl ¢6 thé dugc thé bang 0 dén 3 phan tir thé

néu hoa tri cho phép doc 1ap dugc chon tur:
0 dén 3 nguyén tir F,
0 dén 1 —CN, va
0 dén 1 —ORY;

RS 13 heteroaryl ¢6 5 dén 6 canh, trong d6 heteroaryl nay c6 thé duge thé

béng 0 dén 2 phén ttr thé néu hoa trj cho phép doc lap dugc chon tur:
0 dén 2 halogen,

0 dén 1 phn tir thé duoc chon tir —OR® va —N(RN),, va

-6-
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0 dén 2 —C1.zalkyl, trong d6 alkyl c6 thé dugc thé bang 0 dén 3 phan tir thé
néu héa tri cho phép doc 1ap duoc chon tur:

0 dén 3 nguyén ti F, va
0 dén 1 —ORY;

mdi R doc 1ap 1a H, hodc —Ci-zalkyl, trong d6 Ci.zalkyl c6 thé dugc thé bing
tir 0 dén 3 nguyén tit F;

mdi RN doc 1ap 1a H, hodc —Cizalkyl;

Z!1a CH hodc N;

mdi 72 va 73 doc lap 1a —CRZ hodc N, véi didu kién 1a néu Z' hodc 7% 1a N thi
721a-CR%; va '

mdi RZ doc lap 1a H, F, Cl, hoic ~CHs.

Phuong 4n khac dé cap dén cac hop chét ¢6 cong thie II:

R4

R! R1) m /\(
Y \/\
\( R2
II
hodc mudi dugc dung ciia chiing, trong d6
m bang 0 hoic 1;
RZ1aF;
P b@fmg 0, hodac 1; va
q bang 0 hoic 1.
Phuong an khac dé cap dén cac hop chét c6 cong thic I hodc 11, trong d6
m bang 0 hoic 1;

q bang 0 hozc 1; va
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R3 1a —F, —CH3, -CH>CH3, ~CH,OH, —CF3, isopropyl, hodc xyclopropyl,

hodc mubi dugc dung ctia ching.
Phuong an khac dé cap dén cac hop chét co cong thire I1I:

R4
/

R! R1)m N
K\N/\(\Z*Z?’ OH
O | ~ Y\/k(Rs)qN /z1—\ 0
G

1
hodc mudi dugc dung cia chung, trong d6
m bang 0 hoic 1;
R21aF;
p béng 0, hoac 1;

R3 1a —Ci-2alkyl, trong d6 —Cizalkyl c6 thé duoc thé néu héa tri cho phép

bang tir 0 dén 3 nguyén tir F; va

q bang 0 hozc 1.

Phuong 4n khac dé cap dén cac hop chit c6 cong thirc I, 11, hodc 111, trong d6

mdi R! doc 1ap 1a F, Cl, —CN, —CH3, hodc —CF3, hodc mudi duogc dung cua chung.

Phuong an khac dé cap dén cac hop chét c6 cbng thuc 1, I, hoac 111, trong d6

R? 1a —-CH3;

q béng 0 hoac 1;va

R* 1a —CH>CH,OCHj3, Ci.salkylen-R®, hodc Ci.salkylen-R®, hodc mudi duge

dung cta ching.

Phuong an khac dé cap dén cac hop chét co cong thuce I, 11, hoac 111, trong do
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R4 13 —CH,-R?, trong d6 R 1a heteroxycloalkyl c6 4 dén 5 canh, trong d6
heteroxycloalkyl nay c6 thé dugc thé bing 0 dén 2 phén tir thé néu hoa tri cho phép

ddc 1ap dugc chon tu:

0 dén 2 nguyén tir F, va

0 dén 1 phan tir thé duge chon tir -OCH3 va ~CH,OCHs;
hodc mudi duoc dung ctia ching.

Phuong an khac dé cap dén cac hop chét co6 cbng thic 1, II, hodc III, trong do6
heteroxycloalkyl 1a

B [O) | on W N | N |
o N N. O Qoﬁ Q Hﬁ
S G 00

trong d6 heteroxycloalkyl c6 thé dugc thé bang 0 dén 2 phan tir thé néu héa tri cho
phép, vi du, thay thé hydo, doc 1ap dugc chon tur:

0 dén 1 oxo (0=),
0 dén 1 —CN,
0 dén 2 nguyén tir F, va

0 dén 2 phan tir thé doc 1ap duge chon tir —Ci.zalkyl va —OCi3alkyl, trong d6
alkyl ctia C1.salkyl va OCi.3alkyl c6 thé doc 1ap dugce thé bang 0 dén 3 phén tir

thé néu hoa tri cho phép ddc lap duoc chon tur:
0 dén 3 nguyén tir F,
0 dén1-CN, va
0 dén 1 -OR°,
hoac mubi duge dung cua ching.

Phuong an khac d& cap dén cic hop chét c6 cong thire 1, IL, hodc ITI, trong d6
heteroxycloalkyl la
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O

0 H H § 0
E?,Q, O NH E\l)’@,[:]hoa(:[oj’

trong do heteroxycloalkyl nay cé thé duoc thé bang 0 dén 2 phan tir thé néu hoa tri
cho phép, vi du, thay thé hydo, doc lap duoc chon tur:

0 dén 1 -CN,
0 dén 2 nguyén ti F, va

0 dén 2 phan ti thé doc 1ap dugc chon tir —~Ci.salkyl va —OC1.3alkyl, trong do
alkyl ctia C13alkyl va OCi.3alkyl c6 thé doc 1ap dugce thé bang 0 dén 3 phan tr

thé néu hoa tri cho phép ddc lap duoc chon tir:
0 dén 3 nguyén tir F,
0 dén 1 -CN, va
0 dén 1 —ORP®, hodc mubi dugc dung ciia ching.

Phuong an khéc dé cap dén cac hop chét co6 cong thire I, 11, hoac III, trong do
heteroxycloalkyl 1a

o. N B o N_ -0 § 0._0 N_o
W\,\;\1),%\/\!\5, TO],[H%—O,[mFo , &m hoécEN/\[\i'

trong do heteroxycloalkyl nay c6 thé duoc thé bang 0 dén 1 phan tir thé néu hoa tri

cho phép, vi duy, thay thé hydo, dugc chon tu:
—CN,
nguyén tu F, va

0 dén 1 phan tir thé doc 1ap duoc chon tir —Ci3alkyl va ~OCisalkyl, trong d6
alkyl ctia C1.3alkyl va OCi.zalkyl c6 thé dugc thé bang 0 dén 3 phan tr thé néu
héa tri cho phép doc 1ap dugce chon tur:

0 dén 3 nguyén tir F,
0 dén 1 —CN, va

0 dén 1 —ORP°, hodc mudi duge dung cla chung.

-10-
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Phuong 4n khac dé cap dén cac hop chét c6 cong thire L, 11, hoic II1, trong do

heteroxycloalkyl 1a
0 0 H 0
© LD T e (o
Ii_lﬁ‘f ;HLJ:J ) , J\"W, Ly hodc [N

va trong d6 heteroxycloalkyl co thé dugc thé bang 0 dén 1 phan tir thé néu hoa tri cho

phép, vi du, thay thé hydo, dugc chon tu:
—CN,
nguyén tr F, va

0 dén 1 phan ti thé doc lap duge chon tir —C3alkyl va —~OCisalkyl, trong d6
alkyl ciia C1.salkyl va OCisalkyl c6 thé dugc thé bang 0 dén 3 phan tir thé néu
hoa tri cho phép bang:

0 dén 3 nguyén tt F,
0 dén 1 —CN, hoac
0 dén 1 —ORP®, hodc mudi dugc dung ctia chiing.

Phuong 4n khac dé cap dén cac hop chét c6 cong thire I, I1, hoic 111, trong d6
heteroxycloalkyl la

I:? @) O
Py ’ Q-é-hoac Q
va trong do heteroxycloalkyl nay co thé dugc thé néu hoa tri cho phép bang 0 dén 1
metyl, trong d6 metyl nay co thé duoc thé bang tir 0 d&én 3 nguyén tir F, hoic mudi
duoc dung cda chung.

Phuong an khac dé cap dén céc hop chat doc 1ap dugc chon tur mot hoac to
hop bét ky trong sé cac hop chét duoi day:

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy|pyridin-2-yl}piperidin-1-yl)metyl]-1-
[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy|pyridin-2-yl}piperazin-1-yl)metyl]-
1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

-11-
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axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-[oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-[(2S)-oxetan-2-ylmetyl]- 1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-[(2R)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-{[4-(6-{[(4-xyano-2-flophenyl)(metyl-d2)]oxy } pyridin-2-yl)piperidin-
1-ylJmetyl}-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]-5-flopyridin-2-yl}piperidin-1-
yDmetyl]-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
3-[(2S)-oxetan-2-ylmetyl]-3H-imidazo[4,5-b]pyridin-5-carboxylic;

axit 2-{[(2S)-4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}-2-
metylpiperazin-1-yl]metyl}-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-
carboxylic;

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-
[(2S)-tetrahydrofuran-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(2,4-diflobenzyl)oxy]|pyridin-2-yl} piperidin-1-yl)metyl]-1-
[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(2,4-diflobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-3-
[(2S)-oxetan-2-yImetyl]-3H-imidazo[4,5-b]pyridin-5-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy|pyridin-2-yl}piperazin-1-yl)metyl]-1-
[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy|pyridin-2-yl}piperazin-1-yl)metyl]-3-
[(2S)-oxetan-2-ylmetyl]-3H-imidazo[4,5-b]pyridin-5-carboxylic;

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-
[(3R)-tetrahydrofuran-3-ylmetyl]- 1H-benzimidazol-6-carboxylic;
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axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-3-
[(2S)-oxetan-2-ylmetyl]-3H-imidazo[4,5-b]pyridin-5-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-
3-[(2S)-oxetan-2-ylmetyl]-3H-imidazo[4,5-b]pyridin-5-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-[(2S)-tetrahydrofuran-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-[(3R)-tetrahydrofuran-3-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-[(3S)-tetrahydrofuran-3-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyanobenzyl)oxy]-5-flopyridin-2-yl}piperidin-1-yl)metyl]-
1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyanobenzyl)oxy]-5-flopyridin-2-yl}piperidin-1-yl)metyl]-
1-[(2S)-tetrahydrofuran-2-ylmetyl]- 1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyanobenzyl)oxy]-5-flopyridin-2-yl}piperidin-1-yl)metyl]-
1-[(2R)-tetrahydrofuran-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyanobenzyl)oxy|pyridin-2-yl}piperidin-1-yl)metyl]-1-
[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyanobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-1-
[(2S)-tetrahydrofuran-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyanobenzyl)oxy |pyridin-2-yl} piperidih- 1-yDmetyl]-1-
[(2R)-tetrahydrofuran-2-ylmetyl]- 1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(2,4-diflobenzyl)oxy]-5-flopyridin-2-yl}-2-
metylpiperazin-1-yl]metyl}-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-
carboxylic;

axit  2-{[(2S)-4-{6-[(2,4-diflobenzyl)oxy]pyridin-2-yl}-2-metylpiperazin-1-
ylJmetyl}-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;
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axit 2-{[(2S)-4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}-2-metylpiperazin-1-
yljmetyl}-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}-2-metylpiperazin-1-
ylJmetyl}-3-[(2S)-oxetan-2-ylmetyl]-3H-imidazo[4,5-b]pyridin-5-carboxylic;

axit 2-{[(2S)-4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}-2-
metylpiperazin-1-yl]metyl}-3-[(2S)-oxetan-2-ylmetyl]-3H-imidazo[4,5-b]pyridin-5-

carboxylic; hodc

axit  2-{[(2S)-4-{6-[(4-xyanobenzyl)oxy]pyridin-2-yl}-2-metylpiperazin-1-
yl]metyl}-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

hodc muoi dugc dung cda chung.

Phuong 4an khic dé cép dén hop chit ma 1a axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-y1}piperidin-1-yl)metyl]-1-[(2S)-oxetan-2-ylmetyl]-1H-

benzimidazol-6-carboxylic, hodc muoi dugc dung cua ching.

Phuong 4an khac d& cip dén hop chit ma 1a axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy]pyridin-2-yl} piperazin-1-yl)metyl]-1-[(2S)-oxetan-2-ylmetyl]-1H-

benzimidazol-6-carboxylic, hodc muoi dugc dung cua ching.

Phuong an khac dé cip dén hop chit ma 1a axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-[(2S)-oxetan-2-ylmetyl]-1H-

benzimidazol-6-carboxylic, hodc mudi dugc dung cua ching.

Phuong 4n khac 1la mubi tris cua axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-[(25)-oxetan-2-ylmetyl]-1H-
benzimidazol-6-carboxylic.

Phuong 4n khac 1a axit tg do cua axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-[(2S)-oxetan-2-ylmetyl]-1H-
benzimidazol-6-carboxylic.

Phuong 4n khac dé cdp dén hop chit ma la axit 2-{[4-(6-{[(4-xyano-2-
flophenyl)(metyl-d2)]oxy } pyridin-2-yl)piperidin-1-ylJmetyl }-1-[(25)-oxetan-2-

ylmetyl]-1H-benzimidazol-6-carboxylic, hodc mudi duoc dung ciia ching.
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Phuong 4n khac dé& cap dén hop chdt ma 1a axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy]-5-flopyridin-2-yl}piperidin-1-yl)metyl]-1-[(2S)-oxetan-2-ylmetyl]-

1H-benzimidazol-6-carboxylic, hodc mubi duoc dung ctia ching.
Phuong 4n khac dé cap dén cac hop chét c¢6 cong thie I, 11, hoac 111, trong do

R4 12 —CH»-R®, trong d6 R°1a heteroaryl 5 canh, trong d6 heteroaryl nay c6 thé
duoc thé b%mg 0 dén 2 phén tr thé néu hoa tri cho phép doc 1ap duoc chon tu:

0 dén?2 halogen, trong d6 halogen dc 1ap dugc chon tir F va Cl,
0 dén 1 ~OCHs, va
0 dén 1 —CHs, ~CH,CHs, —CF3, hodc —CH2CHOCH3;

hoac mudi duge dung cua ching.

Phuong an khac dé cap dén cac hop chét ¢6 cong thire 1, I, hodc III, trong do
heteroaryl la

NH [} N=" Y
l%/ ’ L/NH y g/NH, NQ/NH y NQ/NH: ‘%/O ) L/O ,
X X XN Ne  N= . O\
OGO D D
) - y ) y S §/
N/ N N/) N/ l\/

trong d6 heteroaryl nay c6 thé dugc thé bang 0 dén 2 phan tir thé néu hoa trj cho phép,
vi du, thay thé hydo, doc lap dugc chon tur:

0 dén 2 halogen, trong d6 halogen nay doc 1ap dugc chon tir F va Cl,
0 dén 1 phan tir thé duge chon tir ~OR® va -N(RN), hogc

0 dén 2 —C3alkyl, trong d6 alkyl c6 thé dwoc thé bang 0 dén 3 phan tir thé néu

hoéa tri cho phép ddc lap dugce chon tu:
0 dén 3 nguyén tir F, va
0 dén 1 -ORY;
hodc mubi duoc dung cia chung.

Phuong én khac dé cap dén cac hop chét co cong thirc I, II, hodc III, trong do

heteroaryl la
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T,

N=\ N=N. N=N % N=N N= =N =N 0
NH NTONH D NN ON O o [INE, N N

, N ’ / = , S A =

A AL AR T R ™o

trong do6 heteroaryl nay co6 thé duoc thé bang 0 dén 2 phén tir thé néu hoa tri cho phép,
vi du, thay thé hydo, doc 14p dugc chon tur:

0 dén 2 halogen, trong d6 halogen nay doc 14p duoc chon tir F va Cl,
0 dén 1 phan tir thé duge chon tir -OR® va -N(RN), hoac

0 dén 2 -C1.3alkyl, trong d6 alkyl c6 thé dugc thé bing 0 dén 3 phan tir thé néu

héa tri cho phép doc lap dugce chon tur:
0 dén 3 nguyén tir F, va
0 dén 1 -ORY;
hodc mubi duoc dung ciia ching.

Phuong an khac dé cap dén cac hop chét ¢6 cong thire I, I, hodc III, trong do

heteroaryl la

N N=N. N=\ /N N=Y
l§(N C1.zalkyl | g/N—CH,aIkyI | NWN'C1-3a|kyl g’\’lﬁw hoac &/O
o o = | ) i

\ \

\

trong d6 Ci-3 alkyl trén heteroaryl nay c6 thé duoc thé bang 0 dén 3 phan tir thé néu
hoéa tri cho phép, vi du, thay thé hydo, doc lap dugc chon tur:

0 dén 3 nguyén tir F, va
0 dén 1 -OR";
hodc mudi duoc dung ctia ching.

Phuong an khac dé cap dén cac hop chét doc 1ap duge chon tr mot hodc t6

hop bét ky ciia cac hop chat duéi day:

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy|pyridin-2-yl}piperidin-1-yl)metyl]-
1-(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-
1-(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic;
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axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy|pyridin-2-yl}piperidin-1-yl)metyl]-
1-(1,3-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-
1-(1,3-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy|pyridin-2-yl}piperidin-1-yl)metyl]-1-
[(1-metyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy]|pyridin-2-yl}piperidin-1-yl)metyl]-1-
[(1-metyl-1H-1,2,3-triazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy]|pyridin-2-yl}piperidin-1-yl)metyl]-1-
(1,3-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}-2-
metylpiperazin-1-yl]metyl}-1-(1,3-oxazol-2-ylmetyl)- 1H-benzimidazol-6-
carboxylic;

axit 2-{[(2S)-4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}-2-metylpiperazin-1-
yl]metyl}-1-(1,3-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}-2-metylpiperazin-1-
yllmetyl}-1-(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(2,4-diflobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-
(1,3-oxazol-2-ylmetyl)- 1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(2,4-diflobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-[(1-
etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-1-
(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-
1-[(1-etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy]|pyridin-2-yl}piperazin-1-yl)metyl]-1-
[(1-metyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;
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axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-
1-[(1-metyl-1H-imidazol-5-yl)metyl]- 1H-benzimidazol-6-carboxylic;

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy]|pyridin-2-yl}piperidin-1-yl)metyl]-1-
(1,3-oxazol-4-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy]|pyridin-2-yl}piperidin-1-yl)metyl]-1-
(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(2,4-diflobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-1-
(1,3-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-1-
(1,3-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-
1-[(1-etyl-1H-1,2,3-triazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-
(1,2-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-(1,2-oxazol-3-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-[(1-etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}-2-metylpiperazin-1-
ylmetyl}-1-[(1-etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-[(1-etyl-1H-1,2,3-triazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy]|pyridin-2-yl}piperidin-1-yl)metyl]-1-
[(1-etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-[(1-metyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-3-
(1,3-oxazol-2-ylmetyl)-3H-imidazo[4,5-b]pyridin-5-carboxylic; hodc
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axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
3-(1,3-oxazol-2-ylmetyl)-3H-imidazo[4,5-b]pyridin-5-carboxylic;

hoic mudi duge dung cua chiung.

Phuong an khac dé cap dén cac hop chit doc 14p dugc chon tr mot hodc td
hop bét ky trong sd cac hop chét duéi day:

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy|pyridin-2-yl}piperazin-1-yl)metyl]-
1-(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-(1,3-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic; hodc

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy|pyridin-2-yl}piperazin-1-yl)metyl]-
1-(1,3-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;
hodc mubi duoc dung cia ching.

Phuong an khac dé cap dén cac hop chét doc 13p dugc chon tir mot hodc td
hop bat ky trong s& cac hop chat duéi day:

axit 2-[(4-{6-[(4-xyanobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-7-flo-
1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]|pyridin-2-yl}piperidin-1-yl)metyl]-7-
flo-1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyanobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-1-(2-
metoxyetyl)-1H-benzimidazol-6-carboxylic;

axit  2-{[(2S)-4-{6-[(4-xyanobenzyl)oxy]|pyridin-2-yl}-2-metylpiperazin-1-
yl]metyl}-1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl }-2-
metylpiperazin-1-ylJmetyl}-1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(4-clo-2-flobenzyl)oxy]-5-flopyridin-2-yl }-2-
metylpiperazin-1-yl]metyl}-1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylic;
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axit 2-{[(2S)-4-{6-[(4-xyanobenzyl)oxy]-5-flopyridin-2-yl }-2-
metylpiperazin-1-yl|metyl}-1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylic;

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-

(2-metoxyetyl)-1H-benzimidazol-6-carboxylic; hodc

axit  2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-
[(1-metoxyxyclobutyl)metyl]-1H-benzimidazol-6-carboxylic;

hodc muoi dugc dung cua chung.

Phuong 4n khac dé cap dén cac hop chét trong sb cac phuong 4n khic & day,
vi du, céc hop chét c6 cong thic I, 11, hodc III, trong d6 mdi Z!, 7%, va Z° 1a CR%,

hodc mudi dugc dung cia ching.

Phuong &n khac dé cap dén cac hop chét trong sb cac phurong an khac & day,
vi dy, cac hop chit c6 cong thirc I, 11, hodc III, trong d6 RZ 1a H, hoic mubi dugc

dung cua ching.

Phuong 4n khéac dé cap dén cac hop chét trong sd cac phuong 4n khéc & day,
vi du, cac hop chét c6 cong thire I, II, hodc I11, trong d6 mdi Z', Z%, va Z* 1a CH, hoac

muodi dugc dung ctia chung.

Phuong 4n khac dé cap dén cac hop chét trong sb cac phuong 4n khéc & day,

vi du, cac hop chét co6 cong thtrc I, 11, hoac 111, trong do p béng 0 hoic 1; vaR?1aF.

Phuong 4n khac dé cap dén cac hop chét trong sb cac phuong 4n khic & day,
vi du, cac hgp chét ¢6 cobng thirc 1, 11, hodc 111, trong d6 R3 1a -CHs, hodc -CF3; va q
bang 1, hoic mudi duge dung cia chung.

Phuong 4n khac dé cap dén cac hop chét trong s6 cac phuong 4n khic & day,
vi du, cac hop chét c6 cong thirc I, 11, hodc 111, trong do mdi R! doc 1ap 1a F, Cl, hodc
—CN, hoic mubi duoc dung ctia chung.

Phuong an khac dé cap dén cac hop chét trong s cac phuong 4n khac & day,
vi du, cac hop chét c6 cong thirc 1, I1, hoac III, trong d6 R4 1a —CH»-R>, hoic mubi

dugc dung cua ching.
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Phuong 4n khac dé cap dén céc hop chat trong sb cac phuong 4n khic & day,
vi du, cac hop chét co cobng thirc I, II, hoac III, trong d6 R4 la —CH>-R%, hoic mudi

duoc dung cua chung.

Phuong 4n khac @& cap dén cac hop chét trong s6 cac phuong an khac & day,

vi du, cac hop chét co cong thire I, I1, hodc 111, trong d6 hop chét nay 1a axit tw do.

Theo phuong an khac, sang ché @& xuét duoc pham chira hop chit c6 cong
thae I, 11, hodc III, hoac mudi dugc dung cuia chiing, nhu dugc xéac dinh theo phuong
4n bat ky trong sb cac phuong an duge mo ta & day, tron 14n v6i it nhat mot ta duoc

dugc dung.
Sang ché con bao gdm cac phwong 4n dudi day:

hop chét ¢6 cong thuc I, I, hodc III, hodc mudi duogc dung cua ching, nhu
dugc xac dinh theo phuong an bét ky trong s6 cac phuong an duge md ta & day, dé

stt dung lam thudc;

hop chét c6 cong thuc 1, I, hodc III, hodc mudi dugc dung ctia ching, nhu
duoc xac dinh theo phuong 4n bt ky trong sb cac phuong 4n dugc mo ta & day, dé
str dung trong phong ngira va/hodc diéu tri bénh tim chuyén héa va cac bénh két hop
duoc ban ludn & day, bao gdbm T2DM, bénh tién dai thao duong, NASH, va bénh tim

mach;

phuong phap diéu tri bénh ma chét chi van GLP-1R duoc chi dinh, & dbi twong
can phong ngira va/hoidc diéu tri, bao gdm budc cho ddi twong nay dung lugng hitu
hi¢u trong diéu tri cua hop chét c6 cong thuc I, II, hodc III, hoac mudi duogc dung cua
chung, nhu duogc xac dinh theo phuong an bét ky trong s6 cac phuong an dugc mo ta
o day;

st dung hop chét c6 cong thire I, 11, hodc III, hoac mubi dugc dung ctia chung,
nhu duge xac dinh theo phuong 4n bét ky trong s6 cac phuong an durgc md ta & day,
@8 san xuét thube dé diéu tri bénh hodc tinh trang bénh 1y ma chit chi van GLP-1R
duoc chi dinh;

hop chét ¢6 cong thuc I, I, hodc III, hodc mubi duge dung cia ching, nhu

duoc xac dinh theo phuong 4n bat ky trong sb cac phuong 4n duwgc mo ta & day, dé
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str dung trong diéu tri bénh hodc tinh trang bénh Iy ma chit cht van GLP-1R dugc
chi dinh; hodc

duge phim dé didu tri bénh hodc tinh trang bénh 1y ma chat chu van GLP-1R
duoc chi dinh, chira hgp chét c6 cong thire I, II, hodc III, hodc mubi duoc dung cua
ching, nhu dugc xac dinh theo phuwong an bat ky trong s cac phwong 4n duge mo ta
o day.

Tét ca cac vi du hodc céac mudi duge dung cta chung co thé duoc yéu ciu bao
ho riéng r& hodc dugc nhom véi nhau theo t6 hop bét ky véi mot sb bat ky phuong 4n

va tat ca cac phuong an dugc mo ta ¢ day.

Séang ché con dé cap dén dugc phim chira hop chét c6 cong thic I, II hodc 111
hodc mudi duge dung ciia n6, nhu dugce xac dinh trong phuong an bét ky trong sb cac
phuong an dugc mod ta trong ban mo ta nay, dé dung trong diéu tri va/hodc phong
ngura bénh chuyén hoéa tim va cac bénh két hop dugc ban ludn trong ban mo ta nay,

bao gdm T2DM, bénh tién déi thdo dudng, NASH, va bénh tim mach.

Phuong 4n khéac cua sang ché lién quan dén hop chét c6 cac cong thirc I, 11,
hodc I1I, hodc mudi duge dung ctia né, nhu duge xac dinh trong phuong an bét ky
trong s6 cac phuong 4n duge md ta trong ban md ta nay, dé sir dung trong diéu tri
va/hoic dé didu tri bénh chuyén héa tim va céc bénh két hop bao gdbm céc bénh dai
théo duong (T1D va/hodc T2DM, bao gdm bénh tién dai thdo duong), T1D ty phat
(Typ 1b), bénh dai thao duong tu mién tiém an & nguoi 1on (LADA), T2DM khoi
phét sém (EOD), bénh déi thido duong khong dién hinh khéi phét & nguoi tré (youth-
onset atypical diabetes - YOAD), bénh dai thao duong khai phét khi truong thanh cua
tré (maturity onset diabetes of the young - MODY), bénh dai thao dudng lién quan
dén suy dinh dudng, chung ting dudong huyét, ching khang insulin, ching khang
insulin & gan, suy giam kha nang dung nap glucoza, bénh than kinh do d4i thdo duong,
bénh thin kinh do d4i thdo dudng, bénh than do déi thdo duong, bénh than (vi du, réi
loan than cép, loan nang 6ng than, cac thay ddi tién viem dbi véi cac 6ng luon gﬁn),
bénh vong mac do dai thdo duong, loan ning té bao tao md, tich tu m& ndi tang,
ngung thd khi ngt, béo phi (bao gbm béo phi do ving dudi ddi va béo phi don gen)
va céc tinh trang bénh ly c¢6 lién quan (vi dy, bénh viém xuwong khép man tinh va

chimg khong kim ché dugc tiéu tién), cic roi loan an uodng (bao gdm hdi chimg an
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ubng v6 do, an 6i, va bénh béo phi c6 tinh chat hoi chimg nhu céc hoi ching Prader-
Willi va Bardet-Biedl), tang can do sir dung céc thudc khac (vi du, do st dung steroid
va céc thude chdng loan than), chimg thém dudng qua muec, r6i loan m& mau (bao
gbm ting lipit huyét, tang triglyxerit huyét, tang tong lugng cholesterol, cholesterol
LDL cao, va cholesterol HDL th4p), tang insulin huyét, NAFLD (bao gdm cc bénh
lién quan nhu ching nhiém m&, NASH, xo hoa, xo gan, va caxinom té bao gan), bénh
tim mach, xo vira dong mach (bao gém bénh mach vanh), bénh mach ngoai vi, tdng
huyét 4p, loan ning ndi mac, suy giam tinh thich nghi cua mach, suy tim sung huyét,
nhdi méu co tim (vi du hoai ti va chét té bao theo chuong trinh), dot quy, dot quy
xuét huyét ndo, dot quy thiéu mau ndo, ton thuwong nio do chén thwong, ting huyét
ap phéi, tai phat hep sau tao hinh mach, ching dau cach hdi, chirng m& mdu cao sau
in, nhiém toan chuyén héa, bénh ketosis, ching viém khop, chiing lodng xuong, bénh
Parkinson, phi dai tim thét trai, bénh déng mach ngoai vi, thodi héa diém vang, cuom
mét, xo cung tiéu cau than, suy than man tinh, hoi chimg chuyén héa, hoi chimg X,
hoi chimg tién kinh nguyét, chimg dau that nguc, ching dau that nguc, ching huyét
khéi, ching xo vita dong mach, con thiéu mau ndo cuc bd tam thoi, tai hep mach, suy
giam chuyén ho4 glucoza, tinh trang suy giam glucoza trong huyét twong lic doi, tang
ure huyét, gut, r6i loan chitc ning cuong, chimg ri loan md lién két va da, bénh vay
nén, loét chan, viém loét dai trang, ting apo B lipoprotein huyét, bénh Alzheimer,
ching tam than phan liét, suy gidm nhén thtc, bénh viém rudt, hi chimg rudt ngén,
bénh Crohn, viém rudt két, hoi ching rudt dé bi kich thich, phong ngira hogc dicu tri
hoi chimg budng tring da nang va diéu tri chung nghién (vi du, nghién rugu va/hodc

lam dung thubc).
MG ta chi tiét sang ché
Céc chit viét tit duoc st dung trong ban md ta nay 1a nhu sau:

Thuéat ngit "alkyl" dugc sir dung & day dé chi nhom hydrocarbon héa tri mot
mach thing hodc mach nhénh c¢6 cong thitc -CoHn+1y. Vi du khong giéi han bao g6m
metyl, etyl, propyl, butyl, 2-metyl-propyl, 1,1-dimetyletyl, pentyl va hexyl.

Thuat ngir “alkylen”, duoc su dung & day dé chi nhém hydrocarbon mach
thang hodc mach nhanh hoéa tri hai c6 cong thirc -CaHan-. Vi du khong gi6i han bao

gbm etylen, va propylen.
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Thuat ngir "xycloalkyl", dugc sir dung & day dé chi nhom hydrocarbon vong,
héa tri mét ¢6 cong thirc -CoHeon-1) chira it nhét ba nguyén tir cacbon. Vi du khong

giéi han bao gébm xyclopropyl, xyclobutyl, xyclopentyl va xyclohexyl.
Thuét ngit “halogen”, dugc dung ¢ day dé chi flo, clo, brom hoic iot.

Thuat ngit “heteroxycloalkyl”, dugc dung & day dé chi nhoém xycloalkyl trong
d6 mét hodc nhiéu nhom metylen (-CH,-) trong vong dugc thay thé bang nhom duoc
chon tir -O-, -S- hodc nito, trong d6 nito nay cé thé cung cdp diém gan két hodc co
thé duoc thé néu duoc dé xuét trong mdi phurong an. Khi nito cung cap diém gan két,
hinh v& ciu trac cua heteroxycloalkyl s& c6 hydro trén nito d6. Théng thuong,
heteroxycloalkyl c6 thé duoc thé bang 0 dén 2 phan tir thé néu hoa tri cho phép doc
lap dugc chon tir oxo, —CN, halogen, alkyl va —Oalkyl va alkyl nay c6 thé duoc thé
tiép. Luu ¥ rdng néu khong c6 su thé, thi heteroxycloalkyl 1a khong dugc thé.

Thuat ngit “heteroaryl”, dugc dung & day dé chi hydrocarbon thom mot vong
c6 tir 5 dén 6 nguyén tir cacbon trong do it nhét mot nguyén tir cacbon trén vong da
dugc thay thé bang nguyén tir khac loai dugc chon tir oxy, nito va luu huynh. Nhém
heteroaryl nhu vay co thé duoc gin két thong qua nguyén tir cacbon trén vong hodc,
néu hoa tri cho phép, thong qua nguyén t nito trén vong. Thong thuong, heteroaryl
6 thé duoc thé bang 0 dén 2 phan tir thé néu hoa tri cho phép ddc 1ap duogc chon tur
halogen, OH, alkyl, O-alkyl, va amino (vi du, NH», NHalkyl, N(alkyl)2), va alkyl c6

thé dugc thé tiép. Luu y rang néu khong c6 su thé thi heteroaryl 1a khong duge thé.
Nhiét d6 trong phong: RT.
Metanol: MeOH.
Etanol: EtOH.
Isopropanol: iPrOH.
Etyl axetat: EtOAc.
Tetrahydrofuran: THEF.
Toluen: PhCHs.

Xesi cacbonat: CsyCOs.
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Lithi bis(trimetylsilyl)amit: LIHMDS.
Natri t-butoxit: NaOtBu.

Kali t-butoxit: KOtBu.

Lithi diisopropylamit: LDA.

Trietylamin: EtsN.

N,N-diisopropyletyl amin: DIPEA.

Kali cacbonat: K2COs.

Dimetyl formamit: DMF.

Dimetyl axetamit: DMAc.

Dimetyl sulfoxit: DMSO.
N-Metyl-2-pyrolidinon: NMP.

Natri hydrua: NaH.

Axit trifloaxetic: TFA.

Anhydrit trifloaxetic: TFAA.

Anhydrit axetic: Ac2O.

Diclometan: DCM.

1,2-Dicloetan: DCE.

Axit clohydric: HCI.
1,8-Diazabixyclo[5.4.0Jundec-7-en: DBU.
Phirc chit boran-dimetylsulfua: BH3-DMS.
Phirc chét boran-tetrahydrofuran: BHs-THF.
Lithi nhém hydrua: LAH.

Axit axetic: AcOH.

Axetonitril: MeCN.

Axit p-toluensulfonic: pTSA.
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Dibenzylidin axeton: DBA.
2,2'-Bis(diphenylphosphino)-1,1'-binaphtalen: BINAP.
1,1'-Feroxendiyl-bis(diphenylphosphin): dppf.
1,3-Bis(diphenylphosphino)propan: DPPP.
Axit 3-cloperbenzoic: m-CPBA.

Tert-Butyl metyl ete: MTBE.

Metansulfonyl: Ms.

N-Metylpyrolidinon: NMP.

Séc ky 16p méng: TLC.

Séc ky 1ong siéu téi han: SFC.
4-(Dimetylamino)pyridin: DMAP.
Tert-Butyloxycarbonyl: Boc.

1-[Bis(dimetylamino)metylen]-1H-1,2,3-triazolo[4,5-b]pyridini 3-oxit
hexaflophosphat: HATU.

Ete ddu mé: PE.

2-(1H-Benzotriazol-1-y1)-1,1,3,3-tetrametyluroni hexaflophosphat: HBTU.
2-Amino-2-(hydroxymetyl)propan-1,3-diol: tris.
tris(dibenzylidenaxeton)dipaladi: Pd2(dba)s

Phé cong huéng tir hat nhan 'H (Nuclear magnetic resonance - NMR) trong
tat ca cac truong hop 1a phu hop véi cac chu trac duge d& xudt. Chuyén dich hoa hoc
dic trung (8) dugc dua ra theo don vi phﬁn triéu so v4i tin hiéu proton du trong dung
mdi doteri héa (CHCl3 & 7,27 ppm; CD2HOD 6 3,31 ppm; MeCN 6 1,94 ppm; DMSO
¢ 2,50 ppm) va dugce bdo cédo bang cach sir dung cac chit viét tat thong thuong dé chi
15 céc dinh chinh: vi du s, don; d, déi; t, ba; g, tu; m, da; br, rong. Phd 'H NMR thu

dugc vai truong luc 400 hodc 600 MHz néu khong dugce néu rd theo gia tri khac.

/ ) ) ’ r N
Nhu duge sit dung & day, duong gon séng,“ 7 bicu thi diém gan ket cua phan

tr thé vai nhom khac.

-26-



38232

Céc hop chét va cac chét trung gian dugc md ta dudi ddy duge goi tén bing
quy uéc dit tén theo ChemBioDraw Ultra, Version 13.0 (CambridgeSoft Corp.,
Cambridge, Massachusetts) hoic ACD/Labs, Version 12 (Advanced Chemistry
Development, Inc., Toronto, Ontario). Quy wéc dit tén theo ChemBioDraw Ultra,
Version 13.0 va ACD/Labs, Version 12 di dugc nguoi c6 hiéu biét trung binh vé linh
vuc nay biét 1 va quy wdc dit tén theo ChemBioDraw Ultra, Version 13.0 va
ACD/Labs, Version 12 dugc cho 1a thuong tuan theo cac khuyén nghi cia [UPAC
(International Union for Pure and Applied Chemistry) vé danh phép ctia héa hoc hitu
co va cac quy tic chi s6 CAS. Can luu ¥ rang céc tén hoa hoc ¢ thé chi c6 cac déu
ngodc don hoac co thé ¢6 ca cac diu ngodc don va cac dau ngoic vudng. Céc déu ky
hiéu héa hoc lap thé cling c6 thé dugc dit & cc vi tri khac nhau trong ban than tén
hop chét, tiry thude vao quy wdc dat tén. Nguoi co hiéu biét trung binh trong linh vuc
nay sé& hiéu rd cac bién thé vé& hinh thirc nay va hiéu ring cac bién thé nay thé hién
cAu triic hoa hoc nhu nhau.

Mudi duge dung cia cac hop chét c6 cong thire I bao gdbm mudi cong axit va

muoi cong bazo.

Cac mudi cong axit thich hgp duoc didu ché tr cac axit ma dé diéu ché cac
mubi khong doc. Vi du bao gém cac mubi axetat, adipat, aspartat, benzoat, besylat,
bicarbonat/carbonat, bisulfat/sulfat, borat, camsylat, xitrat, xyclamat, edisylat, esylat,
format, fumarat, gluceptat, gluconat, glucuronat, hexaflophosphat, hibenzat,
hydroclorua/clorua, hydrobromua/bromua, hydroiodua/iodua, isethionat, lactat,
malat, maleat, malonat, mesylat, metylsulfat, naphtylat, 2-napsylat, nicotinat, nitrat,
orotat, oxalat, palmitat, pamoat, phosphat/hydro phosphat/dihydro phosphat,
pyroglutamat, sacarat, stearat, sucxinat, tanat, tartrat, tosylat, trifloaxetat, mubi cia

axit 1,5-naphatalendisulfonic va xinafoat.

Cac mudi bazo thich hgp dugc tao ra tir cac bazo tao mudi khong doc. Vi du
bao g6m mubi nhdm, arginin, benzathin, canxi, cholin, dietylamin, bis(2-
hydroxyetyl)amin (diolamin), glyxin, lysin, magie, meglumin, 2-aminoetanol
(olamin), kali, natri, 2-Amino-2-(hydroxymetyl)propan-1,3-diol (tris hodc

tromethamin) va kém.
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Mudi hemi cuia céc axit va bazo cling c6 thé dugce tao ra, vi du, muoi hemisulfat
va hemicanxi. V& cdc mudi thich hop, xem tai liéu Handbook of Pharmaceutical Salts:

Properties, Selection, and Use cta Stahl va Wermuth (Wiley-VCH, 2002).

Mubi duoc dung cta cac hop chat c6 cong thic 1 ¢6 thé duoc diéu ché theo

mdt hodc nhidu trong s ba phuong phép sau:

(i) bang cach cho hop chét c6 cong thirc I phan tng véi axit hodc bazo mong

muon,;

(ii) bang cach loai nhém bao vé axit hogic bazo khong bén khéi tién chat thich
hop cua hop chét c6 cong thuc I hodc bang cich mé vong tién chét vong thich hop,

vi duy, lacton hodc lactam, bang céach st dung axit hodc bazo mong muodn; hoac

(iii) bing cach bién dbi mot mudi ctia hop chit c6 cong thire T thanh mudi khac

bang phan tng véi axit hodc bazo thich hop hodc bang cot trao ddi ion thich hop.

Ca ba phan (ng nay thuong dugc thuc hién trong dung dich. Mubi thu duoc
c6 thé két tia va duoc thu gom bang cach loc hodc c6 thé dugc thu hdi bang cach 1am
bay hoi dung mdi. Mrc d¢ ion hoa trong mubi thu dugc c6 thé thay ddi tir ion hoa

hoan toan dén hau nhu khong ion hoa.

Céc hop chét c6 cong thuc I, va mubi duoc dung cta chung, co thé ton tai dudi
dang khong solvat hoa va solvat hoa. Thuat ngit "solvat” dugc st dung & day dé md
ta phirc phan tir gém hop chat ¢6 cong thirc I, hoic mubi duge dung ciia nd, va mot
hodc nhiéu phan ttr dung moi duge dung, vi dy, etanol. Thuat ngit ‘hydrat’ dugc dung
khi dung moi nay la nuée.

Heé théng phan loai hién dugc chap nhan cho hydrat hitu co 12 hé ma x4c dinh
cac hydrat vi tri tach biét, hydrat ranh, hodc hydrat phéi hop ion kim loai - xem tai
liéu Polymorphism in Pharmaceutical Solids cia K. R. Morris (Ed. H. G. Brittain,
Marcel Dekker, 1995). Cac hydrat vi tri tach biét 1a cac hydrat trong d6 cac phéan tu
nuée dugc tach khoi tiép xuc truc tiép v6i nhau bang su can thiép vao céc phan ti
hitu co. O cac hydrat rinh, cac phan tir nuéc nam trong cac kénh mang tinh thé trong
d6 chiing nam ké véi cac phan tir nude khic. Trong hydrat phdi hop ion kim loai, cac

phén t nude dugce lién két véi ion kim loai.
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Khi dung méi hodc nuéce lién két chat ché, phirc chit nay c6 thé c6 hé sb ty
lugng x4c dinh doc 18p v6i do Am. Tuy nhién, khi dung méi hogc nuée lién két yéu,
nhu trong céac solvat rdnh va céac hop chét hat 4m, luong nudc/dung moi sé phu thude
vao do Am va diéu kién 1am kho. Trong nhiing trudng hgp nhu vay, su khong ty luong
s€ 1a binh thuong.

Sang ché ciing bao gém cac phirc da thanh phan (ngoai mudi va solvat) trong
d6 thubc va it nhat mot thanh phan khéc c6 mit véi lugng ty lwgng hodc khong ty
lugng. Cac phtc loai nay bao gdm clathrat (phirc thé vai chtra thube) va dong tinh
thé. Cac ddng tinh thé dugc xac dinh 1 cac phuc tinh thé gdm cac thanh phan phan
tir trung tinh dugc lién két véi nhau qua twong tic khong cong hoa tri, nhung cling c6
thé 14 phttc ctia phén t trung tinh v6i mudi. Cac dong tinh thé ¢6 thé dugce didu ché
bang cach két tinh chay, bang céch két tinh lai tir dung mdi, hodc bang cch nghién
vat ly cac thanh phén v4i nhau; xem Chem Commun, 17, 1889-1896, cua O.
Almarsson va M. J. Zaworotko, Chem. Téng quan vé phirc da thanh phan, xem J

Pharm Sci, 64 (8), 1269-1288, Haleblian (August 1975).

Céc hop chit theo sang ché c6 thé t6n tai & dang thé lién tuc gbm céc trang
thai rén tr hoan toan vo dinh hinh dén hoan toan tinh thé. Thuat ngit ‘v6 dinh hinh’
chi trang thai trong do vat chét khong c6 trat tu xa & mirc phan tir va, thy thudc vao
nhiét d9, c6 thé thé hién cac tinh chit vat Iy ctia chit rdn hodc chét long. Thong
thuong, cac vat cht nhu viy khong tao ra mau nhiéu xa tia X riéng biét va chinh thirc
duoc md ta 1a chit 16ng, trong khi van thé hién cac dic tinh cua chét ran. Khi dun
néng, su thay dbi dic tinh tir chét rin sang chat 16ng xay ra dic trung boi sy thay dbi
trang thai, thuong 1 chuyén pha loai hai (‘chuyén pha thity tinh’). Thuat ngit ‘tinh
thé’ chi pha ran trong do6 vét chét c6 ciu tric ndi tai theo trat tw hop quy & mtc do
phan tr va tao ra mau nhiéu xa tia X riéng biét v6i cdc dinh xéac dinh. Cac vat chét
nhu vat khi dugc dun néng du cling sé thé hién cac dac tinh cua chét 1éng, nhung sur
thay dbi tir chat rin sang chét 1ong dic trung boi su chuyén pha, thuong 1a chuyén

pha loai mot (‘diém nong chay”).

Céc hop chit ¢6 cong thirc I cling c6 thé t6n tai ¢ trang thai trung gian (pha
trung gian hodc tinh thé 16ng) khi duge dwa vao cac diéu kién thich hop. Trang théi

trung gian la trung gian gitta trang thai tinh thé thuc su va trang thai 16ng thuc su
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(hodc nong chay hodc dung dich). Hién tuong vé trang thai trung gian phét sinh do su
thay déi nhiét do dugc mo ta 1a ‘thay déi pha theo nhiét 9’ va do viéc bd sung thanh
phan tht hai, nhu nuée hodc dung méi khac, duge mo ta 1a ‘thay d6i pha theo ndng
d6’. Cac hop chét c6 kha ning tao ra pha trung gian thay d6i pha theo nong do duoc
md ta 12 “ludng 4i” va gdbm cac phan tir c6 nhom dau cuc ion (nhu -COO-Na+, -COO-
K+, hodc -SO3-Na+) hoac khong ion (nhu -N-N+(CH3)3). Dé biét thém thong tin, xem
tai liéu Crystals and the Polarizing Microscope ciia N. H. Hartshorne va A. Stuart,
4th Edition (Edward Arnold, 1970).

Céc hop chét ¢6 cong thuc I co thé ton tai & dang da hinh va/hodc mot hodc
nhidu loai déng phan (vi du dong phan quang hoc, ddng phan hinh hoc hoic dong
phan hd bién). Cac hop cht c6 cong thirc I ciing c6 thé duge danh ddu dong vi. Thay
d6i nhu vay 12 ngdm dinh & cac hop chét c6 cong thic I duge x4c dinh nhu von c6
béng cach dé cap dén cac dac diém cAu trac cua ching va do d6 thudc pham vi cia

sang ché.

Céc hop chét c6 cong thirc I chira mot hoic nhiéu nguyén tir cacbon khong dbi
xtng c6 thé ton tai & dang hai hodc nhiu chét dong phan lap thé. Khi hop chét c6
cbng thirc I chira nhém alkenyl hodc alkenylen, ¢é thé c6 cac chit dong phan hinh
hoc cis/trans (hodc Z/E). Khi cac chat dong phan chu truc c6 thé chuyén hoa 13n nhau
& rao nang luong thap, thi c6 thé xuét hién hién twong dong phan tautome (‘hién twong
hd bién’). C6 thé c6 hién twong hd bién proton & cac hop chét ¢6 cong thire I chira, vi
du, nhoém imino, keto, hodc oxim, hodc hién tugng goi 1a hién tuong hd bién hoa tri
& cac hop chét chira gbc thom. Kéo theo d6, mot hop chét c6 thé c6 kha ning tao ra
nhiéu hon mét loai hd bién.

Mudi dugc dung cua cac hop chét c6 cong thire I ciing c6 thé chura ion trai ddu
¢6 hoat tinh quang hoc (vi du d-lactat hoac I-lysin) hodc raxemic (vi du dl-tartrat hodc
dl-arginin).

Céc chat dong phan cis/trans c6 thé dugc tach bang cac phuong phap thong
thuong da biét rd dbi voi nguoi c6 hiéu biét trung binh trong linh vuc k§ thuét nay,

vi du, sic ky va két tinh phén doan.
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Cac k¥ thut thong thuong dé didu ché/tich phan 1ap céc chat dong phan dbi
anh riéng biét bao gdm qua trinh tbng hop bat d6i xtng tir tién cht tinh khiét vé mat
quang hoc thich hop hodc tach phan giai chét triét quang (hodc chét triét quang ciia
mudi hodc din xuét) st dung, vi du, phuong phép sic ky 16ng cao ap bét dbi xtng
(HPLC). Theo cach khéac, co thé cho chét triét quang (hoic tién chit cia chat triét
quang) phan tng véi hop chét co6 hoat tinh quang hoc thich hop, vi dy, ruou, hoac,
trong truong hop hop chét c6 cong thic I chira gbc axit hodc bazo, bazo hodc axit
nhu 1-phenyletylamin hozc axit tartaric. Hon hop khong d6i quang thu duge c6 thé
duoc tach bing sic ky va/hogc két tinh phan doan va mot hodc ca hai chat déng phéan
khong ddi quang dugc chuyén hoa thanh (c4c) chit ddng phan ddi anh tinh khiét
twong (mg bang cac phwong phap da biét ro ddi voi ngudi co hiéu biét trung binh
trong linh vuc k¥ thuat nay. Céac hop chét c6 cong thirc I bat d6i xtmg (va tién chat
bt dbi ctia ching) c6 thé thu duoc & dang giau chét ddng phan déi anh bang céch si
dung phuong phép sic ky, thuong 1a HPLC, trén nhua khong dbi xtmg vé6i pha dong
chira hydrocarbon, thuong 1a heptan hodc hexan, chira tir 0 dén 50% thé tich la
isopropanol, thuong tir 2% dén 20%, va tir 0 dén 5% thé tich la alkylamin, thuong 1a
0,1% dietylamin. Nong do san phdm giai hip tao ra hdn hop giau chit dong phan déi
anh. Phuong phap sic ky bit dbi sir dung chét 16ng chua t6i han va siéu téi han c6
thé duoc sit dung. Cac phuong phap sic ky bat déi ximg hitu dung theo mot s6
phuong an cua sang ché 1a da biét trong linh vuc nay (xem, vi duy, Smith, Roger M.,
Loughborough University, Loughborough, UK; Chromatographic Science Series
(1998), 75 (Supercritical Fluid Chromatography with Packed Columns), pp. 223-249
va céc tai liéu tham khao duoc vién dan trong tai liéu nay). Theo mot s6 vi du lién
quan & day, cac cdt thu duge tr Chiral Technologies, Inc, West Chester,
Pennsylvania, USA, cong ty con ctia Daicel® Chemical Industries, Ltd., Tokyo,

Japan.

Khi chét triét quang bét ky két tinh, c6 thé c6 hai loai tinh thé khéc nhau. Loai
thir nhét 13 hop chét triét quang (raxemat thuc) dugc dé cép trén ddy, trong d6 mot
dang tinh thé ddng nhat duoc tao ra chira ca hai chit dong phan déi anh véi luong
déng mol. Loai thtt hai 1a hdn hop triét quang hodc khdi két, trong d6 hai dang tinh

thé dugc tao ra v6i lugng ding mol, mdi dang bao gbm chi mot chat déng phan dbi
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anh. Trong khi ca hai dang tinh thé c6 trong hdn hop triét quang c6 tinh chét vat ly
nhu nhau, chiing c6 thé ¢é cac tinh chét vat 1y khac so véi raxemat thyuc. Céac hdn hop
triét quang c6 thé duoc phan tach bang cac ky thuat da biét d6i v6i nguoi c6 hiéu biét
trung binh vé linh vuc nay - xem, vi du, Stereochemistry of Organic Compounds by

E.L. Eliel va S. H. Wilen (Wiley, 1994).

Phai nhin manh ring cac hop chit c6 cong thirc I duge vé& & day mac du & dang
dong phan ho bién don nhung toan bd cac dang hd bién c6 thé khéc ciing duge bao

ham trong pham vi cta sang ché.

Sang ché bao gbm tat ca cac hop chét co cong thie I duge danh d4u bang dong
vi dugc dung trong d6 mot hodc nhiéu nguyén tir duoc thay thé bang cac nguyén tir
¢6 cung sb nguyén tir, nhung khéi lwong nguyén tir hodc s6 khéi khac véi khdi luong

nguyén tr hodc s6 khoi chiém uu the trong tw nhién.

Vi du v& cac nguyén t6 ddéng vi thich hop dé dua vao cac hop chit theo sang
ché bao gdm, cac nguyén t6 ddng vi cta hydro, nhu 2H, va 3H, cacbon, nhu ''C, P°C,
va 14C, clo, nhu 36Cl, flo, nhu '8F, iot, nhu '2°I va %], nito, nhu *N va N, oxy, nhu

150, 170, va '80, phospho, nhur 2P, va Iuu huynh, nhu **S.

M6t sb hop chat c6 cong thire I duge danh ddu biang dong vi nhat dinh, vi du
cac hop chat két hop ddng vi c6 hoat tinh phéng xa, 12 hiru dung trong cac nghién ctru
vé phan phéi thudc va/hodc md co chét. Cac nguyén t6 déng vi phong xa triti, tic 1a,
3H, va cacbon-14, tie 13, 14C, 1a dic biét hitu dung cho muc dich nay vi dé dua chung

vao va co san cac phuong tién nhén biét.

Viéc thay thé bang cac nguyén t6 dong vi ning hon nhu doteri, tac 1a 2H, c6
thé tao ra mot s6 ich loi vé mat chita bénh do do bén chuyén hoa cao, vi du, thoi gian
ban huy in vivo cao hodc y€u cau vé lidu lugng thép.

Su thé bang cac nguyén té dong vi phat positron, nhu ''C, 8F, 150 va PN, ¢
thé hiru dung trong cc nghién ctru vé chup ct 16p phét positron (PET) dé kiém tra
su chiém chd cta thu thé nén.

Céc hop chat c6 cong thire I danh dau déng vi thuong cé thé duoc diéu ché
bing céc k¥ thuat thong thuong da biét dbi v6i ngudi c6 hidu biét trung binh vé linh

vuc nay hodc bing cac quy trinh twong tu nhu cac quy trinh duge mo ta trong phéan
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didu ché va phan vi du kém theo bing cach sir dung chét phan tng danh dau dong vi

thich hop thay cho chit phan ting khdng danh dau duoc st dung trude do.

Céc solvat dugc dung theo sang ché bao gbm cac chat trong d6 dung moi cua

qua trinh két tinh c6 thé dugc thay thé dong vi, vi du D20, de-axeton, de-DMSO.

Mbt cach dé thuc hién sang ché 1a st dung hop chét co cong thirc I & dang tién
duoc chit. Do d6, cac dan xuét nhét dinh cta hop chét c6 cong thirc I ma ban thén
ching khéng c6 hodc c¢6 hoat tinh duoc ly thip c6 thé, khi diing trong hodc trén co
thé, dugc chuyén hoa thanh hop chét c6 cong thirc I c6 hoat tinh mong mudn, vi du,
bang cach phan cit thuy phan, cu thé 12 phan cét thity phan nho enzym esteraza hodc
peptidaza. C4c dan xuét nhu vay duoc goi 1a ‘tién duoc chat’. C6 thé xem thong tin
thém vé viéc str dung céc tién dugc chét trong ‘Pro-drugs as Novel Delivery Systems’,
Vol. 14, ACS Symposium Series (T. Higuchi va W. Stella) va ‘Bioreversible Carriers
in Drug Design’, Pergamon Press, 1987 (Ed. E. B. Roche, American Pharmaceutical
Association). Ciing ¢6 thé tham khdo tai liéuNature Reviews/Drug Discovery, 2008,

7, 355 va Current Opinion in Drug Discovery and Development, 2007, 10, 550.

Céc tién duoc chét theo sang ché co thé, vi du, duoc didu ché bang cach thay
thé cac nhom chire thich hop c6 trong cac hgp chét c6 cong thirc I bang mot s6 gbe
nhit dinh ma ngudi c6 hiéu biét trung binh trong linh vue ky thuat nay biét dén nhu
1a “tién gbc’ nhu dwgc md ta, vi duy, trong tai liéu ‘Design of Prodrugs’ ctia H.
Bundgaard (Elsevier, 1985) va Y. M. Choi-Sledeski va C. G. Wermuth, ‘Designing
Prodrugs and Bioprecursors’ trong Practice of Medicinal Chemistry, (Fourth

Edition), Chapter 28, 657-696 (Elsevier, 2015).

Do d6, tién dugc chét theo sang ché 1a (a) dan xuat este hodc amit cua axit
carboxylic trong hop chét c6 cong thirc I; (b) dan xuét este, carbonat, carbamat,
phosphat hodc ete cia nhém hydroxyl trong hop chét ¢ cong thirc I; (c) dan Xuat
amit, imin, carbamat hodc amin ciia nhom amino trong hop chét c6 cong thire [; (d)
dan xuét oxim hogic imin ctia nhém carbonyl trong hop chét cé cong thic I; hodc (e)
metyl, ruou bac mot hodc nhoém aldehyt ma co thé duoc oxy hoa nho chuyén hoéa

thanh axit carboxylic trong hop chét ¢ cong thic 1.

Mot so vi du cu thé vé céc tién dugc chat theo sang ché bao gom:
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(1) trong d6 hop chéit co cong thirc 1 chita nhém chue axit carboxylic (-
COOH), este cua no, nhu hgp chit trong d6 hydro ctia nhém chire axit carboxylic cua
hop chit c6 cong thire I duge thay thé bang Ci-Cs alkyl (vi du etyl) hodc (C1-Cs
alkyl)C(=0)OCH2z- (vi du tBuC(=O)OCHaz-);

(i)  trong d6 hop chét c6 cong thirc I chira nhém chire rugu (-OH), este clia
n6, nhu hop chét trong d6 hydro ctia nhém chirc rugu cua hop chét c6 cong thirc I
duoc thay thé bang —CO(C1-Cs alkyl) (vi du metylcarbonyl) hodc ruou duge este hoa

bang axit amin;

(iii)) trong do6 hop chét c6 cong thirc I chita nhém chirc rugu (-OH), ete cia
n6, nhu hop chit trong d6 hydro ctia nhém chire rugu cua hop chét c6 cong thirc I

dugc thay thé bang (C1-Cs alkyl)C(=0)OCH:- hodic ~CH,0P(=0)(OH)2;

(iv)  trong d6 hop chét c6 cong thirc I chira nhém chire rugu (-OH), phosphat
ctia n6, nhu hop chat trong d6 hydro ctia nhém chirc rugu ciia hop chét c6 cong thirc

I duge thay thé bing —P(=0)(OH), hoic —P(=0)(ONa); hoic —P(=0)(0-)2Ca**;

(v)  trong do6 hogp chét c6 cong thirc I chira nhém chitc amin bac nhét hoic
béc hai (-NH; hoic -NHR trong d6 R # H), amit ctia no, vi du, hop chét trong do6, nhu
truong hop nay co thé 13, mot hodc ca hai hydro ctia nhém chirc amin cta hop chét
c6 cong thire I duoc thay thé bang (Ci-10)alkanoyl, -COCH2NH, hodc nhém amino

duogc tao dan xuat bang axit amin;

(vi) trong d6 hop chét c6 cong thirc I chira nhém chirc amin bac nhat hoic
bac hai (-NHz hodc -NHR trong d6 R # H), amin cta n6, vi du, hop chét trong do,
nhu trudmg hop nay c6 thé 13, mot hodc ca hai hydro cua chirc amin cia hop chét c6

cong thuc I duge thay thé bang -CH>OP(=0)(OH)y;

(vii) trong d6 nhom axit carboxylic trong hop chét co cong thire I duge thay

thé bang nhom metyl, nhém -CH,OH hodc nhém aldehyt.

Ban than cac hop chit nhat dinh c¢6 cong thic I ¢6 thé tac dong nhu 13 cac tién
duoc chit cua cac hop chit khac c6 cong thirc 1. Cling c6 thé 12 hai hop chat c6 cong
thtee I duoc ndi voi nhau dé tao thanh tién dugc chét. Trong cac truong hop nhét dinh,

tién dugc chat ctia hop chat ¢6 cong thire T ¢6 thé duge diéu ché bang cich ndi lién
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két hai nhém chirc trong hop chét c6 cong thirc 1, ching han bang cich tao thanh

lacton.

Viéc vién dan dén cac hop chét ¢6 cong thirc I bao gb6m ban than c4c hgp chét
va tién duoc chit ciia chung. Sang ché bao gbm cac hop chét c6 cong thire I nhu vay
cing nhu mubi duge dung cia céc hop chét nay va solvat duoc dung cua cac hop chét
va mudi nay.

Céch dung va liéu lugng

Thong thuong, hop chét cua sang ché dugc dung véi lugng c6 hiéu qua didu
tri tinh trang bénh ly nhu dugc mo ta ¢ day. Cac hop chét theo sang ché c6 thé duoc
dung nhu 12 ban than hop chét, hodc cach khac, nhu 1a mudi duge dung. bé dung va
phén lidu, ban than hop chét hozc mubi duoc dung ctia n6 sé don gian 1a dugc dé cap

nhu 12 cac hop chit ctia sang ché.

Céc hop chét clia sang ché duoc dung theo dudng dung thich hop bat ky &
dang dugc phim duge bao ché phit hop véi dudng ding d6, va véi liéu lugng c6 hiéu
qua cho diéu tri du dinh. C4c hop chét theo sang ché ¢6 thé dugc ding qua dudng

miéng, qua dudng tryc trang, qua 4m dao, ngoai dudng ti€u hoa, hodc khu tra.

Céc hop chét clia sang ché c6 thé dugc ding qua dudong miéng. Viéc dung qua
duong miéng co thé gém nudt, sao cho hop chét di vao 6ng da day rudt, hodc viéc
dung trong mé hodc dudi ludi co thé duoc thuc hién, nhd d6 hop chat di vao mau truc
tiép tir miéng.

Theo mdt phuong an khac, cac hop chét theo sang ché c6 thé duge dung truc
tiép vao mau, vao co, hodc vao co quan bén trong. Cac cach thich hop dé dung ngoai
duong tiéu hoa gdm ding trong tinh mach, trong dong mach, trong phtic mac, trong
tuy mac, trong tim that, trong niéu dao, trong xwong e, trong hop so, trong co va
duéi da. Cac dung cu thich hop dé ding ngoai dudng tiéu hoa gdm cac bom kim tiém
(gdbm bom tiém vi kim), cdc bom tiém khong c6 miii kim va cac k¥ thuét truyén.

