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Linh viee k§ thuat dwoc dé cip
Sang ché dé cap dén axit 6-carboxylic ctia benzimidazol va 4-aza-, 5-aza-, va
7-aza-benzimidazol lam chét cht van GLP-1R, quy trinh diéu ché cac hop chit nay, duoc

pham chtra hop chit nay va dang tinh thé (Dang I) ctia mubi ctia hop chét nay.

Tinh trang ky thuit ciia sang ché

Dii thdo dudong 12 mdi quan tdm sirc khoé cong dong chinh vi mic do phd bién
ngay cang gia tdng va cac nguy co strc khde di kem véi nd. Bénh nay dugce dac trung bdi
néng do glucoza huyét cao do su thiéu sot trong vi¢c san xuét insulin, tac dung cda insulin,
hodc ca hai. Co6 hai dang dai thdo duong dugc nhan dién 1a Typ 1 va Typ 2. DPéi thao
duong Typ 1 (T1D) phat trién khi hé théng mién dich cta co thé pha huy céc t& bao beta
ctia tuyén tuy, chi cac té bao trong co thé tao ra hormon insulin méi diéu hoa dugc glucoza
huyét. Dé séng sot, bénh nhin mic dai thao dudong Typ 1 phai dung insulin bang cach
tiém hodc bom. Pai thao duong Typ 2 (thuong dugc goi 1a T2DM) thudng bat dau véi
viéc khang insulin hodc khi san xuét insulin khong du dé duy tri lugng glucoza chip nhin
duoc.

Hién tai, dang c6 cac phuong phép dugc ly khac nhau dé diéu tri bénh ting dudong
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 co6 thé duoc
nhom thanh sau nhém chinh, mdi nhém téc dung thong qua co ché chinh khac nhau: (A)
Chét loi tiét insulin, bao gdm sulphonyl-ure (vi du, glipizid, glimepirid, glyburid),
meglitinid (vi du, nateglidin, repaglinid), cac chét rc ché dipeptidyl peptidaza IV (DPP-
IV) (vi du, sitagliptin, vildagliptin, alogliptin, dutogliptin, linagliptin, saxogliptin), va cac
chat chil van thu thé peptit 1 gidng glucagon (glucagon-like peptide-1 receptor - GLP-
1R) (vi du, liraglutid, albiglutid, exenatid, lixisenatid, dulaglutid, semaglutid), ma lam
tang cudng sy tiét insulin bang cach tic dong 1én cac té bao beta tuyén tuy. Cac sulphonyl-
ure va cac meglitinid ¢6 hiéu luc va kha nang dung nap han ché, do su tang trong lugng
va thuong gdy ra chimg giam glucoza huyét. Céac chéit trc ché DPP-IV ¢6 hiéu luc han
ché. Céc chit chi van GLP-1R c6 ban trén thi trudng 13 cac peptit duoc dung bang cach

tiém dudi da. Liraglutid con dugc phé chuan thém dé diéu tri bénh béo phi. (B) Cac
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biguanid (vi dy, metformin) dugc cho la taic dung chu yéu bang cach 1am giam su san
xuit glucoza & gan. Céc biguanid thuong gy ra cic rdi loan dudng tiéu hoa va chimng
nhiém axit lactic, 1am viéc st dung chang bi han ché hon nita. (C) Cac chit trc ché alpha-
glucosidaza (vi du, acarboza) lam giam su hip thu glucoza trong rudt. Cac chit nay
thudng gy ra cac chimg rdi loan dudng tiéu hoéa. (D) Cac thiazolidindion (vi du,
pioglitazon, rosiglitazon) tac dung Ién thu thé dic hiéu (thu thé hoat hoa boi yéu t6 ting
sinh peroxisom gama) & cdc md gan, md co va md md. Cac chét nay diéu hoa su chuyén
hoa lipit sau d6 tang cuong dap ing clia cdc mo nay voi cac tac dong cua insulin. Viéc
sir dung thuong xuyén cac thude nay c6 thé dan dén su tang can va c6 thé gay ra chimg
phu va thiéu mau. (E) Insulin duge st dung & cac trudng hop ning hon, hodc & dang mot
minh n6 hoic két hop v6i cac chat néu trén, va viée str dung insulin thudng xuyén ciing
c6 thé dan dén su ting can va c6 nguy co bi ching giam duong huyét. (F) Cac chét wc
ché chit ddng van chuyén chit lién két natri-glucoza 2 (sodium-glucoza linked
transporter- SGLT2) (vi du, dapagliflozin, empagliflozin, canagliflozin, ertugliflozin) trc
ché su tai hap thu glucoza & than va do d6 lam giam ndng d6 glucoza trong mau. Nhom
thudc mai ndi nay c6 thé két hop véi ching nhiém toan keton va cdc bénh nhiém tring
duong nicu.

Tuy nhién, ngoai trir cac chéat chii vAn GLP-1R va cac chat trc ché SGLT2, cac
thuc nay déu c6 hiéu luc han ché va khong nhiam dén cac van dé quan trong nhét 14 su
suy giam chirc ning té bao P va bénh béo phi di kem.

Béo phi la bénh man tinh ma c6 do phé bién cao trong xa hoi hién dai va két hop
v6i nhiéu van dé y t& bao gbm ching ting huyét ap, ching ting cholesterol huyét, va
bénh tim mach vanh. Bénh nay ciing lién quan nhiéu dén T2DM va su khang insulin,
trong d6 su khang insulin thuong di keém véi ching tdng insulin huyét hoac ting dudng
huyét, hodic ca hai. Ngoai ra, T2DM con két hop vdi sy ting tir hai dén bon 1an nguy co
bi bénh dong mach vanh. Hién tai, cach diéu tri duy nhit ma loai bé bénh béo phi véi
hiéu luc cao 1a phiu thuat giam can, nhung viéc diéu tri nay rat tén kém va nguy hiém.
Su can thiép dugc ly thuong kém hi¢u luc va di kem véi cac tac dung phu. Do do, c6 nhu
ciu rd rang vé cach can thiép dugc 1y hiéu qua hon véi it tic dung phu hon va thuén tién
khi str dung.

Mic du T2DM di kém thong thuong nhét 1a véi chung ting duong huyét va khang

insulin nhung cac bénh khac ciing di kém voi T2DM bao gém khang insulin & gan, suy
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giam dung nap glucoza, bénh than kinh do dai thao duong, bénh than do dai thao duong,
bénh vong mac do dai thao duong, bénh béo phi, rdi loan m& méu, ching tang huyét ap,
tang insulin huyét va bénh gan nhiém m& khong do rugu (nonalcoholic fatty liver disease-
NAFLD).

NAFLD 14 biéu hién & gan cua hoi chimg chuyén ho4, va la phd céc tinh trang
bénh 1y gan bao gdm chimg nhiém m&, viém gan nhiém m& khong do rugu (non-alcoholic
steatohepatitis-NASH), chirng xo ho4, bénh xo gan va cudi cung 14 carcinom té bao gan.
NAFLD va NASH dugc cho 1a cac bénh gan nhiém m& chi yéu do chiing chiém ty trong
16n nhét trong sd cic bénh nhan c6 luong lipit gan cao. Mitc do nghiém trong cia
NAFLD/NASH dua trén co sé su ¢6 mat cuia lipit, su tham nhiém té bao viém, tao bong
té bao gan, va mic do xo hod. Mic dii khong phai tat c4 cac bénh nhan mac chimg nhiém
m& déu tién trién thanh NASH, nhung phan 16n 1a nhu vay.

GLP-1 12 hormon incretin c6 chidu dai 30 axit amin duge tiét béi céc t€ bao L
trong rudt dap Ung lai viéc an thuc an. GLP-1 da duoc thé hién 1a 1am kich thich su tiét
insulin theo cach thirc sinh Iy va phu thudc glucoza, lam gidm su tiét glucagon, trc ché su
lam tréng rdng da day, 1am giam su thém #n, va kich thich su ting sinh céac té bao beta.
Trong cac thir nghiém phi 1am sang GLP-1 lam thuc day kha nang té bao beta dugc duy
tri bang cach kich thich sw phién mi ciia cic gen quan trong d6i vai su tiét insulin phu
thudc glucoza va bang cach thic day su tan tao té bao beta (Meier, et al. Biodrugs. 2003;
17 (2): 93-102).

O ddi tuong khoe manh, GLP-1 déng vai trd quan trong trong viéc diéu hoa nong
d6 glucoza trong méu sau bita an bang cach kich thich su tiét insulin phu thugc glucoza
boi tuyén tuy din dén su hap thu glucoza gia ting & ngoai bién. GLP-1 con ngan chin sy
tiét glucagon, dan dén giam sy san xuét glucoza & gan. Ngoai ra, GLP-1 con 1am tri hodn
su 1am tréng rong da day va 1am chim su van dong cla rudt non lam tri hodn sy hép thu
thire an. O nguoi bi T2DM, sy ting GLP-1 thong thuong sau khi dn khong xuat hién hozc
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 mo ta rang cac chit chi véan thu thé GLP-1, nhuw GLP-1, liraglutid va exendin-4, c¢6 3
hoat tinh duoc 1y chinh dé cai thién sy kiém soat duong huyét & bénh nhan bi T2DM
bang cach giam glucoza lic d6i va glucoza sau 4n (fasting glucose - FPG va postprandial

glucose - PPG): (i) su tiét insulin phu thudc glucoza gia ting (pha thir nhat va thi hai
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duoc cai thién), (ii) hoat tinh ngin chin glucagon trong diéu kién tang duong huyét, (iii)
tri hodn tdc do 1am tréng da day dan dén cham hép thu glucoza thu dugc tir bira an.
Van can tim ra phuong phép phong ngira va/hodc didu tri ma dé st dung dbi voi

bénh chuyén hoa tim va cac bénh két hop.

Ban chit ky thuét ciia sang ché
Sang ché d& cap dén hop chit c6 cong thic I:
5 R .
R? L I

hoiac mubi duoc dung cta no, trong do:

R1aF, Cl, hoac —CN;

p béng 0 hoac 1;

Nhan A 1a phenyl hodc heteroaryl 6 canh;

m b.%mg 0, 1, 2, hoac 3;

Mbi R! ddc 1ap duoc chon tir halogen, -CN, —Ci.3alkyl, va —OCj.3alkyl, trong d6
alkyl ctia Cisalkyl va OCi.alkyl duge thé bang 0 dén 3 nguyén tir F;

R? 1a H hodc —Ci.3alkyl, trong d6 alkyl dugc thé biang 0 dén 1 OH;

mdi R? doc 1ap 1a F, ~OH, —CN, —Cjzalkyl, —OC;.3alkyl, va —Cz.axycloalkyl, hodc
2 R3s ¢6 thé cing nhau vong hoa dé tao thanh —Cs.aspiroxycloalkyl, trong d6 alkyl cua
C.3alkyl va OCalkyl, xycloalkyl, hodc spiroxycloalkyl ¢6 thé dugc thé & dang hoa tri
cho phép bang 0 dén 3 nguyén tir F va bang 0 d¢én 1 —OH;

q béng 0, 1, hoac 2;

X-L 1a N-CH», CHCHa, hodc xyclopropyl;

Y 1a CH hoac N;

R* la —Ci-zalkyl, —Co-3alkylen-Cs.exycloalkyl, ~Cy-zalkylen-R>,
hoac -Cr.3alkylen-RS, trong d6 alkyl nay c6 thé duoc thé & dang héa tri cho phép bing 0
dén 3 phan tir thé doc 14p dugc chon tir 0 dén 3 nguyén tir F va 0 dén 1 phan tir thé duoc
chon tlr -Co.1alkylen-CN, -Co.jalkylen-ORO, -SO2-N(RN),, -C(O)-N(RN),, -N(C=0)(RYN),



38000

va
-N(RN), va
trong do alkylen va xycloalkyl nay c6 thé doc 1ap duoc thé & dang hoéa tri cho phép bang
0 dén 2 phan tir thé doc 1ap duoc chon tir 0 dén 2 nguyén tir F va 0 dén 1 phan tir thé dugc
chon tir -Co-1alkylen-CN, -Co.1alkylen-ORO, va -N(RN);
RS 1a heteroxycloalkyl ¢6 4 dén 6 canh, trong d6 heteroxycloalkyl nay c6 thé duoc
thé bang 0 dén 2 phan tir thé & dang héa tri cho phép ddc lap duge 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 14p duoc chon tir —Ci3alkyl va —OC3alkyl, trong d6 alkyl
ctia Cr.salkyl va OCisalkyl c6 thé duoc thé bang 0 dén 3 phan tir thé & dang hoa
tri cho phép ddc 1ap duge chon tur:
0 dén 3 nguyén tir F,
0 dén 1 -CN, va
0 dén 1 -ORY;
RS 14 heteroaryl c6 5 dén 6 canh, trong d6 heteroaryl ndy c6 thé dugc thé bang 0
dén 2 phén tir thé ¢ dang hoa tri cho phép doc 1ap duoc chon tir:
0 dén 2 halogen,
0 dén 1 phén tir thé dugc chon tir —OR® va -N(RN),, va
0 dén 2 —C13alkyl, trong do6 alkyl nay c6 thé dugc thé bang 0 dén 3 phan tir thé &
dang héa tri cho phép doc lap dugc chon tu:
0 dén 3 nguyén ti F, va
0 dén 1 -ORY;
mdi RO doc 1ap 1a H, hodc —Ci3alkyl, trong d6 Cisalkyl c6 thé dugce thé bang 0
dén 3 nguyén tir F;
mdi RN doc 1ap 1a H, hodc —Ci-zalkyl;
mdi Z!, 72, va 73 1a —CRZ, hoic
mot trong s& Z!, 72, va 73 1a N va hai gbc con lai 1a -CR?; va

mdi R” doc 1ap 1a H, F, Cl, hodc —CH.
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Mot phwong 4n khac dé xuat cac hop chét c6 cong thirc II:
R')
m R4
@ R? L n
o (XY Nz  oH
Y\) N—/
— O

II

(Rly

hodc mubi duoc dung cta no, trong do:

R I F; |

p bang 0 hoic 1;

Nhan A la phenyl hodc pyridinyl;

mla 0, 1, hoac 2;

mdi R! doc 1ap duoc chon tir halogen, —CN, —Ci3alkyl, va ~OCi.alkyl, trong do6
alkyl cua Cisalkyl va OCisalkyl duge thé bang 0 dén 3 nguyén tir F;

R? 1a H ho#c CH3;

X-L 1a N-CHa, hodc xyclopropyl;

Y la CH hodc N;

Z31a—CRZ hodc N; va

RZ1aH, F, Cl, hoac —CHj.

Mot phwong 4n khac dé xuét cac hop chét ¢6 cong thire I1I:

R1)m R4
@ R* X
N
Weg sV,
O

1
hodc mubi dugce dung cua no, trong do:
Nhén A 1a phenyl hodc pyridinyl;
mla o, 1, hodc 2;
mdi R! ddc 1ap duogce chon tir F, Cl, va —CN;
R?1a H ho#c CHs; va
Y la CH hodc N.
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Mot phuong 4n khac dé xuét cac hop chat c6 cong thirc IV:

)
N /] Rr2

N
o (N OH

o\ _x J N
¢!

1A%
hodc mudi duoc dung ciia né, trong do:
mlao, 1, hodc 2;
mdi R! doc 1ap duoc chon tir F, Cl, va —-CN;
R?1a H hoic CHs; va
Y la CH hoac N.
Mot phwong an khac dé xuat cac hop chét ¢ cong thire V:

R

f " -
BT
o [N OH
Y N
0

\Y

hodc mubi duge dung cua no, trong do:

m bang 0 hoic 1;

R'1aF, Cl, hoic —CN;

R? 1a H hoic CHs; va

Y la CH hodc N.

Mot phuong 4n khac dé xuat cac hop chét ¢6 cong thirc IV hodc cong thirc V,
trong d6 phenyl hodc pyridinyl ctia Nhan A c¢6 mot R! duge thé para so v6i cacbon clia

phenyl hodc pyridinyl nay duoc gin vao dioxolan dé tao ra:

R! va R ivb R va
R? R? hozc \N ) RZO

O 1 0]
O}@ & R O}er A Oy A

hodc muoi dugc dung cua no, trong do:
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mdi R! doc 14p dugc chon tir F, CI, va —CN;

R?1a H hoic CHs; va

Y la CH hodc N.

Mot phuong 4n khac dé xudt cac hop chat ciia cac phuong 4n dugc néu trong ban
md ta nay, vi dy, cac hop chét c6 cong thire I, hodc I1, hodc mubi duoc dung cta no, trong
d6 X-L 1a N-CHy; va Y 1a CH hoac N. Tt cac phuong an dugc mo ta trong ban mo ta
nay, trong truong hop do, X 1a N va L 1a CHo.

Mot phuong 4n khac dé xuét cac hop chét ctia cac phuong 4n dugc néu trong ban
md ta ndy, vi du, cac hop chit c6 cong thirc I, hozc II, hodc mudi dugc dung ctia né, trong
do X-L 1a CHCHa; va Y 1a N. Tur cac phuong an dugc mo ta trong ban mo ta nay, trong
truong hop do, X 1a CH va L 1a CHo.

Mot phuong an khac dé xuét cac hop chét ciia cac phuong an dugc néu trong ban
mo ta nay, vi du, cac hop chét c6 cong thire I, hodc I1, hodc mubi duoc dung cua no, trong
do X-L 1a CHCHy; va Y 1a CH. Tt cac phuong an dugc md ta trong ban mo ta nay, trong
treong hop do, X 1a CH va L 1a CHo.

Mot phuong 4n khac dé xuét cac hop chét cua cac phuong 4n dugce néu trong ban
mo ta nay, vi dy, cac hop chét c6 cong thac I, hoac I, hodc mubi duge dung cda nd, trong
do X-L la xyclopropyl; va Y 1a N.

Trong cac phuong an trong d6 X-L la xyclopropyl, cac hop chét c6 cong thirc I,

ﬁ R4
N/
/
~ /Y\,\\C 3 N\)\ s
R S
Mot phuong 4n khéac dé xuét cac hop chit c6 cong thuc L, I, 111, IV, hodc V, trong
d6 R* 1a -CHCH,OCH3, Ci.salkylen-R3, hodc Cisalkylen-R, hodc mudi duge dung ctia

hoac II s€ tao ra:

no.

Mot phuong an khac dé xuét céc hop chét co cong thue 11, 111, TV, hodc V, trong
d6 R* 1a nhu duoc xéc dinh d6i véi cac hop chét c6 cong thire I, hodc mubi duge dung
cua no.

Mot phuong &n khéc dé xuét cac hop chét c6 cong thuc I, I, II1, IV, hodc V, trong
d6 R* 1a -C1salkyl, trong d6 alkyl nay 6 thé dugc thé & dang hoa tri cho phép bang 0 dén

1 phin tir thé duoc chon tir -Co.1alkvlen-ORC. va -N(RN). hodc mudi duoc dung cta né.

-0
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Mot phuong an khac dé xudt cac hop chét c6 cong thire I, IL, 111, IV, hodc V, trong
d6 R* 1a -(CH,)20CH3, hodc -(CH2)2N(CHs)z, hoac mubi dugc dung cua no.

Mot phuong 4n khac dé xuét cac hop chit ¢6 cong thire L, 1, IIL, TV, hodc V, trong
do

Ry 1a ~CH,-R5, trong d6 RS 1a heteroxycloalkyl c¢6 4 dén 5 canh, trong d6
heteroxycloalkyl nay c¢6 thé dugc thé bing 0 dén 2 phan tir thé & dang héa tri cho phép
doc 1ap duoc chon tur:

0 dén 2 nguyén tir F, va

0 dén 1 phén tir thé dugc chon tir —OCH;3 va ~CH,OCH3;
hodc mubi duge dung cua no.

Mot phuong an khac dé xuét cac hop chét c6 cong thire I, I1, 111, IV, hodc V, trong
do heteroxycloalkyl 1a

O o .
[H>, [] [] @ hoacN

trong d6 heteroxycloalkyl c6 thé duoc thé bang 0 dén 2 phan tir thé & dang hoa tri cho
phép, vi du, thay thé hydro, ddc 1ap duoc chon tu:
0 dén 1 oxo (0=),
0 dén 1 -CN,
0 dén 2 nguyén tu F, va
0 dén 2 phén tir thé doc 1ap duge chon tir —Ci3alkyl va —OCi.3alkyl, trong do alkyl
ciia Cr.zalkyl va OCialkyl ¢6 thé doc 1ap duge thé bang 0 dén 3 phan tir thé ¢
dang hoa tri cho phép ddc lap dugce chon tur:
0 dén 3 nguyén tir F,
0 dén1-CN, va
0 dén 1 -OR°,
hodc mudi duge dung cua no.
Mot phuong an khac dé xuat cac hgp chat c6 cong thire I, 11, 111, IV, hodc V, trong
do6 heteroxycloalkyl 1a
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2.8 O o A Oud
) O
trong d6 heteroxycloalkyl c¢6 thé dugc thé bang 0 dén 2 phan tir thé & dang héa tri cho
phép, vi du, thay thé hydro, doc lap dugc chon tur:
0 dén 1 CN,
0 dén 2 nguyén tir F, va
0 dén 2 phan tir thé doc 1ap dugc chon tir —Ci3alkyl va —OC.3alkyl, trong d6 alkyl
ctia Crsalkyl va OCisalkyl c6 thé doc 1ap duogc thé bang 0 dén 3 phan tir thé &
dang hoa tri cho phép ddc 1ap dugce chon tur:
0 dén 3 nguyén tir F,
0 dén 1 -CN, va
0 dén 1 —OR©, hoic mudi duoc dung cia né.
Mot phuong 4n khac dé xuat cac hop chat c6 cong thire I, IL, 111, IV, hodc V, trong
do heteroxycloalkyl 1a

H H
Otﬁ) OWV\H) ’OTN] | [§>: o [N>=O | &o\fo’ - ﬂYO
’ o N N NH ' NH
trong d6 heteroxycloalkyl co thé duoc thé bang 0 dén 1 phan tir thé & dang hoa tri cho
phép, vi du, thay thé hydro, dugc chon tur:
—CN,
nguyén tu F, va
0 dén 1 phan tir thé doc lap duge chon tir —C3alkyl va —OCi.3alkyl, trong d6 alkyl
cta Crsalkyl va OCisalkyl ¢6 thé dugc thé bang 0 dén 3 phan tir thé & dang hoa
tri cho phép doc 1ap dugc chon tu:
0 dén 3 nguyén tu F,
0 dén 1 -CN, va
0 dén 1 -OR©,
hodc mubi dugc dung ctia no.
Mot phuong 4n khac d& xuat cac hop chét c6 cong thire I, 11, 111, IV, hodc V, trong
do6 heteroxycloalkyl 1a
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2 w0 im0 (3 (0
-$- O O
E_lﬁ, O N ,[N>= N Q , [}'?"’ho“CN’%‘
hodc mudi duoc dung cta nd.

Mot phuong 4n khac dé xuit cac hop chat c6 cong thirc I, 1, 111, IV, hogc V, trong

5 D

o~
' b

do6 heteroxycloalkyl 1a

trong do6 heteroxycloalkyl c6 thé dugc thé & dang hoa tri cho phép bing 0 dén 1 metyl,
trong d6 metyl nay c6 thé duoc thé bang 0 dén 3 nguyén tir F, hoic mudi duge dung cuia
no.

Mot phuong 4n khac d& xuat cac hop chat c6 cong thire I, I, 111, IV, hodc V, trong
do heteroxycloalkyl 1a

9

trong do heteroxycloalkyl 1a khong dugc thé.

Mot phuong 4n khac d& xuat cac hop chét c6 cong thire 1, IL, 111, IV, hodc V, trong

d6 —CH»-R> va nito ma R* gan vao tao ra:

OR
mNg
hoac mubi duoc dung cua nd.
Mot phuong an khéc dé xuét cac hop chét co cong thire I, 1L, II1, IV, hoac V, trong
do
R4 12 ~CH2-RS, trong d6 R ' heteroaryl 5 canh, trong d6 heteroaryl nay c6 thé
duogc thé bang 0 dén 2 phan tir thé & dang héa tri cho phép ddc 1ap duoc chon tir:
0 dén 2 halogen, trong d6 halogen doc 1ap dugc chon tir F va Cl,
0 dén 1 -OCHs, va
0 dén 1 ~CHs, ~CH,CHs, —CF3, hodc ~CH2,CH2OCH;
hodc mubi dugc dung cta no.
Mot phuong 4n khac d& xuat cac hop chat c¢6 cong thire I, I1, 111, TV, hodc V, trong
do heteroaryl 1a
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N=—\ NcN\

=N N=\ N
~NH N= NH =
|\/ E/NH d g/NH, NQ/ ) Ni/NHv g/o ) L/O )
® . O " NS e QON

, hodc
N~ ’ N/’N ’ N/) ’ [N/j ’ ‘%/ N/

trong d6 heteroaryl nay c¢6 thé duoc thé bang 0 dén 2 phan tir thé & dang hoa tri cho phép,
vi du, thay thé hydro, doc 1ap duoc chon tur:
0 dén2 halogen, trong d6 halogen doc 1ap dugc chon tu F va Cl,
0 dén 1 phén tir thé duge chon tir —OR® va —N(RN),, hogc
0 dén 2 —C13alkyl, trong d6 alkyl nay c6 thé dugc thé bang 0 dén 3 phan t thé &
dang hoa tri cho phép ddc 1ap dugc chon tur:
0 dén 3 nguyén tu F, va
0 dén 1 -ORY;
hoac mubi dugc dung cua no.
Mot phuong an khéc dé xuét cac hop chét c6 cong thue I, I1, II1, IV, hoac V, trong

do6 heteroaryl 1a

trong d6 heteroaryl nay c6 thé dugc thé béng 0 dén 2 phan tir thé & dang hoa tri cho phép,
vi du, thay thé hydro, doc 1ap dugc chon tir:
0 dén2 halogen, trong d6 halogen doc lap duoc chon tur F va Cl,
0 dén 1 phén tir thé duge chon tir -ORC va -N(RN), hodc
0 dén 2 -C1.zalkyl, trong d6 alkyl c6 thé duge thé bang 0 dén 3 phan tir thé ¢ dang
hoéa tri cho phép doc lap dugce chon tur:
0 dén 3 nguyén tit F, va
0 dén 1 -ORY;
hodc mubi duge dung cta nd.
Mot phuong an khac dé xuét cac hop chét c6 cong thire I, 11, 11, IV, hodc V, trong
do6 heteroaryl 1a

4\ -
A /DNH ﬁ"“" "
H;'.‘\r ’ s ’ b“L N ’
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N\ N’N N=\ N N
N QNH NN [ NH  HN SN
) _,\,r:f*f 3 Ni/(\ﬂ. , — ,

N O =\ 2
Nr\/N 5_ %—J/ZJ @Tﬂ I\LN/S , hodc @4
trong d6 heteroaryl nay c6 thé duoc thé bang 0 dén 1 phéan tir thé & dang hoéa tri
cho phép bang —Cialkyl, trong d6 alkyl c6 thé dugc thé bang 0 dn 3 phan tir thé & dang
hoa tri cho phép ddc 1ap duoc chon tu:
0 dén 3 nguyén ti F, va
0 dén 1 -ORY; va
mdi R doc 1ap 1a H, hodc —Cizalkyl;
hoiac mudi duge dung ctia né. Nguoi co hiéu biét trung binh trong linh virc nay s& nhan
thdy ring phén tir thé bat ky co thé thay thé H trén nguyén tir cacbon hodc nito dugc thé.
Vi du khong gidi han vé cac heteroaryl dugc thé 1a:
@NH | k/NH SNH E\/NH, (\/ - . hotic l:/:ﬂ
Ngudi ¢6 hiéu biét trung binh trong linh vuc ndy s& nhan thiy rang H dugc thay
thé bang phin tir thé, vi du, R® (phén tir thé dugc phép trén heteroaryl bat ky ctia R%), dé

taora:
N=\ N=\ =N N=\ =
NRE I NH N N NR GN . 'L/O
JJ*"'.:r s R6s ﬂ‘"\r ) e , J\,?\nr s O JJ‘,{ , hoac J‘}T’w

trong d6 R® 1a —Cialkyl, trong d6 alkyl co thé duogc thé bing 0 dén 3 phan tir thé & dang
hoa tri cho phép doc lap duoc chon tu:
0 dén 3 nguyén tir F, va
0 dén 1 -ORY; va
mbi R doc 1ap 1a H, hoic —Cizalkyl;
hodc mubi duge dung cta nd.
Mot phuong an khac dé xuét cac hop chéit co cong thuc I, I, II1, IV, hodc V, trong
do heteroaryl 1a
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N=\ N=\
- 7 "N
%{TN Cq.3alkyl | @ y o %

hodc mubi duge dung cua no.

Mot phuong an khac d& xuét cac hop chit ctia cac phuwong 4n duge néu trong ban
md ta nay, vi du, cac hop chit c¢6 cong thirc I, 11, 111, IV, hodc V, trong d6 Z', 7%, va Z°
are mdi CRZ, hoac mubi duoc dung ciia né.

Mot phuwong an khéc dé xudt cac hop chét ciia cac phuong an dugc néu trong ban
md ta nay, vi du, cac hop chét c6 cong thuc I, 11, II1, IV, hodc V, trong do RZ1a H, hoic
mubi duoc dung cua no.

Mot phuong an khéc dé xut cac hop chét ciia cac phwong an dugc néu trong ban
md ta nay, vi du, cac hop chéit c6 cong thic I, I1, 111, IV, hodc V, trong d6 Z', Z?, va Z°
are mdi CH, hodc mudi duoc dung ctia né.

Mot phuong 4n khac dé xudt cac hop chét ciia cac phuong an duoc néu trong ban
md ta nay, vi du, cac hop chét c6 cong thuce I, I1, 111, 1V, hodc V, trong do R3 1a -CHs,
hodc -CF3; va q la 1, hodc mubi duoc dung cuta nd.

Mot phuong an khéac d& xuét cac hop chét ciia cac phuong an dugc néu trong ban
mod ta nay, vi du, cac hop chét c6 cong thac I, 11, II1, IV, hodc V, trong do6 mdi R! doc 1ap
F, Cl, hodac —CN, hoac mudi dugc dung cua no.

Mot phuong an khac d& xut cac hop chét ciia cac phwong an duge néu trong ban
md ta nay, vi du, cac hop chét c6 cong thirc I, 11, IIL, IV, hodc V, trong d6 R4 1a —CH-R>,
hodc mubi dugc dung cua no.

Mot phwong an khac dé xuét cac hop chét ciia cac phurong an duge néu trong ban
md ta nay, vi du, cac hop chét c6 cong thire I, I1, 111, IV, hodc V, trong d6 R4 1a —CH>-R®,
hodc mubi dugc dung cua no.

Mot phuong an khéac dé xuét cac hop chét cia cac phuong 4n duge néu trong ban
mo ta ndy, vi du, cac hop chét ¢ cong thire I, I1, III, IV, hodc V, trong d6 hop chét 1a axit
tu do.

Mot phwong an khac dé xuit phuong 4n bét ky ciia cac hop chit c6 cong thic 1,
IL, 111, IV, hoic V, trong d6 Nhan A va R? tao ra:
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hodc mubi duoc dung cta no6, trong do6

R 1aF, Cl, hodac —-CN;

p béng 0 hoac 1;

mlao0, 1, hodc 2; va

mdi R! ddc 1ap duge chon tir halogen, —~CN, —Ci.3alkyl, va —OCialkyl, trong d6
alkyl cua Cisalkyl va OCisalkyl duge thé bang 0 dén 3 nguyén tir F.

Mot phuong 4n khac d& xuat cac hop chat co cong thie I, I1, 111, IV, hodc V, trong
d6 R? 1a H, hoac mubi dugc dung cia né.

Mot phuong an khac dé xut cac hop chét theo sang ché, trong d6 R? 1a H, hoac
mudi duge dung ctia né.

Mot phuong 4n khac dé xuit cac hop chat theo sang ché, trong d6 hop chét nay la

Axit 2-({4-[2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperidin-1-yl} metyl)-1-
[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; hodc

Axit 2-({4-[2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperidin-1-yl} metyl)-7-
flo-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;
hoac mubi duge dung cua no.

Mot phuong an khac dé xuit cac hop chit theo sang ché, trong d6 hop chat nay 1a

Axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; hodc

Axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-7-flo-1-[(2S)-oxetan-2-ylmetyl]- 1H-benzimidazol-6-carboxylic;
hoac mubi dugc dung cua no.

Mot phuong an khéc dé xuit cac hop chét theo sang ché, trong d6 R? 1a CH3, hodc
mubi dugc dung cua no.

Mot phuong 4n khac dé xuit cac hop chat theo sang ché, trong d6 hop chét nay 1a
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Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

Axit  2-({4-[2-(4-xyano-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-1-
yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-1-
yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-3-(1,3-0xazol-2-ylmetyl)-3H-imidazo[4,5-b]pyridin-5-carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-[(1-etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6- carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-1-
yl}metyl)-1-(1,3-oxazol-4-ylmetyl)-1H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-(pyridin-3-ylmetyl)- 1 H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-1-
yl}metyl)-1-(1,3-0xazol-5-ylmetyl)-1 H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-1-
yl}metyl)-1-[(1-etyl-1H-1,2,3-triazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-1-
yl}metyl)-1-(1,3-0xazol-2-ylmetyl)-1 H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-7-flo-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-yl} metyl)-1-[(2S)-oxetan-2-ylmetyl]- 1 H-benzimidazol-6-carboxylic;

Axit  2-({4-[2-(4-xyano-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6- carboxylic; hodc

Axit  2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-yl}metyl)-7-flo-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;
hoac mubi dugc dung cua no.

Mot phuong 4n khac dé xuat cac hop chét theo sang ché, trong d6 hop chét nay 1a

Axit  2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; hoac

Axit  2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-yl} metyl)-7-flo-1-[(2S)-oxetan-2-ylmetyl]- 1 H-benzimidazol-6-carboxylic;
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hodc mudi duge dung cia né.

Mot phuong 4n khac dé xudt cac hop chit theo sang ché, trong d6 hop chét nay 1a

Axit 2-({4-[(2S)-2-(4-xyano-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-
piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]- 1H-benzimidazol-6-carboxylic;

Axit  2-({4-[(2S)-2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-
1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; hodc

Axit  2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-
1-yl}metyl)-1-[(1-etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;
hodc mudi dugc dung cda né.

Mot phuong 4n khac dé xudt cac hop chat theo sang ché, trong d6 hop chat nay la

Axit 2-({4-[(2R)-2-(4-xyano-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-
piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

Axit  2-({4-[(2R)-2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; hodc

Axit 2-({4-[(2R)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-yl}metyl)-1-[(1-etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;
hoac mubi duge dung cua no.

Mot phuong 4n khac dé xuat cac hop chit theo sang ché, trong d6 hop chat nay la

Axit 2-({4-[2-(4-xyano-2-flophenyl)-2*-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-[(2S)—0xetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic, trong do tinh dbi
xtng clia 2* dén tir C56;

Axit  2-({4-[2-(5-clopyridin-2-yl)-2*-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic, trong d6 tinh dbi
xung cua 2* dén tir P9;

Axit  2-({4-[2-(4-clo-2-flophenyl)-2*-metyl-1,3-benzodioxol-4-yl|piperidin-1-
yl}metyl)-1-[(1-etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic, trong do
tinh d6i xtng ctia 2* dén tir 17;

Axit 2-({4-[2-(4-clo-2-flophenyl)-7-flo-2*-metyl-1,3-benzodioxol-4-yl]-
piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic, trong

do tinh d6i xtmg cua 2* dén tir 96; hoic
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Axit 2-({4-[2-(4-xyano-2-flophenyl)-2*-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6-carboxylic, trong do tinh dbi
xung ctia 2* dén tir C82;
hodc mudi duoc dung cua no.

Phuong an khac bao gdm hop chat 1a axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-1,3-
benzodioxol-4-yl]piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-
carboxylic, hoac mubi dugc dung ctia né, trong dé mubi 1a mudi tris.

Phuong an khac bao gdm hop chat 1a axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-1,3-
benzodioxol-4-yl]piperidin-1-yl} metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-
carboxylic, dudi dang axit tu do.

Phuong an khac bao gdbm hop chat 1a
Cl F
7@(; N
“J o N
o N/\[\‘l/ @_/(O
OH
hodc mubi dugc dung cta no.

Phuong 4n khac bao gdm hop chit 1a axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-yl]piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-
benzimidazol-6-carboxylic, hoac mubi duoc dung, trong d6 mubi 12 mudi tris {muéi tris
ctia hop chat nay con duoc biét 1a: 1,3-dihydroxy-2-(hydroxymetyl)propan-2-amini 2-
({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-yl jmetyl)-1-
[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylat}.

Theo mét sé6 phuong 4n, sang ché @& xuét dang tinh thé ctia mudi tris khan ctia
axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic. Theo mot sb
phuong an khéc nita, dang tinh thé cia mudi tris khan (anhydrat) cua axit 2-({4-[(2S)-2-
(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-yl} metyl)-1-[(2S)-
oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic dugc chi dinh 1a “Dang I’ ma duogc dac
trung boi ddu hiéu trang thai rin doc nhét ctia n6 trén, vi dy, nhiéu xa tia X trén mau bot
(powder X-ray diffraction - PXRD), dugc mo ta trong ban md ta nay (nhu chu yéu dugc
thé hién trén Fig. 1). Theo mdt s6 phuong an, Dang I c6 phd nhiéu xa tia X trén mau bot

bao gém it nhat hai dinh dac trung, tinh theo 26, dugc chon tur ¢ 3,7 £ 0,2°; 7,3 + 0,2°;

-19-



38000

8,5+0,2° 10,1+ 0,2° 14,7+ 0,2° va 16,9£ 0,2°. Theo mot sb phuong an, Dang I c6 phé
nhidu xa tia X trén mau bot bao gém it nhit ba dinh dic trung, tinh theo 20, dugc chon
tir 63,7 £0,2% 7,3 +0,2°; 8,5 + 0,2°; 10,1+ 0,2° 14,7+ 0,2° va 16,9+ 0,2°. Theo mét sb
phuong an, Dang I c0 phé nhiéu xa tia X trén mau bot bao gﬁ")rn it nhat bdn dinh dac trung,
tinh theo 20, dugc chon tir ¢ 3,7 + 0,2°; 7,3 £ 0,2°; 8,5 £0,2°; 10,1+ 0,2° 14,7+ 0,2° va
16,9+ 0,2°. Theo mot sb phuong an, Dang I ¢o phé nhiéu xa tia X trén mau bot bao gém
it nhat nam dinh dac trung, tinh theo 26, dugc chon tir ¢ 3,7 £ 0,2°; 7,3 £0,2°; 8,5 + 0,2°;
10,1+ 0,2° 14,7+ 0,2° va 16,9+ 0,2°.

Theo mot s6 phuong 4n, Dang I ¢6 phd nhiéu xa tia X trén mau bt bao gdm dinh
dac trung, tinh theo 26, ¢ 3,7 £ 0,2° va 7,3 £ 0,2°.

Theo mot sé phuong 4n, Dang I ¢6 phé nhidu xa tia X trén mau bot bao gbm cac
dinh, tinh theo 20, & 3,7 + 0,2°; 7,3 + 0,2°; va 14,7 + 0,2°. Theo mdt s6 phwong an khac
nita, Dang I ¢6 phd nhifu xa tia X trén mau bot con bao gdm it nhat mot dinh, tinh theo
20, duoc chon tir 6 8,5+ 0,2° 10,1+ 0,2°; va 16,9+ 0,2°.

Theo mot s6 phuong an, Dang I ¢ phé nhiéu xa tia X trén mau bdt bao gém cac
dinh, tinh theo 26, ¢ 3,7 £ 0,2°; 7,3 £ 0,2°; 14,7 £ 0,2°; va 16,9+ 0,2°.

Theo mot s6 phuong 4n, Dang I ¢6 pho nhiéu xa tia X trén mau bdt bao gdm céc
dinh, tinh theo 20, & 3,7 £ 0,2°; 7,3 + 0,2°; 8,5 + 0,2°; 10,1£ 0,2° 14,7£ 0,2° va 16,9+
0,2°.

Theo mét s6 phuong 4n, Dang I ¢6 phd nhiéu xa tia X trén mau bdt chu yéu nhu
duoc thé hién trén Fig. 1. Danh sach céc dinh nhiéu xa duoc thé hién theo do 26 va cac
cudng do twong dbi véi cudong do tuong dbi > 3,0% duoc cung cap trén ddy trong Bing
XI1.

Nhu d3 biét o trong linh vuc nhiéu xa trén mau bot, cuong do tuong dbi cua cac
dinh (phan xa) c6 thé thay ddi, tiy thudc vao k¥ thuat diéu ché mau, thu tuc ddt mu va
thiét bi do nhét dinh duoc st dung. Hon nfra, sy bién dbi cua dung cu do va cac yéu td
khac ciing c6 thé anh huéng dén céc gié tri 2-theta. Do do, s liéu gan dinh XRPD c6 thé
bién thién bang cach cong hodc trir khoang 0,2°.

Phuong 4an khac bao gdm hop chat 1a axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-yl]piperidin-1-yl}metyl)-1-[(25)-oxetan-2-ylmetyl]-1H-

benzimidazol-6-carboxylic, dudi dang axit tu do.
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Phuong 4n khac bao gdm hop chit 1a

@m@

Phuong 4n khac bao gdm hop chit 1a

hodac muoi dugc dung ctia no.

Axit 2-({4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-yl}-
metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

Axit  2-({4-[(2S)-2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; hodc

Axit  2-({4-[(2R)-2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; duéi dang axit tu
do.

Phuong 4n khac bao gdbm hop chét 1a

Axit 2-({4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-1-
yl}metyl)-1-[(2S)-oxetan-2-ylmetyl |- 1H-benzimidazol-6-carboxylic;

Axit  2-({4-[(2S)-2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; hodc

Axit  2-({4-[(2R)-2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-yl} metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; hodc mudi dugc
dung ctia né, trong d6 mudi 1a mudbi tris.

Phuong an khac bao gém hop chét 1a axit 2-({4-[2-(5-clopyridin-2-yl)-2-metyl-
1,3-benzodioxol-4-yl|piperidin-1-yl} metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-
benzimidazol-6-carboxylic, DIAST-X2:

™ abs N
0 N C 0
) N
OH
DIAST-X2,
hodc mubi dugc dung ciia n6. Theo mot sé phuong an khac nita, sing ché @ xuat hop

chat 1a axit 2-({4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]- 1H-benzimidazol-6-carboxylic, DIAST-X2, hodc
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mudi tris [nghia 13, mudi 1,3-dihydroxy-2-(hydroxymetyl)propan-2-amin] cta n6. TAm
bét ddi xtng trén phin bén trai ciia hop chit cong thirc cdu tao 1a duge danh dau 1a “abs”
déchjraréngténlbétdéixﬁngchicérn@tcéulﬁnhlépthé(nghhia,khéngphéikichét
triét quang so v6i tAm bét d6i xtng).