Theo mot phuong an khéc, cac hop chét theo sang ché ciing c6 thé dugc dung
khu tra trén da hodc niém mac, nghia 1a dung & da hoac qua da. Theo mot phuong an
khac, cac hop chét theo sang ché ciing ¢6 thé dugc dung trong mii hodc bang cach

hit. Theo mét phuong an khéc, cac hop chét ctia sang ché c6 thé duge dung qua truc
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trang hodc qua 4m dao. Theo mdt phuong an khac, cac hop chét theo sang ché ciing

6 thé duogc dung truc tiép cho mit hoic tai.

Ché do liéu luong ddi v6i cac hop chat theo sang ché va/hoac cac ché phim
chira cac hop chét nay duoc dua trén nhiéu yéu td, gém loai bénh, tudi tac, thé trong,
gi6i tinh va tinh trang bénh ly ctia bénh nhan; mtrc do nghiém trong cua tinh trang
nay; duong dung; va hoat tinh cua hgp chét cu thé dugc s dung. Do do, ché d6 lidu
lwong c6 thé thay ddi mot cach rong rai. Theo mot phuong an, téng lidu hang ngay
ctia hop chat theo sang ché thuong nam trong khoang tir 0,001 dén khoang 100 mg/kg
(tire 13, mg hop chét theo séng ché trén kg thé trong) dé diéu tri cac tinh trang chi dinh
duogc ban ludn ¢ ddy. Theo phuong an khéc, tdng liéu hang ngay ctia hop chét theo
sang ché 1a tir khoang 0,01 dén khoang 30 mg/kg, va theo phuong an khac, tir khoang
0,03 dén khoang 10 mg/kg, va theo phuong 4n khéc nira, tir khoang 0,1 dén khoang
3. Khong phai hiém gap truong hop viéc dung cac hop chit theo sang ché dugc lap
lai nhiéu 14n trong ngay (dién hinh 12 khéng nhiéu hon 4 1an). C4c da liéu mot ngay

thuong c6 thé duoc sir dung dé gia tang tong lidu mot ngay, néu mudn.

Dé dung qua dudng miéng, cac ché pham co thé duoc tao ra dudi dang cac
vién nén chura 0,1, 0,5, 1,0, 2,5, 5,0, 10,0, 15,0, 25,0, 30,0, 50,0, 75,0, 100, 125, 150,
175, 200, 250 va 500 miligam thanh phan hoat tinh dé diéu chinh liéu lvgng dung cho
bénh nhan theo tridu ching. Thudc thudng chira tir khoang 0,01mg dén khoang
500mg thanh phan hoat tinh, hodc theo mot phwong an khac, tir khoang 1mg dén
khoang 100mg thanh phan hoat tinh. Trong tinh mach, lidu ding c6 thé nim trong
khoang tir 0,01 dén khoang 10mg/kg/phit trong qua trinh truyén téc d6 khong doi.

Céc dbi tugng thich hop theo sang ché gbdm cac d6i trong dong vat ¢6 vii. Theo
mot phuong an, nguoi la dbi twong thich hop. Déi twong ngudi c6 thé 1a ngudi c6
gi6i tinh bat ky va & giai doan phat trién bat ky.
Duoc phim

Theo mdt phuong &n khéc, sang ché gdm cac dugc pham. Cac duoc pham nay
chira hop chit theo sang ché c6 mat cing v6i chit mang dugce dung. Cac chét c6 hoat
tinh duoc ly khac cling ¢o thé c6 mat. Nhu duoc sir dung & day, “chit mang dugc

dung” bao gobm bat ky va tit ca dung moi, moi trudng phan tan, chét bao, chat khang
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khudn va khang nim, cac chét dang truong va lam chim sy hép thu, va cac chét tuong
tu twong thich vé mit sinh ly. Vi du vé chét mang duoc dung bao gb6m mdt hoic nhiéu
trong s6 nude, nudc mudi, dung dich mudi dém phosphat, dextroza, glyxerol, etanol
va cac chat tuong tu, ciing nhu 1a cac két hop ctia ching va c6 thé bao gdm cac chit
déng truong, vi du, duong, natri clorua, hodc cac rugu polyhydric nhu manitol, hoac
sorbitol trong ché pham. Céc chét duoc dung nhu chat 1am w6t hodc lugng nho cia
cac chét phu trog nhu chat 1am udt hodc chit nhii hoa, chit bao quéan hodc chit dém,
ma lam ting cuong thoi han st dung hodc hiéu luc ctia khang thé hoac mdt phan

khang thé.

Ché pham theo sang ché c6 thé & cac dang khac nhau. Céc dang nay bao gbm,
vi du, dang lidu long, ban rén va ran, nhu dung dich long (chéng han, dung dich c6
thé tiém dugce va co thé truyén dugc), thé phan tan hoac hoén dich, vién nén, vién tron,
bot, liposom va thube dan. Cac dang nay tiy thudc vao phuong thirc dung dugc du

dinh va ung dung tri liéu.

Céc ché phadm dién hinh 1a & dang dung dich c¢6 thé tiém duge hodc truyén
duogc, nhu ché phdm twong tw nhu ché pham ding dé gay mién dich thu dong cho
nguoi véi cac khang thé no6i chung. Mot phuong thic dung 1a ngoai dudng tiéu hoa
(chang han, trong tinh mach, dudi da, trong mang bung, trong co). Theo mot phuong
an khac, khang thé dugc dung béng cach truyén hodc tiém trong tinh mach. Theo mot

phuong an khac nita, khang thé duge dung bang cach tiém trong co hodc dudi da.

Dang liéu ran diing qua dudong miéng c6 thé, vi du, duoc trinh bay dudi cac
don vi riéng biét, nhu vién nang cig hodc vién nang mém, vién tron, vién nhén, vién
ngdm, hodc vién nén, mdi don vi nay chira lugng dinh trude cua it nhat mot hop chét
theo sang ché. Theo mot phuong én khéc, dang dung qua duong miéng nay co thé 1a
dang bot hodc dang hat. Theo mot phuwong 4n khac, dang liéu dung qua dudng miéng
12 dang dung dudi ludi, nhu, vi du, vién ngdm. Trong cac dang lidu lwong ran nhu
vay, cac hop chét c6 cong thirc I thuong dugc két hop v6i mot hodc nhiéu ta duoc.
Céc vién nang hodc vién nén nhu vay co thé chira dang bao ché giai phong co kiém
soat. Trong truong hop vién nang, vién nén, va vién tron, cac dang lidu luong ciing

¢6 thé chira chat dém hodc c6 thé dugc bao ché vdi cac mang bao tan trong rudt.
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Theo mdt phuong an khac, dang dung qua dudng miéng co thé 1a dang liéu
16ng. Céc dang liéu lugng 1éng dé dung qua dwdong miéng goém, vi dy, cdc nhil twong,
dung dich, hén dich, xird, va con ngot dugce dung chira cac chét pha lodng tro thuong
dung trong linh vue nay (vi du, nudc). Cac ché phdm nhu vay cling c6 thé con chira
cac ta duoc, nhu chit 1am u6t, chat nhil hoa, chét tao huyén phu, chét tao huong vi

(vi du, chét 1am ngot), va/hodc chét tao huong.

Theo mdt phuong &n khéc, sang ché gbém dang liéu ding ngoai duong tiéu hoa.
“Viéc dung ngoai duong ti€éu hoéa" bao gdm, vi dy, viéc tiém dudi da, tiém trong tinh
mach, tiém trong phuc mac, tiém trong co, tiém trong xuong uc, va truyén. Cac ché
phém tiém dugc (tuc 1a, cac hén dich dang nuéc hodc dang dau vo trung tiém duoc)
c6 thé dugc bao ché theo phwong phap da biét trong linh vuc nay bang cach sir dung
cac chat phan tan, chét 1am uét, va/hodc chét tao huyén phu thich hop.

Theo mot phuong an khéac, sang ché bao gém dang liéu dung khu tra. “Viéc
dung khu tri" goém, vi du, viéc ding qua da, nhu qua miéng dan qua da hodc qua cac
dung cu dién chuyén ion, viéc dung trong mét, hoic viéc dung trong mii hodc dung
bang cach hit. Cac ché phim dé dung khu tri con gbm, vi du, cac gel, thudc phun,
thuéc m& va kem dung khu tr. Dang bao ché ding khu tra co thé gdm hop chit ma
tdng cuong su hép thu hodc su thAm ctia thanh phan hoat tinh qua da hodc cac ving
bi anh hudng khac. Khi cac hgp chét theo sang ché dugc ding bang dung cu qua da,
viéc str dung s& dugc thuc hién b.%mg tdm dan kiéu mang chira va mang Xép hoac kiéu
nhiu nén rin khac nhau. Cac dang bao ché dién hinh ding cho muc dich nay g6m
cac gel, hydrogel, thude xue, dung dich, kem, thudc md, bot rc, hd, bot, mang, miéng
dan trén da, vién nhén, vién céy, bot xép, soi, bang va vi nhil tuong. Céc liposom
cling c6 thé dugc st dung. Céc chét mang dién hinh gﬁ”)m ruou, nudc, dau khoang,
vazolin 16ng, vazolin tring, glyxerin, polyetylen glycol va propylen glycol. Cac chét
tang cuong kha nang thAm c6 thé dugc két hop - xem, vi du, B. C. Finnin and T. M.
Morgan, J. Pharm. Sci., vol. 88, pp. 955-958, 1999.

Céc dang bao ché thich hop dung khu tri cho mét gdm, vi du, cic thubc nhé
miét trong d6 hop chat ctia sing ché dugc hoa tan hodc tao huyén phu trong chat mang
thich hgp. Dang bao ché dién hinh thich hop dung cho mat hoic tai ¢6 thé & dang giot

hén dich hoic dung dich dugc tao kich ¢& micron trong nuéc muoi dang truong, vo
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tring, duoc diéu chinh do pH. Cac dang bao ché khac thich hop dung cho mat va tai
gdm cac thudc mé, vién cdy co thé phan hiy sinh hoc (e 13, cac dang bot xbp gel,
colagen hép thu dugc) va vién ciy khong thé phan hiy sinh hoc (tuc 14, silicon), vién
nhén, thau kinh va cac hé hat hoic nang, nhu cac niosom hodc liposom. Polyme nhu
axitpolyacrylic lién két ngang, ruou polyvinyl, axit hyaluronic, polyme xenluloza, vi
du, hydroxypropylmetylxenluloza, hydroxyetylxenluloza, hodc metylxenluloza, hoéc
polyme heteropolysacarit, vi du, gom gelan, c6 thé duoc két hop cung véi chét bao
quan, nhu benzalkoni clorua. Cac dang bao ché nay ciing c6 thé dugc phan phéi bang

cach dién chuyén ion.

Dé dung trong miii hodc dung bang cach hit, cac hop chét theo sang ché duoc
phan phéi mot cach thuan tién dudi dang dung dich hogc nhii dich tir d6 chira thude
phun kiéu bom ma dugc bénh nhén ép hodc bom hoic dudi dang thubc phun sol khi
tir 46 chtra c6 4p sudt hodc may khi dung, véi viée st dung chét diy thich hop. Cac
dang bao ché thich hop dé ding trong miii thuong duge ding dudi dang bot kho (don
doc; dudi dang hén hop, vi duy, trong hén hop kho vdi lactoza; hodc dudi dang hat
thanh phan hén hop, vi du, dugc tron véi cac phospholipit, nhu phosphatidylcholin)
tu éng hit bt kho hodc dudi dang thube phun sol khi tu dd chira ¢ ap suét, bom, éng
phun, may phun (t6t hon 13 may phun st dung dién thuy dong luc dé tao ra suwong
min), hoac may khi dung, cing hodc khong cung véi viéc sir dung chét day thich hop,
nhu 1,1,1,2-tetrafloetan hoac 1,1,1,2,3,3,3-heptaflopropan. Dé st dung trong mili, bot

¢6 thé chira chit két dinh sinh hoc, vi du, chitosan hodc xyclodextrin.

Theo mot phuong &n khéc, sang ché bao gébm dang liéu ding qua truc trang.
Dang liéu dung qua truc trang ndy c6 thé & dang, vi du, thudc dan. Bo cacao la chat
nén thudc dan truyén thdng, nhung céac chét khac ciing c¢6 thé duoc sir dung néu phu

hop.

Céc chit mang va cach ding khac da biét trong linh vurc duoc cling c6 thé duoc
st dung. Cac duge pham theo sang ché c6 thé duge bao ché bang k¥ thuat dugc bét
ky da biét 15, nhur cac quy trinh bao ché va st dung hiru hiéu. Cac mbi quan tdm trén
day vé cac quy trinh bao ché va st dung hiru hiéu 1a da dugc biét 16 trong linh vurc
nay va da dugc md ta trong cac sach gido khoa chuén. Quy trinh bao ché thudc duoc

thao luan trong, vi du, Hoover, John E., Remington’s Pharmaceutical Sciences, Mack
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Publishing Co., Easton, Pennsylvania, 1975; Liberman et al., Eds., Pharmaceutical
Dosage Forms, Marcel Decker, New York, N.Y., 1980; va Kibbe et al., Eds.,
Handbook of Pharmaceutical Excipients (3rd Ed.), American Pharmaceutical

Association, Washington, 1999.
Viéc ding dong thoi

Céc hop chét theo sang ché ¢6 thé duogc dung mot minh, hodc Kkét hop véi cac
tac nhan tri liéu khac. Sang ché d& xuat viéc sir dung, phuong phép hodac ché pham
bat ky dwgc xac dinh trén day trong d6 hop chét c6 cong thic I theo phuong an bét
ky, hodc mubi duge dung ctia n6, hoac solvat dugc dung cua hop chét hoic mudi nay,

duge st dung két hop v6i mot hodc nhiéu tic nhan tri liéu khac dugc ban luan & day.

Viéc dung hai hodc nhiéu hop chét “két hop” c6 nghia la tat ca cac hop chét
dugc dung trong thoi gian du gan sao cho mdi hop chét c6 thé tao ra hiéu luc sinh hoc
trong khung thoi gian nhu nhau. Su ¢6 mat cia mot tac nhén co thé thay dbi hiéu luc
sinh hoc cua (cac) hop chit khac. Hai hodc nhiéu hop chét nay c6 thé duoc dung dong
thoi, cung lac hodc theo tudn tu. Ngoai ra, viéc dung déng thoi ¢6 thé duoc thuc hién
bang cach tron cac hop chét trude khi ding hodc bang cach dung céac hop chét tai
cung mot thoi diém nhung & cac dang liéu riéng biét & vi tri dung gidng hoic khac

nhau.

9% €6

Céc cum tir “ding cung lac”, “dong st dung”, “dung dong thoi”, va “dugc

dung mot cach dong thoi” ¢6 nghia 1a céc hop chat dugc ding két hop.

Theo phuong an khac, sang ché d& xuit phuong phap didu tri ma bao gém
budc dung cac hop chét theo sang ché két hop véi mot hoic nhiéu duogc chit khac,
trong d6 mdt hodc nhiéu duogc chit khac c6 thé duge chon tir cac chit duogc ban luan
& day.

Theo mdt phuong an, cac hop chit theo sang ché duge dung véi chat chong
dai thao duong bao gdm nhung khong chi gi6i han & biguanid (vi du, metformin),
sulfonylure (vi du, tolbutamid, glibenclamid, gliclazid, chlorpropamid, tolazamid,
acetohexamid,glyclopyramid, glimepirid, hoac glipizid), thiazolidinedion (vi du,
pioglitazon, rosiglitazon, hodc lobeglitazon), glitazar (vi du, saroglitazar, aleglitazar,

muraglitazar hodc tesaglitazar), meglitinid (vi du, nateglinid, repaglinid), cht rc ché
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dipeptidyl peptidaza 4 (DPP-4) (vi du, sitagliptin, vildagliptin, saxagliptin,
linagliptin, gemigliptin, anagliptin, teneligliptin, alogliptin, trelagliptin, dutogliptin,
hodc omarigliptin), glitazon (vi du, pioglitazon, rosiglitazon, balaglitazon,
rivoglitazon, hoac lobeglitazon), chét (e ché chét van chuyén lién két natri-glucoza 2
(sodium-glucose linked transporter 2 - SGLT2) (vi du, empagliflozin, canagliflozin,
dapagliflozin, ipraglifiozin, Ipragliflozin, tofogliflozin, sergliflozin etabonat,
remogliflozin etabonat, hodc ertugliflozin), chét wc ché SGLTLI, chat cha van
GPR40 (chét cht van FFAR1/FFA1, vi du fasiglifam), peptit kich thich insulin phu
thudc glucoza (glucose-dependent insulinotropic peptide - GIP) va cac chét trong tu
ching, chét trc ché glucosidaza alpha (vi du voglibose, acarbose, hodc miglitol), hodc
insulin hodc chét twong tu insulin, bao gém cac mudi duoc dung cua cac chit duoc

dat tén cu thé va cac solvat dugc dung cia cac chat va cdc mudi nay.

Theo phuong 4n khéac, cac hop chét theo sang ché dugc dung voi chét chéng
béo phi bao gdm nhung khong gi6i han & peptit YY hodc chét twong tu cia ching,
chét chi vén thu thé neuropeptit Y typ 2 (neuropeptide Y receptor type 2 - NPYR2),
chét di khang NPYR1 hodc NPYRS, chit déi khang thu thé cannabinoid typ 1
(cannabinoid receptor type 1 - CBIR), chét wc ché lipaza (vi du, orlistat), peptit
proislet ctia ngudi (human proislet peptide - HIP), chét chu van thu thé melanocortin
4 (vi du, setmelanotid), chét dbi khang thu thé hormon tip trung melanin 1, chét chu
van thu thé farnesoid X (farnesoid X receptor - FXR) (vi du axit obeticholic),
zonisamid, phentermin (mdt minh hodc két hop voi topiramat), chét &rc ché tai hap
thu norepinephrin/dopamin (vi du, buproprion), chat dbi khang thu thé opioid (vi du,
naltrexon), két hop ctia chit tic ché tai hap thu norepinephrin/dopamin va chat ddi
khang thu thé opioid (vi du, két hop ciia bupropion va naltrexon), chét twong tu GDF-
15, sibutramin, chit chu van cholecystokinin, amylin va céac chét tuong tu cia chung
(vi du, pramlintid), leptin va cac chét tuong tu cta ching (vi du, metroleptin), chét
serotonergic (vi du, lorcaserin), chét &rc ché methionin aminopeptidaza 2 (MetAP2)
(vi du, beloranib hodc ZGN-1061), phendimetrazin, diethylpropion, benzphetamin,
chét trc ché SGLT2 (vi du, empagliflozin, canagliflozin, dapagliflozin, ipragliflozin,
Ipragliflozin, tofogliflozin, sergliflozin etabonat, remogliflozin etabonat, hodac

ertugliflozin), chit e ché SGLTLI, chét irc ché SGLT2/SGLT1 kép, chét diéu bién
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thu thé yéu t6 ting truéng nguyén bao sgi (fibroblast growth factor receptor - FGFR),
chét hoat héa protein kinaza dugc hoat hoa bdi AMP (AMP-activated protein kinase
- AMPK), biotin, chit didu bién thu thé MAS, hodc chét chi van thu thé glucagon
(mot minh hodc két hop véi chét chit van GLP-1R khac, vi du, liraglutid, exenatid,
dulaglutid, albiglutid, lixisenatid, hodc semaglutid), bao gém cac mubi dugc dung
cua cac chit duoc dit tén cu thé va cac solvat duogc dung cua cac chit va cac mudi
nay.

Theo phuong an khéc, cac hgp chét theo sang ché duoc ding véi chat dé diéu
tri NASH bao gém, nhung khong chi gi6i han &, PF-05221304, chét chi van FXR (vi
du, axit obeticholic), chat chu van PPAR o/8 (vi du, elafibranor), thé lién hop axit
maét-axit béo téng hop (vi du, aramchol), chit e ché caspaza (vi du, emricasan),
khang thé don dong khang chét déng dang lysyl oxidaza 2 (lysyl oxidase homologue
2 - LOXL2) (vi du, simtuzumab), chit trc ché galectin 3 (vi du, GR-MD-02), chét tic
ché MAPKS5 (vi du, GS-4997), chit di khang kép ctia thu thé chemokin 2 (CCR2)
va CCR5 (vi du, cenicriviroc), chat chii van yéu t6 ting trudong nguyén bao soi 21
(fibroblast growth factor 21- FGF21) (vi du, BMS-986036), chat dbi khang thu thé
leukotrien D4 (LTD4) (vi du, tipelukast), chét tuwong tu niacin (vi du, ARI 3037MO),
chét trc ché ASBT (vi du, volixibat), chat trc ché axetyl-CoA carboxylaza (ACC) (vi
du, NDI 010976), chat rc ché ketohexokinaza (KHK), chit trc ché diaxylglyxeryl
axyltransferaza 2 (DGAT2), chit déi khang thu thé CB1, khing thé khédng CBIR,
chét trc ché kinaza 1 diéu hoa tin hiéu chét té bao theo chuwong trinh (apoptosis signal-
regulating kinase 1 - ASK1), bao gbdm cac mubi duge dung cia cic chét duoc dit tén

cu thé nay va céc solvat dugc dung cia cac chat va cdc muoi nay.

Céc chét nay va cac hop chét theo sang ché c6 thé duoc két hop véi cac ta
dugc long duge dung nhu nude mubi, dung dich Ringer, dung dich dextroza, va cac
chét twong tu. Ché do dung liéu cu thé, tuc 1a, lidu lugng, thoi gian dung va sy dung
1ap lai, s€ tuy thudc vao d6i tuong cu thé va bénh s cta dbi tuong do.

Cac chét mang, cac td duoc, hodc cac chit 6n dinh hoa chép nhan duoc la
khong doc ddi voi nguoi nhan ¢ muc lidu lugng va néng d6 duogc str dung, va co thé
bao gém cac chit dém nhu phosphat, xitrat, va cdc axit hitu co khéc; cac mudi nhu

natri clorua; cac chat chong oxy héa bao gom axit ascorbic va methionin; cac chat
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bdo quan (nhu octadexyldimetylbenzyl amoni clorua; hexamethoni clorua;
benzalkoni clorua, benzethoni clorua; phenol, butyl hodc rugu benzylic; alkyl
paraben, nhu metyl hodc propyl paraben; catechol; resorcinol; xyclohexanol; 3-
pentanol; va m-cresol); cac polypeptit khéi luong phan i thip (nho6 hon khoang 10
g6c¢); cac protein, nhu albumin huyét thanh, gelatin, hodc cac Ig; cac polyme wa nudc
nhu polyvinylpyrolidon; c4c axit amin nhu glyxin, glutamin, asparagin, histidin,
arginin, hodc lysin; cac monosacarit, cac disacarit, va cdc hydrat cacbon khac bao
gbm glucoza, manoza, hoic dextrin; cac chét chelat h6a nhu EDTA; c4c duong nhu
sucroza, manitol, trehaloza hodc sorbitol; cac ion trai d4u tao thanh mudi nhu natri;
cac phtrc chét kim loai (vi du, cac phuc chét Zn-protein); va/hodc cac chét hoat dong

bé mat khong ion nhu TWEENTM, PLURONICSTM hodc polyetylen glycol (PEG).

Céc liposom chura cac chét nay va/hoic cac hop chat theo sang ché duoc didu
ché bang cac phuong phap da biét trong linh vuc ndy, nhu dugc md ta trong patent
M sb 4,485,045 va 4,544,545. Céc liposom c6 vong tudn hoan tang cudng dwgc boc
16 trong patent My s6 5,013,556. Cac liposom dac biét hitu dung co thé dugc tao ra
bing phuong phap bay hoi pha dio véi ché pham lipit chira phosphatidylcholin,
cholesterol va phosphatidyletanolamin dwgc dan xuit véi PEG (PEG-PE). Cac
liposom dugc dun qua céc bg loc c6 kich c& 16 x4c dinh dé tao ra cac liposom c6

duong kinh mong mudn.

Céc chét va/hodc cac hop chat nay theo sang ché c6 thé duoc by vao cac vi
nang duoc diéu ché, vi du, bang cac k¥ thuét tu giot hodc bing cach tring hop bé mat
chung, vi du, 14n luot, cdc vi nang hydroxymetylxenluloza hodc gelatin va cic vi nang
poly-(metylmetacrylat), trong cdc hé phéan phéi thube dang keo (vi du, cac liposom,
cac vi cdu albumin, cac vi nhil twong, cac hat nano va cac nang nano) hodc trong cac
hé dai nhil twong. Cac k¥ thuét nay dugc boc 19 trong Remington, The Science and
Practice of Pharmacy, 20th Ed., Mack Publishing (2000).

Céc dang bao ché giai phong kéo dai co thé dugc st dung. Céc vi du thich hgp
vé cac dang bao ché giai phong kéo dai bao gbm c4c nén ban thim cta polyme ky
nuée rin chta hop chit ¢6 cong thirc I, II, hodc 111, trong d6 cac nén nay ¢ dang céc
vat dugc tao hinh, vi du, mang hodc vi nang. Vi du vé c4c nén giai phong kéo dai bao

gdbm cac polyeste, cac hydrogel (vi du, poly(2-hydroxyetyl-metacrylat), hodc
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'poly(vinylalcohol)), polylactit (patent My sb 3,773,919), cac copolyme ctia axit L-
glutamic va 7 etyl-L-glutamat, etylen-vinyl axetat khong thé phan hity, cac copolyme
axit lactic-axit glycolic ¢6 thé phan hiy nhu céc chét dugc sir dung trong LUPRON
DEPOTTM (céc vi cau tiém dugc gbm copolyme axit lactic-axit glycolic va leuprolit

axetat), sucroza axetat isobutyrat, va poly-axit D-(-)-3-hydroxybutyric.

Céc dugc pham duoc dung trong tinh mach phai 1a vo tring. Diéu nay dé dang
dat duoc bang cach, vi du, loc qua mang loc vo trung. Cac hop chét theo sang ché
thuong dugc dat vao dd chtra c6 ctra vao vo trung, vi du, ti hodc lo dung dich dung

trong tinh mach c6 nut co thé xuyén qua bang kim tiém duéi da.

Céc nhil dich thich hop c6 thé dugc bao ché bang cach sir dung cac nhil dich
md c6 ban trén thi truong, nhu IntralipidTM, LiposynTM, InfonutrolTM,
LipofundinTM va LipiphysanTM. Thanh phan hoat tinh ¢6 thé duoc hoa tan trong
ché phém nhii dich duoc trén trude hodc cach khac, no co thé duogc hoa tan trong dau
(vi dy, dau dau nanh, dau cdy rum, dau hat bong, dau vung hodc dau qud hanh) va
nhii dich duoc tao thanh khi trdn v6i phospholipit (vi du, cdc phospholipit cua tring,
cac phospholipit ciia ddu nanh, lexithin ddu nanh) va nudc. Can hiéu 15 13, cac thanh
phan khac c6 thé dugc bd sung, vi du, glyxerol hodc glucoza, dé diéu chinh tinh
truong cua nhil dich. Céc nhil dich thich hop sé& thuong chira t6i 20% dau, vi du tir 5
dén 20%. Nhii dich m& c6 thé chua cac giot md c6 kich ¢ tir 0,1 dén 1,0 um, dic biét

14 tir 0,1 dn 0,5 pm, va c6 d6 pH ndm trong khoang tir 5,5 dén 8,0.

Céc ché phdm nhil dich c6 thé 1a cac ché pham dugc bao ché bang cach tron
hop chét theo sang ché v6i IntralipidTM hodc cac thanh phan clia né (dau dau nanh,

phospholipit cia tring, glyxerol va nudc).

Céc ché pham dé hit hodc bom chira cac dung dich va céac huyén phti trong céc
dung mdi nude hodc hitu co duge dung, hodc cac hdn hop cuia chung, va bot. Cac ché
pham dang 16ng hodc rén 6 thé chtra cac ta duge duge dung thich hgp néu trén. Theo
mot s6 phuong 4n, cac ché pham duoc ding bang duong miéng, dudng ho hip qua
miii dé co tac dung tai chd hodc toan than. Cac ché phém trong cac dung moi dugce
dung v trung wu tién c6 thé dugc phun bang cach st dung khi. Céc dung dich dugc
phun c6 thé dugc hit tryc tip tir thiét bi khi dung hodc thiét bi khi dung c6 thé dugc

gin kém mit na, may thé ap suit duong thao roi hodc gian doan. Cac ché pham dang
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dung dich, huyén phi hodc bot c6 thé dugc dung, tot hon 13 qua duong miéng hodc
duong miii, tir thiét bi ma phan phat ché phim theo cach thie thich hop.
Céac b kit

Khia canh khac cta sang ché dé xuét cc bo kit chira hop chét c6 cong thirc I,
I1, hodc III hodc cac duoc phém chira hop chét co6 cong thuc I, 11, hodc III theo sdng
ché. Bo kit ¢ thé chira, ngoai hop chét c6 cong thire I, IT, hodc I11, theo sang ché hoic
duoc phém cua chung, céc tdc nhan chan doan hodc tri liéu. B9 kit cling ¢ thé chua
cac huéng dan str dung trong phuong phap chin doan hodc tri liéu. Theo mdt s6
phuong an, bo kit gém hop chét c6 cong thirc 1, I, hodc III, hoac duoc phém cua noé
va tac nhan chin doan. Theo cac phuong an khac, bd kit chira hop chét c6 cong thic

I, 11, hoac III, hoac dugc phém cua no.

Theo phuong an khéc nita, sang ché bao gdm céc b kit ma thich hop dé su
dung trong viéc thuc hién cic phuong phap diéu tri duoc mo ta & diay. Theo mot
phuong 4n, b kit chira dang liéu thir nhét chira mdt hoc nhiéu hop chét theo sang
ché véi luong du dé thuc hién cdc phuong phép theo séang ché. Theo phuong 4n khac,
b6 kit chira mot hogc nhidu hop chét theo sang ché véi lugng dii dé thuc hién céc

phuong phap theo sang ché va db chira dé chira liu lugng.

Diéu ché

Cac hop chét c6 cong thic I, I1, hoac II1, ¢o thé duoc didu ché béng cac phuong
phap chung va ciac phuong phap cu thé duge mo ta dudi day, sir dung kién thirc téng
quat chung ctia nguoi c6 trinh do trung binh trong linh vuc hoa hitu co téng hop. Kién
thirc téng quét chung nhu vay c6 thé duoc thdy trong cac sach tham khao chuén nhu
Comprehensive Organic Chemistry, Ed. Barton and Ollis, Elsevier; Comprehensive
Organic Transformations: A Guide to Functional Group Preparations, Larock, John
Wiley and Sons; va Compendium of Organic Synthetic Methods, Vol. I-XII (xuét ban
bdi Wiley-Interscience). Cac nguyén li€u ban dau dugc str dung & ddy 1a c6 ban trén
thi truong hodc co thé duoc diéu ché bing cac phuong phap thong thuong trong linh

VUC nay.
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Pé didu ché cac hop chit c6 cong thirc I, II, hogc III, can luu ¥ 1a mot s6
phuong phap diu ché duge mo ta & day c6 thé yéu cu su bao vé nhém chie ¢ xa (vi
du, amin bic mot, amin bac hai, carboxyl trong céac tién chét cong thue I). Nhu ciu
dbi v6i su bao vé nhu vay sé thay ddi tiry thudc vao ban chét cia nhém chirc & xa va
diéu kién cua phwong phép didu ché. Nhu ciu dbi v6i su bao vé nhu vay dé dang xac
dinh duogc bdi nguoi co hiéu biét trung binh trong linh vuc nay. Viéc st dung cac
phuong phép bao vé/khir bdo vé nhu vay ciing s€ nim trong tAm hiéu biét ctia nguoi
¢6 hiéu biét trung binh trong linh vuc nay. V& mo ta chung vé cac nhoém bao vé va
viée str dung ching, xem T.W. Greene, Protective Groups in Organic Synthesis, John

Wiley & Sons, New York, 1991.

Vi du, cac hop chit nhét dinh chtra cac nhém chtrc amin bac mot hodc axit
carboxylic ma c6 thé can thiép vao cac phan ting & cac vi tri khac clia phén tir néu dé
chung khong dugc bao vé. Do do, cac nhom chirc nhu vay co thé dugc bao vé béng
nhém béo vé thich hop ma c6 thé duge loai bo trong bude tiép theo. Cac nhém bao
vé thich hop cho viéc bao vé amin va axit carboxylic bao gém cac nhom bao vé
thuong duge st dung trong tbng hop peptit (nhu N-t-butoxycarbonyl (Boc),
benzyloxycarbonyl (Cbz), va 9-florenylmetylenoxycarbonyl (Fmoc) db1 voi cac amin
va céc este alkyl hodc benzyl thdp hon déi véi cac axit carboxylic) ma thuong khong
c6 hoat tinh phan tmg héa hoc trong cac diéu kién phan Gng dugc mo ta va thuong co
thé dugc loai bé ma khong lam thay doi vé& mit hoa hoc nhém chirc khac trong céac

hop chat c6 cong thic 1.

Céc 5o dd duge mo ta du6i day duoc du tinh dé cung cip phin mo ta chung
vé phuong phap duoc 4p dung trong viéc didu ché cac hop chét theo séng ché. Mot
s& hop chét theo sang ché c6 thé chita mot hodc nhiéu tam bat doi xtmg voi ky hiéu
hoa hoc 14p thé 1a (R) hodc (S). Ngudi c6 hiéu biét trung binh trong linh vuc nay s&
hidu 15 rang tat ca cac bién d6i tong hop co thé duge thuc hién theo cach tuong tu bét
ké vat liéu 1a dwoc lam giau mot chat ddng phén dbi anh hay 1a hop chit triét quang.
Hon nita, viéc phén giai thanh vat li¢u hoat tinh quang hoc mong mubn c6 thé dién ra
& thoi diém mong mubn bét ky trong trinh tur didu ché biang cach str dung cdc phuong

phap da duoc biét rd nhu duge mo té & dy va trong tai 1iéu hoa hoc tham khao.
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Trong céc so dd dudi ddy, cac tham bién Y, Z!, 7%, 73, R1, R4, R3, R%, m, p, va
q la nhu dugc mé ta & day ddi véi cac hop chit ¢6 cong thire 1, 11, hodc IIT trix khi ¢6
Ivu ¥ khac. Déi véi cac so do duge cung cip dudi day, mdi X!, X2, X3, va X* ¢o thé
doc 1ap 1a nhom roi chuyén nhur alkyl hodc aryl sulfonat bét ky (vi du, mesylat, tosylat,
hodc triflat), hodc halogen hodc nhém bét ky khac ma c6 thé duge thay thé bang amin
hodc duge st dung trong phan tmg két hop qua trung gian kim loai. X* cling c6 thé 1a
axit carboxylic dugc bao vé (tic 1a, este). Néu nhom bao vé duge xac dinh 12 Pg!, thi
n6 ¢6 thé 12 nhém bao vé alkyl amin nhu benzyl, benzhydryl, hodc nhém tuong tu;
nhém bao vé carbamat nhu Boc, Cbz, hodc nhom twong tu; hodc nhém bao vé amit
nhu trifloaxetamit. Néu nhom bao vé duge xac dinh 13 Pg? thi né ¢6 thé 12 nhoém bao
vé axit nhu metyl, etyl, benzyl, t-butyl hodc nhém tuong tw. R* 1a Ci.alkyl, Co-
»alkylen-Cs.gxycloalkyl, Co-alkylen-R®, hodc Cialkylen-R®, trong d6 alkyl, alkylen,
hoac xycloalkyl c6 thé doc lap duge thé néu hoa tri cho phép bang tir 0 dén 3 nguyén
tr F va 0 dén 1 phan ttr thé doc 1ap duge chon tir Co-jalkylen-ORC va -N(RN),.

Pyridin dugc thé c6 cong thirc 6 ¢6 thé duge diéu ché nhu duoc ban luin trong
So db 1. 2,6-Dihalopyridin (cong thirc 1, dugc tong hop hodc duge mua trén thi
treomg) c6 thé duge cho phan tng véi axit boronic dugc thé hodc este boronat (cong
thirc 2) véi s ¢6 mat clia chat xtic tac paladi va phirc chét phdi tir theo cach thitc cuia
phan tmg Suzuki (Maluenda va Navarro, Molecules, 2015, 20, 7528-7557) dé tao ra
cac hop chét c6 cong thirc chung 3. Pé dat dugc két qua tot nhat trong phan ting
Suzuki, X2 halogen t6t hon 13 Cl, Br hogc I. Phan tmg khtr olefin dé tao ra cac hop
chét c6 cong thitc chung 4 s& duoc thuc hién trong khi quyén hydro (15-100 psi H»)
trong dung mdi rugu nhu MeOH hoac EtOH hodc cach khac la dung moi hitu co
khéng proton nhu EtOAc hodc THF véi su c6 mat cua chét xuc tac thich hop nhu
paladi trén cacbon, Pd(OH), trén cacbon (chét xtic tic Pearlman) hodc PtO> (chét xtc
tac Adams). Cach khac, phan trng khir c6 thé duoc thue hién bang cic phuong phép
khac da dugc ngudi hiéu biét trung binh trong linh vuc nay biét dén sir dung cac chat
phan ung nhu trietyl silan hodc céc silan khac, trong chét xuc tac axit hoic kim loai,
hodc cac chit khir kim loai, nhu magie hodc cic chét tuong tu. Céach khac, olefin c6
thé duoc tao nhém chire bang cac phuong phap di dwoc ngudi hiéu biét trong linh

vuc ndy biét rd dé dwa vao cac nhém R3. Vi du, olefin c6 thé dwoc hydroborat hoa dé
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tao ra ruou ma co thé dugc alkyl hoa hodc chuyén ho6a thém thanh nitril, F hodc nhém
alkyl. Su chuyén hoa thanh cic hop chét c6 cong thirc chung 5 ¢6 thé duoc thuc hién
bang céach thirc nhur két hop C-O Buchwald-Hartwig (Lundgren va Stradiotto, Aldrich
Chimica Acta, 2012, 45, 59-65) giita cac hop chét c6 cong thirc chung 4 va rugu
benzylic dugc thé thich hop v6i s c6 mét cua chét xuc tac paladi hodc déng va phurc
chat phéi tir. X' halogen duge vu tién 1a CL. Céc phan tmg nay thuong dugc thure hién
& nhiét d6 nam trong khoang tir 0 dén 110°C trong dung méi hitu co khdng proton
nhu, nhung khong chi gigi han 6, 1,4-dioxan va PhCH3 véi bazo b6 sung nhu Cs>CO:s,
LiHMDS hoac NaOtBu. Cach khac, phan tmg cua hop chét c6 cong thirc 4 v6i ruou
benzylic dugc thé thich hop trong dung moi khong proton nhu DMF hodc THF véi
su ¢6 mit cia bazo manh nhu NaH, KOtBu hodac LiIHMDS ¢6 thé tao ra cac hop chét
c6 cong thire chung 5. Cac phén tir thé X' duge vu tién cho phan tng nay bao gbm F
va Cl hoic sulfon (vi du SO:Me). Viéc loai b6 Pg! ¢6 thé duge thuc hién bang nhiéu

phuong phéap dugc mo ta trong tai liéu tham khao dé tao ra cac amin c6 cong thirc 6.

So do 1
X1_N X2 XUNG ALY,
| + | (R%)q
=
4
1 Pg 1
R’ (RY)
| %( )m |% m
Z NP9’ Z NH
A
R R
|/ ( )q |/ 6 ( )q

Céch khéc, nhu duge thé hién trén So dd 2, este piperidin dugc thé thich hop
c6 cong thtrc chung 7 c6 thé dugc phan ung véi hop chét c¢6 cong thirc 1 véi su c6
mit ctia bazo manh nhu LiHMDS hodc LDA hodc bazo thich hgp khic trong dung
mdi hitu co khong proton nhu THF dé tao ra cac hop chat ¢ cong thirc chung 8. bé
c6 két qua t6t nhat trong viéc didu ché cac hop chat nhu hop chét ¢ cong thirc 8, X>
tot hon 12 F hodc Cl. Viéc loai bé Pg? thong qua viéc thuy phén este dé tao ra cac axit
carboxylic ¢6 cdng thuc 9 co thé dugc thuc hién theo cach truyén théng nhu dung

dich lithi, natri hoac kali hydroxit trong dung moi c6 thé hoa 1an véi nuée nhu MeOH,
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EtOH, THF hoic cac dung moi twong ty. Gia nhiét axit carboxylic ¢6 cong thirc 9
(60-120°C) trong dung mdi thich hop nhu DCE hodc PhCH3 s€ dan dén phan ung
decarboxyl hoa dé tao ra cac hop chét c6 cong thirc chung 4 dé sir dung nhu duwgc md

ta trong So d6 1 dé thu dugc cac amin c6 cong thuc 6.

So do2

OPg

_.(RS)q
(R Ja —= X! N

7

So db 3 dé xuét phuong phap khac dé diéu ché hop chét c6 cong thirc 5. Phan
ung cua hop chét c6 cong thire 1 véi reou benzylic duoc thé thich hop trong dung
mdi khong proton nhu DMF hodac THF véi su c6 mat cua bazo manh nhu NaH, |
KOtBu hodc LIHMDS c¢6 thé tao ra hop chit c6 cong thirc chung 10. Céc phan tir thé
X! dwoc wu tién ddi véi phan Gng nay bao gdm F va Cl, trong khi cac phan tir the X>
¢6 thé bao gém Cl, Br hoac I. Cach khac, cac diéu kién Kkét hop C-O Buchwald-
Hartwig tuong tu nhu phan trng diu ché hop chét c6 cong thirc 5 co thé duoc str dung
dé diéu ché hop chét c6 cong thirc 10 véi cac phén tir thé X! dugc wu tién 1a Cl, Br
hoic I. Céc diéu kién phan tng Suzuki trong tw nhw phuong phap diéu ché hop chét
¢6 cong thirc chung 3 c6 thé dugc sir dung dé diéu ché hop chét c6 cong thiic chung
11 tir hop chét c6 cong thirc chung 10. Cac phan tir thé X? dugc wu tién dé sir dung
trong phan tung két hop bao gdbm Cl, Br hoic 1. Olefin c6 thé dugc khir bang cac
phuong phap da dugc mo ta trong So dd 1 dé tao ra cac hop chit c6 cong thirc chung

5 ma sau d6 dugc st dung dé thu dugc cac amin c6 cong thirc 6.
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So d6 3
(R (R"
>y S
= = .Pg’

2 B
O_N X N v, — =5
10 U 11 | = (Rq

Nhu duogc d& xuét trén So dd 4, sy chuyén hoa hop chét ¢ cong thirc 10 thanh
hop chét ¢ cong thirc chung 12 ¢6 thé duoc thuc hién bang cach thirc nhu phan Gng
két hop C-N Buchwald-Hartwig gifta hop chét c6 cong thirc chung 10 va piperazin
duoc bao vé va duoc thé thich hop véi su c6 mat cua chét xuc tac paladi hoac déng
va phire chét phéi tir. Cac phan tir thé X? dugc wu tién dé str dung trong phan tmg két
hop nay bao gdm Cl, Br hoic I. C4c phan tng nay thuong dugc thuc hién 6 nhiét do
nim trong khoang tir 0 dén 110°C trong dung moi hitu co khong proton nhu, nhung
khéng chi gigi han &, 1,4-dioxan va PhCHj3 v6i bazo bd sung nhu Cs>COs, LIHMDS
hoic NaOtBu. Viéc loai bé Pg' ¢6 thé dwgc thuc hién bang nhiéu phurong phap dugc

mo ta trong tai licu tham khao dé tao ra amin c6 cong thuc 13.

So db 4
Ry RO
|~ 1 |
5z (\N,Pg = (\NH
10 — O_N_N_\ — O_N_N_Y
12 | (R%),q 13U (R%),q

Céc hop chét c6 cong thirc 14 (So d6 5) ¢6 thé dugc chuyén héa thanh cac hop
chét ¢6 cong thirc chung 15 bang cac phuong phép da dugc md ta trong So d6 1 hoic
So d6 2. Céc phan tir thé X2 dugc uu tién dé sir dung trong phan (g két hop bao gdbm
Cl, Br hodc 1. Su chuyén héa cua cac chét trung gian c6 cong thic 15 thanh cac N-
oxit twrong ung cuia chung c6 cong thuc 16 co thé duge thue hién bing cac chit oxy
héa nhu axit 3-cloperoxybenzoic, Oxone® hodc chét oxy hoéa thich hop khéc. Viéc
sép xép lai thanh cac hop chét c6 cong thire 17 c6 thé duge thuc hién bang cach xir ly
v6i anhydrit axit hitu co nhu Ac2O hodc TFAA trong dung mdi khong proton véi
bazo amin hitu co thich hop nhu EtsN, DIPEA hodc bazo thich hop khac. Viéc diéu
ché benzyl ete c6 cong thirc chung 18 ¢6 thé dat duoc bang cic phwong phap alkyl
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héa chuin vé6i cac benzyl bromua duoc thé thich hop hodc bang cac phuong thirc
alkyl hoa Mitsunobu chuin (Swamy et al., Chem. Rev. 2009, 109, 2551-2651) vé1
ruou benzylic duge thé thich hop. Viéc loai bo Pg! ¢6 thé duge thuc hién bang nhiéu

phuong phap dugc md ta trong tai liéu tham khao dé tao ra cac amin c6 cong thirc 19.

So do 5
1
N X2 N’Pg
| Ny J
2N\F | (R%), ’
14 R?2 15
1
.Pg’ RS m
N |/ Pg" _

HO_N_ A N’ NH
| R —  OLN A T 0N ALY
R2 l (R3), | (R3)q

17 RN 18 R 19

Hop chét c6 cong thirc 20 (So dd 6) c6 thé dugc phan tmg véi piperazin dugc
bao vé va dugc thé thich hop v6i su ¢6 mit ciia bazo thich hop nhu Cs2CO3, K2COs,
NaH hoic LiIHMDS hoic bazo hitu co nhu EtsN, DIPEA hodac DBU trong dung moi
khong proton phén cyc nhu, nhung khong chi gigi han ¢, DMF, DMAc, DMSO hoac
NMP dé tao ra cac hop chét c6 cong thire chung 21. Céc phan tir thé X! va X2 duoc
vu tién dé st dung trong phin g két hop bao gdbm F va CI; F 1a duoc uu tién nhat.
Cac benzyl ete c6 cong thire 22 ¢6 thé duogc diéu ché twong tu thanh cac hop chét c6
cong thue 10 trong So dd 3. Cach khac, bang cach thuc hién c4c budc néu trén theo
thr tu nguoc lai, cac hop chét co cong thie chung 25 ¢6 thé dwoc didu ché tir hop
chét ban ddu c6 cong thire 20. Viéc loai bo Pg! ¢6 thé dugc thuc hién bang cac phuong
phap bat ky duge mo ta trong tai liéu tham khao dé tao ra cac amin c6 cong thirc 23

va 26.
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So d6 6
(R
P (L 1
P P R )
R? TR
21 2
22
(RMm
&
7 NH
—  O_N_N_Y
I (R%,
F p2
23
(R") (R") R’

| |
O N Nx

R3 ~ 3

U U )q RJT\)/ (R

26

Céc hop chéit amin dugc didu ché bang cac phuong phap duge mo ta trong céc
So dd 1-6, duge bidu thi chung 14 cac amin c6 cong thirc 27, c6 thé dugc alkyl hoa
béng 2-bromoaxetat dugc bao vé véi su ¢6 mat cia bazo thich hop nhu K>COs, EGN,
NaH hoac LiHMDS trong dung m6i khéng proton phan cuc nhu, nhung khong chi
gi6i han 6, DMF, DMAc, DMSO hodac NMP dé tao ra cac hop chét ¢c6 cong thuc
chung 28. Phan tng thity phan este chuan c6 thé dugc thuc hién dé tao ra cac axit c6
cong thirc 29. Néu Pg? 1a t-butyl, thi cac phuong phép khir bao vé axit chuédn nhu
TFA/DCM, HCV/1,4-dioxan, HCI/EtOAc hodc cac didu kién thich hop khac co thé

duoc st dung dé tao ra cac axit c6 cong thirc 29.
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So do 7
\/(R1)m %(R1)m
» @ OPg?
g
O N Y O N v,
R2 Z R2 R2 R
27 28
(RN

Céc hop chat ¢ cong thire chung 30 (So dd 8) c6 thé phan tmg véi cic amin
R*NH; véi su ¢6 mat cua bazo nhu natri-, kali-, hodc xesi cacbonat, -bicacbonat,
hydroxit, axetat, hodc bazo amin hitu co nhu Et;N, DIPEA, DBU, va cac chét tuong
tu trong dung moi khéng proton phan cuc nhu, nhung khong chi gii han &, THF,
DMF, DMAc, DMSO hodc NMP hodc dung moi proton nhu nuéc, MeOH, EtOH
hozic iPrOH hodc hdn hop cta chung dé tao ra cac hop chét cong thtrc chung 31. Luu
y rang néu trong mdt vi du, R* ¢6 tim déi anh dugc phan giai, thi chét d6i anh con lai
hodc hdn hop triét quang ctia ching c6 thé thu dugc bang cach chon loc hop chét ban
d4u thich hop. C4c phén tir thé X3 dugc wu tién bao gém F, Cl, va Br, cac nhom X*
duogc uvu tién bao gém Cl, Br, -CO»-Pg?. Su khtr nhom nitro c6 thé duoc thuc hién
bang phan tmg hydro hoa & ap sudt 1-6 atm H v6i chét xtc tac kim loai nhu paladi
trén cacbon hodc niken Raney trong dung moi proton nhu MeOH hoédc EtOH hoac
dung mdi khong proton nhu DMF, THF hodc EtOAc. Cach khic, nhém nitro ¢6 thé
dugc khir bang sat, kém, SnCl, hoic kim loai thich hgp khéac trong méi trudng axit
nhu dung dich HCI 1N, AcOH hodc dung dich NH4Cl trong THF dé tao ra céac hop
chit c6 cong thirc chung 32 (So dd 8a). Cac hop chét nhu hop chét ¢6 cong thire 33
6 thé dugc axyl héa bing cac axyl halogenua theo phuong phép chuén hoic bing
cac carboxylat theo phuong phép két hop amit chudn dé tao ra cac hop chét c6 cong

thirc 34. Phan tng khir dé tao thanh cac hop chét ¢ cong thirc 35 ¢o thé duge thuc
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hién trong cac diéu kién chudn véi cac chat khir nhu LAH hoic BHs-THF hogc BH-
DMS (So db 8b).

So do 8
2 3 3 y4 R* R*
A HN_ 73 X,  HN_Z3 x4
| 2 | S ) | Y
ON" ~FZ ~ L 72
2 O,N H,N
b) R4a @) R4a
4
H,N N X4 HNI\IX HNﬁX“
H,N" N R? H,N" N”R? H,N~ N” O R?
33 34 35

Cac hop chét diamin c6 cong thirc 32 va 35 duge diéu ché bang cac phuong
phép duge mo ta trén cac So dd 8a va 8b, dugc biéu thi chung 1a diamin c6 cong thuc
37 (So dd 9), c6 thé duge axyl hoa bang cac axit c6 cong thirc chung 29 theo phuong
phap két hop amit chuin dé tao ra c4c amin c6 cong thirc 38 ma s& tén tai dudi dang
hén hop tir 100% hop chét 38a dén 100% hop chét 38b. Hon hop cac amin c6 cong
thirc 38 nay ¢6 thé dugc vong héa dé tao ra cac hop chat c6 cong thirc chung 39 bing
nhiéu phuong phap. Cac amin c6 cong thirc 38 ¢6 thé dugc gia nhiét v6i chat dehydrat
héa nhu T3P® hoic ruou alkylic nhu n-butanol trong diéu kién vi séng (10-60 phut &
120-180°C) dé tao ra cac hop chét c6 cong thirc 39. Cach khac, hdn hop cta céc hgp
chit c6 cong thirc 38 c6 thé duoc gia nhiét trong cac diéu kién axit nhu AcOH & nhiét
do tir 60 dén 100°C hoic trong cac diéu kién bazo nhu trong dung dich NaOH hodc
KOH trong 1,4-dioxan & nhiét d§ tr 60 dén 100°C dé tao ra cac hop chét c6 cong
thirc 39. Cac hop chét c6 cong thirc chung 39 (X* = Cl, Br hodc I) ¢6 thé dugce chuyén
hoéa thanh cac este c¢6 cong thirc 40 bang phan ting cacbonyl héa xtc tac bang paladi
dudi khi quyén cacbon monoxit 4p suat 15-100 psi & nhiét do tir 20 dén 100°C véi
rugu thich hop nhu MeOH hoédc EtOH hoac rugu alkylic khac. Phan tng thuy phén
este c6 cong thire 40 co thé duoc thuc hién nhu duoc md ta trong So dd 7 dé tao thanh
céc axit ¢6 cong thirc 41. Di véi cac hop chét c6 cong thic 38 trong d6 X* = CO»-

Pg? su chuyén hoa thanh este c¢6 cong thic 40 dién ra trong diéu kién tuwong tu nhu
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da dugce mo ta ngoai trir viée st dung phuong phap vong hda bazo trong do hop chét
6 cong thirc 41 ¢6 thé duge tach tryc tiép tir hdn hop phan Gng. Déi v6i cac hop chét
c6 cong thirc 40 trong d6 X* 1a CO2tBu, phan tng khir bao vé thanh axit c6 cong thirc

41 ¢6 thé duoc thuc hién trong céc diéu kién axit dugc md ta trong So dd 7.

So dd 9
R4
HN. 73 x4
L
HoN 714
37
o
I X472
GON Z 7 Y %7
| % 27 SNH, PR 25 NH,

OUN_YJ N x4 —= OLN_Yy NJ
U (R%q  Z%Z72 M (R%q  Z'"z2 OPg?
2 NP R?2 2 N OR2
R 39 R 40
\K(R1)m J R4
| |
NN 78 o
J N—/

O N Yooy -
U (R®q Zz%z2 OH
= R2

Ngoai ra, diamin c6 cong thirc 37 ¢o thé duoc chuyén hoa thanh 2-clometyl
benzimidazol ¢6 cong thirc 42 (So d6 10) bang mot sb phwong phap. Viée xir 1y véi
2-cloaxetyl clorua trong dung moi khéng proton nhu 1,4-dioxan sau do la gia nhiét &

nhiét do tir 40 dén 100°C trong thoi gian 2 dén 18 gio c6 thé tao ra benzimidazol
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mong muén co6 cong thirc 42 trong d6 7!, Z* va 73 1a CH. Trong trudng hop trong d6
7!, 7% va 7?3 khong phai tat ca 1a CRZ thi sau khi xir Iy v6i 2-cloaxetyl clorua trong
dung méi khong proton nhu 1,4-dioxan trong 30 phut dén 4 gio, dung mdi dugc trao
ddi v6i moi truomg axit nhu AcOH hodc TFA sau d6 gia nhiét & nhiét do 40 dén
100°C trong thoi gian 2 dén 18 gio dé tao ra hop chat mong mudn ¢6 cdng thire 42.
Diamin ¢6 cong thie 37 ciing c6 thé duge xtr Iy v6i anhydrit cloaxetic & nhiét do nim
trong khoang tir 0 dén 80°C trong dung mdi khong proton nhw, nhung khong chi gidi
han ¢ 1,4-dioxan, THF hodc MeCN, sau d6 gia nhiét trong thoi gian 2 dén 18 gio ¢
60 dén 100°C dé tao ra hop chat mong muébn cé cong thirc 42. Ngoai ra, diamin c6
cong thirc 37 ¢6 thé duoc xir 1y véi 2-clo-1,1,1-trimetoxyetan trong dung méi khong
proton nhu, nhung khéng chi gidi han ¢ 1,4-dioxan, THF hodc MeCN, hodc dung moi
proton, vi du, MeOH hodc EtOH, v6i su ¢6 mat cua chét xuc tac axit, vi du, pTSA, ¢
nhiét 6 nam trong khoang tir 20 dén 100°C. Céch khac, diamin c6 cong thic 37 c6
thé dugc gia nhiét dén 100 dén 180°C véi axit 2-hydroxyaxetic trong dung mdi khong
proton, nhu nhung khoéng chi giéi han & mesitylen, dé tao ra chit trung gian
hydroxymetyl. Su chuyén héa nhém hydroxymetyl thanh hgp chét clometyl c6 cong
thﬁc42céthédatduocbéngcécphuangphépchuén,bwagén1x&l§v6iSCXquong
dung moi khong proton. Cac hgp chét c6 cong thie chung 42 ¢6 thé dugc phan tng
voi cac hop chét c6 cong thirc 27 véi sy ¢6 mit cua bazo nhu natri-, kali-, hoac xesi
cacbonat, -bicacbonat, NaH hodc bazo amin hitu co nhu EtsN, DIPEA, DBU, va cac
chét tuong tu trong dung mdi khong proton phan cuc, nhu nhung khong chi giéi han
& THF, MeCN, DMF, DMAc, DMSO hodc NMP, dé tao ra cac hgp chat c6 cong thic
39 (X*=Cl, Br, I) hoac cac hop chét c6 cong thirc 40 (X* = CO»-Pg?) ma sau d6 dugc
m}dungdéthucéchqpchétcécéngthﬁc41béngcécphuongph&pduqcrnétéﬂnng

So dd 9.
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So do 10
R4
N Z3_X* 27
37 ——~ ﬁQI ’ 40 — 4
c” NTz2% x4=co,Pg
42
27
42 39
X4=Cl, Br, |

Céch khéc, cac hop chit c6 cong thirc chung 42 c6 thé duoc phan tmg véi cac
piperazin dugc bao v¢ va dugce thé thich hop dé tao ra cac hop chit c6 cong thirc 43
(So dd 11). Viéc loai bo Pg! c6 thé dugc thuc hién bang nhiéu phuong phap drge mo
ta trong tai l[iéu tham khao dé tao ra cac amin c6 cong thirc 44. Viéc chuyén hoa thanh
cac hop chét c6 cong thirc chung 39 (X* = Cl, Br hodc I) hoic 40 (X* = CO»-Pg?) ¢6
thé dat dugc bang cach thire nhur két hop C-N Buchwald-Hartwig giita cac hop chét
¢6 cong thirc chung 10 va nhu da dugc mo ta trong So dd 4. Sau d6, cac hop chit c6
cong thire chung 39 hoac 40 c6 thé duoc sir dung dé thu cac hop chét c6 cong thirc
41 bang cac phuong phéap duoc md ta trong So d6 9.

So dd 11
4
42 1N\/\ 2 \27 S—x4__ \/\ N\< \>—x4 0, 39 hoac 40
(R )q 2'=72 q 2'=72
Vi du thye hién sang ché
@) J<
Cl N

Hop chét trung gian 1

tert-Butyl 6-clo-3',6'-dihydro-[2,4'-bipyridin]-1'(2'H)-carboxylat
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Nap vao binh phan tmg dwoc lip bo ngung tu hdi luu tert-butyl 4-(4.4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridin-1(2H)-carboxylat (1,5 g, 4,9
mmol), 2,6-diclopyridin (1,4 g, 9,7 mmol), Pd(dppf)Cl2 (0,34 g, 0,49 mmol), va xesi
cacbonat (3,5 g, 11 mmol). Dung dich dugc phun chtra 1,4-dioxan (15 mL) va nudc
(3 mL) duoc bd sung vao va hdn hop duge gia nhiét dén 90°C trong khi N> (g). Sau
7 gid, hon hop duoc dé ngudi dén nhiét do trong phong va loc qua dém Celite® vai
EtOAc (50 mL). Hon hop duoc pha lodng bang nudc (20 mL), 16p nude dugce chiét
bang EtOAc (3 x 50 mL), va cac 16p hiru co gom lai duge 1am khd bang Na;SO4 khan,
loc, v loai bd dung méi trong didu kién ap suét giam. Tinh ché vat lidu thd bang cach
str dung phuong phap sdc ky cot rira giai bang 10% EtOAc trong heptan dé thu duoc
hop chét trung gian 1 dudi dang dau khong mau (1,1 g, 75%). 'H NMR (CDCl) &:
7,57 (t, 1H), 7,23 (d, 1H), 7,14 (d, 1H), 6,66 (br s, 1H), 4,11 (br s, 2H), 3,61 (br s,
2H), 2,57 (br s, 2H), 1,43-1,52 (m, 9H).

O
HoK

Cl N

N

=
Hop chat trung gian 2
tert-Butyl 4-(6-clopyridin-2-yl)piperidin-1-carboxylat

Bé sung PtO; (0,042 g, 0,19 mmol) vao dung dich dugc khudy chira hop chét
trung gian 1 (0,55 g, 1,9 mmol) trong MeOH (19 mL). Dung dich nay duoc dua vao
khi quyén hydro (30 PSI) & nhiét d6 trong phong. Sau 3 gio, dung dich dwoc loc qua
nut Celite®, rira bing MeOH (2 x 15 mL) va c6 dic trong diéu kién 4p suit giam. Tinh
ché vat liéu thé bang cach st dung phurong phap sdc ky cot rira giai bang 30% EtOAc
trong heptan dé thu duoc hop chét trung gian 2 (0,22 g, 40%) dudi dang dau khong
mau. 'H NMR (CDCl) &: 7,57 (t, 1H), 7,15 (d, 1H), 7,05 (d, 1H), 4,23 (br s, 2H),
2,80 (d, 3H), 1,89 (d, 2H), 1,60-1,73 (m, 2H), 1,45 (s, 9H).
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Hop chét trung gian 3
2-((4-Clo-2-flobenzyl)oxy)-6-(piperidin-4-yl)pyridin bis(4-metylbenzensulfonat)
Bude 1

Nap vao binh phan Umg dugc 1ip bd ngung tu hdi luu hop chit trung gian 2
(6,5 g, 22 mmol), (4-clo-2-flophenyl)metanol (3,5 g, 22 mmol), Pdx(dba)s; (1,0 g, 1,1
mmol), BINAP (1.4 g, 2,2 mmol) va xesi cacbonat (14 g, 44 mmol). Toluen (73 mL)
dugc bd sung vao va hdn hop dugc gia nhiét dén 100°C. Sau 16 gio, hdn hop duge
dé nguoi dén nhiét do trong phong, loc qua Celite® v6i EtOAc (100 mL) va c6 dic
trong diéu kién ap suit giam. Tinh ché vt liéu tho biang cach sir dung phuong phép
sic ky cot rira giai bang 10% EtOAc trong PE dé thu dugc tert-butyl 4-(6-((4-clo-2-
flobenzyl)oxy)pyridin-2-yl)piperidin-1-carboxylat dudi dang diu mau vang (7,6 g,
82%). 'TH NMR (CDCl3) &: 7,51 (dd, 1H), 7,39-7,47 (m, 1H), 7,06-7,18 (m, 2H), 6,73
(d, 1H), 6,62 (d, 1H), 5,40 (s, 2H), 4,22 (br s, 2H), 2,83 (m, 2H), 2,73 (tt, 1H), 1,81-
1,94 (m, 2H), 1,64-1,79 (m, 2H), 1,50 (s, 9H).

Budce 2

B6 sung pTSA<H20 (59 g, 310 mmol) vao dung dich dugc khudy chira tert-
butyl 4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-carboxylat (50 g, 120
mmol) trong EtOAc (700 mL). Hon hop dugc gia nhiét dén 60°C. Sau 30 phut, dung
dich duoc dé nguoi dén nhiét do trong phong. Két tha ran thu dugc duoc tao huyén
phu dic trong 16 gio, thu gom bang cach loc va sau d6 1am kho trong diéu kién ap
sut giam dé thu dugc hop chét trung gian 3 duéi dang chét ran (81 g, dinh lugng).
"H NMR (600 MHz, DMSO-d6) 3: 8,55 (br s, 1H), 8,28 (d, 1H), 7,68 (t, 1H), 7,60 (t,
1H), 7,48 (d, 4H), 7,32 (d, 1H), 7,12 (d, 4H), 6,89 (d, 1H), 6,74 (d, 1H), 5,38 (s, 2H),
3,37 (d, 2H), 2,98-3,09 (m, 2H), 2,87-2,96 (m, 1H), 2,29 (s, 6H), 1,96-2,01 (m, 2H),

1,80-1,94 (m, 2H).
N F
\q N

Hop chat trung gian 4
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3-Flo-4-(((6-(piperidin-4-yl)pyridin-2-yl)oxy)metyl)benzonitril bis(4-

metylbenzensulfonat)
Bude 1

B6 sung n-butyllithi trong heptan (2,6 M, 250 mL, 650 mmol) vao dung dich
chura diisopropylamin (92 mL, 656 mmol) trong THF (350 mL) ¢ -26 °C trong 15
phut. Hon hop dugce lam lanh dén —30°C va dung dich chira 1-(fert-butyl) 4-metyl
piperidin-1,4-dicarboxylat (156 g, 641 mmol) trong THF (150 mL) dugc b6 sung vao
trong 25 phat. Sau 10 phut, dung dich 2,6-diclopyridin (94 g, 635 mmol) trong THF
(150 mL) duoc bd sung vao trong 2 phut. Lam 4dm hdn hop dén 25°C trong 2.5 gio va
sau d6 1am ngudi dén 8°C va xit Iy bang dung dich HC1 6 M (125 mL) trong 20 phit
dé dua d6 pH ctia hdn hop dén khoang 7 dén 8. Hén hop duge pha lodng bang nudc
(100 mL) va MTBE (150 mL) va cac 16p dugc tach ra. Lop nude duge chiét bang
MTBE (150 mL) va céac 16p hitu co gom lai dugc rira bang nude mubi (150 mL), lam
khé bang MgSO4. Dung moi dwgc loai bé trong diéu kién ap suét giam dé tao ra 1-
(tert-butyl) 4-metyl 4-(6-clopyridin-2-yl)piperidin-1,4-dicarboxylat th6 (241 g) dudi
dang ddu mau vang, san pham nay duoc sir dung trong budce tiép theo ma khong can
tinh ché. "H NMR cta mau duge tinh ché (400 MHz, CDCls) &: 7,62 (t, 1H), 7,21 (d,
2H), 3,83 (br s, 2H), 3,71 (s, 3H), 3,14 (br s, 2H), 2,41 (d, 2H), 2,08 (ddd, 2H), 1,45
(s, 9H).

Budéc 2

1-(tert-Butyl) 4-metyl 4-(6-clopyridin-2-yl)piperidin-1,4-dicarboxylat tho
(241 g, dugc cho 1a 635 mmol) dugc hoa tan trong MeOH (400 mL) & 43°C va xu ly
bang dung dich NaOH 4 M (300 mL) trong 20 phit. Hén hgp dugc 1am 4m dén 50°C
va khudy trong 35 phut. Sau d6 hdn hop dugc lam ngudi dén 11°C va do pH duoc
diéu chinh dén khoang bang 2 bang cach bo sung dung dich HC1 6 M (200 mL) trong
25 phut trong khi tiép tuc lam lanh dén 5°C, sau d6 két tha ran dugc tao thanh. Huyén
phu dac dugc pha loang bang nude (300 mL) va khudy trong 40 phut, sau d6 chét rin
duogc thu gom bang cach loc, rira bang nudce va sau d6 duge 1am kho trong chin khong
& 50°C d tao ra chat rin mau tring (224 g). Chat ran nay dugc nghién trong heptan
(750 mL) & 45°C trong 45 phut. Hon hgp dugc lam lanh dén 16°C va chit rin dugc

thu gom bang cach loc, rira bang heptan va lam kho dé thu duogc axit 1-(tert-
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butoxycarbonyl)-4-(6-clopyridin-2-yl)piperidin-4-carboxylic (187 g, 549 mmol, 86%

trong hai budc) dudi dang chét rin mau tring.
Buéce 3

Dung dich chira axit 1-(tert-butoxycarbonyl)-4-(6-clopyridin-2-yl)piperidin-4-
carboxylic (187 g, 549 mmol) trong DCE (900 mL) dugc gia nhiét ¢ 82°C qua dém
va sau d6 dugc 1am ngudi dén 20°C. Hon hop duoc xtt Ly bang Magnesol® (30 g)
trong 40 phut. Huyén phu dic duoc loc qua dém Magnesol® (30 g) va chét ran duoc
rira bang 1:1 MTBE:heptan (300 mL). Dich loc dugc ¢6 dic trong diéu kién ap suit
giam dé tao ra chat rin mau vang nhat, cht ran nay duoc nghién trong heptan (250
mL) & 50°C. Hén hop duge 1am lanh dén 12°C va chét rén dugc thu gom bang cach
loc, rira bang heptan va 1am kho trong chan khong & 45°C dé thu duoc tert-butyl 4-
(6-clopyridin-2-yl)piperidin-1-carboxylat (143 g, 481 mmol, 88%) dudi dang chét
ran. '"H NMR (600 MHz, CDCl5) &: 7,58 (t, 1H), 7,17 (d, 1H), 7,06 (d, 1H), 4,25 (br
s, 2H), 2,66-2,93 (m, 3H), 1,91 (d, 2H), 1,69 (qd, 2H), 1,47 (s, 9H).

Buoc 4

Hon hop chira tert-butyl 4-(6-clopyridin-2-yl)piperidin-1-carboxylat (100 g,
337 mmol), 3-flo-4-(hydroxymetyl)benzonitril (53,9 g, 357 mmol) va Cs;CO3 (170
g, 522 mmol) trong dioxan (900 mL) duoc khir oxy bang 5 chu trinh hat chan
khong/nap nito. JohnPhos ([1,1'-biphenyl]-2-yl-di-tert-butylphosphin, 2,02 g, 6,77
mmol) va Pdx(dba)s (3,10 g, 3,39 mmol) dugc bd sung vao va 2 chu trinh hut chin
khéng/nap nito nita dugc ap dung. Sau d6 hdn hop dugc gia nhiét & 95°C trong 3 gio.
B6 sung thém JohnPhos (660 mg, 2,21 mmol) va Pda(dba)s; (990 mg, 1,08 mmol) vao
do va tiép tuc gia nhiét qua dém. Hon hop dugc lam lanh dén 20°C va loc qua dém
Celite®, rira bang MTBE (250 mL). Dich loc dugc c6 dac trong didu kién 4p suat giam
dé thu duoc diu mau dé-cam (174 g). Hoa tan vat liéu nay trong 30% MTBE/hexan
(600 mL), khudy bang Magnesol® (20 g) va Darco® G-60 (10 g) trong 70 phut va sau
do loc qua dém silic oxit (100 g), rua bing 50% MTBE/hexan (600 mL). Dich loc
duoc c6 dic trong didu kién 4p sut giam va cit dang phi véi EtOAc (100 mL) dé thu
duoc tert-butyl 4-(6-((4-xyano-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-carboxylat
dudi dang dau (147 g), dau nay dugc st dung ma khong can tinh ché thém. '"H NMR
mAu da tinh ché (600 MHz, CDCls) &: 7,62 (t, 1H), 7,53 (t, 1H), 7,44 (d, 1H), 7,37 (d,
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1H), 6,75 (d, 1H), 6,65 (d, 1H), 5,49 (s, 2H), 4,20 (br s, 2H), 2,81 (br s, 2H), 2,70 (tt,
1H), 1,82 (d, 2H), 1,67 (d, 2H), 1,49 (s, 9H).

Budce 5

B6 sung pTSA<H,0 (161 g, 846 mmol) vao dung dich dugc khudy chira tert-
butyl 4-(6-((4-xyano-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-carboxylat (147 g,
duoc cho 1a 337 mmol) trong EtOAc (1,8 L) & nhiét do trong phong. Hon hop duoc
gia nhiét dén 60 °C, din dén sw bay hoi khi va tao thanh cht ran. Khudy hén hop
trong 1,5 gid, sau do bd sung thém pTSA<H,0 (12 g, 63 mmol) vao, va tiép tuc khudy
trong 45 phut. Huyén phi dic dwgc 1am nguoi dén 17°C va chét rin duge thu gom
bing cach loc, rira bing EtOAc (200 mL), va lam kho dé thu dugc 205 g chét ran. Vat
liéu nay dugc hoa tan trong MeOH (500 mL) & 55°C va pha loang bang EtOAc (1L).
Huyén phu dic thu dugc dwge 1am ngudi dén 20°C va chét rén dugc thu gom bing
cach loc, rira bang 9:1 EtOAc:MeOH (100 mL) va EtOAc (250 mL) va lam kho dé
thu dugc hop chat trung gian 4 (176,6 g, 269 mmol, 80% trong hai budc) dudi dang
chét rin mau trng. 'H NMR (600 MHz, DMSO-d6) &: 8,53 (br s, 1H), 8,26 (br s,
1H), 7,89 (d, 1H), 7,67-7,78 (m, 3H), 7,48 (d, 4H), 7,11 (d, 4H), 6,90 (d, 1H), 6,79
(d, 1H), 5,48 (s, 2H), 3,35 (d, 2H), 2,96-3,09 (m, 2H), 2,79-2,96 (m, 1H), 2,29 (s,
6H), 1,93-2,03 (m, 2H), 1,77-1,90 (m, 2H).

Hop chét trung gian 5
Axit 2-(4-(6-((4-Clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)axetic
Buée 1

B4 sung timg phan etyl 2-bromoaxetat (39,9 g, 236 mmol) vao hdn hop cua
hop chét trung gian 3 (70,0 g, 209 mmol) va K2COs (118 g, 863 mmol) trong DMF
(800 mL). Hon hop dugc khudy & 30°C trong 1 gio. Hon hop dugc pha lodng bang
nuée (500 mL), va chiét bang EtOAc (400 mL x 3). Cac 16p hitu co dugc gom lai,

1am kho bang Na2SO4, loc va ¢b dic trong didu kién ap sudt gidm. San pham tho duoc
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tinh ché bang cach séc ky nhanh (cot silicagel, 10:1 PE/EtOAc) dé thu dugc 74 g etyl
2-(4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)axetat (84%) dudi dang
dau mau vang. "H NMR (400 MHz, CDClz) § 7,51 (t, 1H), 7,45 (t, 1H), 7,09-7,17 (m,
2H), 6,75 (d, 1H), 6,61 (d, 1H), 5,41 (s, 2H), 4,22 (q, 2H), 3,27 (s, 2H), 3,07 (d, 2H),
2,54-2,65 (m, 1H), 2,32 (td, 2H), 1,93-2,07 (m, 2H), 1,85-1,92 (m, 2H), 1,30 (t, 3H).

Budoc 2

Dung dich NaOH 5M (156 mL, 780 mmol) dugc bd sung vao dung dich etyl
2-(4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)axetat (73 g, 179 mmol)
trong EtOH (270 mL). Khudy dung dich & 25°C trong 2 gid. Axit héa hdn hop dén
d6 pH khoang bang 3,5 bang dung dich HCI 1M. Két tta thu dugc duge thu gom bang
cach loc. Rira chét ran bang nude va 1am kho trong chan khong dé thu duoc 54 g hop
chit trung gian 5 (78%) dudi dang chét rin mau vang nhat. '"H NMR (400 MHz,
DMSO0-d6) & 7,65-7,72 (m, 1H), 7,62 (t, 1H), 7,47 (dd, 1H), 7,32 (dd, 1H), 6,92 (d,
1H), 6,73 (d, 1H), 5,40 (s, 2H), 4,13 (s, 2H), 3,58 (d, 2H), 3,16-3,26 (m, 2H), 2,89 (br
s, 1H), 2,00-2,19 (m, 4H); LC-MS = 378,38.

/lOJ\J<
H N~ O
Os_N

FN

Hop chét trung gian 6
tert-Butyl 4-(5-flo-6-0x0-1,6-dihydropyridin-2-yl)piperidin-1-carboxylat
Budce 1
B6 sung Pd(PPhs)s (13,1 g, 11,4 mmol), va Na;COs (24,1 g, 227 mmol) vao
dung dich 2-bromo-5-flopyridin (20 g, 110 mmol) va tert-butyl 4-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridin-1(2H)-carboxylat (35,1 g, 114 mmol)
trong THF (240 mL). Hon hop phan ung méau vang thu dugc dugc khudy & 90°C
trong 48 gi¢. Phan tng dugce lam ngudi dén nhiét do trong phong, pha loang bang
nuée (100 mL) va chiét bang EtOAc (3 x 200 mL). C4c phan chiét hiru co gom lai
duoc ria béng nude mudi (100 mL), 1am kho béng NazS04, loc va ¢d diac trong diéu

kién &p suét giam. San pham tho duoc tinh ché bang cch sic ky nhanh (gradient 1-
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20% EtOAc/PE) dé tao ra tert-butyl 5-flo-3',6'-dihydro-[2,4"-bipyridin]-1'(2'H)-
carboxylat (31 g, 98%) dudi dang dau khong mau. 'H NMR (CDCls) & 8,41 (t, 1H),
7,37 (dd, 2H), 6,52 (br s, 1H), 4,13 (d, 2H), 3,65 (m, 2H), 2,57-2,70 (m, 2H), 1,49 (s,
9H).

Budc 2

B6 sung 10% Pd/C uét (1,2 g, 5,6 mmol) vao dung dich khong mau chira tert-
butyl 5-flo-3',6'-dihydro-[2,4'-bipyridin]-1'(2'H)-carboxylat (31 g, 110 mmol) trong
EtOAc (300 mL). Khudy hén hop mau den & 25°C trong khi quyén Ha (15 psi) trong
16 gio. Hon hop duge loc qua dém Celite® va ¢ dic trong diéu kién ap suit giam dé
thu dugc fert-butyl 4-(5-flopyridin-2-yl)piperidin-1-carboxylat (31 g, 99%) dudi
dang diu khong mau. '"H NMR (CDCls) 8 8,39 (d, 1H), 7,34 (td, 1H), 7,15 (dd, 1H),
4,25 (br s, 2H), 2,74-2,93 (m, 3H), 1,89 (d, 2H), 1,69 (qd, 2H), 1,48 (s, 9H).

Budce 3

B6 sung m-CPBA (47,7 g, 276 mmol) & 0°C vao dung dich chira tert-butyl 4-
(5-flopyridin-2-yl)piperidin-1-carboxylat (31 g, 110 mmol) trong DCM (400 mL).
Khudy hén hop phan tmg thu duge & nhiét d6 trong phong trong 16 gio. Loc huyén
phil mau tring va sau d6 dich loc dugc t6i bing dung dich Na,SO;3 (200 mL). Lép
nudc duoc tach ra va sau dé duge chiét bﬁng DCM (3 x 200). Céc 16p hitu co gom lai
duoc rira bf?mg nude mudi (50 mL), 1am kho bé‘mg Na2SO4 khan, loc, va c¢6 dic trong
diéu kién 4p sudt giam. San phdm tho dugc tinh ché bang cach sic ky nhanh (gradient
0,5-4% MeOH/DCM) dé thu dugc 2-(1-(tert-butoxycarbonyl)piperidin-4-yl)-5-
flopyridin 1-oxit (20 g, 61%) dudi dang chét ran. '"H NMR (CDCLs) & 8,21 (dd, 1H),
7,11-7,18 (m, 1H), 7,02-7,09 (m, 1H), 4,26 (br s, 2H), 3,58 (m, 1H), 2,89 (br s, 2H),
2,02 (d, 2H), 1,43-1,52 (m, 11H).

Budc 4

Bb sung tirng giot EtsN (6,83 g, 67,5 mmol), va TFAA (70,9 g, 337 mmol) vao
dung dich chtra 2-(1-(fert-butoxycarbonyl)piperidin-4-yl)-5-flopyridin 1-oxit (10 g,
34 mmol) trong THF (150 mL) & 0°C. Hon hop duoc khudy & 0°C trong 1 gio, va &
nhiét do trong phong trong 16 gid. Dung dich mau vang nhat dugc toi bang dung dich
NaHCO3 (400 mL). D6 pH duge diéu chinh dén khoang bang 4 bang TFA va hon hop
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duge chiét bang EtOAc (3 x 200 mL). Cac phan chiét hitu co gom lai dugc ria bing
nuée mudi (50 mL), 1am kho bing NaxSOs khan, loc, va ¢6 dic trong diéu kién ap
suat giam. San phdm tho duoc tinh ché bang cach sic ky nhanh (4-80% EtOAc trong
PE) dé thu dugc hop chét trung gian 6 (5,4 g, 54%) duéi dang chét rin. "H NMR
(CDCls) § 12,92 (br s, 1H), 7,17 (dd, 1H), 5,97 (dd, 1H), 4,25 (br s, 2H), 2,86 (br s,
2H), 2,72 (t, 1H), 1,95 (d, 2H), 1,56 (qd, 2H), 1,48 (s, 9H).

NS
AL e
0] N\ O
F L
Hop chit trung gian 7

Axit 2-(4-(6-((4-xyanobenzyl)oxy)-5-flopyridin-2-yl)piperidin-1-yl)axetic
Buéce 1

B sung timg giot tri-n-butylphosphin (2,05 g, 10,1 mmol) vao dung dich chira
hop chét trung gian 6 (2,0 g, 6,8 mmol), rugu 4-xyanobenzylic (1,35 g, 10,1 mmol)
va 1,1'-(azodicarbonyl)dipiperidin (2,55 g, 10,1 mmol ) trong PhCH3 (30 mL), trong
khi quyén N». Dung dich mau vang nhat thu dugc dugc khudy & 80°C trong khi quyén
N, trong 48 gid. Hon hop dugc pha loang bang EtOAc (100 mL) va rita bang nudc
(100 mL). Pha hitu co dugc lam kho bang Na»SO4, loc va ¢d dic trong diéu kién ap
sut gidm. San phim thé dugc tinh ché bang cach sic ky nhanh (0-15% EtOAc/PE)
dé thu dugc fert-butyl 4-(6-((4-xyanobenzyl)oxy)-5-flopyridin-2-yl)piperidin-1-
carboxylat (1,72 g, hiéu suat 62%) dudi dang dau khong mau. 'H NMR (CDCls) 8
7,67 (d, 2H), 7,58 (d, 2H), 7,29 (dd, 1H), 6,71 (dd, 1H), 5,51 (s, 2H), 4,20 (br s, 2H),
2,81 (t, 2H), 2,69 (dt, 1H), 1,81 (d, 2H), 1,65 (br s, 2H), 1,49 (s, 9H).

Bude 2

B6 sung timg giot TFA (5 mL) vao dung dich chta fert-butyl 4-(6-((4-
xyanobenzyl)oxy)-5-flopyridin-2-yl)piperidin-1-carboxylat (1,72 g, 4,18 mmol)
trong DCM (15 mL). Dung dich mau vang nhat thu dugc dugc khudy ¢ 25°C trong 2
gid. Hon hop dugc ¢ dic trong didu kién 4ap suét giam dé thu dugc 4-(((3-flo-6-
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(piperidin-4-yl)pyridin-2-yl)oxy)metyl)benzonitril trifloaxetat (1,3 g, dinh lugng)
dudi dang chét rin mau vang nhat. "H NMR (CDsOD) § 7,74 (d, 2H), 7,63 (d, 2H),
7,46 (dd, 1H), 6,89 (dd, 1H), 5,56 (s, 2H), 3,42-3,53 (m, 2H), 3,11 (td, 2H), 2,96 (it,
1H), 2,03-2,13 (m, 2H), 1,87-2,02 (m, 2H).

Budce 3

B6 sung K>COs (2,89 g, 20,9 mmol) vao dung dich khéng mau chira 4-(((3-
flo-6-(piperidin-4-yl)pyridin-2-yl)oxy)metyl)benzonitril trifloaxetat (1,3 g, 4.2
mmol) va etyl 2-bromoaxetat (767 mg, 4,59 mmol) trong MeCN (20 mL). Huyén phu
mau tring thu duge duoc khudy & 60°C trong 3 gitr va dé & nhiét do trong phong
trong 16 gier. Hon hop dugce loc va ¢o dic trong diéu kién 4p suit giam. San pham tho
duoc tinh ché bang cach sic ky nhanh (0-33% EtOAc trong PE) dé thu duoc etyl 2-
(4-(6-((4-xyanobenzyl)oxy)-5-flopyridin-2-yl)piperidin-1-yl)axetat (1,07 g, 65%)
dudi dang chét rin mau vang nhat. "H NMR (CDCl) & 7,67 (d, 2H), 7,58 (d, 2H),
7,28 (dd, 1H), 6,72 (dd, 1H), 5,52 (s, 2H), 4,21 (m, 2H), 3,26 (s, 2H), 3,06 (d, 2H),
2,55 (tt, 1H), 2,29 (dt, 2H), 1,94 (dq, 2H), 1,77-1,86 (m, 2H), 1,30 (m, 3H).

Budéc 4

B6 sung timg giot dung dich NaOH (162 mg, 4,04 mmol) trong nuéc (2 mL)
vao dung dich chira etyl 2-(4-(6-((4-xyanobenzyl)oxy)-5-flopyridin-2-yl)piperidin-1-
yl)axetat (1,07 g, 2,69 mmol) trong MeOH (10 mL). Khuiy dung dich khong mau thu
duge & 25 °C trong 3 gio. Hon hgp dugc pha lodng bang nudec (30 mL), chiét bang
MTBE (30 mL). Pha hitu co dugc axit hoa dén d6 pH ~7 bang dung dich HC12 M va
lam kh lanh trong 16 gid. San phim thd dugc tinh ché bang cach sic ky nhanh
(gradient 0-5% MeOH/DCM) dé thu dugc hop cht trung gian 7 (850 mg, hiéu suat
86%) duéi dang chit ran. "H NMR (400 MHz, CDsOD) § 7,75 (d, 2H), 7,67 (d, 2H),
7,46 (dd, 1H), 6,92 (dd, 1H), 5,59 (s, 2H), 3,71-3,80 (m, 2H), 3,35 (s, 2H), 3,10-3,27
(m, 2H), 2,90-3,06 (m, 1H), 2,11-2,29 (m, 2H), 2,01-2,10 (m, 2H), LC-MS(ES+):
369,9 (M+H).
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Hop chét trung gian 8

rac-tert-Butyl (3R,4R)-4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)-3-
hydroxypiperidin-1-carboxylat

B& sung phirc chit boran-THF (1M trong THF, 2,1 mL, 2,1 mmol) vao dung
dich chtra hop chét trung gian 1 (800 mg, 1,9 mmol) trong THF (15 mL) & 0°C trong
khi quyén nito. Khuay hdn hop phan tmg & 0°C trong 10 phit va sau do lam am dén
30°C trong 30 phuat. Sau d6 binh phan ung dugc lam lanh dén 0°C, mé thong véi
khong khi méi truong, va dung dich NaOH (190 mg, 4,8 mmol) trong nude (5 mL)
va hydro peroxit (30% khéi lugng trong nuéce, 0,86 mL, 9,6 mmol) duge bd sung tir
tir vao d6. Sau d6 hdn hop duge 1am 4m dén 26 °C va khudy trong 16 gid. Dung dich
Na2S03 (15 mL) va NaHCOs (15 mL) duoc bd sung vao huyén phu tring thu duogc
va hdn hop duoc chiét bang DCM (3 x 50 mL). Céc 16p hitu co gom lai dugce ria
bang nude mudi (50 mL), lam kho trén Na,SO4 khan va c6 dic trong diéu kién ap
sudt giam. Tinh ché vat liéu tho bang cach sir dung phuong phap sic ky cot rira giai
bang EtOAc trong PE (gradient 10% dén 30% dén 60%) dé thu duoc hop chat trung
gian 8 dudi dang dau khong mau (320 mg, 38%). LC-MS(ES+): 437 (M+H), 459
(M+Na).

Hop chét trung gian 9

rac-(3R,4R)-4-(6-((4-Clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-3-ol trifloaxetat

B6 sung TFA (0,5 mL) vao dung dich chira hop chat trung gian 8 (60 mg, 0,14
mmol) trong DCM (2 mL) & nhiét do trong phong, va hon hgp dugc khudy trong 1

gid. Hon hop phan tmg duoc ¢ dic trong diéu kién 4p suit giam dé thu dugc hop
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chét trung gian 9 tho duéi dang diu mau vang nhat, ddu nay dugc st dung ma khong

can tinh ché. LC-MS(ES+): 337 (M+H).

Hop chét trung gian 10
rac-2-((4-Clo-2-flobenzyl)oxy)-6-((3R,4R)-3-flopiperidin-4-yl)pyridin hydroclorua

B sung DAST (dietylaminosulfur triflorua, 38 mg, 0,23 mmol) vao dung dich
chtra hop chét trung gian 8 (60 mg, 0,14 mmol) trong DCM (6 mL) & 0°C trong khi
quyén nito. Hn hop thu duge dugc khudy & 0°C trong 10 phiit va sau d6 & nhiét do
trong phong trong 2 gi¢. Sau d6 nudc duoc bd sung vao dung dich va hdn hop duoc
chiét bing BtOAc (3 x 100 mL). Dung dich hitu co gom lai dugc rira bang nudc mudi
va sau d6 ¢ dic trong didu kién 4p sudt giam. San phdm thd dugc tinh ché bang TLC
diéu ché (PE:EtOAc = 10:1) dé thu dugc rac-tert-butyl (3R,4R)-4-(6-((4-clo-2-
flobenzyl)oxy)pyridin-2-y1)-3-flopiperidin-1-carboxylat (80 mg), san pham nay dugc
sir dung ma khong can tinh ché thém. Vat liéu nay duoc hoa tan trong DCM (2 mL)
& nhiét do trong phong va bo sung timg giot dung dich HC1 4M trong EtOAc (1 mL)
vao d6. Hon hop duoc khudy trong 1 gid trude khi duge co dic trong diéu kién ap
suét giam dé thu duoc hop chét trung gian 10 dudi dang chét rin mau tring. 1H NMR
(400 MHz, CD30D) 6 7,65-7,77 (m, 1H), 7,51 (t, 1H), 7,18-7,32 (m, 2H), 7,00 (d,
1H), 6,81 (d, 1H), 5,45 (s, 2H), 5,09-5,33 (m, 1H), 3,72 (ddd, 1H), 3,40-3,49 (m, 1H),
3,40-3,49 (m, 1H), 3,32-3,38 (m, 1H), 3,13-3,25 (m, 1H), 2,08-2,39 (m, 2H). Luu y:
hoa hoc 1ap thé cua cac phan tir thé piperidin dugc 4n dinh 14 trans bang phép loai suy

tur tai liéu da duoc cong bd (xem, vi du, WO 2010/022055), nhung khong duoc xac

Cl F
( I HO
NH

O._N

N

=

nhan bang thuc nghiém.
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Hop chét trung gian 11
rac-(3R,4S)-4-(6-((4-Clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-3-ol hydroclorua
Buéce 1

Bb sung EtsN (0,16 mL, 1,2 mmol) va MsCl (58 mg, 0,51 mmol) vao dung
dich chira hop chit trung gian 8 (170 mg, 0,39 mmol) trong DCM (5 mL) & 0°C va
khudy hén hop trong 2 gi. Hon hgp duoc pha lodng bang DCM (30 mL), rira bang
dung dich nuéc NH4Cl bdo hoa va nude mudi, 1am kh6 bang Na>SOs va sau d6 cd
dac trong diéu kién ap suat giam dé thu dugc diu mau vang. Vat liéu nay duoc hoa
tan trong DMSO (1,5 mL) va dugc bd sung vao huyén phu chira xesi format (140 mg,
0,78 mmol) trong DMSO (1 mL). Hon hgp dugc khudy & 120°C trong 4 gid va 25°C
trong 14 git. Hon hop dwoc rét vao nude (15 mL) va chiét bang EtOAc (3 x 15 mL).
Dung dich hitu co gom lai duge rira bing nuée mudi, lam kho bang Na»SO4 va ¢d déc
trong diéu kién 4p suit giam. San pham thd dugc tinh ché bing TLC diéu ché

(PE:EtOAc = 4:1) dé thu duoc dau khéng mau (60 mg).

Hoa tan dau trong MeOH (2 mL) & nhiét d trong phong, K2COs dugce bd sung
vao va khudy hén hop trong 1 gi. Hon hop duge pha lodng bang EtOAc, rira bang
nude mudi, 1am kho bang Na,SO4 va co dic trong didu kién 4p suét giam dé thu duge
san pham tho. San phim nay dugc tinh ché bang SFC diéu ché dé thu dugc rac-tert-
butyl (3R,48)-4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)-3-hydroxypiperidin-1-
carboxylat dudi dang gbm mau vang (20 mg, 12%). LC-MS(ES+): 437 (M+H), 459
(M+Na)

Phuong phap SFC: Cot: OJ (250 mm x 30 mm, 5 pm); Pha dong: CO, v6i 15%
iPrOH (0,1% NH4OH); luu lugng: 60 ml/phut; Budce séng: 220 nm. Thoi gian luu =
3,65 phut.

Budce 2

B6 sung dung dich HC14M trong EtOAc (4 mL) vao dung dich chtra rac-tert-
butyl (3R,4S)-4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)-3-hydroxypiperidin-1-
carboxylat (20 mg, 0,046 mmol) trong EtOAc (4 mL) 6 0°C, va hdn hop duoc khudy

trong 2 gid. Sau d6 hon hop duge ¢ dic trong diéu kién 4p suét giam dé thu dugc
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hop chét trung gian 11 tho duéi dang diu mau vang nhat, hop chit nay dugc sir dung
ma khong can tinh ché. LC-MS(ES+): 337 (M+H).

Hop chat trung gian 12a

rac-2-((4-Clo-2-flobenzyl)oxy)-6-((3R,4S)-3-metylpiperidin-4-yl)pyridin

trifloaxetat
Hop chét trung gian 12b

rac-2-((4-Clo-2-flobenzyl)oxy)-6-((3R,4R)-3-metylpiperidin-4-yl)pyridin

trifloaxetat
Buéce 1

rac-tert-butyl (3R,4S)-4-(6-clopyridin-2-yl)-3-metylpiperidin-1-carboxylat va
rac-tert-butyl  (3R,4R)-4-(6-clopyridin-2-yl)-3-metylpiperidin-1-carboxylat ~dugc
diéu ché bang cach sir dung phwong phép twong ty nhu phuong phap duge mo ta cho
cac hop chét trung gian 1 va 2, stt dung tert-butyl 3-metyl-4-(4.4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)-3,6-dihydropyridin-1(2H)-carboxylat trong phan {mg Suzuki.
Hbn hop ciia cac chét ddng phén cis va trans dugc tach riéng bang cach sic ky cot,
rira giai bang EtOAc trong PE (gradient 0-15%). Chét ddng phan trans (rac-3R,4S)
duogc rira giai trudce.

rac-tert-butyl  (3R,4S)-4-(6-clopyridin-2-yl)-3-metylpiperidin-1-carboxylat:
'TH NMR (400 MHz, CDCls) 6 7,56 (t, 1H), 7,71 (d, 1H), 7,04 (d, 1H), 4,22 (br s, 2H),
2,76 (br s, 1H), 2,43-2,39 (m, 2H), 2,02-1,92 (m, 1H), 1,79-1,71 (m, 2H), 1,48 (s,
9H), 0,70 (d, 3H).

rac-tert-butyl  (3R,4R)-4-(6-clopyridin-2-yl)-3-metylpiperidin-1-carboxylat:
"H NMR (400 MHz, CDCl3) 6 7,59 (t, 1H), 7,16 (d, 1H), 6,99 (d, 1H), 4,36 (br s, 1H),
4,01 (br s, 1H), 3,05 (dt, 2H), 2,79 (br s, 1H), 2,33 (q, 1H), 2,07-2,01 (m, 1H), 1,71
(d, 1H), 1,46 (s, 9H), 0,66 (d, 3H).
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Budc 2

Céac hop chit trung gian 12a va 12b dugc didu ché tir cac chit dong phan
clopyridin dugc phén tach twong ing bang cach ete hoa theo cach thirc twong ty nhu
dbi véi hop chét trung gian 3, budc 1, va khir bao vé theo cach thirc twong tu nhu dbi

v6i hop chit trung gian 9, va duoc sir dung ma khong can tinh ché.

Hop chét trung gian 13
3-Flo-4-(((6-(piperazin-1-yl)pyridin-2-yl)oxy)metyl)benzonitril bis hydroclorua
Buge 1

Phan tmg duoc thyc hién theo hai mé song song; diéu ché mé vi du nhu sau:
B sung timg giot rirou 4-xyano-2-flobenzylic (281 g, 1,86 mol) vao huyén phu dugc
khudy chira KOtBu (313 g, 2,79 mol) trong THF (4,0 L) & nhiét do nam trong khoang
tir 10 dén 15°C. Hdn hop dugc khudy ¢ 15°C trong 45 phut va 2,6-diclopyridin (230
g, 1,55 mol) dugce bd sung thanh nhiéu phan vao hén hgp phan tmg & 15°C va hdn
hop duoc khudy & 15°C trong 18 gio. Hon hop dugce rét vao dung dich NH4Cl bao
hoa (10 L). EtOAc (10 L) duogc bd sung vao va hdn hop dugc khudy trong 15 phut.
Hén hop duoc loc qua dém Celite®. Lép hitu co dugc tach ra va 16p nude duge chiét
bang EtOAc (2 x 6,0 L). Cac 16p hitu co gom lai dugc rira bang nuée mudi (5,0 L),
1am kho bing NaySO4, loc va ¢b dic trong didu kién ap sudt giam. San phim thd dugc
tinh ché bang cach sic ky cot trén silicagel (PE/EtOAc gradient 10-15%) dé thu dugc
4-(((6-clopyridin-2-yl)oxy)metyl)-3-flobenzonitril dudi dang chét rin mau vang nhat.
Cac mé gom lai thu duogc 550 g (67%). 'H NMR (CDCls) § 7,67 (t, 1H), 7,58 (t, 1H),
7,48 (dd, 1H), 7,40 (dd, 1H), 6,97 (d, 1H), 6,75 (d, 1H), 5.49 (s, 2H).

Budce 2

B6 sung Cs2CO;3 (446 g, 1,37 mol), BINAP (42,6 g, 0,0685 mol) va Pda(dba);
(31,4 g, 0,0343 mol) vao dung dich dugc khudy chua 4-(((6-clopyridin-2-
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yl)oxy)metyl)-3-flobenzonitril (180 g, 0,685 mol) va tert-butyl piperazin-1-
carboxylat (140 g, 0,754 mol) trong PhCH3 (2,0 L) trong khi quyén N> & 15°C. Hon
hop duogc loai khi va nap lai bing N ba 14n. Gia nhiét hdn hop thu duoc dén 120 °C
trong N trong 18 gi®. Lam ngudi hdn hgp phan ing dén 80°C va loc qua dém Celite®.
Béanh loc dugc rira béng EtOAc (4 x 1,0 L) va céc 16p hitu co gom lai dugc c6 dac
trong diéu kién ap sudt giam. San phdm tho dugc tinh ché bang cach sic ky cot trén
silicagel (gradient PE/EtOAc 10-15%). San phim dugc nghién bang PE (1,0 L) véi
su khudy & 10°C trong 2 gid. Cac chét rén duoc thu gom bang cach loc dé thu duoc
tert-butyl 4-(6-((4-xyano-2-flobenzyl)oxy)pyridin-2-yl)piperazin-1-carboxylat (168
g, 76%) dudi dang chit rin mau trang nhat. '"H NMR (CDCls) § 7,62 (t, 1H), 7.41-
7,49 (m, 2H), 7,38 (dd, 1H), 6,20 (dd, 2H), 5.45 (s, 2H), 3,37-3,57 (m, 8H), 1,49 (s,
9H).

Budc 3

B6 sung timg giot axetyl clorua (2,0 ml, 28 mmol) vao dung dich chira EtOH
(2,8 mL, 48 mmol) trong EtOAc (20 mL). Sau khi khudy trong 1 gio & 40°C, tert-
butyl 4-(6-((4-xyano-2-flobenzyl)oxy)pyridin-2-yl)piperazin-1-carboxylat (1,75 g,
4,24 mmol) dugc bd sung hét vao va sau d6 hdn hop duge khudy & 40°C trong 2 gio.
Phan tmg duoc dé ngudi dén nhiét do trong phong va khudy trong 1 gid. EtOAc (10
mL) duoc bo sung vio huyén phi mau tréng va huyén phu dic thu dugc duge khudy
manh & nhiét do trong phong trong 1 gio. Chét rén dugc thu gom bang cach loc dé
thu dugc mudi bis HCI ciia san pham mong mudn, hop chét trung gian 13 (1,45 g,
89%) dudi dang chét rin. 'H NMR (600 MHz, DMSO-d6) & 9,45 (br s, 2H), 7,89 (d,
1H), 7,65-7,73 (m, 2H), 7,55 (m, 1H), 6,44 (d, 1H), 6,22 (d, 1H), 5,42 (s, 2H), 3,61-
3,74 (m, 4H), 3,09 (br s, 4H). |

Hop chat trung gian 14

(S)-1-(6-((4-Clo-2-flobenzyl)oxy)-5-flopyridin-2-yl)-3-metylpiperazin hydroclorua
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Budce 1

Bd sung KoCOs (4,67 g, 33,8 mmol) & 25 °C vao dung dich chua 2.3,5-
triflopyridin (1,5 g, 11 mmol) va ruou 4-clo-2-flobenzylic (1,81 g,11,3 mmol) trong
NMP (20 mL) va hén hgp duge khudy & 100°C trong 16 gid. Hon hgp dugce rét vao
nuée (30 mL) va sau d6 chiét bang EtOAc (3 x 50 mL). Céc phan chiét hiru co gom
lai dugc rua béng nude mudi (3 x40 mL), lam kho béng Na2SOs, loc va ¢6 dédc trong
diéu kién 4p suat giam. San pham thé dugc tinh ché bang cach sic ky nhanh (gradient
0 dén 5% EtOAC/PE) dé thu duoc 2-((4-clo-2-flobenzyl)oxy)-3,6-diflopyridin (2,45
g, 80%) dudi dang dau khong mau. '"H NMR (CDCls) & 7,41-7,54 (m, 2H), 7,11-7,20
(m, 2H), 6,47 (ddd, 1H), 5,44 (s, 2H).

Budc 2

B6 sung K»COs (303 mg, 2,19 mmdl) vao dung dich chua 2-((4-clo-2-
flobenzyl)oxy)-3,6-diflopyridin (200 mg, 0,731 mmol) va tert-butyl (S)-2-
metylpiperazin-1-carboxylat (161 mg, 0,804 mmol) trong DMSO (3 mL) & nhiét do
trong phong. Phan tng dugc khudy & 120°C trong 18 gir. Hon hgp dugc rot vao nude
(10 mL) va sau d6 chiét bing EtOAc (3 x 20 mL). Cac phén chiét hitu co gom lai
dugc rua bﬁng nude mudi (3 x 20 mL), 1am kho béng NaxSOs, loc va cd dac trong
didu kién 4p suit giam. San phdm thé dwgc tinh ché bang TLC diéu ché (15%
EtOAC/PE) dé thu duoc tert-butyl (S)-4-(6-((4-clo-2-flobenzyl)oxy)-5-flopyridin-2-
yl)-2-metylpiperazin-1-carboxylat (60 mg, 18%) dudi dang dau khong mau. LC-
MS(ES+): 397,9 (M+H—tBu).

Buéce 3

B6 sung HCIVEtOAc (3 mL) vao dung dich chua (S)-4-(6-((4-clo-2-
flobenzyl)oxy)-5-flopyridin-2-yl)-2-metylpiperazin-1-carboxylat (60 mg, 0,13
mmol) trong DCM (3 mL). Khudy dung dich & 30°C trong 0,5 gio. Huyén phu dugc
c6 dic trong didu kién ap sudt giam dé thu dugc hop chét trung gian 14 (50 mg, 89%)
duéi dang chit rin. LC-MS(ES+): 353,9 (M+H).
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Hop chit trung gian 15
(S)-1-(6-((4-Clo-2-flobenzyl)oxy)-3-flopyridin-2-yl)-3-metylpiperazin hydroclorua
Buéce 1

Bb sung EtsN (1,14 g, 11,3 mmol) vao dung dich chira 2,3,5-triflopyridin (500
mg, 3,76 mmol) va tert-butyl piperazin-1-carboxylat (753 mg, 3,76 mmol) trong
MeCN (8 mL) & 30°C va phan tng dugc gia nhiét va sau do khudy & 70°C trong 16
gid. Hon hop phan tmg duge rét vao nude (20 mL) va chiét bang EtOAc (3 x 30 mL).
Céc phan chiét hitu co gom lai dugc rira bang nude mudi (2 x 20 mL), lam kho bang
Na»SO0s, loc va ¢ dic trong diéu kién ap sudt giam. San pham tho dugc tinh ché bang
cach sic ky nhanh (0 dén 5% EtOAC/PE) dé thu dugc tert-butyl (S)-4-(3,6-
diflopyridin-2-yl)-2-metylpiperazin-1-carboxylat (870 mg, 74%) dudi dang dau mau
nau nhat. 'H NMR (CDCls) & 7,24-7,34 (m, 1H), 6,22 (ddd, 1H), 4,31 (br s, 1H), 4,09
(ddt, 1H), 3,92 (dt, 2H), 3,22 (td, 1H), 3,13 (dd, 1H), 2,93 (td, 1H), 1,49 (s, 9H), 1,23
(d, 3H).

Budc 2

B6 sung NaH (44,7 mg, 1,12 mmol, 60% trong dau khoang) vao dung dich
chira rugu 4-clo-2-flobenzylic (102 mg, 0,638 mmol) trong DMF (2 mL). Hon hop
mau vang duoc khudy & 30°C trong 15 phut, sau d6 dung dich chira tert-butyl (S)-4-
(3,6-diflopyridin-2-y1)-2-metylpiperazin-1-carboxylat (100 mg, 0,319 mmol) trong
DMF (2 mL) duoc bd sung vao & nhiét do trong phong. Hon hop phan ung dugc
khudy & 90°C trong 18 gio. Hon hgp phan ung duge rét vao nude (30 mL) va sau d6
chiét bang EtOAc (3 x 30 mL). Céc phén chiét hitu co gom lai dugc rira bing nudc
mudi (3 x 20 mL), lam kho bing Na>SOu, loc va cd dic trong diéu kién ap suét giam.
San phim tho dugc tinh ché bing TLC didu ché (EtOAc:PE 5:1) dé thu dugc tert-
butyl (S)-4-(6-((4-clo-2-flobenzyl)oxy)-3-flopyridin-2-yl)-2-metylpiperazin-1-
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carboxylat (136 mg, 47%) dudi dang dau khong mau. LC-MS(ES+): 397.9 (M+H -
tBu).

Budc 3

B6 sung HCI/EtOAc (4 mL) vao dung dich chira tert-butyl (S)-4-(6-((4-clo-2-
flobenzyl)oxy)-3-flopyridin-2-yl)-2-metylpiperazin-1-carboxylat (136 mg, 0,300
mmol) trong DCM (4 mL). Khudy dung dich & 30°C trong 2 gi¢. Huyén phu dugc co
dic trong didu kién ap suét giam dé thu dugc hop chét trung gian 15 (132 mg, dinh
lwong) dudi dang chit rin mau vang nhat. LC-MS(ES+): 354,1 (M+H).

Hop chét trung gian 16
Metyl 4-amino-3-(metylamino)benzoat
Buéce 1

B sung timg giot metylamin (38,4 mL, 76,8 mmol, 2 M trong THF) vao dung
dich chita metyl 3-flo-4-nitrobenzoat (5,10 g, 25,6 mmol) trong THF (60 mL) trong
10 phat. Dung dich mau vang nhat dugc chuyén sang mau cam dam ngay khi bd sung
va dung dich nay duoc khudy 2 gid & nhiét d6 trong phong. Hon hop duoc pha loang
bing Et;0 (100 mL) va 16p hitu co tach ra dugc rira bing nuée (50 mL) va nude mudi
(50 mL). Lép hitu co duge lam kho bing NaxSOs, loc va ¢d dac trong diéu kién ap
sudt giam dé thu dugc 5,26 g metyl 3-(metylamino)-4-nitrobenzoat (98%) dudi dang
chét rén mau cam dam. 'H NMR (400 MHz, CDCl3) & 8,21 (d, 1H), 7,99 (br s, 1H),
7,54 (d, 1H), 7,23 (dd, 1H), 3,94 (s, 3H), 3,08 (d, 3H); LC-MS(ES+): 211,1 (M+H).

Buéc 2

Metyl 3-(metylamino)-4-nitrobenzoat (5,26 g, 25,0 mmol) dugc hoa tan trong
EtOH (150 mL). B sung dung dich vao binh Parr® dung tich 500 mL d& duoc nap
1g 10% Pd/C (50% nuéc). Hon hop dugce lac trong khi quyén Ha 50 psi trong 1 gio &
nhiét do trong phong. Hon hgp dugc loc va banh loc dugc rira bang EtOH (100 mL).

Dich loc khong mau dugce co dac trong diéu kién ap suat gidm dé thu duoc 4,38 g hop
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chét trung gian 16 (97%) du6i dang chat rdn mau trang nhat. '"H NMR (400 MHz,
CDCls) § 7,47 (dd, 1H), 7,35 (d, 1H), 6,69 (d, 1H), 3,88 (s, 3H), 3,75 (br s, 2H), 3,22
(brs, 1H), 2,92 (s, 3H); MS(APCI+): 181,1 (M+H).

/
C|/\\rN o
o—

Hop chat trung gian 17
Metyl 2-(clometyl)-1-metyl-1H-benzo[d]imidazol-6-carboxylat

Hop chat trung gian 16 (206 mg, 1,14 mmol) dugc hoa tan trong dioxan (11,5
mL) va xir Iy bang cloaxetyl clorua (109 pL, 1,37 mmol). Hbn hop duge khudy &
100°C trong 3 gio va lam ngudi dén nhiét do trong phong. EtsN (0,8 mL, 7 mmol) va
heptan (10 mL) dugc bd sung va loc. Dich loc dugc cd dic trong diéu kién ap suét
giam va san phim thé dugc tinh ché bang cach sic ky nhanh (cot silicagel, 40%
EtOAc/heptan) dé thu dugc 120 mg hop chit trung gian 17 (44%). 'H NMR (400
MHz, CDCL) & 8,14 (s, 1H), 8,01 (d, 1H), 7,78 (d, 1H), 4,87 (s, 2H), 3,97 (s, 3H),
3,94 (s, 3H); LC-MS(ES+): 239,1 (M+H).

Hop chét trung gian 18
Metyl 4-amino-3-((2-metoxyetyl)amino)benzoat
Bude 1
B6 sung Et3N (40,7 g, 402 mmol, 55,8 mL) vao dung dich khong mau chura
metyl 3-flo-4-nitrobenzoat (50 g, 250 mmol) trong THF (400 mL) sau dé bb sung
ting giot 2-metoxyetylamin (30,2 g, 402 mmol) trong THF (100 mL) & nhiét d trong
phong. Dung dich mau vang thu dugc dugc khudy & 55°C trong 18 gio. Dung dich
duoc 1am ngudi dén nhiét do trong phong va ¢ dac trong diéu kién &p suét giam dé

loai b6 THF. Chét rin mau vang thu dugc duge hoa tan trong EtOAc (800 mL) va
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rira bang dung dich nuéc NH4CI bao hoa (250 mL). Pha nuéc dugc tich ra va chiét
bang EtOAc (200 mL). Cac 16p hitu co gom lai dugc rira bang nudc mudi (3 x 250
mL), 1am kho béng NazSO04, loc va c6 dac trong diéu kién ap suét giam dé thu duoc
metyl 3-((2-metoxyetyl)amino)-4-nitrobenzoat (60,2 g , 94%) duéi dang chét rin mau
vang. '"H NMR (CDCIs) & 8,23 (d, 1H), 8,17 (br s, 1H), 7,58 (d, 1H), 7,25(dd, 1H),
3,95 (s, 3H), 3,69-3,73 (m, 2H), 3,56 (m, 2H), 3,45 (s, 3H); LC-MS(ES+): 255.4
(M+H).

Budc 2

Bd sung Pd/C (10 g 94 mmol) vao dung dich chia metyl 3-((2-
metoxyetyl)amino)-4-nitrobenzoat (30 g, 118 mmol) trong MeOH (500 mL). Khudy
phan tmg nay ¢ nhiét do trong phong trong 15 psi H» trong 18 gio. Huyén phi mau
den dugc loc qua Celite® va banh loc dugce rira béng MeOH (500 mL). Céc dich loc
gom lai dugc co trong chan khong dé thu duoc hop chit trung gian 18 (26,5 g, dinh
luong) dudi dang ddu mau nau, ddu nay duge héa ran khi dé yén. 'H NMR (400 MHz,
CDCls) & 7,48 (dd, 1H), 7,36 (d, 1H), 6,69 (d, 1H), 3,87 (s, 3H), 3,77 (br.s, 2H), 3,68
(t, 2H), 3,41 (s, 3H), 3,32 (t, 2H); LC-MS(ES+): 224,7 (M+H).

N
0O

N
CI/\[\}( Z o
O
/
Hop chét trung gian 19

Metyl 2-(clometyl)-1-(2-metoxyetyl)-1H-benzo| d]imidazol-6-carboxylat

hydroclorua

Dung dich chtra hgp chét trung gian 18 (5,0 g, 24 mmol) trong dioxan (100
mL) dugc gia nhiét dén 100°C, dung dich anhydrit cloaxetic (4,1 g, 24,5 mmol) trong
dioxan (60 mL) dugc bd sung vao thong qua phéu bd sung trong thoi gian 10 gio, va
sau d6 dugc khudy trong 12 gio nita & 100°C. Ngay tiép theo, phan tmg dugc lam
ngudi dén nhiét do trong phong va dioxan dugc loai bo trong didu kién 4p suat giam.

Hon hop phan g thd duge hoa tan trong EtOAc va rira bang dung dich NaHCO3
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bdo hoa. Lop EtOAc dugc tach ra va lam kho bang Na»SO4 va loc. Dung dich HCI 4
M trong dioxan (1,1 duong lugng) duoc b sung vao dung dich EtOAc chira san phdm
vé6i viée khudy lién tuc. Mudi véi HCI ctia san pham mong mudn két tia ra duéi dang
chét rin mau vang nhat. Huyén phu duoc khudy trong 1 gi& va sau d6 san pham dugc
thu gom bang cach loc dé thu dugc hop chét trung gian 19 duéi dang chét ran mau
vang (6,1 g, 86%)."H NMR (600 MHz, CD3;OD) 6 8,64 (s, 1H), 8,30 (d, 1H), 7,92 (d,
1H), 5,32 (s, 2H), 4,84 (m, 2H), 3,99 (s, 3H), 3,83 (t, 2H), 3,31 (s, 3H). LC-MS(ES+):
283.,2 (M+H).

OG\/O\S/

/7 \\

Hop chét trung gian 20
(S)-Oxetan-2-ylmetyl metansulfonat
Buéce 1

B6 sung trimetylsulfoxoni iodua (1,32 kg, 5,98 mol) vao dung dich chtra kali
t-butoxit (670 g, 5,98 mol) trong t-BuOH (5 L) ¢ 25°C. Hon hop duoc gia nhiét dén
60°C va khudy trong 30 phut, sau d6 (S)-2-((benzyloxy)metyl)oxiran (500 g, 2,99
mol) duge bd sung vao. Hon hop dugc gia nhiét dén 80°C trong 2 gi®. Hon hop dugc
lam lanh dén 25°C va loc qua Celite®. Chét rin dugc rira bang PE (3 x 2 L). Dich loc
duge xir Iy bang nuée (10 L) va chiét bang PE (2 x 5 L). Lép hitu co duoc rira bang
nuée mubi, 1am kho, loc va cb trong chan khong. San pham thd duge tinh ché bang
cach sic ky cot (gradien PE/EtOAc tir 15:1 dén 10:1) d& thu duge (S)-2-
((benzyloxy)metyl)oxetan (280 g, 52,6%) duéi dang dau trong sudt. 'H NMR (400
MHz, CDCls) & 7,15-7,34 (m, 5H), 4,90 (tdd, 1H), 4,44-4,67 (m, 4H), 3,49-3,63 (m,
2H), 2,44-2,66 (m, 2H).

Budéc 2

Phan g duogc thue hién v6i hai mé song song; mé vi du la nhu sau: Bb sung
Pd(OH): (14 g) vao dung dich chua (S)-2-((benzyloxy)metyl)oxetan (140 g, 780
mmol) trong THF (1,4 L) trong man khi nito. Hon hop duoc gia nhiét dén 45°C va
khudy du6i Ha (50 psi) trong 16 gid. Hon hop duogc lam lanh dén 25°C va loc qua

Celite® dé thu duoc hop chat mong mudn (S)-oxetan-2-ylmetanol duéi dang dung
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dich trong THF. Phan uéc nhé duoc kiém tra béng '"H NMR va dung dich con lai
dugce sir dung truc tiép trong budc tiép theo. "H NMR (400 MHz, DMSO-d6) & 4,76-
4,90 (m, 1H), 4,66 (tdd, 1H), 4,46 (ddd, 1H), 4,37 (td, 1H), 3,47 (dd, 2H), 2,32-2,58
(m, 2H).

Budce 3

Phan g dugc thue hién voi hai mé song song; mé vi du la nhu sau: Bo sung
Et:N (197 g, 1,95 mol) vao dung dich chtra (S)-oxetan-2-ylmetanol (tir Bude 2, duge
cho 12 69 g, 780 mmol) trong THF (1,4 L) & 0°C. Anhydrit metansulfonic (204 g,
1,17 mol) dugc bd sung tirng giot vao do, giit nhiét dd bén trong dudi 10°C. Hén hop
duge khudy ¢ 25°C trong 2 gio. Hai mé duoc két hop va hon hop duge xtt 1y bang
nude (1 L) va cac 16p dugce tach ra. Pha nuwéce dugce chiét bang DCM (3 x 2 L). Dung
dich hitu co gom lai dugc lam khd, loc va cd dac trong diéu kién ap sut giam. San
phim thd duoc tinh ché bang cach sic ky cot (gradient EtOAC/PE 50-100%) dé thu
dugc hop chét trung gian 20 (250 g, 96% trong hai budc) dudi dang diu mau vang.
'H NMR (400 MHz, CDCl3) & 4,98-5,09 (m, 1H), 4,69 (ddd, 1H), 4,59 (td, 1H), 4,37
(d, 2H), 3,11 (s, 3H), 2,72-2,82 (m, 1H), 2,64 (tdd, 1H).

Hop chét trung gian 21
Metyl (S)-4-nitro-3-((oxetan-2-ylmetyl)amino)benzoat
Buéce 1

Natri azit (105 g, 1,62 mol) dugc bd sung vao dung dich chira (S)-oxetan-2-
ylmetyl metansulfonat (180 g, 1,08 mol) trong DMF (1,2 L). Hon hop duoc gia nhiét
dén 80°C va khudy trong 16 gio. Hon hop dugc 1am lanh dén 0°C va xir ly bang dietyl
ete (1,5 L) va huyén phu thu dugc duge khudy trong 30 phut. Chét rin duoc loai bd
bang cach loc va banh loc dugce rira bang dietyl ete (2 x 200 mL). Dietyl ete dwoc loai
b6 trong chan khong & 25°C dé thu dugce dung dich (S)-2-(azidometyl)oxetan trong
DMEF (~1,2 L), san phdm nay dugc stt dung truc tiép trong budc tiép theo.
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Budc 2

Phan tng duoc thuc hién v6i ba mé song song; mé vi du 1a nhu sau: B6 sung
10% Pd/C (50% khéi lugng uét, 13 g) vao dung dich chita (S)-2-(azidometyl)oxetan
(duogc cho 1a 41 g, 360 mmol) trong DMF (~400 mL) va THF (1 L) trong man khi
nito. Hdn hop duge khudy & 25°C trong Ha (50 psi) trong 16 gid. Dung dich dugc loc
qua Celite®, bd sung 10% Pd/C (kho, 4,0 g) vao va khudy hdn hop & 40 °C trong H,
(50 psi) trong 3 gid, sau d6 phén tich TLC chi ra phan (g da hoan thanh. Hén hop
duoc 1am lanh dén 0 °C va tit ca ba mé dugc két hop lai. Hon hop dugc loc through
Celite® dé thu duoc dung dich (S)-2-(aminometyl)oxetan trong DMF (~1,4 L) va THF

(~2,6 L), san pham nay dugc st dung truc tiép trong budc tiép theo.
Budc 3

B6 sung Et3N (327 g, 3,24 mol) va metyl 3-flo-4-nitrobenzoat (200 g, 1,0 mol)
vao dung dich chua (S)-2-(aminometyl)oxetan (dugc cho 1a 94 g, 1,08 mol) trong
DMF (~1,4 L) va THF (~2,6 L) & 25°C. Hdn hop duoc khudy & 25°C trong 16 gio.
Hoén hop duoc cb dic trong didu kién 4p suét giam dé loai bé THF va dung dich con
lai dugc pha loang bang nude (1 L). Hon hop dugce chiét bang EtOAc (2x 1,5L). Céc
phan chiét hitu co gom lai duge rira bang nude mudi (2 x), 1am kho va cd dic trong
didu kién &p suat giam. San phim tho dugc tinh ché bang cach sic ky cot (gradient
EtOAC/PE = 10-50%) dé thu dugc hop chét trung gian 21 (158 g, 55%) dudi dang
chét rin mau vang. IH NMR (600 MHz, CDCl5) & 8,38 (br s, 1H), 8,25 (d, 1H), 7,64
(s, 1H), 7,27 (d, 1H), 5,13-5,20 (m, 1H), 4,70-4,82 (m, 1H), 4,64 (td, 1H), 3,95 (s,
3H), 3,57-3,71 (m, 2H), 2,71-2,86 (m, 1H), 2,55-2,70 (m, 1H); MS(ES+) = 266,7.

OGW 0
H,N
Hop chét trung gian 22

Metyl (S)-4-amino-3-((oxetan-2-ylmetyl)amino)benzoat

Hop chét trung gian 21 (15 g, 56 mmol) dugc hoa tan trong THF (100 mL)
trong thiét bi phan tmg Parr®. Pd/C (10% khdi lugng/khdi lugng, 1,5 g) dugc bo sung
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vao thiét bi phan tng va hdn hgp duge lic & nhiét do trong phong trong 50 psi H»
trong 4 gio. Hoén hop duogc loc qua Celite® va dich loc dugc cd dac trong diéu kién ap
sudt giam dé thu dugc hop chét trung gian 22 (12,3 g, 92%) dudi dang chét rin mau
nau vang. '"H NMR (600 MHz, CDCls) 8 7,49 (dd, 1H), 7,39 (d, 1H), 6,70 (d, 1H),
5,05-5,18 (m, 1H), 4,76 (ddd, 1H), 4,62 (dt, 1H), 3,87 (s, 3H), 3,42-3,50 (m, 1H),
3,34-3,40 (m, 1H), 2,71-2,82 (m, 1H), 2,60 (ddt, 1H).

R
N
N\Z >_<
O_
Hop chét trung gian 23
Metyl (S)-2-(clometyl)-1-(oxetan-2-ylmetyl)- 1H-benzo[d]imidazol-6-carboxylat
B6 sung 2-clo-1,1,1-trimetoxy etan (76,2 ml, 0,57 mol) va pTSA<H-O (5,12 g,
26,9 mmol) vao dung dich chtra hgp chat tfung gian 22 (127 g, 0,54 mol) trong MeCN
(500 mL). Hon hop dugc gia nhiét dén 60°C trong 1 gio. Phan tng dugce 1am ngudi
dén nhiét do trong phong va co dic trong diéu kién 4p suit giam. San pham thd thu
duge duge nghién trong 50% EtOAc/heptan. Chét rén duoc thu gom bang cach loc
dé thu duoc hop chit trung gian 23 (79 g, 50%) duéi dang chét rin mau nau vang. '"H
NMR (600 MHz, CDCls) § 8,12 (s, 1H), 8,00 (d, 1H), 7,79 (d, 1H), 5,16-5,26 (m,

1H), 5,03 (s, 2H), 4,57-4,66 (m, 2H), 4,48-4,56 (m, 1H), 4,33 (m, 1H), 3,95 (s, 3H),
2,71-2,81 (m, 1H), 2,36-2,47 (m, 1H).

Cl N e
0N
Hop chét trung gian 24
Metyl 6-clo-5-nitropicolinat

Budce 1

B6 sung tir tir 2-clo-6-metyl-3-nitropyridin (97 g, 560 mmol) vao binh da nap
truéc d6 bang dung dich H2SO4 18 M (400 mL) ddng thdi khudy. Crom trioxit (169
g, 1,69 mol) dugc bo sung vao hdn hop phan tng voi cac phin nhé dé giit nhiét do

-81-



38232

duéi 50°C. Hon hop phéan tmg duge khudy & 15°C trong 20 gio. GOm mau xanh 14
cay thu dugc dugce rét 1én 2 Kg d4 va cac chit rin thu duoc dugc thu gom bang cach
loc va lam kho trong chan khong dé thu dugc axit 6-clo-5-nitropicolinic (103 g, 90%)
du6i dang chét rin mau xanh xém. 'H NMR (400 MHz, DMSO-d6) & 8,70 (d, 1H),
8,24 (d, 1H).