Theo mot s6 phwong an, sang ché dé xuét dang tinh thé ctia mudi tris khan ciia
axit 2-({4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-yl} metyl)-1-
[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic, DIAST-X2. Theo mot s6
phuong an khac nira, dang tinh thé ctia khan (anhydrat) mudi tris clia axit 2-({4-[2-(5-
clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-yl} metyl)-1-[(2S)-oxetan-2-
ylmetyl]-1H-benzimidazol-6-carboxylic, DIAST-X2, dwoc chi dinh la “Dang A” ma
duogc dac trung boi d4u hiéu trang thai ran doc nhét cua no trén, vi du, nhiéu xa tia X trén
mAiu bot (PXRD), dugc mb ta trong ban md ta nay (nhu chu yéu duge thé hién trén Fig.
2). Theo mét sb phuong 4n, Dang A ¢6 phd nhidu xa tia X trén mau bt bao gdm it nhat
hai dinh dic trung, tinh theo 26, dugc chon tur & 7,7 £ 0,2°; 15,2 + 0,2°; 15,7+ 0,2° va
17,6+ 0,2°. Theo mot sd phuong 4n, Dang A c6 phd nhiéu xa tia X trén mau bot bao gom
it nhét ba dinh dic trung, tinh theo 20, duoc chon tir & 7,7 +0,2°; 15,2 £ 0,2°; 15,7+ 0,2°;
va 17,6+ 0,2°. Theo mot sb phuong an, Dang A co phé nhiéu xa tia X trén mau bot bao
gbm dinh dic trung, tinh theo 20, dugc chon tir & 7,7 + 0,2°; 15,2 + 0,2°; 15,7+ 0,2° va
17,6+ 0,2°.

Theo mot sb phuong an, Dang I ¢6 phd nhidu xa tia X trén mau bdt bao gém cac
dinh dac trung, tinh theo 26, & 7,7 £ 0,2° va 17,6 £ 0,2°.

Theo mét s6 phuong an, Dang A c6 phd nhiéu xa tia X trén mau bot bao gbm cac
dinh, tinh theo 26, & 7,7 £ 0,2°; 15,2 £0,2°; va 17,6 + 0,2°.

Theo mdt sd phuong an, Dang I c6 phé nhiéu xa tia X trén mau bot bao gém cac
dinh, tinh theo 260, 6 7,7 + 0,2°; 15,2 £ 0,2°; va 15,7 + 0,2°.

Theo mot ) phuong an, Dang I ¢o phé nhiéu xa tia X trén mau bot bao g@)m cac
dinh, tinh theo 26, 6 7,7 £ 0,2°; 15,2 £ 0,2°; 15,7+ 0,2° va 17,6+ 0,2°.

Theo mét sé phuong 4n, Dang A ¢6 phd nhiéu xa tia X trén mau bot chi yéu nhu
duoc thé hién trén Fig. 2. Danh sach cac dinh nhidu xa dugc thé hién theo do 20 va cac
cudng do tvong dbi voi cudong do twong dbi > 3,0% duge cung cép trén day trong Bang

X2.

-2



38000

Nhu da biét rd trong linh vue nhifu xa trén mau bot, cuong do twong dbi cua cac
dinh (phan xa) co thé thay dbi, tuy thudc vao k¥ thuat diéu ché mau, thi tuc diat mau va
thiét bi do nhét dinh dugc sir dung. Hon nira, su bién d6i dung cu do va céc yéu td khac
ciing c6 thé anh hudng dén cac gié tri 2-theta. Do do, s6 lidu gan dinh XRPD ¢6 thé bién
thién bang cach cdng hoic trir khoang 0,2°.

Theo mot phuong an khac, sang ché d& xuét dugc phdm chira hop chat c6 cong
thac I, I, 111, IV, hoac V, hoac mubi duge dung cta nd, nhu dugce x4c dinh trong phuong
an bét ky dugc mo ta trong ban mo ta nay, tron 14n vé6i it nhat mot ta duge duge dung.
Sang ché con bao gém duoc phém chtra hgp chét c6 cong thuc I, 11, 111, TV, hodc V, hodc
mudi duoc dung ctia né, nhu duge x4c dinh trong phuong édn bét ky dugc mo ta trong ban
md ta nay, tron 14n v6i it nhat mét ta duoc dugc dung va mot hodc nhiéu tac nhan trj liéu
khéac dugc ban luin trong ban mo ta nay.

Sang ché con bao gdm cac phuong 4n sau:

hop chét c6 cong thuc I, 11, III, IV, hodc V, hodc mubi duge dung cda no, nhu
duoc xac dinh trong phuong an bat ky trong s6 cac phuong an duge mo ta trong ban mo
ta nay, dung dé lam thudc;

hop chét c6 cong thuc I, I, II1, IV, hodc V, hodc mudi duogc dung cua n6, nhu
duoc xac dinh trong phuong 4n bat ky trong sé cac phuong 4n dugc md té trong ban md
ta nay, dé dung trong phong ngira va/hoic didu tri bénh chuyén héa tim va cac bénh két
hop dugc ban luan trong ban mo ta nay, bao gdm T2DM, bénh tién dai thao duong,
NASH, va bénh tim mach;

phuong phap didu tri bénh tranh bénh ly ma chat d6i khang ctia GLP-1R dugc chi
dinh @ didu tri, 6 ddi tuong cin phong ngira va/hodc didu tri, bao gdm bude cho ddi
tuong st dung lugng hitu hiéu diéu tri cia hop chét c6 cong thuc I, 11, II1, IV, hoac V,
hodc mudi duge dung cta nd, nhu dugc x4c dinh trong phuong an bét ky trong sb cac
phuong an dugc mo ta trong ban mo ta nay;

st dung a hop chét ¢c6 cong thuc I, II, 11, IV, hodc V, hoac mudi dugc dung cta
n6, nhu duge xac dinh trong phuong 4n bét ky trong s6 cac phuong 4n duge mo ta trong
ban md ta nay, dé bao ché thubc dé diéu tri bénh hodc tinh trang bénh trong d6 chit déi
khang cua GLP-1R duogc chi dinh;

hop chét c6 cong thuc I, 11, III, IV, hodc V, hodc mubi duge dung cta no, nhu

duoc x4c dinh trong phuong 4n bét ky trong s6 cac phuong an duge md ta trong ban mo
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ta nay, dung dé didu tri bénh hogc tinh trang bénh trong d6 chit déi khang cua GLP-1R
duoc chi dinh; hoac

dugc phim dé didu tri bénh hodc tinh trang bénh trong d6 chét dbi khang ctia GLP-
IR duogc chi dinh, chira hop chét c6 cong thie I, I, 111, IV, hodc V, hodc mubi duoge dung
ctia n6, nhu duge xac dinh trong phwong an bat ky trong s6 cac phuong an dugc mo ta
trong ban mo ta nay.

Mbi Vi du hodc mudi duoc dung cua nod cod thé duogc yéu cau bao ho riéng biét
hodc nhom lai v6i nhau trong td hop bat ky véi s6 lugng bét ky ctia mot va mdi phuong
an dugc mo ta trong ban mo ta nay.

Sang ché con d& cap dén dugc pham chira hop chét c6 cong thire I, IL, 111, IV, hodc
V hodc mubi duge dung cia né, nhu duoc xac dinh trong phuong an bét ky trong s cac
phuong an dugc mo ta trong ban mo ta nay, dé dung trong diéu tri va/hodc phong nglra
bénh chuyén héa tim va cac bénh két hop dugc ban luan trong ban mo ta nay, bao gbdm
T2DM, bénh tién dai thao dudong, NASH, va bénh tim mach.

Phuong an khéc cua sang ché lién quan dén hop chét c6 cac cong thic L, 11, 111,
IV, hoac V, hodc mudi duoc dung cta n6, nhu dugce xac dinh trong phuong an bét ky
trong sb cac phuong an duwgc mo ta trong ban mo ta nay, dé sir dung trong diéu tri va/hoic
phong ngtra bénh chuyén hoa tim va cac bénh két hgp bao gdm céc bénh ddi thdo dudong
(T1D va/hodc T2DM, bao gém bénh tién dai thao duong), T1D tu phat (Typ 1b), bénh
dai thao dudng tw mién tiém 4n & ngudi 16n (LADA), T2DM khéi phat sém (EOD), bénh
dai thao duong khong dién hinh khéi phat & nguoi tré (youth-onset atypical diabetes -
YOAD), bénh dai thao dudong khai phat khi trudng thanh cua tré (maturity onset diabetes
of the young - MODY), bénh déai thdo duong lién quan dén suy dinh dudng, chiing ting
duong huyét, chung khang insulin, ching khang insulin ¢ gan, suy giam kha nang dung
nap glucoza, bénh than kinh do dai thao dudng, bénh than kinh do dai thdo dudng, bénh
than do dai thao duong, bénh than (vi du, r6i loan than cép, loan néng 6ng than, cac thay
dbi tién viem ddi véi cac dng luon gan), bénh vong mac do dai thio duong, loan nang té
bao tao m&, tich tu m& ndi tang, ngung thd khi ngd, béo phi (bao gbém béo phi do viing
du6i ddi va béo phi don gen) va céc tinh trang bénh ly ¢6 lién quan (vi du, bénh viém
xuong khdp man tinh va chimg khong kim ché duoc tiéu tién), cac rbi loan an udng (bao
gdm hoi ching an udng vé do, n 6i, va bénh béo phi c6 tinh chat hoi ching nhu cac hoi

chimg Prader-Willi va Bardet-Biedl), ting can do sir dung céac thudc khac (vi du, do st
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dung steroid va cac thudc chéng loan than), chiing thém dudng qua muc, rdi loan m&
mau (bao gdm tang lipit huyét, ting triglyxerit huyét, tang tong luong cholesterol,
cholesterol LDL cao, va cholesterol HDL thap), tang insulin huyét, NAFLD (bao gdm
cac bénh lién quan nhu ching nhiém m&, NASH, xo hda, xo gan, va caxinom té bao gan),
bénh tim mach, xo vita dong mach (bao g‘ém bénh mach vanh), bénh mach ngoai vi, tdng
huyét 4p, loan ning ndi mac, suy gidm tinh thich nghi ciia mach, suy tim sung huyét, nhodi
mau co tim (vi du hoai tir va chét té bao theo chuong trinh), dot quy, dot quy xuét huyét
ndo, dot quy thiéu mau nio, ton thurong ndo do chén thuong, ting huyét ap phdi, tai phat
hep sau tao hinh mach, chiing dau cach hoi, chtirng m& méu cao sau an, nhiém toan chuyén
hoa, bénh ketosis, chirng viém khop, chiung lodng xuwong, bénh Parkinson, phi dai tim
thét trai, bénh dong mach ngoai vi, thoai hoa diém vang, cuom mét, xo cung tiéu cau
than, suy than man tinh, hoi ching chuyén hoéa, hoi chimg X, hoi chung tién kinh nguyét,
chimg dau that ngure, chiing dau that nguc, ching huyét khéi, chimg xo vita dong mach,
con thiéu méau ndo cuc bd tam thoi, tai hep mach, suy giam chuyén hoa glucoza, tinh
trang suy giam glucoza trong huyét twong lic doi, ting ure huyét, gut, rbi loan chirc nang
cuong, ching r6i loan md lién két va da, bénh Véy nén, loét chan, viém loét dai trang,
tang apo B lipoprotein huyét, bénh Alzheimer, chimg tim than phan liét, suy giam nhan
thitc, bénh viém rudt, hoi ching rudt ngén, bénh Crohn, viém rudt két, hoi ching rudt dé
bi kich thich, phong ngira hodc diéu tri hoi chimg budng trimg da nang va diéu tri chimg
nghién (vi dy, nghién ruou va/hodc lam dung thuéc).
MO ta vin tit cac hinh vé

Fig. 1 1a ph6 nhiéu xa tia X trén mau bot quan sat dugc voi dang tinh thé khan
(anhydrat) (Dang 1) cua mubi tris ciia hop chét Vi du 7.

Fig. 2 la phé nhiéu xa tia X trén mau bot quan sat dugc véi dang tinh thé khan
(anhydrat) (Dang A) ctia mudi tris ctia hop chat Vi du 10.
M@ ta chi tiét sang ché

Céc tir viét tit dugc stir dung trong ban mo ta nay duoc dinh nghia nhu sau:

Thuat ngit "alkyl”, nhu dugc st dung trong ban mo ta nay, c6 nghia la nhom
hydrocacbon hoa tri mot mach thrfmg hodac mach nhanh c6 cong thirc -CoHen+1). Vi du
khong gidi han bao gdm metyl, etyl, propyl, butyl, 2-etyl-propyl, 1,1-dimetyletyl, pentyl

va hexyl.
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Thuét ngit "alkylen”, nhu dugc str dung trong ban md ta nay, c6 nghia 1a nhém
hydrocacbon hoa tri hai t mach thang hodc mach nhanh c6 cong thirc -CoHpn+1). Céc vi
du khong gioi han bao gdm etylen, va propylen.

Thuéat ngit "xycloalkyl", nhu dugc sit dung trong ban md ta nay, c6 nghia 1a nhém
hydrocacbon ho4 tri mft dang vong c6 cong thirc -CaHpn-1) chira it nhét ba nguyén tir
cacbon. Vi du khong gidi han bao gdm xyclopropyl, xyclobutyl, xyclopentyl va
xyclohexyl.

Thuét ngit “halogen” nhu dugc st dung trong ban mo ta nay dung dé chi florua,
clorua, bromua va iodua.

Thuat ngit “heteroxycloalkyl”, dugc st dung trong ban mo ta nay, dung dé chi
nhom xycloalkyl trong d6 mot hodc nhiéu nhém metylen ctia nhan (-CH»-) da dugc thay
thé bang nhom duoc chon tir -O-, -S- hodc nito, trong d6 nito co thé tao ra diém gan két
hodc c6 thé duoc thé nhu dugc dé xuét trong mdi phuong 4n. Tai chd nito tao ra diém
gfin két, hinh v& c4u tric cia heteroxycloalkyl c6 thé chtra hydro trén nito nay. Néi chung,
heteroxycloalkyl c6 thé duoc thé bang 0 dén 2 phan tir thé ¢ dang hoéa tri cho phép doc
lap duge chon tir oxo, —CN, halogen, alkyl va —Oalkyl v alkyl ny c6 thé dugc thé tiép.
Ciing cAn luu ¥ ring khi viée thé 1a 0, heterocycloalkyl 1a khong duoc thé.

Thuat ngt “heteroaryl”, dugc st dung trong ban md td nay, dung dé chi
hydrocacbon thom don vong chira tir 5 dén 6 nguyén tir cacbon trong do it nhét mot trong
sénguyént&cacboncﬁanh&1déduqcthaythébéngnguyéln}khécloaidugcchontﬁ
oxy,nﬁovﬁluuhuYnh[Nhénlthnxuylnaycéthéduqcgénvaonguyént&cacboncﬁa
nhan hodc, khi héa tri cho phép, qua nguyén tir nito ciia nhan. No6i chung, heteroaryl nay
6 thé duge thé bang 0 dén 2 phan tir thé & dang hoa tri cho phép doc 1ap duge chon tir
halogen, OH, alkyl, O-alkyl, va amino (vi du, NH», NHalkyl, N(alkyl).), va alkyl nay c6
thé dugc thé tiép. Ciing can luu y rang khi viéc thé 1a 0, heteroaryl 1a khong dugc thé.

Nhiét do trong phong RT (15 dén 25 °C).

Metanol MeOH.

Etanol: EtOH.

Isopropanol: iPrOH.

Etyl axetat EtOAc 10:90 dén 0:100.

Tetrahydrofuran: THEF.

Toluen PhCHs.
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Xesi cacbonat Cs2CO:s.

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.

Trifloroaxetic anhydrit TFAA.

Axetic anhydrit AcO.

Diclometan DCM.

1,2-Dicloetan: DCE.

Axit clohydric HCL
1,8-diazabixyclo[5.4.0]Jundec-7-en: DBU.
Phirc boran-dimetylsulfua: BH3-DMS.
Phtrc boran-tetrahydrofuran: BH3-THF.
Lithi nhém hydrua: LAH.

Axit axetic: AcOH.

Axetonitril: MeCN.

Axit p-toluensulfonic: pTSA.
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.
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Metansulfonyl: Ms.

N-Metylpyrolidinon: NMP.

Séc ky 16p méng: TLC.

Séc ky 16ng siéu toi han: SFC.

4-(Dimetylamino)pyridin: DMAP.

Tert-Butyloxycacbonyl: Boc.

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

Xang: PE.

2-(1H-Benzotriazol-1-yl)-1,1,3,3-tetrametyluroni hexaflophosphat: HBTU.

2-Amino-2-(hydroxymetyl)propan-1,3-diol: tris.

tris(dibenzylidenaxeton)dipaladi: Pd2(dba)s

Phé cong hudng tir hat nhan (Nuclear magnetic resonance - NMR) 'H trong moi
truomg hop phu hop v6i clu truc da d& xuat. P chuyén dich héa hoc (8) duge tinh theo
phan triéu so v&i tin hiéu proton du trong dung mdi terri héa (CHCl: ¢ 7,27 ppm;
CD,HOD 6 3,31 ppm; MeCN & 1,94 ppm; DMSO & 2,50 ppm) va dugc thong bao bang
cach st dung cac chir viét tit thong thuong dé chi cac dinh quan trong: vi du s, bd don;
d, bd ddi; t, b ba; g, bd bdn; m, nhidu bod; br, rong. Ky hiéu  chi ra ring dién tich dinh
IH NMR duoc gia thiét do dinh nay bi md mot phan béi dinh nude. Ky hiéu * chi ra
ring dién tich dinh 'H NMR dugc gia thiét do dinh nay bj md mot phan béi dinh dung
moi.

/ 3 r 7 3
“7%» chi diém gan két cia phan ti

Nhu duoc st dung & day, duong lugn song,
thé v6i nhém khéc.

Céc hop chét va cac chat trung gian dugc md ta dudi day duge goi tén bang quy
udc dit tén theo ACD/ChemSketch 2012, File Version C10H41, Build 69045 (Advanced
Chemistry Development, Inc., Toronto, Ontario, Canada). Quy udc dat tén theo
ACD/ChemSketch 2012 da duoc nguoi ¢6 hiéu biét trung binh vé linh vuc nay biét rd va
quy ude dat tén theo ACD/ChemSketch 2012 dugc cho thuong tuén theo cac khuyén nghi
cua IUPAC (International Union for Pure and Applied Chemistry) vé danh phap ctia héa
hoc hitu co va cac quy tic chi sé CAS. Cén luu ¥ rang céc tén héa hoc c6 thé chi c6 cac
diu ngodc don hoic c6 thé c6 ca cac dau ngodc don va cac d4u ngoic vudng. Cac dau ky

hiéu héa hoc 1ap thé cling co thé dugc dat & cac vi tri khac nhau trong ban than tén hop
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cht, ty thudc vao quy wdc dat tén. Ngudi c6 hiéu biét trung binh trong linh vurc nay sé
hidu 1 cac bién thé v& hinh thirc nay va hiéu ring cac bién thé nay thé hién cu tric hoa
hoc nhu nhau.

BAuéiduchungcﬁacéchgpchétcécéngth&cI;H,HLI\Choéc\/baogénnnuéi
cOng axit va mubi cong bazo.

Céac mubi cong axit thich hop duoc didu ché tir cac axit ma dé didu ché cac mudi
khong doc. Vi du bao gdm cidc mudi axetat, adipat, aspartat, benzoat, besylat,
bicacbonat/cacbonat, 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 cua axit 1,5-
naphatalendisulfonic va xinafoat.

Céc mubi bazo thich hop duogc tao ra tir cac bazo tao mudi khong doc. Vi du bao
gdm mudi nhém, 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.

Mubi hemi cua céc axit va bazo cling co thé dugc tao ra, vi du, mudi hemisulfat
va hemicanxi. V& cac mudi thich hop, xem tai liéu Handbook of Pharmaceutical Salts:
Properties, Selection, and Use cua Stahl va Wermuth (Wiley-VCH, 2002).

hduéiduchungcﬁacéchqpchétcécéngthﬁclcéthéduqc(ﬁéuchétheornét
hodc nhiéu trong sé ba phwong phap sau:

(1) bang cach cho hop chit c6 cong thire I phin (mg véi axit hodc bazo mong mudn;

(ii) bang cach loai nhém béo vé axit hodc bazo khong bén khoi tién chét thich hop cua
hop chét ¢6 cong thirc I hodc bing cach md vong tién chat vong thich hop, vi du,
lacton hoac lactam, bé‘mg cach st dung axit hodc bazo mong mubn; hodc

(iii) bang cach bién d6i mot mudi ciia hop chat c6 cong thirc I thanh mudi khac bang phan
g vdi axit hodc bazo thich hop hodc bang cot trao dbi ion thich hop.
Ca ba phan ung nay thuong dugc thuc hién trong dung dich. Mubi thu duge c6 thé

két tiia va duge thu gom bang cach loc hodc ¢6 thé duge thu héi biang cach lam bay hoi
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dung mdéi. Mtre do ion hoa trong mudi thu dugc c6 thé thay ddi tir ion héa hoan toan dén
hau nhu khéng ion hoa.

Céc hop chét c6 cong thirc I, va mudi duge dung cia ching, c6 thé ton tai dudi
dang khong solvat hoa va solvat hoa. Thuat ngit "solvat” duoc sir dung ¢ day dé mo ta
phirc phan tir gdm hop chat c6 cong thuc I, hodc mubi duge dung clia n6, va mot hodc
nhiéu phan tir dung méi dugc dung, vi dy, etanol. Thuét ngit ‘hydrat’ dugc dung khi dung
mdi nay la nude.

Hé théng phén loai hién dugc chap nhan cho hydrat hitu co 1a hé ma x4c dinh céc
hydrat vi tri tach, hydrat ranh, hodc hydrat phéi hop ion kim loai - xem tai li€u

Polymorphism in Pharmaceutical Solids ctia K. R. Morris (Ed. H. G. Brittain, Marcel

Dekker, 1995). Cac hydrat vi tri tach la cac hydrat trong d6 cac phan tr nu6c dugce tach
khoi tiép xtc truc tiép v6i nhau bing cach ¢ thé thiép vao cac phan tit hitu co. O céc
hydrat ranh, cac phén tir nuéc ndm trong cac kénh mang tinh thé trong d6 chung nam ké
v6i cac phan tir nude khac. Trong hydrat phdi hop ion kim loai, cac phan tit nuéc duge
lién két vé6i ion kim loai.

Khi dung mdi hodc nude lién két chit ché, phirc chit nay c6 thé c6 hé s6 ty luong
xac dinh doc 1ap v6i do Am. Tuy nhién, khi dung méi hodc nudc lién két yéu, nhu trong
cac solvat rdnh va cac hgp chit hut 4m, luong nude/dung moi s€ phu thude vao do am va
diéu kién lam kho. Trong nhitng truong hop nhu vy, s& 1a khong ty lugng.

Sang ché ciing bao gdm céc phirc da thanh phén (ngoai mubi va solvat) trong d6
thudc va it nhat mot thanh phan khac c6 miat v6i lugng ty luong hodc khong ty lwong.
Céc phurc loai nay bao gdm clathrat (phtre thé viii chira thudc) va dong tinh thé. Cc dong
tinh thé dugc xac dinh 1a cac phuc tinh thé gbm cac thanh phan phan tir trung tinh dugc
lién két v6i nhau qua tuong tac khong cong hoa tri, nhung cling ¢ thé 1a phirc cia phan
ti trung tinh v6i mudi. Cac ddng tinh thé c6 thé dugc didu ché biang cach két tinh chay,
bang cach két tinh lai tir dung mdi, hodc bang cach nghién vat Iy cac thanh phén vé6i nhau;
xem Chem Commun, 17, 1889-1896, cia 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 chat theo sang ché c6 thé tdn tai & dang thé lién tuc gdbm cAc trang thai
rén tir hoan toan vo dinh hinh dén hoan toan tinh thé. Thuat ngit ‘vd dinh hinh’ chi trang

thai trong d6 vat chét khong c6 trat ty xa & mitc phan tir va, tily thudc vao nhiét do, c6
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thé thé hién céc tinh chét vat ly cua chit rin hodc chit long. Thong thudng, cic vat chat
nhu vay khong tao ra mau nhiéu xa tia X riéng biét va chinh thirc dugc mo ta 1a chét long,
trong khi van thé hién cac dic tinh cua chét ran. Khi dun nong, su thay dbi dic tinh tur
chét rin sang chét 16ng xay ra dic trung béi su thay d6i trang thai, thuong 13 chuyén pha
loai hai (‘chuyén pha thuy tinh’). Thuat ngit ‘tinh thé’ chi pha rin trong d6 vat cht c6
cAu tric ndi tai theo trat tu hop quy & mtrc do phén tir va tao ra mau nhiéu xa tia X riéng
biét v&i cac dinh xac dinh. Cac vat chéit nhu vat khi duoc dun nong du cling s& thé hién
céc dac tinh cua chat 10ng, nhung su thay doi tir chét rin sang chét 16ng dic trung béi su
chuyén pha, thuong 1a chuyén pha loai mét (‘diém néng chay’).

Céc hop chét c6 cong thic I cling c6 thé ton tai & trang thai trung gian (pha trung
gian hodc tinh thé 16ng) khi dugc dua vao cac diéu kién thich hgp. Trang théi trung gian
1a trung gian giita trang thai tinh thé thure su va trang thai 16ng thuc sy (hodc néng chay
hodc dung dich). Hién twong v& trang thai trung gian phat sinh do su thay d6i nhiét do
dwoc mo ta 1a ‘thay ddi pha theo nhiét do> va do viéc bd sung thanh phan thir hai, nhu
nudce hodc dung moi khac, duge md ta 1a ‘thay d6i pha theo ndng d6’. Céc hop chét ¢6
kha néing tao ra pha trung gian thay doi pha theo ndéng d6 dugc mod ta 1a ‘ludng 4i’ va gdm
cac phén tir 6 nhém dau cuc ion (nhu -COO"Na*, -COOK*, hodc -SO3"Na*) hodc khong
ion (nhu -N"N*(CH3)3). Dé biét thém thong tin, xem tai liéu Crystals and the Polarizing

Microscope ctia N. H. Hartshorne va A. Stuart, 4" Edition (Edward Arnold, 1970).

Céc hop chat ¢6 cong thire I ¢6 thé ton tai & dang da hinh va/hodc mot hoic nhiéu
loai dong phan (vi du déng phan quang hoc, d6ng phan hinh hoc hoic d6ng phan hd bién).
Céc hop chét ¢ cong thirc I ciing c6 thé dugc danh diu dong vi. Thay d6i nhu vay la
ngam dinh & cac hop chét ¢6 cong thirc I duge xac dinh nhur vbn c6 bang cach dé cap dén
cac dac diém ciu truc cua chung va do d6 thudc pham vi ciia sang ché.

Céc hop chat c6 cong thire I chira mot hogc nhiéu nguyén tir cacbon khong d6i
xtng c6 thé ton tai & dang hai hodc nhiéu chit dong phan lap thé. Khi hop chét ¢6 cong
thirc I chita nhom alkenyl hodc alkenylen, c6 thé c6 cac chat ddng phan hinh hoc cis/trans
(hoic Z/E). Khi c4c chat dong phan cau triic c6 thé chuyén hoa 13n nhau & rao ning luong
thép, thi ¢6 thé xut hién hién twong déng phén tautome (‘hién tugng hd bién’). C6 thé
c6 hién tuong hd bién proton & cac hop chét c6 cong thie I chira, vi dy, nhém imino,

keto, hodc oxim, hodc hién tugng goi 1a hién tuong hd bién hoéa tri & cac hop chét chira
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géc thom. Kéo theo d6, mdt hop chét c6 thé co kha nang tao ra nhiéu hon mot loai hd
bién.

Mubi duoc dung ctia cac hop chit c6 cong thirc I ciing c6 thé chira ion tréi dau co
hoat tinh quang hoc (vi du d-lactat hodc 1-lysin) hodc triét quang (vi du dl-tartrat hodc dl-
arginin).

Céc chét ddng phan cis/trans ¢6 thé duoc tach bang cac phuong phap thong thuong
da biét rd déi voi nguoi 6 hiéu biét trung binh trong linh vire k¥ thuat nay, vi du, sic ky
va két tinh phan doan.

Céc k¥ thuat thong thuong dé diéu ché/tach phan 1ap cac chat dong phan ddi anh
riéng biét bao gdm qué trinh tong hop bét dbi ximg tir tién chét tinh khiét v& mat quang
hoc thich hop hodc tach phéan giai chét triét quang (hodc chét triét quang ctia mudi hogc
dan xuét) st dung, vi du, phuong phéap sic ky 16ng cao 4p bat déi xting (HPLC). Theo
cach khac, tién chét triét quang chira este bit dbi c6 thé duoc tach bang cach phan giai
enzym (xem, vi du, Int J Mol Sci 29682-29716 by A. C. L. M. Carvaho et. al.
(2015)).Trong trudng hop trong d6 hop chit c6 cong thic I chia gbc axit hodc bazo,
mudi ¢6 thé dugce tao thanh véi bazo hodc axit tinh khiét quang hoc nhur 1-phenyletylamin
hodc axit tartric. Hon hop khong ddi quang thu duoc c6 thé dugc tach bang két tinh phan
doan va mot hodc ca hai mudi ddng phan khong dbi quang dwogc chuyén hoa thanh (cac)
chit ddng phan dbi anh tinh khiét twong tmg bang cic phuong phap di biét ro @i vai
ngudi 6 hiéu biét trung binh trong linh vuc k§ thuat nay. Theo cach khac, chét triét quang
(hodc tién chét triét quang) c6 thé dugc phan ing cong héa tri v6i hop chét quang hoat
thich hop, vi du, ruou, amin hodc benzylic clorua. Hon hop dong phan khong d6i quang
thu duoc c6 thé duoc tach bang sic ky va/hodc két tinh phan doan bing cac phwong phép
da biét rd ddi v6i ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuét nay dé tao ra cac
chit ddng phan khong dbi quang da tach dudi dang cac chat dong phan ddi anh riéng ré
¢6 2 hodc nhiu tdm bat dbi ximg. Cac hop chét c¢6 cong thirc I bt dbi ximg (va tién chat
bat di ciia ching) c6 thé thu dugc & dang giau chit dong phan ddi anh bang cach st dung
phuong phap sic ky, thuong 1a HPLC, trén nhwa khong dbi xtmg v6i pha dong chira
hydrocacbon, thuong 1a heptan hodc hexan, chtra tir 0 dén 50% thé tich 1a isopropanol,
thuong tir 2% dén 20%, va tir 0 dén 5% thé tich 13 alkylamin, thuong 1a 0,1% dietylamin.
Nong d6 san pham giai hap tao ra hdn hop giau chét dong phan dbi anh. Phuong phap

sac ky bat doi st dung chat 1ong chua téi han va siéu téi han ¢6 thé dugce sir dung. Cac
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phuong phép sic ky bét ddi xtung hiru dung theo mot sd phuong 4n ctia sdng ché 1a da
biét trong linh vuc nay (xem, vi du, Smith, Roger M., Loughborough University,
Loughborough, UK; Chromatographic Science Series (1998), 75 (SFC véi cOt nhdi), pp.
223-249 va cac tai liéu tham khao duogc vién dan trong tai li¢u nay). Theo mot sb vi du
lién quan & day, cac cot thu duoc tur Chiral Technologies, Inc, West Chester,
Pennsylvania, USA, cdng ty con ctia Daicel® Chemical Industries, Ltd., Tokyo, Japan.

Khi chét triét quang bét ky két tinh, c6 thé ¢6 hai loai tinh thé khac nhau. Loai thi
nhét 1 hop chét triét quang (raxemat thuc) duge dé cap trén ddy, trong d6 mot dang tinh
thé ddng nhat dugc tao ra chira ca hai chat ddng phan d6i anh vé6i lwong dang mol. Loai
tht hai 1a hdn hop hoic khoi két triét quang, trong d6 hai dang tinh thé dugc tao ra véi
lwong ding mol, mdi dang bao gém chi mot chét dong phan dbi anh. Trong khi ca hai
dang tinh thé c6 trong hdn hop triét quang c6 tinh chét vat Iy nhu nhau, ching c6 thé c6
c4c tinh chat vat Iy khic so véi raxemat thwe. Cac hon hop triét quang c6 thé duoc phan
tach bang cac k¥ thuat da biét dbi voi ngudi ¢6 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 nhdn manh ring céc hop chit ¢6 cong thirc I duoc vé & day mic du & dang
dong phan hd bién don nhung toan bd cac dang hd bién c6 thé khéc cling duoc bao ham
trong pham vi ctia sang ché.

Sang ché bao gdm tat ca cac hop chit co cong thire I duoc danh déu bang dong vi
duoc dung trong d6 mdt hodc nhiu nguyén tir duoc thay thé bing cac nguyén ti c6 cling
sd nguyén tir, nhung khéi luong nguyén tir hodc sé khdi khac véi khéi lwong nguyén tir
hodc sb khéi chiém wu thé trong tu nhién.

Vi du vé cac nguyén té dong vi thich hop dé dua vao cac hop chét theo sang ché
bao gom, cac nguyén td ddng vi ciia hydro, nhu 2H, va 3H, cacbon, nhu ''C, 13C, va C,
clo, nhu 3¢Cl, flo, nhu '8F, iot, nhu 1231 va %I, nito, nhu *N va PN, oxy, nhu 0, 70, va
130, phospho, nhu 32P, va luu huynh, nhu 3°S.

Mot s6 hop chét ¢6 cong thirc I duge danh déu bang dong vi nhat dinh, vi du céc
hop chat két hop dong vi c6 hoat tinh phong xa, 14 hitu dung trong cac nghién ctru vé
phan phdi thudc va/hodc mé co chat. Cac nguyén to dong vi phong xa triti, tirc 13, °H, va
cacbon-14, tirc 13, *C, 1a dic biét hitu dung cho muc dich nay vi dé dua ching vao va co

san cac phuong tién nhan biét.
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Viéc thay thé bang cac nguyén t& dong vi ning hon nhu doteri, tirc 1a 2H, c6 thé
tao ra mot s6 ich loi v& mit chira bénh do do bén chuyén hoa cao, vi du, thoi gian ban
hay in vivo cao hodc yéu cau vé liéu luong thap.

Su thé bing cac nguyén t6 ddng vi phat positron, nhu ''C, '8F, 10 va BN, c6 thé
hiru dung trong cc nghién ctru vé chup cit 16p phat positron (PET) dé kiém tra sy chiém
chd cta thu thé nén.

Céc hop chét c6 cong thie I ddnh du ddng vi thudng co thé duoc diéu ché biang
cac k¥ thuat thong thudong da biét déi voi ngudi c6 hidu biét trung binh vé linh vuc nay
hodc bang cac quy trinh trong tw nhu cic quy trinh duge mo ta trong phan didu ché va
phan vi du kém theo bang cach st dung chét phan tmg danh ddu dong vi thich hgp thay
cho chit phan ung khong danh dau dugc sir dung trude dob.

Céc solvat duoc dung theo sang ché bao gdm céc chét trong d6 dung moi ctia qua
trinh két tinh c6 thé duogc thay thé dong vi, vi du D»0, de-axeton, ds-DMSO.

Mot cach dé thuc hién sang ché 1a sir dung hop chét c6 cong thirc I & dang tién
duoc chat. Do d6, cac dan xudt nhat dinh cta hop chét c6 cong thirc I ma ban than ching
khong c6 hodc c6 hoat tinh dugc ly thép c6 thé, khi dung trong hoiac trén co thé, duoc
chuyén hoa thanh hop chit ¢6 cong thirc I ¢6 hoat tinh mong mudn, vi dy, bang cach phan
ct thiy phan, cu thé 1a phan cét thity phan nho enzym esteraza hodc peptidaza. Céc dan
xuit nhu vdy duoc goi 1a “tién duge chét’. C6 thé xem thong tin thém vé viéc sir dung
cac tién dwgc chit 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). Cling
¢ thé tham khao tai liéu Nature Reviews/Drug Discovery, 2008, 7, 355 va Current
Opinion in Drug Discovery and Development, 2007, 10, 550.

Céc tién duoc chét theo sang ché c6 thé, vi dy, dugc diéu ché béng cach thay thé
cac nhom chue thich hop ¢6 trong cac hop chét ¢6 cong thirc I bang mot s6 gdc nhét dinh
ma ngudi c6 hidu biét trung binh trong linh vic k§ thuat nay biét dén nhu 13 “tién gbc’
nhu dugc md ta, vi du, trong tai liéu ‘Design of Prodrugs’ cua 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).
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Do do, tién duogc chét theo sang ché 1a (a) din xuét este hodc amit cua axit

carboxylic trong hop chit c6 cong thuac I; (b) dan xuét este, cacbonat, carbamat, phosphat

hodc ete ciia nhom hydroxyl trong hop chét c6 cong thirc I; (c) din Xuat amit, imin,

carbamat hodic amin ctia nhém amino trong hop chét c6 cong thirc I; (d) dan Xuét oxim

hodc imin ctia nhom cacbonyl trong hop chét c¢6 cong thirc I; hodc (e) metyl, rugu bac

mdt hodc nhom aldehyt ma c6 thé dugc oxy héa nho chuyén hoéa thanh axit carboxylic

trong hop chat c6 cong thire .

(1)

(i)

(iii)

(iv)

v)

(vi)

Mot sb vi du cu thé vé cac tién dugc chét theo sang ché bao gém:

trong d6 hop chat c6 cong thire I chira nhém chuce axit carboxylic

(-COOH), este cuia n6, nhu hgp chét trong d6 hydro ctia nhém chirc axit carboxylic
ctia hop chat c6 cong thire I dugce thay thé bang Ci-Cs alkyl (vi du etyl) hodc (Ci-
Cs alkyl)C(=0)OCHa- (vi du 'BuC(=0)OCH:-);

trong d6 hop chét c6 cong thirc I chira nhém chire rugu (-OH), este cua né, nhu
hop chat trong d6 hydro cia nhém chire rugu cta hop chét c6 cong thic I dugc
thay thé bang —CO(C;-Cs alkyl) (vi du metylcacbonyl) hodc rugu dugc este hoa
bang axit amin;

trong d6 hop chit c6 cong thire I chira nhém chire rugu (-OH), ete ciia nd, nhu hop
chét trong d6 hydro ctia nhém chirc rugu cia hgp chét c6 cong thic I dugc thay
thé bang (Ci-Cs alkyl)C(=0)OCHa- hoic ~CH20P(=0)(OH)z;

trong d6 hop chat c6 cong thirc I chira nhém chire rugu (-OH), phosphat cua no,
nhu hop chét trong d6 hydro ctia nhém chire rugu cia hop chét c¢6 cong thirc I
duoc thay thé bing —P(=0)(OH), hoic —P(=0)(ONa), hoic —P(=0)(0-)2Ca*";
trong d6 hop chat ¢6 cong thirc I chita nhém chirc amin bac nhét hodc bac hai (-
NH; hodc -NHR trong d6 R # H), amit ciia n6, vi du, hop chét trong do6, nhu truong
hop nay c6 thé 13, mot hodc cd hai hydro cia nhém chtrc amin cia hop chét c6
cong thirc I dugc thay thé bang (Ci-10)alkanoyl, -COCH,NH; hodc nhém amino
duoc tao dan xuét béng axit amin;

trong d6 hop chat ¢6 cong thirc I chita nhém chirc amin bac nhat hodc bac hai (-
NH> hoidc -NHR trong d6 R # H), amin cta n6, vi du, hop chét trong d6, nhu
truong hgp nay co thé 13, mot hodc ca hai hydro ctia chirc amin cta hop chat ¢o

cong thuc I duge thay thé bing -CH,OP(=0)(OH)y;
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(vii) trong d6 nhom axit carboxylic trong hop chét c6 cong thie I duge thay thé bang
nhom metyl, nhém -CH>OH hodc nhom aldehyt.

Ban than cac hop chét nhét dinh c6 cong thtrc I c6 thé tac dong nhu la cac tién
duoc chét ctia cac hop chét khac ¢6 cong thiie I. Cling ¢6 thé 12 hai hop chit c6 cong thirc
I duoc ndi voi nhau dé tao thanh tién duoc chat. Trong cic trudng hop nhit dinh, tién
duge chét ctia hop chit c6 cong thire I ¢6 thé dugce diéu ché bang cach ni lién két hai
nhom chire trong hop chét ¢6 cong thire I, ching han bang cach tao thanh lacton.

Viéc vién dan dén cac hop chat c6 cong thirc I bao gbm ban than cac hop chit va
tién dugc chit cia chung. Sang ché bao gébm cac hop chét c6 cong thire I nhu vay cling
nhu mudi duge dung ciia cac hop chét nay va solvat duge dung cia cc hop chit va mubi
nay.

Cach ding va liéu lwong

Thong thudng, hop chit cia sang ché dugc dung vé6i luong c6 hiéu qua diéu tri
tinh trang bénh ly nhu dugc mo ta ¢ day. Cac hop chét theo sang ché co thé dugc dung
nhu 12 ban than hop chit, hoac cach khéc, nhu 1a mudi dugc dung. Dé ding va phan liéu,
ban than hop chat hoic mudi dugce dung ciia né s& don gian dwoc dé cap nhu 1a cac hop
chét ctia sang ché.

Céc hop chét cua sang ché duge ding theo duong dung thich hop bat ky & dang
dugc phim duge bao ché ph hop vé6i dudong dung do, va véi liéu luong c6 hiéu qua cho
didu tri dy dinh. Cac hop chét theo sang ché c6 thé dugc dung qua duong miéng, qua
duong truc trang, qua am dao, ngoai duong tiéu hoa, hodc khu tru.

Céc hop chit cua séang ché co thé dugce dung qua duong miéng. Viéc dung qua
duong miéng ¢ thé gom nubt, sao cho hop chit di vao ng da day rudt, hogc viéc dung
trong ma hodc dudi ludi co thé duoc thuc hién, nho d6 hop chat di vao mau truc tiép tur
miéng.

Theo mdt phuong an khéc, cac hop chét theo sang ché co thé duoc dung truc tiép
vao mau, vao co, hodc vao co quan bén trong. Cac céach thich hop dé dung ngoai duong
tiéu hoa gdm dung trong tinh mach, trong dong mach, trong phac mac, trong tay mac,
trong tAm thét, trong niéu dao, trong xuong trc, trong hop so, trong co va dudi da. Céc
dung cu thich hop dé ding ngoai duong tiéu hoa gdm cac bom kim tiém (2dm bom tiém

vi kim), cac bom tiém khong c6 mili kim va céc k¥ thuat truyén.
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Theo mot phwong an khac, cac hop chét theo sang ché ciing c6 thé dugc dung khu
tra trén da hodc niém mac, nghia la dung ¢ da hodc qua da. Theo mot phuong an khéc,
cac hop chat theo sang ché ciing ¢6 thé duoc dung trong miii hodc bang cach hit. Theo
mdt phuong 4n khac, cac hop chét clia sang ché ¢6 thé duoc ding qua truc trang hodc
qua 4m dao. Theo mdt phuong an khéc, cac hop chit theo sang ché ciing c6 thé dugc
ding truc tiép cho mat hoic tai.