Budc 2

B6 sung oxalyl clorua (129 g, 1,02 mol) va DMF (6 mL) vao huyén phu chira
axit 6-clo-5-nitropicolinic (103 g, 508,51 mmol) trong CH>Cl> (1 L) & 0°C. Hén hop
phén Umg dugc khudy & 15°C trong 1 gid. MeOH (60 mL) dugc bb sung vao hdn hop
phén tng & 15°C. Khudy dung dich & 15°C thém 10 phit. Dung dich mau vang duoc
b dac trong diéu kién 4p sudt giam va san pham tho thu duge duge tinh ché bang
cach sic ky cot (gradient EtOAC/PE: 0-20%) dé thu dugc hop chét trung gian 24 (106
g, 96%) dudi dang chit rin. 'H NMR (400 MHz, CDs;OD) & 8,55 (d, 1H), 8,27 (d,
1H), 4,01 (s, 3H).

HN /N | 0
|
0N
Hop chét trung gian 25

Metyl (S)-5-nitro-6-((oxetan-2-ylmetyl)amino)picolinat
Bude 1

Dung dich chtra (S)-2-(aminometyl)oxetan (dugc cho la 152 g, 1,7 mol) trong
DMEF (3 L) va THF (3 L) dugc diéu ché tir hop chét trung gian 20 nhu duge mé té doi
v6i hop chét trung gian 21 (cac budce 1 va 2). B sung hop chét trung gian 24 (270 g,
1,25 mol) va EtsN (500 g, 5,1 mol) vao dung dich chira hop chét trung gian 20 (152
g, 1,7 mol) trong DMF (3 L) va THF (3 L) ¢ 25°C. Hén hop duge khudy & 25°C trong
16 gio. Hon hop duge co dic trong diéu kién ap sudt giam dé loai bo THF va bo sung
nuée (5 L) vao d6. Hon hop duoc chiét bang EtOAc (2 x 5 L) va cac dung dich hitu
co gom lai dugc rua bang nudc mudi (2 x), 1am kho va co dic trong diéu kién ap suit

giam. Vit liéu tho dugc gom lai voi mé san phém tho thir hai tir thr nghiém tuong tu
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(70 g) va chét ran dugc nghién bang PE:EtOAc (4:1, 500 mL) trong 2 gio. Chét rn
dugc thu gom bang cach loc va lam kho dé thu duoc hop chét trung gian 25 (304 g,
52%) dudi dang chit rin mau vang. 'H NMR (400 MHz, CDCls) 6 8,58 (br s, 1H),
8,56 (d, 1H), 7,39 (d, 1H), 5,08-5,18 (m, 1H), 4,73 (ddd, 1H), 4,61 (td, 1H), 4,06-4,16
(m, 1H), 3,98 (s, 3H), 3,88-3,97 (m, 1H), 2,68-2,80 (m, 1H), 2,55 (tdd, 1H).

0 0
HN /N I O/
HoNT
Hop chét trung gian 26

Metyl (S)-5-amino-6-((oxetan-2-ylmetyl)amino)picolinat

Hop chét trung gian 25 (10 g, 37 mmol) dugc tao huyén phu trong MeOH (150
mL) va xir Iy bang 10% Pd/C (1,0 g) va hdn hop dugce khudy & nhiét d trong phong
trong 50 psi H> trong 4 gio. Hén hop duoc loc qua Celite® va dich loc duoc cd dac
trong diéu kién 4p sudt giam dé thu duoc hop chat trung gian 26 (8,4 g, 95%) dudi
dang ddu mau vang ma héa rin khi dé yén. "H NMR (600 MHz, CDCl3) & 7,49 (d,
1H), 6,86 (d, 1H), 5,06-5,15 (m, 1H), 4,68-4,77 (m, 1H), 4,53-4,63 (m, 2H), 3,91 (s,
3H), 3,80-3,86 (m, 2H), 3,72 (br s, 2H), 2,68-2,78 (m, 1H), 2,52-2,61 (m, 1H).

5%
N

\ 7/ o

Hop chét trung gian 27

Metyl (S)-2-(clometyl)-3-(oxetan-2-ylmetyl)-3H-imidazo[4,5-b]pyridin-5-

carboxylat

Trong binh 3 ¢b dung tich 2L, dugc lap canh khudy co hoc & trén dAu, hop cht
trung gian 26 (43,0 g, 181 mmol) dugc xtt 1y trong THF (780 mL). Huyén phit mau
h6ng nhat thu duoc dugce xt ly béng dung dich anhydrit cloaxetic (33,5 g, 190 mmol
trong 100 mL. THF) thong qua phéu bd sung trong 30 phut. Khudy dung dich mau ho
phach nhat thu dugc ¢ nhiét do trong phong trong 2 git va sau do gia nhiét ¢ 60°C
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trong 7 gio. Lam ngudi hdn hop phan tng dén nhiét do trong phong. Khoang 400 mL
dung moi tir phan tmg dugc loai bo trong diéu kién 4p suit giam trén thiét bi bay hoi
quay. Dung dich thu dugc duoc pha loang bang EtOAc, (500 mL) va xir Iy bang dung
dich nudc NaHCO3 bdo hoa (200 mL). Hon hop hai pha dugc khuéy 6 nhiét do trong
phong trong 30 phit. Lép hitu co dugc tach ra va 16p nude dugc chiét bang FtOAc
(500 mL). Cac 16p hitu co gom lai dugc rira bang nude mubi (500 mL), 1am kho bing
Na2SO04, loc va ¢o dic trong diéu kién 4p suét giam dé thu dugc hop chét trung gian
27 (52,5 g, 98%) dudi dang chét rin mau nau vang nhat. '"H NMR (600 MHz, CDCls)
5 8,14 (d, 2H), 5,19-5,28 (m, 1H), 4,99-5,16 (m, 2H), 4,70-4,88 (m, 2H), 4,55-4,67
(m, 1H), 4,24-4,44 (m, 1H), 4,01 (s, 3H), 2,70-2,88 (m, 1H), 2,37-2,53 (m, 1H); LC-
MS(ES+): 296,4 (M+H).

—~0 HN
ﬂo/
O,N

Hop chit trung gian 28
cis (+/-) Metyl 3-(((2-metoxyxyclopentyl)metyl)amino)-4-nitrobenzoat
Bude 1

B6 sung DMF vao binh chita cis (+/-)-2-(aminometyl)xyclopentan-1-ol (300
mg, 2,60 mmol), metyl 3-flo-4-nitrobenzoat (571 mg, 2,87 mmol) va EtsN (1,1 mL,
7,8 mmol) va hdn hop duoc khudy qua dém. Hon hop phan g dugc pha lodng bang
nu6e va chiét bing EtOAc. Phin chiét hitu co dugc cd dic trong diéu kién ap suét
giam va san pham tho duge tinh ché bang cach sic ky nhanh (EtOAc/heptan) dé thu
duoc cis (+/-) metyl 3-(((-2-hydroxyxyclopentyl)metyl)amino)-4-nitrobenzoat (493
mg, 64%). 'H NMR (CDCls) & 8,21 (br s, 1H), 8,19 (d, 1H), 7,62 (s, 1H), 7,20 (d,
1H), 4,38 (br s, 1H), 3,94 (s, 3H), 3,60 (ddd, 1H), 3,38-3,50 (m, 1H), 2,13-2,25 (m,
1H), 1,84-2,01 (m, 3H), 1,57-1,78 (m, 4H).

Budce 2

B6 sung 1,8-bis(dimetylamino)naphtalen (0,35 g, 1,6 mmol) vao binh chira
dung dich cis (+/-) metyl 3-(((2-hydroxyxyclopentyl)metyl)amino)-4-nitrobenzoat
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(0,48 g, 1,6 mmol) trong DCM ( 50 mL). Dung dich dugc khudy trong 5 phut va sau
do trimetyloxoni tetrafloborat (0,48 g, 3,3 mmol) duoc bd sung vao thanh timg phan
trong 10 phut. Hon hop phén tng duoc sau do khudy thém 18 gio & nhiét do trong
phong. Nudc duoc bd sung vao binh phan ttng va hén hep thu duge dugc chiét bang
DCM. Céc 16p hitu co gom lai duge loc va dung dich duogc c6 dac trong diéu kién ap
suét giam. Hon hop thé duoc tinh ché bing cach sic ky nhanh (EtOAc/heptan) dé thu
duoc hop chit trung gian 28 (0,4 g, 80%). TH NMR (600 MHz, CDCI3) & 8,19 (d,
1H), 7,61 (s, 1H), 7,20-7,12 (m, 1H), 3,93 (s, 3H), 3,57-3,50 (m, 1H), 3,43 (dd, 6,3
Hz, 1H), 3,30 (s, 3H), 2,22 (d, 1H), 1,89-1,43 (m, 7H).

o)
F J<
]@AG
O,N

Hop chét trung gian 29
tert-Butyl 3-flo-4-nitrobenzoat

Hoa tan axit 3-flo-4-nitrobenzoic (2,60 g, 14,0 mmol) trong THF (30 mL), hon
hop dugc xur ly bang anhydrit Boc (6,13 g, 28,1 mmol) va DMAP (525 mg, 4,21
mmol), va sau d6 dugc khudy & nhiét do trong phong. Huyén phu dic nhanh chéng
duoc tao thanh va sau d6 duge khudy trong 3 gio & 40°C trong sudt thoi gian nay,
huyén phu dic tré thanh dung dich mau nau vang. Sau khi c¢d dic hdn hop phéan tng
trong diéu kién ap suit giam, phan con lai dugc hoa tan trong EtOAc, hép thu lén
silicagel va sau d6 duogc rira gidi qua dém silicagel ngan véi 50% EtOAc/Heptan.
Dich loc duoc ¢o dic trong diéu kién ap sudt giam dé thu duoc hop chét trung gian
29 (8,88 g, 68%) dudi dang chét rin mau vang. 'H NMR (600 MHz, CDCls) 8 8,05-
8,09 (m, 1H), 7,86-7,90 (m, 2H), 1,61 (s, 9H).

I |
L P
H,N" N H,N" N
Hop chét trung gian 30

5-Bromo-N3-metylpyridin-2,3-diamin

Hop chét trung gian 31
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5-Bromo-N3,6-dimetylpyridin-2,3-diamin

Hop chét trung gian 30 dugc tong hop theo quy trinh dugc md ta trong tai liéu
tham khao (Choi, J. Y. et al. J. Med. Chem. 2012, 55, 852—870). Hop chét trung gian
31 duoc téng hop st dung phuong phép twong tu.

~
Nq
N
C'/\W 5
N
O_

Hop chét trung gian 32

Metyl 2-(clometyl)-1-((1-metyl-1H-imidazol-5-yl)metyl)- 1H-benzo[d]imidazol-6-

carboxylat
Budce 1

B6 sung tir tir (1-metyl-1H-imidazol-5-yl)metanamin (670 mg, 6,0 mmol) va
Et;N (762 mg, 7,53 mmol) vao dung dich khéng mau chira metyl 3-flo-4-nitrobenzoat
(1,0 g, 5,0 mmol) trong DMF (10 mL). Khudy dung dich & 60°C trong 16 gio. Hén
hop phan tmg dugc rét vao H20 (30 mL) va chiét bang DCM (3 x 30 mL). C4c phan
chiét hitu co gom lai dugc lam khé biang NaxSOq, loc va ¢d dic trong diéu kién ap
suét giam. San phim tho dugc tinh ché bang cach sac ky nhanh (20% MeOH/DCM).
Chét rdn mau vang thu duoc duoc nghién bang 30:1 PE/EtOAc dé thu duoc metyl 3-
(((1-metyl-1H-imidazol-5-yl)metyl)amino)-4-nitrobenzoat (1,2 g, 82%) duéi dang
chét rin mau vang. '"H NMR (CDCIs) § 8,26 (d, 1H), 7,96 (br s, 1H), 7,71 (d, 1H),
7,50 (s, 1H), 7,35 (dd, 1H), 7,13 (s, 1H), 4,55 (d, 2H), 3,97 (s, 3H), 3,68 (s, 3H).

Budc 2

B6 sung 10% Pd/C w6t (1 g) vao huyén phit mau vang chtta metyl 3-(((1-metyl-
1H-imidazol-5-yl)metyl)amino)-4-nitrobenzoat (5,46 g, 18,8 mmol) trong MeOH
(160 mL). Hdn hop duoc khudy trong 1 atm H, trong 36 gid & 20°C. Hén hgp phan
ung dugc loc va banh loc duoc rua béng MeOH (200 mL). Dich loc dugc c6 dic trong
diéu kién ap sudt giam dé thu dugc metyl 4-amino-3-(((1-metyl-1H-imidazol-5-

yl)metyl)amino)benzoat (4,8 g, 98%) dudi dang chét rin mau nau. '"H NMR (DMSO-
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d6) § 7,56 (s, 1H), 7,18 (d, 1H), 7,13 (s, 1H), 6,87 (s, 1H), 6,55 (d, 1H), 5,50 (s, 2H),
4,84 (t, 1H), 4,23 (d, 2H), 3,73 (s, 3H), 3,63 (s, 3H).

Budc 3

Hoén hop mau do6 chita metyl 4-amino-3-(((1-metyl-1H-imidazol-5-
yDmetyl)amino)benzoat (780 mg, 3,00 mmol) va axit 2-hydroxyaxetic (342 mg, 4,49
‘mmol) trong mesitylen (8§ mL) dugc khudy & 140°C trong N, trong 14 gid va & 25°C
trong 48 gi¢d. Dung dich mau vang trong dugc gan ra dé thu duoc phan con lai mau
nau ma duogc hoa tan trong MeOH (50 mL) va co déc trong diéu kién ap sudt giam.
San phdm thd duoc tinh ché bing céch sic ky nhanh (20% MeOH/DCM) dé thu dugc
metyl 2-(hydroxymetyl)-1-((1-metyl-1H-imidazol-5-yl)metyl)-1H-
benzo[d]imidazol-6-carboxylat (318 mg, 35%) duéi dang bot mau vang. H NMR
(DMSO0-d6) & 8,13 (d, 1H), 7,83 (dd, 1H), 7,71 (d, 1H), 7,60 (s, 1H), 6,59 (s, 1H),
5,69 (s, 2H), 4,76 (s, 2H), 3,91 (s, 1H), 3,84 (s, 3H), 3,53 (s, 3H).

Buéc 4

B6 sung timg giot SOC (990 mg, 0,60 mL, 8,32 mmol) vao huyén phi mau
vang chura 2-(hydroxymetyl)-1-((1-metyl-1H-imidazol-5-yl)metyl)-1H-
benzo[d]imidazol-6-carboxylat (500 mg, 1,66 mmol) trong DCM (10 mL) va DMF
(3 mL) & nhiét do trong phong. Hon hop phén tng duoc khudy & nhiét d6 trong phong
trong 1 gio, cd dic trong diéu kién ap suét giam va phén con lai mau nau thu duoc
dwoc nghién bang DCM (10 mL). Chét rén dugc thu gom bang cach loc, rira bang
DCM (5 mL) va lam kho trong chan khong dé thu duoc hop chét trung gian 32 (431
mg, 73%) dudi dang chét ran mau tring nhat. 'H NMR (400 MHz, DMS0-d6) 3 9,17
(s, 1H), 8,31 (s, 1H), 7,.91-7,99 (m, 1H), 7,77-7,87 (m, 1H), 7,11 (s, 1H), 5,92 (s, 2H),
5,13 (s, 2H),) 3,87 (s, 3H), 3,86 (s, 3H); MS(ES+): 319,0 (M+H).

/
TR
N / \ Cl

Hop cht trung gian 33
5-Clo-2-(clometyl)-3-metyl-3H-imidazo[4,5-b]pyridin

Buéce 1
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B6 sung tirng giot MeNH, 2,0 M trong THF (622 mL,1,24 mol) vao huyén phu
chira 2,6-diclo-3-nitropyridin (200 g, 1,04 mol) va Na,CO; (132 g, 1,24 mol) trong
EtOH (1 L) & 0°C thong qua éng tiém. Sau khi bd sung, hdn hgp phéan tmg duoc
khudy & 18°C trong 6 gid. Hon hop mau vang dugce loc va dich loc dugc ¢o déc trong
diéu kién ap suét giam dé thu duoc chit rin mau vang. San phém thé duoc tinh ché
bing cach sic ky nhanh (PE/EtOAc 0-5%) dé thu dugc 6-clo-N-metyl-3-nitropyridin-
2-amin (158 g, hiéu suit 81%) dudi dang chét ran mau vang. '"H NMR (DMSO-d6) &
8,72 (brs, 1H), 8,41 (d, 1H), 6,76 (d, 1H), 3,00 (d, 3H).

Budce 2

B4 sung bot sit (15,4 g, 276 mmol) vao hdn hop chua 6-clo-N-metyl-3-
nitropyridin-2-amin (15,8 g, 84,2 mmol) trong AcOH (100 mL). Hon hop mau vang
nay dugc khudy & 80°C trong 3 gio. Phan tng dugce 1am ngudi dén nhiét do trong
phong va loc. Banh loc dugc rua bang EtOAc (2 x 100). Cac 16p hitu co gom lai duogc
0 dic trong diu kién 4p suat gidm va san pham thé duoc tinh ché bang cach sic ky
nhanh (120 g silicagel, 50% EtOAc/PE) dé thu duoc 3-amino-6-clo-2-
metylaminopyridin (8,40 g, hi€u sult 63%) dudi dang chit ran mau nau. 'H NMR
(CDCl) 6 6,80 (d, 1H), 6,50 (d, 1H), 3,39 (br s, 2H), 3,01 (s, 3H).

Budoce 3

Bé sung cloaxetyl clorua (55,5 mL, 698 mmol) vao dung dich chira 3-amino-
6-clo-2-metylaminopyridin (50,0 g, 317 mmol) trong dioxan (1,2 L) va hdn hop duge
khudy & 15°C trong 50 phit. Hon hop mau nau dugce ¢ dac trong diu kién ap suét
giam dé thu duge chét rén mau nau, chit rin nay duoc xtr ly trong TFA (1,2 L) va
khudy & 80°C trong 60 gid. Hon hop dugc cd dic trong diéu kién ap suit giam dé thu
duoc diu mau nau. Dau nay dugce pha lodng bang EtOAc (1 L) va trung hoa bing
dung dich nudec NaHCO3 bdo hoa. Khi sy bay hoi CO; giam xubng, cac 16p dugc tich
va 16p nude duge chiét bang EtOAc (200 mL). Cac phan chiét hitu co duge gom lai,
1am khé bang Na»SO4, loc va cb dic trong diéu kién &p suit giam. San pham tho duoc
tinh ché bing cach sic ky nhanh (gradient 10-25% EtOAc/PE) dé thu duge hop chat
trung gian 33 (61,0 g, 79%) dudi dang chit rin mau vang. 'H NMR (400 MHz,
DMSO-d6) 6 8,13 (d, 1H), 7,37 (d, 1H), 5,11 (s, 2H), 3,84 (s, 3H).
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Hop chit trung gian 34

Z\/\O

Metyl 2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-(2-
metoxyetyl)-1H-benzo[d]imidazol-6-carboxylat

Hoén hop chira hop chét trung gian 3 (13,0 g, 23,8 mmol) va hop chét trung
gian 19 (6,72 g, 23,8 mmol) va KoCOs (16,4 g, 119 mmol) trong MeCN (200 mL)
dugc khudy ¢ 50°C trong 12 gio. Hon hop dugce lam lanh dén nhiét do trong phong
va rét vao nude (200 mL). Hon hop duge chiét bang EtOAc (3 x 500 mL) va cac 16p
hiru co gom lai dugc rira bé’mg nude mudi (2 x 500 mL), lam kho bé‘lng NazSOy4, loc
va ¢6 dic trong diéu kién ap suit giam. San pham tho duoc tinh ché bang cach sic ky
nhanh (120 g, silicagel, gradient 0-2% MeOH/DCM) dé thu dugc hop chét trung gian
34 (12,5 g, 93%) dudi dang chat rin mau vang nhat. "H NMR (400 MHz, CDCl3) &
8,16 (s, 1H), 7,97 (d, 1H), 7,75 (d, 1H), 7,50 (t, 1H), 7,44 (t, 1H), 7,11 (m, 2H), 6,73
(d, 1H), 6,61 (d, 1H), 5,41 (s, 2H), 4,64 (t, 2H), 3,96 (s, 3H), 3,92 (s, 2H), 3,79 (t,
2H), 3,31 (s, 3H), 2,99 (d, 2H), 2,58-2,67 (m, 1H), 2,29 (t, 2H), 1,78-1,91 (m, 4H).

N
O

N
H N 0
OUQ O

Hop chéat trung gian 35

Metyl 1-(2-metoxyetyl)-2-((4-(6-oxo0-1,6-dihydropyridin-2-yl)piperidin-1-yl)metyl)-
1H-benzo[d]imidazol-6-carboxylat

B6 sung HC1 4 M trong dioxan (4,5 ml, 20 mmol) vao huyén phu duoc khudy
chira hop chat trung gian 34 (500 mg, 0,88 mmol) trong MeOH (10 mL). Phén tng
duogc gia nhiét &én 70°C va khudy trong 18 gid. Sau d6, hdn hop duge lam ngudi dén
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nhiét do trong phong va c6 dic trong didu kién 4p suét giam. Phan con lai duge xtr Iy
trong dung dich nuéec NaHCO3 bao hoa va chiét bing DCM (3 x). Céc phan chiét hiru
co gom lai dugc ria béng nude mudi, 1am kho béng NazSOs, loc va co dic trong diéu
kién ap suét giam. Phén con lai duoc hoa tan lugng tdi thiéu DCM va PE dugc bd
sung vao tir tir cho dén khi két tia duge tao thanh. Hon hop dugce khudy dé két hat
chét rén trong 2 gid. Chit rin duoc tach bang cach loc va rira bang PE dé thu duoc
hop chét trung gian 35 (280 mg, 75%) dudi dang chat rin mau trang nhat. '"H NMR
(600 MHz, CDCI3) 8 11,43 (br s, 1H), 8,13 (s, 1H), 7,96 (d, 1H), 7,73 (d, 1H), 7,36
(dd, 1H), 6,39 (d, 1H), 6,02 (d, 1H), 4,61 (t, 2H), 3,96 (s, 3H), 3,92 (s, 2H), 3,75 (t,
2H), 3,29 (s, 3H), 2,99 (d, 2H), 2,51 (t, 1H), 2,30 (t, 2H), 1,93 (d, 2H), 1,72 (qd, 2H).

/

Hop chat trung gian 36

Metyl 2-((4-(6-clopyridin-2-yl)piperidin-1-yl)metyl)-1-metyl-1H-benzo[ d]imidazol-
6-carboxylat

Buoce 1

B sung HC1 4M/EtOAc (60 mL) vao dung dich khong mau chira hop chat
trung gian 2 (6,00 g, 20,2 mmol) trong DCM (60 mL) va dung dich chuyén sang mau
duc. Huyén phu duge khudy & 20°C trong 2 gid, va sau d6 cd dic trong diéu kién ap
sudt giam dé thu duge 2-clo-6-(piperidin-4-yl)pyridin hydroclorua (5,45 g, 99%) duéi
dang chét rin. 'H NMR (DMSO-d6) & 9,32 (br s, 1H), 8,95 (br s, 1H), 7,83 (t, 1H),
7,37 (d, 1H), 7,31 (d, 1H), 3,31 (d, 2H), 2,89-3,06 (m, 3H), 1,85-2,04 (m, 4H).

Budéc 2

B6 sung etyl 2-bromoaxetat (4,05 g, 24,3 mmol) vao hdn hop chira 2-clo-6-
(piperidin-4-yl)pyridin hydroclorua (5,45 g, 20,2 mmol) va K2COs (8,38 g, 60,6
mmol) trong DMF (50 mL). Hon hgp dugc khudy ¢ 20°C trong 2 gid va sau d6 pha
lodng bang EtOAc (300 mL) va rira bang nude (100 mL). Lép hitu co dugc rira bang

nude mubi (200 mL), lam kho béng NazSO4, loc va cd dédc trong diéu kién ap suét
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giam. San phim thd dugc tinh ché bing cach sic ky nhanh (gradient EtOAc/PE 5-
15%) dé thu duge etyl 2-(4-(6-clopyridin-2-yl)piperidin-1-yl)axetat (5,44 g, 95%)
dudi dang dau mau vang. 'THNMR (CDCl3) 8 7,59 (t, 1H), 7,16 (d, 1H), 7,11 (d, 1H),
4,21 (q, 2H), 3,26 (s, 2H), 3,08 (d, 2H), 2,72 (tt, 1H), 2,31 (dt, 2H), 1,82-2,02 (m,
4H), 1,29 (t, 3H).

Buéc 3

B6 sung NaOH 5M (11,5 mL, 57,5 mmol) vao dung dich chira etyl 2-(4-(6-
clopyridin-2-yl)piperidin-1-yl)axetat (5,44 g, 19,2 mmol) trong EtOH (50 mL).
Khudy dung dich & 25°C trong 2 gid. Hn hgp phan tmg dugc toi bang bang HC1 1M
va chiét bing DCM/MeOH (10:1, 5 x 80 mL). Cac phan chiét hiru co gom lai dugc
1am kho bang MgSO0s, loc va cd dic trong diéu kién ap suit giam dé thu duoc axit 2-
(4-(6-clopyridin-2-yl)piperidin-1-yl)axetic (4,50 g, 92%) dudi dang chét rdn mau
vang. '"H NMR (CDsOD) & 7,71 (t, 1H), 7,24 (d, 2H), 3,20 (d, 2H), 3,13 (br s, 2H),
2,70-2,83 (m, 1H), 2,29 (br s, 2H), 1,83-2,06 (m, 4H).

Budc 4

B6 sung HATU (8,06 g, 21,2 mmol) vao dung dich mau vang chira axit 2-(4-
(6-clopyridin-2-yl)piperidin-1-yl)axetic (4,50 g, 17,7 mmol) va hop chét trung gian
16 (3,50 g, 19,4 mmol) trong DMF (50 mL) ¢ nhiét d0 trong phong. Hén hop phan
g duge khudy & 15°C trong 20 phit, va sau d6 Et:N (3,58 g, 35,3 mmol) dugc b
sung vao. Hon hop mau vang dugc khudy ¢ 50°C trong 2 gio. Hon hop mau nau thu
duge duge rot vao nudce (160 mL) va chiét bing EtOAc (3 x 100 mL). Céac phan chiét
hitu co gom lai dugc rira bing nude mudi (3 x 100 mL). Lép hiru co duge lam khod
béng NazS04, loc va co dac trong diéu kién ap suét giam. San phém tho duoc tinh ché
bang cach sdc ky nhanh (gradient MeOH/DCM 0-5%) dé thu dugc metyl 4-amino-3-
(2-(4-(6-clopyridin-2-yl)piperidin-1-yl)-N-metylaxetamido)benzoat (7,37 g, dinh
luong) dudi dang d4u mau vang. LC-MS(ES+): 417,1 (M+H).

Buoc 5

Hon hop chira metyl 4-amino-3-(2-(4-(6-clopyridin-2-yl)piperidin-1-yl)-N-
metylaxetamido)benzoat (7,37 g, 17,7 mmol) trong AcOH (100 mL) duoc khudy &

60°C trong 16 gi. Hon hop mau nau dugce cb dac trong diéu kién 4p suét giam dé thu
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duoc didu mau ndu ma duogc xir Iy trong EtOAc (300 mL) va ria bang dung dich
NaHCO; bio hoa (100 mL). Lép hitu co duge rira bang nuée mubi (3 x 100 mL), lam
kho béng MgSOs, loc va cd dic trong diéu kién ap suét giam. San phém th6é duoc tinh
ché bang cach sic ky nhanh (gradient EtOA¢/PE 0-50%) dé thu duoc hop chét trung
gian 36 (3,51 g, 50%) duéi dang chit ran mau vang. 'H NMR (CDCL) 5 'H NMR
(400 MHz, CDCI3) & 8,14 (s, 1H), 7,98 (d, 1H), 7,75 (d, 1H), 7,58 (t, 1H), 7,17 (d,
1H), 7,10 (d, 1H), 3,99 (s, 3H), 3,97 (s, 3H), 3,95 (br s, 2H), 3,09 (d, 2H), 2,77 (br s,
1H), 2,43 (br s, 2H), 1,83-2,04 (m, 4H); LC-MS(ES+): 399,1 (M+H).

cl F
L Nf
N 0
0N N\<\ -
| OH
=
Vidu 1A-01

Axit 2-((4-(6-((4-Clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-metyl-

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

Hop chit trung gian 17 (115 mg, 0,482 mmol), hop chét trung gian 3 (178 mg,
0,554 mmol) va K»COs (133 mg, 0,96 mmol) duoc Kkét hop trong MeCN (4,8 mL) va
hdn hop duoc khudy & 35°C trong 3 gio. Phan (mg dugc 1am ngudi dén nhiét do trong
phong, pha loang bing EtOAc va chiét bang nuéc. Lép hitu co dugc lam khod bing
MgSOs, loc va cd déc trong diéu kién ap suét giam. San phém th6 thu duoc duoc tinh
ché bang céach sic ky nhanh (24 g silic oxit, 0-100% EtOAc/heptan) dé thu duoc 215
mg metyl 2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-
metyl-1H-benzo[d]imidazol-6-carboxylat (85%) dudi dang bot mau tring. '"H NMR
(400 MHz, CDCls) & 8,10 (br s, 1H), 7,95 (d, 1H), 7,72 (d, 1H), 7,51-7,36 (m, 2H),
7,07 (br s, 2H), 6,71 (br s, 1H), 6,57 (d, 1H), 5,38 (br s, 2H), 3,95 (s, 3H), 3,93 (s,
3H), 3,84 (br s, 2H), 2,97 (br s, 2H), 2,59 (br s, 1H), 2,27 (br s, 2H), 1,75-1,93 (m,
4H); LC-MS(ES+): 523,3 (M+H).

Budc 2
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Metyl 2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-
metyl-1H-benzo[d]imidazol-6-carboxylat (215 mg, 0,411 mmol) duoc tao huyén phu
trong MeOH (4 mL) va xt Iy bang dung dich NaOH 2M (820 puL, 1,64 mmol). Khudy
phan ung & nhiét 4o 40°C trong 3 gio va 14 gi¢ ¢ nhiét do trong phong. Phan tmg
dugc gia nhiét lai dén 40°C va axit hoa béng dung dich HCI 1M (2,50 mL, 2,50
mmol). Hon hop dugc dé ngudi dén nhiét do trong phong va khi két tua bat dau hinh
thanh, hoi N2 duoc thdi vao phéan Ung dé 1oai b khoang mdt ntra lwuong MeOH. Sau
d6 chét ran duoc thu gom béng cach loc, rira béng H>0 (2 x 2 mL), va sau d6 1am kho
trong khi quyén N, dé thu duoc hop chét theo vi du 1A-01 (155 mg, 69%) dudi dang
chét ran. 'TH NMR (600 MHz, DMSO-d6) & 12,74 (br s, 1H), 8,15 (s, 1H), 7,79 (d,
1H), 7,58-7,65 (m, 2H), 7,54 (t, 1H), 7,43 (d, 1H), 7,27 (d, 1H), 6,85 (d, 1H), 6,65 (d,
1H), 5,34 (s, 2H), 3,94 (s, 3H), 3,82 (s, 2H), 2,93 (d, 2H), 2,57 (t, 1H), 2,19 (t, 2H),
1,73-1,80 (m, 2H), 1,64-1,73 (m, 2H); LC-MS(ES+): 509,2 (M+H).

* Céc hop chét dugc liét ké trong bang 1 duéi ddy dugc diéu ché bing cach st
dung céc quy trinh twong tu nhu cac quy trinh dugc mo ta trén day dé tong hop Hop
chit 1A-01 st dung cac nguyén liéu ban déu thich hop ma c6 ban trén thi trudng,
duoc didu ché bing cach st dung cac quy trinh diéu ché da dugc ngudi c6 hiéu biét
trung binh trong linh vuc nay biét rd, hodc duge diéu ché theo cach tuong tu nhu céc
cach mo ta trén day déi voi cac hop chét trung gian khac. Cac hop chét dugc tinh ché
bang cach str dung cic phuwong phép da dugc ngudi c6 hiéu biét trung binh trong linh
vuc nay biét 5 va co thé bao gdm phuong phép séc ky silicagel, HPLC, hogc két tinh
tir hon hop phan tmg. Cac hop chét cudi cing c6 thé dugc tach dudi dang céc chét

trung tinh hodc cac muoi cong axit hodc bazo.
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Bang 1

Vidu

Tén

S6 1iéu NMR/sé liéu LC-MS

1A-02

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-
yl}piperidin-1-yl)metyl]-1-
(2-metoxyetyl)-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0D) 5 8,30 (s, 1H),
7,99 (d, 1H), 7,71 (d, 1H), 7,60 (t, 1H), 7,50 (t,
1H), 7,17-7,25 (m, 2H), 6,86 (d, 1H), 6,67 (d,
1H), 5,42 (s, 2H), 4,68 (1, 2H), 4,25 (br s, 2H),
3,81 (t, 2H), 3,35 (s, 3H), 2,67-2,88 (m, 3H),

2,00 (br s, 4H). LC-MS(ES+): 556,3 (M+H).

1A-03

Axit 2-{[(25)-4-{6-[(4-
Xyano-2-
flobenzyl)oxy]pyridin-2-yl}-
2-metylpiperazin-1-
ylJmetyl}-1-(2-metoxyetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0OD) 6 8,41 (d, 1H),
8,12 (dd, 1H), 7,82 (d, 1H), 7,65 (m, 1H), 7,60-.
7,48 (m, 3H), 6,43 (d, 1H), 6,27 (d, 1H), 5,48 (s,

2H), 4,68 (m, 2H), 4,57 (d, 1H), 4,17-4,01 (m,

2H), 3,80 (m, 2H), 3,52 (m, 3H), 3,31 (s, 3H),
3,30-3,18 (m, 1H), 1,43 (d, 3H). LC-MS(ES+):

559,2 (M+H).

1A-04

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]-5-flopyridin-

2-yl}piperidin-1-yl)metyl]-1
(2-metoxyetyl)-1H-

benzimidazol-6-carboxylic

'H NMR (600 MHz, CDsOD) & 8,32 (s, 1H),
7,99-8,11 (m, 1H), 7,73-7,84 (m, 1H), 7,50-7,57
(m, 1H), 7,43-7,49 (m, 1H), 7,19-7,29 (m, 2H),
6,89-6,99 (m, 1H), 5,29-5.65 (m, 2H), 4,78-4,81
(m, 2H), 4,63 (s, 2H), 3,83-3,96 (m, 2H), 3,72-

3,78 (m, 2H), 3,35-3,46 (m, 2H), 3,30 (s, 3H),
2.95-3,13 (m, 1H), 2,21 (d, 4H). LC-MS(ES+):

570,0 (M+H).

-94-




38232

Vidu

S6 lieu NMR/sé liéu LC-MS

1A-05

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]-3-flopyridin-
2-yl}piperazin-1-yl)metyl]-1-
(2-metoxyetyl)-1H-

benzimidazol-6-carboxylic

LCMS E(4-302) XBridge C18 2,1 x 50 mm, 5
um; Pha dong: 1,0% MeCN trong nudc (0,1%
TFA) dén 5% MeCN trong nuée (0,1% TFA)
trong 0,6 phut; sau do6 tir 5,0% MeCN trong nudc
(0,1% TFA) dén 100% MeCN (0,1% TFA) trong
3,4 phut; sau d6 tro lai 1,0% MeCN trong nudce
(0,1% TFA) cho dén 4,3 pht, va gift 0,7 phut.
Luu luong : 0,8 ml/phut. Thoi gian luu: 2,95
phut. LC-MS(ES+): 572,2 (M+H).

1A-06

Axit 2-{[(25)-4-{6-[(4-clo-2-
flobenzyl)oxy]-3-flopyridin-
2-yl}-2-metylpiperazin-1-
ylJmetyl}-1-(2-metoxyetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0OD) 5 8,43 (d, 1H),
8,13 (dd, 1H), 7,83 (d, 1H), 7,51-7,37 (m, 2H),
7,29-7,18 (m, 2H), 6,36 (dd, 1H), 5,38 (s, 2H),

4,69 (g, 2H), 4,56 (d, 1H), 3,97 (m, 2H), 3,80 (1,
2H), 3,56 (m, 3H), 3,29 (m, 1H), 1,44 (d, 3H).

LC-MS(ES+): 586,0 (M+H).

1A-07

Axit 2-{[(25)-4-{6-[(4-clo-2-
flobenzyl)oxy]-5-flopyridin-
2-yl}-2-metylpiperazin-1-
ylJmetyl}-1-(2-metoxyetyl)-
1H-benzimidazol-6-

carboxylic

IH NMR (400 MHz, CD;0D) & 8,43 (d, 1H),
8,13 (dd, 1H), 7,83 (d, 1H), 7,50 (m, 1H), 7,40
(dd, 1H), 7,29-7,20 (m, 2H), 6,38 (dd, 1H), 5,47
(s, 2H), 4,69 (m, 2H), 4,55 (d, 1H), 4,06 (dd,
2H), 3,80 (m, 2H), 3,55 (br s, 2H), 3,43 (d, 1H),
3,24 (d, 1H), 1,45 (d, 3H). LC-MS(ES+): 586,1
(M+H).
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Vidu

S6 lieu NMR/s6 liéu LC-MS

1A-08

Axit 2-{[(2S)-4-{6-[(4-
xyanobenzyl)oxy|-5-
flopyridin-2-yl}-2-
metylpiperazin-1-yljmetyl}-
1-(2-metoxyetyl)-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0OD) 5 8,42 (d, 1H),
8,13 (dd, 1H), 7,82 (d, 1H), 7,77-7,69 (m, 2H),
7,62 (d, 2H), 7,42 (dd, 1H), 6,37 (dd, 1H), 5,52
(s, 2H), 4,69 (m, 2H), 4,52 (d, 1H), 3,99 (t, 2H),
3,80 (m, 2H), 3,56-3,32 (m, 3H), 3,32 (m, 2H),
3,27-3,10 (m, 2H), 1,41 (d, 3H). LC-MS(ES+):

559,2 (M+H).

1A-09

Axit 2-{[4-(6-{[(4-xyano-2-
flophenyl)(metyl-
d2)]oxy}pyridin-2-
yl)piperidin-1-yl|metyl}-1-
[(2S)-oxetan-2-ylmetyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0OD) 5 8,33 (d, 1H),
7,99 (dd, 1H), 7,73-7,49 (m, 5H), 6,86 (d, 1H),
6,70 (d, 1H), 5,30 (d, 1H), 4,81-4,71 (m, 1H),
4,66 (m, 1H), 4,50 (m, 1H), 4,08 (d, 1H), 3,97 (d,
1H), 3,11 (d, 1H), 3,00 (d, 1H), 2,83 (m, 1H),
2,67 (m, 1H), 2,56 (m, 1H), 2,36 (m, 2H), 1,86
(m, 4H). LC-MS(ES+): 558,2 (M-+H).

1A-10

Axit 2-({4-[6-
(benzyloxy)pyridin-2-
yl]piperidin-1-yl}metyl)-1-
(2-metoxyetyl)-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0OD) 5 8,35 (dd, 1H),
8,05 (dd, 1H), 7,81 (dd, 1H), 7,67 (dd, 1H), 7,51-
7,42 (m, 2H), 7,42-7,34 (m, 2H), 7,34-7,25 (m,
1H), 6,93 (d, 1H), 6,75 (dd, 1H), 5,43 (s, 2H),
4,82 (s, 2H), 4,64 (t, 2H), 3,91 (brs, 2H), 3,77
(m, 2H), 3,43 (t, 2H), 3,15-3,02 (m, 1H), 2,27
(m, 4H). LC-MS(ES+): 501,3 (M+H).
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Vidu

S6 lieu NMR/sb liéu LC-MS

1A-11

Axit 2-[(4-{6-[(4-
xyanobenzyl)oxy |pyridin-2-
yl}piperazin-1-yl)metyl]-1-
(2-metoxyetyl)-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD:0D) 5 8,41 (d, 1H),
8,11 (dd, 1H), 7,82 (d, 1H), 7,76-7,67 (m, 2H),
7,57 (dd, 3H), 6,43 (d, 1H), 6,30 (d, 1H), 5,44 (s,
2H), 4,68 (m, 4H), 3,78 (m, 6H), 3,37 (m, 4H),

3,31 (s, 3H). LC-MS(ES+): 5272 (M+H).

1A-12

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}-
3,3-dimetylpiperazin-1-
yDmetyl]-1-(2-metoxyetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0D) 5 8,46 (d, 1H),
8,15 (dd, 1H), 7,85 (d, 1H), 7,70 (t, 1H), 7,48 (t,
1H), 7,29-7,19 (m, 2H), 6,82 (d, 1H), 6,69 (d,
1H), 5,42 (s, 2H), 4,77 (1, 2H), 4,52 (s, 2H), 3,82
(m, 2H), 3,69 (m, 2H), 3,27 (m, 2H), 3,10 (m,
2H), 1,40 (s, 6H). LC-MS(ES+): 582,3 (M+H).

1A-13

Axit 2-{[(3S)-4-{6-[(4-clo-2-

flobenzyl)oxy|pyridin-2-yl}-
3-metylpiperazin-1-

ylJmetyl}-1-(2-metoxyetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;OD) § 8,43 (d, 1H),
8,13 (dd, 1H), 7,82 (d, 1H), 7,48 (m, 2H), 7,26-
7,14 (m, 2H), 6,31 (d, 1H), 6,17 (d, 1H), 5,45-
5,28 (m, 2H), 4,76 (m, 2H), 4,68 (m, 1H), 4,47-
431 (m, 2H), 4,12 (m, 1H), 3,82 (m, 2H), 3,26
(m, 3H), 2,90 (m, 1H), 2,77 (m, 2H), 1,25 (d,
3H). LC-MS(ES+): 568,0 (M+H).

1A-14

Axit 2-{[(3R)-4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}-
3-metylpiperazin-1-
ylJmetyl}-1-(2-metoxyetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0OD) 5 8,45 (s, 1H),
8,14 (d, 1H), 7,83 (d, 1H), 7,55-7,42 (m, 2H),
7,27-7,16 (m, 2H), 6,32 (d, 1H), 6,18 (d, 1H),
5,45-5,29 (m, 2H), 4,79-4,64 (m, 3H), 4,50-4,38
(m, 2H), 4,14 (d, 1H), 3,82 (t, 2H), 3,00-2,78 (m,
3H), 1,27 (d, 3H). LC-MS(ES+): 568,3 (M+H).
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Vi du

Tén

S6 lieu NMR/sé liéu LC-MS

1A-15

Axit 2-{[(3R)-4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}-
3-(hydroxymetyl)piperazin-
1-yl]metyl}-1-(2-
metoxyetyl)-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0D) 5 8,45 (d, 1H),
8,14 (dd, 1H), 7,85 (d, 1H), 7,50 (m, 2H), 7,27-
7,17 (m, 2H), 6,36 (d, 1H), 6,21 (d, 1H), 5,43-
5,28 (m, 2H), 4,78-4,70 (m, 2H), 4,68 (m, 1H),
4,60 (s, 2H), 4,25 (m, 1H), 3,98 (dd, 1H), 3,90-
3,76 (m, 4H), 3,62-3,45 (m, 2H), 3,11 (m, 2H).

LC-MS(ES+): 584,3 (M+H).

1A-16

Axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-1-
[(1-metyl-1H-imidazol-5-
yl)metyl]-1H-benzimidazol-

6-carboxylic

Cot: Waters Atlantis dC18 4,6 x 50 mm, 5 pm;
Pha dong A: 0,05% TFA trong nudc (thé tich/thé
tich); Pha dong B: 0,05% TFA trong MeCN (thé

tich/thé tich); Gradient: 95% H>0/5% MeCN

tuyén tinh dén 5% H>0/95% MeCN trong 4,0

phit, gitt & 5% H0/95% MeCN dén 5,0 phit.
Luu luong: 2 ml/phat. Thoi gian Ivu: 2,05 phut.

LC-MS(ES+): 580,4 (M+H).

1A-17

Axit 2-[(4-{6-[(2,4-
diflobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-1-
[(1-metyl-1H-imidazol-5-
yl)metyl]-1H-benzimidazol-

6-carboxylic

IH NMR (400 MHz, CDs0D) & 9,01 (d, 1H),
8,31 (d, 1H), 8,09 (dd, 1H), 7,89 (d, 1H), 7,67 (t,
1H), 7,58 (m, 1H), 7,09 (d, 1H), 7,06-6,89 (m,
3H), 6,73 (d, 1H), 5,89 (s, 2H), 5,45 (s, 2H), 4,85
(s, 2H), 4,00 (m, 5H), 3,42 (m, 2H), 3,14-2,99
(m, 1H), 2,40-2,17 (m, 4H). LC-MS(ES+): 573,2
(M+H).
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Vidu . .
. Tén So liéu NMR/so liéu LC-MS
sO
'H NMR (400 MHz, CDCIl3) 6 8,13 (s, 1H), 8,09
Axit 2-[(4-{6-[(4-clo-2- (s, 1H), 7,95 (d, 1H), 7,74 (d, 1H), 7,49 (t, 1H),
flobenzyl)oxy|pyridin-2- 7,42 (t, 1H), 7,09 (t, 2H), 6,71 (d, 1H), 6,60 (d,
LALLS yl}piperidin-1-yl)metyl]-1- | 1H), 5,93 (br s, 2H), 5,37 (s, 2H), 4,08 (br s, 1H),
[(4-propyl-4H-1,2,4-triazol- 3,87 (t, 2H), 3,50 (s, 1H), 3,20 (d, 2H), 2,66 (t,
3-yDmetyl]-1H- 1H), 2,47 (br s, 2H), 2,05 (s, 1H), 1,73-2,01 (m,
benzimidazol-6-carboxylic 4H), 1,55 (sxt, 2H), 0,89 (t, 3H), 0,74 (t, 3H).
LC-MS(ES+): 618,6 (M+H).
'H NMR (DMSO-d6) 6 12,74 (br s, 1H), 8,27 (s,
1H), 7,81 (d, 1H), 7,66 (d, 1H), 7,37-7,57 (m,
Axit 2-{[(2S)-4-{6-[(4-clo-2-
3H), 7,29 (d, 1H), 6,33 (d, 1H), 6,08 (d, 1H),
flobenzyl)oxy|pyridin-2-yl}-
5,30 (s, 2H), 5,17 (br s, 1H), 4,77 (br s, 2H),
2-metylpiperazin-1-
1A-19 4,42-4,57 (m, 1H), 4,37 (d, 1H), 4,28 (d, 1H),

ylJmetyl}-1-[(2S)-oxetan-2-
ylmetyl]-1H-benzimidazol-6-

carboxylic

3,86 (d, 1H), 3,76 (d, 1H), 3,66 (d, 1H), 3,02 (t,

1H), 2,79-2,93 (m, 1H), 2,60-2,77 (m, 3H), 2,21-

2,45 (m, 2H), 1,12 (d, 3H). LC-MS(ES+): 580,1
(M+H).

1A-20

Axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-1-
[(4-metyl-4H-1,2,4-triazol-3-
yl)metyl]-1H-benzimidazol-

6-carboxylic

'H NMR (400 MHz, CDsCN) & 8,39 (s, 1H),
8,24 (s, 1H), 8,08-7,96 (m, 1H), 7,83 (d, 1H),
7,80-7,63 (m, 2H), 7,55 (d, 2H), 6,92 (d, 1H),
6,75 (d, 1H), 5,78 (s, 2H), 5,60 (s, 2H), 4,72-4,49
(m, 2H), 3,89 (s, 3H), 3,72 (m, 2H), 3,29 (m,
2H), 3,03 (m, 1H), 2,21-2,11 (m, 4H). LC-
MS(ES+): 581,3 (M+H).
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Vi du . ,
. Tén S6 liéu NMR/so liéu LC-MS
sO
_ "H NMR (600 MHz, CDs0D) 6 8,33 (s, 1H),
Axit 2-[(4-{6-[(4-xyano-2-
. 8,02 (d, 1H), 7,78 (d, 1H), 7,68 (d, 2H), 7,58 (dd,
flobenzyl)oxy|pyridin-2-
o 2H), 6,94 (d, 1H), 6,78 (d, 1H), 5,54 (s, 2H),
yl}piperidin-1-yl)metyl]-1-
1A-21 4,80-4,72 (m, 2H), 4,67 (d, 1H), 4,43 (dd, 1H),

[(2S)-tetrahydrofuran-2-
ylmetyl]-1H-benzimidazol-6-

carboxylic

4,22 (q, 1H), 3,89 (dt, 3H), 3,75 (q, 1H), 3,37 (d,
2H), 3,04 (¢, 1H), 2,18 (d, 5H), 1,93 (dd, 2H),
1,67 (dd, 1H). LC-MS(ES+): 570,6 (M-+H).

Axit rac 2-{[(3S,4S)-4-{6-
[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}-

'H NMR (400 MHz, CDsOD) & 8,46 (d, 1H),
8,15 (dd, 1H), 7,82 (d, 1H), 7,67 (dd, 1H), 7,52
(t, 1H), 7,30-7,19 (m, 2H), 6,96 (d, 1H), 6,76 (d,

1A-22 o 1H), 5,45 (s, 2H), 4,76 (t, 2H), 4,44 (s, 2H), 3,83
3-flopiperidin-1-yljmetyl}-1-
(t, 2H), 3,59 (m, 1H), 3,31-3,20 (m, 1H), 3,04
(2-metoxyetyl)-1H-
. ) (m, 1H), 2,92-2,73 (m, 2H), 2,32-1,89 (m, 3H).
benzimidazol-6-carboxylic
LC-MS(ES+): 571,1 (M+H).
Axit rac-2-{[(3S,4S)-4-{6- "H NMR (400 MHz, CDs0D) & 8,37 (d, 1H),
[(4-clo-2- 8,07 (dd, 1H), 7,81 (d, 1H), 7,68 (dd, 1H), 7,54
flobenzyl)oxy|pyridin-2-y1}- | (t, 1H), 7,32-7,21 (m, 2H), 6,98 (d, 1H), 6,78 (d,
1A-23 3-hydroxypiperidin-1- 1H), 5,51-5,37 (m, 2H), 4,79 (s, 2H), 4,67 (t,

ylJmetyl}-1-(2-metoxyetyl)-
1H-benzimidazol-6-

carboxylic

2H), 4,38 (m, 1H), 3,86-3,73 (m, 4H), 3,16 (m,
1H), 2,95 (s, 1H), 2,37-2,16 (m, 2H). LC-
MS(ES+): 569,3 (M+H).
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Vidu

S6 liéu NMR/s6 liéu LC-MS

1A-24

Axit rac-2-{[(3R,4S)-4-{6-
[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}-
3-hydroxypiperidin-1-
ylJmetyl}-1-(2-metoxyetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0D) 5 8,35 (dd, 1H),
8,02 (dd, 1H), 7,78 (dd, 1H), 7,71 (dd, 1H), 7,48
(t, 1H), 7,29-7,21 (m, 2H), 6,99 (dd, 1H), 6,81
(dd, 1H), 5,46-5,36 (m, 2H), 5,24 (d, 1H), 4,90
(m, 1H), 4,69 (m, 2H), 4,26 (m, 1H), 3,99 (dd,
1H), 3,94-3,81 (m, 3H), 3,78 (m, 2H), 3,63 (m,
1H), 3.30 (s, 3H), 2,56-2,40 (m, 2H). LC-
MS(ES+): 569,1 (M+H).

1A-25

Axit rac-2-{[(3R,4R)-4-{6-
[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}-
3-metylpiperidin-1-
yllmetyl}-1-(2-metoxyetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0OD) 5 8,32 (d, 1H),
8,00 (dd, 1H), 7,78 (d, 1H), 7,70 (dd, 1H), 7,46
(m, 1H), 7,26 (m, 2H), 6,94 (d, 1H), 6,81 (d,
1H), 5,37 (s, 2H), 4,82 (s, 2H), 4,64 (m, 2H),
4,03 (m, 1H), 3,88 (m, 1H), 3,75 (m, 2H), 3,67
(m, 1H), 3,54 (m, 1H), 3,27 (m, 4H), 2,58 (m,
1H), 2,34 (m, 2H), 0,84 (d, 3H). LC-MS(ES+):
567,1 (M+H).

1A-26

Axit rac-2-{[(3S,4R)-4-{6-
[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}-
3-metylpiperidin-1-
ylJmetyl}-1-(2-metoxyetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0OD) 6 8,36 (s, 1H),
8,06 (dd, 1H), 7,83 (d, 1H), 7,68 (t, 1H), 7,53 (t,
1H), 7,34-7,26 (m, 2H), 6,92 (d, 1H), 6,77 (d,
1H), 5,47 (q, 2H), 4,85 (s, 2H), 4,65 (t, 2H), 3,93
(d, 1H), 3,84 (d, 1H), 3,79 (t, 2H), 3,47 (m, 1H),
3,35 (s, 3H), 3,10 (t, 1H), 2,66 (dt, 1H), 2,54 (br.
m., 1H), 2,32 (dq, 1H), 2,07 (dd, 1H), 0,77 (d,
3H), LC-MS(ES+): 567,1 (M+H).
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Vidu

A

Tén

S6 lieu NMR/sé liéu LC-MS

1A-27

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-
yl}piperidin-1-yl)metyl]-1-
[(IR,2R)-2-
metoxyxyclopentyl]-1H-

benzimidazol-6-carboxylic

IH NMR (600 MHz, CDs0D) & 8,24 (s, 1H),
7,98 (d, 1H), 7,70 (d, 1H), 7,57 (t, 1H), 7,48 (t,
1H), 7,19 (ddd, 2H), 6,82 (d, 1H), 6,63 (d, 1H),
5,41 (s, 2H), 5,19 (q, 1H), 4,43 (q, 1H), 4,20 (d,
1H), 3,87 (d, 1H), 3,23 (s, 3H), 2,92 (d, 1H),
2,74-2,64 (m, 1H), 2,55-2,46 (m, 1H), 2,41-2,27
(m, 4H), 2,14-1,77 (m, 8H). LC-MS(ES+): 593,5
(M+H).

1A-28

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-1-
[(cis-3-
metoxyxyclobutyl)metyl]-
1H-benzimidazol-6-

carboxylic

IH NMR (600 MHz, CDs0D) & 8,32 (s, 1H),
8,01 (d, 1H), 7,78 (d, 1H), 7,65 (t, 1H), 7,51 (t,
1H), 7,26-7,19 (m, 2H), 6,93 (d, 1H), 6,73 (d,
1H), 5,45 (s, 2H), 4,80 (s, 2H), 4,45 (d, 2H), 3,92

(s, 2H), 3,79-3,72 (m, 1H), 3,43-3,36 (m, 2H),
3,21 (s, 3H), 3,08-3,02 (m, 1H), 2,46-2,17 (m,
7H), 1,75-1,70 (m, 2H). LC-MS(ES+): 593,6
(M+H).

1A-29

{[(1S,25)-2-

1H-benzimidazol-6-

carboxylic

Axit rac-2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-1-

metoxyxyclopentyljmetyl}-

'H NMR (600 MHz, CD;0D) § 8,36 (s, 1H),
8,01 (d, 1H), 7,78 (d, 1H), 7,65 (t, 1H), 7,51 (t,
1H), 7.23 (t, 2H), 6,92 (d, 1H), 6,73 (d, 1H), 5,45
(s, 2H), 4,78 (dd, 2H), 4,55 (dd, 1H), 4,38 (dd,
1H), 3,96-3,81 (m, 2H), 3,45-3,32 (m, 2H), 3,22
(s, 3H), 3,10-2,99 (m, 1H), 2,53-2,42 (m, 1H),
2,35-2,08 (m, SH), 2,02-1,54 (m, 6H). LC-
MS(ES+): 607,7 (M+H).
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Vidu . ,
Tén SO liéu NMR/s6 liéu LC-MS

'H NMR (600 MHz, CD:0D) & 8,34 (s, 1H),
8,02 (d, 1H), 7,78 (d, 1H), 7,66 (t, 1H), 7,51 (1,
1H), 7,31-7,17 (m, 2H), 6,93 (d, 1H), 6,73 (d,
1H), 5,45 (s, 2H), 4,51-4,20 (m, 2H), 3,91 (d,
2H), 3,43-3,35 (m, 2H), 3,21 (s, 3H), 3,04 (m,
1H), 2,39-2,15 (m, 4H), 1,30 (d, 5H), 0,90 (t,
1H), 0,79 (dt, 1H), 0,64 (dd, 1H). LC-MS(ES+):
593,5 (M+H).

Axit 2-[(4-{6-[(4-clo-2-

flobenzyl)oxy]pyridin-2-
yl}piperidin-1-yl)metyl]-1-
1A-30 {[(1R,2R)-2-
(metoxymetyl)xyclopropylm

etyl}-1H-benzimidazol-6-

carboxylic

CI\::F
O_ _N N/\NWN_N P
S N\ / oH
=

Vidu 2A-01

Axit 2-((4-(6-((4-Clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin- 1-yl)metyl)-3-metyl-
3H-imidazo[4,5-b]pyridin-5-carboxylic hydroclorua

Budce 1

Hon hop mau vang cua hgp chét trung gian 3 (92,3 g, 119 mmol, 4 duong
lugng mubi TFA), hop chét trung gian 33 (25,9 g, 120 mmol) va K2COs (98,5 g, 713
mmol) trong MeCN (300 mL) dugc khudy & 50°C trong 16 gio. Hon hop mau vang
duoc rot vao nude (300 mL) va chiét bang EtOAc (3 x 500 mL). C4c 16p hitu co gom
lai duge rira bing nude mubi (500 mL), lam khd bang MgSOs, loc va cd dac trong
diéu kién 4p suat giam. San pham tho dugc tinh ché bing cach sic ky nhanh (gradient
MeOH/DCM 0-5%) dé thu duoc 5-clo-2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-
yl)piperidin-1-yl)metyl)-3-metyl-3H-imidazo[4,5-b]pyridin (59,0 g, 99%) dudi daﬂg
chat rén mau vang. 'H NMR (400 MHz, CDCl3) & 7,92 (d, 1H), 7,49 (m, 1H), 7,43
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(m, 1H), 7,21 (d, 1H), 7,10-7,13 (m, 1H), 7,09 (d, 1H), 6,72 (d, 1H), 6,60 (d, 1H),
5,40 (s, 2H), 3,98 (s, 3H), 3,84 (s, 2H), 2,97 (d, 2H), 2,51-2,73 (m, 1H), 2,29 (m, 2H),
1,73-1,97 (m, 4H).

Buéc 2

Dung dich mau vang chtra 5-clo-2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-
yl)piperidin-1-yl)metyl)-3-metyl-3H-imidazo[4,5-b]pyridin (59,0 g, 118 mmol),
DPPP (6,80 g, 16,5 mmol), Pd(OAc): (3,65 g, 16,3 mmol) va EtsN (125 g, 1240
mmol) trong MeOH (800 mL) va DMF (100 mL) duoc khudy & 80°C trong 50 psi
CO trong 16 gid. Dung dich mau cam thu duoc dugc cd dac trong didu kién ap suat
giam thanh dAu mau nau, dau nay dugc pha lodng bang EtOAc (300 mL) va rira bang
nude (200 mL). Lop hitu co duge rira bang nude mudi (2 x 200 mL), lam khod bing
MgSOs, loc va cd ddc trong diéu kién 4p suét giam. San pham thé ddowwcj gom lai
v6i san phdm tir phan Gtmg quy m6 11 g twong tw va dugce tinh ché bang cach sic ky
nhanh (gradient 50-100% EtOAc/PE) dé thu dugc metyl 2-((4-(6-((4-clo-2-
flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-3-metyl-3H-imidazo[4,5-
blpyridin-5-carboxylat (62,6 g, 85%) dudi dang chat rin mau vang nhat. '"H NMR
(400 MHz, CDCls) & 8,13 (d, 1H), 8,07 (d, 1H), 7,49 (t, 1H), 7.43 (t, 1H), 7,12 (t,
1H), 7,08-7,11 (m, 1H), 6,73 (d, 1H), 6,60 (d, 1H), 5,40 (s, 2H), 4,09 (s, 3H), 4,03 (s,
3H), 3,90 (s, 2H), 2,93-3,05 (m, 2H), 2,55-2,69 (m, 1H), 2,31 (dt, 2H), 1,79-1,97 (m,
4H).

Budce 3

Metyl 2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-3-
metyl-3H-imidazo[4,5-b]pyridin-5-carboxylat (57,0 g, 109 mmol) dugc tao huyén
phit trong MeOH (1 L) va xit Iy bang dung dich NaOH 2M (218 mL). Huyén phu dac
dugc khudy 5 phut & nhiét do trong phong va sau do duoc gia nhiét & 85°C trong 3
gio. Hon hop duoc loc qua Celite® va dich loc trong duogc gia nhiét lai dén 70°C. Phan
tmg duge axit héa bing dung dich HC1 2M (272 mL) va sau d6 dé nguéi dén nhiét do
trong phong. Chét tén duoc tao thanh va huyén phu dic duoc khudy trong 18 gio &
nhiét d trong phong. Chét rin duoc thu gom bang cach loc dé thu duogc hop chat Vi
du 2A-01 (57,1 g, 96%) dudi dang chét rin mau trang nga. '"H NMR (400 MHz,
DMSO0-d6) & 13,20 (br s, 1H), 11,07 (br s, 1H), 8,27 (d, 1H), 8,07 (d, 1H), 7,57-7,78
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(m, 2H), 7,47 (m, 1H), 7.32 (m, 1H), 6,92 (d, 1H), 6,74 (d, 1H), 5,40 (s, 2H), 4,84 (br
s, 2H), 3,97 (s, 3H), 3,86 (br s, 2H), 3,37 (br s, 2H), 2,93 (br s, 1H), 1,85-2,36 (m,
4H); ); LC-MS(ES+): 510,2 (M+H).

o
cl F S
18 N
O._N N/\NW\@_{O
! o \N / OH
=

Axit 2-((4-(6-((4-Clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-(2-
metoxyetyl)-1H-imidazo[4,5-b]pyridin-6-carboxylic hydroclorua

Vidu 2A-02
Bude 1

Bb sung HATU (6,33 g, 16,7 mmol) va EtsN (3,37 g, 33,3 mmol) vao binh
chtra dung dich axit metoxy axetic (1,00 g, 11,1 mmol) trong DMF (30 mL). Sau khi
khudy trong 20 phut, 2,3-diamino-5-bromopyridin (2,3 g, 12 mmol) dugc bd sung
timg phan vao do6, va hdn hop phan tmg thu dugc duoc khudy qua dém. Sau 15 gio,
nude duge bd sung vao, va dung dich duge chiét bang EtOAc. C4c 16p hitu co gom
lai dugc 1am kho, va loai bd dung moi trong diéu kién 4p sudt giam. Hop chét tho
duoc tinh ché bing phuong phap séc ky nhanh (gradient 0 dén 80% EtOAc/heptan)
dé thu duoc N-(2-amino-5-bromopyridin-3-y1)-2-metoxyaxetamit (2,3 g, 80%). H
NMR (400 MHz, CDCls) 6 8,09 (s, 1H), 8,06 (d, 1H), 8,03 (s, 1H), 7,83 (d, 1H), 4,08
(s, 2H), 3,53 (s, 3H); LC-MS(ES+): 260,2 (M+H).

Budc 2

B6 sung dung dich BH3 1M trong THF (14 mL) vao dung dich chira N-(2-
amino-5-bromopyridin-3-yl)-2-metoxyaxetamit (3,3 g, 13 mmol) trong THF trong
thoi gian 10 phut, va khudy & nhiét do trong phong qua dém, nude dugce bd sung tir
ttr vao phan ing dé t6i boran du, va sau do chiét hdn hgp phéan tng bang EtOAc. Lép
EtOAc duogc lam kho va cd dic trong diéu kién ap suit giam. Hoa tan san pham tho

trong MeOH va b sung HCI trong dioxan (1,0 duong luong) vao va khudy trong 2
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gi0. Loai bd metanol du trong diéu kién ap sut giam dé thu dugc san phim tho. Hop
chét duge tinh ché biang cach sic ky nhanh véi gradient nim trong khoang tir 0 dén
70% EtOAc trong heptan dé thu duge 5-bromo-N3-(2-metoxyetyl)pyridin-2,3-diamin
duéi dang dau mau nau (1,1 g, 35%). '"H NMR (600 MHz, CDCls) & 7,83 (d, 1H),
6,95 (d, 1H), 5,56 (s, 2H), 3,77 (t, 1H), 3,66 (t, 2H), 3,42 (s, 3H), 3,22 (q, 2H); LC-
MS(ES+): 246,1.

Buéc 3

5-Bromo-N?-(2-metoxyetyl)pyridin-2,3-diamin (400 mg, 1,63 mmol) dugc xir
ly trong 8 mL dioxan (8 mL) va xur ly bang cloaxetyl clorua (0,284 mL, 3,58 mmol).
Hon hop duge khudy & nhiét d6 trong phong. Dung méi dugc loai bo trong diéu kién
ap suét giam va phan con lai thu dugc dugc xir 1y trong TFA (8 mL) va khudy & 80°C
trong 18 gio. Phan ung dugc lam ngudi dén nhiét do trong phong va cd dic trong diéu
kién ap sut giam. Déau mau nau thu dugc duge xtt 1y trong EtOAc (50 mL) va trung
hoa bang dung dich NaHCOs bdo hoa. Sau khi su bay hoi CO» giam xubng, céac 16p
dugc tach ra va 16p nude duge chiét bang EtOAc (20 mL) bd sung. Lép hitu co dugc
gom lai, lam kho bang Na>SOs, loc va ¢d dic trong diéu kién 4p suét giam. San pham
tho thu duoc dugc tinh ché bang cach sic ky nhanh (gradient 0-80% EtOAc/heptan)
dé thu dugc 6-bromo-2-(clometyl)-1-(2-metoxyetyl)-1H-imidazo[4,5-b]pyridin (176
mg, 36%) dudi dang chét ran mau nau vang. 'H NMR (600 MHz, CDCl3) 8 8,59 (s,
1H), 7,90 (s, 1H), 4,93 (s, 2H), 4,45 (m, 2H), 3,72 (m, 2H), 3,29 (s, 3H); LC-
MS(ES+): 306,1 (M+H).

Budce 4

Hbn hop cta hop chét trung gian 3 (294 mg, 0,97 mmol, bazo ty do), 6-bromo-
2-(clometyl)-1-(2-metoxyetyl)-1H-imidazo[4,5-b]pyridin (341 mg, 1,06 mmol), KI
(48 mg, 0,29 mmol) va N,N-diisopropyletyl amin (0,51 mL, 0,97 mmol) trong MeCN
(8 mL) duogc khudy & 60°C trong 16 gid. Hn hop dugc rét vao nudce va chiét bing
EtOAc. L6p hitu co duge lam kho, loc va cd déc trong diéu kién &p suét giam. San
phém thd duoc tinh ché bing céch sic ky nhanh (gradient 0-100% EtOAc/heptan) dé
thu  duoc 6-bromo-2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-
yl)metyl)-1-(2-metoxyetyl)-1H-imidazo[4,5-b]pyridin (406 mg, 71%) dudi dang dau
mau nau vang. "H NMR (600 MHz, CDClz) & 8,54 (s, 1H), 7,91 (s, 1H), 7,50 (m, 1H),
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743 (m, 1H), 7,11 (m, 2H), 6,73 (d, 1H), 6,60 (d, 1H), 5,41 (s, 2H), 4,54 (m, 2H),
3,92 (s, 2H), 3,76 (m, 2H), 3,30 (s, 3H), 2,97 (d, 2H), 2,58-2,67 (m, 1H), 2,31 (m,
2H), 1,76-1,93 (m, 4H).

Buoc 5

B6 sung DMF (4 mL), MeOH (16 mL) va trimetylamin (1,44 mL, 10,4 mmol)
vao hon hop chita 6-bromo-2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-
1-yl)metyl)-1-(2-metoxyetyl)-1H-imidazo[4,5-b]pyridin (610 mg, 1,04 mmol),
paladi(IT) axetat (47 mg, 0,21 mmol), va dppp (128 mg, 0,31 mmol). Phan ing dugc
gia nhiét & 80°C voi viée khudy trong khi quyén 50 psi CO trong 20 gid. Lam ngudi
hdn hop phan tmg dén nhiét do trong phong va phan bd hdn hgp phan tmg gifta nuéce
va EtOAc. Lop hitu co dugce tach ra va lam kho bing MgSOs, loc va cd dic trong
diéu kién 4p suét giam. Vat liéu tho duge tinh ché bang cach sic ky nhanh (gradient
0 dn 5% MeOH trong DCM) dé thu dugc metyl 2-((4-(6-((4-clo-2-
flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-(2-metoxyetyl)-1H-imidazo[4,5-
b]pyridin-6-carboxylat (540 mg, 92%) dudi dang gdm mau nau vang. "H NMR (600
MHz, CDCI3) 6 9,18 (s, 1H), 8,39 (s, 1H), 7,49 (t, 1H), 7,43 (t, 1H), 7,10 (t, 2H), 6,73
(d, 1H), 6,60 (d, 1H), 5,40 (s, 2H), 4,64 (t, 2H), 4,00-3,90 (m, 5H), 3,78 (t, 2H), 3,29
(s, 3H), 2,99 (d, 2H), 2,62 (m, 1H), 2,27-2,40 (m, 2H), 1,79-1,91 (m, 4H).

Budc 6

B6 sung dung dich NaOH 2M (8,9 mL) vao dung dich chira metyl 2-((4-(6-
((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-(2-metoxyetyl)- 1H-
imidazo[4,5-b]pyridin-6-carboxylat (2,0 g, 3,5 mmol) trong MeOH (60 mL) va hdn
hop dugc gia nhiét & 60°C trong 1 gio. Phan tmg duoc lam ngudi dén nhiét do trong
phong va axit héa bang dung dich HC1 1M cho dén khi do pH khoang bang 4. Hon
hop duoc c6 dic trong didu kién ap sudt giam dé loai bo MeOH va chét rén dugc thu
gom bang cach loc va lam kho trong chan khong dé thu duoc hop chat Vi du 2A-02
(1,7 g 82%) dudi dang chat rin. "H NMR (400 MHz, DMSO-d6) & 13,35 (br s, 1H),
10,90 (br s, 1H), 9,01 (d, 1H), 8,70 (d, 1H), 7,69 (t, 1H), 7,63 (t, 1H), 7,47 (dd, 1H),
7,32 (dd, 1H), 6,93 (d, 1H), 6,73 (d, 1H), 5,40 (s, 2H), 4,86 (br s, 2H), 4,70 (br s, 2H),
3,81 (br s, 2H), 3,65 (m, 2H), 3,20 (s, 3H), 2,94 (br s, 1H), 2,08-2,25 (m, 4H); LC-
MS(ES+): 554,2 (M+H).
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Vi du 2A-03

Axit 2-((4-(6-((4-Clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-metyl-
1H-imidazo[4,5-c]pyridin-6-carboxylic

Budc 1

Bb sung metyl amin trong THF (2 M, 1,2 mL, 2,5 mmol) vao dung dich dugc
khudy chira 2,4-dibromo-5-nitropyridin (0,21 g, 0,72 mmol) trong THF (4,1 mL). Sau
0,5 gio, dung dich dugc pha loang bing nude (5 mL). Pha nuéc duge chiét bang
EtOAc (3 x 15 mL), cac 16p hitu co gom lai dugc rira bang nuéc mubi (20 mL), 1am
kho bang Na»SO4 khan, loc, va loai b dung mdi trong diéu kién 4p suit giam. Tinh
ché vat liéu tho bing cach st dung phuong phap sic ky cot (50% EtOAc/heptan) dé
thu dugc 2-bromo-N-metyl-5-nitropyridin-4-amin dué6i dang chét rin mau vang (0,15

g, 90%). 'H NMR (CDCls) 3 8,99 (s, 1H), 6,95 (s, 1H), 3,08 (d, 3H).
Bude 2

B6 sung Fe (0,053 g, 0,96 mmol) vao dung dich duogc khudy chira 2-bromo-
N-metyl-5-nitropyridin-4-amin (0,22 g, 0,96 mmol) trong AcOH (4,8 mL). Gia nhiét
dung dich dén 75°C. Sau 5 gio, dung dich dugc loc qua dém Celite®, rira bang EtOAc
(10 mL) va sau do toi bang dung dich NaxCO3 bdo hoa. Pha nudc duge chiét bang
EtOAc (2 x 10 mL), cac 16p hitu co gom lai dugc lam kho béng Na>SO4 khan, loc, xur
Iy bang HCI trong dixoan (4M, 2,4 mL, 9,6 mmol) va loai bo dung moi trong diéu
kién 4p suét giam. Vat liéu thd nay duge khudy trong Et,O/PE trong 30 phut, va sau
d6 chat rén thu duoc duge thu gom bang cach loc, rira bang PE va lam kho trong diéu
kién 4p sudt giam dé tao ra 6-bromo-N*-metylpyridin-3,4-diamin hydroclorua (0,20

g, 88%). 'H NMR (CD;0D) & 7,48 (s, 1H), 6,95 (s, 1H), 3,04 (s, 3H).
Bude 3

B6 sung hop chét trung gian 5 (0,18 g, 0,48 mmol) vao dung dich duoc khudy
chra 6-bromo-N*-metylpyridin-3,4-diamin hydroclorua (0,15 g, 0,52 mmol) trong
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DMF (2,4 mL), sau d6 bo sung DIPEA (0,25 mL, 1,4 mmol) va HBTU (0,18 g, 0,57
mmol). Sau 2 gi¢, dung dich dugc cd dac trong didu kién 4p suit giam, pha lodng
bang EtOAc (20 mL) va rira bang dung dich Na>COj3 bao hoa. Lép hitu co duge lam
kho béng NaSO4 khan, loc va loai bo dung mdi trong diéu kién ap suét giam. Amit
N-(6-bromo-4-(metylamino)pyridin-3-yl1)-2-(4-(6-((4-clo-2-flobenzyl)oxy)pyridin-
2-yl)piperidin-1-yl)axetamit thd dugc hoa tan trong 1,4-dioxan (5 mL), xt ly bing
NaOH (2 M, 2,4 mL, 4,8 mmol) va gia nhi€t dén 100°C. Sau 0,5 gi0, dung dich duoc
pha lodng bang nude (10 mL). Pha nuée duge chiét bang CH2Cl (3 x 10 mL), céc
16p hitu co gom lai dugc lam kho béng NaxSO4 khan, loc, va loai bé dung moi trong
diéu kién 4p suét giam. Tinh ché vat liéu thd bang cach sir dung phuong phép sic ky
cot roa giai biang FEtOAc dé thu dugec  6-bromo-2-((4-(6-((4-clo-2-
flobenzyl)oxy)pyridin-2-yl)piperidin- 1-yl)metyl)- 1 -metyl-1H-imidazo[4,5-c]pyridin
duéi dang dau mau nau (0,19 g, 72%). '"H NMR (CDCls) & 8,74 (s, 1H), 7,44-7,51
(m, 2H), 7,41 (t, 1H), 7,08 (t, 2H), 6,71 (d, 1H), 6,59 (d, 1H), 5,39 (s, 2H), 3,89 (s,
3H), 3,83 (s, 2H), 2,94 (d, 2H), 2,60 (ddd, 1H), 2,28 (t, 2H), 1,85-1,90 (m, 2H), 1,75-
1,84 (m, 2H).

Buoc 4

B6 sung DMF (0,4 mL) vao lo chuta 6-bromo-2-((4-(6-((4-clo-2-
flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-metyl-1H-imidazo[4,5-c]pyridin
(0,060 g, 0,11 mmol), DPPP (0,011 g, 0,028 mmol) va Pd(OAc), (0,035 g, 0,015
mmol), sau d6 bd sung MeOH (2,6 mL) va EtsN (0,13 mL, 1,1 mmol) vao d6. Dung
dich dugc gia nhiét dén 80°C trong khi quyén CO (50 psi). Sau 16 gio, dung dich
duoc pha loang bang nudc mudi (5 mL). Pha nuéc duge chiét bang EtOAc (2 x 10
mL), cac 16p hitu co gom lai dugc lam khod bang MgSOs khan, loc, va loai bé dung
mdi trong diéu kién ap sudt giam. Tinh ché vt liéu tho bang cach sir dung phuong
phap séc ky cot rira giai bang 5% MeOH trong CH,Cl, dé thu dugc metyl 2-((4-(6-
((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-metyl-1H-
imidazo[4,5-c]pyridin-6-carboxylat du6i dang dau mau vang (0,060 g, dinh lugng).
'"H NMR (600 MHz, CDCl3) 8 9,11 (s, 1H), 8,29 (s, 1H), 7,45-7,54 (m, 1H), 7,35~
7,45 (m, 1H), 7,10 (t, 2H), 6,73 (d, 1H), 6,61 (d, 1H), 5,40 (s, 2H), 4,05 (s, 3H), 4,02
(s, 3H), 3,91 (s, 2H), 2,98 (d, 2H), 2,58-2,68 (m, 1H), 2,32 (t, 2H), 1,74-1,95 (m, 4H).
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Buédc 5

B6 sung dung dich NaOH trong nuée (2 M, 0,14 mL) vao dung dich duoc
khudy chta metyl 2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-
yl)metyl)-1-metyl-1H-imidazo[4,5-c]pyridin-6-carboxylat (0,041 g, 0,078 mmol)
trong MeOH (0,78 mL) trong diéu kién khudy & 35°C. Sau 2 gid, dung dich dwgc axit
hoa dén d6 pH khoang bing 4 bang dung dich HCI trong nuée (1 M), lam lanh dén
0°C, pha loang bang nude (0,5 mL), va dé yén trong 2 gio. Két tha rin thu duoc duoc
tao huyén phu dic trong 1 gio, thu gom bang céach loc , rira bang nudce (2 x 1 mL), va
sau d6 lam kho trong diéu kién ap suét giam dé tao ra hop chét Vi du 2A-03 duéi
dang chat rin (21 mg, 48%). '"H NMR (400 MHz, CD3OD) &: 9,10 (br s, 1H), 8,57
(br s, 1H), 7,67 (br. t, 1H), 7,52 (br. t, 1H), 7,13-7,33 (m, 2H), 6,95 (d, 1H), 6,75 (d,
1H), 5,46 (s, 2H), 4,92 (s, 2H), 3,92-4,18 (m, 5H), 3,45 (br s, 2H), 3,08 (br s, 1H),
2,11-2,46 (m, 4H). LC-MS(ES+): 510,3 (M+H).

Céc hop chéit dugc liét ké trong bang 2 dudi ddy duoc diéu ché bang cach st
dung phuong phép tuong ty nhu phuong phap dugc mo ta trén day dé tong hop céac
hop chét Vi du 2A-01, 2A-02, va 2A-03 st dung cic nguyén liéu ban dau thich hop
ma c6 bén trén thi truong, dugc didu ché bang céach sir dung céc quy trinh diéu ché da
duoc ngudi c6 hiéu biét trung binh trong linh vuc nay biét 16, hodc dugc diéu ché
theo cach twong tu nhu cac cach mo ta trén day d6i v6i cac hop chét trung gian khac.
Céc hop chét dugc tinh ché bang cach sir dung cac phuong phap da duoc ngudi co
hiéu biét trung binh trong linh vuc nay biét rd va c6 thé bao gdm phurong phap sdc ky
silicagel, HPLC, hoac két tinh tir hn hogp phan tng. Cac hop chit cudi cling co thé

dugc tach dudi dang céc chat trung tinh hodc cac mudi cong axit hodc bazo.
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Bang 2

Vidu

S6 lieu NMR/Sb liéu LC-MS

2A-04

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-
yl}piperidin-1-yl)metyl]-1-
metyl-1H-imidazo[4,5-
b]pyridin-6-carboxylic

'H NMR (600 MHz, CD;0D) 6 9,04 (s, 1H),
8,52 (s, 1H), 7,70 (t, 1H), 7,46 (t, 1H), 7,27-
7,04 (m, 2H), 6,82 (d, 1H), 6,62 (d, 1H), 5,38
(s, 2H), 4,11 (s, 2H), 4,02 (s, 3H), 3,21 (d, 2H),
2.,77-2,45 (m, 3H), 2,07-1,78 (m, 4H). LC-
MS(ES+): 510,3 (M+H).

2A-05

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-1-
[(2S)-oxetan-2-ylmetyl]-1H-

imidazo[4,5-c]pyridin-6-

carboxylic

'H NMR (400 MHz, CD;0OD) 5 8,92 (s, 1H),
8,50 (s, 1H), 7,60 (dd, 1H), 7,49 (m, 1H), 7,18
(m, 2H), 6,86 (d, 1H), 6,66 (d, 1H), 5,43 (s,
2H), 5,27 (d, 1H), 4,81 (m, 1H), 4,65 (m, 1H),
4,50 (m, 1H), 4,24 (d, 1H), 4,12 (d, 1H), 3,20
(m, 1H), 2,97-2,69 (m, 2H), 2,55 (m, 3H), 2,00

(m, 5H). LC-MS(ES+): 566,1 (M+H).

2A-06

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-1-
(1,3-oxazol-2-ylmetyl)-1H-
imidazo[4,5-c]pyridin-6-

carboxylic

'H NMR (400 MHz, CD;0OD) 6 9,14 (s, 1H),
8,63 (s, 1H), 8,00 (s, 1H), 7,68 (m, 1H), 7,53
(m, 1H), 7,24 (m, 3H), 6,95 (d, 1H), 6,76 (d,
1H), 5,96 (s, 2H), 5,47 (s, 2H), 4,98 (s, 2H),
3,97 (brs, 2H), 3,43 (m, 2H), 3,08 (m, 1H),
2,28 (m, 4H). LC-MS(ES+): 577,0 (M+H).
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Vidu

Tén

S6 liéeu NMR/S6 liu LC-MS

2A-07

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-1-
(2-metoxyetyl)-1H-
imidazo[4,5-c]pyridin-6-

carboxylic

'H NMR (400 MHz, DMSO-d6) & 9,12 (d, 1H),
8,55 (d, 1H), 7,71 (t, 1H), 7,61 (t, 1H), 7,49
(dd, 1H), 7,33 (dd, 1H), 6,95 (d, 1H), 6,76 (d,
1H), 5,41 (s, 2H), 4,88 (s, 2H), 4,68 (d, 2H),
3,84 (s, 1H), 3,66 (t, 2H), 3,33 (s, 2H), 3,21 (s,
3H), 2,96 (s, 1H), 2,11 (s, SH). LC-MS(ES+):
553,9 (M+T).

2A-08

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-
yl}piperidin-1-yl)metyl]-7-
flo-1-(2-metoxyetyl)-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0D) 5 7,86 (dd, 1H),
7,66 (dd, 1H), 7,58 (d, 1H), 7,51 (t, 1H), 7,19-
7,28 (m, 2H), 6,94 (d, 1H), 6,74 (d, 1H), 5,45
(s, 2H), 4,80 (s, 2H), 4,67 (t, 2H), 3,91 (d, 2H),
3,80 (1, 3H), 3,34-3,47 (m, 2H), 3,32 (s, 3H),
3,06 (m, 1H), 2,16-2,35 (m, 4H). LC-MS(ES+):
571,2 (M+H).

2A-09

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-5-
flo-1-metyl-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CDCI3) & 7,88 (d, 1H),
7,59-7,50 (m, 1H), 7.45-7,33 (m, 2H), 7,14-
7,04 (m, 2H), 6,77 (d, 1H), 6,67 (d, 1H), 5,36
(s, 2H), 4,76 (s, 2H), 4,04 (m, 5H), 3,37 (m,
2H), 2,98 (m, 1H), 2,31 (m, 4H). LC-MS(ES+):
527,1 (M+H).
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Vi du , .
Wy Tén S6 liéu NMR/S6 ligu LC-MS
"H NMR (600 MHz, CD;0D) & 9,28 (s, 1H),
Axit 2-[(4-{6-[(4-clo-2- 7,61-7,71 (m, 1H), 7,45-7,57 (m, 1H), 7,23 (m,
flobenzyl)oxy|pyridin-2- 2H), 6,85-7,03 (m, 1H), 6,61-6,81 (m, 1H),
5 AL10 yl}piperidin-1-yl)metyl]-1- 5,46 (s, 2H), 5,00 (s, 2H), 4,65-4,74 (m, 2H),
(2-metoxyetyl)-1H- 3,91-4,10 (m, 2H), 3,70-3,86 (m, 2H), 3,42-
imidazo[4,5-b]pyrazine-6- 3,59 (m, 2H), 3,33 (s, 3H), 3,03-3,18 (m, 1H),
carboxylic 2,31 (d, 2H), 2,18-2,26 (m, 2H). LC-MS(ES+):
554,0 (M+H).
Axit 2-[(4-{6-[(4-clo-2- '"H NMR (400 MHz, CDCI3) o: 8,79 (s, 1H),
flobenzyl)oxy|pyridin-2- 7,70 (br s, 1H), 7,61 (t, 1H), 7,48 (d, 1H), 7,32
ALl yl}piperidin-1-yl)metyl]-1- (d, 1H), 6,95 (br s, 1H), 6,74 (d, 1H), 5.41 (s,
(2-metoxyetyl)-7-metyl-1H- | 2H), 4,73 (br s, 3H), 3,73 (br s, 4H), 3,22 (b s,
imidazo[4,5-b]pyridin-6- 5H), 2,91 (b s, 4H), 2,09 (br s, 4H). LC-
carboxylic MS(ES+): 568,3 (M+H).
'H NMR (600 MHz, DMSO-d6) ¢ 13,15 (s,
Axit 2-[(4-{6-[(4-clo-2- 1H), 10,79 (s, 1H), 8,57 (s, 1H), 7,70 (t, 1H),
flobenzyl)oxy|pyridin-2- 7,63 (t, 1H), 7,48 (dd, 1H), 7,33 (dd, 1H), 6,93
2A-12 | yl}piperidin-1-yl)metyl]-1,5- | (s, 1H), 6,74 (d, 1H), 5,40 (s, 2H), 4,82 (s, 2H),

dimetyl-1H-imidazo[4,5-
b]pyridin-6-carboxylic

3,95 (s, 3H), 3,82 (m, 2H), 3,01-2,86 (m, 1H),
2,81 (s, 3H), 2,53-2,48 (m, 3H), 2,28-1,95 (m,
3H). LC-MS(ES+): 524,2 (M+H).
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Vidu

S6 lieu NMR/S6 liéu LC-MS

2A-13

Axit 5-clo-2-[(4-{6-[(4-clo-
2-flobenzyl)oxy [pyridin-2-
yl}piperidin-1-yl)metyl]-1-
metyl-1H-benzimidazol-6-

carboxylic

'H NMR (600 MHz, CD:0D) 5: 8,07 (br s,
1H), 7,77 (br s, 1H), 7,63 (br s, 1H), 7,50 (br s,
1H), 7,14-7,31 (m, 2H), 6,90 (d, 1H), 6,71 (d,
1H), 5,43 (br s, 2H), 4,57 (br s, 2H), 3,94 (br s,
3H), 3,70 (d, 2H), 3,14 (br s, 2H), 2,95 (br's,
1H), 1,99-2,31 (m, 4H). LC-MS(ES+): 546,2
(M+H).

2A-14

Axit 2-[(4-{6-[(4-
xyanobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-5-

flo-1-(2-metoxyetyl)-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0OD) § 8,25 (d, 1H),
7,79-7,59 (m, 5H), 7,54 (d, 1H), 6,95 (d, 1H),
6,80 (d, 1H), 5,53 (s, 2H), 4,81 (s, 2H), 4,60
(m, 2H), 3,93 (m, 1H), 3,78-3,70 (m, 2H), 3,41
(m, 3H), 3,06 (sm 1H), 2,21 (m, 4H). LC-
MS(ES+): 544,3 (M+H).

2A-15

Axit 2-[(4-{6-[(4-
xyanobenzyl)oxy]pyridin-2-
yl}piperidin-1-yl)metyl]-7-

flo-1-(2-metoxyetyl)-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;OD) & 7,89 (dd, 1H),
7.80-7,56 (m, 6H), 6,95 (d, 1H), 6,80 (d, 1H),
5,53 (s, 2H), 4,81 (s, 2H), 4,67 (m, 2H), 3,92
(s, 2H), 3,81 (m, 2H), 3,41 (s, 2H), 3,07 (s,
1H), 2,21 (s, 4H). LC-MS(ES+): 544,3 (M+H).

2A-16

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-1-
(2,2,2-trifloetyl)-1H-
imidazo[4,5-b]pyridin-6-

carboxylic

'H NMR (600 MHz, CDs0OD) 9,18 (s, 1H),
8,80 (s, 1H), 7,67 (t, 1H), 7,51 (t, 1H), 7,23 (t,
2H), 6,94 (d, 1H), 6,74 (d, 1H), 5,47 (s, 2H),
5,45-5,39 (m, 2H), 4,94 (s, 2H), 4,03 (s, 2H),
3,44 (s, 2H), 3,09 (s, 1H), 2,44-2,12 (m, 4H).
LC-MS(ES+): 578,4 (M+H).
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Vidu . .
. Tén S6 liéu NMR/SO liéu LC-MS
sO
) 'H NMR (600 MHz, CDs0D) 6 8,25-8,00 (m,
Axit 2-[(4-{6-[(4-clo-2-
_ 2H), 7.59 (t, 1H), 7,49 (t, 1H), 7,35-7,09 (m,
flobenzyl)oxy|pyridin-2-
. . 2H), 6,84 (d, 1H), 6,65 (d, 1H), 5,41 (s, 2H),
yl}piperidin-1-yl)metyl]-3-
2A-17 4,81 (t, 2H), 4,21 (s, 2H), 3,84 (t, 2H), 3,32 (s,
(2-metoxyetyl)-3H-
. o 3H), 3,25 (d, 2H), 2,84-2,70 (m, 1H), 2,61 (t,
imidazo[4,5-b]pyridin-5-
' 2H), 2,09-1,85 (m, 4H). LC-MS(ES+): 554,2
carboxylic
(M+H).
"H NMR (400 MHz, CD30D) & 8,31 (d, 1H),
Axit 2-[(4-{6-[(4-clo-2-
8,24 (d, 1H), 7,99 (s, 1H), 7,72-7,63 (m, 1H),
flobenzyl)oxy|pyridin-2-
' 7,53 (m, 1H), 7,31-7,19 (m, 2H), 7,16 (s, 1H),
yl}piperidin-1-yl)metyl]-3-
2A-18 6,95 (d, 1H), 6,75 (d, 1H), 5,99 (s, 2H), 5,47 (s,
(1,3-oxazol-2-ylmetyl)-3H-
o o 2H), 3,96 (m, 2H), 3,52-3,34 (m, 2H), 3,08 (m,
imidazo[4,5-b]pyridin-5-
. 1H), 2,25 (m, 5SH). LC-MS(ES+): 577,0
carboxylic
(M+H).
Axit 2-[(4-{6-[(4-xyano-2- '"H NMR (400 MHz, CD;0D) 6 8,31 (d, 1H),
flobenzyl)oxy|pyridin-2- 8,24 (d, 1H), 7,99 (s, 1H), 7,71 (m, 2H), 7,64-
AL yl}piperidin-1-yl)metyl]-3- 7,56 (m, 2H), 7,17 (s, 1H), 6,97 (d, 1H), 6,81

(1,3-oxazol-2-ylmetyl)-3H-
imidazo[4,5-b]pyridin-5-

carboxylic

(d, 1H), 5,98 (s, 2H), 5,58 (s, 2H), 3,99 (d, 2H),
3,45 (m, 2H), 3,08 (m, 1H), 2,34-2,17 (m, 4H).
LC-MS(ES+): 568,1 (M+H).
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Vi du

Tén

S6 lieu NMR/S6 liéu LC-MS

2A-20

diflobenzyl)oxy |pyridin-2-
yl}piperidin-1-yl)metyl]-3-
[(2S)-oxetan-2-ylmetyl]-3H-
imidazo[4,5-b]pyridin-5-

Axit 2-[(4-{6-[(2.4-

carboxylic

'H NMR (400 MHz, CD;0D) 5 8,09 (g, 2H),
7,67-7,51 (m, 2H), 7,04-6,89 (m, 2H), 6,85 (d,
1H), 6,64 (d, 1H), 5,42 (s, 2H), 5,32 (m, 1H),
5,06 (dd, 1H), 4,64 (m, 1H), 4,47 (m, 1H), 4,23
(d, 1H), 4,12 (d, 1H), 3,28-3,09 (m, 2H), 2,87-
2,66 (m, 2H), 2,62-2,42 (m, 3H), 2,06-1,85 (m,
4H). LC-MS(ES+): 550,1 (M+H).

2A-21

flobenzyl)oxy|pyridin-2-yl}-

Axit 2-{[(2S)-4-{6-[(4-

Xyano-2-

2-metylpiperazin-1-
yl]Jmetyl}-3-(1,3-oxazol-2-
ylmetyl)-3H-imidazo[4,5-
b]pyridin-5-carboxylic

'H NMR (400 MHz, CD;0D) 5 8,33-8,19 (m,

2H), 7,98 (d, 1H), 7,77-7.48 (m, 4H), 7,17 (d,

1H), 6,45 (d, 1H), 6,30 (d, 1H), 5,98 (d, 2H),

5,48 (s, 2H), 5,09 (d, 1H), 4,73 (d, 1H), 4,06

(m, 2H), 3,74 (m, 2H), 3,61-3,46 (m, 2H), 3,38

(m,1H), 1,50 (d, 3H). LC-MS(ES+): 583,1
(M+H)

2A-22

Axit 2-[(4-{6-[(4-clo-2-

flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-3-
[(2R)-oxetan-2-ylmetyl]-3H-

imidazo[4,5-b]pyridin-5-

carboxylic

'H NMR (400 MHz, CD;0OD) § 8,14 (m, 2H),
7,66-7,57 (m, 1H), 7,51 (m, 1H), 7,22 (m, 2H),

6,87 (d, 1H), 6,68 (d, 1H), 5,44 (s, 2H), 5,32
(m, 1H), 5,02 (m, 1H), 4,71-4,59 (m, 1H), 4,52-
4.42 (m, 1H), 4,38-4,21 (m, 2H), 3,28 (m, 1H),
2,87-2,74 (m, 2H), 2,66 (m, 1H), 2,62-2,50 (m,
1H), 2,00 (m, 4H). LC-MS(ES+): 566,1 (M+H)
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Vidu , ]
Tén SO liéu NMR/S06 liéu LC-MS

"H NMR (400 MHz, CD;0D) & 8,14 (d, 2H),
7,61 (t, 1H), 7,51 (t, 1H), 7,22 (m, 2H), 6,87 (d,
' _ 1H), 6,68 (d, 1H), 5,43 (s, 2H), 5,31 (m, 1H),
yl}piperidin-1-yl)metyl]-3-
2A-23 5,01 (m, 1H), 4,87 (d, 1H), 4,71-4,60 (m, 1H),
[(2S)-oxetan-2-ylmetyl]-3H-
4,46 (m, 1H), 4,34 (m, 2H), 3,39 (m, 1H), 3,30
(m, 1H), 2,91-2,65 (m, 4H), 2,55 (m, 1H), 2,01
(m, 4H). LC-MS(ES+): 566,1 (M+H)

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-

imidazo[4,5-b]pyridin-5-

carboxylic

oo o\

Vi du 3A-01

Axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-1-[(25)-

oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic
Buée 1

Bb sung 2-clo-1,1,1-trimetoxyetan (30,0 mL, 223 mmol) vao dung dich duoc
khudy chtra hop chét trung gian 22 (49,8 g, 211 mmol) trong MeCN (300 mL), sau
d6 b6 sung pTSAHO (2,0 g, 10 mmol). Sau 1 gio 6 60°C, MeCN (400 mL), K2COs
(116 g, 841 mmol) va hop chét trung gian 3 (52,4 g, 90,2 mmol) dugc bd sung vao
d6. Sau 2 giv, dung dich duoc xir Iy bang nude (1,6 L), dé ngudi dén nhiét do trong
phong va khudy trong 2 gio. Két tia rén thu duge duoc thu gom bang cach loc, rira
bang nude (2 x 300 mL) va 1am kho trong didu kién ap suét giam dé thu duoc metyl
(S)-2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-(oxetan-
2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylat dudi dang chat rén (102 g, 84%). 'H
NMR (DMSO-d6) & 8,30 (s, 1H), 7,82 (d, 1H), 7,67 (d, 1H), 7,62 (t, 1H), 7,55 (t, 1H),
7,45 (d, 1H), 7,29 (d, 1H), 6,87 (d, 1H), 6,67 (d, 1H), 5,37 (s, 2H), 5,04-5,16 (m, 1H),
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4,82 (dd, 1H), 4,62-4,73 (m, 1H), 4,44-4,52 (m, 1H), 4,37 (dt, 1H), 3,96 (d, 1H), 3,87
(s, 3H), 3,78 (d, 1H), 3,00 (d, 1H), 2,85 (d, 1H), 2,66-2,76 (m, 1H), 2,54-2,64 (m,
1H), 2,38-2,49 (m, 1H), 2,24 (t, 2,11-2,21 (m, 1H), 1,60-1,88 (m, 4H).

Budc 2

B4 sung dung dich NaOH 2M (25 mL, 50 mmol) vao dung dich dugc khudy
chtra metyl (S)-2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-
1-(oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylat (7,2 g, 12 mmol) trong
MeOH (50 mL) va THF (50 mL). Sau 2 gid & 45°C, dung dich duoc dé ngudi dén
nhiét d6 trong phong, pha lodng bang nude (100 mL) va axit hoa dén @6 pH khoang
bang 6 bang axit xitric trong nuée (1M, 20 mL). Két tta rén thu dugc duoc tao huyén
phu dac trong 1 gio, thu gom bang cach loc, rira bang nude (100 mL) va sau d6 lam
kho trong diéu kién ap suit giam dé thu dugc hop chat Vi du 3A-01 duéi dang chét
ran (6,4 g, 91%). '"H NMR (DMSO-d6) & 12,84 (br s, 1H), 8,27 (s, 1H), 7,80 (d, 1H),
7,59-7,67 (m, 2H), 7,55 (t, 1H), 7,45 (dd, 1H), 7,29 (dd, 1H), 6,86 (d, 1H), 6,67 (d,
1H), 5,37 (s, 2H), 5,06-5,17 (m, 1H), 4,80 (dd, 1H), 4,66 (dd, 1H), 4,44-4,53 (m, 1H),
4,38 (dt, 1H), 3,95 (d, 1H), 3,78 (d, 1H), 3,00 (d, 1H), 2,85 (d, 1H), 2,64-2,77 (m,
1H), 2,54-2,64 (m, 1H), 2,40-2,48 (m, 1H), 2,20-2,29 (m, 1H), 2,17 (t, 1H), 1,61-1,85
(m, 4H). LC-MS(ES+): 565,4 (M+H).

NS F gilﬁ

N/\(N

| 0

O_ _N N\@_q

AN

| OH
%

Vi du 4A-01

Axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-1-
[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic

Buéce 1

Bb sung 2-clo-1,1,1-trimetoxyetan (20,1 mL, 149 mmol) vao dung dich duoc
khudy chira hop chét trung gian 22 (33,6 g, 142 mmol) trong MeCN (285 mL), sau
do bd sung pTSA<H,0 (1,35 g, 7,1 mmol). Sau 2 gio & 50°C, MeCN (280 mL),
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K>COs3 (79 g, 570 mmol) va hop chét trung gian 4 (93,2 g, 142 mmol) duoc b6 sung
vao. Sau 2 giv, dung dich dugc xir Iy bang nudc (800 mL), dé ngudi dén nhiét do
trong phong va khudy trong 2 gio. Két tha thu duge duge thu gom bang céch loc, rira
bang 10% MeCN trong nuée (150 mL), nude (2 x 200 mL) va sau d6 1am kho trong
didu kién 4p sudt giam dé tao ra metyl (S)-2-((4-(6-((4-xyano-2-
flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-(oxetan-2-ylmetyl)-1H-
benzo[d]imidazol-6-carboxylat dudi dang chét rin khong mau (77 g, 95%). "H NMR
(600 MHz, DMSO-d6) § 8,28 (s, 1H), 7,87 (d, 1H), 7,80 (d, 1H), 7,55-7,73 (m, 4H),
6,87 (d, 1H), 6,70 (d, 1H), 5,45 (s, 2H), 5,04-5,19 (m, 1H), 4,81 (dd, 1H), 4,66 (dd,
1H), 4,41-4,54 (m, 1H), 4,36 (dt, 1H), 3,94 (d, 1H), 3,86 (s, 3H), 3,76 (d, 1H), 2,97
(d, 1H), 2,82 (d, 1H), 2,63-2,77 (m, 1H), 2,49-2,63 (m, 1H), 2,37-2,46 (m, 1H), 2,18-
2,29 (m, 1H), 2,05-2,18 (m, 1H), 1,47-1,82 (m, 4H).

Buodc 2

Bb sung 1,5,7-triazabixyclo[4,4,0]dec-5-en trong nudc (0,97 M, 14,7 mL) vao
dung dich duogc khudy chira metyl (S)-2-((4-(6-((4-xyano-2-flobenzyl)oxy)pyridin-2-
yl)piperidin-1-yl)metyl)-1-(oxetan-2-ylmetyl)-1H-benzo[d] imidazol-6-carboxylat (4
g, 7 mmol) trong MeCN (70 mL). Sau 20 gio, dung dich duoc axit hoa dén do pH
khoang bang 6 bing axit xitric trong nuge (2 M, 7 mL) va pha loang bang nuéc (50
mL). Pha nuéc duge chiét bang EtOAc (2 x 75 mL), cac 16p hitu co gom lai dugc lam
kho béng khan NaxSOys, loc, va loai bo dung moi trong diéu kién ap suét giam dé thu
duoc chét rin mau tring nhat. Tinh ché vat liéu thd bang cach sir dung phuong phap
sic ky cOt rira giai bing MeOH/DCM (0:100 dén 8:92) dé thu dugc hop chat Vi du
4A-01 dudi dang chét rén (3,65 g, 90%). 'H NMR (400 MHz, DMS0-d6) 8 12,75 (br
s, 1H), 8,27 (s, 1H), 7,89 (d, 1H), 7,80 (d, 1H), 7,68-7,72 (m, 2H), 7,60-7,67 (m, 2H),
6,89 (d, 1H), 6,72 (d, 1H), 5,47 (s, 2H), 5.11 (d, 1H), 4,74-4,86 (m, 1H), 4,62-4,72
(m, 1H), 4,43-4,53 (m, 1H), 4,35-4,42 (m, 1H), 3,95 (d, 1H), 3,77 (d, 1H), 2,98 (d,
1H), 2,84 (d, 1H), 2,65-2,77 (m, 1H), 2,53-2,64 (m, 1H), 2,37-2,45 (m, 1H), 2,10-
2,28 (m, 2H), 1,57-1,84 (m, 4H). LC-MS(ES+): 556,6 (M+H).

Mudi tris ciia hop chat Vi du 4A-01

Mudi tris cua axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-
yl)metyl]-1-[(2S)-oxetan-2-ylmetyl]- 1H-benzimidazol-6-carboxylic

-119-



38232

B6 sung timg giot dung dich nudc tris (2,0M, 6,1 mL, 12,2 mmol) vao dung
dich dugc khudy chira hop chat Vi du 4A-01 (6,5 g, 11,7 mmol) trong 1-propanol
(275 mL) 6 70°C, trong sudt qua trinh nay, dung dich duy tri dong nhat. Sau khi khudy
trong 5 phut, c4c tinh thé mam dugc bd sung va hdn hop duge dé ngudi dén nhiét do
trong phong trong 2 gi¢. Sau khi khudy qua dém & nhiét do trong phong, chét ran
duoc tao ra. Chit rin nay duoc thu gom bang cach loc, rira bang 1-propanol (2 x 30
mL) va lam kho, dAu tién trong dong khi nito va sau d6 trong ti chan khong & 45°C
trong 15 gid, dé thu dwoc mudi tris ctia hop chat Vi du 4A-01 (6,95 g, 88%) dudi
dang chat rén tinh thé. "H NMR (600 MHz, DMSO-d6) 8: 8,20 (s, 1H), 7,89 (d, 1H),
7,79 (d, 1H), 7,70 (br s, 2H), 7,64 (t, 1H), 7,56 (d, 1H), 6,89 (d, 1H), 6,72 (d, 1H),
5,47 (s, 2H), 5,11 (qd, 1H), 4,77 (dd, 1H), 4,64 (dd, 1H), 4,44-4,53 (m, 1H), 4,38 (dt,
1H), 3,93 (d, 1H), 3,76 (d, 1H), 3,35 (br s, 9H), 2,98 (d, 1H), 2,85 (d, 1H), 2,64-2,75
(m, 1H), 2,54-2,64 (m, 1H), 2,40-2,49 (m, 1H), 2,08-2,26 (m, 2H), 1,56-1,83 (m, 4H).
Nhiét do nong chay = 194 °C.

Nm %

O
N
N
15 o
Vi du 5A-01

Axit 2-[(4-{6-[(4-Xyano-2-flobenzyl)oxy]pyridin-2-yl} piperazin-1-yl)metyl]-1-
[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic
Budée 1
Dung dich chtra hop chit trung gian 13 (5 g, 14,4 mmol) trong 5%
MeOH:CH,Cl, (60 mL) duogc xtr Iy bang dung dich nuéc NaxCOs bdo hoa (60 mL).
Dung dich hai pha dugc khudy manh trong 30 phut va 16p hitu co dugc tach ra. Lép
hitu co duoc 1am kho, loc va c6 dic trong diéu kién p sut giam dé thu dwoc 4-(((6-
(4-piperazin-1-yl)pyridin-2-yl)oxy)metyl)-3-flobenzonitril (4,4 g, dinh lugng) dudi

dang chét ban ran.

Budc 2
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Bb sung hop chat trung gian 23 (1,40 g, 5,06 mmol) va KoCOs (3,50 g, 25,3
mmol) vao binh chtra dung dich 4-(((6-(4-piperazin-1-yl)pyridin-2-yl)oxy)metyl)-3-
flobenzonitril (1,58 g, 5,06 mmol) trong MeCN (15 mL). Huyén phu thu duge duoc
khudy trong 2 gid & 50°C. Sau 2 gid, hon hop duge xur Iy bang nude (30 mL), dé
ngudi dén nhiét do trong phong va khudy trong 2 gid. Chét rin dugc thu gom bing
cach loc, rira bang nuéc: MeCN (2:1) (2 x 30 mL) va 1am kho trong didu kién ap suit
giam dé tao ra metyl (S)-2-((4-(6-((4-xyano-2-flobenzyl)oxy)pyridin-2-yl)piperazin-
1-yDmetyl)-1-(oxetan-2-ylmetyl)- 1H-benzo[d]imidazol-6-carboxylat (2,47 g, 86%)
dudi dang chit rin. 'H NMR (600 MHz, CDCls) § 8,16 (s, 1H), 7,98 (d, 1H), 7,76 (d,
1H), 7,59 (t, 1H), 7,42 (dt, 2H), 7,34 (d, 1H), 6,17 (dd, 2H), 5,42 (s, 2H), 5,23 (dd,
1H), 4,77-4,58 (m, 3H), 4,38 (dt, 1H), 4,05-3,95 (m, 2H), 3,95 (s, 3H), 3,46 (d, 4H),
2,80-2,69 (m, 1H), 2,62 (t, 4H), 2,50-2,38 (m, 1H).

Budce 3

B6 sung 1,4 duong lwong LiOH (0,14 g, 6,1 mmol) vao binh chira dung dich
metyl (S)-2-((4-(6-((4-xyano-2-flobenzyl)oxy)pyridin-2-yl)piperazin-1-yl)metyl)-1-
(oxetan-2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylat (2,5 g, 4,3 mmol) trong hén
hop iPrOH va THF ty 1€ 1:1 (140 mL) va dung dich thu dugc duge gia nhiét ¢ 45°C
trong 15 gi¢. Dung dich duoc dé nguoi dén nhiét do trong phong, pha loang bang
nude (50 mL) va axit hoa dén do pH khoang bang 6 bang axit xitric trong nudc. Dung
dich thu duoc dugce chiét béng EtOAc. Lép EtOAc duge 1am kho va loai bo dung moi
trong diéu kién ap sudt giam dé thu dugc san pham thd. San pham thé dugc tinh ché
bang céach sic ky nhanh (10% MeOH trong CH2Cl) dé thu duoc hop chit Vi du SA-
01 (0,86 g, 35%) du6i dang chit rin. '"H NMR (600 MHz, CDCls3) & 8,23 (s, 1H), 8,06
(d, 1H), 7,83 (d, 1H), 7,59 (t, 1H), 7,46-7,39 (m, 2H), 7,34 (d, 1H), 6,18 (dd, 2H),
5,43 (s, 2H), 5,28-5,20 (m, 1H), 4,81-4,58 (m, 3H), 4,44-4,33 (m, 1H), 4,04 (d, 2H),
3,48 (m, 4H), 2,82-2,71 (m, 1H), 2,65 (m, 4H), 2,46 (dd, 1H). LC-MS(ES+): 557,2
(M+H).
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Vi du 6A-01

Axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-3-
[(2S)-oxetan-2-ylmetyl]-3H-imidazo[4,5-b]pyridin-5-carboxylic

Budce 1

B sung MeCN (886 mL), K2COs3 (89,0 g, 644 mmol) va hop chét trung gian
27 (52,4 g, 177 mmol) vao binh 3 ¢b dung tich 3L c6 lap canh khudy co hoc da nap
hop chét trung gian 4 (106 g, 161 mmol). Hén hop duge khudy & 60°C trong 2 gid.
Hén hop phéan tng duge rét vao binh Erlenmeyer dung tich 4L va pha loang bang
1,8L nuéc. Huyén phu thu duge duge khudy & nhiét do trong phong trong 4 gid dé
thu duoc huyén phit mau vang nhat. Chét rén dugc thu gom bang cach loc va lam kho
trong ti chan khong & 45°C qua dém dé thu dugc hop chét metyl (S)-2-((4-(6-((4-
xyano-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-3-(oxetan-2-ylmetyl)-3H-
imidazo[4,5-b]pyridin-5-carboxylat mong mudn (88,6 g, 96%) duési dang chét rin
mau vang nhat. '"H NMR (600 MHz, DMSO-d6) 6 8,16 (d, 1H), 8,01 (d, 1H), 7,87 (d,
1H), 7,61-7,74 (m, 3H), 6,88 (d, 1H), 6,71 (d, 1H), 5,46 (s, 2H), 5,11-5,26 (m, 1H),
4,85 (dd, 1H), 4,73 (dd, 1H), 4,43-4,60 (m, 1H), 4,37 (dt, 1H), 3,96-4,04 (m, 1H),
3,89-3,95 (m, 3H), 2,87-3,01 (m, 2H), 2,66-2,81 (m, 1H), 2,55-2,64 (m, 1H), 2,52 (br
s, 3H), 2,24 (q, 2H), 1,64-1,81 (m, 3H); LC-MS(ES+): 571,5 (M+H).

Budce 2

Nap metyl (S)-2-((4-(6-((4-xyano-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-
yDmetyl)-3-(oxetan-2-ylmetyl)-3H-imidazo[4,5-b]pyridin-5-carboxylat (35,5 g,
62,21 mmol) vao binh 3 ¢ dung tich 1L c6 lap canh khudy co hoc & trén dau. B
sung MeCN (350 mL) va nuée (70 mL) vao binh nay. Khudy hén hgp thu dugc &
nhiét d6 trong phong trong 30 phut dé tao thanh huyén phu dac. LiOH-H20 (2,92 g,
68,4 mmol) dugc bd sung tir tir dudi dang chét rin. Huyén phu thu duogc duge khudy
& 40°C trong 1 giod. Lam ngudi hdn hop phan Gng dén nhiét d6 trong phong va xu Iy
bing timg giot dung dich axit xitric 1,0M (15,5 mL) cho dén khi do pH cta huyén
phi dat dén khoang bang 5. Huyén phti thu dugc dugce khudy & nhiét do trong phong
trong 4 gid. Chat rén thu dugc duge thu gom bang cach loc, cac chét rin nay dugc

rira bang ~20 ml nuéc va sau d6 lam kho trong dong N» trong 4 gio. Cac chét rin
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duoc lam kho trong 72 gio nita & 40°C trong tu chin khong dé 1am khé dé thu duge
hop chét Vi du 6A-01 (31,2 g, 90%) duéi dang chét ran. 'H NMR (600 MHz, DMSO-
d6) & 13,03 (br s, 1H), 8,15 (d, 1H), 8,00 (d, 1H), 7,87 (d, 1H), 7,67-7,73 (m, 2H),
7,64 (t, 1H), 6,88 (d, 1H), 6,71 (d, 1H), 5,45 (s, 2H), 4,93-5,03 (m, 1H), 4,87 (s, 1H),
4,70 (d, 1H), 4,36-4,45 (m, 1H), 4,23-4,35 (m, 1H), 4,05 (d, 1H), 3,79 (d, 1H), 2,93-
3,06 (m, 1H), 2,76-2,88 (m, 1H), 2,54-2,69 (m, 1H), 2,34-2,46 (m, 1H), 2,25 (d, 2H),
2,05-2,21 (m, 1H), 1,73 (d, 3H), 1,47-1,67 (m, 1H); LC-MS(ES+): 557,6 (M+H).

7 N
N\\ E (\I
m X
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| =

O/H
N
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N
OH
Vi du 7A-01

Axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-1-(1,3-

oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic
Budce 1

B6 sung K2CO; (1,04 g, 6,63 mmol) vao huyén phu chira mudi oxazol-2-
ylmetanamin HCI (491 mg, 3,65 mmol) va hgp chét trung gian 29 (800 mg, 3,32
mmol) trong DMF (5 mL). Phan tmg duoc khudy & 60°C trong 2 gid. Mudi oxazol-
2-ylmetanamin HCI b sung (100 mg, 1,0 mmol) dugc bd sung vao va hon hop phan
g duge khudy thém 30 phit & 60°C. Phan Gng duge lam ngudi dén nhiét do trong
phong sau d6 dugc pha loang bang nudc (30 mL) va chiét bang EtOAc (60 mL). Lép
hitu co dugc rira béng nudc, sau do béng nude mudi, 1lam kho béng NaxSOs, loc va
¢d dic trong diéu kién ap suét giam. Phén con lai mau cam dugc tinh ché bang cach
sdc ky nhanh (12 g silicagel, gradient 0-50% EtOAc/heptan) dé thu dugc rert-butyl
4-nitro-3-((oxazol-2-ylmetyl)amino)benzoat (764 mg, 75%) dudi dang chét ran mau
cam. '"H NMR (CDCls) & 8,48 (br s, 1H), 8,23 (d, 1H), 7,68 (d, 1H), 7,61 (d, 1H),
7,28 (dd, 1H), 7,15 (s, 1H), 4,72 (d, 2H), 1,60 (s, 9H).

Budc 2
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B6 sung 10% paladi trén cacbon (1,5 g, 10% khéi lugng/khéi lugng) vao dung
dich chua tert-butyl 4-nitro-3-((oxazol-2-ylmetyl)amino)benzoat (15 g, 47 mmol)
trong THF (100 mL), va hon hop dugc sau d6 khudy trong 50 psi H & nhiét do trong
phong trong 6 gid. Hon hop phan tng dugc sau d6 loc qua Celite® dé thu duoc dung
dich sim mau. Dich loc dugc loc qua dém Celite® thtr hai va dich loc duoc cd dac
trong didu kién 4p sudt giam dé thu dugc fert-butyl 4-amino-3-((oxazol-2-
ylmetyl)amino)benzoat (13,1 g, 92%) dudi dang bot sam mau. 'H NMR (CDCls) &
7,62 (s, 1H), 7,43 (dd, 1H), 7,35 (d, 1H), 7,08 (s, 1H), 6,66 (d, 1H), 4,44 (s, 2H), 1,56
(s, 9H).

Budce 3

B6 sung 2-clo-1,1,1-trimetoxy etan (9,0 ml, 65 mmol) va pTSA<H>0 (400 mg,
2,1 mmol) vao dung dich dugc khudy chira zert-butyl 4-amino-3-((oxazol-2-
ylmetyl)amino)benzoat (13 g, 45 mmol) trong MeCN (100 mL) va hén hop duoc gia
nhiét & 60°C trong 3 gio. Sau d6 phan ung dugc lam ngudi dén nhiét do trong phong
va ¢6 dic trong didu kién 4p suat giam. San pham thd dugc tinh ché bang cach sic ky
nhanh (120 g silicagel, gradient 0-100% EtOAc/heptan) dé thu duoc tert-butyl 2-
(clometyl)-1-(oxazol-2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylat (11,6 g, 74%)
dudi dang chéit rin mau vang nhat. "H NMR (CDCls) § 8,19 (d, 1H), 7,98 (dd, 1H),
7,77 (d, 1H), 7,64 (d, 1H), 7,12 (d, 1H), 5,64 (s, 2H), 5,00 (s, 2H), 1,62-1,66 (m, 9H).

Budce 4

B6 sung K.COs (16,1 g, 116 mmol) vao huyén phu chia fert-butyl 2-
(clometyl)-1-(oxazol-2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylat (10,1 g, 29
mmol) va hop chat trung gian 4 (11,2 g, 29,1 mmol) trong MeCN (100 mL). Hén hop
dugc khudy ¢ 60°C trong 2 gid va sau d6 pha loang bang nude (200 mL) va Kkhudy
thém 4 gi & nhiét do trong phong. Céc chét rin thu duge duoc thu gom bang cach
loc dé thu dugc fert-butyl 2-((4-(6-((4-xyano-2-flobenzyl)oxy)pyridin-2-yl)piperidin-
1-yl)metyl)-1-(oxazol-2-ylmetyl)-1H-benzo[d]imidazol-6-carboxylat (16,23 g, 89%)
dudi dang chét rin. "H NMR (DMSO-d6) & 8,13 (s, 1H), 8,04 (s, 1H), 7,88 (d, 1H),
7,78 (dd, 1H), 7,70 (br s, 2H), 7,66 (d, 1H), 7,62 (t, 1H), 7,13 (s, 1H), 6,79 (d, 1H),
6,69 (d, 1H), 5,91 (s, 2H), 5,44 (s, 2H), 3,84 (s, 2H), 2,80 (d, 2H), 2,46 (d, 1H), 2,05-
2,13 (m, 2H), 1,64 (d, 2H), 1,55 (s, 9H), 1,35-1,43 (m, 2H).
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Budce 5

B6 sung TFA (40 ml, 530 mmol) vao dung dich chura ferz-butyl 2-((4-(6-((4-
xyano-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-(oxazol-2-ylmetyl)- 1H-
benzo[d]imidazol-6-carboxylat (31,1 g, 50,0 mmol) trong DCE (300 mL). Hoén hop
duoc gia nhiét dén 70°C trong 4 gio va sau do tr tir [am ngudi dén nhiét do trong
phong va khudy qua dém. Hon hop duge ¢d dic trong diéu kién 4p sudt giam va phan
con lai dugc hoa tan trong MeOH (100 mL) va nude (300 mL). B6 sung timg giot
dung dich NaHCO; bio hoa (85 mL) vao dé dwa dung dich dén do pH khoang bang
70. Chét rén thu dugc dugce khudy dé tao hat trong 3 gid, va sau d6 thu gom bang
cach loc dé thu dugc hop chat Vi du 7A-01 (27,3 g, 96%) du6i dang chét ran. 'H
NMR (600 MHz, DMSO-d6) & 12,93 (br s, 1H), 8,19 (s, 1H), 8,03 (s, 1H), 7,88 (d,
1H), 7,82 (d, 1H), 7,70 (br s, 2H), 7,65 (d, 1H), 7,62 (t, 1H), 7,12 (s, 1H), 6,80 (d,
1H), 6,66-6,71 (m, 1H), 5,90 (s, 2H), 5,43 (s, 2H), 3,84 (s, 2H), 2,81 (d, 2H), 2,46 (m,
1H), 2,10 (t, 2H), 1,64 (d, 2H), 1,36-1,46 (m, 2H); LC-MS(ES+): 568,3 (M+H).

o, %

Vi du 8A-01

Amoni 2-((4-(6-((4-Metylbenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-(2-
metoxyetyl)-1H-benzo[d]imidazol-6-carboxylat

B6 sung hop chat trung gian 35 (20 mg, 47 pmol) vao lo dung tich 1 dram
(3,697 ml) sau d6 la rugu 4-metylbenzylic (100 pmol). B6 sung THF (500 uL) vao
d6, sau d6 1a Tsunoda Reagent (xyanometylen tributyl phosphoran, 0,5M trong THF,
400 pL, 0,20 mmol) va hdn hop dugc gia nhiét & 70°C trong 3 gid. Phan tng dugc
lam nguoi dén nhiét d6 trong phong va cd dic trong diéu kién 4p sudt giam. Phan con
lai dugc hoa tan trong MeOH (1 mL). B6 sung dung dich NaOH 1M (0,15 ml, 150
umol) vao va hdn hgp duge gia nhiét & 60°C trong 3 gid va sau do gilt ¢ nhiét do

trong phong trong 48 gid. Hon hgp duge cd déc trong didu kién ap suit giam va san

-125-



38232

pham thé duoc tinh ché bang SFC diéu ché dé thu dugc hop chét Vi du 8A-01 (10,7
mg, 45%). Phuong phap SFC (Cot: Phenomenex Biphenyl 4,6 x150 mm), 5 pm; Pha
dong A: CO, (thé tich/thé tich); Pha dong B: Metanol v6i 0,2% NH4OH (thé tich/thé
tich) 85% CO» / 15% Metanol véi 0,2% NH4OH tuyén tinh trong 8 phit, Gitt & 70%
CO» / 30% Metanol véi 0,2% NH4OH dén 10 phut. Luu lugng: 75 ml/phit. béi ap:
120 Bar; Thoi gian luu 2,56 phat; LC-MS(ES+): 515,4 (M+H).

Cac hop chét duogc liét ké trong bang 3 dudi day duoc diéu ché bang cach st
dung phuong phép tuong tu nhu phuong phap duge mo ta trén day dé tong hop hop
chit Vi du 8A-01 sir dung cac nguyén liéu ban dau thich hop ma c6 béan trén thi
truomg, dugc diéu ché bing cach st dung cac quy trinh didu ché da duoc ngudi c6
hiéu biét trung binh trong linh vuc nay biét 13, hodc duoc didu ché theo cach twong
tu nhu cac cach mo ta trén ddy déi vé6i cic hop chét trung gian khac. Céc hop chét
duoc tinh ché bing cach sir dung céc phurong phap da dugc ngudi ¢6 hiéu biét trung
binh trong linh vyc nay biét 15 va c6 thé bao gdbm phuong phép sic ky silicagel,
HPLC, hoic két tinh tir hdn hop phan tmg. Céc hop chét cubi cing c6 thé duge tach

duéi dang céac chat trung tinh hodc cdc muoi cong axit hoac bazo.

Bang 3
Khéi lwong
Vidu Thoi gian
, Tén phan tir phat
sO lIvu (phat)
hién duoc
Axit 2-((4-(6-((4-xyano-3-
metylbenzyl)ox ridin-2-yl)piperidin-1-
SALD ylbenzyl)oxy)py yDpip 5404 247
yl)metyl)-1-(2-metoxyetyl)-1H-benzo[d]imidazol-
6-carboxylic
Axit 2-((4-(6-((4-clo-2,5-diflobenzyl)oxy)pyridin-
8A-03 | 2-yl)piperidin-1-yl)metyl)-1-(2-metoxyetyl)-1H- 571,4 2,70
benzo[d]imidazol-6-carboxylic
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Khéi luong

Vidu Thot gian
) Tén phan tu phat

sO _ luu (phut)

hién duogc
Axit 2-((4-(6-((4-clo-2,6-diflobenzyl)oxy)pyridin-
8A-04 | 2-yl)piperidin-1-yl)metyl)-1-(2-metoxyetyl)-1H- 571,4 2,67
benzo[d]imidazol-6-carboxylic

/
N
©\ N C 0
0 N\ N
| OH
=
Vidu9A-01

Axit 2-((4-(6-(Benzyloxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-metyl-1H-

benzo[d]imidazol-6-carboxylic
Buéce 1

Hbn hop hop chét trung gian 36 (100 mg, 0,251 mmol), ruou benzylic (48,2
mg, 0,446 mmol), BINAP (23,2 mg, 0,0373 mmol), Pdx(dba)s (15,2 mg, 0,0166
mmol) va Cs>CO3 (123 mg, 0,378 mmol) trong PhMe (2 mL) dugc khudy & 100°C
trong 14 gid. Hon hop mau nau dugc pha loang bang DCM (50 mL) va loc. Dich lgc
dugc co dic trong diéu kién ap sudt giam dé thu duoc diu mau nau, dau nay duoc
tinh ché bing TLC diéu ché (DCM:MeOH = 20:1) dé thu dugc metyl 2-((4-(6-
(benzyloxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-metyl-1H-benzo[ dJimidazol-6-
carboxylat (99,7 mg, 84%) du6i dang chét rin mau vang. '"H NMR (CD;OD) 6 8,32
(s, 1H), 8,02 (dd, 1H), 7,79 (d, 1H), 7,59-7,70 (m, 1H), 7,40-7,48 (m, 2H), 7,35 (m,
2H), 7,23-7,32 (m, 1H), 6,90 (d, 1H), 6,73 (d, 1H), 5,40 (s, 2H), 4,79 (s, 2H), 3,96 (s,
6H), 3,91 (d, 2H), 3,40 (m, 2H), 3,05 (br s, 1H), 2,14-2,38 (m, 4H).