Ché db lidu lugng dbi véi cac hop chét theo sang ché va/hoac cac ché phém chira
cac hgp chét nay dugc dua trén nhiéu yéu td, gém loai bénh, tudi tac, thé trong, gigi tinh
va tinh trang bénh ly cia bénh nhan; mic dd nghiém trong cia tinh trang nay; duong
dung; va hoat tinh cua hop chét cu thé duoc st dung. Do do, ché 6 lidu luong co thé
thay dbi mot cach rong rai. Theo mot phwong 4n, téng liéu hang ngay ciia hop chat theo
sang ché thuong nam trong khoang tir 0,001 dén khoang 100 mg/kg (tirc 13, mg hop chét
theo sang ché trén kg thé trong) dé diéu tri c4c tinh trang chi dinh duogc ban luan & day.
Theo phwong 4an khéc, tong lidu hang ngay cua hop chét theo sang ché 14 tir khoang 0,01
dén khoang 30 mg/kg, va theo phwong 4n khéc, tir khoang 0,03 dén khoang 10 mg/kg, va
theo phurong an khac nita, tir khoang 0,1 dén khoang 3. Khong phai hiém gip truong hop
viée ding cac hop chat theo sang ché dwoc lap lai nhiéu lan trong ngay (dién hinh 1a
khong nhiéu hon 4 1dn). Cac da liéu mot ngay thuong co thé duoc st dung dé gia ting
téng lidu mot ngay, néu mudn.

Pé dung qua duong miéng, cac ché phdm c6 thé duge tao ra dudi dang cac vién
nén chira 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 lwgng ding cho bénh nhan
theo triéu chimg. Thubc thudong chira tir khoang 0,01mg dén khoang 500mg thanh phan
hoat tinh, hodc theo mot phuong 4n khac, tir khoang 1mg dén khoang 100mg thanh phan
hoat tinh. Trong tinh mach, liéu ding c6 thé nim trong khoang tir 0,01 dén khoang
10mg/kg/phut trong qua trinh truyén tdc d6 khong doi.

Céc dbi twong thich hop theo sang ché gdm cac ddi twong dong vat ¢6 vii. Theo
mot phuong an, nguoi la d6i tuong thich hop. Pdi tugng ngudi co thé 14 nguoi c6 gibi
tinh bit ky va & giai doan phat trién bét ky.

Duoc phim
Theo mét phwong 4n khac, sang ché gébm céac duoc phidm. Cac duoc phdm nay

chira hop chit theo sang ché c6 mit cling vé6i chit mang duoc dung. Céac chét c6 hoat tinh
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duoc 1y khac cling co thé ¢6 mat. Nhu dugc st dung & day, “chat mang dugc dung” bao
gOm bt ky va tit ca dung mdi, mdi truong phan tén, chét bao, chit khang khuan va khang
nim, cdc chit dang truong va lam cham su hép thu, va cac chét tuong tu twong thich vé
mit sinh ly. Vi du vé chit mang dugc dung bao gbm mot hodc nhiéu trong sé nuéc, nude
mudi, dung dich mubi dém phosphat, dextroza, glyxerol, etanol va céac chét tuong tu,
ciing nhu 1a cc két hop cia chiing va c6 thé bao gdbm céc chit dang truong, vi du, duong,
natri clorua, hoac cac rugu polyhydric nhu manitol, hodc sorbitol trong ché pham. Cac
chét dugc dung nhu chét lam w6t hodc lugng nho cda céac chét phu trg nhu chit 1am w6t
hoiac cht nhii hoa, chit bao quan hodc chit dém, ma lam tang cuong thoi han sir dung
hodc hiéu luc cua khang thé hoac mot phan khang thé.

Ché phim theo sang ché co thé & cac dang khic nhau. C4c dang nay bao gdm, vi
du, dang lidu long, ban ran va ran, nhu dung dich long (chéng han, dung dich c6 thé tiém
dugcvaco thé truyén dugc), thé phén tan hodc hon dich, vién nén, vién tron, bot, liposom
va thudc dan. Céc dang nay tiry thudce vao phuong thire dung dugc dy dinh va tmg dung
tri liu.

Céac ché phém dién hinh 1a & dang dung dich c6 thé tiém duoc hodc truyén duoc,
nhu ché pham tuwong tw nhur ché pham dung dé gay mién dich thu dong cho nguoi véi cac
khang thé néi chung. Mot phuong thirc dung 1a ngoai dudng tiéu hoa (ching han, trong
tinh mach, duéi da, trong mang bung, trong co). Theo mdt phuong an khac, khang thé
dugc dung bang cach truyén hodc tiém trong tinh mach. Theo mot phuong 4n khéc nita,
khang thé dugc dung bing cach tiém trong co hodc duéi da.

Dang lidu rdn dung qua duong miéng co thé, vi du, duoc trinh bay dudi cac don
vi riéng biét, nhu vién nang ciing hodc vién nang mém, vién tron, vién nhén, vién ngam,
hodc vién nén, mdi don vi nay chira luong dinh trude cua it nhat mot hop chét theo sang
ché. Theo mdt phuong 4n khéc, dang dung qua duong miéng nay c6 thé 12 dang bot hodc
dang hat. Theo mdt phuwong an khéac, dang lidu dung qua dudng miéng 1a dang dung dudi
ludi, nhu, vi dy, vién ngdm. Trong cac dang liéu luong ran nhu vy, cac hop chit c6 cong
thire I thuong dugc két hop v61 mot hodc nhiéu ta duogc. Cac vién nang hodc vién nén
nhu vay c6 thé chira dang bao ché giai phong c6 kiém soét. Trong trudng hop vién nang,
vién nén, va vién tron, cac dang lidu luong cling ¢ thé chira chit dém hoic c6 thé dugc

bao cheé v4i cdc mang bao tan trong rudt.
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Theo mdt phuong an khac, dang dung qua duong miéng co thé 1a dang lidu 16ng.
Céc dang lidu luong 1ong dé dung qua dudng miéng gbm, vi du, cdc nhil tvong, dung
dich, hon dich, xird, va c¢én ngot duoc dung chira cic chét pha lodng tro thuong dung
trong linh vuc nay (vi du, nude). Cac ché phidm nhu vay ciing c6 thé con chira céc ta
dugc, nhu chit 1am wét, chit nhil hoa, chit tao huyén phu, chét tao huong vi (vi du, chét
lam ngot), va/hodc chét tao huong.

Theo mdt phuong 4n khéc, sang ché gdm dang liéu ding ngoai duong tiéu héa.
“Viéc dung ngoai duong ti€u héa" bao gbm, vi du, viéc tiém duéi da, tiém trong tinh
mach, tiém trong phuc mac, ti€ém trong co, tiém trong xwong Uc, va truyén. Cac ché pham
tiém dugc (tie 13, cac hdn dich dang nudc hodc dang dau vo trung tiém duoc) co thé dugc
bao ché theo phuong phap da biét trong linh vuc ndy bang cach sir dung céc chit phan
tan, chét lam uét, va/hodc chét tao huyén phu thich hop.

Theo mét phwong an khéc, sang ché bao gbm dang liéu dung khu tri. “Viéc ding
khu tra" gom, vi du, viéc dung qua da, nhu qua miéng dan qua da hodc qua cac dung cu
dién chuyén ion, viéc ding trong mét, hodc viéc ding trong mili hodc ding bang cach hit.
Céc ché phém dé dung khu tra con g@)m, vi du, cac gel, thude phun, thubc m& va kem
dung khu tri. Dang bao ché ding khu trt c6 thé gdm hop chét ma tang cudng su hap thu
hodc su thdm cta thanh phan hoat tinh qua da hodc c4c ving bi anh hudng khac. Khi cac
hop chit theo sang ché dugc ding bang dung cu qua da, viéc st dung s& dugc thuc hién
bing tAm dan kiéu mang chira va mang x6p hodc kiéu nhiéu nén ran khac nhau. Céc dang
bao ché dién hinh dung cho muyc dich nay gdm céc gel, hydrogel, thudc xire, dung dich,
kem, thudc md, bot rac, ho, bot, mang, miéng dan trén da, vién nhén, vién céy, bot xép,
s¢i, bang va vi nhil tuong. Cac liposom cling c6 thé dugc sit dung. Cac chit mang dién
hinh gdém ruou, nuéc, dau khoang, vazolin 16ng, vazolin tring, glyxerin, polyetylen
glycol va propylen glycol. Céc chit tang cuong kha ning thAm c6 thé duoc két hop - xem,
vi dy, B. C. Finnin and T. M. Morgan, J. Pharm. Sci., vol. 88, pp. 955-958, 1999.

Céc dang bao ché thich hop ding khu tra cho mét gdm, vi du, cac thude nho mat
trong d6 hop chét cua sang ché dugc hoa tan hoic tao huyén phu trong chit mang thich
hop. Dang bao ché dién hinh thich hgp ding cho mit hogc tai c6 thé & dang giot hdn dich
hoac dung dich dugc tao kich c& micron trong nuéc mubi déng truong, vO trung, dugc
diéu chinh do pH. C4c dang bao ché khac thich hop dung cho mit va tai gdm cac thude

md, vién cdy co6 thé phan huy sinh hoc (tirc 13, cdc dang bot x6p gel, colagen hap thu
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duoc) va vién cdy khong thé phan huy sinh hoc (ttc 13, silicon), vién nhén, thau kinh va
cac hé hat hodc nang, nhu cac niosom hodc liposom. Polyme nhu axitpolyacrylic li€n két
ngang, rtuou polyvinyl, axit hyaluronic, polyme xenluloza, vi du,
hydroxypropylmetylxenluloza, hydroxyetylxenluloza, hodc metylxenluloza, hodc
polyme heteropolysacarit, vi du, gom gelan, ¢6 thé dugc két hop cung véi chét bao quén,
nhu benzalkoni clorua. Cac dang bao ché nay cling ¢6 thé dwoc phan phoi bang cach dién
chuyén ion.

" DBé ding trong miii hogc dung bang céch hit, cac hop chét theo sang ché dugc phan
phdi mét céch thuan tién dudi dang dung dich hodc nhii dich tir db chira thude phun kiéu
bom ma duoc bénh nhan ép hodc bom hodc dudi dang thube phun sol khi tir dd chira c6
ap hoac may khi dung, v6i viéc sir dung chét day thich hop. C4c dang bao ché thich hop
dé dung trong miii thuong duge dung dudi dang bot khod (don doc; dudi dang hén hop,
vi du, trong hén hop kho vai lactoza; hoac du6i dang hat thanh phﬁn hdn hop, vi dy, dugc
tron vGi cac phospholipit, nhu phosphatidylcholin) tir éng hit bot kho hodc duéi dang
thudc phun sol khi tir dd chira c6 ap, bom, 6ng phun, may phun (t6t hon 12 may phun sir
dung dién thuy dong luc dé tao ra swong min), hodc may khi dung, cang hodc khong cing
voi viéc st dung chét déy thich hop, nhu 1,1,1,2-tetrafloetan hoac 1,1,1,2,3,3,3-
heptaflopropan. Pé st dung trong mili, bot co thé chira chit két dinh sinh hoc, vi du,
chitosan hodc xyclodextrin.

Theo mdt phuong an khéc, sang ché bao gdm dang liéu ding qua tryc trang. Dang
lidu ding qua truc trang nay c6 thé & dang, vi du, thudc dan. Bo cacao la chit nén thubc
dan truyén thdng, nhung cac chét khac ciing c6 thé duge st dung néu phu hop.

Céc chat mang va cach dung khac da biét trong linh vuc dugc cling c6 thé duoc
str dung. Cac duoc phdm theo séng ché ¢6 thé dugc bao ché bang k¥ thuat dugc bat ky
da biét ro, nhu cac quy trinh bao ché va st dung hiru hiéu. Céc mdi quan tAm trén day vé
céc quy trinh bao ché va sir dung hiru hiéu 1a da duoc biét o trong linh vire nay va da
dugc mo ta trong cac sach gido khoa chudn. Quy trinh bao ché thube duge thao luan
trong, vi du, Hoover, John E., Remington’s Pharmaceutical Sciences, Mack 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.
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Viéc ding dong thoi

Céc hop chét theo sang ché c6 thé dugc dung mot minh, hodc két hop véi cac tac
nhan tri liéu khac. Sang ché dé xuit viéc st dung, phwong phap hodc ché pham bét ky
duoc xac dinh trén day trong d6 hop chit co cong thirc I theo phwong an bat ky, hodc
mudi dugc dung ctia nd, hodc solvat dugce dung cua hgp chit hodc mubi nay, dugc st
dung két hop v6i mot hodc nhiéu tac nhén tri liéu khic duge ban luan & day. Sang ché
con bao gdm duoc phdm dé didu tri bénh hodc tinh trang bénh trong d6 chat ddi khéng
ctia GLP-1R dugc chi dinh, chtra hop chit c¢6 cong thire I, I, IIL, IV, hodc V, hodc mubi
dugc dung cua nd, nhu duge xac dinh trong phuong an bét ky trong s cac phuong an
dugc md ta trong ban mo ta nay, va mot hoac nhiéu tac nhan tri liéu khac dugc ban luan
trong ban mo ta nay.

Viéc ding hai hodc nhiéu hop chat “két hop” c6 nghia la tat ca cac hop chét duoc
ding trong thoi gian du gan sao cho mdi hop chét co6 thé tao ra hiéu lyc sinh hoc trong
khung thoi gian nhu nhau. Sy ¢6 mdt ctia mot tdc nhiu co6 thé thay dbi hiéu luc sinh hoc
ctia (cac) hop chét khac. Hai hodc nhiéu hop chét nay co thé duge ding dong thoi, ciing
lac hodc theo tudn tu. Ngoai ra, viéc dung déng thoi ¢ thé duge thuc hién b.%mg cach tron
cac hop chét trude khi dung hodc bing cach dung cac hop chét tai cing mot thoi diém
nhung & cac dang liéu riéng biét & vi tri ding gidng hoic khac nhau.

Céc cum tir “dung cung lic”, “dong sir dung”, “ding dong thoi”, va “duge ding
mdt cach ddng thdi” c6 nghia la cac hop chit duge ding két hop.

Theo phuong an khac, sang ché @ xuét phuong phép diéu tri ma bao gdm budc
dung cac hop chat theo sang ché két hop véi mot hodc nhiéu duoc chit khac, trong d6
mot hodc nhiéu duoc chit khac ¢6 thé dugc chon tir cac chét duge ban ludn & day.

Theo mdt phuong 4n, cic hop chit theo sang ché dugc ding v6i chat chdng dai
thdo duong bao gém, nhung khoéng chi giéi han &, biguanid (vi du, metformin),
sulfonylure (vi du, tolbutamid, glibenclamid, gliclazid, chlorpropamid, tolazamid,
acetohexamid, glyclopyramid, glimepirid, hodc glipizid), thiazolidinedion (vi du,
pioglitazon, rosiglitazon, hodc lobeglitazon), glitazar (vi du, saroglitazar, aleglitazar,
muraglitazar hodc tesaglitazar), meglitinid (vi du, nateglinid, repaglinid), chét trc ché
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, hodc

-41-



38000

lobeglitazon), chét rc ché chét van chuyén lién két natri-glucoza 2 (natri-glucose linked
transporter 2 - SGLT2) (vi du, empagliflozin, canagliflozin, dapagliflozin, ipragliflozin,
Ipragliflozin, tofogliflozin, sergliflozin etabonat, remogliflozin etabonat, hoac
ertugliflozin), chit &c ché SGLTL1, chit chi van GPR40 (chit chi van FFAR1/FFAL,
vi du fasiglifam), peptit kich thich insulin phu thudc glucoza (glucose-dependent
insulinotropic peptide - GIP) va céc chét twong tw chiing, chét trc ché glucosidaza alpha
(vi du voglibose, acarbose, hodc miglitol), hodc insulin hodc chét twong tu insulin, bao
g@)m cac mudi dugc dung cua céc chit duoc dit tén cu thé va cac solvat duoc dung cia
cac chit va cac mudi nay.

Theo phuong an khac, cac hop chit theo sang ché duoc ding véi chat chdng béo
phi bao gdbm nhung khong gi¢i han & peptit YY hoic chét twong tu cta ching, chat chi
vén thu thé neuropeptit Y typ 2 (neuropeptide Y thu thé type 2 - NPYR2), chét d6i khang
NPYRI hodc NPYRS, chét di khang thu thé cannabinoid typ 1 (cannabinoid thu thé type
1 - CB1R), chét wc ché lipaza (vi du, orlistat), peptit proislet ciia ngudi (human proislet
peptide - HIP), chét chi van thu thé melanocortin 4 (vi du, setmelanotid), chét d6i khang
thu thé hormon tap trung melanin 1, chit chd vén thu thé farnesoid X (farnesoid X thu
thé - FXR) (vi du axit obeticholic), zonisamid, phentermin (mét minh hodc két hop véi
topiramat), chit @rc ché tai hap thu norepinephrin/dopamin (vi du, buproprion), chét ddi
khang thu thé opioid (vi du, naltrexon), két hop cua chét (¢ ché tii hdp thu
norepinephrin/dopamin va chat déi khang thu thé opioid (vi du, két hop clia bupropion
va naltrexon), chét twong tu GDF-15, sibutramin, chét chii van cholecystokinin, amylin
va céac chat twong tu cia chung (vi du, pramlintid), leptin va cac chét trong ty cta chiing
(vi du, metroleptin), chét serotonergic (vi du, lorcaserin), chit ac ché methionin
aminopeptidaza 2 (MetAP2) (vi du, beloranib hodac ZGN-1061), phendimetrazin,
diethylpropion, benzphetamin, chét tc ché SGLT2 (vi du, empagliflozin, canagliflozin,
dapagliflozin, ipragliflozin, Ipragliflozin, tofogliflozin, sergliflozin etabonat,
remogliflozin etabonat, hodc ertugliflozin), chit uc ché SGLTLI1, chat tc ché
SGLT2/SGLT1 kép, chét diéu bién thu thé yéu t6 ting truéng nguyén bao soi (fibroblast
growth factor receptor - FGFR), chit hoat héa protein kinaza dugc hoat hoa boi AMP
(AMP-activated protein kinase - AMPK), biotin, chat diéu bién thu thé MAS, hoic chét
chu van thu thé glucagon (mdt minh hodc két hop véi chit chii van GLP-1R khac, vi du,

liraglutid, exenatid, dulaglutid, albiglutid, lixisenatid, hodc semaglutid), bao gém cac
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mudi duoc dung cua cac chit duoc dit tén cu thé va céac solvat dugc dung cua céc chét
va cac mubi nay.

Theo phuong an khéc, cac hgp chét theo sang ché dugc dung két hop voi mot hodc
nhiéu cac chét sau: chit d& diéu tri NASH bao gém, nhung khong chi giéi han &, PF-
05221304, chat chu van FXR (vi du, axit obeticholic), chit cht van PPAR o/8 (vi du,
elafibranor), thé lién hop axit mét-axit béo tong hop (vi du, aramchol), chit @c ché
caspaza (vi dy, emricasan), khang thé don dong khang chat dong dang lysyl oxitaza 2
(lysyl oxitase homologue 2 - LOXL2) (vi dy, simtuzumab), chét trc ché galectin 3 (vi du,
GR-MD-02), cht tc ché MAPKS5 (vi du, GS-4997), chit d6i khang kép cla thy thé
chemokin 2 (CCR2) va CCRS (vi duy, cenicriviroc), chat chu van yéu t6 ting truéng
nguyén bao sgi 21 (fibroblast growth factor 21- FGF21) (vi du, BMS-986036), chét dbi
khang thy thé leukotrien D4 (LTD4) (vi du, tipelukast), chét twong ty niacin (vi du, ARI
3037MO), chét trc ché ASBT (vi du, volixibat), chit tc ché axetyl-CoA carboxylaza
(ACC) (vi du, NDI 010976), chit tc ché ketohexokinaza (KHK), chit Grc ché
diaxylglyxeryl axyltransferaza 2 (DGAT?2), chét d6i khang thu thé CB1, khang thé khang
CBIR, chit trc ché kinaza 1 diéu hoa tin hiéu chét té bao theo chwong trinh (apoptosis
signal-regulating kinase 1 - ASK1), bao gbm cac mubi duge dung ciia cic chat duoc dit
tén cu thé nay va cac solvat dugc dung clia cac chét va cac mudi nay.

Mot s6 cac hop chat cu thé c6 thé duge sir dung két hop véi cac hop chét theo sang
ché dé diéu tri bénh hodc tinh trang bén duoc mo ta trong ban md ta nay (vi du, NASH)
bao gom:

Axit  4-(4-(1-Isopropyl-7-oxo-1,4,6,7-tetrahydrospiro[indazol-5,4'-piperidin]-1'-
cacbonyl)-6-metoxypyridin-2-yl)benzoic, ma la vi du v& chét trc ché ACC chon loc va
duoc diéu ché dudi dang axit tu do trong Vi du 9 cta patent My sb 8,859,577, ma 1a pha
qudc gia M§ ctia don québc té s6 PCT/IB2011/054119, toan bd ndi dung cua né duge két
hop vao ddy bang cach vién dan. Dang tinh thé cua axit 4-(4-(1-Isopropyl-7-oxo-1,4,6,7-
tetrahydrospiro[indazol-5,4'-piperidin]-1'-cacbonyl)-6-metoxypyridin-2-yl)benzoic, bao
gdm dang mono-tris khan (Dang 1) va trihydrat cua mudi mono-tris (Dang 2), dugc mod
ta trong don qudc té sé PCT/IB2018/058966, toan bd ndi dung clia né dwoc két hop vao
day bang cach vién dan;

(S)-2-(5-((3-Etoxypyridin-2-yl)oxy)pyridin-3-yl)-N-(tetrahydrofuran-3-

yl)pyrimidin-5-carboxamit, hodc muoi dugc dung ctia nd, va cac dang tinh th€ rdn cua no
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(Dang 1 va Dang 2) 1a vi du vé chét e ché DGAT?2 duoc md ta trong Vi du 1 cia patent
M¥ s6 10,071,992, toan bo nodi dung ciia nd duge két hop vao day béng cach vién dan;

Axit  [(1R,5S,6R)-3-{2-[(2S)-2-metylazetidin-1-yl]-6-(triflometyl)pyrimidin-4-
yl}-3-azabixyclo[3,1,0]hex-6-yl]axetic, hoac mudi duge dung ctia no, (bao gdm dang axit
tu do tinh thé cua no) 1a vi du vé chét rc ché ketohexokinaza va dugc md ta trong Vi du
4 ctia patent My s6 9,809,579, toan bd ndi dung ctia né duge két hop vao diy bang cach
vién dan; va

chét dbi khang FXR Tropifexor hoic mudi duge dung ciia né dugc mo ta trong Vi
du 1-1B cia patent M§ s6 9,150,568, toan bd ndi dung ciia né duge két hop vao day bang
cach vién dan.

Céc chét nay va cac hop chét theo séng ché ¢6 thé duogc két hop véi cac ta duoc
long dugc dung nhu nude mudi, dung dich Ringer, dung dich dextroza, va cac chét tuong
tw. Ché do dung lidu cu thé, tirc 14, liéu lwgng, thoi gian ding va sy dung lap lai, s€ tuy
thudc vao dbi tuong cu thé va bénh s cia dbi tuong do.

Céc chét mang, cac ta dugc, hodc céac chit 6n dinh hoa chép nhan duoc 1a khong
doc dbi v6i ngudi nhan ¢ muc lidu hrong va ndng d6 duoc sir dung, va c6 thé bao gbdm
cac chat dém nhu phosphat, xitrat, va cac axit hitu co khac; cac mudi nhu natri clorua;
cac chit chdng oxy hoa bao gém axit ascorbic va methionin; céc chét bao quan (nhu
octadexyldimetylbenzyl amoni clorua; hexamethoni clorua; benzalkoni clorua,
benzethoni clorua; phenol, butyl hodc rugu benzylic; alkyl paraben, nhu methyl hoac
propyl paraben; catechol; resorcinol; xyclohexanol; 3-pentanol; va m-cresol); cac
polypeptit trong lugng phan tu thdp (nhé hon khoang 10 gdc); cac protein, nhu albumin
huyét thanh, gelatin, hodc Igs; cac polyme wa nu6e nhu polyvinylpyrolidon; cic axit amin
nhu glyxin, glutamin, asparagin, histidin, arginin, hodc lysin; cdc monosacarit, cac
disacarit, va cac hydrat cacbon khac bao gém glucoza, manoza, hodc dextrin; cac chét
chelat hoa nhu EDTA; cac dudng nhu sucroza, manitol, trehaloza hodc sorbitol; cac ion
trai ddu tao thanh mudi nhu natri; cac phuc chat kim loai (vi du, céc phuc chit Zn-
protein); va/hodc cac chit hoat ddng bé mit khong ion nhu TWEEN™, PLURONICS™
hodc polyetylen glycol (PEG).

Céc liposom chira cac chét nay va/hodc cac hop chit theo sang ché dugc diéu ché
bang cac phuong phap da biét trong linh vuc ndy, nhu duge mo ta trong patent My s6

4,485,045 va 4,544,545. Céc liposom c6 vong tudn hoan tang cuong dugc boc 10 trong
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patent My s 5,013,556. Cac liposom dac biét hitu dung c6 thé duoc tao ra béng phuong
phap bay hoi pha ddo véi ché pham lipit chira phosphatidylcholin, cholesterol va
phosphatidyletanolamin dugc tao dan xuét voi PEG (PEG-PE). Cac liposom dugc dun
qua cac bd loc c6 kich ¢ 16 xac dinh dé tao ra céc liposom c6 duong kinh mong mudn.

Céc chét va/hodc cac hop chét nay theo séng ché c6 thé duoc by vao cac vi nang
duoc didu ché, vi dy, bang cac k¥ thuat tu giot hodc bing céach trung hop bé mat chung,
vi du, 14n luot, cac vi nang hydroxymetylxenluloza hodc gelatin va cac vi nang poly-
(metylmetacrylat), trong cac h¢ phan phéi thude dang keo (vi du, céc liposom, cac vi cau
albumin, cac vi nhil twrong, cac hat nano va cic nang nano) hodc trong cac h¢ dai nhii
tuong. Cac k¥ thuat nay duge boc 10 trong Remington, The Science and Practice of
Pharmacy, 20th Ed., Mack Publishing (2000).

Céc dang bao ché giai phong kéo dai c6 thé dugc sir dung. Cac vi du thich hop vé
cac dang bao ché giai phong kéo dai bao gbm céc nén ban thdm cta polyme ky nudc ran
chira hgp chét c6 cong thuce I, 11, IIL, IV, hodc V, trong do cac nén nay & dang céc vat
duoc tao hinh, vi du, mang hodc vi nang. Vi du vé cac nén giai phong kéo dai bao gdm
cac polyeste, cac hydrogel (vi du, poly(2-hydroxyetyl-methacrylat), hoac
poly(vinylalcohol)), polylactit (patent MY sb 3,773,919), cic copolyme cla axit L-
glutamic va 7 etyl-L-glutamat, etylen-vinyl axetat khong thé phan hiy, c4c copolyme axit
lactic-axit glycolic ¢6 thé phan hity nhu céc chit dugc sit dung trong LUPRON DEPOT™
(cac vi cu tiém dugc gdm copolyme axit lactic-axit glycolic va leuprolit axetat), sucroza
axetat isobutyrat, va poly-axit D-(-)-3-hydroxybutyric.

Céac duge pham duoc dung trong tinh mach phai la vo trung. Diéu nay dé dang dat
duogc bang cach, vi du, loc qua mang loc v trung. Cac hop chét theo sang ché thuong
duoc dat vao dd chtra c6 clra vao v tring, vi du, tai hodc lo dung dich dung trong tinh
mach c6 nit ¢6 thé xuyén qua bang kim tiém dudi da.

Cac nhili dich thich hop c6 thé duoc bao ché béng cach st dung cac nhii dich md
c6 ban trén thi truong, nhu Intralipid™, Liposyn™, Infonutrol™, Lipofundin™ va
Lipiphysan™. Thanh phan hoat tinh c6 thé dugc hoa tan trong ché pham nhii dich duoc
tron trudce hodc cach khac, n6 ¢o thé duoc hoa tan trong dau (vi du, dau dau nanh, dau
cdy rum, dau hat bong, dau vung hodc dau qua hanh) va nhil dich dugc tao thanh khi tron
v6i phospholipit (vi du, cac phospholipit cua tring, cdc phospholipit ciia dau nanh

lexithin d4u nanh) va nudc. Can hi€u 10 13, cac thanh phan khac c6 thé dugc bo sung, vi
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du, glyxerol hodc glucoza, dé diéu chinh tinh truong cia nhil dich. Cac nhii dich thich
hop sé thudng chira t6i 20% dau, vi du tir 5 dén 20%. Nhii dich m& c6 thé chura céc giot
mé& ¢6 kich ¢& tir 0,1 dén 1,0 pm, ddc biét 1a tir 0,1 dén 0,5 pm, va c6 d6 pH nam trong
khoang tir 5,5 dén 8,0.

Céc ché phadm nhil dich c6 thé 12 cac ché phim dugc bao ché bang cach tron hop
chit theo sang ché vé6i Intralipid™ hodic cac thanh phin ciia né (ddu dau nanh,
phospholipit cia trimg, glyxerol va nuéc).

Céac ché phdm dé hit hoic bom chita cac dung dich va cac huyén phu trong cic
dung moi nude hoac hitu co duge dung, hodc cac hdn hop ctia ching, va bot. Cac ché
pham dang 1éng hoic ran c6 thé chira cac ta dugce duge dung thich hgp néu trén. Theo
mot s6 phuong an, cac ché phim duoc ding bang duong miéng, dudng hod hép qua miii
dé co tac dung tai chd hoic toan than. Cac ché phém trong cac dung moi duoc dung vo
tring wu tién co6 thé dugc phun bang cach st dung khi. Cac dung dich dugce phun ¢6 thé
duoc hit truc tiép tir thiét bi khi dung hodc thiét bi khi dung c6 thé dugc gan kém mit na,
may tho ap suit duong thao rdi hodc gian doan. Cac ché phim dang dung dich, huyén
phi hoic bot ¢6 thé duoc ding, t6t hon 1a qua duong miéng hodc duong mili, tir thiét bi
ma phan phat ché pham theo cach thirc thich hop.

Kit

Khia canh khac cua sang ché dé xuét cac bo kit chira hop chét ¢c6 cong thuce I, 11,
II1L, IV, hoac V hoac cac duoc phém chtra hgp chét c6 cong thace I, I, 111, IV, hodc V theo
sang ché. B kit ¢ thé chira, ngoai hop chét c6 cong thirc I, 11, hodc 111, theo séng ché
hodc duoc phém cua chung, céc tdc nhan chan doan hoic tri liéu. Bo kit cling c6 thé chira
cac hudng dan st dung trong phuong phap chén doan hodc tri liéu. Theo mot sd phuong
an, bo kit g@)m hop chét c6 cong thirc 1, 11, 111, TV, hodc V, hoac duogc phém cla no va tac
nhan chan doan. Theo céc phuong an khéc, bo kit chtra hop chét ¢6 cong thuc I, II, III,
IV, hoac V, hoac duoc phém cua no.

Theo phuong an khéc nira, sang ché bao gdém cac bd kit ma thich hop dé st dung
trong viéc thuc hién cac phuong phap diéu tri duoc mo ta & day. Theo mot phuong én,
bd kit chtra dang lidu tht nhét chira mot hodc nhiéu hop cht theo sang ché véi lugng du
dé thuc hién cac phuong phap theo sang ché. Theo phuong an khac, bo kit chita mot hodc
nhidu hop chét theo sang ché véi lrgng du dé thuc hién cac phuong phép theo sang ché

va do chira de chtra liéu lugng.
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Diéu ché

Céc hop chét ¢6 cong thac I, 11, 11, IV, hodc V, ¢o thé duoc diéu ché béng cac
phuong phép chung va cu thé dugc md ta dudi diy, bang cach sir dung cac kién thire
chung thong thuong cliia nguoi co hiéu biét trung binh trong linh vuc tong hop hoa hiru
co. Cac kién thirc chung théng thuong nay c6 thé tim thdy trong cac sach tham khao
chudn nhu Comprehensive Organic Chemistry, Ed. Barton va Ollis, Elsevier;
Comprehensive Organic Transformations: A Guide to Functional Group Preparations,
Larock, John Wiley va Sons; va Compendium of Organic Synthetic Methods, Vol. I-XII
(Wiley-Interscience xuit ban). Cac nguyén liéu ban dau duogc s dung trong ban md ta
nay c6 ban trén thi truong hodc ¢ thé didu ché dugc bang cac phuong phap da biét thong
thuong trong linh vuc nay.

Trong viéc diéu ché cac hop chét c6 cong thirc I, IL, 111, TV, hodc V, can luu ¥ rang
mdt s6 phuong phap didu ché duge mo ta & diy c6 thé can viéc bao vé chirc ning tich
biét (vi du, amin bac mot, amin bac hai, carboxyl trong cac tién chét c6 cong thire I). Nhu
cAu bao vé thay ddi tuy thudc vao ban chit cia nhém chire tich biét va diéu kién cua
phuong phép diéu ché. Nguoi c6 hiéu biét trung binh vé linh vuc nay dé dang x4c dinh
dugc nhu cau bao vé nhu vay. Viée st dung cac phuong phap bao vé/khir bao vé cling da
biét trong linh vuc nay. Vé mo ta chung vé cac nhom bao vé va viée str dung chiing, xem
T.W. Greene, Protective Groups in Organic Synthesis, John Wiley & Sons, New York,
1991.

Vi duy, céc hgp chit nhét dinh chtra cac nhom chitrc amin bac nhét hodc chirc axit
carboxylic ma c6 thé gy can trg cho véi cac phan tng & céc vi tri khac cua phan tir néu
khong dugc bao vé. Theo d6 cac nhom chire nay co thé duogc bao vé bf?lng nhom bao vé
thich hgp ma c6 thé dugc loai bo & bude tiép theo. Cac nhom bao vé thich hop dé bao vé
amin va axit carboxylic bao gdm céc nhom bao vé thuong dung trong tong hop peptit
(nhu  N-t-butoxycacbonyl (Boc),  benzyloxycacbonyl  (Cbz), va  9-
florenylmetylenoxycacbonyl (Fmoc) d6i v6i cac amin va alkyl bac thap hodc benzyl este
d6i v6i axit carboxylic) ma thuong khong phan ting héa hoc trong cac diéu kién phan tmg
dugc md ta va thudong co thé dugc loai béd ma khong lam thay d6i vé mat héa hoc cac
chire khac trong cac hop chat ¢6 cong thic 1.

Céc so dd duge md ta dudi day dugc du dinh dé mo ta chung vé phuong phap

duoc dung dé diéu ché cac hop chit theo sang ché. Mot s& hop chét theo sang ché co thé

-47-



38000

chtta mdt hodc nhidu tAm bat déi xtmg voi dinh danh 14p thé (R) hoac (S). Ngudi c6 hiéu
biét trung binh vé linh vuc nay sé thdy dugc ring tat ca cac phép bién doi tong hop c6 thé
duoc tién hanh theo cach twong tu bat ké nguyén liéu 1a giau chét dng phan d6i anh hay
triét quang. Hon nita, co thé viéc phan tach nguyén liéu c6 hoat tinh quang hoc mong
mudn & diém mong mubn bat ky trong quy trinh bang cach st dung cac phuwong phap da
biét nhu cac phwong phip dugc mo ta & day va trong tai liéu hoa hoc. Vi dy, hop chét
trung gian (vi du, S4, S7, S8, S24, S40, va S41) va hop chét cubi cung (vi du, S25 va
S42) c¢6 thé duoc tach bang cach sir dung phuong phap sdc ky bét dbi. Theo cach khac,
mudi bat dbi co thé duoc sir dung dé tach cac hop chét trung gian va cac hop chét cubi
cing dwoc lam giau dong phan dbi anh.

Trong céc So db dudi day, cac biénsd X, Y, Z!, 72, 73, R, R, R, R3, R, m, p, va
q & nhu dugc md ta trong ban mo ta nay véi hop chét c6 cong thire I, 11, 111, IV, hodc V
trir khi ¢6 quy dinh khac. Dé cho don gian, bién s6 A dugc sir dung dé chi Nhan A va
phén tir thé R tiry y cia n6. Déi véi cac So dd duge cung cép dudi day, mdi X!, X2, X5,
va X* ¢6 thé doc 1ap 1a nhom roi chuyén nhu alkyl hodc aryl sulfonat bat ky (vi du,
mesylat, tosylat, hodc triflat), hoac halogen hodc nhém khéac bat ki ma ¢6 thé dugce thay
thé bang amin hodc duoc sir dung trong phan tng lién hgp qua trung gian kim loai. X*
con ¢6 thé 1a axit carboxylic dugc bao vé (nghia 13, este). Khi nhém bao vé dugce xac dinh
1a Pg', n6 ¢6 thé 1a nhom bao vé alkyl amin nhu benzyl, benzhydryl, alyl hodc cac nhém
twong tw; nhom bao vé carbamat nhu Boc, Cbz, hodc cac nhém twong tu; hodc nhoém bao
vé amit nhu trifloaxetamit. Khi nhém bao vé duoc xé4c dinh 12 Pg2, n6 ¢6 thé 1a nhom bao
vé axit nhu metyl, etyl, benzyl, t-butyl hodc cac nhom tuong tir. Khi nhém bao vé dugce
xac dinh 1a Pg3, n6 c6 thé 1a nhém bao vé rugu nhu trimetylsilyletoxyetyl; hodc nhém
axyl nhu axetyl, benzoyl hodc cac nhom tuong tw; hodc nhém trialkylsilyl nhu
trimetylsilyl, tert-butyldimetylsilyl, triisopropylsilyl hodc cac nhom twong tw. R* 1a H
hodc —Cr.alkyl, trong d6 alkyl c6 thé c¢6 0 dén 1 OH. R* la Cioalkyl, Co-salkylen-
Cs-6xycloalkyl, Coalkylen-R®, hodc Cioalkylen-R®, trong do said alkyl, alkylen, hodc
xycloalkyl ¢6 thé doc lap duge thé & dang hoa tri cho phép bang 0 dén 3 nguyén tit F va
0 dén 1 phan tir thé doc 1ap duge chon tir Co.1alkylen-OR® va -N(RV),.

Piperidin dugc thé S8, trong d6 R2=H va Y = CH, ¢6 thé duoc diéu ché nhu duoc
ban lun trén So dd 1. Aryl hodc heteroaryl bromua S1 c6 thé dugc xir Iy bang alkyl lithi,
vi du butyl lithi hodc tert-butyl lithi, dé tao ra aryl- hodc heteroaryl-lithi loai ma c6 thé
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phan tng vé1 aldehyt S2 dé tao ra diol S3. Cac chit phan tng kim loai hitu co aryl hogc
heteroaryl khac, nhu, nhung khong chi giéi han ¢, chét phan tmg Grignard, con c6 thé
duoc str dung dé didu ché $3. Phan tmg nay thuong dugc tién hanh ¢ nhiét 46 xung quanh
—70 °C. Tiép theo, diol S3 c6 thé dwgc oxy hoa bang NalOs dé tao ra axetal S4 (R> =H).
Tiép theo, hop chét S4 c¢6 thé dugc phan ting véi axit boronic dugc thé hodc boronat este
(S5) v6i sur 6 mit ctia cht xtic tac paladi va phirc phéi tir theo cach ctia phan ung Suzuki
(Maluenda va Navarro, Molecules, 2015, 20, 7528-7557) dé tao ra céac hop chét co cong
thirc chung S6. Viéc khur olefin dé tao ra cac hop chét c6 cong thirc chu tao chung S7 c6
thé duoc tién hanh trong moi trudng hydro (15-100 psi Hz) trong dung moi rugu nhu
MeOH ho#c EtOH hoic theo cach khéac, dung méi hitu co khong proton nhu EtOAc hoac
THF véi su ¢6 mat cua chat xac tac thich hgp nhu paladi trén than, Pd(OH); trén than
(chét xtc tac Pearlman), PtO> (chét xtc tic Adams), hodc tris(triphenylphosphin)rodi(I)
clorua (chit xuc tac Wilkinson). Chét phan tng hydro hoa chuyén, vi du amoni format
hodc dihydrobenzen, hodc chét tuong tu, co thé duoc su dung béng cach s dung chét
xuc tac thich hgp. Theo cach khac, viéc khtr co thé duoc thuc hién bang phuong phap
khac ma ngudi ¢6 hiéu biét trung binh trong linh vyc nay da biét bang cach sir dung chat
phéan tng nhu trietyl silan hodc cac silan khac, trong qua trinh xic tac axit hodc kim loai,
hoac chét khir kim loai, nhu magie hodc cac chét tuong tu. Theo cach khéc, olefin c6 thé
duoc tao nhém chire bang cac phwong phdp ma ngudi 6 hiéu biét trung binh trong linh
vuc nay da biét @& dua vao nhém R3. Vi dy, olefin c6 thé duge hydrobo héa dé tao ra
ruou ma c6 thé duoc alkyl hoa hodc chuyén hoa tiép thanh nitril, F hodc nhom alkyl. Viée
loai b6 Pg! c6 thé dugc thuc hién theo nhiéu cach dugc mé ta trong cac tai liéu chuyén

nganh dé tao ra amin 26.
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So dd 1
O OH Pq’
H X! Q 9
O- X
R2 B (R)q
(R)y OH OH A\}—o O s5
1
A Br _SZ_» A X O\©/X1 :
$1 (R) sS4
p
S3 RZ =H

A;T_O NP A}_O

@)
R3)q Y\>{(R3)q @/ \>{ R3),

se (R)p S7 (R)p
R? = R?=H 2 =H
Y =CH Y CH

So dd 2 cung cap quy trinh didu ché khac cac hop chat c6 cong thirc cAu tao chung
S4. Phan g cuda diol dugc thé mot cach thich hop ¢ cong thirc cu tao chung S9 véi
aldehyt hodc keton c6 cong thirc ciu tao chung S10a v6i sy c6 mit cta axit nhu axit p-
toluensulfonic hodc pyridini p-toluensulfonat trong dung mdi hitu co khong proton nhu
toluen hodc benzen ¢6 thé tao ra cac hop chit c6 cong thirc ciu tao chung S4. Phan tmg
nay thudng duoc dun néng & nhiét do hdi lwu bing cach sir dung biy Dean-Stark d¢ loai
b6 nude ddng sbi. Diol 89 con ¢b thé duoc phan tng véi axetal hodc ketal dang vong
(dwong chim cham ton tai) hodc khong vong (duong chdm chim 1a khong c6) c6 cong
thitc cdu tao chung S10b trong chit xic tac axit. Quy trinh twong tu 1a co thé 4p dung
dugc véi thioaxetal hodc thioketal dang vong hodc khong vong c6 cong thire cdu tao
chung S10c¢ duéi tac dung cua mudi thiy ngén, cht oxy hoa nhe hodc chét phan ung
alkyl hoa, dé tao ra cac hop chit S4. Theo cach khéc, diol ¢6 cong thirc chung S9 ¢6 thé
dugc phan tng véi alkyn dugce thé mot cach thich hop S11 trong dung moi khong proton
nhu toluen véi su c6 mit cda triruteni dodecacacbonyl ¢ nhiét d xung quanh 100 °C aé
tao ra cac hop chét co cong thirc ciu tao chung S4 trong d6 R? = CH,R*. Trong truong
hop trong d6 R chira nhém chire rugu, nhu CHOH, nhém bao vé rugu (Pg?), nhur axetat,
c6 thé duge két hop vao cac hop chét ¢6 cong thirc cdu tao chung S10. Tiép theo, nhom
bao vé c6 thé duge loai bo trong bude tiép theo. Tiép theo, hop chét trung gian S4 c6 thé
duoc cai bién tiép bang cach sir dung phuong phap dugc md ta trong So d6 1 dé tao ra

amin ¢6 cong thirc cau tao chung S8.
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So do 2

o

A
S10a

)
o._0
A

R2
OH S10b A%o

HO X' ——

\© ° X
[\

R

(R)g S><S ;j

S9 A

Nhu duge tao ra trén So dd 3, viée chuyén hoéa cia S4 thanh céc hop chét c6 cong
thirc cAu tao chung S7 trong d6 Y =N ¢6 thé duoc thue hién theo cach nhu lién hop C-N
Buchwald-Hartwig giita cac hop chit c6 cong thirc ciu tao chung S4 va piperazin dugc
thé mot cach thich hop va dugc bao vé S12 voi su ¢6 mit cua chét xuc tac paladi hodc
ddng va phuc phéi tir. Cac phan tmg nay thudng duoc tién hanh & nhiét d6 nam trong
khoang tir 0 dén 110 °C trong c4c dung mdi khdng proton hitu co nhu, nhung khong chi
gi6i han 0, 1,4-dioxan va PhCH3 v6i bazo bd sung nhu Cs,CO3, LIHMDS hodc NaOtBu.
Viéc loai bd Pg! c6 thé duge thuc hién theo nhiéu cach dugc mod ta trong cac tai lidu

chuyén nganh dé tao ra amin S8 trong d6 Y = N.

So dd 3
1

R2 HN R2
A A 1

-0 R Mg N9

o] X1 $12 o) Y.

(R)g — S8
Y=N
s4 (R)g (R)g S7

Y =N
Céc hop chit amin S8 dwoc diéu ché bang phuong phap dwgc md ta trong cac So

dd 1-3 ¢6 thé duoc alkyl hoa béng 2-bromoaxetat dugc bao v€ voi sy c6 mat cua bazo
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thich hgp nhu K2CO3, EtsN, NaH hoac LiHMDS trong dung moi phan cuc khong proton
nhu, nhung khong chi gigi han &, DMF, DMAc, DMSO hodc NMP dé tao ra céc hop chét
c6 cong thirc cAu tao chung S13 (X =N, L = CHy). Viéc thuy phén este chuén c6 thé duoc
tién hanh dé tao ra axit S14. Néu Pg? 1a t-butyl, phwong phap khir nhém bao vé axit chuan
nhu TEA/DCM, HCI/1,4-dioxan, HCI/EtOAc hogc cac didu kién thich hop khac c6 thé
duoc sir dung dé tao ra axit S14. Néu Pg? 1a metyl hoic etyl, phuong phéap khit nhém bao
vé bazo chuin nhu dung dich nudc NaOH trong metanol hodc etanol, hodc cac diéu kién

thich hop khac c6 thé duoc st dung dé tao ra axit S14.

So dd 4

A#—o NH y_ X erPQ Aﬂ_o el

Q/ V{“{S @Y ® V{ L3
$13

(R (R)g (R S14
X =N X=N
L =CH, L = CH,

Hop chit c6 cong thirc c4u tao chung S15 (So dd 5) c¢6 thé phan ting v6i amin
R*NH; véi su ¢6 mit cia bazo nhu natri-, kali-, hodc xeri cacbonat, -bicacbonat, hydroxit,
axetat, hodc bazo amin hitu co nhu Et;N, DIPEA, DBU, va cac nhom tuong tu trong dung
mdi phan cuc khong proton nhu, nhung khong chi gi6i han &, THF, DMF, DMAc, DMSO
hodc NMP hodc dung mdi proton nhu nuée, MeOH, EtOH hodc iPrOH hodc hon hop cua
n6 dé tao ra cac hop chit c6 cong thirc ciu tao chung S16. Nguoi ta sé& luu y dugc rang
néu mot vi du tao ra R* véi tam ddng phan déi anh dugc phan giai, chat dong phan dbi
anh khac hodc hon hop triét quang ctia né co thé thu duoc b%mg cach chon loc nguyén
liéu ban dAu thich hop. Phin tir thé X® dwoc wu tién bao gdm F, Cl, va Br, nhém X* dugc
uu tién bao g@)m Cl, Br, va -CO,-Pg?. Viéc khir nhom nitro ¢c6 thé duogc thuc hién b.%mg
cach hydro hoéa & 1-6 at Ha véi chét xtc tac kim loai nhu paladi trén than hodc niken
Raney trong dung moi proton nhue MeOH hodc EtOH hodc dung moi khong proton nhu
DMF, THF hoic EtOAc. Theo cach khac, nhom nitro ¢6 thé duge khir bang sit, kém,
SnCl; hodc kim loai thich hgp khac trong moi trudong axit nhuw Hel 1N, AcOH hodc dung
dich nudc NH4Cl trong THF hodc metanol dé tao ra cac hop chét c6 cong thirc cAu tao
chung S17 (So dd 5a). Hop chit nhu S18 c6 thé duge axyl hoa bang axyl halogenua bang
phuong phép chuan hoic bing cach carboxylat qua quy trinh lién hop amit chuin dé tao
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ra cac hop chét S19. Viéc khir thanh cac hop chat S20 ¢6 thé dugc tién hanh trong cic
diéu kién chudn bang chét khir nhw LAH hoic BH3-THF hodc BH3-DMS (So d6 5b).

So dd 5
a) R4
x3 73 x4 HN z3 x4 HN. 73 x4
5 — Lzz — T
O,N 02N H,N
s15 S17
b) R"'\‘%O R4
4 4 4
HoN l\ X HNI\/EX HNﬁX
H,N" N” O R? H,N" N” O R? H,N" N” R?
s18 S19 $20

Céac hop chit diamin S17 va S20 dugc diéu ché bang phuong phap dwgc md ta
trong cac So dd 5a va 5b, dugc chi dinh chon loc 1a diamin $21 (So db 6), c6 thé dugc
axyl hoa bang axit c6 cong thirc chu tao chung S14 trong quy trinh lién hop amit chuin
dé tao ra amit S22 ma s& ton tai du6i dang hdn hop tir 100% S22a dén 100% S22b. Hon
hop nay ctia amin S22 c6 thé dugc vong héa dé tao ra cac hop chét c6 cong thirc céu tao
chung $23 bang nhiéu phwong phép khac nhau. Amin S22 ¢6 thé dugc dun nong véi chét
khir nuée nhu TsP® hodc ruou alkyl nhu n-butanol trong cac didu kién vi séng (10-60
phut & 120-180 °C) dé tao ra cac hop chit S$23. Theo cach khac, hdn hop gdm cac hop
chéat S22 ¢6 thé dugc dun nong trong cac diéu kién axit nhu AcOH tir 60-100 °C hoic
trong bazo cac diéu kién nhu dung dich nuéc NaOH hoic KOH trong 1,4-dioxan tir 60-
100 °C dé tao ra S23. Hop chit c6 cong thirc cdu tao chung S23 (X* = Cl, Br hogc I) ¢6
thé chuyén hoa thanh este c6 cong thirc cdu tao S24 bang cach cacbonyl héa cé xtc tac
by paladi trong méi truong cacbon monoxit 15-100 psi ¢ nhiét do tir 20-100 °C voi rugu
thich hgp nhu MeOH hogc EtOH hodc cac ruou alkyl khac. Thuy phéan este S24 c6 thé
duoc tién hanh nhu duge mo ta trong So dd 4 dé tao ra axit $25. Di véi cac hop chit
S22 trong d6 X* = CO,-Pg? viéc chuyén héa thanh este S24 dién ra trong céc didu kién
turong tu nhu dugc mo ta trén day ngoai trir viéc st dung phuong phéap vong héa bazo
trong d6 hop chét S25 ¢6 thé dugc tach truc tiép ra khoi hon hop phan tng. Déi véi cac
hop chit S24 trong d6 X* 1a COxtBu, viéc khir nhom bao vé thanh axit S25 ¢6 thé dugc

tién hanh trone cac diéu kién axit duoc mo ta trone So do 4. Theo cach khac. do61 vai cac
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hop chat S24 trong d6 Pg? 1a C1-Cs alkyl, nhu metyl, etyl, hexyl hodc octyl, viéc khir
nhom bao vé este co thé duogc tién hanh véi nhiéu loai enzym bao gém esteraza, proteaza,
peptidaza, lipaza, va glycosidaza ma nguoi co hiéu biét trung binh trong linh vue nay da
biét. Viéc thuy phan con c6 thé dugc tién hanh bang cach xir Iy este bang dung dich nudc

chtra 1,5,7-triazabixyclo[4,4,0]dec-5-en ¢ nhiét do trong phong.

So d6 6
R4
HN
Z3
HZNJ H—X4
Z1:zZ
S21
x4 S14
4 52
Z?J%23 X\I/?,Z:Z1
VAP VA
R2 NH, R2 NH,

Ado  xbeN

22 0
O Y\)g N—?
©/ (R%), \gZﬂOH

R)p 25

Ngoai ra, diamin S21 ¢6 thé dwoc chuyén héa thanh 2-clometyl benzimidazol S26
(So dd 7) bang mot vai phwong phéap. Viéc xir Iy bang 2-cloaxetyl clorua hodc cloaxetic

anhvdrit trong dung moi khong proton nhu 1,4-dioxan tiép theo 1a dun néng & 40-100 °C
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trong 2-18 h c6 thé tao ra benzimidazol S26 trong d6 Z', 7Z* va Z3 1a CH. Trong truong
hop trong d6 Z!, Z* va 73 déu khong phai 1a Crz,7, sau khi xir Iy bang 2-cloaxetyl clorua
trong dung méi khong proton nhu 1,4-dioxan trong 30 min dén 4 h, dung moi duoc trao
ddi bang moi truong axit nhu AcOH hodc TFA, tiép theo 1 dun néng & 40-100 °C trong
2-18 h dé tao ra hop chét mong mudn $26. Diamin S21 con c6 thé duge xit ly bang
cloaxetic anhydrit & nhiét do nim trong khoang tir 0 dén 80 °C trong dung mdi khong
proton nhu, nhung khéng chi gi6i han ¢ 1,4-dioxan, THF hodc MeCN, tiép theo 1 dun
néng trong 2 dén 18 h & 60-100 °C dé tao ra hgp chat mong muén S26. Ngoai ra, diamin
S21 c6 thé xtr Iy bang 2-clo-1,1,1-trimetoxyetan trong dung moi khong proton nhu, nhung
khong chi giGi han ¢ 1,4-dioxan, THF hodc MeCN, hodc dung moi proton, vi du, MeOH
hoac EtOH, véi su c6 mét cua chat xuc tac axit, vi du, pTSA, 6 20-100 °C. Theo cach
khéc, diamin S21 ¢6 thé dugc dun néng 100-180 °C véi axit 2-hydroxyaxetic trong dung
moi khong proton, nhu, nhung khong chi gi6i han 6, mesitylen, dé tao ra hop chit trung
gian hydroxymetyl. Viéc chuyén héa nhém hydroxymetyl thanh hgp chat clometyl S26
c6 thé dugc thuc hién bang phuong phap chuin, bao gdm xtt Iy bang SOCI, trong dung
mdi khéng proton. Hop chét ¢6 cong thirc cau tao chung $26 c6 thé dugc phan g véi
cac hop chét S8 véi su 6 mit cua bazo nhu natri-, kali-, hodc xeri cacbonat, -bicacbonat,
NaH hoac bazo amin hitu co nhu EtsN, DIPEA, DBU, va cac chét tuong tu trong dung
modi phan cuc khong proton, nhu, nhung khong chi giéi han &, THF, MeCN, DMF,
DMAc, DMSO hoic NMP, dé tao ra cac hop chit $23 (X* = CI, Br, I) hoc cac hop chét
S24 (X* = CO,-Pg?) ma tiép theo, duoc sir dung dé thu dugc cac hop chit S25 béng
phuong phap duge mo ta trong So do 6.

So dd 7
R4
N Z3_X* S8
21— < ] I S24 —~ 525
z
Cl N~ >z1 X4 = COZ-PQZ
S26
S8
S26 s23
X*=Cl, Br, |

Theo cach khac (So dd 8), cac hop chat ¢ cong thirc céu tao chung S26 c6 thé
dugc phan Gng véi piperazin dugc thé mot cach thich hop va duoc bao vé S12, véi su ¢o

mit cia haza nhir natri- kali- hodc xeri cachonat. -hicachonat. NaH hoic bazo amin hru
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co nhu Et;N, DIPEA, DBU, va cac nhom tuong tu trong dung modi phan cuc khong
proton, nhu, nhung khong chi gigi han &, THF, MeCN, DMF, DMAc, DMSO hodc NMP,
dé tao ra céac hop chat $27 (So dd 8). Viéc loai bo Pg! ¢o thé duoc thuc hién theo nhiéu
cach dugc md ta trong cac tai liéu chuyén nganh dé tao ra amin S28. Viéc chuyén hoa
thanh cac hop chét c6 cong thirc c4u tao chung 823 (X* = Cl, Br hodc I) hodc S24 (X* =
CO,-Pg?) c6 thé dugc thuc hién theo cach nhu lién hgp C-N Buchwald-Hartwig giita cac
hop chit ¢ cong thirc ciu tao chung S4 va nhu duoc mo ta trén day trén So d6 3. Tiép
theo, hop chét c6 cong thirc cAu tao chung S23 hodc S24 c6 thé duoc su dung dé thu duoc
cac hop chét c6 cong thirc cAu tao S25 bang phuong phap dwge mo ta trong So do 6.

So do 8

R4
N N 3
$26 o V(é ;\S{z\z_x . Q \gzjz\z_xél D4, $23 hoje 524
s27 S28

Hop chit c6 cong thirc cdu tao chung S25 con c6 thé duoc didu ché nhu duoc ban
luan trén So dd 9. Diol S9 c¢6 thé dugc bao vé d¢ tao ra S29. Nhom
trimetylsilyletoxymetyl 12 nhom bao vé dugc uu tién. Viéc bao vé diol dudi dang axetal
tuong mg, vi du formaldehyt axetal, 1a cling duoc uu tién. Tiép theo, hop chat S29 c6
thé duoc phan ung véi axit boronic dugc thé hodc boronat este (S5) va tiép theo, khir
olefin bang phuong phap dwoc mo ta trong So dd 1 dé tao ra cac hop chét c6 cong thirc
chung S31 trong d6 Y = CH. Theo cach khac, hop chit $29 c6 thé dugc lién hop véi
piperazin c6 cong thirc céu tao chung S12 bing cach sir dung phuong phép duge md ta
trong So dd 3 dé tao ra S31 trong d6 Y = N. Hop chit c6 cong thirc cu tao chung S31 ¢6
thé duoc khir nhém bao vé va tiép theo, 1ién hop v6i S26 dé tao ra cac hop chit c6 cong
thirc cdu tao chung S$33 bang cach str dung phuong phap dugc md ta trong So d6 7. Theo
cach khéc, cac hop chit c6 cong thirc chu tao chung S33 c6 thé dugc diéu ché tir S32
bang cach chuyén hoa $32 thanh din xuét axit N-axetic trong Gng va tiép theo, ngung tu
v6i diamin S21 nhu dwgc md ta trong cac So dd 4 va 6. Viéc khir nhom bao vé S33 bang
cach st dung phuong phép ma nguoi co hiéu biét trung binh trong linh vuc nay da biét
¢6 thé tao ra diol c6 cong thirc cdu tao chung $34 ma tiép theo, c6 thé phan tmg véi alkyns
c6 cong thirc cdu tao chung S11 bang cach sir dung phuong phap duge md ta trong So do

2 dé tao ra S23 hodc S24. Theo cach khac, S34 ¢6 thé duge chuyén hoa thanh S23 hodc
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S24 béng cach st dung aldehyt, keton hodc céc dan xuit cua chung, nhu duoc ban luan
trén So dd 2. Tiép theo, hop chét ¢ cong thirc cdu tao chung S23 hodc S24 ¢ thé dugc
sir dung dé thu duoc cac hop chét c6 cong thirc ciu tao S25 bang phuong phap dugc md
ta trong So do 6.

So dd 9
.Pg’
Pg*0 Pg®0 NS
HO Br Pg%0 Br s5 Pg30 5
> _— (R%)q
(Rh (R)p Ry
S29 S30
s12l )////
3 P’ 3
Pg0 (N Pg®0 (" NH
Pg0 Y\){ 5, ——» Pg’0 Y\){ 3
(R%)q (R%)q
Ry (R)g
S31 S32
R4
$26 _Pg’0 Yf\ I%—x“ s26 o (\ X \Z‘\>—x4
—_—
Ry S33 R)g S34
X=N
L=CH2
A
\

R2a

S11
———————— 3 S23 hodc S24

Hop chét ¢6 cong thirc cu tao chung S24 va S33 trong d6 Y = N va X-L =
xyclopropyl c¢6 thé duoc diéu ché nhu duge ban luan trén So d6 10. Piperidinon dugc bao
vé 835 ¢6 thé duoc ddng nhét hoa thanh este S36 chwa bao hoa bang cach sir dung phwong
phép ma ngudi cod hiéu biét trong linh vuc nay da biét r5. Vi du, olefin héa Horner-
Wadsworth-Emmons S42 vGi phosphonat, nhu etyl (dietoxyphosphoryl)axetat, ma da
duge khit proton bang bazo manh nhu lithi, natri hogc kali tert-butoxit, c6 thé tao ra S36.
Phan tng nay thudng duoc tién hanh trong dung méi khong proton nhu THF hodc DME,
& nhiét do xung quanh tir 0 dén —50 °C. Viéc chuyén héa S36 thanh dan xut xyclopropan

S37 ¢6 thé duoc thuc hién bang xir 1y bang sulfoxoni ylid c6 ngudn gdc tir
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trimetylsulfoxoni iodua va bazo, nhu kali tert-butoxit hodc natri hydrua. Viéc khir nhém
bao vé S37 va tiép theo, lién hop axit carboxylic S38 thu dugc véi S21, trong do X4 =
CO,Pg?, bang cach st dung phuong phap duge md ta trong So dd 6 c6 thé tao ra cac hop
chét c6 cong thirc chung $39. Viéc khir nhém bao vé S39 va lién hop v6i S4 bang cach
st dung phuong phép dugc mo ta trong So dd 3 c6 thé tao ra cac hop chit c6 cong thirc
ciu tao chung S24 trong d6 Y = N va X-L la xyclopropyl. Tiép theo, hop chit c6 cong
thirc cAu tao chung S24 ¢6 thé dugce sir dung dé thu dugc cac hop chat c6 cong thirc chu
tao S25 bang phuong phap duoc md ta trong So d6 6. Theo cach khac, S40 c6 thé duoc
phén tng véi S29 bang cach st dung phwong phap duge md ta trong So d6 3 dé tao ra
S33 trong d6 Y = N va X-L = xyclopropyl. Tiép theo, hop chét c6 cong thirc ciu tao
chung S33 c6 thé duogc sir dung dé thu duoc cac hop chat c6 c6ng thirc cau tao S25 béng

phuong phdp duoc md ta trong So  dd va 980 dd

q Oﬂcong QACOZPQ . OAcozH
s21 O&( z3 QA\( 23
- S24

z1 z2 OF’g z1 z2 OPg Y=N
j X-L =cPr

S33
Y=N
X-L =cPr

Theo cach khac, cac hop chét c6 cong thirc cu tao chung S25 trong d6 Y =N va X-L la
xyclopropyl ¢6 thé duoc diéu ché nhu duge mo ta trong So dd 11. Viéce loai bo Pg! tur
S37 tao ra dan xuét piperidin S43. Viéc lién hop S43 v6i S4 theo cach tuong tu v6i cach
duoc mo ta trong So d6 3 tao ra S13 trong d6 Y = N va X-L 1a xyclopropyl. Tiép theo,
viéc khtt nhom bao vé c6 thé tao ra cac hop chét c6 cong thirc céu tao chung S14 ma tiép

theo, c6 thé duoc sir dung dé diéu ché S$25 nhu dugc mé ta trong So dd 6.
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So do 11
R2
A L
cop S4 0 [XTCopg
$37 — N ¢ — 0 Y ——  S14
Y=N
S43 (R)p S13 X-L =cPr
Y =N
X-L =cPr

Vi du thie hién sang ché

Duéi day 1a phin mé ta viéc tong hop cac hop chét khong gi6i han cia sang ché.
Céc hop chit khac thudc pham vi cla sang ché c6 thé duoc diéu ché bang cac phuong
phap dugc minh hoa trong cc vi du nay, doc 1ap hodc két hop véi cac ky thuat da biét &
trong linh vuc k¥ thuat nay.

Noi chung, cac thir nghiém dugc thuc hién trong khi quyén tro (nito hodc argon),
dac biét trong truong hop st dung cac chét phan tng hodc cac hop chét trung gian nhay
v6i oxy hodc do am. N6i chung, cac dung moi va chét phan tng c6 ban trén thi truong
duoc st dung ma khong can tinh ché thém. Cac dung méi khan duge str dung khi thich
hop, thuong 13 san phim AcroSeal® tir Acros Organics, Aldrich® Sure/Seal™ tir Sigma-
Aldrich, hodc san pham DriSolv® tir EMD Chemicals. Trong nhitng truong hop khéc, cac
dung méi co ban trén thi truong dugce cho qua céc ¢t chira sang phan ti 4A (0,4nm), cho
dén khi dat c4c tiéu chudn QC duéi day dbi véi nudce: a) <100 ppm dbi v6i diclometan,
toluen, N, N-dimetylformamit, va tetrahydrofuran; b) <180 ppm dbi v4i metanol, etanol,
1,4-dioxan, va diisopropylamin. Di véi cac phan tmg rit nhay, cac dung méi duoc xir ly
thém bang natri kim loai, canxi hydrua, hodc sang phan tt, va chung cit ngay trude khi
sir dung. N6i chung, cic san pham dugc 1am kho trong chan khong trude khi dem dung
cho céc phéan tng tiép theo hodc dé thtr nghiém sinh hoc. Dit liéu phd khédi duogc béo céo
tir thiét bi sic ky 10ng-phd khdi (liquid chromatography-mass spectrometry - LCMS),
thiét bi ion hoa héa hoc & 4p sudt khi quyén (atmospheric pressure chemical ionization -
APCI) hoidc thiét bi sic ky khi-phd khdi (gas chromatography-mass spectrometry -
GCMS). Ky hiéu # chi ra rang kiéu cht ddng vi clo quan sat dugc trong phd khdi.

Viéc tach bat ddi xing duoc st dung dé tach cac chit ddng phan dbi anh hodc chit dong
phan khong ddi quang ctia mot s6 hop chat trung gian trong qua trinh didu ché cac hop
chét theo sang ché. Khi viéc tach bat dbi két thic, cac chit dong phan ddi anh tach dugce
duoc chi dinh 1a ENT-1 hodc ENT-2 (hodc DIAST-1 hoac DIAST-2), theo thu tu tach
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ctia chung. Theo mét sé phuwong 4n, cac chét dong phan ddi anh dugc chi dinh 1a ENT-1
hodc ENT-2 ¢6 thé duge st dung 1am nguyén lidu ban dau dé diéu ché cic chat dong
phén d6i anh hoic chét ddng phan khong d6i quang khac. Trong trudng hop nay, cac chét
ddng phan dbi anh thu dugc didu ché duoc 1an lugt dugce chi dinh 1a ENT-X1 va ENT-
X2, theo nguyén liéu ban dau clia chiing; trong tu, cic chét ddng phan khong ddi quang
dugc diéu ché duge 1an luot chi dinh 1a DIAST-X1 va DIAST-X2, (hodc DIAST theo
nguyén liéu ban ddu cia chiing. Danh phap DIAST-Y va DIAST-Z dugc st dung tuong
tur, trong cac qua trinh tong hop sir dung nhiéu hop chit trung gian.

D&i v6i cac hop chét c6 hai tAm bat dbi xing, chat ddng phan 1ap thé & mdi tim
1ap thé dugc tach & cac thoi diém khac nhau. Viéc chi dinh ENT-1 hodc ENT-2 (hodc
DIAST-1 hogc DIAST-2) ciia hop chét trung gian hodc vi du dung dé chi thir tw tach cho
viée tach duge thyuc hién & bude tiép theo. Ciing nhan thiy rang khi tim 1ap thé & tim bt
d6i xtmg duoc tach trong hop chét ¢6 hai hodc nhidu tim, céc chat dong phan ddi anh
tach dugc 1a chit dong phan khong ddi quang clia nhau. Bang cach vi du, nhung khong
giGi han, cac Vi du 15 va 16 c6 hai tdm bét d6i xtng. T4m bét dbi xtng ctia xyclopropyl
gbc duoc tach khi hop chét trung gian C36 dugc tach thanh ENT-1, tao ra hop chét trung
gian P17, va ENT-2, tao ra hop chét trung gian P18. Tiép theo, P18 dugc sir dung trong
qué trinh diéu ché C70, ma c6 mot chat ddng phan 1ap thé duoc lam giau & cacbon bét
dbi cua xyclopropyl va hdn hgp gdm chét ddng phan 14p thé & dioxolan cacbon. Tiép
theo, C70 duoc tach thanh DIAST-Y'1 ¢ dioxolan cacbon, tao ra hop chét trung gian C71,
va DIAST-Y2 & dioxolan cacbon, tao ra hgp chat trung gian C72, trong d6 céc hop chat
trung gian nay dugc lam giau trong moi chét ddng phan 1ap thé riéng ré. Tiép theo, C71
duoc str dung dé diéu ché Vi du 15, ma dugc nhan dang béng tén la axit 2-{6-[2-(4-clo-
2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-6-aza-spiro[2,5]oct-1-yl }-1-(2-
metoxyetyl)-1H-benzimidazol-6-carboxylic, DIAST-X1, mudi trifloaxetat [tir P18 qua
C71]. Trong cac quy trinh diéu ché nay, sau khi hdn hop duge cho qua bude tach, tim
bét dbi xing dugc nhan dang bang “abs” gin tdm do6, Vi su hiéu biét ring chit dong
phén déi anh tach dugc c6 thé khong phai 1a tinh khiét ddng phan déi anh. Thong thudng,
chit ddng phan ddi anh dwoc 1am giau & mbi tim bét ddi xtimg 12 >90% nguyén liéu dugce
tach. Tét hon néu, chat ddng phan ddi anh duoc 1am giau & mdi tim 14 >98% ctia hdn
hop.

Trong mdt sd vi du, sw quay quang clia chét ddng phan dbi anh dugc xac dinh
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bang phan cuc ké. Theo dit liéu quay quang xac dinh duoc (hogc dit liéu quay dac hiéu),
mot chit ddng phan dbi anh quay theo chiéu kim ddng hd dugc ky hiéu la (+)-chit dong
phén déi anh va mot chat ddng phan ddi anh quay ngugce chiéu kim dong hd duge ky hiéu
1a (-)-chat ddng phan dbi anh. Cac hop chit triét quang duoc chi ra cho du khi khong c6
viéc kéo hodc hoa hoc lap thé duogc mo ta, hodc béng viéc co mat (+/-) lién sat cu trac;
trong truong hop sau, hoa hoc 14p thé dwoc chi ra thé hién cAu hinh tuong déi (chtt khong
phai tuyét ddi) cta cac phén tir thay thé ctia hop chat.

Céc phan tng tién hanh qua cac hop chét trung gian phét hién dugc thuong tiép
nbi bang LCMS, va dé cho tién hanh chuyén hoa hoan toan truéce khi bd sung cac chét
phan tng ké tiép. Dbi véi cac quy trinh tong hop tham chiéu dén cac quy trinh trong céc
vi du hoac phuong phép khac, thi diéu kién phan tg (thoi gian va nhiét do phan ung) c6
thé thay dbi. N6i chung, cac phan tmg duoc tiép ndi bang phuong phap sac ky 16p mong
hoac phé khdi, va 1am sach néu thich hop. Viéc trinh tinh ché trong cac thir nghiém khéc
nhau ¢6 thé khac nhau: néi chung, cic dung mdi va ty 1é dung moi duge dung dé giai
hép/gradien dugc chon sao cho tao ra Res hodc thoi gian gitr thich hgp. Toan b cac
nguyén li€u ban dau trong cac Vidu diéu ché va Vi du c6 ban trén thi trudng hodc co thé
dugc didu ché bing cac phuong phéap da biét trong linh vuc nay hodc nhu dwge mo ta

trong ban mo ta nay.

Vi du diéu ché P1
tert-Butyl 4-[2-(4-clo-2-flophenyl)- 1,3-benzodioxol-4-yl|piperidin-1-carboxylat (PI)
CH,
/O\l)]\okgﬂ3
Cl HsC_ O

F OH OH
Cl\@[ n-BulLi; Br NalOy4 F HsC CH,
T ¥ g
Br O OH g 9 gy Pd(dppCly
J\©/Br o1 - Na,CO;

cl cl
Ho
F 0 )<CH (PhsP)sRhCI F Jok C%’H
0 N0 CHs 0 N" 0" “CHj
0 < o
c3 P1
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Buéce 1. Tong hop 2-bromo-6-[(4-clo-2-flophenyl) (hydroxy)metyl]phenol (C1).

Thir nghiém nay duoc tién hanh thanh hai mé c6 ciing quy mé. n-Butyllithi (dung
dich 2,5 M trong hexan; 32,8 mL, 82,0 mmol) duoc bd sung tur tr vao —70 °C dung dich
chtra 1-bromo-4-clo-2-flobenzen (17,2 g, 82,1 mmol) trong dietyl ete (100 mL), trong khi
nhiét do ctia hdn hop phan ing duge duy tri nhdé hon —60 °C. Sau khi hdn hop phan tng
nay da duogc khuéy & —70 °C trong 20 phut, dung dich chta 3-bromo-2-
hydroxybenzaldehyt (5,5 g, 27 mmol) trong dietyl ete (100 mL) duoc bd sung tlr tir vao,
trong khi nhiét do phan tng dugc duy tri nhé hon —60 °C. Sau khi khudy 1 gio nita & —70
°C, phan tung dugc dap tit bang cach bd sung dung dich nuéc amoni clorua (50 mL) &
—70 °C, va hdn hop thu dugce duoc pha lodng voi nude (100 mL). Hai mé duoc gom &
thoi diém nay va chiét bang etyl axetat (400 mL); 16p hitu co duge ria bang dung dich
nudc natri clorua bdo hoa (200 mL), siy khé trén natri sulfat, loc, va c6 trong chan khong.
Séc ky silica gel (Gradien: 0% dén 7% etyl axetat trong xang) thu duoc C1 duéi dang
chat rin mau tring. Hiéu suét két hop: 15,7 g, 47,4 mmol, 88%. 'H NMR (400 Mhz,
cloroform-d) 6 7,44 (dd, J= 8,0, 1,5 Hz, 1H), 7,37 (dd, J= 8,1, 8,1 Hz, 1H), 7,15 (br dd,
J=128.,5, 2,1 Hz, 1H), 7,12 — 7,05 (m, 2H), 6,80 (dd, J = 7.8, 7,8 Hz, 1H), 6,78 (s, 1H),
6,31 (d, J=4,8 Hz, 1H), 3,02 (br d, J= 4,9 Hz, 1H).

Bu6c 2. Tong hop 4-bromo-2-(4-clo-2-flophenyl)-1,3-benzodioxol (C2).

B6 sung dung dich chira natri periodat (25,4 g, 119 mmol) trong nude (105 mL)
vao dung dich chia C1 (15,7 g, 47,4 mmol) trong metanol (450 mL), va hdn hgp phan
ng nay dugc khudy & 30 °C trong 16 gio, vao lic d6 n6 dugce cd trong chdn khéng. Sau
khi c¢in da dugc pha lodng véi diclometan (500 mL), né duoc rira bang nude (500 mL).
Tiép theo, sdy kho dung dich diclometan nay trén natri sulfat, loc, va o trong chdn khéng.
Tinh ché bang sic ky silica gel (dung méi rira giai: xang) tao ra C2 dudi dang chét ran
mau tréng. Hiéu suét: 10,0 g, 30,3 mmol, 64%. Dit liéu '"H NMR sau thu dugc tir thi
nghiém duoc tién hanh theo cach twong tw nhung véi quy md nhé hon. '"H NMR (400
MHz, DMSO-ds) 6 7,67 — 7,61 (m, 2H), 7,50 (s, 1H), 7,43 (br dd, J = 8, 2 Hz, 1H), 7,09
(dd, J= 8,3, 1,1 Hz, 1H), 7,01 (dd, J=17.,9, 1,1 Hz, 1H), 6,86 (dd, J= 8.1, 8,1 Hz, 1H).

Buéc 3. Tong hop tert-butyl 4-[2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]-3,6-
dihydropyridin-1(2H)-carboxylat (C3).
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Binh phan Gmg chira huyén phui chira C2 (8,00 g, 24,3 mmol), terz-butyl 4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridin-1(2H)-carboxylat (9,01 g, 29,1
mmol), natri cacbonat (5,15 g, 48,6 mmol), va [1,1’-bis(diphenylphosphino)-
feroxen]diclopaladi(IT) [Pd(dppf)Clz; 888 mg, 1,21 mmol] trong 1,4-dioxan (80 mL) va
nude (32 mL) dugc tao chin khéng va nap nito. Chu ky tao chan khong duoc 1ap lai hai
1an, va tiép theo, hdn hop phan img nay dugc khudy & 90 °C trong 16 gid. Sau khi loai
bd dung moi trong chdn khong, can duge phan bb gitra etyl axetat (200 mL) va nuréc (200
mL). L6p hitu co duge rira bang dung dich nuée natri clorua bio hoa (100 mL), sdy kho
trén natri sulfat, loc, va ¢ dudi 4p sudt giam. Sic ky trén silica gel (Gradien: 0% dén
4,3% etyl axetat trong xang) tao ra san phim, ma n6 dugc gom véi chét tir phan tng
teong tu dugce tién hanh béng cach str dung C2 (2,00 g, 6,07 mmol) dé thu duoc C3 dudi
dang gébm mau vang nhat. Hiéu suit két hop: 10,3 g, 23,8 mmol, 78%. 'H NMR (400
MHz, cloroform-d) & 7,53 (dd, /= 8.3, 7,8 Hz, 1H), 7,23 — 7,16 (m, 3H), 6,88 — 6,83 (m,

-~ 2H), 6,81 -6,76 (m, 1H), 6,34 — 6,28 (br m, 1H), 4,10 — 4,05 (m, 2H), 3,61 (br dd, /=6,
5 Hz, 2H), 2,59 — 2,50 (br m, 2H), 1,48 (s, 9H).

Buée 4. Tong hop tert-butyl 4-[2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperidin-1-
carboxylat (P1).

Dung dich chira C3 (10,3 g, 23,8 mmol) va tris(triphenylphosphin)rodi(I) clorua
(chét xuc tdc Wilkinson; 1,54 g, 1,66 mmol) trong metanol (100 mL) dugc khuéy o 50
°C trong hydro (45 psi) trong 18 gid. Tiép theo, loc hdn hgp phan (ng qua dém diatomit,
va ¢b dic dich loc dudi ap sudt thap va cho qua sic ky silica gel (Gradient: 0% dén 9%
etyl axetat trong ete dau hoa). Chat thu duge dwugc gom véi chét tir phan Ung twong tu
duoc tién hanh bang cach st dung C3 (1,67 g, 3,87 mmol) dé thu duge P1 dudi dang
gom khong mau. Hiéu suat két hop: 10,3 g, 23,7 mmol, 86%. LCMS m/z 456,1¢
[M+Na']. '"H NMR (400 MHz, cloroform-d) & 7,52 (dd, J=38,5, 7,6 Hz, 1H), 7,23 — 7,17
(m, 2H), 7,16 (s, 1H), 6,83 (dd, J=17.8, 7,8 Hz, 1H), 6,78 — 6,69 (m, 2H), 4,35 — 4,10 (br
m, 2H), 2,89 — 2,71 (m, 3H), 1,89 — 1,77 (m, 2H), 1,77 — 1,63 (m, 2H), 1,47 (s, 9H).

Vi du diéu ché P2
tert-Butyl 4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-carboxylat
(P2)
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N82CO3

(PhsP)3RNCI
c5 P2

Buéc 1. Tong hop 4-bromo-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol (C4).

B6 sung 1-(4-clo-2-flophenyl)etanon (316 g, 1,83 mol) va axit p-toluensulfonic
(6,02 g, 35,0 mmol) vao dung dich chira 3-bromobenzen-1,2-diol (330 g, 1,75 mol) trong
toluen (1,5 L). Thiét bi phan tmg dugc lap bay Dean-Stark, va hdn hop phan (ng nay
dugc dun nong & 140 °C trong 60 giv, vao luc d6 dung dich nay duoc ¢d trong chén
khong va tinh ché bang cach sir dung sdc ky silica gel (dung moi rira giai: xdng); C4 thu
dugc duéi dang hon hop cla dau va chit rin mau vang. Hiéu suét: 158 g, 460 mmol,
26%. "H NMR (400 MHz, cloroform-d): & 7,54 (dd, J= 8,4, 8,4 Hz, 1H), 7,17 — 7,10 (m,
2H), 6,95 (dd, J = 7,9, 1,4 Hz, 1H), 6,75 (dd, hop phan cia kiéu ABX, J= 7,8, 1,4 Hz,
1H), 6,70 (dd, hop phan cua kiéu ABX, J= 7.9, 7,9 Hz, 1H), 2,11 (d, J= 1,1 Hz, 3H).

Buéce 2. Tong hop tert-butyl 4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-3,6-
dihydropyridin-1(2H)-carboxylat (CS5).

tert-Butyl 4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridin-
1(2H)-carboxylat (62 g, 200 mmol) va natri cacbonat (100 g, 940 mmol) dugc bd sung
vao dung dich chira C4 (58,0 g, 169 mmol) trong 1,4-dioxan (600 mL). Sau khi b6 sung
[1,1°-bis(diphenylphosphino)feroxen]diclopaladi(Il) (6,0 g, 8,2 mmol), hdn hop phéan
ung nay dugce dun nong dén 90 °C va khudy trong 16 gio. Tiép theo, nudec (500 mL) duoc
b6 sung vao va hdn hop phan tmg dugc chiét bing etyl axetat (2 x 500 mL). Cac 16p hiru
co két hop duoc rira bang dung dich nuée natri clorua bao hoa (2 x 500 mL), lam kho

trén natri sulfat, loc, va cd ddc trong chan khong. Séc ky silica gel (Gradien: 0% dén 9%
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etyl axetat trong xang) tao ra C5 dudi dang diu mau vang. Hiéu suat: 56,0 g, 126 mmol,
75%. 'H NMR (400 MHz, cloroform-d) & 7,50 (dd, J = 8.2, 8,2 Hz, 1H), 7,17 — 7,09 (m,
2H), 6,83 — 6,77 (m, 2H), 6,74 (dd, hop phan ctia kiéu ABX, J= 5.4, 3,6 Hz, 1H), 6,39 —
6,33 (br m, 1H), 4,14 — 4,08 (m, 2H), 3,70 — 3,56 (m, 2H), 2,66 — 2,45 (m, 2H), 2,07 (d,
J=1,1 Hz, 3H), 1,50 (s, 9H).

Buéc 3. Toéng hop tert-butyl 4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
vl]piperidin-1-carboxylat (P2).

B sung tris(triphenylphosphin)rodi(I) clorua (chét xuc tac Wilkinson; 8,10 g, 8,75
mmol) vao dung dich chira C5 (56,0 g, 126 mmol) trong metanol (200 mL), va hdn hop
phan g nay dugc dun nong dén 50 °C trong 18 gid trong hydro (45 psi). Tiép theo, 1am
lanh hdn hop xudng 25 °C va loc qua diatomit. C6 dic dich loc bing trong chdn khéng
va tinh ché hai 14n bing cach st dung sic ky silica gel (cot thir nhat — Gradien: 0% dén
9% etyl axetat trong xang; cdt thr hai — Gradient: 0% dén 2% etyl axetat trong xing), tao
ra P2 dudi dang chét rén mau vang. Hiéu suit: 37,0 g, 82,6 mmol, 66%. LCMS m/z
392,14 [(M — 2-metylprop-1-en)+H]*. 'TH NMR (400 MHz, cloroform-d) & 7,51 (dd, J =
8.3, 8,0 Hz, 1H), 7,17 — 7,09 (m, 2H), 6,77 (dd, hop phan ciia kiéu ABC, J= 7,8, 7,8 Hz,
1H), 6,70 (dd, hop phén cta kidu ABC, J=7,7, 1,3 Hz, 1H), 6,66 (dd, hgp phan cta kiéu
ABC, J=17,.8, 1,3 Hz, 1H), 4,37 — 4,13 (br m, 2H), 2,92 — 2,73 (m, 3H), 2,05 (d, /= 1,1
Hz, 3H), 1,90 — 1,63 (m, 4H), 1,49 (s, 9H).

Vi du diéu ché P3
4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl piperidin, muéi p-toluen-
sulfonat (P3)

cl F o CHy
CHj J__LCHs (ol
o) N"SO"CH, o +

O

P2
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HO.. 2
C|©/gH o CHs o] \©\ CI\OCF:H X
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CHs
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Buéc 1. Tdch tert-butyl 4-[(2R)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
yl]piperidin-1-carboxylat (C6) va tert-butyl 4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-
benzodioxol-4-yl]piperidin-1-carboxylat (C7).

Thuc hién tach hop chét P2 (75,2 g, 168 mmol) thanh cac chit dong phan déi anh
thanh phin cua n6 bing sic ky 1éng SFC (siéu t6i han) [Cot: Chiral Technologies
Chiralpak AD-H, 5 pum; Pha dong: 4:1 cacbon dioxit / (2-propanol chira 0,2% 1-
aminopropan-2-ol)]. Hop chét rira giai thir nhét dugc chi dinh 14 C6, va chat déng phan
dbi anh rira giai thir hai 1a C7. Céc cau hinh tuyét dbi dugc chi ra duge chi dinh trén co
sO cua viéc xac dinh cong thirc cAu tao béng tia X don tinh thé duoc tién hanh trén C8,
ma c6 ngudn gdc tir C6 (xem duéi day).

C6 - Hiéu suit: 38,0 g, 84,8 mmol, 50%. Thoi gian luu 3,64 phut [COt: Chiral
Technologies Chiralpak AD-H, 4,6 x 250 mm, 5 um; Pha dong A: cacbon dioxit; Pha
dong B: 2-propanol chira 0,2% 1-aminopropan-2-ol; Gradient: 5% B trong 1,00 phut, tiép
theo, 5% dén 60% B trong 8,00 phut; Luu lwong: 3,0 mL/phit; 4p suit ngugc: 120 Bar
(12 MPa).

C7 - Hiéu suét: 36,8 g, 82,2 mmol, 49%. Thoi gian giit 4,19 phut (diéu kién SFC phan
tich giéng voi didu kién ding cho hop chét C6).

Buée 2. Toéng hop 4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-
piperidin, muoi p-toluensulfonat (P3).