Buéc 2

Bb sung dung dich NaOH 3,0M (2,0 mL, 6,0 mmol) vao dung dich chira metyl
2-((4-(6-(benzyloxy)pyridin-2-yl)piperidin-1-yl)metyl)-1 -metyl-1H-
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benzo[d]imidazol-6-carboxylat (90,0 mg, 0,191 mmol) trong MeOH (3 mL). Hon hop
duoc khudy & 40°C trong 4 gid. Hon hop phan tmg duoc trung hoa bang dung dich
HCI 1M va huyén phu dic thu duge duge chiét bang (DCM:MeOH 10:1, 2 x 40 mL).
Cac phén chiét hitu co gom lai dugc lam kho béng MgSOs, loc va co dac trong diéu
kién 4p sut giam dé thu duoc cht rén mau vang. Chét ran mau vang dugc tinh ché
bing HPLC diéu ché (Cot: Waters Xbridge Prep OBD C18 100 x 19 mm x 5 um; Pha
dong: tir 5% MeCN trong nude [0,1% TFA] dén 95% MeCN trong nuéc [0,1% TFA];
Budc séng: 220 nm; Luu lugng: 25 ml/phut) dé thu dwoc hop chat Vi du 9A-01 (33
mg, 28%) dudi dang chét rin. Do dung méi tinh ché, hop chét cubi cing c6 thé 1a
mudi trifloaxetat. '"H NMR (400 MHz, CD3;OD) 8 8,31 (s, 1H), 8,03 (dd, 1H), 7,78
(d, 1H), 7,65 (t, 1H), 7,40-7,46 (m, 2H), 7,35 (t, 2H), 7,25-7,31 (m, 1H), 6,90 (d, 1H),
6,73 (d, 1H), 5,40 (s, 2H), 4,79 (s, 2H), 3,96 (s, 3H), 3,90 (d, 2H), 3,40 (m, 2H), 3,05
(br's, 1H), 2,14-2,37 (m, 4H); LC-MS(ES+): 457,1 (M+H).

Cac hop chét duoc liét ké trong bang 4 dudi day duge didu ché bang cach sit
dung phuong phép tuwong tu nhu phuong phap duge mo ta trén day dé téng hop hop
chit Vi du 9A-01 sir dung cac nguyén liéu ban dau thich hop ma c6 ban trén thi
truomg, duoc diéu ché bang cach st dung cac quy trinh diéu ché da duoc nguoi co
hiéu biét trung binh trong linh vyc nay biét 13, hodc duoc didu ché theo cach tuong
tu nhu cac cach mé ta trén day dbi vé6i cac hop chét trung gian khac. Céc hop chat
duoc tinh ché bing cach st dung HPLC. Do dung méi tinh ché, cac hop chét cudi
cung dugc tach bang cach st dung cdc phuwong phap PF-AB01 va PF-AB10 ¢6 thé 1a
cac mudi trifloaxetat, trong khi cac hop chét duogc tach bang cach st dung phuong

phép PF-CDO05 c6 thé 14 cac mudi amoni.
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Béang 4
*Khoi
luong
Thoi gian
Vidu phan tu **Phuong
) Tén N luu N
sO at a
P (phut) prap
hién
duoc
Axit 2-{[4-(6-{[2-flo-4-
(triflometyl)benzyl]oxy } pyridin-2-
9A-02 . 543 3,073 PF-ABO1
yl)piperidin-1-yl]metyl}-1-metyl-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(2,4-diflobenzyl)oxy]pyridin-
9A-03 2-yl}piperidin-1-yl)metyl]-1-metyl-1H- 493 2,897 PF-ABO1
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(2,6-diflobenzyl)oxy]pyridin-
9A-04 2-yl}piperidin-1-yl)metyl]-1-metyl-1H- 493 2,333 PF-CDO05
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clobenzyl)oxy|pyridin-2-
9A-05 yl}piperidin-1-yl)metyl]-1-metyl-1H- 491 2,934 PF-ABO1
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(2-flobenzyl)oxy|pyridin-2-
9A-06 yl}piperidin-1-yl)metyl]-1-metyl-1H- 475 2,86 PF-ABO1
benzimidazol-6-carboxylic
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*Khéi
luong
Thoi gian
Vidu phan tu **Phuong
) Tén N luu N
sO at a
P' (phit) phap
hién
duoc
Axit 2-[(4-{6-[(4-clobenzyl)oxy|pyridin-2-
9A-07 yl}piperidin-1-yl)metyl]-1-metyl-1H- 491 2,9 PF-ABO1
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(2,3-diflobenzyl)oxy]pyridin-
9A-08 2-yl}piperidin-1-yl)metyl]-1-metyl-1H- 493 2,883 PF-ABO1
benzimidazol-6-carboxylic
Axit 1-metyl-2-{[4-(6-{[4-
triflometoxy)benzyl]ox ridin-2-
9A-09 ( y) ylloxyipy 541 3,087 PF-ABO1
yl)piperidin-1-yl]metyl}-1H-benzimidazol-6-
carboxylic
Axit 1-metyl-2-{[4-(6-{[2-
triflometoxy)benzyl]ox ridin-2-
9A-10 ( 3) Yoy ipy 541 3,031 PF-ABO1
yl)piperidin-1-yl|metyl}-1H-benzimidazol-6-
carboxylic
Axit 1-metyl-2-[(4-{6-[(2-
9A-11 | metylbenzyl)oxy|pyridin-2-yl}piperidin-1- 471 2,917 PF-ABO1
ylDmetyl]-1H-benzimidazol-6-carboxylic
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*Khéi
luong
Thoi gian
Vidu phan tr **Phuong
) Tén N luu N
sO at a
P (phut) PP
hién
duoc
Axit 2-[(4-{6-[(3-xyanobenzyl)oxy]pyridin-
9A-12 2-yl}piperidin-1-yl)metyl]-1-metyl-1H- 482 2,681 PF-ABO1
benzimidazol-6-carboxylic
Axit 1-metyl-2-{[4-(6-{[4-
(triflometyl)benzyl]oxy } pyridin-2-
9A-13 . P 525 3,056 PF-ABO1
yl)piperidin-1-yl]metyl}-1H-benzimidazol-6-
carboxylic
Axit 2-[(4-{6-[(2,5-diflobenzyl)oxy]pyridin-
9A-14 2-yl}piperidin-1-yl)metyl]-1-metyl-1H- 493 2,897 PF-ABO1
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-xyanobenzyl)oxy]pyridin-
9A-15 2-yl}piperidin-1-yl)metyl]-1-metyl-1H- 482 2,753 PF-ABO1
benzimidazol-6-carboxylic

*Khdi lwong phan tir phat hién duge: MS(ES+): nhu (M+H)

** Phuong phap tinh ché HPLC PE-ABO1: Pha dong A: 0,0375% TFA trong H>O.
" Pha dong B: 0,01875% TFA trong MeCN. Diéu kién ban dau: B: 1%, A: 99%.
Gradient: B: 1%, A: 99% dén B: 5%, A: 95% tir t = 0,00 phut dén 0,60 phut, sau d6
dén B: 100% tir t = 0,60 phut dén 4,00 phut, sau d6 dén B: 1%, A: 99% tir t = 4,00
phut dén 4,30 pht, giit cho dén t = 4,70 phut. Luu lwgng = 0,8 ml/phut, thé tich tiém

2 uL.
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** Phrong phép tinh ché HPLC PF-CDO05: Pha dong A: 0,05% NH4OH trong H>O.
Pha dong B: 100% MeCN. Cac didu kién ban dau: B: 5%, A: 95%. Gradient: B: 5%,
A: 95% dén B: 100%, tir t = 0,50 phut dén 3,40 phit, giit cho dén t = 4,20 phut sau
d6 dén B: 5%, A: 95% tir t = 4,21 phat dén 4,70 phut, giit dén t = 4,70 phut. Luu
lwong = 0,8 ml/phut, thé tich tiém 2 pL.

Y/

Cl F <OJ§

o N
N/\W o
0N N\<\ —
| OH

4

Vidu 10A-01

Axit 2-[(4-{6-[(4-Clo-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-1-(1,3-

oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic
Budc 1

B6 sung tir tir EtsN (460 mg, 4,55 mmol) vao dung dich khong mau chira metyl
3-flo-4-nitrobenzoat (302 mg, 1,52 mmol) va oxazol-5-ylmetanamin (164 mg, 1,67
mmol) trong DMF (5,0 mL) ¢ 20°C. Dung dich mau nau dugc khudy & 60°C trong
36 gio. Hon hop dugc pha loang bang EtOAc (50 mL) va rira bang H,0 (50 mL). Pha
hitu co dugctach va pha nuée dugc chiét bang EtOAc (2 x 50 mL). Céc phan chiét
hitu co gom lai dugc lam khd béng NazSOs4, loc va co dic trong diéu kién ap suét
giam. San phdm tho dugc tinh ché bang céch séc ky nhanh (10-100% EtOAc/PE) dé
thu dugc metyl 4-nitro-3-((oxazol-5-ylmetyl)amino)benzoat (320 mg, 76%) dudi
dang chit rin mau cam. '"H NMR (CDCls) & 8,26 (d, 2H), 7,89 (s, 1H), 7,66 (d, 1H),
7,35 (dd, 1H), 7;11 (s, 1H), 4,68 (d, 2H), 3,96 (s, 3H).

Budc 2

B6 sung 10% Pd/C (10,3 mg) vao huyén phil mau vang chita metyl 4-nitro-3-
((oxazol-5-ylmetyl)amino)benzoat (67 mg, 0,24 mmol) trong MeOH (8 mL). Hon
hop duoc khudy trong 1 atm Ha & nhiét do trong phong trong 1 gio. Chat ran duoc
loai b6 bang cach loc va rira bang MeOH (20 mL). Sau d6 céac 16p hiru co gom lai

duoc ¢ dic trong diéu kién ap sudt giam dé thu dwgc metyl 4-amino-3-((oxazol-5-
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ylmetyl)amino)benzoat (56 mg, 94%) dudi dang chét rin mau tring. LC-MS(ES+):
247,9 (M+H).

Budc 3

B6 sung EtsN (114 mg, 1,12 mmol, 0,15 mL) vao dung dich mau vang chira
hop chat trung gian 5 (85 mg, 0,22 mmol), 4-amino-3-((oxazol-5-
ylmetyl)amino)benzoat (55,5 mg, 0,224 mmol) va HATU (111 mg, 0,292 mmol)
trong DMF (2 mL). Dung dich mau vang dugc khudy & 25°C trong 16 gid. Hon hop
duoc sau do rét vao H,0 (8 mL) va chiét bing EtOAc (3 x 10 mL). C4c phan chiét
hitu co gom lai duoc rira bing nude mudi (20 mL), 1am kho bang NaySOu, loc va ¢d
dac trong didu kién 4p sudt giam. San pham thé dugc tinh ché bang TLC diéu ché
(EtOAc) dé thu dugc metyl 4-(2-(4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-
yl)piperidin-1-yl)axetamido)-3-((oxazol-5-ylmetyl)amino)benzoat (58 mg, 43%)
dudi dang ddu mau vang. LC-MS(ES+): 630,0 (M+Na).

Buodc 4

Dung dich mau vang chira metyl 4-(2-(4-(6-((4-clo-2-flobenzyl)oxy)pyridin-
2-yl)piperidin-1-yl)axetamido)-3-((oxazol-5-ylmetyl)amino)benzoat (58 mg, 0,095
mmol) trong AcOH (0,5 mL) dugc khudy & 60°C trong 3 gid va sau d6 & nhiét d
trong phong trong 16 gio. Phan con lai mau vang dugc trung hoa bang dung dich
nuéc Na,COs bdo hoa va chiét bang DCM (3 x 10 mL). Cac phan chiét hiru co gom
lai duoc 1am kho bing NaySOs, loc va ¢ dic trong didu kién ap suat giam dé thu
duoc metyl 2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-
(oxazol-5-ylmetyl)-1H-benzo[d]imidazol-6-carboxylat (56 mg, 99%) dudi dang dau
mau vang. LC-MS(ES+): 612,0 (M+Na).

Buéc 5

B6 sung dung dich NaOH 2M (0,0949 mL., 0,190 mmol) vao dung dich chira
metyl 2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-
(oxazol-5-ylmetyl)-1H-benzo[d]imidazol-6-carboxylat (56 mg, 0,095 mmol) trong
THF (1 mL) va MeOH (0,2 mL). Khudy dung dich mau vang & 25°C trong 16 gio va
sau d6 dé yén trong 48 gior & 25°C. C6 dic dung dich mau vang trong diéu kién ap

suit giam va sau d6 hoa tan phén con lai trong H>O (5 mL), axit hoa dén d6 pH khoang
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bing 5 bing dung dich HCI 1M va chiét bing DCM (5 x 10 mL). C4c phén chiét hitu
co gom lai dugc cd dac trong diéu kién ap suét giam va san phém thd thu duoc dugce
tinh ché bang HPLC diéu ché (Cot: Waters Xbridge Prep OBD C18 150 x 30 mm x
5 um; Pha dong: tir 5% MeCN trong nudc [0,1% TFA] dén 95% MeCN trong nudc
[0,1% TFA]; Bude song: 220 nm; Luu lugng: 25 ml/phut) dé thu dugc hop chat Vi
du 10A-01 (22 mg, 33%) duéi dang chit rin. Do dung méi tinh ché, hop chét cudi
clng ¢6 thé dugc tach dudi dang mudi trifloaxetat. "H NMR (400 MHz, CD30OD) &
8.41 (s, 1H), 8,18 (s, 1H), 8,03 (dd, 1H), 7,80 (d, 1H), 7,61-7,70 (m, 1H), 7,52 (t, 1H),
7,36 (s, 1H), 7,20-7,30 (m, 2H), 6,94 (d, 1H), 6,74 (d, 1H), 5,78 (s, 2H), 5,45 (s, 2H),
4,91 (brs, 2H), 3.97 (d, 2H), 3,42 (br s, 2H), 3,07 (br s, 1H), 2,17-2,33 (m, 4H); LC-
MS(ES+): 576,1 (M+H).

NN
Cl F v%
(I N
N/\W o
O_ _N N\< H
‘ ~N

OH
=

Vi du 10A-02

Axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]|pyridin-2-yl}piperidin-1-yl)metyl]-1-[(1-etyl-
1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic

Buoc 1

B6 sung (1-etyl-1H-imidazol-5-yl)metanamin (104 mg, 0,829 mmol) va
NaHCOs (348 mg, 4,15 mmol) vao dung dich chira hop chét trung gian 29 (200 mg,
0,829 mmol) trong DMF (8 mL). Hon hgp phén tng dugc khudy & 60°C trong 16 gio.
Hén hop phan tng dugc rét vao nude (10 mL) va sau do chiét bang EtOAc (2 x 30
mL). C4c phan chiét hitu co gom lai duoc rira bang nude mudi (2 x 20 mL), lam kho
biang NaySOq, loc va ¢b dac trong diéu kién 4p suét giam. San pham tho dugc tinh ché
bang cach sic ky nhanh (0 dén 5% MeOH/DCM) dé thu duogc tert-butyl 3-(((1-etyl-
1H-imidazol-5-yl)metyl)amino)-4-nitrobenzoat (105 mg, 37%) dudi dang dau mau
do nhat. "H NMR (CDCls) & 8,23 (d, 1H), 7,96 (br s, 1H), 7,66 (d, 1H), 7,57 (s, 1H),
7,28 (dd, 1H), 7,12 (s, 1H), 4,54 (d, 2H), 4,00 (q, 2H), 1,62 (s, 9H), 1,47 (t, 3H).

Budc 2
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Bb sung bot Fe (59,2 mg, 1,06 mmol) va NH4ClI (292 mg, 5,46 mmol) vao
dung dich chira tert-butyl 3-(((1-etyl-1H-imidazol-5-yl)metyl)amino)-4-nitrobenzoat
(105 mg, 0,303 mmol) trong MeOH (3 mL) va H20 (1 mL). Hén hop phan tmg dugc
khudy & 80°C trong 50 phut. Hon hop phan tmg dugc rot vao nude (10 mL) va chiét
bing EtOAc (3 x 15 mL). Céc phin chiét hitu co gom lai duge lam kho bang NaaSOa,
loc va ¢6 dic trong diéu kién ap sudt giam dé thu dugc tert-butyl 4-amino-3-(((1-etyl-
1H-imidazol-5-yl)metyl)amino)benzoat (93 mg, 97%) dudi dang chit rin mau nau

nhat, san pham nay dugc sir dung truc tiép trong budc tiép theo.
Budce 3

B6 sung HATU (66,2 mg, 0,174 mmol) vao dung dich mau vang nhat chira
hop chét trung gian 5 (55 mg, 0,15 mmol) va DMF (1 mL). Hbn hop duge khudy &
30°C trong 10 phat. Dung dich tert-butyl 4-amino-3-(((1-etyl-1H-imidazol-5-
yl)metyl)amino)benzoat (45,9 mg, 0,145 mmol) va DIPEA (56,3 mg, 0,436 mmol)
trong DMF (1 mL) dugc bd sung vao va phan tmg dugc khudy & 30°C trong 16 gio.
Hén hop duge rét vao nude (10 mL) va sau d6 chiét bang EtOAc (3 x 20 mL). Céac
phan chiét hiru co gom lai dugc ria bang dung dich nuéc NH4Cl1 (3 x 20 mL), nude
mudi (2 x 20 mL), 1am khé bang Na»SOs, loc va ¢b dic trong diéu kién ap suét giam.
San phdm thé dugc tinh ché bing TLC diéu ché (5% MeOH/DCM) d thu dugc tert-
butyl  4-amino-3-(2-(4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yI)-N-
((1-etyl-1H-imidazol-5-yl)metyl)axetamido)benzoat (60 mg, 61%) dudi dang gom
mau nau nhat. LC-MS(ES+): 699,4 (M+Na).

Buéc 4

Dung dich mau niu nhat chira tert-butyl 4-amino-3-(2-(4-(6-((4-clo-2-
flobenzyl)oxy)pyridin-2-yl)piperidin-1-y1)-N-((1-etyl-1H-imidazol-5-yl)metyl)-
axetamido)benzoat (60 mg, 0,089 mmol) trong AcOH (2 mL) dugc khudy & 60°C
trong 16 gi. Hon hgp phan tmg duge cd trong chén khong dé loai b6 AcOH dé thu
duoc tert-butyl 2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-
1-((1-etyl-1H-imidazol-5-yl)metyl)- 1H-benzo[d]imidazol-6-carboxylat (56 mg,
96%) dudi dang gdbm mau nau nhat, ma dugc st dung trong budc tiép theo ma khong

can tinh ché thém. LC-MS(ES+): 681,3 (M+Na).
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Budce 5

B6 sung TFA (1 mL) vao dung dich mau nau nhat chira tert-butyl 2-((4-(6-((4-
clo-2-flobenzyl)oxy)pyridin-2-yl)piperidin-1-yl)metyl)-1-((1-etyl-1H-imidazol-5-
yl)metyl)-1H-benzo[d]imidazol-6-carboxylat (56 mg, 0,085 mmol) trong DCM (2
mL). Hdn hop phan tmg dugc khudy & nhiét do trong phong (10°C) trong 16 gio. Hon
hop phan tmg dugc co dic trong didu kién 4p suét giam va san pham thd dugce tinh
ché bang HPLC diéu ché (Cot: Waters Xbridge Prep OBD C18 150 x 30 mm x 5 pm;
Pha dong: tir 5% MeCN trong nudc [0,1% TFA] dén 95% MeCN trong nuée [0,1%
TFA]; Buéc séng: 220 nm; Luu lugng: 25 ml/phut) dé thu duogc hop chét Vi du 10A-
02 (37 mg, 48%) dudi dang chit rin mau be. Do dung méi tinh ché, hop chit c6 thé
duoc tach dudi dang mudi trifloaxetat. 'H NMR (400 MHz, CD3;0D) § 9,10 (d, 1H),
8,26 (s, 1H), 8,07 (dd, 1H), 7,88 (d, 1H), 7,66 (t, 1H), 7,52 (t, 1H), 7,19-7,28 (m, 2H),
7,08 (d, 1H), 6,93 (d, 1H), 6,73 (d, 1H), 5,88 (s, 2H), 5.45 (s, 2H), 4,84 (s, 2H), 4,36
(q, 2H), 3,98 (d, 2H), 3,41 (t, 2H), 3,06 (t, 1H), 2,14-2,40 (m, 4H), 1,58 (t, 3H); LC-
MS(ES+): 603,1 (M+H).

Céc hop chit dugc liét ké trong bang 5 dudi day duoc didu ché bang cach st
dung phuong phap twong ty nhu phuong phap dugc mo ta trén day dé tong hop céc
hop chét Vi du 10A-01 hodc 10A-02 st dung cic nguyén lidu ban dau thich hop ma
6 ban trén thi trudong, duoc diéu ché bang cach sir dung cic quy trinh didu ché da
dugc ngudi co hiéu biét trung binh trong linh vuc nay biét 15, hodc duoc diéu ché
theo cach tuong ty nhu cac cach mo ta trén day d6i v6i cac hop chét trung gian khac.
Céc hop chit dugce tinh ché bang cach s dung cac phuong phép da dugc nguoi co
hiéu biét trung binh trong linh vurc nay biét 16 va c6 thé bao gdbm phuong phap sic ky
silicagel, HPLC, hodc két tinh tir hdn hop phan tng. Céc hop chit cubi cing co thé

duogc tach duéi dang cac chat trung tinh hodc cac muoi cong axit hoac bazo.
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Bang 5

Vidu

S6 liéu NMR/S6 liéu LC-MS

10A-
03

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-[(4,4-dimetyloxetan-2-
yl)metyl]-1H-
benzimidazol-6-
carboxylic, chat ddng phan

ddi anh 1

Cot: OD-H 4,6 x 100 mm, 5 pm Pha dong A:
CO»; Pha dong B: MeOH v6i 0,2% NH4OH;
80:20 A/B Giir trong 10 phut, Nhiét do cot: 40 °C,
Péi ap: 150 Bar, Luu lugng: 1,5 ml/phut. Thoi
gian luu = 4,53 phut. LC-MS(ES+): 593,4 (M+H).

10A-
04

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-[(4,4-dimetyloxetan-2-
yl)metyl]-1H-
benzimidazol-6-
carboxylic, chit déng phan

ddi anh 2

Cot: OD-H 4,6 x 100 mm, 5 pm; Pha dong A:
CO2; Pha dong B: MeOH vi 0,2% NH4OH,;
80:20 A/B Giir trong 10 phut, Nhiét o cot: 40 °C,
Péi ap: 150 Bar, Luu lugng: 1,5 ml/phut. Thoi
gian luu = 4,00 phut. LC-MS(ES+): 593,4 (M+H).

10A-
05

Axit 2-[(4-{6-[(2,4-
diflobenzyl)oxy[pyridin-2-
yl}piperidin-1-yl)metyl]-
1-[(2S)-oxetan-2-ylmetyl]-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0OD) 5 8,35-8,28 (m,
1H), 7,97 (dd, 1H), 7,67 (dd, 1H), 7,62-7,46 (m,
2H), 7,01-6,89 (m, 2H), 6,86-6,77 (m, 1H), 6,62

(dd, 1H), 5,39 (s, 2H), 5,27 (m, 1H), 4,85 (m,
1H), 4,72 (dd, 1H), 4,63 (m, 1H), 4,47 (m, 1H),
4,14 (d, 1H), 4,02 (d, 1H), 3,18 (d, 1H), 3,07 (d,
1H), 2,86-2,65 (m, 2H), 2,60-2,38 (m, 3H), 1,92

(m, 4H). MS(ES+): 549,3 (M-+H).
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Vi du

Tén

S6 lieu NMR/S6 liéu LC-MS

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
1Ypiperidin-1-yl)metyl]-
LOA yl}pip yDmetyl]
06 1-{[4-(propan-2-yl)-4H-
1,2,4-triazol-3-yl]metyl } -

1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0OD) § 8,35-8,28 (m,
1H), 7,97 (dd, 1H), 7,67 (dd, 1H), 7,62-7,46 (m,

2H), 7,01-6,89 (m, 2H), 6,86-6,77 (m, 1H), 6,62

(dd, 1H), 5,39 (s, 2H), 5,27 (m, 1H), 4,85 (m,
1H), 4,72 (dd, 1H), 4,63 (m, 1H), 4,47 (m, 1H),
4,14 (d, 1H), 4,02 (d, 1H), 3,18 (m, 1H), 3,07 (m,
1H), 2,86-2,65 (m, 2H), 2,60-2,38 (m, 3H), 1,92
(m, 4H). MS(ES+): 549,3 (M+H).

10A-
07

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-[(4-etyl-4H-1,2,4-

triazol-3-yl)metyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CDsOD) § 8,67 (s, 1H), 8,37
(d, 1H), 8,08 (dd, 1H), 7,86 (d, 1H), 7,67 (dd,

1H), 7,54 (t, 1H), 7,32-7,18 (m, 2H), 6,96 (d, 1H),
6,74 (d, 1H), 6,01 (s, 2H), 5,49 (s, 2H), 4,39 (q,
2H), 3,93 (s, 2H), 3,43 (d, 3H), 3,09 (s, 1H), 2,29
(m, 4H), 1,57 (t, 3H). MS(ES+): 604,3 (M+H).

10A-
08

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]|pyridin-2-
yl}piperazin-1-yl)metyl]-
1-[(2S)-oxetan-2-ylmetyl]-

1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CDs0D) & 8,35 (d, 1H), 7,99

(dd, 1H), 7,69 (d, 1H), 7,46 (m, 2H), 7,20 (m,

2H), 6,29 (d, 1H), 6,12 (d, 1H), 5,35 (s, 2H), 5,29

(m, 1H), 4,93 (d, 2H), 4,75 (dd, 1H), 4,66 (m,

1H), 4,49 (m, 1H), 4,05 (d, 1H), 3,94 (d, 1H),

3,53 (t, 4H), 2,89-2,74 (m, 1H), 2,70-2,46 (m,
5H). MS(ES+): 566,1 (M+H).
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Vidu

S6 lieu NMR/S6 liéu LC-MS

10A-
09

Axit 2-{[(2S)-4-{6-[(4-
Xyano-2-
flobenzyl)oxy|pyridin-2-
yl}-2-metylpiperazin-1-
yl]metyl}-3-[(2S)-oxetan-
2-ylmetyl]-3H-
imidazo[4,5-b]pyridin-5-

carboxylic

'H NMR (400 MHz, CD;0D) 6 8,24-8,11 (m,
2H), 7,63 (t, 1H), 7,60-7,51 (m, 2H), 7,46 (m,
1H), 6,30 (d, 1H), 6,16 (d, 1H), 5,45 (s, 2H), 5,34
(m, 1H), 4,99 (d, 2H), 4,73-4,53 (m, 2H), 4,30 (
m, 1H), 3,96-3,86 (m, 1H), 3,79 (dd, 2H), 3,10
(m, 1H), 2,91 (dd, 1H), 2,88-2,70 (m, 2H), 2,65
(m, 1H), 2,56-2,33 (m, 2H), 1,21 (d, 3H).
MS(ES+): 572,1 (M+H).

10A-
10

Axit 2-{[(2S)-4-{6-[(4-
clo-2-
flobenzyl)oxy]|pyridin-2-
yl}-2-metylpiperazin-1-
yl]metyl}-3-[(2S)-oxetan-
2-ylmetyl]-3H-
imidazo[4,5-b]pyridin-5-

carboxylic

'H NMR (400 MHz, CD;0D) 5 8,22-8,09 (m,
2H), 7,45 (m, 2H), 7,25-7,14 (m, 2H), 6,28 (d,
1H), 6,11 (d, 1H), 5,35 (m, 3H), 5,04-4,94 (m,
2H), 4,71-4,56 (m, 2H), 4,30 (m, 1H), 3,95 (d,
1H), 3,81 (dd, 2H), 3,17-3,07 (m, 1H), 2,94 (dd,
1H), 2,78 (m, 2H), 2,71-2,59 (m, 1H), 2,57-2,38
(m, 2H), 1,22 (d, 3H). MS(ES+): 581,0 (M+H).

10A-
11

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-[2-(dimetylamino)etyl]-

1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0OD) & 8,40 (d, 1H), 8,06

(dd, 1H), 7,82 (d, 1H), 7,66 (dd, 1H), 7,51 (t, 1H),

7.27-7,19 (m, 2H), 6,93 (d, 1H), 6,73 (d, 1H),

5,44 (s, 2H), 4,80 (brs, 2H), 3,89 (m, 2H), 3,63

(m, 2H), 3,05 (s, 6H), 2,22 (m, 5H). MS(ES+):
566,1 (M+H).

-139-



38232

Vidu , ,
. Tén SO liéu NMR/S6 liéu LC-MS
sO
TH NMR (400 MHz, CD3;0D) & 8,30 (d, 1H), 8,01
Axit 2-[(4-{6-[(4-clo-2-
o (dd, 1H), 7,78 (d, 1H), 7,70-7,62 (m, 1H), 7,52
flobenzyl)oxy|pyridin-2-
_ (m, 1H), 7,28-7,14 (m, 2H), 6,94 (d, 1H), 6,73 (d,
10A- | yl}piperidin-1-yl)metyl]-
. 1H), 5,45 (s, 2H), 4,85 (s, 2H), 4,61 (t, 2H), 3,99
12 1-[2-(2-oxopyrrolidin-1-
. (m, 2H), 3,73 (t, 2H), 3,52 (t, 2H), 3,43 (m, 2H),
yl)etyl]-1H-benzimidazol-
. 3,05 (m, 1H), 2,37-2,19 (m, 4H), 1,98 (m, 2H),
6-carboxylic
1,91-1,80 (m, 2H). MS(ES+): 606,0 (M+H).
Axit 2-{[(2S)-4-{6-[(4-
02 'H NMR (400 MHz, CD;0D) 6 8,41 (d, 1H), 8,25
clo-2-
o (d, 2H), 8,07 (dd, 1H), 7,80 (d, 1H), 7,55 (m, 1H),
flobenzyl)oxy|pyridin-2-
10A- 7,47 (m, 1H), 7,29-7,15 (m, 2H), 6,43 (d, 1H),
yl}-2-metylpiperazin-1-
13 6,24 (d, 1H), 5,78-5,59 (m, 2H), 5,39 (s, 2H), 5,17
ylJmetyl}-1-(1,3-oxazol-4-
(d, 1H), 4,74 (d, 1H), 4,08 (m, 2H), 3,74-3,41 (m,
ylmetyl)-1H-
_ 4H), 1,55 (d, 3H). MS(ES+): 591,1 (M+H).
benzimidazol-6-carboxylic
Axit 2-{[(2S)-4-{6-[(4- "H NMR (400 MHz, CD3OD) & 8,42 (d, 1H), 8,27
Xyano-2- (d, 2H), 8,08 (dd, 1H), 7,81 (d, 1H), 7,67 (m, 1H),
10A flobenzyl)oxy|pyridin-2- 7,62-7,52 (m, 3H), 6,46 (d, 1H), 6,29 (d, 1H),
” yl}-2-metylpiperazin-1- | 5,80-5,58 (m, 2H), 5,49 (s, 2H), 5,20 (d, 1H), 4,79

ylJmetyl}-1-(1,3-oxazol-4-
ylmetyl)-1H-

benzimidazol-6-carboxylic

(d, 1H), 4,12 (m, 1H), 4,00 (m, 1H), 3,66 (m, 3H),
3,50 (s, 2H), 1,54 (d, 3H). MS(ES+): 582,1
(M+H).
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Vi du , .
& Tén S6 liéu NMR/S6 ligu LC-MS
Axit 2-{[(2S)-4-{6-[(4- "TH NMR (400 MHz, CD30D) & 8,44-8,28 (m,
Xyano-2- 1H), 8,09 (dd, 1H), 7,97 (s, 1H), 7,83 (d, 1H),
LOA. flobenzyl)oxy]pyridin-2- | 7,71-7,51 (m, 4H), 7,20 (s, 1H), 6,43 (d, 1H), 6,28
15 yl}-2-metylpiperazin-1- (d, 1H), 5,90 (d, 2H), 5,48 (s, 2H), 5,02 (d, 1H),
yl]metyl}-1-(1,3-oxazol-2- | 4,62 (d, 1H), 4,03 (m, 2H), 3,59 (m, 2H), 3,47 (s,
ylmetyl)-1H- 1H), 3,24 (m, 1H), 1,47 (d, 3H). MS(ES+): 582,1
benzimidazol-6-carboxylic (M+H).
Axit 2-{[(2S)-4-{6-[(4- TH NMR (400 MHz, CD3;0D) 6 8,51-8,40 (m,
clo-2- 1H), 8,20 (s, 1H), 8,09 (dd, 1H), 7,81 (d, 1H),
L0A. flobenzyl)oxy]pyridin-2- 7,54 (t, 1H), 7,47 (t, 1H), 7,38 (s, 1H), 7,21 (m,
6 yl}-2-metylpiperazin-1- | 2H), 6,42 (d, 1H), 6,24 (d, 1H), 5,86 (d, 2H), 5,38
yllmetyl}-1-(1,3-oxazol-5- | (s, 2H), 5,01 (d, 1H), 4,62 (d, 1H), 4,12 (m, 2H),
ylmetyl)-1H- 3,67-3,36 (m, 4H), 3,24 (s, 1H), 1,49 (d, 3H).
benzimidazol-6-carboxylic MS(ES+): 591,1 (M+H).
Axit 2-{[(2S)-4-{6-[(4- | 'HNMR (400 MHz, CD;0D) & 8,46 (d, 1H), 8,20
Xyano-2- (s, 1H), 8,09 (dd, 1H), 7,82 (d, 1H), 7,66 (m, 1H),
10A. flobenzyl)oxy]pyridin-2- | 7,63-7,54 (m, 3H), 7,38 (s, 1H), 6,44 (d, 1H), 6,28
. yl}-2-metylpiperazin-1- (d, 1H), 5,86 (d, 2H), 5,48 (s, 2H), 5,01 (d, 1H),

yl]metyl}-1-(1,3-oxazol-5-
ylmetyl)-1H-

benzimidazol-6-carboxylic

4,63 (d, 1H), 4,25-3,88 (m, 2H), 3,59 (m, 2H),
3,50 (m, 1H), 3,25 (m, 2H), 1,47 (d, 3H).
MS(ES+): 582,1 (M+H).
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Vi du

Tén

S6 liéu NMR/SH liéu LC-MS

10A-
18

Axit 2-{[(2S)-4-{6-[(4-
clo-2-
flobenzyl)oxy]pyridin-2-
y1}-2-metylpiperazin-1-
ylJmetyl}-1-(1,3-oxazol-2-
ylmetyl)-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;OD) § 8,38 (d, 1H), 8,08
(dd, 1H), 7,97 (s, 1H), 7,82 (d, 1H), 7,53 (t, 1H),
7.46 (1, 1H), 7,29-7,13 (m, 3H), 6,41 (d, 1H), 6,24
(d, 1H), 5,90 (d, 2H), 5,38 (s, 2H), 5,02 (d, 1H),
4,61 (d, 1H), 4,11 (d, 1H), 4,01 (d, 1H), 3,58 (m,
2H), 3,48 (m, 1H), 3,25 (m, 1H), 1,49 (d, 3H).
MS(ES+): 591,1 (M+H).

10A-
19

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-[(1-metylazetidin-3-
yl)metyl]-1H-

benzimidazol-6-carboxylic

LCMS E(4-302) XBridge C18 2,1 x 50 mm, 5
um; Pha dong: 1,0% MeCN trong nude (0,1%
TFA) dén 5% MeCN trong nudce (0,1% TFA)
trong 0,6 phut; sau do6 tir 5% MeCN trong nudc

(0,1% TFA) dén 100% MeCN (0,1% TFA) trong
3,4 phut; sau do trd lai 1,0% ACN trong nude
(0,1% TFA) cho dén 4,3 pht, va gift 0,7 phut.
Luu luong : 0,8 ml/phut. Thoi gian luvu = 2,541

phat. MS(ES+): 578,2 (M+H).

10A-
20

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-[(4,5-dimetyl-4H-1,2,4-

triazol-3-yl)metyl]-1H-

benzimidazol-6-carboxylic

Cot: Waters Atlantis dC18 4,6 x 50 mm, 5 pm;
Pha dong A: 0,05% TFA trong nude (thé tich/thé
tich); Pha dong B: 0,05% TFA trong MeCN (thé

tich/thé tich); Gradient: 95% H20/5% MeCN
tuyén tinh dén 5% H>0/95% MeCN trong 4,0
phut, giit & 5% H20/95% MeCN dén 5,0 phut.
Luu lwong: 2 ml/phit. Thoi gian luu = 2,62 phut.
MS(ES+): 604,4 (M+H).
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Vidu

Tén

S6 litu NMR/S4 liéu LC-MS

10A-
21

Axit 2-{[(2S)-4-{6-[(4-
clo-2-
flobenzyl)oxy|pyridin-2-
yl}-2-metylpiperazin-1-
yl]metyl}-1-[(4-etyl-4H-
1,2,4-triazol-3-yl)metyl]-
1H-benzimidazol-6-

carboxylic

"H NMR (400 MHz CD30D) 6 8,72 (s, 1H), 8,42-
8,35 (m, 1H), 8,10 (dd, 1H), 7,86 (dd, 1H), 7,54
(m, 1H), 7,47 (m, 1H), 7.27-7,18 (m, 2H), 6,43 (d,
1H), 6,25 (d, 1H), 6,03 (d, 2H), 5,38 (m, 2H),
5,08 (d, 1H), 4,71 (d, 1H), 4,38 (q, 2H), 4,15-3,91
(m, 2H), 3,81-3,50 (m, 3H), 3,45-3,34 (m, 2H),
1,58 (t, 3H), 1,52 (d, 3H). MS(ES+): 619,1
(M+H).

10A-
22

Axit 2-{[(25)-4-{6-[(4-
clo-2-
flobenzyl)oxy|pyridin-2-
yl}-2-metylpiperazin-1-

yl]metyl}-1-[(1-metyl-1H-

1,2,3-triazol-5-yl)metyl]-
1H-benzimidazol-6-

carboxylic

TH NMR (400 MHz, CD30D) & 8,25-8,02 (m,
2H), 7,77 (d, 1H), 7.43 (m, 2H), 7,28-7,11 (m,
3H), 6,21 (d, 1H), 6,09 (d, 1H), 5,93 (s, 2H), 5,32
(s, 2H), 4,41 (d, 1H), 4,17 (s, 3H), 3,67 (m, 2H),
3,50 (m, 1H), 2,90-2,72 (m, 2H), 2,63-2,52 (m,
2H), 2,32 (m, 1H), 1,17 (d, 3H).MS(ES+): 605,3
(M+H).

10A-
23

Axit 2-{[(25)-4-{6-[(4-
Xyano-2-
flobenzyl)oxy|pyridin-2-
yl}-2-metylpiperazin-1-
yl]metyl}-1-[(1-metyl-1H-
1,2,3-triazol-5-yl)metyl]-
1H-benzimidazol-6-

carboxylic

"H NMR (400 MHz, CD30D) 6 8,16 (s, 1H), 8,04
(d, 1H), 7,76 (d, 1H), 7,50-7,66 (m, 3H), 7,42 (t,
1H), 7,12 (s, 1H), 6,21 (d, 1H), 6,12 (d, 1H), 5,91
(s, 2H), 5,41 (s, 2H), 4,60 (br s, 1H), 4,39 (d, 1H),
4,16 (s, 3H), 3,66 (d, 1H), 3,58 (d, 1H), 3,42 (brs,
1H), 2,68-2,80 (m, 2H), 2,46-2,61 (m, 2H), 2,22-
2,31 (m, 1H), 1,14 (d, 3H). MS(ES+): 596,1
(M+H).
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Vidu

Tén

S6 litu NMR/S6 liéu LC-MS

10A-
24

Axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
3-(1,3-oxazol-5-ylmetyl)-

3H-imidazo[4,5-b]pyridin-

5-carboxylic

"H NMR (400 MHz, CDs0D) & 8,35-8,14 (m,
3H), 7,78-7,67 (m, 2H), 7,67-7,55 (m, 2H), 7,38
(s, 1H), 6,98 (d, 1H), 6,82 (d, 1H), 5,88 (s, 2H),
5,59 (s, 2H), 4,98 (s, 2H), 4,01 (m, 2H), 3,46 (m,

2H), 3,09 (m, 1H), 2,27 (m, 4H). MS(ES+): 568.0
(M+H).

10A-
25

Axit 2-{[(2S)-4-{6-[(4-
Xyano-2-
flobenzyl)oxy|pyridin-2-
yl}-2-metylpiperazin-1-
yl]metyl}-1-[(1-metyl-1H-
imidazol-5-yl)metyl]-1H-

benzimidazol-6-carboxylic

'H NMR (600 MHz, DMSO-d6) 5 12,78 (br s,
1H), 8,07 (s, 1H), 7,87 (d, 1H), 7,82 (d, 1H), 7,77
(brs, 1H), 7,70 (d, 2H), 7,63 (t, 1H), 7,44 (t, 1H),
6,48 (brs, 1H), 6,29 (d, 1H), 6,10 (d, 1H), 5,74 (s,
2H), 5,38 (s, 2H), 4,28 (d, 1H), 3,65 (d, 2H), 3,62
(s, 3H), 3,55 (d, 1H), 2,86 (t, 1H), 2,76 (dd, 1H),

2,53-2,65 (m, 2H), 2,27 (t, 1H), 1,06 (d, 1H).

MS(ES+): 595,6 (M+H).

10A-
26

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-[(1-
metoxyxyclobutyl)metyl]-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;OD) & 8,43 (d, 1H), 8,03
(dd, 1H), 7,80 (d, 1H), 7,68 (m,1H), 7,53 (m, 1H),
7.33-7.17 (m, 2H), 6,95 (d, 1H), 6,75 (d, 1H),
5,47 (s, 2H), 4,83 (s, 2H), 4,65 (s, 2H), 3,92 (m,
2H), 3,42 (m, 2H), 3,36 (s, 3H), 3,16-2,96 (m,
1H), 2,51 (m, 2H), 2,27 (m, 4H), 2,06-1,91 (m,
1H), 1,87 (m, 4H). MS(ES+): 593,1 (M+H).
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Vi du

Sé litu NMR/S6 liéu LC-MS

10A-
27

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-

1-[(3-metyloxetan-3-
yl)metyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0OD) 5 8,11 (d, 1H),
8,02-7,91 (m, 1H), 7,67-7.55 (m, 2H), 7,50 (m,
1H), 7,29-7,15 (m, 2H), 6,83 (d, 1H), 6,64 (d,
1H), 5,44 (s, 2H), 4,86 (d, 2H), 4,72 (s, 2H), 4,41
(d, 2H), 3,85 (s, 2H), 3,00 (m, 2H), 2,66 (m, 1H),
2,33-2,23 (m, 2H), 2,04-1,77 (m, 4H), 1,41 (s,
3H). MS(ESH): 579,3 (M+H).

10A-
27

Axit 2-[(4-{6-[(4-
xyanobenzyl)oxy|pyridin-
2-yl}piperidin-1-
yl)metyl]-1-(oxetan-3-
ylmetyl)-1H-

benzimidazol-6-carboxylic

IH NMR (400 MHz, CDsOD) & 8,28 (d, 1H), 7,99
(dd, 1H), 7,75-7,55 (m, 6H), 6,84 (d, 1H), 6,69 (d,
1H), 5,48 (s, 2H), 4,87-4,72 (m, 6H), 3,92 (s, 2H),
3,87-3,76 (m, 1H), 3,06 (d, 2H), 2,66 (m, 1H),
2,34 (m, 2H), 1,96-1,80 (m, 4H). MS(ES+): 538,3
(M+H).

10A-
28

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-

1-[2-(5-metyl-1,3,4-
oxadiazol-2-yl)etyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;OD) & 8,26 (d, 1H), 8,03
(dd, 1H), 7,80 (d, 1H), 7,69 (dd, 1H), 7,54 (m,
1H), 7,31-7,16 (m, 2H), 6,97 (d, 1H), 6,76 (d,

1H), 5,49 (s, 2H), 4,97 (s, 2H), 4,00 (m, 2H), 3,59

(m, 2H), 3,47 (m, 2H), 3,11 (m, 1H), 2,45 (s, 2H),

2.43-2,20 (m, 3H). MS(ES+): 605,2 (M+H).

10A-
29

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-[(5-metyl-1,3.4-
oxadiazol-2-yl)metyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;OD) & 8,40 (s, 1H), 8,06
(d, 1H), 7,84 (d, 1H), 7,67 (t, 1H), 7,52 (t, 1H),
7.24 (t, 2H), 6,94 (d, 1H), 6,74 (d, 1H), 5,96 (s,
2H), 5,46 (s, 2H), 3,95 (br s, 2H), 3,36-3,51 (m,

2H), 3,07 (br s, 1H), 2,53 (s, 3H), 2,24 (br s, 4H).

MS(ES+): 591,0 (M+H).
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Vi du , .
Tén S6 liéu NMR/S6 liéu LC-MS

'H NMR (400 MHz, CD;0D) 5 8,40 (d, 1H), 8,05
(dd, 1H), 7,90 (d, 1H), 7,80 (d, 1H), 7,70 (m, 1H),
10A- | yl)piperidin-1-yDmetyl]- | 7,59-7,50 (m, 2H), 7,29-7,20 (m, 2H), 6,99 (d,
30 | 1-[(1-metyl-1H-imidazol- | 1H), 6,78 (d, 1H), 5,70 (s, 2H), 5,50 (s, 2H), 3,81

(d, 2H), 3,72 (s, 3H), 3,44 (m, 1H), 3,21-3,07 (m,

1H), 2,27 (m, 4H). MS(ES+): 589,2 (M+H).

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-

4-y)metyl]-1H-

benzimidazol-6-carboxylic

Axit 2-[(4-{6-[(2.4- 'H NMR (400 MHz, CD;0OD) 6 8,36 (d, 1H), 8,06
(dd, 1H), 7,99 (s, 1H), 7,84 (d, 1H), 7,68 (dd, 1H),

diflobenzyl)oxy]pyridin-2-
7,57 (m, 1H), 7,20 (s, 1H), 7,07-6,92 (m, 3H),

10A- | yl}piperidin-1-yl)metyl]-
1-(1,3-oxazol-2-ylmetyl)- 6,75 (d, 1H), 5,87 (s, 2H), 5,45 (s, 2H), 4,94 (s,

31
1H-benzimidazol-6- 2H), 3,98 (m, 2H), 3,46 (m, 2H), 3,10 (m, 1H),
carboxylic 2,30 (m, 4H). MS(ES+): 589,2 (M+H).
'H NMR (400 MHz, CD30OD) 6 8,86 (s, 1H), 8,23

Axit 2-[(4-{6-[(2,4-
(s, 1H), 8,06 (dd, 1H), 7,83 (d, 1H), 7,63 (dd, 1H),
7,50-7,59 (m, 1H), 6,93-7,03 (m, 3H), 6,87 (d,

diflobenzyl)oxy|pyridin-2-
1H), 6,69 (d, 1H), 5,88 (s, 2H), 5,41 (s, 2H), 4,51

10A- | yl}piperidin-1-yl)metyl]-
1-[(1-etyl-1H-imidazol-5-
(br s, 2H), 4,32 (q, 2H), 3,61 (d, 2H), 2,82-3,12
yl)metyl]-1H-
. _ (m, 3H), 1,94-2,21 (m, 4H), 1,52 (t, 3H).
benzimidazol-6-carboxylic
MS(ES+): 587,2 (M+H).

32

Axit 2-[(4-{6-[(4-clo-2-
"H NMR (400 MHz, CD3;0D) 6 8,36 (d, 1H), 8,07
_ (dd, 1H), 7,95 (d, 1H), 7,81 (d, 1H), 7,50 (m, 2H),
10A- | yl}piperazin-1-yl)metyl]-
7,28-7,12 (m, 3H), 6,38 (d, 1H), 6,22 (d, 1H),
1-(1,3-oxazol-2-ylmetyl)-
5,91 (s, 2H), 5,37 (s, 2H), 4,57 (s, 2H), 3,69 (s,
1H-benzimidazol-6-
4H), 3,22 (s, 4H). MS(ES+): 577,1 (M+H).

flobenzyl)oxy|pyridin-2-

33

carboxylic
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Vidu , .
Tén So liéu NMR/S6 liéu LC-MS

'H NMR (400 MHz, CD;0D) & 8,39 (d, 1H), 8,09
(dd, 1H), 7,98 (d, 1H), 7,84 (d, 1H), 7,67 (m, 1H),
7,63-7,53 (m, 3H), 7,21 (d, 1H), 6,45 (d, 1H),
6,30 (d, 1H), 5,89 (s, 2H), 5,49 (s, 2H), 4,81 (s,
2H), 3,80 (brs, 4H), 3,48 (brs, 4H). MS(ES+):
568,2 (M+H).

Axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy|pyridin-2-
10A- | yl}piperazin-1-yl)metyl]-
34 1-(1,3-oxazol-2-ylmetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0D) 9,07 (d, 1H), 8,26
(dd, 1H), 8,09 (dd, 1H), 7,85 (dd, 1H), 7,66 (dd,

1H), 7,62-7,47 (m, 3H), 7,10 (d, 1H), 6,35 (d,

1H), 6,24 (d, 1H), 5,96-5,85 (m, 2H), 5,45 (s, 2H),
4.43-4.29 (m, 4H), 3,53 (m, 4H), 3,00 (m, 4H),
1,58 (t, 3H). MS(ES+): 595,1 (M+H).

Axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxypyridin-2-
10A- | yl}piperazin-1-yl)metyl]-
35 1-[(1-etyl-1H-imidazol-5-
yl)metyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0D) 5 8,21-8,13 (m,
1H), 8,02 (dd, 1H), 7,78-7,65 (m, 2H), 7,45 (m,
2H), 7,27-7,12 (m, 2H), 6,67 (s, 1H), 6,25 (d, 1H),
6,12 (d, 1H), 5,80 (s, 2H), 5,41-5,28 (m, 2H), 3,91
(s, 2H), 3,67 (s, 3H), 3,44-3,34 (m, 4H), 2,55 (m,
4H). MS(ES+): 590,0 (M+H).

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
10A- | yl}piperazin-1-yl)metyl]-
36 1-[(1-metyl-1H-imidazol-
5-yl)metyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CDsOD) & 8,17 (dd, 1H),
8,02 (dd, 1H), 7,76-7,70 (m, 2H), 7,68-7,62 (m,
1H), 7,56 (m, 2H), 7.45 (t, 1H), 6,66 (d, 1H), 6,26
(d, 1H), 6,15 (d, 1H), 5,80 (d, 2H), 5,43 (s, 2H),
3,90 (s, 2H), 3,67 (s, 3H), 2,53 (t, 4H). MS(ES+):

581,1 (M+H).

Axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy|pyridin-2-
10A- | yl}piperazin-1-yl)metyl]-
37 1-[(1-metyl-1H-imidazol-
5-yDmetyl]-1H-

benzimidazol-6-carboxylic
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Vidu

Tén

S4 litu NMR/S6 liéu LC-MS

Axit
flobe
yl}pi
1-[(1

10A-
38

-metyl-1H-imidazol-

benzimidazol-6-carboxylic

H
2-[(4-{6-[(4-clo-2-
nzyl)oxy]pyridin-2-
peridin-1-yl)metyl]-

5.9
(dd,

2-yl)metyl]-1H-
1

6,52-6,44 (m, 1H), 6,26 (dd, 1H), 6,09 (m, 1H),

2H), 3,89 (m, 2H), 3,23 (s, 2H), 2,48 (m, 3H),
2,21 (m, 2H), 1,85-1,67 (m, 2H), 1,54-1,42 (m,

NMR (400 MHz, CD;0D) 5 6,75 (d, 1H),

2 (m, 1H), 5,73 (d, 1H), 5,65 (m, 2H), 5,55
1H), 5,37 (dd, 1H), 5,17 (dd, 1H), 4,40 (brs,

H), 0,60 (m, 4H). MS(ES+): 589,1 (M+H).

10A-
39

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-
yl}piperidin-1-yl)metyl]-
1-etyl-1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0D) 5 8,32 (s, 1H), 8,03
(dd, 1H), 7,79 (d, 1H), 7,71-7,62 (m, 1H), 7,52
(m, 1H), 7,29-7,19 (m, 2H), 6,94 (d, 1H), 6,74 (d,
1H), 5,45 (s, 2H), 4,81 (s, 2H), 4,44 (q, 2H), 3,94
(m, 2H), 3,37 (m, 2H), 3,06 (m, 1H), 2,25 (m,

4H), 1,49 (t, 3H). MS(ES+): 523,2 (M+H).

fl
10A-

40

Axit 2-[(4-{6-[(4-clo-2-

yl}piperidin-1-yl)metyl]-

obenzyl)oxy|pyridin-2-

1-(propan-2-yl)-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CDsOD) & 8,48-8,39 (m,
1H), 8,03 (dd, 1H), 7,81 (d, 1H), 7,69 (dd, 1H),
7,54 (m, 1H), 7,31-7,23 (m, 2H), 6,96 (d, 1H),
6,76 (d, 1H), 5,48 (s, 2H), 4,86 (s, 2H), 3,96 (m,
2H), 3,40 (m, 2H), 3,07 (m, 1H), 2,41-2,18 (m,
4H), 1,76 (d, 6H). MS(ES+): 536,9 (M-+H).

10A-
41

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2- |
yl}piperidin-1-yl)metyl]-
1-(1,3-oxazol-4-ylmetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;OD) & 8,37 (d, 1H), 8,22

(s, 2H), 8,03 (dd, 1H), 7,78 (d, 1H), 7,71-7,62 (m,

1H), 7,52 (m, 1H), 7,30-7,19 (m, 2H), 6,94 (d,

1H), 6,74 (d, 1H), 5,69 (s, 2H), 5,46 (s, 2H), 4,80

(s, 2H), 3,76 (m, 2H), 3,24 (m, 2H), 3,02 (m, 1H),
2,19 (m, 4H). MS(ES+): 576.2 (M+H).
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Vidu

S4 liéu NMR/S6 lidu LC-MS

10A-
42

Axit 2-[(4-{6-[(4-clo-2-

flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-(1,3-oxazol-2-ylmetyl)-

1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0D) 5 8,36 (d, 1H), 8,06
(dd, 1H), 7,98 (d, 1H), 7,83 (d, 1H), 7,68 (dd,
1H), 7,53 (m,1H), 7,30-7,14 (m, 3H), 6,95 (d,
1H), 6,75 (d, 1H), 5,88 (s, 2H), 5,47 (s, 2H), 3,90
(m, 2H), 3,06 (m, 1H), 2,25 (m, 4H). MS(ES+):
576,2 (M+H).

10A-
43

Axit 2-[(4-{6-[(4-xyano-2-

flobenzyl)oxy|pyridin-2-

'H NMR (400 MHz, CD;0D) 5 8,42 (d, 1H), 8,19
(s, 1H), 8,05 (dd, 1H), 7,82 (d, 1H), 7,72 (m, 2H),
7,66-7,57 (m, 2H), 7,38 (s, 1H), 6,98 (d, 1H), 6,81

yl}piperidin-1-yl)metyl]-
1-(1,3-oxazol-5-ylmetyl)-
1H-benzimidazol-6-

carboxylic

(d, 1H), 5,79 (s, 2H), 5,58 (s, 2H), 4,94 (s, 2H),
3,99 (m, 2H), 3,45 (m, 2H), 3,09 (m, 1H), 2,27
(m, 5H). MS(ES+): 567,1 (M+H).

10A-
44

Axit 2-[(4-{6-[(2,4-
diflobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-(1,3-oxazol-5-ylmetyl)-

1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0OD) & 8,42 (dd, 1H),

8,20 (s, 1H), 8,06-8,01 (m, 1H), 7,82 (dd, 1H),

7,68 (dd, 1H), 7,61-7,53 (m, 1H), 7,38 (s, 1H),

7,07-6,92 (m, 3H), 6,75 (dd, 1H), 5,80 (s, 2H),

5,46 (s, 2H), 4,94 (s, 2H), 4,01 (m, 2H), 3,47 (m,

2H), 3,17-3,04 (m, 1H), 2,41-2,20 (m, 4H).
MS(ES+): 560,1 (M+H).

10A-
45

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperazin-1-yl)metyl]-
1-(1,3-oxazol-5-ylmetyl)-

1H-benzimidazol-6-

carboxylic

"H NMR (400 MHz, CD;0D) 6 8,44 (d, 1H), 8,18
(s, 1H), 8,07 (dd, 1H), 7,80 (d, 1H), 7,54 (t, 1H),
7,47 (t, 1H), 7,36 (s, 1H), 7,21 (t, 1H), 6,42 (d,
1H), 6,24 (d, 1H), 5,82 (s, 2H), 5,37 (s, 2H), 4,75
(s, 2H), 3,82 (br s, 4H), 3,43 (br s, 4H). MS(ES+):
577,1 (M+H).
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Vi du

S6 lieu NMR/S6 liéu LC-MS

10A-
46

Axit 1-[(4-tert-butyl-4H-
1,2,4-triazol-3-yl)metyl]-
2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-
yl}piperidin-1-yl)metyl]-
1H-benzimidazol-6-

carboxylic

IH NMR (400 MHz, CD30D) § 8,71 (s, 1H), 8,18
(d, 1H), 8,06 (dd, 1H), 7,86 (d, 1H), 7,67 (dd,
1H), 7,54 (m, 1H), 7,31-7,18 (m, 2H), 6,95 (d,

1H), 6,74 (d, 1H), 6,11 (s, 2H), 5,47 (s, 2H), 4,84

(s, 2H), 3,96 (m, 2H), 3,41 (d, 2H), 3,09 (m, 1H),

2,28 (m, 4H), 1,90 (s, 9H). MS(ES+): 632,3
(M+H).

10A-
47

Axit 2-{[(2S)-4-{6-[(4-
Xyano-2-
flobenzyl)oxy |pyridin-2-
yl}-2-metylpiperazin-1-
ylJmetyl}-1-[(2S)-oxetan-
2-ylmetyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, DMSO-d6) 5 12,75 (br s,
1H), 8,26 (d, 1H), 7,87 (dd, 1H), 7,80 (dd, 1H),
7,58-7,73 (m, 3H), 7,46 (t, 1H), 6,33 (d, 1H), 6,11
(d, 1H), 5,39 (s, 2H), 5,09-5,21 (m, 1H), 4,71-
4,80 (m, 2H), 4,43-4,52 (m, 1H), 4,35 (d, 1H),
427 (dt, 1H), 3,81 (d, 1H), 3,72 (d, 1H), 3,64 (d,
1H), 2,98 (, 1H), 2,80 (dd, 1H), 2,63-2,73 (m,
2H), 2,57 (br s, 1H), 2,24-2,42 (m, 2H), 1,09 (d,
3H). MS(ES+): 571,7 (M+H).

10A-
48

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperazin-1-yl)metyl]-

1-[(2R)-oxetan-2-ylmetyl]-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0D) 5 8,21 (d, 1H), 7,96
(dd, 1H), 7,61 (d, 1H), 7,46 (m, 2H), 7,25-7,16
(m, 2H), 6,29 (d, 1H), 6,12 (d, 1H), 5,35 (s, 2H),
5,34-5,26 (m, 1H), 4,74 (dd, 1H), 4,65 (m, 1H),
4.48 (m, 1H), 4,04 (d, 1H), 3,94 (d, 1H), 3,53 (t,
4H), 2,87-2,74 (m, 1H), 2,69-2,49 (m, SH).
MS(ES+): 566,1 (M+H).
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Vidu . ,
So liéu NMR/S0 liéu LC-MS

TH NMR (400 MHz, CDs0D 4) & 8,35 (s, 1H),
Axit 2-{[(2S)-4-{6-[(4-
8,00 (d, 1H), 7,71 (dd, 3H), 7,58 (d, 2H), 7,46 (m,
xyanobenzyl)oxy|pyridin-
. 1H), 6,29 (d, 1H), 6,16 (d, 1H), 5,40 (s, 2H), 5,31
10A- | 2-yl}-2-metylpiperazin-1-
(m, 1H), 4,84-4,74 (m, 1H), 4,70-4,49 (m, 3H),
49 yl]Jmetyl}-1-[(2S)-oxetan-
4,41-4,30 (m, 1H), 3,78 (m, 3H), 3,09 (m, 1H),
2-ylmetyl]-1H-
o 12,92 (m, 1H), 2,77 (d, 2H), 2,64 (m, 1H), 2,44 (m,
benzimidazol-6-carboxylic
2H), 1,20 (d, 3H). MS(ES+): 553,1 (M+H).

IH NMR (400 MHz, CD;0D) & 8,36 (d, 1H), 8,07
(dd, 1H), 7,83 (d, 1H), 7,67 (dd, 1H), 7,52 (m,
1H), 7,31-7,19 (m, 2H), 6,93 (d, 1H), 6,74 (d,
1H), 5,45 (s, 2H), 4,83 (s, 2H), 4,64 (m, 2H), 3,99
(m, 2H), 3,86 (m, 2H), 3,41 (m, 2H), 3,14-3,01
(m, 1H), 2,28-2,14 (m, 4H). MS(ES+): 539,2
(M+H).

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxypyridin-2-
yl}piperidin-1-yl)metyl]-
1-(2-hydroxyetyl)-1H-

benzimidazol-6-carboxylic

10A-
50

TH NMR (400 MHz, CD30D) 6 8,35 (d, 1H), 8,05
Axit 2-[(4-{6-[(4-clo-2-
(dd, 1H), 7,83 (d, 1H), 7,69 (dd, 1H), 7,53 (m,
flobenzyl)oxy|pyridin-2-
' 1H), 7,33-7,20 (m, 2H), 6,96 (d, 1H), 6,76 (d,
10A- | yl}piperidin-1-yl)metyl]-
1H), 5,81 (s, 2H), 5,47 (s, 2H), 4,96 (s, 2H), 3,99
51 1-[(5-etyl-1,2,4-oxadiazol-
(m, 2H), 3,49 (m, 2H), 3,10 (m, 1H), 2,92 (q, 2H),
3-yDmetyl]-1H-
_ 2,29 (m, 4H), 1,32 (t, 3H). MS(ES+): 605,1
benzimidazol-6-carboxylic
(M-+H).
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Vi du

Tén

S6 lieu NMR/S$ liéu LC-MS

10A-
52

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-[(3-etyl-1,2,4-0xadiazol-
5-yl)metyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0D) 5 8,32 (d, 1H), 8,05
(dd, 1H), 7,84 (d, 1H), 7,66 (dd, 1H), 7,51 (m,
1H), 7,30-7,18 (m, 2H), 6,93 (d, 1H), 6,74 (d,

1H), 6,01 (s, 2H), 5,44 (s, 2H), 3,95 (m, 2H), 3,41

(m, 3H), 3,06 (m, 1H), 2,70 (q, 2H), 2,34-2,16 (m,

5H), 1,23 (t, 3H). MS(ES+): 605,1 (M+H).

10A-
53

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-[(2-metyloxetan-2-
yl)metyl]-1H-

benzimidazol-6-carboxylic

'"H NMR (400 MHz, CD30D) 6 8,35 (d, 1H), 8,00
(dd, 1H), 7,71 (d, 1H), 7,60 (dd, 1H), 7,50 (m,
1H), 7,21 (m, 2H), 6,85 (d, 1H), 6,70-6,62 (m,
1H), 5,43 (d, 2H), 4,88-4,81 (m, 1H), 4,66 (d,

2H), 4,48-4,37 (m, 1H), 4,19 (d, 1H), 4,12-4,02

(m, 2H), 3,12 (d, 2H), 2,70 (m, 1H), 2,50 (m, 3H),

1,90 (m, 4H), 1,55 (s, 3H). MS(ES+): 579,1
(M+H).

10A-
54

Axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy]-5-
flopyridin-2-yl}piperidin-
1-yDmetyl]-1-[(2S)-
oxetan-2-ylmetyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CDsOD) § 8,32 (d, 1H), 7,98
(dd, 1H), 7,72 (¢, 1H), 7,70-7,55 (m, 3H), 7,42
(dd, 1H), 6,86 (dd, 1H), 5.61 (s, 2H), 5,30 (m,
1H), 4,75 (dd, 1H), 4,70-4,60 (m, 1H), 4,50 (dt,

1H), 4,07 (d, 1H), 3,95 (d, 1H), 3,09 (d, 1H), 2,99

(d, 1H), 2,88-2,75 (m, 1H), 2,65 (m, 1H), 2,56 (m,

1H), 2,33 (ddd, 2H), 1,94-1,73 (m, 5H).
MS(ES+): 574,1 (M+H).
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Vidu

S6 litu NMR/S6 liéu LC-MS

10A-
55

Axit 2-[(4-{6-[(4-
xyanobenzyl)oxy]-5-
flopyridin-2-yl}piperidin-
1-yD)metyl]-1-[(2S)-
oxetan-2-ylmetyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, DMSO-d6) 5 8,27 (d, 1H),
7,90-7,83 (m, 2H), 7,80 (dd, 1H), 7,69-7,55 (m,
4H), 6,91 (dd, 1H), 5,53 (s, 2H), 5,16-5,05 (m,
1H), 4,80 (dd, 1H), 4,66 (dd, 1H), 4,47 (m, 1H),
438 (m, 1H), 3,94 (d, 1H), 3,78 (d, 1H), 2,98 (d,
1H), 2,85 (d, 1H), 2,77-2,53 (m, 2H), 2,48-2,31
(m, 1H), 2,19 (m, 2H), 1,71 (m, 4H). MS(ES+):
556,1 (M+H).

10A-
56

Axit 2-{[(25)-4-{6-[(2,4-
diflobenzyl)oxy]-5-
flopyridin-2-yl}-2-
metylpiperazin-1-
yl]metyl}-1-[(2S)-oxetan-
2-ylmetyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0D) 5 8,35 (d, 1H), 8,00
(dd, 1H), 7,70 (d, 1H), 7,59-7,45 (m, 1H), 7,29
(dd, 1H), 7,03-6,91 (m, 2H), 6,22 (dd, 1H), 5,41

(s, 2H), 5,35-5,25 (m, 1H), 4,95 (m, 1H), 4,79
(dd, 1H), 4,68-4,53 (m, 2H), 4,36 (m, 1H), 3,85

(d, 1H), 3,72 (t, 2H), 3,07 (m, 1H), 2,90 (dd, 1H),
2,86-2,72 (m, 2H), 2,72-2,60 (m, 1H), 2,53-2,37
(m, 2H), 1,23 (d, 3H). MS(ES+): 582,1 (M+H).

10A-
57

Axit 2-{[(2S)-4-{6-[(2,4-
diflobenzyl)oxy]-5-
flopyridin-2-yl}-2-

metylpiperazin-1-
yl]metyl}-1-[(2R)-oxetan-
2-ylmetyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0D) & 8,35 (d, 1H), 8,00
(dd, 1H), 7,70 (d, 1H), 7,58-7,46 (m, 1H), 7,31
(dd, 1H), 7,07-6,92 (m, 2H), 6,24 (dd, 1H), 5,42

(s, 2H), 5,27 (q, 1H), 5,09 (dd, 1H), 4,77-4,61 (m,
3H), 4,56 (dt, 1H), 4,01-3,90 (m, 1H), 3,82 (d,

1H), 3,64 (d, 1H), 3,03 (t, 1H), 2,93-2,74 (m, 3H),

2,74-2,55 (m, 2H), 2,44 (1, 1H), 1,35 (d, 3H).
MS(ES+): 582,1 (M+H).
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Vidu

S6 lieu NMR/S6 liéu LC-MS

10A-
58

Axit 2-{[(25)-4-{6-[(2.4-
diflobenzyl)oxy]pyridin-2-
yl}-2-metylpiperazin-1-
yl]metyl}-1-[(2S)-oxetan-

benzimidazol-6-carboxylic

H

2-ylmetyl]-1H-

1H), 8,00 (dd, 1H), 7,70 (dd, 1H), 7,60-7,39 (m,
2H), 7,05-6,86 (m, 2H), 6,28 (d, 1H), 6,10 (d,

1H), 5,33 (s, 3H), 4,80 (dd, 1H), 4,67-4,52 (m,
2H), 4,37 (dt, 1H), 3,93 (d, 1H), 3,82 (d, 1H),
3,71 (d, 1H), 3,15-3,04 (m, 1H), 2,96 (dd, 1H),
2.86-2,73 (m, 2H), 2,72-2,61 (m, 1H), 2,56-2,35
(m, 2H), 1,23 (d, 3H). MS(ES+): 564,0 (M+H).

NMR (400 MHz, CD;0D) & 8,41-8,28 (m,

10A-
59

Axit 2-{[(2S)-4-{6-[(4-

flobenzyl)oxy|pyridin-2-

Xyano-2-

yl}-2-metylpiperazin-1-
ylJmetyl}-1-[(3R)-
tetrahydrofuran-3-

ylmetyl]-1H-

benzimidazol-6-carboxylic

"H NMR (400 MHz, CD30D) 6 8,45 (d, 1H), 8,14

(m, 3H), 6,42 (d, 1H), 6,27 (d, 1H), 5,48 (s, 2H),

(dd, 1H), 7,84 (d, 1H), 7,66 (m, 1H), 7,62-7,48

4,55-4,36 (m, 3H), 4,19-3,96 (m, 3H), 3,81 (m,
1H), 3,70 (m, 1H), 3,58 (m, 1H), 3,42 (s, 2H),
3,26 (m, 1H), 3,11 (m, 1H), 2,98 (m, 1H), 2,20-
2,05 (m, 1H), 1,83 (m, 1H), 1,43 (d, 3H).
MS(ES+): 585,1 (M+H).

10A-
60

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-[(3R)-tetrahydrofuran-3-
yl]-1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CDsOD) § 8,62 (s, 1H), 8,03

(dd, 1H), 7,81 (d, 1H), 7,68 (t, 1H), 7,54 (t, 1H),

7,29-7,22 (m, 2H), 6,96 (d, 1H), 6,76 (d, 1H),

5,48 (s, 2H), 5,46-5,39 (m, 1H), 4,92 (s, 2H), 4.48

(td, 1H), 4,32 (dd, 1H), 4,10 (dd, 1H), 4,03-3,92
(m, 2H), 3,90-3,79 (m, 1H), 3,46 (t, 2H), 3,13-
3,07 (m, 1H), 2,77-2,67 (m, 1H), 2,39-2,19 (m,

5H). MS(ES+): 565,4 (M+H).
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Vi du

S6 liéu NMR/S6 liéu LC-MS

10A- | yl

61

Axit 2-[(4-{6-[(4-Xyano-2-
flobenzyl)oxy]pyridin-2-

1-

}piperazin-1-yl)metyl]-
(1,3-oxazol-5-ylmetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0OD) 5 8,44 (dd, 1H),
8,19 (s, 1H), 8,08 (dd, 1H), 7,81 (dd, 1H), 7,67

(m, 1H), 7,62-7,51 (m, 3H), 7,36 (s, 1H), 6,43 (d,
1H), 6,28 (d, 1H), 5,85 (s, 2H), 5,48 (s, 2H), 4,65
(s, 2H), 3,76 (brs, 4H). MS(ES+): 568,1 (M+H).

10A-
62

b

Axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy]pyridin-2-
yl}piperazin-1-yl)metyl]-

1-[(1-etyl-1H-1,2,3-
triazol-5-yl)metyl]-1H-

enzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0D) 6 8,27 (d, 1H), 8,11
(dd, 1H), 7,87 (d, 1H), 7,66 (t, 1H), 7,63-7,49 (m,
3H), 7,24 (s, 1H), 6,38 (d, 1H), 6,26 (d, 1H), 5,92
(s, 2H), 5,46 (s, 2H), 4,57-4,47 (m, 4H), 3,62 (s,
4H), 3,19 (s, 4H), 1,54 (t, 3H). MS(ES+): 596,1

(M+H).

10A-
63

Axit 2-{[(2S)-4-{6-[(4-
Xyano-2-
flobenzyl)oxy|pyridin-2-
yl}-2-metylpiperazin-1-
yl]metyl}-1-[(1-etyl-1H-
imidazol-5-yl)metyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0OD) § 9,09 (d, 1H), 8,25
(d, 1H), 8,09 (dd, 1H), 7,85 (d, 1H), 7,72-7,41 (m,
4H), 7,08 (d, 1H), 6,36 (d, 1H), 6,24 (d, 1H), 5,93

(d, 2H), 5,56-5,39 (m, 2H), 4,77 (d, 1H), 4,49-

421 (m, 3H), 3,87 (dd, 2H), 3,23-3,11 (m, 1H),

2,97 (m, 1H), 1,61 (¢, 3H), 1,37 (d, 3H).
MS(ES+): 609,2 (M+H).

10A-
64

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-(1,2-oxazol-5-ylmetyl)-

1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0OD) & 8,38 (dd, 2H),
8,06 (dd, 1H), 7,84 (d, 1H), 7,71-7,64 (m, 1H),
7,53 (m, 1H), 7,32-7,18 (m, 2H), 6,95 (d, 1H),
6,76 (d, 1H), 6,56 (d, 1H), 5,90 (s, 2H), 5,47 (s,
2H), 3,96 (m, 2H), 3,41 (s, 2H), 3,11 (m, 1H);

2,27 (m, 4H). MS(ES+): 576,1 (M+H).
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Vidu

S6 1iéu NMR/S4 lieu LC-MS

10A-
65

Axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-(1,2-oxazol-3-ylmetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0D) 6 8,72 (d, 1H), 8,35

(s, 1H), 8,05 (d, 1H), 7,84 (d, 1H), 7,71 (m, 2H),

7,61 (m, 2H), 6,97 (d, 1H), 6,81 (d, 1H), 6,62 (d,

1H), 5,81 (s, 2H), 5,58 (s, 2H), 3,97 (m, 2H), 3,42

(m, 3H), 3,07 (m, 1H), 2,25 (d, 4H). MS(ES+):
567,1 (M+H).

10A-
66

Axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
1-[(1-etyl-1H-imidazol-5-
yl)metyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CD;0D) 5 9,11 (d, 1H), 8,27
(d, 1H), 8,09 (dd, 1H), 7,90 (d, 1H), 7,76-7,66 (m,
2H), 7,66-7,56 (m, 2H), 7,09 (d, 1H), 6,96 (d,
1H), 6,80 (d, 1H), 5,89 (d, 2H), 5,57 (s, 2H), 4,85
(s, 2H), 4,37 (m, 2H), 3,97 (d, 2H), 3,40 (d, 2H),
3,11-2,98 (m, 1H), 2,23 (m, 4H), 1,60 (t, 3H).
MS(ES+): 594,1 (M+H).

10A-
67

Axit 2-{[(2S)-4-{6-[(4-
clo-2-
flobenzyl)oxy|pyridin-2-
yl}-2-metylpiperazin-1-
yl]metyl}-1-[(1-etyl-1H-
imidazol-5-yl)metyl]-1H-

benzimidazol-6-carboxylic

'H NMR (400 MHz, CDsOD) & 9,11 (d, 1H), 8,26
(s, 1H), 8,10 (dd, 1H), 7,87 (d, 1H), 7,52 (m, 1H),
7,45 (d, 1H), 7,26-7,15 (m, 2H), 7,10 (s, 1H), 6,38
(d, 1H), 6,28-6,15 (m, 1H), 5,92 (s, 2H), 5,36 (5,
2H), 4,39 (m, 3H), 4,00 (m, 2H), 3,48 (m, 4H),
3,15 (m, 1H), 1,62 (t, 3H), 1,44 (m, 3H).
MS(ES+): 618,1 (M+H).
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Vidu , ,
. Tén SO liéu NMR/S6 liéu LC-MS
sO
' "H NMR (400 MHz, CDs0D) 6 8,77 (s, 1H), 8,47
Axit 2-[(4-{6-[(4-clo-2-
(s, 1H), 8,30 (s, 1H), 8,03 (dd, 1H), 7,80 (d, 1H),
flobenzyl)oxy|pyridin-2-
o 7,68-7,59 (m, 1H), 7,51 (m, 1H), 7,29-7,17 (m,
10A- | yl}piperidin-1-yl)metyl]-
2H), 6,91 (d, 1H), 6,71 (d, 1H), 5,59 (s, 2H), 5,45
68 1-(1,2-oxazol-4-ylmetyl)-
(s, 2H), 4,66 (brs, 2H), 3,76 (m, 2H), 3,32-3,04
1H-benzimidazol-6-
(m, 2H), 2,97 (m, 1H), 2,17 (m, 5H). MS(ES+):
carboxylic
576,2 (M+H).
Axit 2-[(4-{6-[(4-xyano-2- | 'H NMR (400 MHz, CD;0D) 6 8,24 (d, 1H), 8,08
flobenzyl)oxy]pyridin-2- (dd, 1H), 7,89 (d, 1H), 7,76-7,67 (m, 2H), 7,67-
10A- | yl}piperidin-1-yDmetyl]- | 7,55 (m, 2H), 7,25 (s, 1H), 6,96 (d, 1H), 6,81 (d,
69 1-[(1-etyl-1H-1,2,3- 1H), 5,89 (s, 2H), 5,58 (s, 2H), 4,78 (s, 2H), 4,53
triazol-5-yl)metyl]-1H- | (q, 2H), 3,95 (m, 2H), 3,04 (m, 1H), 2,23 (m, 4H),
benzimidazol-6-carboxylic 1,54 (t, 3H). MS(ES+): 595,3 (M+H).
LCMS Ultimate XB-C18, 3 pm, 3,0 x 50 mm;
Axit 2-[(4-{6-[(4-clo-2- Pha dong: A: H,O (0,1% TFA), Pha dong B:
flobenzyl)oxy]|pyridin-2- MeCN (0,1% TFA). Gradient: 1% B dén 5% B
10A- | yl}piperidin-1-yl)metyl]- | trong 1 phut; sau do tir 5% B dén 100% B trong 5
70 1-(1,2,4-oxadiazol-3- phut; gitt & 100% B trong 2 phut; tr¢ lai 1,0% B &

ylmetyl)-1H-

benzimidazol-6-carboxylic

8,01 phut, giir hai phut. Luu luwgng: 1,2 ml/phut.
Thoi gian luu = 3,93 phat. MS(ES+): 577,2
(M+H)
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Vidu . .
SO liéu NMR/S6 liéu LC-MS

'H NMR (400 MHz, CD;0D) & 8,62 (s, 1H), 8,04
(dd, 1H), 7,81 (d, 1H), 7,69 (dd, 1H), 7,54 (t, 1H),
7,33-7,20 (m, 2H), 6,96 (d, 1H), 6,76 (d, 1H),
5,48 (s, 2H), 5,45-5,35 (m, 1H), 4,92 (s, 2H), 4,49
(td, 1H), 4,32 (dd, 1H), 4,09 (dd, 1H), 4,03-4,92
(m, 2H), 3,90-3,79 (m, 1H), 3,46 (1, 2H), 3,19-
3,00 (m, 1H), 2,76-2,64 (m, 1H), 2,40-2,18 (m,
5H). MS(ES+): 565,4 (M+H).

Axit 2-[(4-{6-[(4-clo-2-

flobenzyl)oxy|pyridin-2-
10A- | yl}piperidin-1-yl)metyl]-
71 1-[(3S)-tetrahydrofuran-3-
yl]-1H-benzimidazol-6-

carboxylic

'H NMR (CDsOD) &: 8,35 (s, 1H), 8,03 (d, 1H),
7,81 (d, 1H), 7,67 (t, 1H), 7,52 (t, 1H), 7,24 (t,
2H), 6,94 (d, 1H), 6,74 (d, 1H), 5,46 (s, 2H), 4,83
(br s, 2H), 4,37 (qd, 2H), 4,05 (q, 1H), 3,95 (br s,
2H), 3,79 (q, 1H), 3,63-3,73 (m, 1H), 3,54 (dd,
1H), 3,42 (br s, 2H), 3,07 (br s, 1H), 2,91 (br's,
1H), 2,30 (d, 2H), 2,19-2,26 (m, 2H), 2,09 (td,
1H), 1,79 (td, 1H). MS(ES+): 579,4 (M+H).

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
10A- | yl}piperidin-1-yl)metyl]-
72 1-[(3R)-tetrahydrofuran-3-
ylmetyl]-1H-

benzimidazol-6-carboxylic

'H NMR (600 MHz, CD;OD) & 8,34 (s, 1H), 8,03

(d, 1H), 7,80 (d, 1H), 7,67 (t, 1H), 7,51 (t, 1H),
7,19-7,29 (m, 2H), 6,94 (d, 1H), 6,75 (d, 1H),

5,45 (s, 2H), 4,84 (q, 2H), 4,69 (d, 1H), 4,45 (dd,
1H), 4,16-4,28 (m, 1H), 3,86-3,99 (m, 3H), 3,77
(q, 1H), 3,43 (d, 2H), 3,08 (br s, 1H), 2,16-2,35
(m, 5H), 1,87-2,00 (m, 2H), 1,63-1,74 (m, 1H).

MS(ES+): 579,4 (M+H).

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-
10A- | yl}piperidin-1-yl)metyl]-
1-[(2S)-tetrahydrofuran-2-
ylmetyl]-1H-

benzimidazol-6-carboxylic

73
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Vidu

S4 liéu NMR/S4 liéu LC-MS

10A-
74

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]|pyridin-2-
yl}piperazin-1-yl)metyl]-
3-[(2S)-oxetan-2-ylmetyl]-
3H-imidazo[4,5-b]pyridin-

5-carboxylic

IH NMR (400 MHz, CD30D) & 8,21-8,12 (m,
2H), 7,46 (m, 2H), 7,26-7,15 (m, 2H), 6,30 (d,
1H), 6,13 (d, 1H), 5,41-5,26 (m, 3H), 5,06 (dd,
1H), 4,64 (m, 1H), 4,46 (m, 1H), 4,17 (d, 1H),
4,08 (d, 1H), 3,57 (t, 4H), 2,86-2,73 (m, 1H), 2,70
(d, 4H), 2,61-2.49 (m, 1H). MS(ES+): 567,0
(M+H).

10A-
75

Axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
3-[(1-etyl-1H-imidazol-5-

yl)metyl]-3H-imidazo[4,5-

b]pyridin-5-carboxylic

'H NMR (400 MHz, CD;0D) & 9,06 (d, 1H),
8,40-8,17 (m, 2H), 7,79-7,66 (m, 2H), 7,66-7,57
(m, 2H), 7,48 (d, 1H), 6,96 (d, 1H), 6,81 (d, 1H),

5,90 (s, 2H), 5,58 (s, 2H), 4,86 (s, 2H), 4,55 (q,
2H), 4,10-3,81 (m, 1H), 3,04 (m, 1H), 2,23 (m,
4H), 1,54 (t, 3H). MS(ES+): 595,1 (M+H).

10A-
76

Axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy|pyridin-2-
yl}piperidin-1-yl)metyl]-
3-[(1-metyl-1H-imidazol-

5-yl)metyl]-3H-
imidazo[4,5-b]pyridin-5-

carboxylic

'H NMR (400 MHz, CD;OD) & 8,93 (s, 1H),
8,37-8,13 (m, 2H), 7,78-7.66 (m, 2H), 7,66-7,55
(m, 2H), 7,47 (s, 1H), 6,96 (d, 1H), 6,80 (d, 1H),

5,88 (s, 2H), 5,58 (s, 2H), 4,81 (s, 2H), 4,13 (s,
3H), 3,88 (d, 2H), 3,02 (s, 1H), 2,18 (m, 4H).
MS(ES+): 581,1 (M+H).
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Vidu , .
Tén SO liéu NMR/S06 li¢u LC-MS

'H NMR (400 MHz, CD;0D) 5 8,11 (q, 2H), 7,65
(m, 1H), 7,56 (m, 2H), 7,47 (m, 1H), 6,31 (d, 1H),
6,16 (d, 1H), 5,46 (s, 2H), 5,32 (s, 1H), 5,06 (dd,
1H), 4,92 (d, 1H), 4,64 (m, 1H), 4,46 (m, 1H),
4,12 (d, 1H), 4,03 (d, 1H), 3,52 (m, 4H), 2,80 (m,
1H), 2,69-2,46 (m, SH). MS(ES+): 558,1 (M+H).

Axit 2-[(4-{6-[(4-xyano-2-
flobenzyl)oxy |pyridin-2-
10A- | yl}piperazin-1-yl)metyl]-
77 3-[(2S)-oxetan-2-ylmetyl]-
3H-imidazo[4,5-b]pyridin-

5-carboxylic

'H NMR (400 MHz, CD;0D) & 8,34 (d, 1H), 8,00
(dd, 1,4 Hz, 1H), 7,78-7,67 (m, 3H), 7,67-7,52
(m, 3H), 6,86 (d, 1H), 6,70 (d, 1H), 5,49 (s, 2H),
5,33-5,21 (m, 1H), 4,86 (m, 1H), 4,74 (m, 1H),
4,69-4,57 (m, 1H), 4,48 (m, 1H), 4,21-3,97 (m,
2H), 3,13 (m, 2H), 2,89-2,77 (m, 1H), 2,69 (m,
1H), 2,60-2,40 (m, 3H), 1,89 (m, 4H). MS(ES+):
538,3 (M+H).

Axit 2-[(4-{6-[(4-
xyanobenzyl)oxy]pyridin-
10A- 2-yl}piperidin-1-
78 yl)metyl]-1-[(2S)-oxetan-
2-ylmetyl]-1H-

benzimidazol-6-carboxylic

"H NMR (400 MHz, CD30D) &: 8,30 (s, 1H),
8,00 (d, 1H), 7,68 (d, 1H), 7,56-7,64 (m, 1H),

Axit 2-[(4-{6-[(4-clo-2-
7,48 (t, 1H), 7,16-7,28 (m, 2H), 6,86 (d, 1H), 6,67

flobenzyl)oxy|pyridin-2-

(d, 1H), 5,41 (s, 2H), 4,77 (d, 2H), 4,27 (t, 1H),

10A- | yl}piperidin-1-yl)metyl]-
4,06 (d, 2H), 3,82 (td, 1H), 3,33-3,43 (m, 1H),

79 1-[(1-metylazetidin-2-
3,19 (d, 2H), 2,71-2,85 (m, 1H), 2,47-2,57 (m,
yl)metyl]-1H-
1H), 2,43 (s, 3H), 2,34-2,41 (m, 1H), 2,18-2,30
benzimidazol-6-carboxylic
(m, 1H), 1,80-2,01 (m, 4H). MS(ES+): 578,0
(M+H).

Cac hop chét dugc liét ké trong bang 6 dudi day dugc diéu ché bang quy trinh

song song sir dung phwong phép twong tu nhu phuong phap duge mo ta trén day dé
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tdng hop hop chat Vi du 10A-01 sir dung cac nguyén liéu ban déu thich hop ma c6

ban trén thi truong, dwgc didu ché bang céach sit dung cic quy trinh didu ché da duoc

nguoi co hiéu biét trung binh trong linh vuc nay biét rd, hodc dugc diéu ché theo cach

tuwong tu nhu cac cach mo ta trén day d6i voi cac hop chét trung gian khac. Cac hop

chét duogc tinh ché bang cach st dung HPLC. Do dung méi tinh ché, cac hop chat

cudi cing dugce tach bang cach st dung cac phuong phap PF-ABO1 va PF-AB10 c6

thé 1a cac mubi trifloaxetat, trong khi cac hop chét dugc tach bang cach sir dung

phuong phép PF-CDO05 co thé 13 cac mudi amoni.

yDmetyl]-1-[(1-etylpyrrolidin-3-yl)metyl]-

1H-benzimidazol-6-carboxylic

Béang 6
*Khéi
lugng Thoi
Vidu A phan tu gian | **Phuong
. Tén
sO phat luu phap
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-01 VORI yliplp 603 2,716 | PF-ABO1
ylmetyl]-1-[2-(1-metyl-1H-imidazol-4-
yl)etyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-02 yhoxylpy yiipip 620 2,637 | PF-CDO05
yl)metyl]-1-[(5-clopyridin-2-yl)metyl]-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-03 wyjexylpy ylipip 606 2,568 | PF-ABI10
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*Khéi
lugng Thoi
Vi du phan tu gian | **Phuong
. Tén
sO phat luu phéap
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-04 zyhoxylp . PP 606 2,549 | PF-AB10
yDmetyl]-1-[(1-metylpiperidin-3-yl)metyl]-
1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-05 yhoxylp ylipip 607 2,962 | PF-ABI10
yDmetyl]-1-[2-(tetrahydro-2H-pyran-2-
yl)etyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-06 yhoxylpy ylipip 618 3,041 | PF-ABI10
ylmetyl]-1-{[3-(propan-2-yl)-1,2-0xazol-5-
yl]metyl}-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-07 yhoxylpy yLiptp 620 2,602 | PF-ABI0
yDmetyl]-1-[2-(1-metylpiperidin-4-yl)etyl]-
1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-08 2yhexylpy ylipip 606 2,559 | PF-ABI10

yl)metyl]-1-[(1-metylpiperidin-4-yl)metyl]-

1H-benzimidazol-6-carboxylic
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*Khéi
lugng Thoi
Vidu phantd | gian |**Phuong
. Tén
sO phat luu phéap
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-09 yhoxylpy ylipip 606 2,369 | PF-ABI10
ylmetyl]-1-[2-(1-metylpyrrolidin-2-yl)etyl]-
1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-10 yhoxylpy yliplp 606 2,56 | PF-AB10
yDmetyl]-1-[(1-metylpiperidin-2-yl)metyl]-
1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-11 Zyheoxylpy ylipip 622 2,333 | PF-ABI10
yl)metyl]-1-[2-(4-metylmorpholin-2-yl)etyl]-
1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-12 yloxylpy ylipip 650 2,552 | PF-AB10
ylDmetyl]-1-{[1-(2-metoxyetyl)piperidin-4-
yl]metyl}-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-13 zyhexylpy ylipip 650 2,572 | PF-AB10
ylmetyl]-1-{[ 1-(2-metoxyetyl)piperidin-3-
yl]metyl}-1H-benzimidazol-6-carboxylic
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38232

*Khoi
lugng Thoi
Vi du phantd | gian |**Phuong
. Tén
sO phat luu phap
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-14 yhoxylpy YUPP 593 2,901 | PF-ABI10
yDmetyl]-1-[(3-metyltetrahydrofuran-3-
yl)metyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-15 Joxylp yUPIP 575 2,37 | PF-CDO05
ylmetyl]-1-(1H-pyrazol-4-ylmetyl)-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-16 yhoxylpy yliptp 563 3,029 | PF-ABI10
yl)metyl]-1-(xyclobutylmetyl)-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-17 yhoxyipy viiplp 590 2,926 | PF-ABO1
ylDmetyl]-1-[2-(1H-1,2,4-triazol-1-yl)etyl]-
1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-18 Zhoxylpy ylipip 581 2,831 | PF-ABI10

yl)metyl]-1-(2-etoxypropyl)-1H-

benzimidazol-6-carboxylic
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*Khéi
lugng Thoi
Vi du phéan tir gian | **Phuong
. Tén
sO phat luu phap
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-19 yDmetyl]-1-{[4-(2-metoxyetyl)-4H-1,2,4- 634 2,368 | PF-CDO05
triazol-3-ylJmetyl }-1H-benzimidazol-6-
carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-20 Zoxyipy ylipip 608 2,382 | PF-CDO05
ylmetyl]-1-[2-(2-0x0-1,3-0xazolidin-3-
yl)etyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-21 yhoxylpy ylipip 589 3,002 | PF-ABO1
yDmetyl]-1-[(1-metyl-1H-pyrazol-5-
yl)metyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-y1} piperidin-1-
11A-22 wyhoxylpy ylipip 581 3,003 | PF-AB10

yl)metyl]-1-(2-metoxy-2-metylpropyl)-1H-

benzimidazol-6-carboxylic
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*Khéi
lugng Thot
Vidu X phantd | gian |**Phuong
. Tén
sO phat luu phap
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-23 Zyloxylpy ylipip 576 2,236 | PF-CDO05
ylmetyl]-1-(1H-1,2,3-triazol-4-ylmetyl)-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-24 2yhoxylpy yliptp 575 2,409 | PF-CDO05
yDmetyl]-1-(1H-pyrazol-3-ylmetyl)-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-25 yhoxylpy ylipip 576 2,302 | PF-CDO05
yl)metyl]-1-(4H-1,2,4-triazol-3-ylmetyl)-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-26 yloxylpy ylipip 565 2,829 | PF-ABO1
yl)metyl]-1-(tetrahydrofuran-3-yl)-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-27 yhoxylpy ylipip 573 2,773 | PF-AB10

yl)metyl]-1-(2,2-diflopropyl)-1H-

benzimidazol-6-carboxylic
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38232

*Khoi
luong Thoi
Vidu A phantr | gian |**Phuong
. Tén
sO phat luu phap
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-28 YDORIIPY ylipip 589 2,862 | PF-ABO1
yDmetyl]-1-[2-(1H-pyrazol-1-yl)etyl]-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-29 ~ by yliptp 605 3,069 | PF-ABO1
yDmetyl]-1-[2-(3-metyl-1,2,4-oxadiazol-5-
yl)etyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl} piperidin-1-
11A-30 yhoxylpy ylivlp 622 2,779 | PF-AB10
yDmetyl]-1-[2-(2-0x0-1,3-0xazinan-3-
yl)etyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-31 Zyhoxylpy ylipip 603 2,899 | PF-AB10
ylDmetyl]-1-[2-(3-metyl-1H-pyrazol-1-
yl)etyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-32 Zhoxylpy ylipip 603 3,001 | PF-ABO1

ylDmetyl]-1-[2-(1-metyl-1H-pyrazol-4-
yl)etyl]-1H-benzimidazol-6-carboxylic
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*Khéi
luong Thoi
Vidu X phant | gian |**Phuong
. Tén
sO phat luu phéap
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-33 Yhexylpy ylipip 590 2,986 | PF-ABO1
yDmetyl]-1-[(1-metyl-1H-1,2,4-triazol-5-
yDmetyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-34 2yhoxylpy ylipip 592 2,397 | PF-ABI10
yDmetyl]-1-{[(2R)-1-metylpyrrolidin-2-
yl]metyl}-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-35 yhoxylpy ylipip 590 2,94 | PF-ABO1
yDmetyl]-1-[(5-metyl-1,2-0xazol-3-yl)metyl]-
1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-36 ZYhoxylpy ylipip _ 590 2,84 | PF-ABO1
yDmetyl]-1-[(1-metyl-1H-1,2,3-triazol-4-
yl)metyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-37 yhexylpy ylipip 575 2,354 | PF-CDO05

yl)metyl]-1-(1H-imidazol-5-ylmetyl)-1H-

benzimidazol-6-carboxylic
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yl)metyl]-1-[(1-metyl-5-oxopyrrolidin-3-
yl)metyl]-1H-benzimidazol-6-carboxylic

*Khéi
lugng Thoi
Vidu phan tu gian | **Phuong
. Tén
sO phat luu phép
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl }piperidin-1-
11A-38 YUORYIPY ylipip 567 2,703 | PF-AB10
yl)metyl]-1-(3-metoxypropyl)-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-39 yipy PP 603 2,455 | PF-CDO05
yDmetyl]-1-[(1-etyl-1H-imidazol-2-yl)metyl]-
1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
- flobenzyl)ox ridin-2-yl}piperidin-1-
11A-40 yhoxylpy ylipip 593 2,907 | PF-ABI10
ylmetyl]-1-(tetrahydro-2H-pyran-3-ylmetyl)-
1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-41 yhoxylpy ' yliplp 589 2,695 | PF-ABO1
yl)metyl]-1-[2-(1H-imidazol-4-yl)etyl]-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-42 oxylpy ylipip 606 2,974 | PF-ABO1

-169-
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*Khéi
luong Thoi
Vidu X phanta | gian |**Phuong
. Tén
sO phat luu phap
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-y1} piperidin-1-
11A-43 yhoxylpy ylipip 589 2,808 | PF-ABO1
ylhmetyl]-1-[(1-metyl-1H-pyrazol-4-
yl)metyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-44 by ylipip 604 2,801 | PF-ABO1
ylmetyl]-1-[2-(1-metyl-1H-1,2,3-triazol-4-
yl)etyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl} piperidin-1-
11A-45 yoxylpy ylipip 567 2,721 | PF-AB10
yDmetyl]-1-[(2S)-1-metoxypropan-2-yl]-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-46 yhoxylpy ylipip 567 2,723 | PF-AB10
ylmetyl]-1-[(2R)-1-metoxypropan-2-yl]-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-47 2yloxylpy ylipip 590 2,481 | PF-CDO05

yDmetyl]-1-[(3-metyl-1,2-oxazol-5-yl)metyl]-

1H-benzimidazol-6-carboxylic
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*Khéi
lugng Thoi
Vi du phantr | gian |**Phuong
. Tén
sO phat luu phéap
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-48 yhoxylpy ylipip 590 2,481 | PF-CDO05
yl)metyl]-1-(tetrahydro-2H-pyran-2-ylmetyl)-
1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-49 Joxylpy IPip 593 2,87 | PF-AB10
yl)metyl]-1-(tetrahydro-2H-pyran-4-ylmetyl)-
1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-50 2yhoxylpy yliplp 608 2,775 | PF-ABO1
yl)metyl]-1-[2-(morpholin-4-yl)etyl]-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-51 Yoxylpy yliptp 599 2,853 | PF-ABI10
yl)metyl]-1-[(3,3-difloxyclobutyl)metyl]-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-52 “yhoxyipy ylipip 604 2,964 | PF-ABO1

yDmetyl]-1-[1-(4-metyl-4H-1,2,4-triazol-3-
yl)etyl]-1H-benzimidazol-6-carboxylic
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38232

*Khoi
lugng Thot
Vidu X phan tu gian | **Phuong
. Tén
sO phat luu phép
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-53 zyhexylpy ylipip 604 2,762 | PF-ABO1
ylmetyl]-1-[2-(4-metyl-4H-1,2,4-triazol-3-
yl)etyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-54 zyhexylpy ylipip 606 2,599 | PF-AB10
yDmetyl]-1-{[(2R)-1-etylpyrrolidin-2-
yl]metyl}-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-55 yhoxylpy ylipip 604 2,492 | PF-CDO05
yDmetyl]-1-[(2,5-dimetyl-1,3-0xazol-4-
yl)metyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-56 hexylpy ylip p 636 2,742 | PF-ABO1
yl)metyl]-1-[2-(4-metoxypiperidin-1-yl)etyl]-
1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl} piperidin-1-
11A-57 2yhexylpy ylipip 617 2,934 | PF-ABI10

yDmetyl]-1-[2-(3,5-dimetyl-1H-pyrazol-1-
yl)etyl]-1H-benzimidazol-6-carboxylic
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*Khéi
luong Thot
Vidu X phantt | gian |**Phuong
. Tén
sO phét luu phéap
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl } piperidin-1-
11A-58 i by PP 589 2,428 | PF-CDO05
yDmetyl]-1-[(3-metyl-1H-pyrazol-5-
yl)metyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl }piperidin-1-
11A-59 ~ by ipip 590 2,347 | PF-CDO05
yDmetyl]-1-[(3-metyl-1H-1,2,4-triazol-5-
ylmetyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}piperidin-1-
11A-60 yhoxylpy yliptp 604 2,471 | PF-CDO05
yDmetyl]-1-[1-(2-metyl-2H-1,2,3-triazol-4-
yl)etyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl }piperidin-1-
11A-61 Zoxylpy ylipip 600 2,583 | PF-AB10
yl)metyl]-1-[(6-metylpyridin-3-yl)metyl]-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-62 “ylexylpy ylipip 619 2,413 | PF-CDO05

yDmetyl]-1-{[3-(metoxymetyl)-1H-pyrazol-
5-yl]metyl}-1H-benzimidazol-6-carboxylic
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*Khoi
luong Thoi
Vidu phan tu gian | **Phuong
. Tén
N¢ phat luu phéap
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-63 yhoxylpy YUPIP 608 2,745 | PF-ABO1
yDmetyl]-1-[(4-metylmorpholin-2-yl)metyl]-
1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-64 Joxylpy YUPP 616 2,401 | PF-CDO05
yDmetyl]-1-[(5-xyclopropyl-1H-1,2,4-triazol-
3-yl)metyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-65 yhoxylpy yLipip 607 2,912 | PF-AB10
yl)metyl]-1-[2-(tetrahydro-2H-pyran-4-
yletyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-66 Zhoxyley ylipip 604 2,305 | PF-CDO05
ylmetyl]-1-[2-(3-metyl-1H-1,2,4-triazol-5-
yl)etyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl } piperidin-1-
11A-67 Zyhoxylpy yliplp 604 2,379 | PF-CDO05

yDmetyl]-1-[1-(5-metyl-1H-1,2,4-triazol-3-
yl)etyl]-1H-benzimidazol-6-carboxylic
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*Khbi
lugng Thot
Vidu X phdn tr | gian |**Phuong
, Tén
sO phat luu phéap
hién (phut)
dugc
Axit 2-[(4-{6-][(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-68 yoxylpy ylipip 579 2,924 | PF-AB10
yDmetyl]-1-[(2R)-tetrahydrofuran-2-ylmetyl]-
1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-69 yhoxylpy ylipip 576 2,465 | PF-CDO05
yl)metyl]-1-(1,2-oxazol-3-ylmetyl)-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-70 yhoxylpy ylypip 589 2,378 | PF-CDO05
yl)metyl]-1-[(1-metyl-1H-imidazol-5-
yl)metyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-71 yloxylpy ylipip 590 2,73 | PF-ABO1
yDmetyl]-1-[(4-metyl-4H-1,2,4-triazol-3-
yDmetyl]-1H-benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)ox ridin-2-yl}piperidin-1-
11A-72 zyhexylpy ylipip 590 2,381 | PF-CDO05
yDmetyl]-1-[(1-metyl-1H-1,2,3-triazol-5-
yDmetyl]-1H-benzimidazol-6-carboxylic
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*Khoi
lugng Thoi
Vi du phantx | gian |**Phuong
. : Tén
sO phat luu phéap
hién (phut)
duoc
Axit 2-[(4-{6-[(4-clo-2-
A3 flobenzyl)oxy]pyridin-2-yl} piperidin-1- 501 2811 | PE-ABI0
yDmetyl]-1-(3,3,3-triflopropyl)-1H-
benzimidazol-6-carboxylic
Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy]pyridin-2-yl}piperidin-1-
11A-74 yDmetyl]-1-{[1- 607 2,757 | PF-AB10

(metoxymetyl)xyclobutyl|metyl}-1H-

benzimidazol-6-carboxylic

*Khoi lugng phéan tir phat hién dugc: MS(ES+): nhu (M+H)

**Phuong phéap tinh ché HPLC PF-ABO1: Pha dong A: 0,0375% TFA trong H>O.
Pha dong B: 0,01875% TFA trong MeCN. Cac diéu kién ban dau: B: 1%, A: 99%.
Gradient: B: 1%, A: 99% dén B: 5%, A: 95% tir t = 0,00 phiit dén 0,60 phut, sau do
dén B: 100% tir t = 0,60 min dén 4,00 phut, sau d6 dén B: 1%, A: 99% tir t = 4,00
phut dén 4,30 phit, gitt cho dén t = 4,70 phut. Luu lugng = 0,8 ml/phut, thé tich tiém
2 uL.

**Phurong phéap tinh ché HPLC PF-AB10: Pha dong A: 0,0375% TFA trong H2O.
Pha déng B: 0,01875% TFA trong MeCN. Céc diéu kién ban dau: B: 10%, A: 90%.
Gradient: B: 10%, A: 90% tir t = 0,00 phut dén 0,50 phit, sau d6 dén B: 100% tir t =
0,60 phit dén 4,00 phut, sau do dén B: 10%, A: 90% tir t = 4,00 phut dén 4,30 phut,
giit cho dén t = 4,70 phit. Luu lugng = 0,8 ml/phut, thé tich tiém 2 pL.
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**Phwong phép tinh ché HPLC PF-CDO05: Pha dong A: 0,05% NH4OH trong H>O.
Pha dong B: 100% MeCN. Didu kién ban dau: B: 5%, A: 95%. Gradient: B: 5%, A:
95% dén B: 100%, tir t = 0,50 phat dén 3,40 phut, gitr cho dén t = 4,20 phat sau d6
dén B: 5%, A: 95% tir t = 4,21 phut dén 4,70 phut, gitr cho dén t = 4,70 phut. Luu
luong = 0,8 ml/phut, thé tich tiém 2 pL.
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Vidu 12A-01
Axit 2-((4-(6-((4-Clo-2-flobenzyl)oxy)pyridin-2-yl)-2-(triflometyl)piperazin-1-
yl)metyl)-1-(2-metoxyetyl)-1H-benzo[d]imidazol-6-carboxylic, cht déng phan doi
anh 1
Vidu 12A-02
Axit 2-((4-(6-((4-Clo-2-flobenzyl)oxy)pyridin-2-yl)-2-(triflometyl)piperazin-1-
yl)metyl)-1-(2-metoxyetyl)-1H-benzo[d]imidazol-6-carboxylic, chat dong phan doi
anh 2
Budc 1
B6 sung NaH (4,48 g, 112 mmol, huyén phu 60%) vao dung dich chira rugu
4-clo-2-flobenzylic (15,0 g, 93,4 mmol) trong DMF (250 mL) ¢ 0°C. Sau khi Kkhudy
& 15°C trong 40 phut, 2,6-diclopyridin (16,6 g, 112 mmol) dugc bd sung vao. Hon
hop thu duogc dugc khudy ¢ 15°C trong 3 gid. Hon hop duoc rét vao nude (1 L) va
chiét bang EtOAc (2 x 200 mL). Cac 16p hitu co gom lai dugc rira bang dung dich
NH.CI bio hoa (500 mL), nuée mudi (500 mL), 1am khd bang NaySOa, loc va ¢b dic
trong diéu kién ap suit giam. San pham tho dugc tinh ché bang cach sic ky nhanh
(PE) dé thu duoc 2-clo-6-((4-clo-2-flobenzyl)oxy)pyridin (19,2 g, 75%) dudi dang
chét rén. 'TH NMR (CDCls) & 7,55 (t, 1H), 7,47 (t, 1H), 7,15 (t, 2H), 6,94 (d, 1H), 6,71
(d, 1H), 5,40 (s, 2H).

Budc 2
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B6 sung hop chét trung gian 19 (111 mg, 0,393 mmol), tetrabutylamoni iodua
(145 mg, 0,39 mmol) va N,N-diisopropyletyl amin (152 mg, 1,18 mmol) vao dung
dich chtra tert-butyl 3-(triflometyl)piperazin-1-carboxylat (100 mg, 0,393 mmol)
trong MeCN (2 mL). Hon hop phéan tmg duoc khudy & 150°C trong 1 gid trong diéu
kién vi séng. Hon hop phén Gmg dugc cd dic trong didu kién 4p suét gidm va tinh ché
bing TLC didu ché (33% EtOAC/PE) dé thu dugc metyl 2-((4-(tert-butoxycarbonyl)-
2-(triflometyl)piperazin-1-yl)metyl)-1-(2-metoxyetyl)-1H-benzo[ d] imidazol-6-
carboxylat (100 mg, 51%) dudi dang dau mau vang. MS(ES+): 501,1 (M+H).

Budce 3

Bé sung HCI-EtOAc (5 mL) vao dung dich chira metyl 2-((4-(tert-
butoxycarbonyl)-2-(triflometyl)piperazin-1-yl)metyl)-1-(2-metoxyetyl)-1H-
benzo[d]imidazol-6-carboxylat (100 mg, 0,2 mmol) trong EtOAc (5 mL). Hon hop
phan img dugc khudy & nhiét do trong phong trong 2 gio. Hon hop phan tng dugc cb
dic trong diéu kién ap suit giam. Hoa tan san phim thd trong DCM (10 mL), rira
béng dung dich nudc K2COs bdo hoa, 1am kho béng NazSO0s4, loc va cd dac trong diéu
kién 4p sut giam dé thu dugc metyl 1-(2-metoxyetyl)-2-((2-(triflometyl)piperazin-1-
yl)metyl)-1H-benzo[d]imidazol-6-carboxylat (42 mg, 53%) du6i dang dau mau vang.
MS(ES+): 401,0 (M+H).

Budc 4

B6 sung 2-clo-6-((4-clo-2-flobenzyl)oxy)pyridin (61,2 mg, 0,225 mmol),
Pdy(dba); (20,6 mg, 0,1 mmol), BINAP (28 mg, 0,045 mmol) va Cs>CO3 (220 mg,
0,674 mmol) vao dung dich chia metyl 1-(2-metoxyetyl)-2-((2-
(triflometyl)piperazin-1-yl)metyl)- 1H-benzo[d]imidazol-6-carboxylat (90 mg, 0,22
mmol) trong PhCH3 (2 mL). Hon hop phan tmg dugc khudy & 100°C trong 16 gio.
Hoén hop phan ung dugc ¢ dic trong didu kién 4p suit gidm va san pham thd dugc
tinh ché bing TLC didu ché (33% EtOAC/PE) dé thu dugc san pham triét quang dudi
dang dau mau vang. Hon hop triét quang nay dugc tach bing SFC bét dbi xting diéu
ché (Cot: Whelk-01 250 x 30 mm x 10 pm; Pha dong: 45% isopropanol (1% NH4OH)
/ CO2 Luu lwong: 50 ml/phut) dé thu duoc cac chit dong phan d6i anh riéng biét ctia
metyl 2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-2-yl)-2-(triflometyl)piperazin-1-
yl)metyl)-1-(2-metoxyetyl)-1H-benzo[d]imidazol-6-carboxylat:
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Chét ddng phan dbi anh 1: (28 mg, 20%); thoi gian luu (15,98 phut);
ChAt ddng phan dbi anh 2: (33 mg, 23%); thoi gian Iuu (20,92 phut).
Buéc 5

B6 sung dung dich NaOH 2M (1 mL) vao dung dich chira chét ddng phan dbi
anh 1 thu dugc & bude 4 (28 mg, 0,044 mmol) trong MeOH (5 mL). Hon hop phan
g dugc khudy & 50°C trong 2 gid. Lam ngudi hdn hop phan tmg dén 0°C va axit
hoa bang dung dich HCI 1M dén d6 pH khoang bang 4. Hén hop phan tmg duoc chiét
bing EtOAc (3 x 10 mL), lam khé bing Na»SO4, c6 dic trong diéu kién 4p suat giam.
San phim thé dugc tinh ché bang HPLC diéu ché (Cot: Waters Xbridge Prep OBD
C18 150 x 30 mm x 5 um; Pha dong: gradient tir 55% MeOH trong nué6e [0,1% TFA]
dén 75% MeOH trong nudce [0,1% TFA]; 10 phut; Budce song: 220 nm; Luu lugng:
25 ml/phut) dé thu dugc hop chét Vi du 12A-01 (12,2 mg, 37%) duéi dang chat rén.
Do dung moi tinh ché, hop chét c6 thé duge tach dudi dang muébi trifloaxetat. S6 lidu
LC-MS phan tich: Xtimate C18 5 x 30 mm, 3 um; Pha dong: 1% MeCN trong nuéc
(0,1% TFA) dén 5% MeCN trong nudce (0,1% TFA) trong 1 phiit; sau d6 tir 5% MeCN
trong nude (0,1% TFA) dén 100% MeCN (0,1% TFA) trong 5 phut; gitt & 100%
MeCN (0,1% TFA) trong 2 phut; tré lai 1,0% MeCN trong nudce (0,1% TFA) ¢ 8,01
phut, va giit 2 phat. Luu lugng: 1,2 ml/phut; Thoi gian luu 4,465 phut, MS(ES+):
622,2 (M+H).

Hop chat Vi du 12A-02 dugc diéu ché theo cach tuong tur tir chat ddng phan
dbi anh 2 thu duogc & budc 4 (33 mg, 0,052 mmol) va dugc tinh ché bang cach sir
dung phuong phap HPLC diéu ché giéng nhu vy dé thu dugc hop chét Vi du 12A-
02 (9,8 mg, 28%) dudi dang chét ran. Do dung mai tinh ché, hop chét c6 thé dugc
tach duéi dang mubi trifloaxetat. S6 liéu LC-MS phan tich: Thoi gian luu 4,469 pht,
MS(ES+): 622,2 (M+H).

Céc hop chét dugc liét ké trong bang 7 dudi day dugc didu ché bang cach sir
dung phuong phap twong ty nhu phuong phép duoc mo ta trén day dé tong hop céac
hop chét Vi du 12A-01 va 12A-02 sir dung céc nguyén liéu ban dau thich hop ma 6
ban trén thi truong, duge didu ché bang cach str dung cc quy trinh didu ché da duoc

ngudi co hiéu biét trung binh trong linh vuc nay biét 18, hodc duoc diéu ché theo cach
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twong tu nhu cac cach md ta trén day d6i v6i cac hop chét trung gian khac. Cac hop
chét duogc tinh ché bang cach sir dung cac phuong phap da duge ngudi co hiéu biét
trung binh trong linh vuc nay biét rd va c6 thé bao gdm phuong phap sac ky silicagel,
HPL.C, hodc két tinh tir hdn hop phan tng. Cac hop chit cudi cing co thé duge tach

du6i dang céc chat trung tinh hodc cic muoi cdng axit hodc bazo.

Béang 7
Vidu . .
Y Tén S6 liéu NMR/S6 ligu LC-MS
Axit 2-[(7-{6-[(4-clo-2- TH NMR (400 MHz, CD3CN) 6 8,48 (s, 1H),
flobenzyl)oxy]pyridin-2-y1}- | 8,20 (dd, 1H), 7,89 (d, 1H), 7,49 (m, 2H), 7,24
12A- 4,7-diazaspiro[2,5]oct-4- (m, 2H), 6,29 (d, 1H), 6,15 (d, 1H), 5,37 (s,
03 yDmetyl]-1-(2-metoxyetyl)- | 2H), 4,60 (m, 4H), 3,77 (m, 2H), 3,71-3,42 (m,
1H-benzimidazol-6- 4H), 3,28 (s, 3H), 3,12 (t, 2H), 0,87 (d, 2H),
carboxylic _ 0,67 (t, 2H). MS(ES+): 580,0 (M+H).
'H NMR (400 MHz, CD3;0D) ¢ 8,43 (d, 1H),
8,13 (dd, 1H), 7,82 (d, 1H), 7,53 (t, 1H), 7,45
Axit 2-{[(2S)-4-{6-[(4-clo-2- | (t, 1H), 7,15-7,25 (m, 2H), 6,41 (d, 1H), 6,23
flobenzyl)oxy]pyridin-2-y1}- | (d, 1H), 5,38 (d, 2H), 5,29 (d, 1H), 4,64-4,80
12A- 2-xyclopropylpiperazin-1- (m, 2H), 4,53 (d, 1H), 4,32 (d, 1H), 4,11 (d,
04 yl]metyl}-1-(2-metoxyetyl)- 1H), 3,79 (t, 2H), 3,54 (d, 1H), 3,36-3,49 (m,
1H-benzimidazol-6- 2H), 3,08 (t, 1H), 2,61 (br s, 1H), 0,98-1,10
carboxylic (m, 1H), 0,73-0,89 (m, 2H), 0,57-0,72 (m,
1H), 0,37-0,50 (m, 1H). MS(ES+): 594,0
(M+H).
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Vidu

Tén

S6 lieu NMR/S6 liéu LC-MS

12A-
05

Axit 2-{[(2S)-4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}-
2-(propan-2-yl)piperazin-1-
ylJmetyl}-1-(2-metoxyetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0D) & 8,44 (d, 1H),
8,15 (dd, 1H), 7,84 (d, 1H), 7,55 (m, 1H), 7,45
(m, 1H), 7,27-7,15 (m, 2H), 6,40 (d, 1H), 6,24
(d, 1H), 5,46-5,35 (m, 2H), 4,99 (m, 1H), 4,71
(m, 2H), 4,51 (m, 1H), 4,32 (m, 1H), 4,06 (m,
1H), 3,80 (m, 2H), 3,48-3,37 (m, 3H), 3,31 (s,
3H), 3,17 (d, 2H), 2,41-2,28 (m, 1H), 1,16 (d,
3H), 1,09 (d, 3H). MS(ES+): 596,3 (M-+H).

12A-
06

Axit 2-[(4-{6-[(4-clo-2-
flobenzyl)oxy[pyridin-2-yl}-
2,2-dimetylpiperazin-1-
ylmetyl]-1-(2-metoxyetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0D) 5 8,46 (d, 1H),
8,17 (dd, 1H), 7,86 (d, 1H), 7,49 (m, 2H),
7.28-7,18 (m, 2H), 6,40 (d, 1H), 6,20 (d, 1H),
5,38 (s, 2H), 4,72 (m, 2H), 4,62 (m, 2H), 3,87-
3,62 (m, 6H), 1,41 (s, 6H). MS(ES+): 582.3
(M+H).

12A-
07

Axit 2-{[(2S)-4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}-
2-etylpiperazin-1-yl]metyl}-1-
(2-metoxyetyl)-1H-

benzimidazol-6-carboxylic

IH NMR (400 MHz, CD30D) & 8,40 (s, 1H),

8,11 (dd, 1H), 7,81 (d, 1H), 7,53 (t, 1H), 7,44

(t, 1H), 7.14-7,25 (m, 2H), 6,41 (d, 1H), 6,23

(d, 1H), 5,38 (s, 2H), 4,56-4,74 (m, 3H), 4,07
(d, 1H), 3,91 (d, 1H), 3,78 (t, 2H), 3,49-3,73

(m, 3H), 3,37 (br s, 1H), 1,93 (br s, 1H), 1,71-
1,84 (m, 1H), 1,08 (t, 3H). MS(ES+): 582,1

(M+H).
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Vidu

Tén

S4 litu NMR/S6 liu LC-MS

12A-
08

Axit 2-{[(25)-4-{6-[(4-
xyanobenzyl)oxy|pyridin-2-
yl}-2-metylpiperazin-1-
yl]Jmetyl}-1-(2-metoxyetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (400 MHz, CD;0D) 5 8,42 (d, 1H),
8,12 (dd, 1H), 7,82 (d, 1H), 7,71 (d, 2H), 7,62-
7,51 (m, 3H), 6,42 (d, 1H), 6,29 (d, 1H), 5,44

(s, 2H), 4,68 (q, 2H), 4,53 (m, 1H), 4,07 (m,
2H), 3,79 (m, 2H), 3,30 (s, 3H), 3,18 (m, 1H),

1,40 (d, 3H). MS(ES+): 541,0 (M+H).

12A-
09

Axit 2-{[(2R)-4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}-
2-(hydroxymetyl)piperazin-1-
yl]jmetyl}-1-(2-metoxyetyl)-
1H-benzimidazol-6-

carboxylic

'H NMR (CDsOD) & 8,41 (s, 1H), 8,10 (d,
1H), 7,80 (d, 1H), 7,51 (t, 1H), 7,45 (t, 1H),
7,13-7.25 (m, 2H), 6,39 (d, 1H), 6,20 (d, 1H),
5,36 (s, 2H), 5,02 (d, 2H), 4,66-4,81 (m, 2H),
4.49 (d, 1H), 4,20 (d, 1H), 4,10 (d, 1H), 4,00
(d, 1H), 3,69-3,92 (m, 4H), 3,38 (br s, 2H),
3,09-3,26 (m, 2H), 1,32 (t, 2H). MS(ES+):
584.,2 (M+H).

12A-
10

Axit 2-{[(25)-4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}-
2-metylpiperazin-1-yljmetyl }-
1-(2-metoxyetyl)-1H-

benzimidazol-6-carboxylic

Cot: AD-H 4,6 x 100 mm, 5 um; Pha dong A:
CO3; Pha dong B:Metanol v6i 0,2% NH4OH;
60:40 A/B Giir trong 5 phut, Nhiét do cot: 40
°C, Bbi ap: 120 Bar, Luu luong: 1,5 ml/phut.
Thoi gian Ivu: 3,035, MS(ES+): 568,3 (M+H).

12A-
11

Axit 2-{[(2R)-4-{6-[(4-clo-2-
flobenzyl)oxy|pyridin-2-yl}-
2-metylpiperazin-1-yljmetyl }-
1-(2-metoxyetyl)-1H-

benzimidazol-6-carboxylic

Cot: AD-H 4,6 x 100 mm, 5 pm; Pha dong A:
COg; Pha déng B:Metanol v6i 0,2% NH4OH;
60:40 A/B Giir trong 5 phut, Nhiét do cot: 40
°C, Béi 4p: 120 Bar, Luu lwgng: 1,5 ml/pht.
Thoi gian lru: 3,035, MS(ES+): 568,3 (M+H).

-182-



38232

AN

0
cl F
LS )
N/\W o
O N N\<\ <
l/ OH

Vidu 13A-01 va 13A-02

Axit trans 2-{[4-{6-[(4-Clo-2-flobenzyl)oxy]pyridin-2-yl}-2-metylpiperidin-1-
yljmetyl}-1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylic, cac chét déng phan db6i
anh 1 va2
Vidu 13A-03 va 13A-04

Axit cis 2-{[4-{6-[(4-Clo-2-flobenzyl)oxy]pyridin-2-yl}-2-metylpiperidin-1-
yljmetyl}-1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylic, cac chét déng phan db6i
anh 1 va2
Budc 1

Hén hop cia 2-[(4-clo-2-flobenzyl)oxy]-6-(2-metylpiperidin-4-yl)pyridin
(350 mg, 0,86 mmol) [dugc diu ché du6i dang hdn hop cac chit dong phan lap thé
bang cach twong tu nhu cdch duge dugc sir dung dé diéu ché hop chét trung gian 3],
hop chét trung gian 19 (220 mg, 0,78 mmol) va K2CO;3 (540 mg, 3,9 mmol) trong
MeCN (6 mL) dugc khudy & 60°C trong 16 gio. Hon hop duge loc va dich loc duoc
b dic trong diu kién ap suat giam. Phén con lai dugc tinh ché bang cach st dung
phuong phép sic ky cot rira giai bang EtOAc/PE (1:1) dé thu duoc metyl 2-((4-(6-
((4-clo-2-flobenzyl)oxy)pyridin-2-yl)-2-metylpiperidin-1-yl)metyl)-1-(2-
metoxyetyl)-1H-benzo[d]imidazol-6-carboxylat (250 g, 55%, diu mau vang) dudi
dang hon hop cta bbn chit dong phan lap thé. Hon hop clia cac chét dong phan lap
thé duoc tach bang SFC trén cot bat ddi ximg sir dung diéu kién 1 dudi ddy dé tao ra
cac dinh rd rang 1, 3 va 4, cing v6i dinh 2 khong thudn tiy. Dinh 2 duge tinh ché lai
bing SFC sir dung diéu kién 2. Thoi gian luu dugc thé hién 14 dé cap dén diéu kién
SFC 1. Héa hoc 1ap thé twong dbi dugc 4n dinh bang 2D NMR. Céu hinh tuyét d6i

ctia mdi chit ddng phan khong dugc 4n dinh.
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Pinh 1 (thoi gian lwu 5,6 phat): trans metyl 2-((4-(6-((4-clo-2-
flobenzyl)oxy)pyridin-2-yl)-2-metylpiperidin-1-yl)metyl)-1-(2-metoxyetyl)-1H-
benzo[d]imidazol-6-carboxylat chit ddng phéan ddi anh 1.

Pinh 2 (thoi gian luu 5,8 phat): trans metyl 2-((4-(6-((4-clo-2-
flobenzyl)oxy)pyridin-2-yl)-2-metylpiperidin- 1-yl)metyl)-1-(2-metoxyetyl)-1H-
benzo[d]imidazol-6-carboxylat chit ddng phan ddi anh 2.

Pinh 3 (thoi gian luu 6,4 phat): cis metyl 2-((4-(6-((4-clo-2-
flobenzyl)oxy)pyridin-2-y1)-2-metylpiperidin-1-yl)metyl)-1-(2-metoxyetyl)-1H-
benzo[d]imidazol-6-carboxylat chat dong phan ddi anh 1.

Pinh 4 (thoi gian luu 6,9 phat): cis metyl 2-((4-(6-((4-clo-2-
flobenzyl)oxy)pyridin-2-y1)-2-metylpiperidin-1-yl)metyl)-1-(2-metoxyetyl)-1H-
benzo[d]imidazol-6-carboxylat chét déng phan ddi anh 2.

SFC diéu kién 1: Cot: AD (250 mm x 30 mm, 5 um); Pha dong: CO2 v6i 35%
EtOH (0,1% NHsOH); Luu lugng: 70 ml/phut; Budc song: 220 nm.