Dung dich chira C7 (1,62 g, 3,62 mmol) trong etyl axetat (36 mL) dugc xir ly bang
axit p-toluensulfonic monohydrat (791 mg, 4,16 mmol) va duoc dun nong ¢ 45 °C. Sau
23 gi®, hdn hgp phan ting nay dugc dé cho ngudi xudng nhiét do trong phong va chét rin
dwoc gom bang cach loc. N6 duge rira véi hon hop gbm etyl axetat va heptan (1:1, 2 x
15 mL) @& thu dugc P3 dudi dang chat rin mau trang. Hiéu suat: 1,37 g, 2,63 mmol, 73%.
LCMS m/z 348,14 [M+H]". '"H NMR (400 MHz, DMSO-dg) & 8,53 (v br s, 1H), 8,29 (v
brs, 1H), 7,65 — 7,55 (m, 2H), 7,47 (d, J = 8,1 Hz, 2H), 7,35 (dd, J = 8.4, 2,0 Hz, 1H),
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7.11 (d, J=7,8 Hz, 2H), 6,88 — 6,81 (m, 2H), 6,75 — 6,68 (m, 1H), 3,42 — 3,33 (m, 2H),
3,11 — 2,93 (m, 3H), 2,29 (s, 3H), 2,03 (s, 3H), 1,98 — 1,82 (m, 4H).

Chuyén héa C6 thanh 4-[(2R)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
yl]piperidin, metansulfonat mudi (C8) dé xdc dinh héa lgp thé tuyét dbi
HO. L

S cl F
cl F o CHy O CH
CHs 1__LCh, CH; CH;3SO3H 0 NH
—0 N" 0" “CH; 3T

d o > 0)

* CH4SO;H
Ccé cs

Axit p-toluensulfonic (377 mg, 2,19 mmol) dugc bd sung vao dung dich chira C6
(490 mg, 1,09 mmol) trong etyl axetat (5,5 mL), va hn hop phén Gng nay dugc khudy &
nhiét do trong phong qua dém. Sau khi pha lodng véi mot luong etyl axetat b6 sung, hdn
hop phan tng nay dugc rira 1an lugt véi dung dich nuéce natri bicacbonat, nude, va dung
dich nudc natri clorua bao hoa, séy kho trén natri sulfat, loc, va co trong chan khong.
Hiéu suét: 375 mg, 1,08 mmol, 99%. 'H NMR (400 MHz, metanol-ds) & 7,59 (dd, J =
8,3.8,3 Hz, 1H), 7,27 (dd, J= 10,9, 2,0 Hz, 1H), 7,20 (br dd, J = 8,4, 2,1 Hz, 1H), 6,81
— 6,75 (m, 1H), 6,74 — 6,67 (m, 2H), 3,18 — 3,09 (m, 2H), 2,88 — 2,77 (m, 1H), 2,77 —-
2,67 (m, 2H), 2,02 (d, J= 0,7 Hz, 3H), 1,85 — 1,73 (m, 4H).

Dung dich 0,1 M chita bazo ty do nay (4-[(2R)-2-(4-clo-2-flophenyl)-2-metyl-1,3-
benzodioxol-4-yl|piperidin) trong etyl axetat dugc diéu ché va cho qua man hinh mudi.
O day chi mé ta viéc tao thanh mudi metansulfonat. Hon hop gdm axit metansulfonic (25
uL, 39 pmol) va dung dich chtra chét nén (0,1 M; 0,25 mL, 25 umol) dugc khudy qua
dém. Tiép theo, bd sung mot lwgng di metanol vao dé hoa tan chét ran c6 mat, va etyl
axetat (3 mL) duoc b6 sung. Dung dich thu dugce dugc dé cho bay hoi tir tir, khong c6
khuéy, dé thu duoc tinh thé cua C8; mot trong s6 cac tinh thé nay dugc st dung dé xac

dinh cong thtrc cdu tao bang tia X don tinh thé nhu duge mo ta duéi day.
Xde dinh cdu tao ciia C8 bang tia X tinh thé don

Phén tich tia X tinh thé don.
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Tién hanh thu thép dir licu béng nhiéu xa ké Bruker D8 Quest ¢ nhiét do trong
phong. Dir liéu thu thép tir viéc quét omega va phi.

Cong thirc cau tao dugc giai thich bang pha thuc bang cach sir dung bo phin mém
SHELX trong nhom khong gian truc giao P21212. CAu trac duge sau d6 duoc tinh chinh
bang phuong phap binh phurong t6i thiéu voi ma tran ddy da. T4t ca cac nguyén tir khong
phéi hydro duoc phat hién va tinh chinh bing cach sit dung cac thong sd thay thé di
hudng.

Viéc tao thanh mudi metansulfonat dwoc xac nhin bing su chuyén proton
N1_HIX O4.

Céc nguyén tir hydro ndm & vi tri nito va oxy dwgc phat hién tr ban d6 do léch
Fourier va duoc tinh chinh véi khoang cach gidgi han. Cac nguyén tir hydro con lai duoc
dat vao cac vi tri da tinh toan va dugc dé vao vi trf cac nguyén tor mang chung. Viéc tinh
chinh cubi ciing bao gébm cac thong s6 chuyén vi ddng hudéng doi véi tat ca cac nguyén
t hydro.

Thue hién phén tich cdu trac tuyét dbi sir dung cac phuong phap c6 thé (Hooft
2008) bang cach sir dung PLATON (Spek). Két qua cho thdy ring ciu tric tuyét dbi da
dugc gan chinh xac; phuong phap nay tinh ra rang kha nang céu tric 1a ding 1a 100%.
Thong s6 Hooft dugc dua ra 1a 0,06 v6i esd 1a 0,0012 va thong s6 Parson dugc dwarala
0,07 v6i esd 1a 0,009. CAu hinh tuyét ddi & C7 dugc xac nhan 1a (R).

Pon vi bat dbi ximg bao gdm mot phéan tir cia bazo tur do proton héa cua C8 va
mot phan tr cia axit metansulfonic dugc khir proton. Chi s R cubi 1a 4,6%. Sai phan
Fourier cudi cho thay khong c6 mat do dién tir méat mat hoic dugc dat khong ding chd.

Tinh thé phu hop, su thu gom dit liéu, va viéc tinh chinh thong tin dugc tong két
trong Bang A. Su phdi tri nguyén tir, do dai lién két, goc lién két, va thong sd thay thé

dugc néu trong cac Bang B — D.

Phan mém va tai liéu tham khdo

SHELXTL, Version 5.1, Bruker AXS, 1997.

PLATON, A. L. Spek, J. Appl. Cryst. 2003, 36, 7-13.

MERCURY, C. F. Macrae, P. R. Edington, P. McCabe, E. Pidcock, G. P. Shields, R.
Taylor, M. Towler, and J. van de Streek, J. Appl. Cryst. 2006, 39, 453-457.

OLEX2, O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard, and H.
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Puschmann, J. Appl. Cryst. 2009, 42, 339-341.

R. W. W. Hooft, L. H. Straver, va A. L. Spek, J. Appl. Cryst. 2008, 41, 96-103.

H. D. Flack, Acta Cryst. 1983, 439, 867-881.

Bang A. Dit liéu tinh thé v tinh chinh c4u triic ctia hop chat C8

Cong thure thuc nghiém
Trong lugng cong thirc
Nhiét do

Budce song

Hé tinh thé

Nhoém khong gian

Kich thudc 6 mang don vi

Thé tich

VA

Ty trong (theo tinh todn)

Hé sb hap thy 2,823 mm™

F(000)

C& tinh thé

Khoéng theta di vai dit liéu thu thap
Khoang chi sd

42<=[<=42

Phan xa thu thap dugc

Phan xa doc lap

B sung cho theta = 67,679° 99,0%
Hiéu chinh d6 hip thu

Phuong phép tinh chinh

day du trén F?

Dir liéu/ Gi6i han/ thong sd

Mtc phu hgp trén F?

Chi s R cudi [I>20(1)]

C20H23CIFNOsS

443,90

296(2) K

1,54178 A

Ta phuong

P212124

a=6,5348(5) A o =90°
bh=9,3688(7) A L =90°
c=352143) A y=90°
2155,9(3) A3

4

1,368 Mg/m?

928

0,480 x 0,100 x 0,040 mm?

2,509 dén 70,483°

7<=h<=7, -11<=k<=8, -

16311
4035 [Rine = 0,0638]

Thuc nghiém
Binh phuong ti thiéu véi ma tran

4035/2/271
0,832
R1=10,0463, wR2 = 0,1227

Céc chi sb R R (tit ca sd lieu) R1 = 0,0507, wR2 = 0,1294

Thong sb céu tric tuyét ddi -0,003(18)
Heé s6 dap tit 0,0051 (6)
Sai 1éch 16n nhét cta dinh va hd

0,256 va -0,305 e.A"3
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Bang B. Céc toa do phéi tri nguyén tir (x 10*) va c4c thong s6 mire dich chuyén dang hudng
twong duong (A2 x 10%) ctia hop chat C8 . U(eq) dugc x4c dinh la mdt phan ba vét cia

tenxo U duoc true giao hoa.

X y z U(eq)
S(1) 3842(2) 9910(1) 5317(1) 57(1)
CI(1) -1625(2) -718(1) 6588(1) 80(1)
O(1) 6138(4) 3727(3) 6876(1) 53(1)
F(1) 639(5) 3071(4) 7503(1) 89(1)
0(2) 3445(4) 5043(3) 7117(1) 57(1)
04) 2909(6) 11013(4) 5082(1) 78(1)
0@3) 3708(7) 10299(4) 5708(1) 83(1)
N(1) 10461(5) 2909(4) 5493(1) 56(1)
C) 5652(6) 4826(4) 6629(1) 44(1)
C(1) 3361(7) 1662(4) 6697(1) 53(1)
C(6) 2957(6) 2523(4) 7012(1) 49(1)
C(10) 4075(6) 5613(4) 6776(1) 47(1)
C(14) 6628(6) 5138(4) 6294(1) 47(1)
0(5) 5833(7) 9578(4) 5179(1) 96(1)
C(15) 8265(6) 4182(4) 6130(1) 49(1)
C(5) 1105(7) 2270(5) 7190(1) 59(1)
C(16) 7309(6) 3048(5) 5874(1) 54(1)
C(2) 1971(7) 670(4) 6567(1) 55(1)
C4) -286(7) 1288(5) 7080(1) 64(1)
C(7) 4448(6) 3667(4) 7142(1) 52(1)
C(13) 5876(8) 6374(5) 6113(1) 60(1)
C(11) 3359(7) 6819(4) 6602(1) 57(1)
C(8) 5296(8) 3485(6) 7537(1) 64(1)
C(19) 9905(7) 4976(6) 5902(1) 67(1)
C(17) 8902(7) 2063(5) 5702(1) 59(1)
C(12) 4316(8) 7178(5) 6263(1) 65(1)
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C(3)
C(18)
C(20)
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150(7) 497(4)
11476(7) 3977(6)
2328(14) 8399(7)

6756(1)
5738(1)
5260(2)

56(1)
73(1)
117(3)

Bang C. Do dai lién két [A] va goc lién két [°] ctia hop chit C8.

S(1)-0(5)
S(1)-0(3)
S(1)-0(4)
S(1)-C(20)
CI(1)-C(3)
0(1)-C(9)
0(1)-C(7)
F(1)-C(5)
0(2)-C(10)
0(2)-C(7)
N(1)-C(18)
N(1)-C(17)
N(1)-H(1X)
N(1)-H(1Y)
C(9)-C(10)
C(9)-C(14)
C(1)-C(2)
C(1)-C(6)
C(1)-H(1)
C(6)-C(5)
C(6)-C(7)
C(10)-C(11)
C(14)-C(13)
C(14)-C(15)
C(15)-C(16)

1,423(4)
1,428(3)
1,458(3)
1,738(6)
1,729(5)
1,385(4)
1,449(4)
1,367(4)
1,376(4)
1,449(4)
1,478(6)
1,486(5)
0,99(2)

0,97(2)

1,369(5)
1,375(5)
1,378(6)
1,395(5)
0,9300

1,384(6)
1,519(6)
1,369(5)
1,409(6)
1,509(5)
1,527(5)
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C(4)-C(3)
C(4)-H(4)
C(7)-C(8)
C(13)-C(12)
C(13)-H(13)
C(11)-C(12)
C(11)-H(11)
C(8)-H(8A)
C(8)-H(8B)
C(8)-H(8C)
C(19)-C(18)
C(19)-H(19A)
C(19)-H(19B)
C(17)-H(17A)
C(17)-H(17B)
C(12)-H(12)
C(18)-H(18A)
C(18)-H(18B)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)

0(5)-S(1)-013)
O(5)-S(1)-0(4)
0(3)-S(1)-0(4)

1,389(6)
0,9300
1,506(6)
1,373(7)
0,9300
1,388(7)
0,9300
0,9600
0,9600
0,9600
1,505(7)
0,9700
0,9700
0,9700
0,9700
0,9300
0,9700
0,9700
0,9600
0,9600
0,9600

116,2(3)
110,1(2)
109,9(2)



C(15)-C(19)
C(15)-H(15)
C(5)-C4)
C(16)-C(17)
C(16)-H(16A)
C(16)-H(16B)
C(2)-C(3)
C(2)-H(2)
C(18)-N(1)-H(1Y)
C(17)-N(1)-H(1Y)
H(1X)-N(1)-H(1Y)
C(10)-C(9)-C(14)
C(10)-C(9)-0(1)
C(14)-C(9)-0(1)
C(2)-C(1)-C(6)
C(2)-C(1)-H(1)
C(6)-C(1)-H(1)
C(5)-C(6)-C(1)
C(5)-C(6)-C(7)
C(1)-C(6)-C(7)
C(9)-C(10)-C(11)
C(9)-C(10)-0(2)
C(11)-C(10)-0(2)
C(9)-C(14)-C(13)
C(9)-C(14)-C(15)
C(13)-C(14)-C(15)
C(14)-C(15)-C(16)
C(14)-C(15)-C(19)
C(16)-C(15)-C(19)
C(14)-C(15)-H(15)
C(16)-C(15)-H(15)
C(19)-C(15)-H(15)

1,531(6)
0,9800
1,351(7)
1,518(6)
0,9700
0,9700
1,372(6)
0,9300
113(3)
103(3)
108(4)
124,1(3)
109,6(3)
126,3(3)
121,9(4)
119,0
119,0
115,3(4)
123,0(3)
121,7(4)
122,1(4)
110,3(3)
127,5(4)
113,6(4)
122,1(3)
124,2(3)
110,4(3)
114,1(3)
108,4(3)
107,9
107,9
107,9

38000
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0(5)-8(1)-C(20)
0(3)-S(1)-C(20)
0(4)-S(1)-C(20)
C(9)-0(1)-C(7)
C(10)-0(2)-C(7)
C(18)-N(1)-C(17)
C(18)-N(1)-H(1X)
C(17)-N(1)-H(1X)
C(D-C(2)-H(2)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
0(1)-C(7)-0(2)
0(1)-C(7)-C(8)
0(2)-C(7)-C(8)
O(1)-C(7)-C(6)
0(2)-C(7)-C(6)
C(8)-C(7)-C(6)
C(12)-C(13)-C(14)
C(12)-C(13)-H(13)
C(14)-C(13)-H(13)
C(10)-C(11)-C(12)
C(10)-C(11)-H(11)
C(12)-C(11)-H(11)
C(7)-C(8)-H(8A)
C(7)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(7)-C(8)-H(8C)
H(8A)-C(8)-H(8C)
H(8B)-C(8)-H(8C)
C(18)-C(19)-C(15)

C(18)-C(19)-H(19A)

107,6(4)
106,6(3)
105,9(4)
105,0(3)
105,2(3)
112,3(3)
107(3)
113(3)
1203
117,5(4)
121,2
121,2
105,7(3)
108.7(3)
108,8(3)
108.7(3)
108,6(3)
115,8(3)
122,4(4)
118.8
1188
115,6(4)
122,2
122,2
109,5
109,5
109,5
109,5
109,5
109,5
112,2(4)
109,2
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C(4)-C(5)-F(1) 117,2(4) C(15)-C(19)-H(19A) 109,2
C(4)-C(5)-C(6) 125,0(4) C(18)-C(19)-H(19B) 109,2
F(1)-C(5)-C(6) 117,9(4) C(15)-C(19)-H(19B) 109,2
C(17)-C(16)-C(15) 112,2(3) H(19A)-C(19)-H(19B)  107.9
C(17)-C(16)-H(16A)  109,2 N(1)-C(17)-C(16) 110,1(3)
C(15)-C(16)-H(16A)  109,2 N(1)-C(17)-H(17A) 109,6
C(17)-C(16)-H(16B) 109, C(16)-C(17)-H(17A) 109,6
C(15)-C(16)-H(16B)  109,2 N(1)-C(17)-H(17B) 109,6
H(16A)-C(16)-H(16B) 107.9 C(16)-C(17)-H(17B) 109,6
C(3)-C(2)-C(1) 119,4(4) H(17A)-C(17)-H(17B) 1082
C(3)-C(2)-H(2) 120,3 C(13)-C(12)-C(11) 122,1(4)
C(1)-C(2)-H(2) 1203 C(13)-C(12)-H(12) 118.9
C(11)-C(12)-H(12) 118.,9
C(2)-C(3)-C(4) 120,8(4) H(18A)-C(18)-H(18B) 1082
C(2)-C(3)-CI(1) 119,6(3) S(1)-C(20)-H(20A) 109,5
C(4)-C(3)-CI(1) 119,6(3) S(1)-C(20)-H(20B) 109,5
N(1)-C(18)-C(19) 109,9(3) H(20A)-C(20)-H(20B)  109,5
N(1)-C(18)-H(18A) 1097 S(1)-C(20)-H(20C) 109,5
C(19)-C(18)-H(18A)  109.7 H(20A)-C(20)-H(20C)  109,5
N(1)-C(18)-H(18B) 1097 H(20B)-C(20)-H(20C)  109,5

C(19)-C(18)-H(18B)  109,7

Céc bién dbi dbi ximg dugc dung dé tao cac nguyén tir twong dwong.

Bang D. Thong s6 murc dich chuyén khong dang huéng (A% x 10%) ctia hop C8. S6 mii cua
thira s6 dich chuyén khong dang huéng c6 dang: —2m?[h? a*?U' + ... + 2 h k a* b* U2 ].

U]l U22 U33 U23 U13 U12
S(1) 73(1) 48(1) 48(1) 2(1) 7(1) -1(1)
CI(1) 81(1) 78(1) 81(1) -8(1) 1(1) -8(1)
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o(1) 54(1) 50(1) 56(1) 14(1) 10(1) 17(1)
F(1) 83(2) 103(2) 79(2) -40(2) 38(2) -6(2)

0(2) 66(2) 49(1) 54(1) 2(1) 11(1) 18(1)
0(4) 87(2) 84(2) 64(2) 192) 17(2) 21(2)
0(3) 122(3) 80(2) 47(1) 3(1) 7(2) -13(2)
N(1) 47(2) 73(2) 48(2) 7(2) 3(1) 11(2)
C(9) 51(2) 38(2) 44(2) 2(1) 7(1) 2(2)

c(1) 63(2) 46(2) 50(2) 5(2) 21(2) 13(2)
C(6) 55(2) 472) 45(2) 5(1) 11(2) 19(2)
C(10) 55(2) 39(2) 46(2) -5(1) -4(2) 6(2)

C(14) 54(2) 46(2) 42(2) 0(1) -9(2) -5(2)
0(5) 88(2) 88(3) 1133)  -24(2) 13(2) 21(2)
C(15) 47(2) 61(2) 40(2) 3(2) 3(1) 2(2)
C(5) 60(2) 62(2) 54(2) -6(2) 19(2) 13(2)
C(16) 43(2) 53(2) 65(2) -4(2) 8(2) -6(2)
C(2) 72(3) 49(2) 45(2) 2(2) 16(2) 14(2)
C(4) 57(2) 68(3) 65(2) 3(2) 23(2) 6(2)

C(7) 54(2) 50(2) 51(2) 7(2) 12(2) 16(2)
C(13) 81(3) 54(2) 46(2) 9(2) -4(2) 4(2)

C(11) 70(3) 46(2) 54(2) -8(2) -14(2) 17(2)
C(8) 69(3) 71(3) 51(2) 4(2) 4(2) 15(2)
C(19) 54(2) 78(3) 70(3) -13(2) 2(2) -25(2)
C(17) 54(2) 57(2) 67(2) 3(2) 8(2) 3(2)

C(12) 96(3) 43(2) 56(2) 5(2) -14(2) 13(2)
C(3) 64(2) 52(2) 52(2) 42) 2(2) 142)
C(18) 43(2) 1034)  73(3) 7(3) 3(2) -18(2)
C(20) 153(7) 87(4) 110(5)  -14(4) -6(5) -57(5)

Diéu ché P3, mudi di-p-toluoyl-L-tartrat
Muéi  4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl Jpiperidin, ~ di-p-
toluoyl-L-tartrat (P3, mudi di-p-toluoyl-L-tartrat).
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HaC HO._O Cl F
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C13, bazo tw do P3, mudi di-p-toluoyl-L-tartrat

Dung dich chira C13, bazo tw do (519 mg, 1,49 mmol) va axit di-p-toluoyl-L-
tartaric (278 mg, 0,719 mmol) trong axetonitril (7,5 mL) duoc khqu 6 50 °C trong 1.5
gi®. Hon hop nay duoc dé cho ngudi xubng nhiét do trong phong & 0,2 °C/phit. Sau 15
gi®r & nhiét do trong phong, hon hop duge dun nong dén 65 °C va nap axetonitril (15 mL).
Hbn hop nay dugc dé cho ngudi xubng nhiét d6 trong phong & 0,2 °C/phut. Sau 15 gid &
nhiét do trong phong, hdn hop dugc dun nong dén 54 °C. Sau 3 gio, chit ran dugc gom
bang cach loc, va sdy kho trong 16 chan khong & 35 °C trong nito, tao ra P3, mudi di-p-
toluoyl-L-tartrat dwédi dang chét rén mau tring (217 mg, 0,296 mmol, 20%, lugng du
chét ddng phan ddi anh 82%).

Dung dich chira P3, mubdi di-p-toluoyl-L-tartrat (217 mg, 0,296 mmol, luong du
chit dong phan déi anh 82%) trong axetonitril (8,0 mL) & 50 °C dugc dé cho ngudi xubng
nhiét do trong phong véi tbe dd 0,2 °C/phit. Sau 15 gid, chét rin dugc gom bang cach
loc, va sdy kho trong 16 chan khong & 35 °C trong nito, tao ra P3, mudi di-p-toluoyl-L-
tartrat dudi dang chét rin mau tréng (190 mg, 0,259 mmol, 88%, luong du chét déng
phan d6i anh 88%). LCMS m/z 348,14 [M+H]". "H NMR (400 MHz, DMSO-dj) 6 8,9 —
8,5 (br s, 2H), 7,79 (d, J = 8,1 Hz, 4H), 7,64 — 7,54 (m, 2H), 7,34 (dd, J = 8.4, 2,1 Hz,
1H), 7,26 (d, J = 8,0 Hz, 4H), 6,87 — 6,78 (m, 2H), 6,69 (dd, J = 6,7, 2,5 Hz, 1H), 5,58
(s, 2H), 3,37 — 3,28 (m, 2H, gié thiét; mdt phan bi mo do dinh nuée), 3,05 — 2,89 (m, 3H),
2,33 (s, 6H), 2,02 (s, 3H), 1,92 — 1,80 (m, 4H). Thoi gian giti: Dinh 1 (4,97 phut, phu) va
Dinh 2 (5,31 phut, chinh) {Cot: Chiralpak IC-U 3,0 x 50 mm, 1,6 pm; Pha dong A: cacbon
dioxit; Pha dong B: 0,1% isopropylamin trong metanol; Gradient: 10% B trong 5,00 phut,
tiép theo, 45% B trong 0,6 phut; Luu lugng: 1,7 mL/phut; ap suét ngugc: 130 Bar (13
MPa).

Vi du diéu ché P4
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tert-Butyl 4-[2-(4-xyano-2-flophenyl)-2-metyl- 1, 3-benzodioxol-4-yl|piperidin-1-
carboxylat (P4)
Zn(CN 3
0 NJ\OJ<CH§ _nCN2 0 N“ 0" “CH,
ol 7n o!
dppf
P2 PP P4

Huyén phu chira P2 (2,00 g, 4,46 mmol), kém xyanua (734 mg, 6,25 mol), kém
(70,1 mg, 1,07 mmol), 1,1°-bis(diphenylphosphino)feroxen (dppf; 198 mg, 0,357 mmol)
va tris(dibenzylidenaxeton)dipaladi(0) (164 mg, 0,179 mmol) trong N,N-dimetylaxetamit
(20 mL) duogc khuéy & 120 °C trong 16 gio, vao luc d6 né dugce loc. Dich loc duge tron
v6i nu6e (50 mL) va chiét bang etyl axetat (3 x 50 mL); tiép theo, gom cac 16p hitu co,
rira 1an luot v6i nuée (30 mL) va bang dung dich nudce natri clorua bao hoa (20 mL), va
cd trong chdn khéng. Sac ky silica gel (Gradien: 0% dén 30% etyl axetat trong xing) thu
duoc chét rin, ma n6 duoc xir Iy bang axetonitril (15 mL) va nudc (15 mL) va cho qua
lam dong kho nhanh. Quy trinh nay tao ra P4 du6i dang chét rin mau vang nhat. Hiéu
sut: 1,17 g, 2,67 mmol, 60%. LCMS m/z 461,3 [M+Na']. 'H NMR (400 MHz,
cloroform-d) 7,71 (dd, J=17.7, 7,6 Hz, 1H), 7,45 (dd, J = 8,0, 1,6 Hz, 1H), 7,42 (dd, J =
10,0, 1,5 Hz, 1H), 6,79 (dd, hop phan cua kiéu ABC, J= 17,7, 7,6 Hz, 1H), 6,72 (dd, hop
phén cua kiéu ABC, J= 7,8, 1,3 Hz, 1H), 6,68 (dd, hop phan ctia kiéu ABC, J=17,8, 1,3
Hz, 1H), 4,37 — 4,14 (br m, 2H), 2,91 — 2,73 (m, 3H), 2,07 (d, /= 1,1 Hz, 3H), 1,89 —
1,62 (m, 4H), 1,49 (s, 9H).

Cdc hop chit ciia cdc vi du diéu ché chudn bi P5 va P6
4-Bromo-2-phenyl-1,3-benzodioxol, ENT-1 (P5) va 4-Bromo-2-phenyl-1,3-benzodioxol,
ENT-2 (P6)

Li Q
0 OH @ OH OH . NalO, .
g T Yy
co c10
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P5 P6
Buéc 1. Tong hop 2-bromo-6-hydroxy(phenyl)metyl]phenol (C9).
Phenyllithi (dung dich 1,9 M trong 1-butoxybutan; 78,5 mL, 149 mmol) dugc bd
sung tr tr vao —70 °C dung dich chira 3-bromo-2-hydroxybenzaldehyt (10,0 g, 49,7
mmol) trong tetrahydrofuran (70 mL), v&i tdc d6 dé duy tri nhiét d6 phan tmg nhd hon
—60 °C. Huyén phi thu duoc duge khudy ¢ —70 °C trong 1 gio, va tiép theo, dé cho am
dén nhiét do trong phong qua dém, vao luc d6 né dugc rét vao dung dich nudc amoni
clorua & 0 °C (30 mL). Hon hop nay duge chiét bang etyl axetat (3 x 30 mL), va gom céc
16p hitu co, rira bing dung dich nudc natri clorua bao hoa (30 mL), sdy kho trén natri
sulfat, loc, va cb trong chan khong. Séic ky silica gel (Gradien: 0% dén 5% etyl axetat
trong xang) tao ra C9 dudi dang chét rdn mau vang. Hiéu suét: 6,11 g, 21,9 mmol, 44%.
"H NMR (400 MHz, cloroform-d) & 7,45 — 7,28 (m, 6H), 7,22 — 7,18 (m, 1H), 7,06 (br d,
J=17,7Hz, 1H), 6,77 (dd, J=17.,9, 7,8 Hz, 1H), 6,06 (br s, 1H), 2,89 (br s, 1H).

Buéc 2. Tong hop 4-bromo-2-phenyl-1,3-benzodioxol (C10).

B6 sung dung dich chira natri periodat (11,7 g, 54,7 mmol) trong nuée (175 mL)
vao dung dich chira C9 (6,11 g, 21,9 mmol) trong metanol (370 mL). Hon hgp phan tmg
nay duoc khudy ¢ 30 °C trong 40 gid, vao lic d6 phan 16n metanol dugc loai bo bang
cach cb trong chdn khéng. Hon hop thu dugc dugce chiét bang diclometan (5 x 100 mL),
va gom 16p hitu co, rira 1an luot véi dung dich nuée natri sulfit (100 mL) va dung dich
nuéc natri clorua bdo hoa (100 mL), sy kho trén natri sulfat, loc, va ¢d dudi ap sudt
giam. Tién hanh sic ky trén silica gel (dung mdi rira gidi: xing) tao ra C10 du6i dang dau
khong mau. Hiéu suit: 4,50 g, 16,2 mmol, 74%. LCMS m/z 278,5 (quan sat thdy mau
ddng vi brom) [M+H]*. '"H NMR (400 MHz, cloroform-d) & 7,62 — 7,57 (m, 2H), 7,49 —
7,43 (m, 3H), 7,04 (s, 1H), 7,00 (dd, J = 8.0, 1,4 Hz, 1H), 6,79 (dd, hop phan ctia kiéu
ABX, J=17.8, 1,4 Hz, 1H), 6,75 (dd, hop phén ctia kiéu ABX, J= 7.9, 7,8 Hz, 1H).
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Buéce 3. Tdch 4-bromo-2-phenyl-1,3-benzodioxol, ENT-1 (P5) va 4-bromo-2-phenyl-1, 3-
benzodioxol, ENT-2 (P6).

Céc chit ddng phan dbi anh bao gdm C10 (5,00 g, 18,0 mmol) dugc tach bang
céach st dung SFC [C6t: Chiral Technologies ChiralCel OD, 10 pm; Pha dong: 3:1 cacbon
dioxit / (metanol chira amoni hydroxit 0,1%)]. Chit déng phan ddi anh rira giai thi nhét
duoc chi dinh 1a ENT-1 (P5), va chit ddng phan ddi anh rira giai thir hai 1a ENT-2 (P6);
c& hai déu thu duoc dudi dang ddu mau vang.

P5 Hiéu suat: 2,20 g, 7,94 mmol, 44%. LCMS m/z 277,0 (quan sat thdy mau dong vi
brom) [M+H]". '"H NMR (400 MHz, cloroform-d) & 7,63 — 7,55 (m, 2H), 7,51 — 7,42 (m,
3H), 7,04 (s, 1H), 7,00 (dd, J = 8.0, 1,3 Hz, 1H), 6,80 (dd, hop phan ctia kiéu ABX, J =
7,8, 1,4 Hz, 1H), 6,75 (dd, hop phﬁn cua kiéu ABX, J=17.9, 7,8 Hz, 1H). Thoi gian luu
3,28 phut (Cot: Chiral Technologies ChiralCel OD-H, 4,6 x 150 mm, 5 um; Pha dong A:
cacbon dioxit; Pha dong B: metanol chtta 0,05% dietylamin; Gradient: 5% dén 40% B
trong 5,5 phat; Luu lugng: 2,5 mL/phtt).

P6 Hicu sudt: 2,00 g, 7.22 mmol, 40%. LCMS m/z 276,9 (quan st thiy mau dong vi
brom) [M+H]*. 'TH NMR (400 MHz, cloroform-d) & 7,63 — 7,55 (m, 2H), 7,50 — 7,42 (m,
3H), 7,04 (s, 1H), 7,00 (dd, J = 8.0, 1,4 Hz, 1H), 6,80 (dd, hop phan cta kiéu ABX, J =
7.8, 1,4 Hz, 1H), 6,75 (dd, hop phin cua kiu ABX, J = 7.9, 7,9 Hz, 1H). Thoi gian gift
3,73 phut (diéu kién phan tich giéng v6i didu kién ding cho hop chat P5).

Vi du diéu ché P7
tert-Butyl 4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-carboxylat
(P7)

0 CHj
CH;
OH /@J\O cHs
O. N
= CH 3 O
Cl = | 3 H,;C CH
| —_— J 0 5 >
SCH  Rus(CO): ]ﬁj/ r Pd(dpp?)Cl
CSzCO3
C11
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Cl~ CH Cl
N 0 3 ZN o CH
L CHs J__LCHs; H, L CHs I 8H3
o) N” 0" “CH, - d o) N” O “CH;

(PhsP)3RhCI
C12 P7

Buée 1. Tong hop 2-(4-bromo-2-metyl-1,3-benzodioxol-2-yl)-5-clopyridin (C11).

Hbn hop gbém 5-clo-2-etynylpyridin (1,80 g, 13,1 mmol), 3-bromobenzen-1,2-diol
(2,47 g, 13,1 mmol), va triruteni dodecacacbonyl (167 mg, 0,261 mmol) trong toluen (25
mL) dugc khir khi trong 1 phut va tiép theo, duoc dun noéng & 100 °C trong 16 gio. Hén
hop phan ing nay dugc pha loang véi etyl axetat (30 mL) va loc qua dém dat tao diatomit;
dich loc dugc c¢d trong chdn khong va tinh ché biang cich sir dung sic ky silica gel
(Gradient: 0% dén 1% etyl axetat trong xang) dé tao ra C11 duéi dang diu mau vang.
" Hiéu suét: 1,73 g, 5,30 mmol, 40%. LCMS m/z 325,6 (quan sat thdy mau dong vi brom-
clo) [M+H]". 'TH NMR (400 MHz, cloroform-d) & 8,63 (dd, J = 2,4, 0,7 Hz, 1H), 7,71
(dd, hop phin cua kidu ABX, J = 8.4, 2,4 Hz, 1H), 7,60 (dd, hop phén cua kiéu ABX, J
=8.4,0,7 Hz, 1H), 6,97 (dd, J= 8,0, 1,4 Hz, 1H), 6,76 (dd, hgp phan ctia kiéu ABX, J =
7.8, 1,4 Hz, 1H), 6,72 (dd, hop phén cia kiéu ABX, J= 8,0, 7,8 Hz, 1H), 2,10 (s, 3H).

Buéc 2. Tong hop tert-butyl 4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]-3,6-
dihydropyridin-1(2H)-carboxylat (C12).

[1,1°-Bis(diphenylphosphino)feroxen]diclopaladi(Il) (388 mg, 0,530 mmol) duoc
b6 sung vao huyén phi ciia C11 (1,73 g, 5,30 mmol), tert-butyl 4-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridin-1(2H)-carboxylat (1,64 g, 5,30 mmol), va
xeri cacbonat (5,18 g, 15,9 mmol) trong 1,4-dioxan (35 mL) va nuée (6 mL). Hon hop
phan ing nay dugc khudy & 90 °C trong 4 gid, vao ltic d6 n6 dugc pha loang vdi etyl
axetat (30 mL) va nu6e (5 mL). L6p hitu co dugce ¢d trong chan khong va can duoc cho
qua sic ky silica gel (Gradient: 0% dén 5% etyl axetat trong xng), tao ra C12 dudi dang
g6ém mau vang. Hiéu suét: 1,85 g, 4,31 mmol, 81%. LCMS m/z 451,04 [M+Na']. 'H
NMR (400 MHz, cloroform-d) & 8,62 (dd, J= 2,5, 0,8 Hz, 1H), 7,69 (dd, hop phén ciia
kidu ABX, J= 8.4, 2,4 Hz, 1H), 7,57 (dd, hop phin ciia kiéu ABX, J = 8.4, 0,8 Hz, 1H),
6,84 — 6,79 (m, 2H), 6,78 — 6,73 (m, 1H), 6,39 — 6,33 (br m, 1H), 4,13 — 4,07 (m, 2H),
3,68 — 3,58 (m, 2H), 2,60 — 2,51 (br m, 2H), 2,07 (s, 3H), 1,49 (s, 9H).
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Buée 3. Tong hop tert-butyl 4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-
yl]piperidin-1-carboxylat (P7).

Dung dich chira C12 (2,61 g, 6,08 mmol) va tris(triphenylphosphin)rodi(I) clorua
(chat xtc tic Wilkinson; 563 mg, 0,608 mmol) trong metanol (100 mL) duoc khir khi
trong chan khong va tiép theo, 1am sach bang hydro; chu ky lam sach bang chan khéng
nay dugc tién hanh tong s6 ba lan. Tiép theo, hdn hop phin tmg nay duoc khudy & 60 °C
trong hydro (50 psi) trong 16 gio, vao luc d6 né dugc loc. Dich loc dugc ¢6 trong chan
khong, va cin duogc tinh ché bang cach sir dung sic ky silica gel (Gradient: 0% dén 10%
etyl axetat trong xdng); gom chét thu duoc véi chét tir qua trinh hydro hoa twong tu dugc
tién hanh trén C12 (110 mg, 0,256 mmol) dé tao ra P7 dudi dang gdbm mau vang nhat.
Hiéu suét két hop: 2,05 g, 4,76 mmol, 75%. LCMS m/z 431,3¢ [M+H]". 'TH NMR (400
MHz, cloroform-d) & 8,62 (d, J=2,3 Hz, 1H), 7,69 (dd, hop ph?m cta kiéu ABX, J= 8,4,
2.4 Hz, 1H), 7,57 (d, mdt nira ciia AB vach bon, J= 8,4 Hz, 1H), 6,79 (dd, hop phén cua
kidu ABC, J=17.8, 7,7 Hz, 1H), 6,72 (dd, hop phan cta kiéu ABC, J= 7.8, 1,3 Hz, 1H),
6,68 (br d, hop phan cua kiéu ABC, J= 7,9 Hz, 1H), 4,32 — 4,12 (br m, 2H), 2,91 — 2,73
(m, 3H), 2,05 (s, 3H), 1,90 — 1,62 (m, 4H), 1,48 (s, 9H).

Cdc hop chiit ciia cdc vi du diéu ché chudin bj P8 va P9
tert-Butyl 4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-carboxylat,
ENT-1 (P8) va tert-Butyl 4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-

yl]piperidin-1-carboxylat, ENT-2 (P9)
Cl
Z "N
O CHg
\Q‘\f?’ J__LCHs
a0 N" 0" CH;

Cleus CH, ENT-1
N CH, i CH, P8
x 0 N” 0" "CHs +
0 >

Cl
< GHs J__JCH;
P7 abs)—O N 'O CHj
ENT-2
P9

Thuc hién tach hop chit P7 (500 mg, 1,16 mmol) thanh cic chit déng phan doi
anh thanh phan cia n6 bang SFC [Cot: Phenomenex Lux Amylose-1, 5 pm; Pha dong:
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9:1 cacbon dioxit / [2-propanol chira 0,2% (amoniac 7 M trong metanol)]}. chit dong
phan dbi anh rira giai thi nhat duoc chi dinh 12 ENT-1 (P8), va chét dong phan ddi anh
rira giai thu hai 1a ENT-2 (P9).

P8 Hiéu suét: 228 mg, 0,529 mmol, 46%. Thoi gian luu 4,00 phut {Cot: Phenomenex
Lux Amylose-1, 4,6 x 250 mm, 5 um; Pha dong A: cacbon dioxit; Pha dong B: [2-
propanol chita 0,2% (7 M amoniac trong metanol)]; Gradient: 5% B trong 1,00 phut, tiép
theo, 5% dén 60% B trong 8,00 phut; Luu lugng: 3,0 mL/phut; ap suét nguoc: 120 Bar
(13 MPa).

P9 Hiéu suét: 229 mg, 0,531 mmol, 46%. Thoi gian gitt 4,50 phit (diéu kién phan tich
gibng véi didu kién ding cho hop chat P8).

Vi du diéu ché P10
Axit {4-[2-(4-Clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl[piperidin-1-yl}axetic (P10)
O
HO.
S O
Cl F CH g \@\ cl F
GHs /?L CH, CH \@\H?’ oo,
0 N~ 0" “CH, - 3 0 NH — 5
@)

K,CO4
Ho. P

P2 c13 ) dSCL
CH;,
Cl F Cl F
\GS‘:%/@/\%/OVCH?J NaOH \G%%/@EOH
C14 P10

Buéc 1. Téng hop muoi 4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
yl]piperidin, p-toluensulfonat (C13).

Dung dich chira P2 (5,0 g, 11 mmol) va axit p-toluensulfonic (4,81 g, 27,9 mmol)
trong etyl axetat (100 mL) dugc khudy & 60 °C trong 2 gio, vao lic d6 né dugce b trong
chdn khéng @ thu duge C13 dudi dang gdm mau vang. San pham nay dugc ding truc
tiép trong bude dusi day. LCMS m/z 347,94 [M+H]".

Bu6c 2. Tong hop etyl {4-[2-(4-clo-2-flophenyl)-2-metyl-1, 3-benzodioxol-4-ylpiperidin-
1-yl}axetat (C14).
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Kali cacbonat (7,71 g, 55,8 mmol) va etyl bromoaxetat (1,86 g, 11,2 mmol) dugc
bd sung vao dung dich chira C13 (tir buéc trén day; <11 mmol) trong axetonitril (150
mL), va hdn hop phan ung nay dugc khudy & 55 °C trong 16 gio. Tiép theo, né dugc loc,
va dich loc duoc ¢6 trong chdn khéng va tinh ché bang cach st dung sic ky silica gel
(Gradient: 0% dén 30% etyl axetat trong Xing) dé thu duogc C14 dudi dang gom mau
vang. Theo phén tich 'TH NMR, nguyén liéu nay khong hoan toan tinh khiét. Hiéu suét:
3,57 g, 8,23 mmol, 75% qua 2 budc. 'TH NMR (400 MHz, cloroform-d), C14 chi céc dinh:
87,52 (dd, J= 8,4, 8,0 Hz, 1H), 7,17 — 7,07 (m, 2H), 6,77 (dd, hop phan ctia kiéu ABC,
J=1.8,7,8 Hz, 1H), 6,72 — 6,67 (m, 2H), 4,21 (q, J= 7,1 Hz, 2H), 3,27 (s, 2H), 3,07 (m,
2H), 2,70 (tt, J = 12,1, 3,8 Hz, 1H), 2,35 (ddd, J= 11,5, 11,5, 2,7 Hz, 2H), 2,04 (d, J =
1,1 Hz, 3H), 2,02 — 1,76 (m, 4H), 1,29 (t, /= 7,1 Hz, 3H).

Bu6c 3. Tong hop axit {4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
I-yl}axetic (P10).

Dung dich chira C14 (3,57 g, 8,23 mmol) va dung dich nuéc natri hydroxit (3 M;
13,7 mL, 41,1 mmol) trong hdn hop gdm metanol (80 mL) v tetrahydrofuran (40 mL)
duoc khudy & 25 °C trong 16 gid. Sau khi loai bo cdc dung méi trong chdn khéng, can
trong nudc dugce axit hoa dén pH=7 bang cach bd sung axit clohydric 1 M, va tiép theo,
chiét bang hén hop gdm diclometan va metanol (10:1, 2 x 100 mL). Gom cac 16p hitu co,
sdy khé trén natri sulfat, loc, va cd duéi ap suit giam dé tao ra P10 duéi dang chét ran
mau vang. Hiéu suit: 2,95 g, 7,27 mmol, 88%. LCMS m/z 406,24 [M+H]". 'H NMR (400
MHz, metanol-ds) 6 7,61 (dd, J = 8,3, 8,3 Hz, 1H), 7,29 (dd, J= 10,9, 2,0 Hz, 1H), 7,22
(ddd, J = 8,4, 2,0, 0,8 Hz, 1H), 6,82 (dd, hop phén ciia kiéu ABC, J = 8,3, 7,1 Hz, 1H),
6,78 — 6,72 (m, 2H), 3,65 — 3,54 (br m, 2H), 3,51 (s, 2H), 3,04 — 2,88 (m, 3H), 2,23 —
2,07 (m, 2H), 2,07 — 1,93 (m, 2H), 2,04 (d, /= 1,1 Hz, 3H).