SFC diéu kién 2: Cot: AD (250 mm x 30 mm, 5 um); Pha dong: CO2 v6i 40%
iPrOH (0,1% NH4OH); Luu lugng: 60 ml/phit; Budc song: 220 nm.

Budc 2

Este metyl tir budc 1 duge chuyén héa thanh axit tw do bang cach xtr 1y v6i

NaOH trong MeOH nhu da dugc moé ta dé thu dugce bén hop chit vi du dudi day.

Hop chdt Vi du 13A-01 (tr trans metyl 2-((4-(6-((4-clo-2-
flobenzyl)oxy)pyridin-2-yl)-2-metylpiperidin-1-yl)metyl)-1-(2-metoxyetyl)-1H-
benzo[d]imidazol-6-carboxylat chat déng phan dbi anh 1): '"H NMR (400 MHz,
CDsOD) &: 8,32 (d, 1H), 8,01 (dd, 1H), 7,77 (d, 1H), 7,68 (dd, 1H), 7,49 (t, 1H), 7,17-
7,31 (m, 2H), 6,97 (d, 1H), 6,76 (d, 1H), 5,37-5,50 (m, 2H), 4,75-4,86 (m, 2H), 4,62
(t, 2H), 4,19 (br s, 1H), 3,76 (t, 2H), 3,66 (d, 1H), 2,49 (ddd, 1H), 2,30 (m, 1H), 2,16-
2,24 (m, 1H), 2,10 (dt, 1H), 1,62 (d, 2H); LC-MS(ES+): 567,1 (M+H).

Hop chdt Vi du 13A-02 (tr trans metyl 2-((4-(6-((4-clo-2-
flobenzyl)oxy)pyridin-2-yl)-2-metylpiperidin-1-yl)metyl)-1-(2-metoxyetyl)-1H-
benzo[d]imidazol-6-carboxylat chit ddng phan ddi anh 2): 'H NMR (400 MHz,
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CD;0D) & 8,31 (d, 1H), 8,00 (dd, 1H), 7,76 (d, 1H), 7,67 (dd, 1H), 7,48 (t, 1H), 7.22
(m, 2H), 6,96 (d, 1H), 6,75 (d, 1H), 5,47-5,38 (m, 2H), 4,80 (m, 1H), 4,61 (m, 2H),
4,18 (m, 1H), 3,80-3,59 (m, 3H), 2,48 (m, 1H), 2,29 (m, 1H), 2,19 (m, 1H), 2,09 (m,
1H), 1,61 (d, 3H); LC-MS(ES+): 567,1 (M+H).

Hop chét Vi du 13A-03 (tir cis metyl 2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-
2-yl)-2-metylpiperidin-1-yl)metyl)- 1-(2-metoxyetyl)-1H-benzo[d] imidazol-6-
carboxylat chit ddng phan dbi anh 1): 'H NMR (400 MHz, CD;0OD) § 8,34 (d, 1H),
8,05 (dd, 1H), 7,81 (d, 1H), 7,73-7,64 (m, 1H), 7,53 (m, 1H), 7,26 (m, 2H), 6,94 (d,
1H), 6,76 (d, 1H), 5,48 (s, 2H), 5,12 (d, 1H), 4,77 (d, 1H), 4,64 (m, 2H), 4,01-3,82
(m, 2H), 3,78 (m, 2H), 3,52-3,42 (m, 1H), 3,15 (m, 1H), 2,35-2,05 (m, 4H), 1,57 (d,
3H); LC-MS(ES+): 567,1 (M+H).

Hop chit Vi du 13A-04 (tir cis metyl 2-((4-(6-((4-clo-2-flobenzyl)oxy)pyridin-
2-y1)-2-metylpiperidin-1-yl)metyl)-1-(2-metoxyetyl)-1H-benzo[d] imidazol-6-
carboxylat chit dong phén dbi anh 2): "H NMR (400 MHz, CD30OD) § 8,34 (d, 1H),
8,05 (dd, 1H), 7,81 (d, 1H), 7,70-7,64 (m, 1H), 7,53 (t, 1H), 7,26 (m, 2H), 6,94 (d,
1H), 6,76 (d, 1H), 5,48 (s, 2H), 5,12 (d, 1H), 4,77 (d, 1H), 4,64 (t, 2H), 3,99-3,83 (m,
2H), 3,78 (t, 2H), 3,52-3,42 (m, 1H), 3,19-3,09 (m, 1H), 2,31-2,05 (m, 4H), 1,57 (d,
3H); LC-MS(ES+): 567,1 (M+H).

Céc este metyl cua cac hop chit duoc liét ké trong bang 8 dudi day dugc diéu
ché bang cach st dung phuong phap tuong tu nhu phurong phap duge md ta trén day
dé téng hop hop chit Vi du 10A-01 sir dung 2-aminometyltetrahydrofuran triét quang
hoic 3-aminometyltetrahydrofuran va cac vat licu ban déu thich hop khdc ma c6 ban
trén thi truong, duoc didu ché bang cach st dung cic quy trinh diéu ché da dugc
ngudi c6 hiéu biét trung binh trong linh vyc nay biét ro, hodc duoc diéu ché theo cach
twong tu nhu cac cach mo ta trén day dbi v6i cac hop chat trung gian khéc. Cac chét
ddng phan lap thé THF duoc tach bang SFC dé thu dugc cac hop chét trung gian este
duédi dang cac chét déng phan lap thé don. Sau d6 cac metyl este dugc thity phan nhu
duoc mo ta cho hop chit vi du 10A-01 dé tao ra cac hop chat duoc liét ké trong bang
8. Thoi gian luu va cac phuong phap sdc ky ddi vé6i cac hop chét trung gian este metyl
duoc thé hién trong bang. Hoa hoc 1ap thé cua tdm 14p thé THF trong mdi hgp chét
khong dugc 4n dinh.
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Bang 8
*Thoi
Vidu *Phuong | gian , )
, Tén S6 liéu NMR/S6 ligu LC-MS
sO phéap luu
(phut)
Axit 2-[(4-{6-
[(4- "H NMR (400 MHz, CD30D) 6 8,36
xyanobenzyl)oxy (d, 1H), 8,05 (dd, 1H), 7,82 (d, 1H),
|pyridin-2- 7,77-1,73 (m, 2H), 7,69 (dd, 1H),
yl}piperidin-1- 7,66-7,60 (m, 2H), 6,95 (d, 1H), 6,80
14A- yl)metyl]-1- A 0.65 (d, 1H), 5,53 (s, 2H), 4,87-4,78 (m,
01 | (tetrahydrofuran- "7 | 2H), 4,70 (dd, 1H), 4,44 (dd, 1H), 4,24
2-ylmetyl)-1H- (m, 1H), 3,93 (m, 2H), 3,76 (m, 1H),
benzimidazol-6- 3,43 (m, 3H), 3,12-3,02 (m, 1H), 2,30-
carboxylic, chat 2,13 (m,'SH), 2,02-1,86 (m, 2H), 1,69
ddng phan dbi (m,1H). MS(ES+): 552,1 (M+H).
anh 1
Axit 2-[(4-{6-
- TH NMR (400 MHz, CDs0D) 6 8,34
(d, 1H), 8,03 (dd, 1H), 7,80 (d, 1H),
xyanobenzyl)oxy
7,73 (d, 2H), 7,64-7,70 (m, 1H), 7,61
|pyridin-2-
(d, 2H), 6,93 (d, 1H), 6,78 (d, 1H),
yl}piperidin-1-
5,51 (s, 2H), 4,82 (d, 2H), 4,68 (dd,
14A- yl)metyl]-1-
A 1.4 | 1H), 4,42 (dd, 1H), 4,17-4,27 (m, 1H),
02 (tetrahydrofuran-

2-ylmetyl)-1H-
benzimidazol-6-
carboxylic, chat
ddng phan doi
anh 2

3,83-3,97 (m, 3H), 3,70-3,81 (m, 1H),
3.,35-3,45 (m, 2H), 2,98-3,11 (m, 1H),
2,13-2,28 (m, 5H), 1,87-2,00 (m, 2H),
1,61-1,74 (m, 1H). MS(ES+): 552,1
(M+H).
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*Thoi
Vidu *Phuong | gian ) )
) Tén S6 liéu NMR/So lieu LC-MS
sO phéap luu
(phut)
Axit 2-[(4-{6-

[(4- '"H NMR (400 MHz, CD30D) 6 8,36
xyanobenzyl)oxy (d, 1H), 8,05 (dd, 1H), 7,82 (d, 1H),
]-5-flopyridin-2- 7,80-7,73 (m, 2H), 7,65 (d, 2H), 7,51

yl}piperidin-1- (dd, 1H), 6,95 (dd, 1H), 5,60 (s, 2H),
14A- yl)metyl]-1- B 01 4,86-4,78 (m, 2H), 4,70 (dd, 1H), 4,44
03 (tetrahydrofuran- ’ (dd, 1H), 4,31-4,17 (m, 1H), 3,93 (m,
2-ylmetyl)-1H- 3H), 3,76 (m, 1H), 3,41 (s, 2H), 3,06
benzimidazol-6- (d, 1H), 2,32-2,09 (m, 5SH), 1,94 (m,
carboxylic, chét 2H), 1,69 (m, 1H). MS(ES+): 570,2
ddng phan ddi (M-+H).
anh 1
Axit 2-[(4-{6-
[(4- 1
H NMR (400 MHz, CDsOD) 6 8,36
xyanobenzyl)oxy
. (d, 1H), 8,05 (dd, 1H), 7,82 (d, 1H),
]-5-flopyridin-2-
7,79-7,73 (m, 2H), 7,65 (d, 2H), 7,51
yl}piperidin-1-
(dd, 1H), 6,95 (dd, 1H), 5,60 (s, 2H),
14A- yl)metyl]-1-
B 11,4 | 4,86-4,77 (m, 2H), 4,70 (dd, 1H), 4,44
04 (tetrahydrofuran-
(dd, 1H), 4,24 (m, 1H), 3,93 (m, 2H),
2-ylmetyl)-1H-
3,76 (m, 1H), 3,40 (m, 3H), 3,05 (m,
benzimidazol-6-
) 1H), 2,29-2,12 (m, 5H), 1,94 (m, 2H),
carboxylic, chat
. ) 1,69 (m, 1H). MS(ES+): 570,2 (M+H).
dong phan doi
anh 2
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*Thoi
Vidu *Phuong | gian , )
) Tén S6 liéu NMR/SO liéu LC-MS
sO phéap luu
(phut)
Axit 2-[(4-{6-

[(4- "H NMR (400 MHz, CD3;0D) 6 8,35
xyanobenzyl)oxy (d, 1H), 8,04 (dd, 1H), 7,81 (d, 1H),
]-5-flopyridin-2- 7,78-7,72 (m, 2H), 7,65 (d, 2H), 7,49

yl}piperidin-1- (dd, 1H), 6,94 (dd, 1H), 5,60 (s, 2H),

14A- yl)metyl]-1- c 25.0 4,82 (s, 2H), 4,43-4,29 (m, 2H), 4,05
05 (tetrahydrofuran- (m, 1H), 3,94 (m, 2H), 3,79 (m, 1H),
3-ylmetyl)-1H- 3,67 (m, 1H), 3,53 (m, 1H), 3,38 (m,
benzimidazol-6- 2H), 3,09-2,83 (m, 2H), 2,19 (m, 4H),
carboxylic, chét 2,09 (m, 1H), 1,78 (m, 1H). MS(ES+):

ddng phan dbi 570,1 (M+H).
anh 1
Axit 2-[(4-{6-

[(4- '"H NMR (400 MHz, CD;0D) 6 8,37
xyanobenzyl)oxy (s, 1H), 8,05 (dd, 1H), 7,82 (d, 1H),
]-5-flopyridin-2- 7,77 (d, 2H), 7,67 (d, 2H), 7,50 (dd,

yl}piperidin-1- 1H), 6,95 (dd, 1H), 5,61 (s, 2H), 4,83

14A- yl)metyl]-1- c 20 (s, 2H), 4,46-4,28 (m, 2H), 4,07 (m,

06 (tetrahydrofuran- 1H), 4,02-3,89 (m, 2H), 3,81 (m, 1H),

3-ylmetyl)-1H- 3,69 (dd, 1H), 3,55 (m, 1H), 3,39 (m,

benzimidazol-6- 2H), 3,11-2,98 (m, 1H), 2,92 (s, 1H),

carboxylic, chét 2,30-2,06 (m, 5H), 1,80 (m, 1H).

ddng phan ddi MS(ES+): 570,2 (M+H).

anh 2
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*Thoi
Vidu *Phuong | gian ) )
, Tén So liéu NMR/SO liéu LC-MS
sO phap luu
(phut)
Axit 2-{[(25)-4-

{6-[(4- "H NMR (400 MHz, CD;0OD) 6 8,40
xyanobenzyl)oxy (d, 1H), 8,09 (dd, 1H), 7,80 (d, 1H),
Jpyridin-2-yl}-2- 7,72-7,66 (m, 2H), 7,55 (dd, 3H), 6,40

metylpiperazin- (d, 1H), 6,27 (d, 1H), 5,42 (s, 2H),
14A- 1-yl]metyl}-1- . 07 4,72 (dd, 1H), 4,53 (d, 1H), 4,43 (dd,
07 | (tetrahydrofuran- ’ 1H), 4,25 (m, 1H), 4,04 (m, 2H), 3,89
2-ylmetyl)-1H- (m, 1H), 3,50 (m, 3H), 3,16 (m, 1H),
benzimidazol-6- 2,23 (m, 1H), 2,01-1,89 (m, 2H), 1,69
carboxylic, chét (m, 1H), 1,39 (d, 3H). MS(ES+): 567,1
ddng phan khong (M+H).
d6i quang 1
Axit 2-{[(25)-4-
(6-1(4 '"H NMR (400 MHz, CD30D) 6 8,40
(s, 1H), 8,06-8,12 (m, 1H), 7,79 (d,
xyanobenzyl)oxy
1H), 7,68 (d, 2H), 7,57 (d, 2H), 7,53 (t,
|pyridin-2-yl}-2-
1H), 6,39 (d, 1H), 6,26 (d, 1H), 5,42
metylpiperazin-
(s, 2H), 4,67 (dd, 1H), 4,43-4,55 (m,
14A- 1-ylJmetyl}-1-
D 14,8 | 2H), 4,21-4,32 (m, 1H), 3,94-4,12 (m,
08 (tetrahydrofuran-

2-ylmetyl)-1H-
benzimidazol-6-
carboxylic, chit
dong phan khong
dbi quang 2

2H), 3,84-3,93 (m, 1H), 3,73 (q, 1H),
3,43 (brs, 3H), 3,12 (br s, 1H), 2,22
(dg, 1H), 1,88-2,00 (m, 2H), 1,69 (dq,
1H), 1,39 (d, 3H). MS(ES+): 567,1
(M+H).

-189-




38232

*Thoi
Vidu *Phuong | gian ) )
, Tén S6 liéu NMR/S0 ligu LC-MS
sO phap luu
(phut)
Axit 2-[(4-{6-
[(4-xyano-2- '"H NMR (400 MHz, CD30D) 6 8,37
flobenzyl)oxy|py (d, 1H), 8,05 (dd, 1H), 7,82 (d, 1H),
ridin-2- 7,78-7,66 (m, 2H), 7,66-7,58 (m, 2H),
yl}piperidin-1- 6,97 (d, 1H), 6,81 (d, 1H), 5,58 (s,
14A- yl)metyl]-1- . 5.25 2H), 4,83 (s, 2H), 4,45-4,31 (m, 2H),
09 (tetrahydrofuran- 4,07 (m, 1H), 3,96 (d, 2H), 3,81 (m,
3-ylmetyl)-1H- 1H), 3,69 (dd, 1H), 3,55 (dd, 1H), 3,41
benzimidazol-6- (m, 2H), 3,07 (m, 1H), 2,94 (m, 1H),
carboxylic, chat 2,35-2,16 (m, 4H), 2,16-2,05 (m, 1H),
d6ng phan dbi 1,80 (m, 1H). MS(ES+): 570,2 (M+H).
anh 1
Axit 2-[(4-{6-
[(4-xyano-2- "H NMR (400 MHz, CD;0OD) 6 8,37
flobenzyl)oxy|py (d, 1H), 8,05 (dd, 1H), 7,82 (d, 1H),
ridin-2- 7,71 (m, 2H), 7,66-7,55 (m, 2H), 6,97
yl}piperidin-1- (d, 1H), 6,81 (d, 1H), 5,58 (s, 2H),
14A- yl)metyl]-1- . 6.0 4,83 (s, 2H), 4,45-4,30 (m, 2H), 4,07
10 (tetrahydrofuran- (m, 1H), 3,96 (m, 2H), 3,81 (m, 1H),

3-ylmetyl)-1H-
benzimidazol-6-
carboxylic, chét
ddng phan doi
anh 2

3,69 (m, 1H), 3,55 (m, 1H), 3,40 (m,

2H), 3,06 (d, 1H), 2,92 (d, 1H), 2,34-

2,16 (m, 4H), 2,15-2,04 (m, 1H), 1,80
(m, 1H). MS(ES+): 570,2 (M+H)
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2-ylmetyl)-1H-
benzimidazol-6-
carboxylic, chét
ddng phan khong
d6i quang 2

*Thoi
Vidu *Phuong | gian ) )
) Tén S6 liéu NMR/S6 ligu LC-MS
sO phéap luu
(phut)
Axit 2-{[(2S)-4-
{6-[(4-xyano-2- TH NMR (400 MHz, CD;0OD) 6 8,43
flobenzyl)oxy|py (d, 1H), 8,12 (dd, 1H), 7,82 (d, 1H),
ridin-2-yl}-2- 7,65 (t, 1H), 7,61-7,49 (m, 3H), 6,43
metylpiperazin- (d, 1H), 6,28 (d, 1H), 5,48 (s, 2H),
14A- 1-ylJmetyl}-1- . 62 4,70 (m, 1H), 4,63-4,43 (m, 2H), 4,28
11 | (tetrahydrofuran- ’ (m, 1H), 4,07 (m, 2H), 3,90 (m, 1H),
2-ylmetyl)-1H- 3,75 (m, 1H), 3,51 (m, 3H), 3,22 (m,
benzimidazol-6- 1H), 2,24 (m, 1H), 2,03-1,88 (m, 2H),
carboxylic, chét 1,71 (m, 1H), 1,43 (d, 3H). MS(ES+):
ddng phan khong 585,1 (M+H)
ddi quang 1
Axit 2-{[(2S)-4-
"H NMR (400 MHz, CDs0D) 6 8,36
{6-[(4-xyano-2-
(d, 1H), 8,04 (dd, 1H), 7,74 (d, 1H),
flobenzyl)oxy|py
. 7,64 (m, 1H), 7,60-7,42 (m, 3H), 6,35
ridin-2-y1}-2-
(d, 1H), 6,21 (d, 1H), 5,46 (s, 2H),
metylpiperazin-
4,77 (dd, 1H), 4,67 (d, 1H), 4,49
14A- 1-ylJmetyl}-1-
F 8.4 (m,1H), 4,33 (m, 1H), 4,11 (d, 1H),
12 (tetrahydrofuran-

4,01-3,82 (m, 3H), 3,75 (m, 1H), 3,30-
3,23 (m, 1H), 3,18-2,99 (m, 3H), 2,77
(m, 1H), 2,19 (m, 1H), 2,00-1,86 (m,
2H), 1,71 (m, 1H), 1,31 (d, 3H).
MS(ES+): 585,1 (M+H)

* Cac phuong phap tach va thoi gian luu dbi vé6i este metyl ctia cac hop chat vi du:
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Phuong phép A: Phuong phép diéu ché: Cot: AD (250 mm x 30 mm, 10 pm); Pha
dong: COz v6i 50% MeOH (0,1% NH4OH); Luu lugng: 80 ml/phut; Bude song: 220
nm. Phuong phap phan tich: Cot: AD (50 mm x 4,6 mm, 3 pm); Pha dong: CO2 v6i
40% EtOH (0,05% NHE,); Luu lugng: 4 ml/phut; Budc bsc’)ng: 220 nm

Phuong phap B: Cot: AD (250 mm x 30 mm, 10 pm); Pha dong: CO2 v6i 40% MeOH
(0,1% NH4OH); Luu lugng: 80 ml/phut; Budc song: 220 nm

Phuong phap C: Cot: IC (250 mm x 30 mm, 10 pm); Pha dong: CO2 vé6i 50% MeOH
(0,1% NH4OH); Luu lugng: 80 ml/phut; Budc song: 220 nm

Phuong phap D: Cot: AD (250 mm x 30 mm, 10 pm); Pha dong: CO2 v6i 50% MeOH
(0,1% NH4OH); Luu lugng: 80 ml/phut; Budc song: 220 nm

Phuong phap E: Cot: OD (250 mm x 30 mm, 10 um); Pha dong: CO, v6i 45% EtOH
(0,1% NH4OH); Luu lugng: 70 ml/phut; Budc song: 220 nm

Phuong phéap F: Cot: OJ (250 mm x 30 mm, 10 pm); Pha dong: CO> v6i 30% EtOH
(0,1 NH4OH); Luu lugng: 80 ml/phut; Buéc song: 220 nm

CHO GLP-1R Dong H6 — Thir nghiém 1

Hoat tinh chu vén qua trung gian GLP-1R dugc xac dinh véi thir nghi€ém chire
nang trén co s& té bao sir dung kit phat hién cAMP HTRF (Huynh quang phén giai
theo thoi gian dong nhat - Homogeneous Time-Resolved Fluorescence) (cAMP HI
Range Assay Kit; CisBio cat #62AMG6PEJ) dé do cac muc cAMP trong té bao.
Phuong phap 14 thir nghiém mién dich canh tranh gitta cAMP bam sinh duoc san xuat
boi cac té bao va cAMP ngoai sinh duge danh du bang thubc nhudm d2. Viéc gin
két cht danh d4u duoc hién thi bing mAb khang cAMP dugc danh diu bang
Cryptate. Tin hiéu cu thé (trc 1a murc truyén ning lugng) 1a ty 1€ nghich véi noéng do
clia CAMP trong méu chuan hoic mau thir nghiém.

Trinh ty ma hoa GLP-1R cia nguoi (Trinh tu tham chiéu NCBI NP_002053.3,
gdm bién thé c6 trong tu nhién Gly168Ser) duoc tich dong phu vao pcDNA3
(Invitrogen) va dong té bao biéu hién én dinh thy thé dwoc tich ra (Dong dugc chi

dinh H6). Phén tich gin két bdo hoa (quy trinh thir nghiém loc) sir dung '*°I-GLP-17.
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36 (Perkin Elmer) thé hién rang cic mang huyét twong thu dugc tir dong té bao nay

biéu hién mat do GLP-1R cao (Ka: 0,4 nM, Bmax: 1900 fmol/mg protein).

Céc té bao dugc ra dong, tai tao huyén phti trong 40 mL dung dich nuéc mudi
dém phosphat Dulbecco (Dulbecco’s Phosphate Buffered Saline (DPBS) - Lonza Cat
#17-512Q) va ly tam & téc dd 800 x g trong 5 phut & 22°C. Sau d6, vién két t€ bao
duge tai tao huyén phi trong 10 mL mdi trudng sinh truéng [Hén hop DMEM/F12
ty 1& 1:1 véi HEPES, L-Gln, 500 mL (DMEM/F12 Lonza Cat # 12-719F), 10% huyét
thanh thai bo duoc bat hoat bang nhiét (Gibco Cat # 16140-071), 5 mL 100X Pen-
Strep (Gibco Cat # 15140-122), 5 mL 100X L-Glutamin (Gibco Cat # 25030-081) va
500 pg/mL Geneticin (G418) (Invitrogen #10131035)]. 1 mL mAu huyén phu té bao
trong mdi truong sinh truéng dugc dém trén Becton Dickinson ViCell dé x4c dinh
kha ning séng sot té bao va s6 lugng té bao trén mot mL. Sau do, huyén phu té bao
con lai duogc diéu chinh bé’lng moi truong sinh trudng dé thu duoc 2000 té bao c6 thé
sdng sot trén mdi 16 st dung dung cu phan phéi chit phan tmg Matrix Combi
Multidrop, va cac té bao dugc phan phdi vao dia thir nghiém duge xir Iy méi truong
m6 384 16 mau tring (Corning 3570). Sau d6 dia thir nghiém nay dugc u trong 48 gid

& 37°C trong moi truong 4m trong 5% cacbon dioxit.

Nong do thay dbi ciia mdi hop chét dugc thir nghiém (trong DMSO) duoc pha
loang trong dung dich dém th¥ nghiém (HBSS v6i Canxi/Magie
(Lonza/BioWhittaker cat # 10-527F) /0,1% BSA (Sigma Aldrich cat # A7409-1L)/20
mM HEPES (Lonza/BioWhittaker cat #17-737E) chira 100 pM 3-isobutyl-1-
metylxanthin (IBMX; Sigma cat # 15879). Nong d6 DMSO cudi cing 13 1%.

Sau 48 gio, moi truong sinh trudng duge loai bd ra khoi cac 16 ctia dia tht
nghiém, va cac té bao dugc xir Iy bang 20 uL hop chét da dugc pha loang theo chudi
trong dung dich dém thtr nghiém trong 30 phut & 37°C trong moi truong 4m trong 5%
cacbon dioxit. Sau 30 phét @, 10 pL cAMP dugc danh déu d2 va 10 pL khéng thé
khang cAMP (cd hai déu duoc pha loang ty 1€ 1:20 trong dung dich dém phén giai té
bao; nhu dugc mo ta theo phuong thire thir nghiém cta nha san xut) dugc bd sung
vao mdi 16 cta dia thir nghiém. Sau d6 cac dia dugc i ¢ nhiét d trong phong va sau
60 phut, cac thay d6i vé tin hiéu HTRF dugc doc bang may doc dia Envision 2104 da

nhén st dung mirc kich thich 1a 330 nm va muc phat xa 1a 615 va 665 nm. Dt liéu
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thd dugc chuyén héa thanh nM cAMP bang phép ndi suy tir dwong cong chudn cAMP
(nhu dugc mo ta theo phuong thue thir nghiém cua nha san xuét) va phan tram tac
dung dugc xéac dinh theo ndng do bdo hoa clia chét chu van hoan toan GLP-17.36 (1
uM) duge chira trong mdi dia. Viéc xac dinh ECso dugc thuc hién tir cic duong cong
dap tng lidu chit chu van duge phan tich v6i chuong trinh khép dudng cong st dung

phuong trinh dap Uing lidu logistic 4 thong sb.
Dong CHO GLP-1R C6 — Thtr nghiém 2

Hoat tinh chud véan qua trung gian GLP-1R dugc x4c dinh v6i thir nghiém chirc
nang trén co s& té bao sur dung kit phat hién cAMP HTRF (Huynh quang phan giai
theo thoi gian dong nhét - Homogeneous Time-Resolved Fluorescence) (cAMP HI
Range Assay Kit; Cis Bio cat #62AMG6PEJ) d8 do cac mic cAMP trong té
bao. Phuong phép 13 thir nghiém mién dich canh tranh gitta cAMP bam sinh duge san
xuét béi cac t& bao va cAMP ngoai sinh duge danh ddu bang thude nhuom d2. Viée
gin két chéat danh diu duogc hién thi bing mAb khang cAMP dugc danh du bang
Cryptate. Tin hi€u cu thé (trc 12 murc truyén nang lrong) 14 ty 1& nghich voi ndng do

cta cAMP trong mau chuédn hodc mau thir nghiém.

Trinh ty ma héa GLP-1R cta ngudi (Trinh ty tham chiéu NCBINP_002053.3,
2dm bién thé co trong tw nhién Leu260Phe) dugc tdch dong phu vao pcDNAS5-FRT-
TO va dong té bao CHO v6 tinh bidu hién én dinh mat do thy thé thap duoc tach ra
bang cach st dung hé théng Flp-In™ T-Rex™, nhu dugc mo ta béi nha san xXudt
(ThermoFisher). Phan tich gin két bdo hoa (quy trinh thtr nghiém loc) st dung '*°I-
GLP-1 (Perkin Elmer) thé hién ring cic mang huyét tuong thu duge tir dong té bao
ndy (dong chi dinh C6) biéu hién mat do GLP-1R thip (Ka: 0,3 nM, Bmax: 240

fmol/mg protein), so v6i dong té bao H6 vo tinh.

Céc té bao duoc ra dong, tai tao huyén phui trong 40 mL dung dich nudc mudi
dém phosphat Dulbecco (Dulbecco’s Phosphate Buffered Saline (DPBS) - Lonza Cat
#17-512Q) va ly tdm & tbc d6 800 x g trong 5 phut & 22°C. DPBS duogc hit ra, vién
két té bao duoc tai tao huyén phu trong 10 mL mdi truong sinh trudng day du (Hon
hop DMEM:F12 ty 1€ 1:1 voi HEPES, L-Gln, 500 mL (DMEM/F12 Lonza Cat # 12-
719F), 10% huyét thanh thai bd dwoc bat hoat bang nhiét (Gibco Cat # 16140-071),
5 mL 100X Pen-Strep (Gibco Cat # 15140-122), 5 mL 100X L-Glutamin (Gibco Cat
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# 25030-081), 700 pg/mL Hygromycin (Invitrogen Cat # 10687010) va 15 pg/mL
Blasticidin (Gibco Cat # R21001). 1 mL mAu huyén phu té bao trong mdi trudng sinh
truéng duoc dém trén Becton Dickinson ViCell d2 x4c dinh kha niang song sét té bao
va s6 luong té bao trén mot mL. Sau do, huyén phi té bao con lai dugc diéu chinh
bing méi truong sinh trudng dé thu duge 1600 té bao c6 thé song sot trén mdi 16 sir
dung dung cu phan phéi chét phan tng Matrix Combi Multidrop, va cac té bao duoc
phan phéi vao dia thir nghiém duge xtr Iy moi truong mo 384 16 mau tring (Corning
3570). Sau d6 dia thr nghiém nay dugc 0 trong 48 gio ¢ 37°C trong moi truong am
(95% Oa, 5% COy).

Nong do thay ddi cia mdi hop chéit dugc thir nghiém (trong DMSO) dugc pha
loang trong dung dich dém thi nghiém (HBSS véi Canxi/Magie
(Lonza/BioWhittaker cat # 10-527F) /0,1% BSA (Sigma Aldrich cat # A7409-1L)/20
mM HEPES (Lonza/BioWhittaker cat #17-737E)] chta 100 pM 3-isobutyl-1-
metylxanthin (IBMX; Sigma cat # 15879). Néng d6 DMSO cudi cung trong hdn hop
hop chét/dung dich dém thir nghiém 1a 1%.

Sau 48 gio, moi truong sinh trudng duogc loai bo ra khadi cac 16 ctia dia thu
nghiém, va céac té bao dugc xtr Iy bang 20 uL hop chét da dugc pha loang theo chudi
trong dung dich dém thtt nghiém trong 30 phut & 37°C trong mdi truong am (95%
05, 5% COy). Sau 30 phut 1, 10 pL. cAMP dugc danh du d2 va 10 pL khang thé
khang cAMP (ca hai déu duoc pha loang ty 1 1:20 trong dung dich dém phan giéi té
bao; nhu dugc mo ta theo phuong thirc thir nghiém ctia nha san xuét) duge bd sung
vao mdi 15 cta dia thir nghiém. Sau do cac dia duoc U ¢ nhiét do trong phong va sau
60 phut, cac thay d6i vé tin hieu HTRF duge doc bang may doc dia Envision 2104 da
nhén st dung mirc kich thich 1a 330 nm va mirc phéit xa Ia 615 va 665 nm. Dir liéu
th6 duoc chuyén hoa thinh nM cAMP bang phép ndi suy tir dudong cong chuin cAMP
(nhu duoc mo ta theo phwong thuc thir nghiém cua nha san xuét) va phan trim tac
dung dugc xac dinh theo ndng do bio hoa cia chit chii van hoan toan GLP-1 (1 uM)
duoc chira trong mdi dia. Viéc xac dinh ECso duoc thuc hién tir cac duong cong dap
g liéu chét chi van duogc phén tich v6i chuong trinh khép duong cong st dung

phuong trinh dép ung liéu logistic 4 thong s6.
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Trong bang 9, dit liéu thir nghiém dugc thé hién thanh hai (2) s6 liéu co y nghia
1a gi4 tri trung binh hinh hoc (ECso) va gia tri trung binh s6 hoc (Emax) dya trén co

s0 s6 lugng ban sao duoc liét ké (S6 luong). Cac 6 trong c6 nghia 1a khong c6 s6 liéu

cho hop chit vi du d6 hodc Emax khong dugc tinh.

Bang 9
Thu Thi Thu Thu
nghiém 1 | nghiém 1 | Thu nghiém 2 | nghi€ém 2 Thu
ECso Emax nghiém 1 ECso Emax | nghiém 2
Vidusd | (nM) (%) Séluong |  (nM) (%) Sé luong
1A-01 81 77 5 910 94 4
1A-02 16 85 6 320 88 11
1A-03 43 83 3 92 83 3
1A-04 21 79 3 350 82 3
1A-05 42 75 3 530 67 3
1A-06 29 84 3 350 70 3
1A-07 3,9 82 4 45 82 5
1A-08 7,1 &1 3 120 85 3
1A-09 0,95 92 1 17 120 3
1A-10 930 86 3 9000 100 3
1A-11 19 76 3 530 97 3
1A-12 750 76 3
1A-13 210 66 3
1A-14 47 71 3 1600 81 3
1A-15 >20000 1
1A-16 1.5 86 3 14 82 3
1A-17 2.4 87 3 45 95 3
1A-18 6,4 90 4 110 94 3
1A-19 0,28 84 5 3,2 84 4
1A-20 44 81 3 880 90 3
1A-21 4,9 77 7 75 &3 3
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Thu Thu Thu Thu
nghiém 1 | nghiém 1 Thi nghiém 2 | nghiém 2 Thtr
ECso Emax | nghiém 1 ECso Emax nghiém 2
Vidusd | (nM) (%) Séluong | (nM) (%) S6 lugng
1A-22 36 78 3 400 86 3
1A-23 50 &3 3 1000 98 3
1A-24 >11000 84 3
1A-25 45 65 3 1000 84 3
1A-26 70 80 3 1800 85 3
1A-27 190 91 3 1400 47 3
1A-28 300 92 3 7700 100 3
1A-29 260 88 3 5600 86 3
1A-30 150 86 3 4100 110 3
2A-01 90 76 55 1800 89 43
2A-02 7,9 95 5 110 89 7
2A-03 150 74 3 1200 44 5
2A-04 36 84 6 150 92 3
2A-05 6 73 3 150 84 3
2A-06 9 82 3 170 85 3
2A-07 140 72 3 1600 46 3
2A-08 5.8 72 3 94 76 4
2A-09 120 76 4 2200 &3 3
2A-10 43 82 3 680 110 4
2A-11 210 79 3
2A-12 340 74 3
2A-13 770 78 3 >15000 100 3
2A-14 110 71 3 3000 92 3
2A-15 22 87 3 280 91 3
2A-16 370 75 3
2A-17 24 76 5 1200 94 8
2A-18 6 80 3 78 88 3
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Thu Thu Thi Thu
nghiém 1 | nghiém 1 Thu nghiém 2 | nghiém 2 Thu

ECso Emax nghiém 1 ECso Emax | nghiém 2
Vidusd |  (nM) (%) Séluong |  (nM) (%) Sé luong
2A-19 7,9 80 5 150 100 3
2A-20 0,96 80 5 14 95 2
2A-21 8,5 88 3 220 110 3
2A-22 14 72 4 190 &3 3
2A-23 0,5 73 3 22 96 6
3A-01 0,94 83 15 12 98 21
4A-01 1,1 79 5 13 100 18
5A-01 0,34 78 6 7,4 94 6
6A-01 0,76 &8 9 8,8 100 15
7A-01 3,2 84 7 55 86 11
8A-01 100 99 3 1100 90 3
8A-02 150 80 3
8A-03 18 84 3 350 77 3
8A-04 120 79 3 1700 88 3
9A-01 1200 78 3
9A-02 79 81 3 4000 75 3
9A-03 200 79 3
9A-04 2900 89 3
9A-05 2700 85 3
9A-06 870 82 3
9A-07 170 78 8 2100 71 3
9A-08 2400 87 3
9A-09 880 59 3
9A-10 4500 48 4
9A-11 1600 &3 3
9A-12 >17000 100 3
9A-13 170 68 3
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Thu Thi Thi Thi
nghiém 1 | nghiém 1 Thw nghiém 2 | nghiém 2 Thi
ECso Emax | nghiém 1 ECso Emax | nghiém 2
Vidusd | (nM) (%) Sélugng |  (nM) (%) S6 luong
9A-14 1800 93 3
9A-15 180 78 8 3500 90 3
10A-01 3,2 77 3 43 84 3
10A-02 0,34 89 5 2,2 97 5
10A-03 1700 82 3
10A-04 49 71 3 2100 90 3
10A-05 2,4 71 4 38 83 3
10A-06 68 77 3 1700 110 3
10A-07 2,8 82 3 68 81 3
10A-08 0,55 77 4 9,2 94 6
10A-09 0,99 95 4 10 120 7
10A-10 0,3 84 4 4,1 100 2
10A-11 75 69 3
10A-12 110 68 3 4400 110 3
10A-13 4,1 67 3 170 75 3
10A-14 8.1 74 3 220 93 4
10A-15 1,3 72 4 27 87 3
10A-16 1,7 67 3 45 83 3
10A-17 1.8 77 3 59 85 3
10A-18 1,6 78 7 33 78 3
10A-19 >19000 100 3
10A-20 >15000 98 3 >20000 1
10A-21 18 88 3 400 100 3
10A-22 5,7 67 3 100 79 3
10A-23 38 76 3 760 91 3
10A-24 5,7 78 3 130 94 3
10A-25 1,7 82 3 41 99 3
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Thu Thi Thu Thu
nghiém 1 | nghiém 1 Thur nghiém 2 | nghiém 2 Thu
ECso Emax nghiém 1 ECso Emax nghi€ém 2
Vidusé | (nM) (%) Sélwong |  (nM) (%) S6 luong
10A-26 7 59 3 190 80 3
10A-27 13 75 3 250 80 3
10A-27 50 81 3 870 &3 3
10A-28 190 71 3
10A-29 390 82 3
10A-30 550 71 3
10A-31 3.4 73 3 59 89 3
10A-32 0,47 77 5 5 94 6
10A-33 1,5 73 3 24 91 3
10A-34 1,5 80 7 29 95 5
10A-35 0,3 93 5 3.8 93 6
10A-36 0,33 82 3 13 110 7
10A-37 3.4 86 6 23 110 7
10A-38 130 72 3
10A-39 170 69 3
10A-40 1200 53 3
10A-41 12 75 4 140 82 3
10A-42 2,7 73 4 29 74 5
10A-43 4 64 3 48 79 3
10A-44 6 73 3 99 81 3
10A-45 1 76 3 19 75 3
10A-46 1700 80 3
10A-47 0,3 80 3 4.4 95 6
10A-48 8.6 64 3 140 76 3
10A-49 0,56 73 6 9,6 84 3
10A-50 290 64 3
10A-51 390 72 3
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Thu Thu Thu Thu
nghiém 1 | nghiém 1 Thu nghiém 2 | nghiém 2 Tht

ECso Emax nghiém 1 ECso Emax | nghiém 2
Vidusd | (nM) (%) Séluong | (nM) (%) S6 luong
10A-52 1300 79
10A-53 3,2 68 3 39 88 3
10A-54 0,71 81 5 11 100 6
10A-55 1,2 84 5 24 98 5
10A-56 0,5 78 3 16 86 5
10A-57 9.4 69 3 160 71 3
10A-58 0,52 70 4 8.5 78 4
10A-59 4,7 71 3 84 83 4
10A-60 31 81 3 460 66 3
10A-61 1,5 74 6 35 89 3
10A-62 2.9 96 4 28 97 3
10A-63 0,58 86 3 11 110 5
10A-64 2 82 3 32 79 3
10A-65 1,6 84 6 35 78 3
10A-66 0,39 84 4 3.4 100 4
10A-67 0,59 &3 5 6,8 93 5
10A-68 140 76 4
10A-69 2 84 3 20 87 3
10A-70 5 65 1 72 87 1
10A-71 190 62 3 5800 &5 4
10A-72 3.4 79 4 53 68 5
10A-73 8,6 78 5 88 82 5
10A-74 0,9 94 3 9,7 100 3
10A-75 0,95 95 4 13 91 5
10A-76 2,9 79 4 51 95 3
10A-77 0,96 100 2 10 120 3
10A-78 1,6 &3 6 28 88 4
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Thir Thir Thir Thu
nghiém 1 | nghiém 1 Thu nghiém 2 | nghiém 2 Thu

ECso Emax nghiém 1 ECso Emax | nghiém 2
Vidusd | (nM) (%) S6luong |  (nM) (%) S6 luong
10A-79 33 80 3 670 110 3
11A-01 >10000 85 3
11A-02 | >15000 100 3
11A-03 | >16000 100 3
11A-04 | >19000 100 3
11A-05 | >20000 1
11A-06 | >20000 1
11A-07 | >20000 1
11A-08 | >20000 1
11A-09 | >20000 1
11A-10 | >20000 1
11A-11 >20000 1
11A-12 | >20000 1
11A-13 | >20000 1
11A-14 8,1 64 3 230 77 3
11A-15 9,4 69 3 94 92 3
11A-16 11 71 4 410 75 3
11A-17 11 65 2 380 96 3
11A-18 14 80 3 270 92 1
11A-19 15 83 3 230 110 3
11A-20 15 83 4 270 88 3
11A-21 18 82 4 270 83 3
11A-22 21 82 6 200 81 3
11A-23 25 78 3 330 96 3
11A-24 28 80 3 450 89 3
11A-25 30 77 3 360 89 3
11A-26 36 73 3 1100 79 3
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Thi Thir Thir Thu
nghiém 1 | nghiém 1 Thit | nghiém 2 | nghiém2 | Thu

ECso Emax nghiém 1 ECso Emax | nghiém 2
Vidusdé | (aM) (%) Séluong |  (nM) (%) Sé luong
11A-27 44 72 490 98 2
11A-28 54 77 3 1200 82 3
11A-29 55 71 3 1700 99 3
11A-30 56 81 8 590 85 4
11A-31 72 76 3 1500 81 3
11A-32 87 83 3 3100 110 3
11A-33 96 86 6 1400 94 4
11A-34 110 70 5 3500 95 3
11A-35 110 74 6 2700 96 4
11A-36 110 79 6 2200 89 4
11A-37 120 93 3 1300 96 3
11A-38 120 80 6 1500 92 4
11A-39 130 80 3
11A-40 170 77 3
11A-41 190 74 5
11A-42 190 86 3
11A-43 190 80 5 3600 93 3
11A-44 210 77 3
11A-45 290 74 3
11A-46 300 66 3
11A-47 320 79 3
11A-48 350 71 3
11A-49 380 68 3
11A-50 380 75 3
11A-51 390 69 2
11A-52 440 86 3
11A-53 450 71 3 5600 76 3
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Thu Thu Thur Thu
nghiém 1 | nghiém 1 Tht nghiém 2 | nghi€ém 2 Thtr

ECso Emax nghiém 1 ECso Emax | nghiém 2

Vidusd | (nM) (%) Sé lwong |  (nM) (%) S6 lugng
11A-54 500 69 3
11A-55 520 80 3
11A-56 1100 47 4
11A-57 1100 65 1
11A-58 1100 81 3
11A-59 1400 97 3
11A-60 1600 80 3
11A-61 1900 79 3
11A-62 2200 87 4
11A-63 2500 71 3
11A-64 2900 88 3
11A-65 3100 51 3
11A-66 4000 91 3
11A-67 9300 100 3

11A-68 63 78 3 2000 82 3

11A-69 5,3 76 3 21 84 3

11A-70 0,7 86 4 10 89 6

11A-71 30 73 4 570 93 8

11A-72 5 82 4 41 77 4

11A-73 150 68 3 5300 80 4
11A-74 560 72 3
12A-01 >20000 1

12A-02 36 71 3 1600 82 3
12A-03 600 70 3
12A-04 250 64 4
12A-05 1300 42 3
12A-06 510 64 3
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Thu Thi Thu Thu
nghiém 1 | nghiém 1 Tht nghiém 2 | nghiém 2 Thu
ECso Emax nghiém 1 ECso Emax | nghiém 2
Vidusd | (aM) (%) Sélugng |  (nM) (%) S6 luong
12A-07 37 69 1200 83 3
12A-08 6,1 89 4 150 97 3
12A-09 21 79 3 540 80 3
12A-10 6,9 78 4 170 96 3
12A-11 54 81 4 2100 100 3
13A-01 1200 58 3
13A-02 420 81 3
13A-03 5.2 66 3 120 80 3
13A-04 46 66 4 1400 83 3
14A-01 5,6 80 3 200 &9 3
14A-02 94 78 3 1500 69 3
14A-03 6,3 &3 3 110 87 2
14A-04 100 78 3 1100 75 3
14A-05 28 82 3 350 70 3
14A-06 4,2 69 3 77 75 3
14A-07 1,9 63 3 55 75 3
14A-08 19 72 4 380 84 3
14A-09 3.3 73 4 54 81 3
14A-10 12 64 3 270 84 3
14A-11 7 65 3 140 71 3
14A-12 1,4 77 7 20 79 3

Tat ca cac patent, cdc don yéu cau cap patent va céac tai liéu tham khao duoc

néu & day déu duoc két hop vao diy bang cach vién dan dén toan bd ndi dung cua

chung.
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YEU CAU BAO HO

1. Hop chét co cong thirc I:

\(\/\/\r 1_2

hodc mubi duoc dung ciia né, trong do:

mdi R! doc 1ap 1a halogen, —CN, —C13alkyl, hodc —OCisalkyl, trong d6 alkyl
ctia C1.zalkyl va OCi3alkyl dugce thé bang tir O dén 3 nguyén ti F;

m béng 0, 1, 2, hodc 3;

mdi R? doc 1ap 1a F, Cl, hodc —CN;

p béng 0, 1 hoac 2;

mdi R? doc 1ap 1a F, ~OH, —CN, —C1.3alkyl, ~OC1.3alkyl, hodc —Cs.s4xycloalkyl,
hodc 2 nhém R? ¢6 thé cling nhau vong hoa dé tao thanh —Cs.spiroxycloalkyl, trong
d6 alkyl ctia C1.3alkyl va OC.3alkyl, xycloalkyl, hodc spiroxycloalkyl c6 thé dugc thé
néu hoa tri cho phép bang tir 0 dén 3 nguyén tir F va bang tir 0 dén 1 —OH;

q b%mg 0, 1, hoac 2;

Y la CH hodc N;

R* la ~ —Cisalkyl, —Co-3alkylen-Cs.¢xycloalkyl, —Co-3alkylen-R>,
hodc -Cisalkylen-R®, trong d6 alkyl nay c6 thé duoc thé néu héa tri cho phép bang tir
0 dén 3 phan tir thé doc 1ap dugc chon tir 0 dén 3 nguyén tt F va 0 dén 1 phan tir thé
duoc chon tir -Co.jalkylen-CN, -Co.1alkylen-ORP, va -N(RN),, va

trong do alkylen va xycloalkyl da néu cé thé doc lap duoc thé néu hoa tri cho phép
bing tir 0 dén 2 phan tir thé doc lap duoc chon tir 0 dén 2 nguyén tir F va 0 dén 1 phan
tir thé duoc chon tir -Co.jalkylen-CN, -Co-1alkylen-OR®, va -N(RN)z;
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R’ 14 heteroxycloalkyl c6 4 dén 6 canh, trong d6 heteroxycloalkyl ndy c6 thé

duoc thé bing tir 0 dén 2 phén tir thé néu hoa tri cho phép doc 1ap dwoc chon tir:

0 dén 1 oxo (=0),
0 dén 1 —CN,
0 dén 2 nguyén tir F, va

0 dén2 phé”m ttr thé doc lap dugc chon tir —Ci3alkyl va —OCisalkyl, trong do6
alkyl ctia C13alkyl va OCysalkyl c6 thé dugc thé bang tir 0 dén 3 phén tir thé

néu hoa tri cho phép doc lap duoc chon tur:
0 dén 3 nguyén tir F,
0 dén 1 -CN, va
0 dén 1 -ORY;

RS 12 heteroaryl c6 5 dén 6 canh, trong d6 heteroaryl nay c6 thé dugc thé

b:?mg tr 0 dén 2 phﬁn ttr thé néu hoa tri cho phép, doc 1ap dugc chon tur:

0 dén 2 halogen,
0 dén 1 phan tir thé dugc chon tir ~OR® va -N(RN), va

0 dén 2 —C3alkyl, trong d6 alkyl nay c¢6 thé dugc thé bing tir 0 dén 3 phén

tt thé néu hoa tri cho phép, ddc lap dugc chon tir:
0 dén 3 nguyén tir F, va
0 dén 1 -ORY;

mdi RO doc 1ap 1a H, hodc —Ci.salkyl, trong d6 Ci-salkyl c6 thé duge thé bang

tir 0 dén 3 nguyén tir F;

mdi RN doc 1ap 1a H, hoic —Cizalkyl;
Z!1a CH hoic N;

mdi 72 va 73 doc 1ap 1a —CRZ hodc N, véi diéu kién 1a néu Z! hodc Z3 1a N thi

7?1a-CR%; va

mbi R” doc 1ap 1a H, F, Cl, hoac —CHs.
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2. Hop chét theo diém 1, trong d6 hop chat nay 1a hop chét c6 cong thirc II:

R! R)m ;\fR
O N YK\\JN/\I\\I(\%A*Zi "
| YR;/(RB)O' z1=>_<o
7 p

I
hodc mudi dugc dung cua no, trong do:
m béng 0 hoac 1;
R21aF;
p bang 0, hoic 1; va
q bang 0 hodc 1.

3. Hop chét theo diém 1 hoic diém 2, trong d6 hop chat nay 1a hop chét ¢6 cong
thac I1I:

R4
R R, r\{
(\N/\f 7° OH
0 N Y\)\( ) Ner  \
{ R q 2= O
P

1
hoac mubi dugc dung cda no, trong do:
m bang 0 hoic 1;
R?1aF;

p bang 0, hoic 1;

-208-



38232

R3 1a —Caalkyl, trong d6 Cialkyl ¢6 thé dugc thé néu héa tri cho phép bang

tir 0 dén 3 nguyén tir F; va
q bang 0 hoic 1.

4. Hop chét theo diém bat ky trong s6 cac diém tir 1 dén 3, trong d6 mdi R doc lap
1a F, Cl, -CN, -CH3, hoac —CF3, hoac mudi duge dung cua no.

5. Hop chét theo diém bét ky trong s cac diém tir 1 dén 4, trong d6
heteroxycloalkyl 1a

o3 @ () Qe

trong do heteroxycloalkyl c6 thé duge thé bang tir 0 dén 2 phan tir thé néu hoa tri cho
phép ddc 1ap duoc chon tir:

0 dén 1 oxo (0=),
0 dén 1 —CN,
0 dén 2 nguyén tir F, va

0 dén 2 phén tir thé doc 1ap duge chon tr —Ci.3alkyl va —OCisalkyl, trong d6
alkyl ciia Cy.3alkyl va OCi.salkyl ¢6 thé doc 1ap duoc thé bang tir 0 dén 3 phan

ttr thé néu hoa tri cho phép ddc 1ap duoc chon tur:
0 dén 3 nguyén tir F,
0 dén 1 -CN, va
0 dén 1 -OR°,
hodc mubi dugc dung cua no.
6. Hop chat theo diém bat ky trong 36 cac diém tir 1 dén 5, trong do:

R4 1a ~CH,-R5, trong d6 R® 14 heteroxycloalkyl c¢6 4 dén 5 canh, trong do
heteroxycloalkyl nay co thé dugc thé bang tir 0 dén 2 phéan tir thé néu hoa tri cho phép

doc 1ap dugce chon tu:
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0 dén 2 nguyén tir F, va
0 dén 1 phan tir thé dugc chon tir -OCH3 va -CHOCH3;
hodc mubi duoc dung ciia né.

7. Hop chét theo didm bét k¥ trong s6 cac didm tr 1 dén 4, trong d6 heteroaryl da

néu la:
NH [ N=" =
N O WONH R M g e o,
OGO DD
’ - ’ ’ ’ = ’Oac N§/
N~ N/N N/) N ‘\/

va trong d6 heteroaryl da néu co thé dugc thé bang 0 dén 2 phan tir thé néu hoéa tri

cho phép doc 1ap dugc chon tir:
0 dén 3 halogen,
0 dén 1 phén tir thé dugc chon tr ~OR® va —N(RV), va

0 dén 2 —C1.3alkyl, trong do alkyl nay c6 thé dugc thé bing tir 0 dén 3 phan

ttr thé néu hoa tri cho phép doc lap duoc chon tur:
0 dén 3 nguyén tr F, va
0 dén 1 -OR;
hoac mubi duoc dung ciia né.
8. Hop chét theo diém bt ky trong s6 cac diém tir 1 dén 4, va 7, trong do:

R4 12 —CH»-RS, trong d6 R°1a heteroaryl 5 canh, trong do6 heteroaryl nay co

thé dugc thé bang tir 0 dén 2 phén tir thé néu hoa tri cho phép ddc 14p duge chon tur:
0 dén 2 halogen, trong d6 halogen nay doc 1ap dugc chon tir F va Cl,
0 dén 1 -OCHs, va
0 dén 1 —CH3, -CHCHj3, —CF3, hodc —CH2CH2OCHG;

hodc mudi duoc dung ctia no.

9. Hop chat ma la:
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axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy|pyridin-2-yl} piperidin-1-yl)metyl]-1-
[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-
1-[-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-
1-[oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-
1-[(2R)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy|pyridin-2-yl}piperidin-1-yl)metyl]-
1-[(2S)-oxetan-2-ylmetyl]- 1H-benzimidazol-6-carboxylic;

axit 2-{[4-(6-{[(4-xyano-2-flophenyl)(metyl-d2)]oxy }pyridin-2-yl)piperidin-
1-yl]metyl}-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]-5-flopyridin-2-yl} piperidin-1-
yDmetyl]-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-
3-[(2S)-oxetan-2-ylmetyl]-3H-imidazo[4,5-b]pyridin-5-carboxylic;

axit 2-{[(2S)-4-{6-[(4-xyano-2-flobenzyl)oxy|pyridin-2-yl }-2-
metylpiperazin-1-yl]metyl}-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-
carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy|pyridin-2-yl}piperidin-1-yl)metyl]-1-
[(2S)-tetrahydrofuran-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(2,4-diflobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-
[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(2,4-diflobenzyl)oxy]|pyridin-2-yl}piperidin-1-yl)metyl]-3-
[(2S)-oxetan-2-ylmetyl]-3H-imidazo[4,5-b]pyridin-5-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]|pyridin-2-yl} piperazin-1-yl)metyl]-1-
[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;
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axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl} piperazin-1-yl)metyl]-3-
[(2S)-oxetan-2-ylmetyl]-3H-imidazo[4,5-b]pyridin-5-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-1-
[(3R)-tetrahydrofuran-3-ylmetyl]- 1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-3-
[(2S)-oxetan-2-ylmetyl]-3H-imidazo[4,5-b]pyridin-5-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-
3-[(2S)-oxetan-2-ylmetyl]-3H-imidazo[4,5-b]pyridin-5-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-
1-[(2S)-tetrahydrofuran-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-
1-[(3R)-tetrahydrofuran-3-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-[(3S)-tetrahydrofuran-3-ylmetyl]- 1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyanobenzyl)oxy]-5-flopyridin-2-yl} piperidin-1-yl)metyl]-
1-[(2S)-oxetan-2-ylmetyl]- 1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyanobenzyl)oxy]-5-flopyridin-2-yl} piperidin-1-yl)metyl]-
1-[(2S)-tetrahydrofuran-2-ylmetyl]- 1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyanobenzyl)oxy]-5-flopyridin-2-yl} piperidin-1-yl)metyl]-
1-[(2R)-tetrahydrofuran-2-ylmetyl]- 1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyanobenzyl)oxy]|pyridin-2-yl} piperidin-1-yl)metyl]-1-
[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyanobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-
[(2S)-tetrahydrofuran-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyanobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-1-
[(2R)-tetrahydrofuran-2-ylmetyl]- IH-benzimidazol-6-carboxylic;
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axit 2-{[(2S)-4-{6-[(2,4-diflobenzyl)oxy]-5-flopyridin-2-yl}-2-
metylpiperazin-1-yllmetyl}-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-

carboxylic;

axit 2-{[(2S)-4-{6-[(2,4-diflobenzyl)oxy]pyridin-2-yl}-2-metylpiperazin-1-
yllmetyl}-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(4-clo-2-flobenzyl)oxy|pyridin-2-yl}-2-metylpiperazin-1-
ylJmetyl}-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}-2-metylpiperazin-1-
yllmetyl}-3-[(2S)-oxetan-2-ylmetyl]-3H-imidazo[4,5-b]pyridin-5-carboxylic;

axit 2-{[(2S)-4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}-2-
metylpiperazin-1-yl]metyl}-3-[(2S)-oxetan-2-ylmetyl]-3H-imidazo[4,5-b]pyridin-5-

carboxylic; hoac

axit 2-{[(2S)-4-{6-[(4-xyanobenzyl)oxy|pyridin-2-yl}-2-metylpiperazin-1-
yljmetyl}-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

hoac mudi dugc dung cua no.

10. Hop chit ma la:
NS F orj‘
N
| N o)
O Ng N\<\ >_/<
| OH,
G
NS : F 'j\
W@«
O N , hodc
4

hodc muoi duoc dung cia nd.

11. Hop chét axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-
yDmetyl]-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic, hodc mudi
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duoc dung cua no.

12. Hop chét theo diém 11, trong d6 hop chét nay 1a axit tu do.

13. Hop chét theo diém 11, trong d6 hop chét nay 1a mudi tris.

14. Hop chét axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-

yl)metyl]-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic, hodc mudi
duoc dung cua no.
15. Hop chét axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]-5-flopyridin-2-yl} piperidin-
1-yl)metyl]-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic, hodc mubi
duoc dung cia no.
16. Hop chét axit 2-{[4-(6-{[(4-xyano-2-flophenyl)(metyl-d2)]oxy} pyridin-2-
yl)piperidin-1-ylJmetyl}-1-[(2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylic,
hodc mudi duoc dung cua no.
17. Hop chét ma 1a:

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-
1-(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-
1-(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-(1,3-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperazin-1-yl)metyl]-
1-(1,3-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-
[(1-metyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-1-
[(1-metyl-1H-1,2,3-triazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl } piperidin-1-yl)metyl]-1-
(1,3-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;

-214-



38232

axit 2-{[(2S)-4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl }-2-
metylpiperazin-1-ylJmetyl}-1-(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-
carboxylic;

axit 2-{[(28)-4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}-2-metylpiperazin-1-
yllmetyl}-1-(1,3-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}-2-metylpiperazin-1-
yl]metyl}-1-(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(2,4-diflobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-1-
(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(2,4-diflobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-1-[(1-
etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-1-
(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperazin-1-yl)metyl]-
1-[(1-etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-1-
[(1-metyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-
1-[(1-metyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-
(1,3-oxazol-4-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-
(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(2,4-diflobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-1-
(1,3-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl} piperazin-1-yl)metyl]-1-
(1,3-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;
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axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-yl)metyl]-
1-[(1-etyl-1H-1,2,3-triazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy|pyridin-2-yl}piperidin-1-yl)metyl]-1-
(1,2-oxazol-5-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-
1-(1,2-oxazol-3-ylmetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-
1-[(1-etyl-1H-imidazol-5-yl)metyl]- 1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}-2-metylpiperazin-1-
yllmetyl}-1-[(1-etyl-1H-imidazol-5-yl)metyl]- 1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-
1-[(1-etyl-1H-1,2,3-triazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-
[(1-etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-
1-[(1-metyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-3-
(1,3-oxazol-2-ylmetyl)-3H-imidazo[4,5-b]pyridin-5-carboxylic; hodc

axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy|pyridin-2-yl}piperidin-1-yl)metyl]-
3-(1,3-oxazol-2-ylmetyl)-3H-imidazo[4,5-b]pyridin-5-carboxylic;

hoac muoi duoc dung cia no.

18. Hop chat ma 1a:
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hoac muoi duoc dung cua no.
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19. Hop chét axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-
yDmetyl]-1-(1,3-0xazol-5-ylmetyl)- 1 H-benzimidazol-6-carboxylic, hodc mudi duoc
dung cta no.
20. Hop chét axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl }piperidin-1-
yDmetyl]-1-(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic, hodc mudi duoc
dung cua no.
21. Hop chét axit 2-[(4-{6-[(4-xyano-2-flobenzyl)oxy]pyridin-2-yl}piperazin-1-
yDmetyl]-1-(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic, hoac mudi duoc
dung cua no.
22. Hop chat ma la:

axit 2-[(4-{6-[(4-xyanobenzyl)oxy|pyridin-2-yl} piperidin-1-yl)metyl]-7-flo-
1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-7-
flo-1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-xyanobenzyl)oxy]pyridin-2-yl} piperazin-1-yl)metyl]-1-(2-
metoxyetyl)-1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(4-xyanobenzyl)oxy]pyridin-2-yl}-2-metylpiperazin-1-
ylJmetyl}-1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(4-xyano-2-flobenzyl)oxy|pyridin-2-yl}-2-
metylpiperazin-1-yl]metyl}-1-(2-metoxyetyl)- 1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(4-clo-2-flobenzyl)oxy]-5-flopyridin-2-yl}-2-
metylpiperazin-1-yl]metyl}-1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylic;

axit 2-{[(2S)-4-{6-[(4-xyanobenzyl)oxy]-5-flopyridin-2-yl}-2-
metylpiperazin-1-yl]metyl}-1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylic;

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl}piperidin-1-yl)metyl]-1-
(2-metoxyetyl)-1H-benzimidazol-6-carboxylic; hodc

axit 2-[(4-{6-[(4-clo-2-flobenzyl)oxy]pyridin-2-yl} piperidin-1-yl)metyl]-1-
[(1-metoxyxyclobutyl)metyl]-1H-benzimidazol-6-carboxylic;
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hoac mudi duge dung cua no.

23. Duoc phim chira hop chét c6 cong thire I theo diém bét ky trong s6 cac diém tir

1 dén 22, hodac mudi duge dung ctia no, va tad dugc dugc dung.
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