Vi du diéu ché P11
Metyl 2-(clometyl)-1-(2-metoxyetyl)- IH-benzimidazol-6-carboxylat (P11)
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Buée 1. Tong hop metyl 3-[(2-metoxyetyl)amino]-4-nitrobenzoat (C15).

B6 sung trietylamin (40,7 g, 402 mmol, 55,8 mL), tiép theo la b6 sung 2-
metoxyetanamin (30,2 g, 402 mmol) trong tetrahydrofuran (100 mL), nhé giot, & nhiét
do trong phong vao dung dich khong mau chira metyl 3-flo-4-nitrobenzoat (50 g, 250
mmol) trong tetrahydrofuran (400 mL). Dung dich mau vang thu dugc dugc khudy & 55
°C trong 18 gio. Lam mat dung dich nay xuoogs nhiét do trong phong va c6 dudi ap suét
giam dé loai bo tetrahydrofuran. Chét rin mau vang thu duoc duge hoa tan trong etyl
axetat (800 mL) va rira bang dung dich nudc amoni clorua bao hoa (250 mL). Pha nuéc
duoc tach va chiét bang etyl axetat (200 mL). Gom cac 16p hitu co, rira bang dung dich
nudc natri clorua bo hoa (3 x 250 mL), séy kho trén natri sulfat, loc, va cd duéi ap suét
giam dé tao ra C15 (60,2 g, 94%) dudi dang chét rin mau vang. '"H NMR (600 MHz,
cloroform-d) & 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); LCMS m/z 255,4 [M+H]".

Bu6e 2. Tong hop metyl 4-amino-3-[(2-metoxyetyl)amino]benzoat (C16).

B6 sung Pd/C (10 g, 94 mmol) vao dung dich chira C15 (30 g, 118 mmol) trong
metanol (500 mL). Khudy hdn hop nay & nhiét d6 trong phong dudi ap suét khi hydro 1a
15 psi (103.42 kPa) trong 18 gio. Huyén phit mau den dugc loc qua dat tao diatomit va
banh loc dugc rira bang metanol (500 mL). Gom dich loc, ¢6 trong chan khong dé tao ra
C16 (26,5 g, dinh luong) du6i dang ddu mau nau, ma né héa ran khi dé yén. 'H NMR
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(400 MHz, cloroform-d) & 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); LCMS m/z 224,7 [M+H]".

Buéc 3. Tong hop metyl 2-(clometyl)-1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylat
(P11).

B sung 2-clo-1,1,1-trimetoxyetan (3,31 mL, 24,6 mmol), tiép theo la axit p-
toluensulfonic monohydrat (84,8 mg, 0,446 mmol) vao dung dich chira C16 (5,00 g, 22,3
mmol) trong tetrahydrofuran (100 mL). Han hop phan ung nay dugc dun nong ¢ 45 °C
trong 5 gio, vao luc d6 né dugc cd trong chdn khong; dau du duoc hoa tan trong etyl
axetat (10 mL) va duoc dun nong cho dén khi dung dich duoc tao thanh. Khudy tir tir hdn
hop nay trong khi 1am mat xudng nhiét d6 trong phong qua dém. Chét két tua dugc gom
bang cach loc va rira bang heptan dé thu dugc P11 dudi dang mau xam chat ran. Hiéu
suét: 5,73 g, 20,3 mmol, 91%. "H NMR (600 MHz, cloroform-d) & 8,12 (br s, 1H), 8,01
(br d, J= 8,6 Hz, 1H), 7,79 (d, J = 8,4 Hz, 1H), 4,96 (s, 2H), 4,52 (t, J = 5,1 Hz, 2H),
3,96 (s, 3H), 3,74 (t, J= 5,1 Hz, 2H), 3,28 (s, 3H).

Buéc 4. Tong hop metyl 2-(clometyl)-1-(2-metoxyetyl)- IH-benzimidazol-6-carboxylat,
muéi hydroclorua (P11, muéi HCI).

Dung dich chira C16 (5,0 g, 24 mmol) trong 1,4-dioxan (100 mL) dugc dun nong
dén 100 °C, dung dich chira cloaxetic anhydrit (4,1 g, 24,5 mmol) trong 1,4-dioxan (60
mL) duoc bd sung bang phéu bd sung trong thoi gian 10 gid, va hdn hop phén tng nay
dwogc khudy trong 12 gid nita & 100 °C. Vio ngay tiép theo, hdn hop phan Gng duge lam
mat xubng nhiét do trong phong va 1,4-dioxan dugc loai bo dudi ap sudt giam. Hon hop
phan ing tho dugc hoa tan trong etyl axetat va rira bang dung dich nuéce natri bicacbonat
bao hoa. Lép etyl axetat duogc tach, sdy kho trén natri sulfat, va loc. Dung dich chira hydro
clorua 4 M trong 1,4-dioxan (1,1 duong luong) duge bd sung vao dung dich etyl axetat
nay trong khi khudy khong d6i. Mudi hydroclorua ctia P11 két tua ra dudi dang chét ran
mau vang nhot. Huyén phi nay duoc khudy trong 1 gio va tiép theo, mudi hydroclorua
ctia P11 dugce gom bang cach loc dé tao ra chit rin mau vang (6,1 g, 86%). 'H NMR (600
MHz, CD3;0D) 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). LCMS m/z 283,2 [M+H]".
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Vi du diéu ché P12
Metyl 1-(2-metoxyetyl)-2-(piperazin-1-ylmetyl)-1 H—benzz'midazol-6—carb0xylat (P12)
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Buéc 1. Téng hop metyl 2-{[4-(tert-butoxycacbonyl)piperazin-1-ylJmetyl}-1-(2-

T
w
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=/ 0O

metoxyetyl)-1H-benzimidazol-6-carboxylat (C17).

Hop chét P11 (1,59 g, 5,62 mmol) dugc bd sung vao hdn hop gdm tert-butyl
piperazin-1-carboxylat (1,00 g, 5,37 mmol) va kali cacbonat (2,97 g, 21,5 mmol) trong
axetonitril (15 mL) & 15 °C, va hdn hgp phan tmg nay dugc khudy & 55 °C trong 12 gio.
Tiép theo, né dugc duge gom v6i phan Gng twong tu duge tién hanh bang cach str dung
P11 va fert-butyl piperazin-1-carboxylat (200 mg, 1,07 mmol), va hdn hop dugc loc. Sau
khi dich loc da dugc co trong chdn khéng, cin dugce tinh ché bang sic ky trén silica gel
(Gradient: 0% dén 60% etyl axetat trong xang) dé tao ra C17 dudi dang chit rin mau
vang nhot. Hiéu sudt két hop: 2,30 g, 5,32 mmol, 83%. LCMS m/z 433,0 [M+H]". 'H
NMR (400 MHz, cloroform-d) 6 8,12 (d, J= 1,5 Hz, 1H), 7,96 (dd, J= 8,4, 1,5 Hz, 1H),
7,73 (d, J = 8,5 Hz, 1H), 4,58 (t, J= 5,4 Hz, 2H), 3,95 (s, 3H), 3,89 (s, 2H), 3,73 (t, J =
5,4 Hz, 2H), 3,46 — 3,37 (br m, 4H), 3,28 (s, 3H), 2,54 — 2,44 (br m, 4H), 1,45 (s, 9H).

Buéc 2. Tong hop metyl 1-(2-metoxyetyl)-2-(piperazin-1-ylmetyl)-IH-benzimidazol-6-
carboxylat (P12).

B6 sung dung dich chira hydro clorua trong etyl axetat (20 mL) vao dung dich
chtra C17 (2,30 g, 5,32 mmol) trong diclometan (80 mL). Khu4y hon hop phan tmg & 20
°C trong 2 gio, sau d6 cd dic hon hop bang ap suat thap. Can dugc pha lodng véi nude

(20 mL), diéu chinh dén do pH=9 dén 10 bang cach bd sung dung dich nudc natri
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bicacbonat bdo hoa, va chiét bang hdn hop gém etyl axetat va metanol (10:1, 15 x 50
mL). Gom céc 16p hitu co, say kho trén natri sulfat, loc, va cd trong chan khong dé thu
duoc P12 dudi dang chat rin mau vang nhot. Hiéu suat: 1,68 g, 5,05 mmol, 95%. LCMS
m/z 332,8 [M+H]". 'H NMR (400 MHz, cloroform-d) & 8,13 (br s, 1H), 7,96 (br d, J =
8,5 Hz, 1H), 7,72 (d, J = 8,5 Hz, 1H), 4,59 (t, J= 5,5 Hz, 2H), 3,95 (s, 3H), 3,86 (s, 2H),
3,75 (t, J=5,5 Hz, 2H), 3,29 (s, 3H), 2,87 (t, J= 4,8 Hz, 4H), 2,50 (br m, 4H).

Vi du diéu ché P13
6-Bromo-2-(clometyl)-1-(2-metoxyetyl)-1H-imidazo[4,5-b]pyridin (P13)
H3C\O H3C‘O
O~ H
Br HsC’ NH HN._~_Br Fe HN._~Br
| l
O,N" N NH,Cl H,N” N
c18 C19
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e N N Br
CF,COOH 4 Ij
3 c’ NN

P13
Buéce 1. Tong hop 5-bromo-N-(2-metoxyetyl)-2-nitropyridin-3-amin (CI18).

Dung dich chtra 5-bromo-3-flo-2-nitropyridin (400 mg, 1,81 mmol) va 2-
metoxyetanamin (408 mg, 5,43 mmol) trong tetrahydrofuran (10 mL) dugc khudy & 25
°C trong 2 gid, vao lac d6 n6 dugc pha lodng voi etyl axetat (100 mL) va rira bang nuéc
(50 mL). Lép hitu co duoc rira bang dung dich nuéc natri clorua bdo hoa (50 mL), sy
kho trén magie sulfat, loc, va co dé thu duoc C18 duéi dang chét rin mau vang. Hiéu

sudt: 430 mg, 1,56 mmol, 86%.

Bu6c 2. Tong hop 5-bromo-N>-(2-metoxyetyl)pyridin-2,3-diamin (C19).

Dung dich chira C18 (430 mg, 1,56 mmol), amoni clorua (833 mg, 15,6 mmol),
va bot sit (870 mg, 15,6 mmol) trong hdn hgp gdm metanol (10 mL) va nuée (2 mL)
duoc khudy & 80 °C trong 30 phut. Huyén phu thu duge duge rét vao nude (50 mL) va
chiét bang etyl axetat (2 x 50 mL); gom 16p hitu co, sdy kho trén magie sulfat, loc, va co
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dé tao ra C19 dudi dang chét rin mau nau. Hiéu suét: 350 mg, 1,42 mmol, 91%. 'H NMR
(400 MHz, cloroform-d) & 7,63 (d, J=2,1 Hz, 1H), 6,88 (d, J= 2,0 Hz, 1H), 4,33 — 4,19
(br s, 2H), 3,65 (dd, J= 5.6, 4,6 Hz, 2H), 3,40 (s, 3H), 3,22 (br t, J= 5 Hz, 2H).

Buée 3. Tong hop 6-bromo-2-(clometyl)-1-(2-metoxyetyl)-1H-imidazo[4,5-b]pyridin
(P13).

Dung dich chira C19 (400 mg, 1,63 mmol) trong 1,4-dioxan (8 mL) dugc xur ly
bang cloaxetyl clorua (0,284 mL, 3,57 mmol) va duoc khudy & nhiét do trong phong cho
dén khi phan tich LCMS cho thy viéc chuyén hoa hoan toan C19 thanh hop chét trung
gian amit. Sau khi loai bd 1,4-dioxan trong chdn khong, cédn dugc hoa tan trong axit
trifloaxetic (8 mL) va dugc dun néng & 80 °C trong 18 gidy, vao lic d6 hdn hop phén tmg
nay duoc lam mét xubng nhiét do trong phong va cb duéi ap sudt giam. Dau thu duoc
duogc hoa tan trong etyl axetat (50 mL) va trung hoa bang cach bd sung dung dich nuéc
natri bicacbonat bao hoa. Lop nude duoc chiét bang etyl axetat (20 mL), va gom 16p hiru
co, siy kho trén natri sulfat, loc, va co trong chan khong. Séc ky silica gel (Gradien: 0%
dén 80% etyl axetat trong heptan) thu dugc P13 duédi dang chét ran. Hiéu suat: 176 mg,
0,578 mmol, 35%. LCMS m/z 306,1 (quan sat thdy mau ddng vi brom-clo) [M+H]". 'H
NMR (600 MHz, cloroform-d) & 8,58 (br s, 1H), 7,89 (br s, 1H), 4,92 (s, 2H), 4,44 (t, J
=5,0 Hz, 2H), 3,71 (t, J= 5,0 Hz, 2H), 3,28 (s, 3H).

Vi du diéu ché P14
Metyl 2-{[4-(2,3-dihydroxyphenyl)piperidin-1-yl]Jmetyl}-1-(2-metoxyetyl)- 1H-
benzimidazol-6-carboxylat (P14)
0 CHs
CH CH
HsC. 3 NJ\O)<CH§
H3C (@) N
CH, 7\ Hi:C, ~B
d;CH @) HsC™\ O
OH  cI”o™™>'CH L HsC o
HO Br - @) 3 -
CH O Br
r 3 Or N82003
CHyCHy  [37si c20
3~ CHs

-87-



38000

HyC g HyC. g
HaC’ HaC’
REUR S RS-
CH H 3
“o N/U\OJ<CH3 o 0 N" 0" “CH,
0
© = Pd/C ¢
0 0
HsgISi c21 Efg:sli c22
H3C-0
H3C~Q.H3 \\\ 0
HyC™! N CH
Z ’ 1 Vo o
N\
| Ok c’ N
HsC” SN” “CHs
- o 9) NH P11 .~
Q__CF, ¢ K,COs4
o ©
polie)
HsC-si HiCog; c23
H3d CH3 H3C‘éH3
CH
HyC. & HLC. HiC,
HaC 1 0
0 5

5
H3C.Si/\/OvO\on/© ,\‘,@_40 i Hoﬁ/@ /\r@@_@
HsC e, O-CHj O-CH;
C24 P14
Buéc 1. Téng hop  [(3-bromobenzen-1,2-diyl)bis(oxymetandiyloxyetan-2,I-
diyl) ] bis(trimetylsilan) (C20).

Phan Gng ndy dugc tién hanh thanh hai mé c6 quy md nhu nhau. N,N-
Diisopropyletylamin (37,8 mL, 217 mmol) duoc bd sung nho giot vao dung dich chira 3-
bromobenzen-1,2-diol (10,0 g, 52,9 mmol) trong tetrahydrofuran (300 mL). Sau khi hon
hop da duge khudy trong 10 phut & 20 °C, [2-(clometoxy)etyl](trimetyl)silan (19,2 mL,
108 mmol) duoc bd sung nho giot trong 5 phut, va tiép tuc khudy trong 16 gid & nhiét do
trong phong (18 °C). N,N-Diisopropyletylamin (27,6 mL, 158 mmol) lai dugc bd sung,
tiép theo 1a bd sung nho giot [2-(clometoxy)etyl](trimetyl)silan (14,0 mL, 79,1 mmol) &
nhiét d6 trong phong (18 °C). Sau 2,5 gid nita & nhiét do trong phong, hon hop phén tmg
nay dugc loc, va dich loc dugc co trong chan khong. Vao thoi diém nay, san phém tho tur
hai mé dugc gom va tinh ché bang cach st dung sac ky silica gel (Gradient: 0% dén 7%

etyl axetat trong xang), dé thu dugc C20 dudi dang dau khéng mau. Theo phan tich 'H
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NMR, nguyén liéu nay khong hoan toan tinh khiét. Hiéu suat két hop: 22,9 g, 50,9 mmol,
48%. "H NMR (400 MHz, cloroform-d), C20 chi cac dinh: 8 7,19 (dd, J = 8,1, 1,5 Hz,
1H), 7,12 (dd, J = 8.3, 1,4 Hz, 1H), 6,90 (dd, J = 8,2. 8,2 Hz, 1H), 5,26 — 5,19 (m, 4H),
4,00 — 3,92 (m, 2H), 3,80 — 3,73 (m, 2H), 1,00 — 0,91 (m, 4H), 0,03 (s, 9H), 0,00 (s, 9H).

Buéc 2. Tong hop tert-butyl 4-(2,3-bis{[2-(trimetylsilyl)etoxymetoxy}phenyl)-3,6-
dihydropyridin-1(2H)-carboxylat (C21).

Binh phan ng chia huyén phii chira C20 (6,11 g, 13,6 mmol), zerz-butyl 4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridin-1(2 H)-carboxylat (5,04
g, 16,3 mmol), dung dich nudc natri cacbonat (1 M; 40,8 mL, 40,8 mmol), va [1,1°-
bis(diphenylphosphino)feroxen]diclopaladi(Il) (497 mg, 0,679 mmol) trong 1,4-dioxan
(100 mL) duoc tao chan khong va nap nito. Chu ky tao chan khong duoc 1dp lai hai lan,
va tiép theo, hdn hop phan tmg nay dugc khudy & 85 °C trong 16 gid, vao lic d6 hdn hop
phan g nay duogc pha loang v6i nude (40 mL) va chiét bang etyl axetat (3 x 150 mL).
Lam kho cac 16p hiru co thu gom dugce trén natri sulfat, loc, va co dic bang ap sudt thép.
Tinh ché bang sic ky silica gel (Gradien: 0% dén 8% metanol trong diclometan) tao ra
C21 dudi dang diu mau vang. Hiéu suit: 5,47 g, 9,91 mmol, 73%. 'H NMR (600 MHz,
cloroform-d) & 7,10 (br d, J= 8,2 Hz, 1H), 6,98 (dd, J=7.9, 7,9 Hz, 1H), 6,81 (brd, J =
7,7 Hz, 1H), 5,79 (br s, 1H), 5,23 (s, 2H), 5,07 (s, 2H), 4,03 (br s, 2H), 3,83 — 3,74 (m,
4H), 3,59 (br s, 2H), 2,52 (br s, 2H), 1,49 (s, 9H), 1,01 — 0,89 (m, 4H), 0,01 (s, 9H), 0,01
(s, 9H).

Buéc 3. Tong hop tert-butyl 4-(2,3-bis{[2-(trimetylsilyl)etoxy]metoxy}phenyl)piperidin-
1-carboxylat (C22).

Dung dich chira C21 (12,5 g, 22,6 mmol) trong metanol (300 mL) dugc xu ly bang
10% paladi trén than (2,94 g, 2,76 mmol) va hydro héa trong 16 gio & 40 psi (275.79 kPa)
va 25 °C. Phan tich LCMS & thoi diém nay cho thdy viéc chuyén hoa thanh san pham:
LCMS m/z 576,0 [M+Na']. Sau khi hdn hop phan ing nay da loc, va banh loc da rira
bang metanol (2 x 100 mL), gom dich loc, c6 trong chan khong dé thu duoc C22 dudi
dang dau khong mau. Hi€u suat: 11,2 g, 20,1 mmol, 89%. "HNMR (400 MHz, cloroform-
d) & 7,05 -6,97 (m, 2H), 6,83 (dd, J= 6.9, 2,5 Hz, 1H), 5,22 (s, 2H), 5,13 (s, 2H), 4,38
— 4,10 (br m, 2H), 3,90 — 3,82 (m, 2H), 3,81 — 3,73 (m, 2H), 3,22 (tt, J = 12,2, 3,5 Hz,
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1H), 2,79 (br dd, J = 12,8, 12,8 Hz, 2H), 1,78 (br d, J= 13 Hz, 2H), 1,65 — 1,52 (m, 2H),
1,48 (s, 9H), 1,04 — 0,91 (m, 4H), 0,03 (s, 9H), 0,00 (s, 9H).

Bu6c 4. Tong hop 4-(2, 3-bis{[2-(trimetylsilyl)etoxy]metoxy}phenyl)piperidin (C23).

B sung 2,6-dimetylpyridin (2,39 g, 22,3 mmol), tiép theo 1a bd sung nho giot
trimetylsilyl triflometansulfonat (3,80 g, 17,1 mmol) vao dung dich chtra C22 (7,23 g,
13,0 mmol) trong diclometan (90 mL) & nhiét do trong phong (15 °C). Hon hop phan tng
nay duogc khudy & 15 °C trong 16 gid, vao lac d6 mot luong bd sung 2,6-dimetylpyridin
(909 mg, 8,48 mmol) va trimetylsilyl triflometansulfonat (1,45 g, 6,52 mmol) dugc bd
sung. Sau khi khudy ¢ nhiét do trong phong (15 °C) trong 5 gid nita, phan tich LCMS
ctia hon hop phan Gng cho thiy khoéng ¢6 mit san pham: LCMS m/z 454,1 [M+H]*. Hon
hop phan tng nay dugc cd trong chan khong, va cdn dugc ria lan luot v6i dung dich
nude amoni clorua (3 x 100 mL) va dung dich nude natri clorua bao hoa (100 mL), sdy
kho trén natri sulfat, loc, va co6 dudi ap sut giam dé thu duoc C23 dudi dang dau mau

nau (6,6 g). Chit nay dugc dung truc tiép trong budc sau.

Bu6e 5. Tong hop metyl 2-{[4-(2, 3-bis{[2-(trimetylsilyl)etoxy]metoxy}phenyl)piperidin-
1-yl]metyl}-1-(2-metoxyetyl)- 1H-benzimidazol-6-carboxylat (C24).

Bb sung P11 (3,08 g, 10,9 mmol), tiép theo la kali cacbonat (10,1 g, 73,1 mmol),
va hdn hop phan mg nay duoc khudy & nhiét do trong phong (15 °C) trong 16 gid vao
dung dich chira C23 (tir budce trén day; 6,6 g, <13 mmol) trong axetonitril (150 mL). Phan
tich LCMS & thoi diém nay cho thdy khong ¢6 mat san phadm: LCMS m/z 700,2 [M+H]".
Hon hop phan tng nay duoc loc, va dich loc dugc ¢d trong chan khong; tinh ché bang
sic ky silica gel (Gradient: 34% dén 56% etyl axetat trong xang) thu dugc C24 dudi dang
dau mau vang. Hicu suat: 5,4 g, 7,7 mmol, 59% qua 2 bude. 'H NMR (400 MHz,
cloroform-d) & 8,16 — 8,12 (m, 1H), 7,96 (dd, J = 8.5, 1,5 Hz, 1H), 7,73 (d, J = 8,5 Hz,
1H), 7,04 — 6,96 (m, 2H), 6,86 (dd, J= 6,7, 2,6 Hz, 1H), 5,21 (s, 2H), 5,12 (s, 2H), 4,63
(t, J= 5,5 Hz, 2H), 3,95 (s, 3H), 3,93 — 3,83 (m, 4H), 3,80 —3,72 (m, 4H), 3,31 (s, 3H),
3,17 - 3,06 (m, 1H), 2,99 (br d, J= 11,2 Hz, 2H), 2,35 — 2,22 (m, 2H), 1,81 (br d, mot
ntra ciia AB vach bén, J = 12,6 Hz, 2H), 1,75 — 1,61 (m, 2H), 1,04 — 0,91 (m, 4H), 0,05
(s, 9H), —0,01 (s, 9H).
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Buéc 6. Tong hop metyl 2-{[4-(2,3-dihydroxyphenyl)piperidin-1-ylJmetyl}-1-(2-
“metoxyetyl)-1H-benzimidazol-6-carboxylat (P14).

Dung dich chtta hydro clorua trong 1,4-dioxan (4 M; 96 mL, 384 mmol) duoc bo
sung vao dung dich chira C24 (6,40 g, 9,14 mmol) trong 1,4-dioxan (120 mL) ¢ nhiét do
trong phong (18 °C). Sau khi bd sung xong, hdn hgp phan tng nay duoc khudy & nhiét
do trong phong (18 °C) trong 16 gio, dugc gom voéi phan ing twong tw dugc tién hanh
bang cach st dung C24 (1,00 g, 1,43 mmol), va cd trong chan khong. Can duoc xur Iy
bang hdn hop gdom diclometan va metanol (20:1, 150 mL) va duoc khudy & nhiét do trong
phong (18 °C) trong 1 gi¢, vao luc dé chét rin (4,85 g) dugc gom bang cach loc. Chét
nay dugc xu Iy bang nude (100 mL), va hdn hop duge diéu chinh dén do pH=7 dén 8
bang cach bd sung dung dich nudc natri bicacbonat, khudy & nhiét do trong phong (18
°C) trong 30 phut, va loc. Banh loc dugc rira bang nudce (2 x 20 mL), tiép theo, tron voi
metanol (100 mL) va cb trong chan khong. Chit thu duoc duge xit 1y bang xang (100
mL) va khudy & nhiét do trong phong (18 °C) trong 30 phiit. Sau khi loc, banh loc dugc
trén voi toluen (30 mL) va co trong chan khong dé tao ra P14 duéi dang mau xam chét
ran. Hiéu suét két hop: 2,92 g, 6,64 mmol, 63%. LCMS m/z 440,1 [M+H]". "H NMR (400
MHz, DMSO-ds) 8 8,21 (d, J= 1,6 Hz, 1H), 7,81 (dd, J= 8,5, 1,6 Hz, 1H), 7,66 (d, J =
8.5 Hz, 1H), 6,64 — 6,51 (m, 3H), 4,63 (t,J= 5.3 Hz, 2H), 3,88 (s, 3H), 3,84 (s, 2H), 3,75
(t, J= 5,3 Hz, 2H), 3,22 (s, 3H), 2,97 — 2,78 (m, 3H), 2,18 (br dd, J = 11, 11 Hz, 2H),
1,75 — 1,64 (m, 2H), 1,64 — 1,49 (m, 2H).

Vi du diéu ché P15
Metyl 2-(clometyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylat (P15)
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Toan bd trinh ti nay duoc tién hanh trén quy mo 16n. Néi chung, trude khi phan
g, ciing nhu sau khi bd sung chit phan ung, binh phan tmg dugc tao chan khong xubng
—0,08 dén —0,05 MPa va tiép theo, dugc nap nito dén ap suat binh thudng. This quy trinh
thuong dugce 1ap lai 3 lan, va tiép theo, ham Iugng oxy dugc danh gia dé dam bao né
<1,0%. Ddi vdi cac quy trinh chiét va rira cac 16p hitu co, cac hdn hop thuong duoc khudy
trong 15 dén 60 phut va tiép theo, dé cho ling trong 15 dén 60 phiit true khi tach cac
16p.

Buéc 1. Tong hop (2S)-2-[(benzyloxy)metylJoxetan (C25).

Phan Gng nay duoc tién hanh trong ba mé c6 quy mo x4p xi nhu nhau. Binh phan
ung trang men dung tich 2000 L dugc nap 2-metylpropan-2-ol (774,7 kg). Kali tert-
butoxit (157,3 kg, 1402 mol) dugc bd sung qua phéu bd sung chit rin, va hdn hop nay
duogc khudy trong 30 phut. Tiép theo, trimetylsulfoxoni iodua (308,2 kg, 1400 mol) dugc
bd sung theo cach twong tw, va hdn hop phan tmg nay duogc dun néng & 55 °C dén 65 °C
trong 2 dén 3 giv, vao luc do (25)-2-[(benzyloxy)metyl]oxiran (92,1 kg, 561 mol) dugc
b6 sung voi te d6 5 dén 20 kg/gio. Sau khi hdn hgp phan tmg nay da dugc duy tri & 55
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°C dén 65 °C trong 25 gid, n6 duoc lam mat xudng 25 °C dén 35 °C, va loc qua dét tao
diatomit (18,4 kg). Banh loc dugc rira v6i tert-butyl metyl ete (3 x 340 kg), va gom dich
loc, chuyén vao binh phéan tmg dung tich 5000 L, xir Iy bang nudc tinh khiét (921 kg), va
khudy trong 15 dén 30 phat & 15 °C dén 30 °C. Tiép theo, rira 16p hitu co hai 1an bang
cach st dung dung dich ch\ra natri clorua (230,4 kg) trong nudc tinh khiét (920,5 kg), va
¢d dudi ap suit giam (< —0,08 MPa) & <45 °C. n-Heptan (187 kg) duoc b6 sung, va hdn
hop thu dugc duge ¢d dudi dp sudt giam (< —0,08 MPa) & <45 °C; pha hitu co dugc tinh
ché bing céach sir dung sic ky silica gel (280 kg), véi natri clorua (18,5 kg) trén dinh cot.
Chat tho nay duoc nap vao cot ndy bang cach st dung n-heptan (513 kg), va tiép theo,
rira giai bang hdn hop gém n-heptan (688,7 kg) va etyl axetat (64,4 kg). Gom ba mé, tao
ra C25 duéi dang dau mau vang nhat tinh khiét 85% (189,7 kg, 906 mmol, 54%). 'H
NMR (400 MHz, cloroform-d), C25 chi cac dinh: § 7,40 — 7,32 (m, 4H), 7,32 — 7,27 (m,
1H), 4,98 (dddd, J=8,1, 6,7, 4.9, 3,7 Hz, 1H), 4,72 — 4,55 (m, 4H), 3,67 (dd, hop phan
cua kiéu ABX, J= 11,0, 4,9 Hz, 1H), 3,62 (dd, hop phan cta kiéu ABX, J=11,0, 3,7 Hz,
1H), 2,72 — 2,53 (m, 2H).

Buéc 2. Tong hop (2S)-oxetan-2-ylmetanol (C26).

10% Paladi trén than (30,7 kg) dugc bd sung qua ph&u bo sung vao dung dich chira
C25 tinh khiét 85% ¢ 10 °C dén 30 °C (tir budc trén day; 185,3 kg, 884,8 mol) trong
tetrahydrofuran (1270 kg) trong 10 phan tng thiy nhiét bang thép khong gi dung tich
3000 L. Phéu b sung duoc rira véi nude tinh khiét va tetrahydrofuran (143 kg), va nuéc
rira dugc bd sung vao hdn hop phan tmg. Sau khi cac chét trong binh phan tmg dugc lam
sach bang nito, chung duoc lam sach twong tu bang hydro, lam ting ap suit d¢n 0,3 dén
0,5 MPava tiép theo, x4 dén 0,05 MPa. Viéc 1am sach béng hydro dugc lap lai 5 14n, vao
lac d6 ap suét hydro dugc tang dén 0,3 dén 0,4 MPa. Tiép theo, hdn hop nay phan mg
duoc dun néng dén 35 °C dén 45 °C. Sau 13 gid, trong qua trinh ma 4p sudt hydro dugc
duy tri 6 0,3 dén 0,5 MPa, hdn hop duogc xa dén 0,05 MPa, va 1am sach nim 14n v6i nito,
bang cach lam ting 4p suit dén 0,15 dén 0,2 MPa va tiép theo, xa dén 0,05 MPa. Sau khi
hdn hop da duge 1am mat xuéng 10 °C dén 25 °C, né duoc loc, va binh phén Gng dugc
rira v6i tetrahydrofuran (2 x 321 kg). Banh loc dugc ngdm hai 14n v6i nudce cai rira nay
va tiép theo, loc; ¢b & ap suat giam (< —0,06 MPa) duoc tién hanh & <40 °C, tao ra C26
(62,2 kg, 706 mol, 80%) trong tetrahydrofuran (251 kg)
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Buéc 3. Tong hop (2S)-oxetan-2-ylmetyl 4-metylbenzensulfonat (C27).

4-(Dimetylamino)pyridin (17,5 kg, 143 mol) dugc bd sung vao dung dich chira
C26 (tu budc trén day; 62,2 kg, 706 mol) trong tetrahydrofuran (251 kg) va trietylamin
(92,7 kg, 916 mol) trong diclometan (1240 kg) & 10 °C dén 25 °C. Sau 30 phit, p-
toluensulfonyl clorua (174,8 kg, 916,9 mol) duoc bd sung timg phan trong khoang thdi
gian tir 20 dén 40 phut, va hdn hop phan tng nay dugc khudy ¢ 15 °C dén 25 °C trong
16 gid va 20 phit. Nude tinh khiét (190 kg) duge bd sung; sau khi khudy, 16p hitu co
ducjc rira bing dung dich nudc natri bicacbonat (dugc diéu ché bang cach sir dung 53,8
kg natri bicacbonat va 622 kg nuéc tinh khiét), va tiép theo, rira bang dung dich nuéc
amoni clorua (duoc diéu ché bang cach st dung 230 kg amoni clorua va 624 kg nuée tinh
khiét). Sau khi rira 14n cudi v6i nuée tinh khiét (311 kg), 16p hitu co duoe loc qua thiét
bi loc Nutsche bang thép khong gi da duge nap trude silica gel (60,2 kg). Banh loc duge
ngam vai diclometan (311 kg) trong 20 phtt, va tiép theo, loc; gom dich lgc, cd & ap suét
giam (< —0,05 MPa) va <40 °C cho dén khi con lai thé tich 330 dén 400 L. Tiép theo,
tetrahydrofuran (311 kg) duoc bd sung, & 15 °C dén 30 °C, va hdn hop dugc co theo cach
tuong tw, dén thé tich cudi cing tir 330 dén 400 L. Viéc b sung tetrahydrofuran va co
duoc ldp lai, cho dén thé tich tir 330 dén 400 L, tao ra dung dich mau vang nhat chira C27
(167,6 kg, 692 mmol, 98%) trong tetrahydrofuran (251,8 kg). 'H NMR (400 MHz,
cloroform-d), C27 chi cac dinh: 6 7,81 (d, J= 8,4 Hz, 2H), 7,34 (d, /= 8,1 Hz, 2H), 4,91
(ddt, J=28.,0, 6,7, 3,9 Hz, 1H), 4,62 — 4,55 (m, 1H), 4,53 — 4,45 (m, 1H), 4,14 (d, /= 3.9
Hz, 2H), 2,75 - 2,63 (m, 1H), 2,60 — 2,49 (m, 1H), 2,44 (s, 3H).

Bu6c 4. Tong hop (2S)-2-(azidometyl)oxetan (C28).

N,N-Dimetylformamit (473 kg), natri azit (34,7 kg, 534 mol), va kali iodua (5,2
kg, 31 mol) dugc gom trong binh phan Gng trang men dung tich 3000 L & 10 °C dén 25
°C. Sau khi bd sung C27 (83,5 kg, 344,6 mol) trong tetrahydrofuran (125,4 kg), hdn hop
phan g nay dugc dun néng dén 55 °C dén 65 °C trong 17 gior va 40 phut, vao luc d6 no
duoc lam mat xudng 25 °C dén 35 °C, va nito duoc suc tir van day trong 15 phit. Tiép
theo, fert-Butyl metyl ete (623 kg) va nude tinh khiét (840 kg) duoc bd sung, va 16p nudce
thu duoc dugc duge chiét hai 1an véi fert-butyl metyl ete (312 kg va 294 kg). Gom céc
16p hitu co, rira bing nude tinh khiét (2 x 419 kg) trong khi duy tri nhiét 4o & 10 °C dén
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25 °C, tao ra C28 (31,2 kg, 276 mol, 80%) trong dung dich chtra 16p hitu co néu trén
(1236,8 kg).

Bué6c 5. Tong hop 1-[(2S)-oxetan-2-ylJmetanamin (C29).

10% Paladi trén than (3,7 kg) duoc bd sung qua phéu bd sung vao dung dich chira
C28 [tir budce trén day; 1264 kg (31,1 kg cia C28, 275 mol)] trong tetrahydrofuran (328
kg) & 10 °C dén 30 °C trong 16 phan tng thiy nhiét bang thép khong gi dung tich 3000
L. Phéu bd sung duogc rira véi tetrahydrofuran (32 kg), va nude rira duge bd sung vao hdn
hop phan tng. Sau khi cac chat trong binh phan tmg duge lam sach bang nito, ching
dugc lam sach tuong tu béng hydro, lam tang ap suét dén 0,05 dén 0,15 MPa va tiép theo,
X4 Xuéng 0,03 dén 0,04 MPa. Viéc lam sach béng hydro dugc lap lai 5 lan, vao luc do ap
suét hydro duoc tang dén 0,05 dén 0,07 MPa. Nhiét d6 phan mg dugc tang dén 25 °C
dén 33 °C, va ap suit hydro dugc duy tri ¢ 0,05 dén 0,15 MPa trong 22 gio, trong khi
trao ddi hydro cr mdi 3 dén 5 gid mot 1an. Tiép theo, hdn hop ndy duge lam sach nim
14n véi nito, bang cach lam ting ap suit dén 0,15 dén 0,2 MPa va tiép theo, xa dén 0,05
MPa. Sau khi loc, tetrahydrofuran (92 kg va 93 kg) dugc sir dung dé rira binh phan tmg
va tiép theo, ngdm banh loc. Gom dich loc, ¢6 & ap suat giam (< —0,07 MPa) va <45 °C,
tao ra C29 (18,0 kg, 207 mol, 75%) trong tetrahydrofuran (57,8 kg). "H NMR (400 MHz,
DMSO-ds), C29 chi cac dinh: & 4,62 (ddt, J = 17,6, 6,6, 5,1 Hz, 1H), 4,49 (ddd, J = 8,6,
7.3, 5,6 Hz, 1H), 4,37 (dt, J=9,1, 5,9 Hz, 1H), 2,69 (d, J= 5,1 Hz, 2H), 2,55 — 2,49 (m,
1H), 2,39 (m, 1H).

But6c 6. Tong hop metyl 4-nitro-3-{[(2S)-oxetan-2-ylmetylJamino}benzoat (C30).

Kali cacbonat (58,1 kg, 420 mol) dugc bo sung vao dung dich chira metyl 3-flo-
4-nitrobenzoat (54,8 kg, 275 mol) trong tetrahydrofuran (148 kg) trong binh phan Ung
trang men dung tich 100 L, va hdn hop dugc khudy trong 10 phut. Dung dich chira C29
(29,3 kg, 336 mol) trong tetrahydrofuran (212,9 kg) duoc bd sung, va hdn hop phan tmg
nay duoc khudy & 20 °C dén 30 °C trong 12 gid, vao lic d6 etyl axetat (151 kg) duge bd
sung, va hdn hop duge loc qua silica gel (29 kg). Banh loc dugce rira véi etyl axetat (150
kg va 151 kg), va gom dich loc, c6 & 4p suét giam (< —0,08 MPa) va <45 °C dén thé tich
14222 dén 281 L. Sau khi hdn hop da lam mat xubng 10 °C dén 30 °C, n-heptan (189 kg)

duoc bd sung, khudy duogc tién hanh trong 20 phit, va hdn hop duge ¢d & ap suat giam
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(<—0,08 MPa) va <45 °C dén thé tich 1a 222 L. n-Heptan (181 kg) lai duoc bd sung vao
hén hop véi tbe dd tham khao tir 100 dén 300 kg/giv, va tiép tuc khudy trong 20 phiit.
Hbén hop nay dugc 1dy mau cho dén khi tetrahydrofuran du con <5% va etyl axetat du
con tir 10% dén 13%. Hdn hop nay duoc dun néng dén 40 °C dén 45 °C va khudy trong
1 gidy, vao luc d6 né duoc 1am mét xubng 15 °C dén 25 °C véi te do 5 °C dén 10 °C mdi
gid, va tiép theo, khudy ¢ 15 °C dén 25 °C trong 1 gio. Loc bang cach sir dung thiét bi ly
tam bang thép khong gi tao ra banh loc, ma dugc rira voi hdn hop gdm etyl axetat (5,0
kg) va n-heptan (34 kg), va tiép theo, dugce khudy vdi tetrahydrofuran (724 kg) & 10 °C
dén 30 °C trong 15 phut; viéc loc tao ra chit rdn mau vang chii yéu bao gbébm C30 (57.3
kg, 210 mol, 76%). '"H NMR (400 MHz, DMSO-ds) 8,34 (t, J= 5,8 Hz, 1H), 8,14 (d, J =
8,9 Hz, 1H), 7,63 (d, J=1,7 Hz, 1H), 7,13 (dd, J= 8.9, 1,8 Hz, 1H), 4,99 (dddd, J = 17,7,
6,7, 5,3, 4,1 Hz, 1H), 4,55 (ddd, J = 8,6, 7.3, 5,8 Hz, 1H), 4,43 (dt, J= 9,1, 6,0 Hz, 1H),
3,87 (s, 3H), 3,67 — 3,61 (m, 2H), 2,67 (dddd, J= 11,1, 8,6, 7,7, 6,2 Hz, 1H), 2,57 — 2,47
(m, 1H).

Buée 7. Tong hop metyl 2-(clometyl)-1-[(2S)-oxetan-2-ylmetyl]-IH-benzimidazol-6-
carboxylat (PI5).

Dung dich chita C30 (tir budce trén day; 51,8 kg, 190 mol) trong tetrahydrofuran
(678 kg), trong 10 phan tng thuy nhiét dung tich 3000 L, dugc xir Iy bang 10% paladi
trén than (5,2 kg) ¢ 10 °C dén 30 °C. Ong bd sung duoc rira v6i tetrahydrofuran (46 kg)
va nudc rira duge bd sung vao hdn hop phan ung. Sau khi cac chat trong binh phan tmg
duoc 1am sach bang nito, chung dwoc 1am sach tuong tw bang hydro, 1am ting 4p suét
dén 0,1 3n 0,2 MPa va tiép theo, xa xuéng 0,02 dén 0,05 MPa. Viéc lam sach béng hydro
duoc lap lai 5 14n, vao lac do6 ap suét hydro dugc ting dén 0,1 dén 0,25 MPa. Hon hop
phan ung nay dugc khudy ¢ 20 °C dén 30 °C, va mbi 2 dén 3 gio, hdn hop duge lam sach
béng nito ba 1an, va tiép theo, 1am sach bing hydro nam l4n; sau khi mdi 1an trao dbi
hydro cubi cing, 4p suét hydro dugc ting dén 0,1 dén 0,25 MPa. Sau tong s6 thoi gian
phan tmg 11,25 gid, hdn hop phan Gng nay duoc x4 dén 4p suat binh thudong, va lam sach
nam l4n véi nito, béng cach lam tang ap suét dén 0,15 dén 0,2 MPa va tiép theo, xa dén
0,05 MPa. Tiép theo, n6 dugc loc, va banh loc duoc rira hai 14n véi tetrahydrofuran (64
kg va 63 kg); gom nudc rira va dich loc, c6 dudi ap suét giam (< —0,08 MPa) va <40 °C

dén thé tich 12 128 dén 160 L. Tetrahydrofuran (169 kg) dugc bd sung, va hdn hgp duge
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co lai dén thé tich 1a 128 dén 160 L; quy trinh nay dugc lap lai téng sb 4 1an, tao ra dung
dich chtra hop chét trung gian metyl 4-amino-3-{[(2S)-oxetan-2-ylmetyl]Jamino } benzoat.

Tetrahydrofuran (150 kg) dugc bd sung vao dung dich nay, tiép theo 1a 2-clo-
1,1,1-trimetoxyetan (35,1 kg, 227 mol) va axit p-toluensulfonic monohydrat (1,8 kg, 9,5
mol). Sau khi hdn hop phan Gng nay da duoc khudy trong 25 phut, né duoc dun néng &
40 °C dén 45 °C trong 5 gid, vao luc d6 né duge cd dudi ap suét giam dén thé tich 1a 135
dén 181 L. 2-Propanol (142 kg) duoc bd sung, va hdn hop dugc ¢ lai dén thé tich 1a 135
dén 181 L, vao lic d6 2-propanol (36,5 kg) va nude tinh khiét (90 kg) duoc bo sung, va
tiép tuc khudy cho dén khi thu dugc dung dich. Hén hop nay duoc loc véi thiét bi loc
chét 16ng truc tuyén, va tiép theo, xr Iy bang nudc tinh khiét (447 kg) véi toe do tham
khao 12 150 dén 400 kg/gid & 20 °C dén 40 °C. Sau khi hdn hop da lam mat xubng 20 °C
dén 30 °C, n6 duoc khudy trong 2 gio, va chét ran duoc gom bang cach loc voi thiét bi
ly tam. Banh loc dugc rira véi dung dich chtra 2-propanol (20,5 kg) va nuée tinh khiét
(154 kg); sau khi lam kho, P15 thu duoc dudi dang chét ran mau trang (32,1 kg, 109 mol,
57%). 'TH NMR (400 MHz, cloroform-d) & 8,14 — 8,11 (m, 1H), 8,01 (dd, J= 8,5, 1,1 Hz,
1H), 7,79 (br d, J = 8,6 Hz, 1H), 5,26 — 5,18 (m, 1H), 5,04 (s, 2H), 4,66 — 4,58 (m, 2H),
4,53 (dd, hop phan cta kiéu ABX, J= 15,7, 2,7 Hz, 1H), 4,34 (dt, J= 9,1, 6,0 Hz, 1H),
3,96 (s, 3H), 2,82 — 2,71 (m, 1H), 2,48 — 2,37 (m, 1H).

Vi du diéu ché P16
Metyl 2-(clometyl)- 1-metyl-1H-benzimidazol-6-carboxylat (P16)
O
H 0 ch A, HaG 0
H3C'N]©)kO'CH3 — Nj@)j\O/CHs
H,N NEty CI/_<\ N

Metyl 4-amino-3-(metylamino)benzoat (206 mg, 1,14 mmol) dugc hoa tan trong
1,4-dioxan (11,5 mL) va xit ly bang cloaxetyl clorua (109 pL, 1,37 mmol). Hon hop nay
duge khudy ¢ 100 °C trong 3 gio va 1am mat xubng nhiét d6 trong phong. Trietylamin
(0,8 mL, 7 mmol) va heptan (10 mL) dugc bd sung va loc. Dich loc dugc c6 dudi ép suét
giam va chét thd dugc tinh ché bang sic ky trén silica gel (dung mdi rira giai: 40% etyl
axetat trong heptan) dé thu duoc 120 mg P16 (44%). "H NMR (400 MHz, cloroform-d)
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5 8,14 (s, 1H), 8,01 (d, 1H), 7,78 (d, 1H), 4,87 (s, 2H), 3,97 (s, 3H), 3,94 (s, 3H); LCMS
m/z 239,1 [M+H]".

Vi du diéu ché chuin bi P17 va P18

Metyl 2-(6-azaspiro[2,5 ]Joct-1-yl)-1-(2-metoxyetyl)- IH-benzimidazol-6-carboxylat,
ENT-1 (P17) va Metyl 2-(6-azaspiro[2,5 Joct-1-yl)-1-(2-metoxyetyl)- IH-benzimidazol-6-
carboxylat, ENT-2 (P18)

0 O

11 O R
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o b O

HSC CH3O -BuOK HSC CH3O -BuOK
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Y O SIY O

H,C CH, 0 HsC CH, 0 HATU
C32 C33 NEts
¢Hs HaC
O\L 3 0
H NH AcOH S CF,COOH
N T NN T
|
:2g>ro\n,N S o EjSXOTN N\@_{o
CH;O (a4 Oy CH3O (35 O-CH,
3
ch\ H3C\O ch\
C oi -CH,4 ENT-1 >:’ O-CHs ENT-2 : O-CHj3

Bucce 1. T 5ng hop tert-butyl 4-(2-etoxy-2-oxoetylidene)piperidin-1-carboxylat (C31).
Dung dich chtra kali fert-butoxit (65,9 g, 587 mmol) trong tetrahydrofuran (500

mL) duoc bd sung vao dung dich chura etyl (dietoxyphosphoryl)axetat (132 g, 589 mmol)

trong tetrahydrofuran (500 mL) & 0 °C, va amkhudy & 0 °C trong 1 gid, vao lic d6 n6
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duoc lam mét xudng —50 °C. Dung dich chua fert-butyl 4-oxopiperidin-1-carboxylat
(90,0 g, 452 mmol) trong tetrahydrofuran (1,5 L) duoc bd sung nho giot & —50 °C, va tiép
theo, hon hop phan tng nay duoc dé cho tir tir 4m dén 20 °C, va tiép theo, khudy trong
16 gid & 20 °C. Sau khi bd sung nuée (1 L), hdn hop duoc ¢o trong chan khong dé loai
b6 tetrahydrofuran. Chiét cin trong nudc bang etyl axetat (2 x 800 mL), va gom 16p hitu
co, rua béng dung dich nuéc natri clorua bao hoa (500 mL), séy kho trén natri sulfat, loc,
va ¢6 dudi 4p sudt giam. Chét thu duge duoc rira vai 1an véi xang (200 mL) dé tao ra C31
dudi dang chit rin mau tréng. Hiéu suét: 95,0 g, 353 mmol, 78%. 'H NMR (400 MHz,
cloroform-d) 6 5,71 (s, 1H), 4,16 (q, J= 7,2 Hz, 2H), 3,55 — 3,43 (m, 4H), 2,94 (brt, J=
5.5 Hz, 2H), 2,28 (br t, J= 5,5 Hz, 2H), 1,47 (s, 9H), 1,28 (t, /= 7,0 Hz, 3H).

Bu6c 2. Tong hop 6-tert-butyl 1-etyl 6-azaspiro[2,5]octan-1,6-dicarboxylat (C32).

B6 sung kali fert-butoxit (71,2 g, 634 mmol) vao dung dich chira trimetylsulfoxoni
iodua (140 g, 636 mmol) trong dimetyl sulfoxit (800 mL) trong mét 1an & 20 °C. Sau khi
hén hop phan tmg nay da dugc khudy & 20 °C trong 1,5 gid, dung dich chtra C31 (95,0
g, 353 mmol) trong dimetyl sulfoxit (800 mL) dugc bd sung nhé giot, va tiép tuc khudy
& 20 °C trong 16 gid. Tiép theo, dung dich nudc natri clorua bo hoa (2,0 L) dugc bd
sung; hdn hop thu duge duge trung hoa bang cach bd sung amoni clorua, va chiét bang
etyl axetat (3,0 L). Gom cac 16p hiru co, duge rira 1an luot véi nude (2 x 1,0 L) va bang
dung dich nudc natri clorua bao hoa (2,0 L), séy kho trén natri sulfat, loc, va c6 trong
chan khong. Tinh ché bang sic ky silica gel (dung moi rira giai: 10:1 xang / etyl axetat)
thu duoc C32 duéi dang diu mau vang. Phan tich '"H NMR cho thay rang chat béo khong
lién quan c6 mat. Hi¢u suat: 80 g, 280 mmol, 79%. 'H NMR (400 MHz, cloroform-d),
C32 chi céc dinh: ¢ 4,19 — 4,09 (m, 2H), 3,55 — 3,39 (m, 3H), 3,27 (ddd, J = 13,0, 7.0,
4,5 Hz, 1H), 1,76 — 1,64 (m, 2H), 1,56 (dd, J = 8,0, 5,5 Hz, 1H, gia thiét; mot phan bi mo
do dinh nuéc), 1,47 (s, 9H), 1,47 — 1,37 (m, 2H), 1,27 (t, J= 7,0 Hz, 3H), 1,17 (dd, J =
5,0, 5,0 Hz, 1H), 0,93 (dd, J = 8,0, 4,5 Hz, 1H).

Bude 3. Tong hop axit 6-(tert-butoxycacbonyl)-6-azaspiro[2,5]octan-1- carboxylic
(C33).

B sung lithi hydroxit monohydrat (37,4 g, 891 mmol) trong mét 1an vio hdn hop
gdm C32 (80 g, 280 mmol) trong tetrahydrofuran (500 mL) va nuée (500 mL). Hon hop
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phan g nay duoc khudy & 25 °C trong 16 gid, vao luc d6 n6 dugc pha loang véi nudce
(600 mL) va rira bang etyl axetat (3 x 300 mL). Cac 16p hitu co duoc loai bd, va 16p nuée
duoc axit hoa dén pH 3 dén 4 bang cach bd sung axit clohydric 6 M. Hon hop thu duoc
duoc chiét bang etyl axetat (3 x 600 mL), va gom 16p hitu co, sdy kho trén natri sulfat,
loc, va ¢b trong chan khong. Nghién cin véi xang (300 mL) tao ra C33 dudi dang chét
rdn mau tring. Hiéu suat: 42,0 g, 164 mmol, 59%. LCMS m/z 278,2 [M+Na']. 'H NMR
(400 MHz, DMSO-ds) & 12,15 — 12,03 (br s, 1H), 3,43 — 3,25 (m, 3H, gia thiét; mot phan
bi mo do dinh nudc), 3,23 — 3,12 (m, 1H), 1,64 — 1,50 (m, 2H), 1,52 (dd, J=17.5, 5,5 Hz,
1H), 1,39 (s, 9H), 1,39 — 1,28 (m, 2H), 0,96 — 0,88 (m, 2H).

Buoc 4. Tong hop tert-butyl 1-({4-(metoxycacbonyl)-2-[(2-
metoxyetyl)amino [phenyl}carbamoyl)-6-azaspiro[2,5 Joctan-6-carboxylat (C34).

Dung dich chira C33 (570 mg, 2,23 mmol), C16 (500 mg, 2,23 mmol), va O-(7-
azabenzotriazol-1-yl)-N,N,N’,N -tetrametyluroni hexaflophosphat (HATU; 1,27 g, 3,34
mmol) trong N, N-dimetylformamit (10 mL) dugc khudy & 30 °C trong 30 phit, vao lic
d6 trietylamin (902 mg, 8,91 mmol) dugc bd sung, va tiép tuc khudy & 30 °C trong 16
gior. Tiép theo, hdn hop phan ing nay dugce rét vao nuée (60 mL) va chiét bang etyl axetat
(3 x 50 mL). Cac 16p hitu co két hop duoc rira bang dung dich nude natri clorua bao hoa
(3 x 50 mL), lam kho trén natri sulfat, lgc, va co dac trong chan khong. Séc ky silica gel
(Giai hap: 1:1 xang / etyl axetat) thu duoc C34 dudi dang dau mau nau, ma duge ding

truc tiép & budce sau.

Buéc 5. Tong hop metyl 2-[6-(tert-butoxycacbonyl)-6-azaspiro[2,5]oct-1-yl]-1-(2-
metoxyetyl)-1H-benzimidazol-6-carboxylat (C35).

Dung dich chira C34 (tir budc trén day, <2,23 mmol) trong axit axetic (15 mL)
duoc khudy & 50 °C trong 16 gid, vao lic d6 né durgc cd trong chan khong dé tao ra C35
dudi dang diu mau niu. San phim nay duge sir dung truc tiép & bude ké tiép. LCMS m/z

444,1 [M+H]".

Buéce 6. Tong hop metyl 2-(6-azaspiro|2,5]oct-1-yl)-1-(2-metoxyetyl)- IH-benzimidazol-
6-carboxylat (C36).
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Axit trifloaxetic (5 mL) dugc bd sung vao dung dich chira C35 (tir budc trén day;
<2,23 mmol) trong diclometan (10 mL), va hdn hop phan tmg nay duoc khudy & 25 °C
trong 2 gid. Sau khi loai bo cac dung moi trong chdn khéng, cin dugce bazo hoéa bang
cach bo sung dung dich nudc kali cacbonat bao hoa (40 mL), va chiét bang hdn hop gém
diclometan va metanol (10:1, 3 x 40 mL). Gom cac 16p hitu co, sdy khé trén magie sulfat,
loc, cb trong chan khong, va cho qua sic ky silica gel (dung méi rira giai: 10:1:0,1
diclometan / metanol / amoni hydroxit dic) dé thu duoc C36 dudi dang chit rin mau

vang. Hiéu suit: 640 mg, 1,86 mmol, 83% qua ba budc. LCMS m/z 344,1 [M+H]".

Buéc 7. Tdach metyl 2-(6-azaspiro[2,5]oct-1-yl)-1-(2-metoxyetyl)- IH-benzimidazol-6-
carboxylat, ENT-1 (P17) va metyl 2-(6-azaspiro[2,5]oct-1-yl)-1-(2-metoxyetyl)-1H-
benzimidazol-6-carboxylat, ENT-2 (P18).

Thuec hién tach hop chit C36 (630 mg, 1,83 mmol) thanh cic chit ddng phan dbi
anh thanh phan ctia n6 bang SFC [Cot: Chiral Technologies Chiralpak AD, 10 um; Pha
dong: 55:45 cacbon dioxit / (etanol chita amoni hydroxit 0,1%)]. Dinh rira giai thir nhét
duogc chi dinh 1a ENT-1 (P17), va chét dong phan dbi 4nh rira giai thi hai 14 ENT-2 (P18);
c4 hai déu dugc tach duéi dang chit rin mau vang nhot.

P17 Hiéu suat: 300 mg, 0,874 mmol, 48%. LCMS m/z 344,1 [M+H]*. Thoi gian giit: 5,10
phuat (Cot: Chiral Technologies Chiralpak AD-3, 4,6 x 150 mm, 3 pum; Pha dong A:
cacbon dioxit; Pha ddng B: etanol chira 0,05% dietylamin; Gradient: tir 5% dén 40% B
trong 5,5 phiit, sau d6 gitt & 40% B trong 3.0 phut; Téc d6 dong: 2,5 mL/phut).

P18 Hiéu suit: 240 mg, 0,699 mmol, 38%. LCMS m/z 344,1 [M+H]". Thoi gian gitt: 7,35
phut (diéu kién phan tich giéng véi diéu kién ding cho hop chit P17).

Vi du diéu ché P19
Metyl 4-amino-3-{[(1-etyl-IH-imidazol-5-yl)metyl]amino}benzoat (P19)
O

F _CH
CH D/ko ? -NTCHs /~N" CHs
T > HN CHy, — & HN .CH,
e NH, NEts O Pd/C ©
O2N H,N

* 2 HCI
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Buée 1. Tong hop metyl 3-{[(I1-etyl-IH-imidazol-5-yl)metyl]amino}-4-nitrobenzoat
(C37).

Trietylamin (3,65 mL, 26,2 mmol) dugc bd sung vao dung dich chira metyl 3-flo-
4-nitrobenzoat (1,00 g, 5,02 mmol) va 1-(l-etyl-1H-imidazol-5-yl)metanamin, mudi
dihydroclorua (1,00 g, 5,05 mmol) trong hén hop gdm tetrahydrofuran (12 mL) va
metanol (8 mL). Hon hop phan tng nay dugce khudy ¢ 60 °C trong 40 gid, vao lic d6 né
dugc cb trong chan khong va tinh ché bang cach sir dung séc ky silica gel (Gradient: 0%
dén 2% metanol trong diclometan) dé thu duge C37 dudi dang chét rin mau da cam.
Hiéu suat: 1,27 g, 4,17 mmol, 83%. 'H NMR (400 MHz, cloroform-d) & 8,24 (d, J= 8,8
Hz, 1H), 7,98 — 7,91 (m, 1H), 7,68 (d, J= 1,7 Hz, 1H), 7,57 (br s, 1H), 7,33 (dd, J= 8.8,
1,7 Hz, 1H), 7,11 (br s, 1H), 4,53 (d, J = 4,9 Hz, 2H), 3,99 (q, J = 7,3 Hz, 2H), 3,95 (s,
3H), 1,47 (t, J= 7,3 Hz, 3H).

Buée 2. Tong hop metyl 4-amino-3-{[(1-etyl-IH-imidazol-5-yl)metyljamino}benzoat
(P19).

Hbn hop gém paladi trén than u6t (144 mg) va C37 (412 mg, 1,35 mmol) trong
metanol (13 mL) duoc khudy trong binh cau hydro trong 16 gitr & 25 °C. Tiép theo, hdn
hop phan ting nay duoc loc qua dém dit tao diatomit va dich loc duoc cb trong chan
khong dé thu dwoc P19 dudi dang mau xam chat rin. Hiéu sudt: 340 mg, 1,24 mmol,
92%. '"H NMR (400 MHz, metanol-ds) & 7,66 (br s, 1H), 7,38 — 7,29 (m, 2H), 6,97 (br s,
1H), 6,67 (d, J=7,9 Hz, 1H), 4,35 (s, 2H), 4,11 (q, /= 7,3 Hz, 2H), 3,81 (s, 3H), 1,44 (t,
J=1,3Hz, 3H).

Vi du diéu ché P20
Metyl 4-amino-3-(metylamino)benzoat (P20)

i MeNH H i H i
eNMy 2
F o CHa H3C,N]©AO,CH3 e jg)kO,CH?,

D1 P20

ZT

Buée 1. Tong hop metyl 3-(metylamino)-4-nitrobenzoat (D1).
Bb sung metylamin (38,4 mL, 76,8 mmol, 2 M trong tetrahydrofuran), nhé giot,
trong 10 phut vao dung dich chtra metyl 3-flo-4-nitrobenzoat (5,10 g, 25,6 mmol) trong
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tetrahydrofuran (60 mL). Dung dich mau vang nhot chuyén sang mau da cam sdm ngay
khi b6 sung va khudy trong 2 gior & nhiét do trong phong. Tiép theo, hdn hop phan tmg
nay duoc pha loang vai dietyl ete (100 mL) va 16p hitu co duge rira 1an lugt véi nude (50
mL) va dung dich nudc natri clorua bdo hoa (50 mL). L6p hitu co duogce sdy khé trén natri
sulfat, loc, va ¢b dudi ap sut giam dé tao ra 5,26 g metyl 3-(metylamino)-4-nitrobenzoat
(98%) duéi dang chét rin mau da cam sim. LCMS m/z 211,1 [M+H]*. '"H NMR (400
MHz, cloroform-d) & 8,22 (d, J= 8,9 Hz, 1H), 8,00 (br s, 1H), 7,56 (d, J= 1,7 Hz, 1H),
7,25 (dd, J= 8,9, 1,7 Hz, 1H, gia thiét; mot phén bi mo bdi dinh dung moi), 3,95 (s, 3H),
3,09 (d, J= 5.1 Hz, 3H).

Bu6c 2. Tong hop metyl 4-amino-3-(metylamino)benzoat (P20).

Dung dich chira D1 (5,26 g, 25,0 mmol) trong etanol (150 mL) duogc bd sung vao
500 mL chai Parr® duoc nap truéc 10% paladi trén than (50% nudce; 1 g). Hon hop nay
duoc lic trong mdi trudong hydro 50 psi (344.74 kPa) trong 1 gio' & nhiét do trong phong,
vao lac d6 né dugce loc va banh loc dugce rira véi etanol (100 mL). Dich loc duge ¢6 dudi
ap suét giam dé tao ra 4,38 g P20 (97%) dudi dang chit rin mau tring duc. LCMS m/z
181,1 [M+H]". 'H NMR (400 MHz, cloroform-d) & 7,46 (dd, J = 8,0, 1,9 Hz, 1H), 7,34
(d, J=1,8 Hz, 1H), 6,68 (d, J= 8,0 Hz, 1H), 3,87 (s, 3H), 3,72 (br s, 2H), 3,21 (br s, 1H),
2,91 (s, 3H).

Vi du diéu ché chudn bi P21 va P22

5-Bromo-N3-metylpyridin-2, 3-diamin (P21) va
5-Bromo-N>, 6—dz'melylpyridin-2, 3-diamin (P22)

ITBr rfr
HoN HoN CH;

Hop chat trung gian P21 dugc téng hop theo quy trinh trong tai liéu chuyén nganh (Choi,
J. Y. etal. J Med Chem. 2012, 55, 852—870). Hop chat trung gian P22 duoc tong hop
bang cach sit dung phuong phap twong ty.

Vi du diéu ché P23
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Metyl 2-(clometyl)-1-[(1-metyl-1H-imidazol-5-yl)metyl]- IH-benzimidazol-6-carboxylat
(P23)

CHs
NN CH, CHs
= 7N 7N
o) N _ N _
F ,CH3 NH2 @) Hz @)
0" ——— S HN oCHs —>  HN oCHa
ON NEt, Pd/C
O,N H,N
D2 D3
o CHj CHs
N _CH N
Ho oy N/ 0% soc, N 0
T N 5 —> ND)KO,CHE,
/ <\ / <\
HG N c’ N
D4 P23

Buée 1. Tong hop metyl 3-{[(I-metyl-1H-imidazol-5-yl)metyl]amino}-4-nitrobenzoat
(D2).

B6 sung tir tir 1-(1-metyl-1H-imidazol-5-yl)metanamin (670 mg, 6,0 mmol) va
trietylamin (762 mg, 7,53 mmol) vao dung dich khong mau chira metyl 3-flo-4-
nitrobenzoat (1,0 g, 5,0 mmol) trong N, N-dimetylformamit (10 mL). Hon hop phan tmg
nay duoc khudy & 60 °C trong 16 gid, vao lic d6 n6 duge rét vao nuée (30 mL) va chiét
bang diclometan (3 x 30 mL). Cac 16p hitu co két hop dugc 1am kho qua natri sulfat, loc,
va ¢b dic trong diéu kién 4p suit giam. Chét tho nay dugce tinh ché bang sic ky silica gel
(dung méi rira giai: 20% metanol trong diclometan). Chét rdn mau vang thu dugce duge
nghién v6i 30:1 xang / etyl axetat dé tao ra D2 (1,2 g, 82%) du6i dang chat rin mau vang.
LCMS m/z 290,9 [M+H]*. 'H NMR (400 MHz, cloroform-d) & 8,25 (d, J = 8,9 Hz, 1H),
7,98 — 7,92 (m, 1H), 7,70 (d, J= 1,7 Hz, 1H), 7,49 (s, 1H), 7,34 (dd, J = 8,9, 1,7 Hz, 1H),
7,12 (s, 1H), 4,54 (d, J= 5,0 Hz, 2H), 3,96 (s, 3H), 3,67 (s, 3H).

Buée 2. Tong hop metyl 4-amino-3-{[(1-metyl-1H-imidazol-5-yl)metyl]amino}benzoat
(D3). |

B6 sung paladi trén than 10% w6t (1 g) vao huyén phu chia D2 (5,46 g, 18,8
mmol) trong metanol (160 mL). Hdn hop nay duoc khudy trong méi trudng hydro 1 at
trong 36 gior & 20 °C. Hon hop phan tmg nay dugce loc va banh loc dugc rira véi metanol

(200 mL). Dich lgc dugc ¢6 dudi ap suét giam dé tao ra D3 (4,8 g, 98%) dudi dang chét
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ran mau nau. LCMS m/z 260,9 [M+H]*. "H NMR (400 MHz, DMSO-ds) & 7.56 (s, 1H),
7,18 (br d, J= 8,1 Hz, 1H), 7,12 (br s, 1H), 6,87 (s, 1H), 6,55 (d, J = 8,2 Hz, 1H), 5,50
(s, 2H), 4,84 (t, J= 5,2 Hz, 1H), 4,23 (d, J= 5,0 Hz, 2H), 3,73 (s, 3H), 3,63 (s, 3H).

Buée 3. Tong hop metyl 2-(hydroxymetyl)-1-[(1-metyl-1H-imidazol-5-yl)metyl]-1H-
benzimidazol-6-carboxylat (D4).

Hdén hop gébm D3 (780 mg, 3,00 mmol) va axit 2-hydroxyaxetic (342 mg, 4,49
mmol) trong 1,3,5-trimetylbenzen (8 mL) duoc khudy & 140 °C trong 14 gid va ¢ 25 °C
trong 48 gio. Dung dich mau vang trong subt dugc gan ra dé tao ra cin mau nau ma no
duoc hoa tan trong metanol (50 mL) va ¢b dudi p sudt giam. Chat tho nay duoc tinh ché
bing sic ky silica gel (dung mdi rira giai: 20% metanol trong diclometan) dé tao ra D4
(318 mg, 35%) duéi dang bot mau vang. LCMS m/z 300,9 [M+H]". "TH NMR (400 MHz,
DMSO-ds) 6 8,13 — 8,11 (m, 1H), 7,83 (dd, J= 8,4, 1,6 Hz, 1H), 7,71 (d, J= 8,5 Hz, 1H),
7,59 (s, 1H), 6,58 (s, 1H), 5,69 (s, 2H), 4,75 (s, 2H), 3,84 (s, 3H), 3,53 (s, 3H).

Buée 4. Tong hop metyl 2-(clometyl)-1-[(1-metyl-1H-imidazol-5-yl)metyl]-TH-
benzimidazol-6-carboxylat (P23).

B sung thionyl clorua (990 mg, 0,60 mL, 8,32 mmol), nho giot, & nhiét d trong
phong vao huyén phu chira D4 (500 mg, 1,66 mmol) trong diclometan (10 mL) va N, N-
dimetylformamit (3 mL). Hdn hop phan tng nay dugc khudy & nhiét d6 trong phong
trong 1 gio, tiép theo, c6 dudi ap suit giam. Cian mau nau thu dugc duge nghién véi
diclometan (10 mL). Chét rin duoc gom bang cach loc va rira v6i diclometan (5 mL) dé
tao ra P23 (431 mg, 73%) dudi dang chit rin mau tring duc. LCMS m/z 318,9¢ [M+H]".
"H NMR (400 MHz, DMSO-ds) 8 9,17 (s, 1H), 8,31 (s, 1H), 7,93 (br d, J = 8,5 Hz, 1H),
7,82 (d, J= 8,5 Hz, 1H), 7,11 (s, 1H), 5,92 (s, 2H), 5,13 (s, 2H), 3,87 (s, 3H), 3,87 (s,
3H).

Vi du diéu ché P24
5-clo-2-(clometyl)-3-metyl-3H-imidazo[4,5-b|pyridin (P24)
Ci\ Ny €l MeNH, NoN Fe NoN o
| _ —» H3C | A —  » HiC | A
O2N Na,COj 0N AcOH HN"
D5 D6
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e Ag HaG
NN Cl
- |
N\
CF;COOH cll NF
P24

Bué6c 1. Tong hop 6-clo-N-metyl-3-nitropyridin-2-amin (D35).

B6 sung dung dich chira metylamin trong tetrahydrofuran (2,0 M; 622 mL,1,24
mol), nhé giot, & 0 °C bang xyranh vao huyén phu chira 2,6-diclo-3-nitropyridin (200 g,
1,04 mol) va Na,COs (132 g, 1,24 mol) trong etanol (1 L). Sau khi bd sung xong, hdn
hop phan ung nay dugc khudy & 18 °C trong 6 giod. Hén hop nay duoc loc va dich loc
dugc o dudi 4p suat giam dé tao ra chat rin mau vang. Chat thd nay dugc tinh ché bang
sac ky silica gel (Gradient: 0% dén 5% etyl axetat trong xing) dé thu duoc D5 (158 g,
hiéu sut 81%) du6i dang chét rin mau vang. 'H NMR (400 MHz, DMSO-ds) & 8,72 (br
s, 1H), 8,41 (d, J= 8,6 Hz, 1H), 6,76 (d, J = 8,6 Hz, 1H), 3,00 (d, J= 4,8 Hz, 3H).

Bueée 2. Tong hop 6-clo-N’-metylpyridin-2, 3-diamin (D6).

B6 sung bot sat (15,4 g, 276 mmol) vao hdn hop gdm D5 (15,8 g, 84,2 mmol)
trong axit axetic (100 mL). Hon hop phan tmg nay dugc khudy ¢ 80 °C trong 3 gid, vao
lic d6 n6 duoc 1am mat xubng nhiét d6 trong phong va loc. Banh loc duoc rira bang etyl
axetat (2 x 100). Gom cac 16p hiru co, ¢ dudi ap sudt giam va chét thé duoc tinh ché
bang sic ky silica gel (dung mdi rira giai: 1:1 etyl axetat / xang) dé thu duogc D6 (8,40 g,
hiéu suit 63%) dudi dang chit rin mau nau. '"H NMR (400 MHz, cloroform-d) ¢ 6,79 (d,
J=17,7Hz, 1H), 6,49 (d, J= 7,7 Hz, 1H), 3,00 (s, 3H).

Bu6e 3. Tong hop 5-clo-2-(clometyl)-3-metyl-3H-imidazo[4,5-b]pyridin (P24).

B6 sung cloaxetyl clorua (55,5 mL, 698 mmol) vao dung dich chira D6 (50,0 g,
317 mmol) trong 1,4-dioxan (1,2 L) va hdn hop phan tng nay dugc khudy ¢ 15 °C trong
50 phut. Tiép theo, n6 dugc co dudi ap suét giam dé tao ra chit rdn mau ndu, ma duoc
hép thu trong axit trifloaxetic (1,2 L) va duoc khudy & 80 °C trong 60 gio. Hon hop nay
duge c6 dudi 4p suat giam dé tao ra a ddu mau niu, ma né dugc pha lodng véi etyl axetat
(1L) va trung hoa bang cach bd sung dung dich nudc natri bicacbonat bio hoa. Khi viéc
giai phong cacbon dioxit giam xubng, cac 16p duge tach, va 16p nude duoce chiét bang

etyl axetat (200 mL). Gom phan chiét hitu co, siy khé trén natri sulfat, loc, va c6 dudi ap
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sudt giam. Chét tho nay duoc tinh ché bang sic ky silica gel (Gradient: 10% dén 25%
etyl axetat trong xang) dé thu dugc P24 (61,0 g, hiéu suit 79%) dudi dang chit rin mau
vang. LCMS m/z 215,7 (quan st thdy mau dong vi diclo) [M+H]". '"H NMR (400 MHz,
DMSO-ds) 6 8,13 (d, J= 8,3 Hz, 1H), 7,37 (d, J= 8,4 Hz, 1H), 5,11 (s, 2H), 3,84 (s, 3H).

Vidulva2

Axit 2-({4-[2-(4-clo-2-flophenyl)- 1, 3-benzodioxol-4-yl |piperazin-1-yl}metyl)-1-(2-

metoxyetyl)-1H-benzimidazol-6- carboxylic, ENT-X1, mudéi trifloaxetat (1) [tir C39]; va

axit 2-({4-[2-(4-clo-2-flophenyl)- 1, 3-benzodioxol-4-yl]piperazin-1-yl}metyl)-1-(2-

metoxyetyl)-1H-benzimidazol-6- carboxylic, ENT-X2, mudi trifloaxetat (2) [tir C40]
H3C,

&
N
NTY
HNJ N
O'CH3
Cl P12 Cl H3C,
Cs,CO3 O
F Pd,(dba)s F %

> 0 N/\WN —

Br Hsc CHs 0 N N@ %
c2 @ Q

o CH3
O
Q p
\) ° Q—/(o -CHj;

ENT-1 O-CH; ENT-2
Cc39 C40

Cl

M
z\/\o’
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H.C H,C.
Cl Cy, Cl Cyy
F S F %
LiOH abs
o) N N o) N N
T 0 D4
OH

ENT-X1 « CF4COOH

|

O
w
©
-—
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Buéce 1. Tong hop metyl 2-({4-[2-(4-clo-2-flophenyl)- 1, 3-benzodioxol-4-ylJpiperazin-1-
yvi}metyl)-1-(2-metoxyetyl)- IH-benzimidazol-6-carboxylat (C38).

Thir nghiém nay duoc tién hanh thanh hai mé c6 cing quy md. Binh phan tng
chira hon hop gdbm C2 (500 mg, 1,52 mmol), P12 (530 mg, 1,59 mmol), [2',6"-bis(propan-
2-yloxy)biphenyl-2-yl](dixyélohexyl)phosphan (Ruphos; 142 mg, 0,304 bmmol),
tris(dibenzylidenaxeton)dipaladi(0) (139 mg, 0,152 mmol), va xeri cacbonat (1,48 g, 4,54
mmol) trong toluen (15 mL) dugc tao chan khdng va nap nito. Chu ky tao chan khong
dwoc lap lai hai lan, vao luc 6 hdn hop phan tng nay dugc khudy & 100 °C trong 16 gid,
dugc gom véi mé thr hai, va loc. Dich loc dugc ¢, va can dugce cho qua sdc ky silica gel
(Gradient: 0% dén 60% etyl axetat trong xing) tiép theo 1a sic ky 16p moéng diéu ché
(dung moi rira giai: 1:1 xadng / etyl axetat) dé thu dugc C38 dudi dang chit rin mau vang

nhot. Hiéu suit két hop: 600 mg, 1,03 mmol, 34%. LCMS m/z 581,04 [M+H]".

Bucc 2. Tdch metyl 2-({4-[2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperazin-1-
yvi}metyl)-1-(2-metoxyetyl)- IH-benzimidazol-6-carboxylat, ENT-1 (C39) va metyl 2-({4-
[2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl|piperazin-1-yl }metyl)-] -(2-metoxyetyl)-IH-
benzimidazol-6-carboxylat, ENT-2 (C40).

Thuec hién tach hop chit C38 (780 mg, 1,34 mmol) thanh cac chit dong phan d6i
anh thanh phan ctia n6 bang SFC [Cot: Chiral Technologies Chiralpak AD, 10 pm; Pha
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dong: 3:2 cacbon dioxit / (etanol chira amoni hydroxit 0,1%)]. chat dong phan d6i anh
rira giai thtr nhat, dugc chi dinh 14 ENT-1 (C39), thu duoc duéi dang chit rin mau tring.
Hiéu suét: 282 mg, 0,485 mmol, 36%. LCMS m/z 581,0¢ [M+H]". Thoi gian luu 1,90
phut (Cot: Chiral Technologies Chiralpak AD-3, 4,6 x 50 mm, 3 pm; Pha dong A: cacbon
dioxit; Pha dong B: etanol chtra 0,05% dietylamin; Gradient: 5% B trong 0,20 phut, tiép
theo, 5% dén 40% B trong 1,4 phut, tiép theo, giit & 40% B trong 1,05 phut; Luu lugng:
4,0 mL/phut).

Chét dong phan dbi anh rira giai tht hai, dugc chi dinh 1a ENT-2, (C40), duoc cho
qua bude tinh ché thir hai bang cach st dung SFC [C6t: Chiral Technologies Chiralpak
AD, 10 um; Pha dong: 3:2 cacbon dioxit / (etanol chita amoni hydroxit 0,1%)]. Quy trinh
nay tao ra C40 dwéi dang chit rin mau nau nhot. Hi€u suét: 280 mg, 0,482 mmol, 36%.
LCMS m/z 581,06 [M+H]". Thoi gian gitr 2,18 phut (diéu kién phan tich gidng véi didu
kién dung cho hop chat C39).

Bude 3. Tong hop axit 2-({4-[2-(4-clo-2-flophenyl)-1, 3-benzodioxol-4-ylpiperazin-1-
ylymetyl)-1-(2-metoxyetyl)- IH-benzimidazol-6-carboxylic, ENT-X1, mudi trifloaxetat (1)
[tir C39].

Dung dich nuéc lithi hydroxit (2 M; 0,30 mL, 0,60 mmol) dugc bo sung vao dung
dich chira C39 (70 mg, 0,12 mmol) trong hdn hgp gdm metanol (3 mL) va tetrahydrofuran
(3 mL). Sau khi hén hop phan tmg nay da dugc khudy & 25 °C trong 16 gid, dung dich
nudéce lithi hydroxit (2 M; 0,30 mL, 0,60 mmol) lai dugc bd sung, va tiép tuc khuéy trong
20 gid nita. Tiép theo, hdn hop phan ung nay duoc diéu chinh dén pH 7 bang cach bd
sung axit clohydric 1 M, va tiép theo cb trong chan khong dé loai bé metanol va
tetrahydrofuran. Can duoc diéu chinh dén do pH=5 dén 6 bang cach bd sung axit
trifloaxetic va tiép theo, tinh ché bang HPLC pha déo (Cot: Agela Durashell C18, 5 um;
Pha dong A: axit trifloaxetic 0,1% trong nudc; Pha dong B: axetonitril; Gradient: 30%
dén 60% B) dé thu dugc 1 dudi dang chét rdn mau tréng. Hiéu suét: 40,5 mg, 59,5 umol,
50%. LCMS m/z 567,04 [M+H]". 'H NMR (400 MHz, metanol-ds) 6 8,37 (br s, 1H), 8,07
(dd, J= 8,5, 1,5 Hz, 1H), 7,79 (d, J = 8,6 Hz, 1H), 7,59 (dd, J = 8,0, 8,0 Hz, 1H), 7,34
(dd, J= 10,2, 2,0 Hz, 1H), 7,30 (br dd, J = 8,3, 2,0 Hz, 1H), 7,22 (s, 1H), 6,87 (dd, J =
8,1, 8,1 Hz, 1H), 6,63 (br d, J= 8 Hz, 1H), 6,60 (br d, J= 8 Hz, 1H), 4,70 (s, 2H), 4,65
(t, J=4,8 Hz, 2H), 3,75 (t, J = 4,8 Hz, 2H), 3,59 — 3,42 (m, 8H), 3,29 (s, 3H).
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Buéc 4. Tong hop axit 2-({4-[2-(4-clo-2-flophenyl)-1, 3-benzodioxol-4-ylpiperazin-1-
ylymetyl)-1-(2-metoxyetyl)- IH-benzimidazol-6-carboxylic, ENT-X2, mudi trifloaxetat (2)
[tir C40].

Dung dich nuéec lithi hydroxit (2 M; 0,30 mL, 0,60 mmol) duoc bd sung vao dung
dich chtra C40 (69 mg, 0,12 mmol) trong hdn hop gdm metanol (3 mL) va tetrahydrofuran
‘(3 mL). Sau khi hdn hop phan tmng nay da dugc khudy & 25 °C trong 16 gio, dung dich
nudc lithi hydroxit (2 M; 0,30 mL, 0,60 mmol) lai dugc bd sung, va tiép tuc khqu trong
20 gid nita. Hén hop phan tmg nay duoc didu chinh dén pH 7 bang cach bd sung axit
clohydric 1 M, va tiép theo, co trong chan khong dé loai bé metanol va tetrahydrofuran.
Cin dugc didu chinh dén @6 pH=5 dén 6 bang cich bd sung axit trifloaxetic va tiép theo
tinh ché bang cach HPLC pha dao (Cot: Agela Durashell C18, 5 um; Pha dong A: 0,1%
axit trifloaxetic trong nudc; Pha dong B: axetonitril; Gradient: 30% dén 60% B) dé thu
dugc 2 dudi dang chit rin mau tréng. Hiéu suat: 22,9 mg, 33,6 pmol, 28%. LCMS m/z
567,0¢ [M+H]". '"H NMR (400 MHz, metanol-ds) & 8,40 — 8,35 (m, 1H), 8,07 (dd, J =
8,6, 1,5 Hz, 1H), 7,79 (d, J = 8,6 Hz, 1H), 7,59 (dd, J = 8,0, 8,0 Hz, 1H), 7,35 (dd, J =
10,2, 2,0 Hz, 1H), 7,31 (br dd, J = 8, 2 Hz, 1H), 7,22 (s, 1H), 6,87 (dd, J = 8,3, 8,0 Hz,
1H), 6,63 (br d, J= 8 Hz, 1H), 6,60 (br d, J = 8 Hz, 1H), 4,68 (s, 2H), 4,65 (t,J= 4.9 Hz,
2H), 3,76 (t, J= 4,8 Hz, 2H), 3,57 — 3,40 (m, 8H), 3,29 (s, 3H).

Vidu 3
Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-yl}metyl)-1-
(2-metoxyetyl)- IH-imidazo[4, 5-b]pyridin-6-carboxylic, mudi trifloaxetat (3) |

HsC-0
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Buéc 1. Tong hop 4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin
(C13, bazo tw do).

B sung axit p-toluensulfonic monohydrat (318 mg, 1,67 mmol) vao dung dich chira P2
(300 mg, 0,670 mmol) trong etyl axetat (3,5 mL). Hon hop phan tng nay dugc khudy &
60 °C trong 1 gid, vao lac d6 né duoc bazo hoa bang cach bd sung dung dich nuée kali
cacbonat bdo hoa (20 mL) va chiét bang hdn hop gém diclometan va metanol (10:1, 3 x
50 mL). Gom céc 16p hitu co, sdy kho trén magie sulfat, loc, va ¢o trong chan khong dé
tao ra C13, bazo tw do, dudi dang chit rin mau niu. Hiéu suit: 230 mg, 0,661 mmol,

99%.

Buéc 2. Tong hop 6-bromo-2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
vl]piperidin-1-yl}metyl)-1-(2-metoxyetyl)-1H-imidazo[4,5-b ]pyridin (C41).

Huyén phu chira C13, bazo tw do (130 mg, 0,374 mmol), P13 (130 mg, 0,427
mmol), va kali cacbonat (172 mg, 1,24 mmol) trong axetonitril (2 mL) duoc khudy ¢ 50
°C trong 16 gid. Tiép theo, hdn hop phan tmg nay duoc tinh ché bang cach st dung sic
ky 16p mong diéu ché (dung moi rira giai: etyl axetat) dé thu duoc C41 dué6i dang dau
mau nau. Hiéu suit: 114 mg, 0,185 mmol, 49%. LCMS m/z 617,1 (quan sat théy mau
ddng vi brom-clo) [M+H]".
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Budc 3. Tong hop metyl 2-({4-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-(2-metoxyetyl)- IH-imidazo[4, 5-b |pyridin-6-carboxylat
(C42).

Dung dich chtra C41 (114 mg, 0,185 mmol), 1,3-bis(diphenylphosphino)propan
(15,3 mg, 37,1 pmol), paladi(Il) axetat (8,3 mg, 37 pmol), va trietylamin (187 mg, 1,85
mmol) trong hdn hop gdm metanol (5 mL) va N, N-dimetylformamit (1 mL) dugc khudy
& 80 °C trong cacbon monoxit (50 psi) trong 16 gid. Sau khi hdn hop phan tmg nay da
dugc pha lodng véi etyl axetat (50 mL), né duogc rira bing dung dich nude natri clorua
bdo hoa (2 x 50 mL), siy kho trén magie sulfat, loc, va c¢6 du6i ap suit giam. Tinh ché
bang céach str dung sic ky 16p méng diéu ché (dung méi rira giai: etyl axetat) tao ra C42
duéi dang dau khong mau. Hidu sudt: 60,0 mg, 0,101 mmol, 55%. LCMS m/z 617,2 (quan

sat thdy mau dong vi clo [M+Na'].

Buéc 4. Tong hop axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-(2-metoxyetyl)- IH-imidazo[4, 5-b Jpyridin-6-carboxylic, muéi
trifloaxetat (3).

Bb sung dung dich nudce natri hydroxit (3 M; 1,0 mL, 3,0 mmol) vao dung dich
chtra C42 (60,0 mg, 0,101 mmol) trong metanol (2,0 mL), va hdn hgp phan tmg nay dugc
khudy & 20 °C trong 2 gid. Tiép theo, n6 duoc diéu chinh dén pH 7 bang cach bd sung
axit clohydric 1 M, va chiét bang hdn hop gdm diclometan va metanol (10:1, 3 x 30 mL).
Gom cac 16p hitu co, sdy kho trén magie sulfat, loc, ¢d trong chan khong, va tinh ché
bang cach sir dung HPLC pha dao (Cot: Boston Green ODS, 5 um; Pha dong A: axit
trifloaxetic 0,1% trong nudc; Pha dong B: axetonitril; Gradient: 10% dén 95% B) dé thu
duoc 3 dudi dang chit ran mau tring. Hiéu suat: 29,6 mg, 42,6 pmol, 42%. LCMS m/z
581,0¢ [M+H]*. 'TH NMR (400 MHz, metanol-ds) § 9,13 (d, J= 1,9 Hz, 1H), 8,74 (d, J =
1,9 Hz, 1H), 7,63 (dd, J = 8,3, 8,3 Hz, 1H), 7,30 (dd, J= 10,9, 2,0 Hz, 1H), 7,24 (ddd, J
=8.4,2,0,0,7Hz, 1H), 6,89 — 6,84 (m, 1H), 6,82 — 6,77 (m, 2H), 4,98 — 4,89 (m, 2H, gia
thiét; bi mo nhidu do dinh nuéc), 4,64 (t, J = 4,8 Hz, 2H), 4,04 — 3,92 (br m, 2H), 3,75
(dd, J=5.4, 4,2 Hz, 2H), 3,51 — 3,39 (m, 2H), 3,31 (s, 3H), 3,19 — 3,06 (m, 1H), 2,41 —
2,24 (m, 2H), 2,24 — 2,12 (m, 2H), 2,06 (d, /= 1,0 Hz, 3H).

Vidudvas
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Amoni  2-({4-[(2R)-2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl|piperidin-1-yl}metyl)-1-
[(2S)-oxetan-2-ylmetyl |- 1H-benzimidazol-6-carboxylat (4) va Amoni 2-({4-[(2S)-2-(4-
clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperidin-1-yl}metyl)-1-[ (2S)-oxetan-2-yImetyl]-
IH-benzimidazol-6-carboxylat (5)

ol . \ND)kO,CHs
o’ N

F o CHs CF;COOH F

CH, P15
0 N’U\okCH3 > o) NH >
3 d K,COj4
p1 * CF,COOH
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cl F & cl F &
T N Ty N
—~0 N + -0 N
d N 0 /\I\W\i V¢
O-CHj O-CH;
C44 C45
cl F & cl F &
\@1 LiOH H

N ; N
o) N™ Y o —> 0 N
s /\ﬁ 3 «I\W\@_«o
O-CHs O NH,*

C44 4

Cl\©/F & Cl F oﬂ\
H - H
0, LiOH \©,/ N
o NN g = N AN P
© N@—/( © N 0" NH,*
O‘CH3

C45 5
Buéc 1. Tong hop 4-[2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperidin, mudi
trifloaxetat (C43).
B6 sung axit trifloaxetic (1,3 mL) vao dung dich chira P1 (300 mg, 0,691 mmol)
trong diclometan (5 mL). Hon hop phan ung nay dugc khudy & 29 °C trong 2 gid, vao
ltc d6 né duge cb trong chan khong dé thu duoc C43 dudi dang dau mau nau, ma dugc

sir dung truc tiép trong budc sau.

Buéc 2. Tong hop metyl 2-({4-[(2R)-2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-
yvl[piperidin-1-yl}metyl)-1-[ (2S)-oxetan-2-ylmetyl]-IH-benzimidazol-6-carboxylat
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(C44) va metyl 2-({4-[(2S)-2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperidin-1-
vi}metyl)-1-[(2S)-oxetan-2-ylmetyl]-IH-benzimidazol-6-carboxylat (C45).

B6 sung P15 (204 mg, 0,692 mmol), tiép theo 1a kali cacbonat (956 mg, 6,92
mmol) vao dung dich chtta C43 (tr budc trén day, <0,691 mmol) trong axetonitril (10
mL). Hon hop phan tng nay dugc khudy & 29 °C trong 16 gid, vao lac d6 né dugce loc;
dich loc dugc co trong chan khong dé tao ra cin, ma duoc tinh ché béng sdc ky 16p mong
diéu ché (dung moi rira giai: 2:1 xang / etyl axetat) dé tao ra hdn hop gdm céc san phim
ddng phan khong d6i quang dudi dang gdm mau vang (178 mg). Viée tach thanh hai san
pham duoc tién hanh bang cach SFC [Cot: Chiral Technologies ChiralCel OD, 5 pm; Pha
dong: 55:45 cacbon dioxit / (metanol chira amoni hydroxit 0,1%)]. Chat dong phan khong
d6i quang rira giai thir nht, thu duoc dudi dang ddu mau vang, dugc chi dinh 1a C44.
Hiéu suit: 44,3 mg, 74,8 pmol, 11% qua 2 budc. LCMS m/z 592,1¢ [M+H]". Thoi gian
luu 4,26 phut (Cot: Chiral Technologies ChiralCel OD-3, 4,6 x 100 mm, 3 pm; Pha ddng
A: cacbon dioxit; Pha dong B: metanol chira 0,05% dietylamin; Gradient: 5% dén 40%
B trong 4,5 phut, tiép theo, giit & 40% B trong 2,5 phut; Luu lwong: 2,8 mL/phut).

Chat dong phan khong d6i quang rira giai thir hai duge cho qua bude tinh ché thir
hai béng SFC [Cot: Chiral Technologies ChiralCel OD, 5 pm; Pha dong: 3:2 cacbon
dioxit / (metanol chira 0,1% amoni hydroxit)], tao ra chat dong phan khong ddi quang rira
giai tht hai duéi dang dau khong mau, ma dugc chi dinh 1a C45. Hi¢u suit: 38 mg, 64
umol, 9% qua 2 budc. LCMS m/z 592,14 [M+H]". Thoi gian giir 4,41 phit (diéu kién
phan tich giéng v6i diéu kién dung cho hop chit C44).

Hoa lap thé tuyét ddi dugc chi ra & dioxolan dwgc chi dinh bang sy twong quan
tiém tang cua 5 v6i miu cia 5, axit tw do duoc tdng hop tir hop chat trung gian C48; hoa
1ap thé tuyét d6i ctia hop chit trung gian nay dugc x4c dinh bing cach xac dinh cong thirc

cAu tao bang tia X don tinh thé (xem dudi day) ctia C49, mudi hemisulfat cia C48.

Buéc 3. Tong hop amoni 2-({4-[(2R)-2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-
yvl[piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylat (4).
Dung dich nudéc lithi hydroxit (2 M; 0,80 mL, 1,6 mmol) dugc bd sung vao dung
dich chita C44 (44,3 mg, 74,8 umol) trong hodn hop gém metanol (1 mL) va
tetrahydrofuran (1 mL), va hén hop phan tmg nay dugc khudy ¢ 26 °C trong 3 gio. Tiép

theo, n6 dugc diéu chinh dén pH 7 bang cach bd sung axit trifloaxetic, va hdn hop thu

-114-



38000

duoc duge o trong chan khong va tinh ché bang cach sit dung HPLC pha déo (Cot: Agela
Durashell C18, 5 um; Pha dong A: 0,05% amoni hydroxit trong nuéc; Pha dong B:
axetonitril; Gradient: 30% dén 50% B) dé thu duoc 4 dudi dang chét rin mau tring. Hiéu
suat: 26,6 mg, 44,7 umol, 60%. LCMS m/z 578,0¢ [M+H]". 'H NMR (400 MHz,
metanol-ds) 6 8,31 (d, J= 1,4 Hz, 1H), 7,96 (dd, J= 8,5, 1,6 Hz, 1H), 7,66 (d, J= 8,5 Hz,
1H), 7,57 (dd, J = 8,0, 8,0 Hz, 1H), 7,34 (dd, /= 10,1, 2,0 Hz, 1H), 7,29 (br dd, J = 8.3,
2,0 Hz, 1H), 7,20 (s, 1H), 6,86 — 6,79 (m, 1H), 6,77 (br dd, hop phan cta kiéu ABC, J =
7.9, 1,3 Hz, 1H), 6,73 (dd, hop phan cua kiéu ABC, J=7,5, 1,4 Hz, 1H), 5,29 — 5,18 (m,
1H), 4,9 — 4,78 (m, 1H, gia thiét; mot phan bi md do dinh nuéc), 4,68 (dd, J= 15,3, 2,7
Hz, 1H), 4,54 (td, J= 8,0, 5,9 Hz, 1H), 4,44 (dt, J=9,2, 5,9 Hz, 1H), 4,02 (AB vach bén,
Jas = 13,9 Hz, Avas = 49,0 Hz, 2H), 3,18 — 3,08 (m, 1H), 3,05 — 2,96 (m, 1H), 2,81 —
2,68 (m, 2H), 2,56 — 2,45 (m, 1H), 2,45 — 2,30 (m, 2H), 2,03 — 1,88 (m, 2H), 1,88 — 1,79
(m, 2H).

Buéc 4. Téng hop amoni 2-({4-[(2S)-2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-
vl |piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-IH-benzimidazol-6-carboxylat (5).

Dung dich nudc lithi hydroxit (2 M; 0,80 mL, 1,6 mmol) duoc bd sung vao dung
dich chira C45 (38 mg, 64 pmol) trong hdn hop gdbm metanol (1 mL) va tetrahydrofuran
(1 mL), va hdn hop phan tmg nay duoc khudy ¢ 24 °C trong 2,5 gio. Tiép theo, n6 dugc
diéu chinh dén pH7 béng cach bd sung axit clohydric 1 M, va hdn hop thu duoc duge co
trong chan khong va tinh ché bang cach str dung HPLC pha dao (Cot: Agela Durashell
C18, 5 um; Pha dong A: 0,05% amoni hydroxit trong nudc; Pha dong B: axetonitril;
Gradient: 29% dén 49% B), tao ra 5 dudi dang chit rin mau trang. Hiéu suat: 27,9 mg,
46,9 umol, 73%. LCMS m/z 577,94 [M+H]". 'H NMR (400 MHz, metanol-ds) & 8,32 (d,
J=1,4 Hz, 1H), 7,96 (dd, J = 8.5, 1,5 Hz, 1H), 7,66 (d, J = 8,5 Hz, 1H), 7,56 (dd, J =
8.0, 8,0 Hz, 1H), 7,34 (dd, J= 10,2, 2,0 Hz, 1H), 7,29 (br dd, J = 8,3, 2.0 Hz, 1H), 7,20
(s, 1H), 6,85 — 6,80 (m, 1H), 6,77 (dd, hop phan cia kiéu ABC, J= 8,0, 1,3 Hz, 1H), 6,73
(dd, hop phan cua kiéu ABC, J = 7.5, 1,4 Hz, 1H), 5,30 — 5,20 (m, 1H), 4,9 — 4,79 (m,
1H, gia thiét; mot phan bi md do dinh nuée), 4,68 (dd, J= 15,4, 2,7 Hz, 1H), 4,62 — 4,54
(m, 1H), 4,44 (dt, J= 9,2, 5,9 Hz, 1H), 4,02 (AB vach bdn, Jap = 13,9 Hz, Avap = 44,6
Hz, 2H), 3,18 — 3,09 (m, 1H), 3,06 — 2,97 (m, 1H), 2,80 — 2,67 (m, 2H), 2,55 — 2,30 (m,
3H), 2,02 — 1,78 (m, 4H). '
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Quy trinh khdc dé tong hop Vi du 5, axit ti do
Axit  2-({4-[(2S)-2-(4-clo-2-flophenyl)- 1, 3-benzodioxol-4-yl |piperidin-1-yl}metyl)-1-
[(2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylic (5, axit tw do)
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5, axit tw do
Buéce 1. Tach tert-butyl 4-[(2R)-2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperidin-1-
carboxylat (C46) va tert-butyl 4-[(2S)-2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-
vl ]piperidin-1-carboxylat (C47).

Thuc hién tach hop chat P1 (10 g, 23 mmol) thanh cic chat dong phan d6i anh
thanh phan ctia n6 bang HPLC pha dao [Cot: Phenomenex Lux Amylose-1, 5 um; Pha
dong: 9:1 cacbon dioxit / (2-propanol chira 0,2% 1-aminopropan-2-ol)]. Chit dong phan
ddi anh ria giai thtr nhit duoc chi dinh 12 C46, va chit ddng phan dbi anh rira giai thu
hai 12 C47; ca hai déu thu duoc dudi dang diu khong mau. Hoéa 1ap thé tuyét dbi duoc
chi ra cho C46 va C47 duoc chi dinh trén co s xac dinh cong thirc cdu tao bang tia X
don tinh thé duoc tién hanh trén C49, ma dugc tdng hop tir C47 (xem duéi day).

C46 Hiéu suét: 4,47 g, 10,3 mmol, 45%. Thoi gian giti: 3,98 phut [Cot: Phenomenex Lux
Amylose-1, 4,6 x 250 mm, 5 pm; Pha dong A: cacbon dioxit; Pha dong B: 2-propanol
chira 0,2% 1-aminopropan-2-ol; Gradient: 5% B trong 1,00 phit, tiép theo, 5% dén 60%
B trong 8,00 phut; Luu luong: 3,0 mL/phut; ap suét nguoc: 120 Bar (12 MPa).

C47 Hiéu suét: 4,49 g, 10,3 mmol, 45%. Thoi gian giit: 4,32 phut (diéu kién SFC phan
tich giéng véi didu kién ding cho hop chit C46).

Buee 2. Tong hop 4-[(2S)-2-(4-clo-2-flophenyl)- 1, 3-benzodioxol-4-yl]piperidin (C48).

Axit p-toluensulfonic monohydrat (566 mg, 2,98 mmol) duoc bd sung vao dung
dich chira C47 (1,12 g, 2,58 mmol) trong etyl axetat (26 mL). Sau khi hon hop phan g
nay da dugc dun néng & 45 °C trong 16 gio, n6 dugce cd trong chan khong, hoa tan trong
etyl axetat, va rira bang dung dich nu6c natri bicacbonat bido hoa. Chiét 16p nudec bang
etyl axetat, va gom 16p hitu co, rira bang dung dich nuéc natri clorua bdo hoa, siy kho
trén natri sulfat, loc, va cd dudi ap suét giam, tao ra C48 dudi dang chit rin mau tréng
dang bot (947 mg), LCMS m/z 334,04 [M+H]". Mot phén ctia chét ndy, ma van chtra mot
it axit p-toluensulfonic, duge str dung trong qua trinh tong hop C50 dudi day.

Phan thir hai cta chit rin mau tring dang bot (440 mg) dwoc hoa tan trong etyl

axetat (25 mL) va rira bang dung dich nuéc natri bicacbonat bdo hoa (2 x 15 mL); 16p
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hitu co duge say kho trén magie sulfat, loc, va c6 trong chan khong dé thu dugc C48 (350
mg) dudi dang dau khong mau ma n6 khong con chira axit p-toluensulfonic. Hiéu suét
diéu chinh: 350 mg, 1,05 mmol, 88%. 'H NMR (400 MHz, cloroform-d) § 7,53 (dd, J =
8.4, 7,8 Hz, 1H), 7,22 — 7,13 (m, 3H), 6,87 — 6,80 (m, 1H), 6,79 — 6,71 (m, 2H), 3,23 —
3,14 (m, 2H), 2,86 — 2,69 (m, 3H), 1,90 — 1,68 (m, 4H).

Buée 3. Tong hop 4-[(2S)-2-(4-clo-2-flophenyl)-1, 3-benzodioxol-4-yl]piperidin, mudi
hemisulfat (C49).

Dung dich 0,1 M chira C48 (dau khéng mau tir bude trén) trong etyl axetat duogc
diéu ché va cho qua man hinh mudi. O day chi mé ta viéc tao thanh mudi sulfat. Hén hop
gbm axit sulfuric (25 pmol) va dung dich chira chit nén (0,1 M, 250 pL, 25 pmol) duogc
dun néng dén 45 °C trong 1 gid, d& cho ngudi xudng nhiét do trong phong, va khudy
trong 15 gid. Huyén phu thu duge duge xtt Iy bing metanol (khoang 150 pL) cho dén khi
dung dich duoc tao thanh; dung dich nay dugc dé cho tir tir bay hoi qua dém, cho dén khi
con lai khoang 50 pL dung moi. M6t trong sb cac tinh thé thu dugc duoc phén tich bang
cach xac dinh cong thirc cau tao bang tia X don tinh thé, tao thanh héa lap thé tuyét dbi
nhu dugc thé hién.

Xdc dinh cdu tao ciia C49 bang tia X don tinh thé
Phan tich tia X tinh thé don.

Tién hanh thu thap dir licu béng nhiéu xa ké Bruker D8 Venture & nhiét do trong
phong. Dit li€u thu thép tir viéc quét omega va phi.

Céu tric duge giai thich bang cach tao pha thuc sit dung bd phin mém SHELX
trong nhom khong gian loai tinh thé 3 truc giao nhau P212121. Cau tric dugc sau d6
duoc tinh chinh bang phwong phap binh phuong t6i thiéu véi ma tran day di. Tét ca cac
nguyén tir khong phai hydro dugc phat hién va tinh chinh bang cach st dung céac thong
s6 thay thé di huéng.

Céc nguyén tir hydro ndm & vi tri nito dwoc phat hién tir ban d6 d6 1éch Fourier va
duogc tinh chinh v6i khoang céch gigi han. Cac nguyén tr hydro con lai dugc dat vao cac
vi tri da tinh toan va duoc dé vao vi tri cdc nguyén tir mang chung. Viéc tinh chinh cubi

cung bao gdm cac thong s6 chuyén vi dang hudng doi véi tat ca cac nguyén tir hydro.
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Don vi bat ddi ximg bao gdm hai phén tir cia C48 dugc proton hda, mdt phén tir
cua axit sulfuric dugc khir proton hai lan, va mot phan tir nude chiém toan bo. Do dé,
cong thirc cdu tao 1a mudi hemisulfat va hemihydrat. Nhan cloflophenyl bi 1am hén loan
v tao mau véi ty 1¢ chiém hitu 13 60/40, v&i nhan duoc 1at gitra hai vi tri.

Thuc hién phan tich cu tric tuyét ddi st dung cac phuong phap c6 thé (Hooft
2008) bang cach sir dung PLATON (Spek). Két quéa cho thiy ring cu tric tuyét dbi da
duogc gan chinh x4c; phurong phap nay tinh ra rang kha nang céu tric 1a ding 1a 100,0.
Thong s6 Hooft duoc dwa ra 14 0,061 v6i esd 1a 0,004 va thong sb Parson duoc dua ra la
0,063 vo1 esd 1a 0,005.

Chi sd R cudi 14 3,1%. Sai phan Fourier cubi cho thiy khong c6 mat d6 dién tir
mét mat hoac dugc dat khong ding chd.

Tinh thé phu hop, su thu gom dit liéu, va viéc tinh chinh thong tin duoc tong két
trong Bang E. Sy phéi tri nguyén tir, do dai lién két, goc lién két, va thong sb thay thé

dugc néu trong cac Bang F — H.

Phén mém va tai liéu tham khao

SHELXTL, Version 5.1, Bruker AXS, 1997.

PLATON, A. L. Spek, J. Appl. Cryst. 2003, 36, 7-13.

MERCURY, C. F. Macrae, P. R. Edington, P. McCabe, E. Pidcock, G. P. Shields, R.
Taylor, M. Towler, and J. van de Streek, J. Appl. Cryst. 2006, 39, 453-457.

OLEX2, O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. K. Howard, and H.
Puschmann, J. Appl. Cryst. 2009, 42, 339-341.

R. W. W. Hooft, L. H. Straver, va A. L. Spek, J. Appl. Cryst. 2008, 41, 96-103.

H. D. Flack, Acta Cryst. 1983, 439, 867-881.

Bang E. Dit liéu tinh thé va tinh chinh céu tric ctia hgp chit C49

Cong thire thuc nghiém C36H38CIF2N2O9S
Trong luong cong thirc 783,64

Nhiét do 296(2) K

Budc song 1,54178 A

H¢ tinh thé Tam ta

Nhoém khong gian P1
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Kich thugc 6 mang don vi

Thé tich

Z

Ty trong (theo tinh toan)
Heé s6 hip thu 2,743 mm'!
F(000)

C& tinh thé

38000

Khoang theta ddi véi dir liéu thu thap

Khoéng chi s6
31<=[<=3]

Phan xa thu thap duogc
Phan xa doc lap

Bb sung cho theta = 67,679° 96,6%

Hiéu chinh dé hép thu
Phuong phép tinh chinh
day du trén F?

Dit liéu/ Giéi han/ thong sb
Mitc phu hop trén F?

Chi s6 R cudi [I>20(D)]

a=59095(2) A a=286,5910(10)°
b=6,17122) A = 189,3680(10)°
c=25,6096(8) A y=75,7680(10)°
903,68(5) A3

1

1,440 Mg/m?

408
0,380 x 0,120 x 0,080 mm?

3,458 dén 72,096°

7<=h<=7, 7<=k<=7, -

24619
6399 [Rin: = 0,0323]]

Thuc nghiém
Binh phuong tbi thiéu v6i ma trin

6399/9/495
1,014
R1=10,0305, wR2 = 0,0805

Céc chi sb R R (tit ca sb liéu) R1 = 10,0310, wR2 = 0,0810

Thong s6 cdu tric tuyét dbi 0,058(4)

Hé sd tit n/a

Sai 1éch 16n nhit cta dinh va hd 0,167 va -0,184 ¢.A"

Béang F. Cac toa do phdi tri nguyén tir (x 10%) va cac thong s6 muc dich chuyén déng hudng
tuong duong (A2 x 10%) ctia hop chit C49 . U(eq) duoc xac dinh 1a mot phan ba vét cia

tenxo Ul dugce tryc giao hoa.

X y z Ul(eq)
S(1) 8968(1) 2512(1) 4774(1) 33(1)
CI(1) 2534(3) 7001(5) 9863(1) 161(1)
F(1) 9192(9) 7761(7) 8721(2) 95(1)
C(1) 7533(7) 6719(7)  8821(1) 72(1)
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C(2)
C(3)
C4)
C(5)
C(6)
CI(1")
F(1")
C(1")
C(2)
C(3")
C4")
C(5")
C(6')
Cl(2)
F(2)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C1(2)
F(2)
C(19)
C(20")
c21")
C(22)
C(23")
C(24")
N(1)
N(2)

- O(1)

6041(9)
4428(8)
4276(8)
5801(7)
7444(6)
2534(3)
6045(13)
5801(7)
4276(8)
4428(8)
6041(9)
7533(7)
7444(6)
-2047(5)
-2662(7)
-1591(6)
-2327(8)
-1157(9)
728(9)
1431(6)
274(5)
-2047(5)
3433(15)
1431(6)
728(9)
-1157(9)
-2327(8)
-1591(6)
274(5)
4370(3)
4133(4)
10923(4)

38000

7355(8)

6206(10)
4392(9)
3784(7)
4930(5)

7001(5)

1811(12)
3784(7)

4392(9)

6206(10)
7355(8)

6719(7)

4930(5)

12265(3)
5436(7)

7059(7)

8653(9)

10260(8)
10361(7)
8731(6)

7058(5)

12265(3)
8441(16)
8731(6)

10361(7)
10260(8)
8653(9)

7059(7)

7058(5)

2950(4)

8236(3)

2331(5)

-121-

9230(2)
9350(2)
9082(2)
8678(1)
8533(1)
9863(1)
8450(3)
8678(1)
9082(2)
9350(2)
9230(2)
8821(1)
8533(1)
154(1)
1220(2)
1154(1)
752(2)
665(2)
964(2)
1364(1)
1472(1)
154(1)
1630(4)
1364(1)
964(2)
665(2)
752(2)
1154(1)
1472(1)
5713(1)
4386(1)
8233(1)

92(1)
93(2)
86(1)
69(1)
56(1)
161(1)
95(1)
69(1)
86(1)
93(2)
92(1)
72(1)
56(1)
157(1)
92(1)
68(1)
88(1)
88(1)
80(1)
65(1)
54(1)
157(1)
92(1)
65(1)
80(1)
88(1)
88(1)
68(1)
54(1)
41(1)
42(1)
77(1)



0(2)
O(3)
O(4)
0(5)
0(6)
0(7)
0(8)
O(1W)
C(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
c(17)
C(18)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)

7874(4)
1766(4)
2966(5)
9024(3)
7650(4)
11358(3)
7789(3)
10276(4)
9086(6)
9234(4)
11056(5)
12654(5)
12316(5)
10459(4)
8826(4)
6762(4)
7243(4)
5126(4)
3883(5)
5997(4)
996(6)
3848(5)
4542(6)
6579(6)
7932(6)
7236(5)
5126(5)
4261(4)
6145(5)
5139(5)
2313(5)
3263(4)

38000

3730(4)
6201(4)
3591(4)
2305(3)
989(3)
1934(4)
4827(3)
6879(4)
4293(6)
1745(5)
930(6)

-1059(6)
-2213(6)
-1405(5)

623(4)
1637(4)
3516(4)
4639(4)
1105(5)
-38(4)
5296(6)
4738(4)
3183(5)
1567(5)
1577(5)
3123(5)
4786(4)
6474(4)
7543(5)
9272(4)
7116(5)
5420(4)

-122-

7651(1)
2352(1)
1729(1)
4214(1)
5024(1)
4982(1)
4909(1)
5537(1)
8090(1)
7490(1)
7834(1)
7768(1)
7338(1)
6994(1)
7066(1)
6711(1)
6343(1)
6009(1)
6056(1)
6386(1)
1900(1)
2505(1)
2133(1)
2178(1)
2620(1)
2992(1)
2944(1)
3352(1)
3544(1)
3932(1)
4227(1)
3826(1)

64(1)
64(1)
75(1)
50(1)
63(1)
64(1)
46(1)
54(1)
63(1)
44(1)
54(1)
62(1)
58(1)
47(1)
38(1)
37(1)
42(1)
44(1)
50(1)
41(1)
60(1)
45(1)
52(1)
56(1)
56(1)
51(1)
42(1)
39(1)
51(1)
50(1)
49(1)
42(1)



38000

Béng G. lengths
S(1)-0(5) 1,4463(18)
S(1)-0(7) 1,4668(19)
S(1)-0(6) 1,475(2)
S(1)-0(8) 1,4863(18)
Cl(1)-C(3) 1,731(4)
F(1)-C(1) 1,314(6)
C(1)-C(6) 1,375(5)
C(1)-C(2) 1,374(6)
C(2)-C(3) 1,343(8)
C(2)-H(2) 0,9300
C(3)-C4) 1,369(8)
C4)-C(5) 1,373(6)
C(4)-H4) 0,9300
C(5)-C(6) 1,370(5)
C(5)-H(5) 0,9300
C(6)-C(7) 1,493(5)
CI(1")-C(3") 1,731(4)
F(1")-C(1") 1,357(8)
C(1")-C(6") 1,370(5)
C(11)-C(2" 1,373(6)
C(2)-C(3") 1,369(8)
C(2")-H(2" 0,9300
C(3")-C4") 1,343(8)
C4")-C(5") 1,374(6)
C(4")-H4") 0,9300
C(5")-C(6") 1,375(5)
C(5")-H(5") 0,9300
C(6")-C(7) 1,493(5)

-123-



38000

Cl(2)-C(21) 1,739(4)
F(2)-C(19) 1,312(5)
C(19)-C(24) 1,378(5)
C(19)-C(20) 1,378(6)
C(20)-C(21) 1,348(7)
C(20)-H(20) 0,9300
C(21)-C(22) 1,375(7)
C(22)-C(23) 1,384(6)
C(22)-H(22) 0,9300
C(23)-C(24) 1,385(5)
C(23)-H(23) 0,9300
C(24)-C(25) 1,485(5)
C1(2")-C(21" 1,739(4)
F(2')-C(19") 1,340(9)
C(19')-C(20") 1,384(6)
C(19')-C(24") 1,385(5)
C(20)-C(21") 1,375(7)
C(20')-H(20" 0,9300
C(21')-C(22) 1,348(7)
C(22')-C(23") 1,378(6)
C(22')-H(22") 0,9300
C(23)-C(24") 1,378(5)
C(23')-H(23") 0,9300
C(24)-C(25) - 1,485(5)
N(1)-C(17) 1,480(4)
N(1)-C(16) 1,480(3)
N(1)-H(1X) 0,95(2)
N(1)-H(1Y) 0,97(2)
N(2)-C(34) 1,483(4)
N(2)-C(35) 1,487(4)
N(2)-H(2X) 0,96(2)
N(@2)-H(Q2Y) 0,99(2)

-124-



38000

0(1)-C(9) 1,368(4)
0(1)-C(7) 1,445(4)
0(2)-C(8) 1,373(3)
0(2)-C(7) 1,443(3)
0(3)-C(26) 1,380(3)
0(3)-C(25) 1,440(3)
0(4)-C(27) 1,369(4)
0(4)-C(25) 1,447(4)
O(1W)-H(1WX) 0,93(2)
O(1W)-H(IWY) 0,94(2)
C(7)-H(7) 0,9800
C(8)-C(9) 1,374(4)
C(8)-C(13) 1,376(4)
C(9)-C(10) 1,370(5)
C(10)-C(11) 1,387(5)
C(10)-H(10) 0,9300
C(11)-C(12) 1,390(4)
C(11)-H(11) 0,9300
C(12)-C(13) 1,400(4)
C(12)-H(12) 0,9300
C(13)-C(14) 1,514(3)
C(14)-C(18) 1,518(3)
C(14)-C(15) 1,528(3)
C(14)-H(14) 0,9800
C(15)-C(16) 1,518(3)
C(15)-H(15A) 0,9700
C(15)-H(15B) 0,9700
C(16)-H(16A) 0,9700
C(16)-H(16B) 0,9700
C(17)-C(18) 1,513(4)
C(17)-H(17A) 0,9700
C(17)-H(17B) 0,9700

-125-



38000

C(18)-H(18A) 0,9700
C(18)-H(18B) 0,9700
C(25)-H(25) 0,9800
C(26)-C(31) 1,367(4)
C(26)-C(27) 1,379(3)
C(27)-C(28) 1,363(4)
C(28)-C(29) 1,394(5)
C(28)-H(28) 0,9300
C(29)-C(30) 1,376(4)
C(29)-H(29) 0,9300
C(30)-C(31) 1,408(4)
C(30)-H(30) 0,9300
C(31)-C(32) 1,514(3)
C(32)-C(33) 1,527(4)
C(32)-C(36) 1,524(3)
C(32)-H(32) 0,9800
C(33)-C(34) 1,510(4)
C(33)-H(33A) 0,9700
C(33)-H(33B) 0,9700
C(34)-H(34A) 0,9700
C(34)-H(34B) 0,9700
C(35)-C(36) 1,515(3)
C(35)-H(35A) 0,9700
C(35)-H(35B) 0,9700
C(36)-H(36A) 0,9700
C(36)-H(36B) 0,9700
O(5)-S(1)-0(7) 109,68(13)
O(5)-S(1)-0(6) 109,65(13)
O(7)-S(1)-0(6) 109,45(15)
0(5)-S(1)-0(8) 111,22(11)
O(7)-S(1)-0(8) 109,11(11)
0(6)-S(1)-0(8) 107,69(11)
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38000

F(1)-C(1)-C(6) 118,6(4)
F(1)-C(1)-C(2) 119,1(4)
C(6)-C(1)-C(2) 122,1(4)
C(3)-C(2)-C(1) 118,9(4)
C(3)-C(2)-H(2) 120.5
C(1)-C(2)-H(2) 120,5
C(2)-C(3)-C(4) 121,6(4)
C(2)-C(3)-Cl(1) 119,3(4)
C(4)-C(3)-CI(1) 119,1(5)
C(3)-C(4)-C(5) 118,2(5)
C(3)-C(4)-H(4) 120,9
C(5)-C(4)-H(4) 120,9
C(6)-C(5)-C(4) 122,4(4)
C(6)-C(5)-H(5) 118.8
C(4)-C(5)-H(5) 118,8
C(5)-C(6)-C(1) 116,7(3)
C(5)-C(6)-C(7) 122,7(3)
C(1)-C(6)-C(7) 120,6(3)
F(1')-C(1')-C(6") 114,7(4)
F(1')-C(1')-C(2") 122,1(5)
C(6')-C(1')-C(2") 122,4(4)
C(3")-C(2)-C(1") 118,2(5)
C(3")-C(2')-H(2") 120,9
C(1)-C(2)-H(2") 1209
C(4')-C(3')-C(2") 121,6(4)
C(4')-C(3")-CI(1") 119,3(4)
C(2')-C(3")-CI(1") 119,1(5)
C(3')-C(4')-C(5" 118,9(4)
C(3")-C(4')-H(4") 120,5
C(5')-C(4')-H(4") 120,5
C(6')-C(5')-C(4") 122,1(4)
C(6')-C(5')-H(5") 118.9

-127-



38000

C(4')-C(5)-H(3") 118.9

C(1')-C(6)-C(5" 116,7(3)
C(1)-C(6)-C(7) 122,7(3)
C(5)-C(6)-C(7) 120,6(3)
F(2)-C(19)-C(24) 119,3(4)
F(2)-C(19)-C(20) 118,1(4)
C(24)-C(19)-C(20) 122,5(4)
C(21)-C(20)-C(19) 118,4(4)
C(21)-C(20)-H(20) 120,8

C(19)-C(20)-H(20) 120,8

C(20)-C(21)-C(22) 122,4(4)
C(20)-C(21)-CI(2) 118,9(4)
C(22)-C(21)-C1(2) 118,7(4)
C(21)-C(22)-C(23) 117,8(4)
C(21)-C(22)-H(22) 121,1

C(23)-C(22)-H(22) 121,1

C(22)-C(23)-C(24) 122,0(4)
C(22)-C(23)-H(23) 119,0

C(24)-C(23)-H(23) 119,0

C(19)-C(24)-C(23) 116,8(3)
C(19)-C(24)-C(25) 120,3(3)
C(23)-C(24)-C(25) 122,93)
F(2")-C(19)-C(20") 123,5(5)
F(2')-C(19")-C(24") 113,9(5)
C(20)-C(19")-C(24" 122,0(4)
C(21')-C(20)-C(19" 117,8(4)
C(21')-C(20")-H(20") 121,1

C(19")-C(20")-H(20") 121,1

C(22')-C(21)-C(20" 122,4(4)
C(22")-C(21)-C1(2") 118,9(4)
C(20')-C(21")-CI1(2") 118,7(4)
C(21')-C(22")-C(23") 118,4(4)

-128-



38000

C(21')-C(22")-H(22") 120.8
C(23")-C(22")-H(22") 120,8
C(24)-C(23")-C(22") 122,5(4)
C(24)-C(23")-H(23") 118,7
C(22')-C(23")-H(23") 118,7
C(23")-C(24")-C(19") 116,8(3)
C(23")-C(24")-C(25) 120,3(3)
C(19)-C(24')-C(25) 122,9(3)
C(17)-N(1)-C(16) 112,6(2)
C(17)-N(1)-H(1X) 110,7(19)
C(16)-N(1)-H(1X) 108(2)
C(17)-N(1)-H(1Y) 108(2)
C(16)-N(1)-H(1Y) 112,4(19)
H(1X)-N(1)-H(1Y) 105(3)
C(34)-N(2)-C(35) 112,2(2)
C(34)-N(2)-H(2X) 109,7(19)
C(35)-N(2)-H(2X) 109,7(19)
C(34)-N(2)-H(2Y) 107,7(19)
C(35)-N(2)-H(2Y) 110,8(19)
H(2X)-N(2)-HQ2Y) 107(3)
C(9)-0(1)-C(7) 106,0(2)
C(8)-0(2)-C(7) 105,9(2)
C(26)-0(3)-C(25) 105,9(2)
C(27)-0(4)-C(25) 105,7(2)
H(IWX)-O(1W)-H(IWY)  105(4)
0(2)-C(7)-0(1) 106,5(3)
0(2)-C(7)-C(6) 110,4(3)
0(1)-C(7)-C(6) 111,2(3)
0(2)-C(7)-C(6") 110,4(3)
0(1)-C(7)-C(6") 111,2(3)
0(2)-C(7)-H(7) 109,6
O(1)-C(7)-H(7) 109,6
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C(6)-C(7)-H(7)
C(9)-C(8)-0(2)
C(9)-C(8)-C(13)
0(2)-C(8)-C(13)
0(1)-C(9)-C(10)
0(1)-C(9)-C(8)
C(10)-C(9)-C(8)
C(9)-C(10)-C(11)
C(9)-C(10)-H(10)
C(11)-C(10)-H(10)
C(10)-C(11)-C(12)
C(10)-C(11)-H(11)
C(12)-C(11)-H(11)
C(11)-C(12)-C(13)
C(11)-C(12)-H(12)
C(13)-C(12)-H(12)
C(8)-C(13)-C(12)
C(8)-C(13)-C(14)
C(12)-C(13)-C(14)
C(13)-C(14)-C(18)
C(13)-C(14)-C(15)
C(18)-C(14)-C(15)
C(13)-C(14)-H(14)
C(18)-C(14)-H(14)
C(15)-C(14)-H(14)
C(16)-C(15)-C(14)
C(16)-C(15)-H(15A)
C(14)-C(15)-H(15A)
C(16)-C(15)-H(15B)
C(14)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
N(1)-C(16)-C(15)

38000

109,6
110,0(2)
123,4(2)
126,6(2)
128,1(3)
110,1(3)
121,7(3)
116,3(3)
121,8
121,8
122,0(3)
119,0
119,0
121,3(3)
119,4
119,4
115,3(2)
119,8(2)
124,9(2)
114,2(2)
111,38(19)
108,70(19)
107,4
107.4
107.4
111,7(2)
109.3
109,3
109.3
109.3
107,9
109,9(2)

-130-



38000

N(1)-C(16)-H(16A) 109,7
C(15)-C(16)-H(16A) 109,7
N(1)-C(16)-H(16B) 109,7
C(15)-C(16)-H(16B) 109,7
H(16A)-C(16)-H(16B) 108,2
N(1)-C(17)-C(18) 110,94(19)
N(1)-C(17)-H(17A) 109,5
C(18)-C(17)-H(17A) 109,5
N(1)-C(17)-H(17B) 109,5
C(18)-C(17)-H(17B) 109,5
H(17A)-C(17)-H(17B) 108,0
C(17)-C(18)-C(14) 110,6(2)
C(17)-C(18)-H(18A) 109,5
C(14)-C(18)-H(18A) 109,5
C(17)-C(18)-H(18B) 109,5
C(14)-C(18)-H(18B) 109,5
H(18A)-C(18)-H(18B) 108,1
0(3)-C(25)-0(4) 106,6(2)
0(3)-C(25)-C(24") 111,0(3)
0(4)-C(25)-C(24") 109,4(3)
0(3)-C(25)-C(24) 111,0(3)
0(4)-C(25)-C(24) 109,4(3)
0(3)-C(25)-H(25) 109,9
0(4)-C(25)-H(25) 109,9
C(24)-C(25)-H(25) 109,9
C(31)-C(26)-C(27) 123,2(3)
C(31)-C(26)-0(3) 127,3(2)
C(27)-C(26)-0(3) 109,5(2)
C(28)-C(27)-0(4) 127,7(2)
C(28)-C(27)-C(26) 121,9(3)
0(4)-C(27)-C(26) 110,3(2)
C(27)-C(28)-C(29) 116,3(2)

-131-



C(27)-C(28)-H(28)
C(29)-C(28)-H(28)
C(30)-C(29)-C(28)
C(30)-C(29)-H(29)
C(28)-C(29)-H(29)
C(29)-C(30)-C(31)
C(29)-C(30)-H(30)
C(31)-C(30)-H(30)
C(26)-C(31)-C(30)
C(26)-C(31)-C(32)
C(30)-C(31)-C(32)
C(31)-C(32)-C(33)
C(31)-C(32)-C(36)
C(33)-C(32)-C(36)
C(31)-C(32)-H(32)
C(33)-C(32)-H(32)
C(36)-C(32)-H(32)
C(34)-C(33)-C(32)

C(34)-C(33)-H(33A)
C(32)-C(33)-H(33A)
C(34)-C(33)-H(33B)
C(32)-C(33)-H(33B)
H(33A)-C(33)-H(33B)

N(2)-C(34)-C(33)
N(2)-C(34)-H(34A)

C(33)-C(34)-H(34A)

N(2)-C(34)-H(34B)

C(33)-C(34)-H(34B)
H(34A)-C(34)-H(34B)

N(2)-C(35)-C(36)
N(2)-C(35)-H(35A)

C(36)-C(35)-H(35A)

38000

121,9
121,9
121,8(3)
119,1
119,1
121,7(3)
119,2
119,2
115,1(2)
121,5(2)
123,4(2)
113,3(2)
111,48(19)
108,02(19)
107,9
107,9
107,9
110,5(2)
109,6
109,6
109,6
109,6
108,1
110,6(2)
109,5
109,5
109,5
109,5
108,1
110,71(19)
109,5
109,5

-132-



N(2)-C(35)-H(35B)
C(36)-C(35)-H(35B)
H(35A)-C(35)-H(35B)
C(35)-C(36)-C(32)
C(35)-C(36)-H(36A)
C(32)-C(36)-H(36A)
C(35)-C(36)-H(36B)
C(32)-C(36)-H(36B)
H(36A)-C(36)-H(36B)

38000

109,5
109,5
108,1
111,9(2)
109,2
109,2
109,2
109,2
107,9

Céc bién d6i ddi ximg dugc dung dé tao cac nguyén tir twong duong.

Béang H. Théng s6 mic dich chuyén khong dang hudng (A2 x 10%) ctia hop chéat C49. S6

mii ctia thira s6 dich chuyén khong ding huéng c6 dang: —27%[h? a*2UM + .. + 2 h k a* b*

U2,

Ull U22 U33 U23 Ul3 U12
S(1) 32(1) 32(1) 32(1) -3(1) 2(1) -1(1)
Cl(1) 107(1)  258(2)  90(1) -63(1) 19(1) 19(1)
F(1) 111(2) 91(2) 98(2) -30(2) 6(2) -46(2)
c(1) 81(2) 71(2) 60(2) 202)  -16(2) -6(2)
C(2) 100(3) 92(3) 74(3) 4212)  -16(2) 7(2)
C(3) 70(2) 134(4) 53(2) 27(2) -7(2) 19(3)
C4) 712) 116(3) 67(2) 0(2) -1(2) -16(2)
C(5) 75(2) 70(2) 59(2) -11(2) 7(2) -10(2)
C(6) 65(2) 54(2) 42(1) -8(1) -18(1) -1(1)
CI(1") 107(1)  258(2) 90(1) -63(1) 19(1) 19(1)
F(1') 111(2) 91(2) 98(2) -30(2) 6(2) -46(2)
C(1) 75(2) 70(2) 59(2) -11(2) -7(2) -10(2)
C(2) 71(2) 116(3) 67(2) 0(2) -1(2) -16(2)
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C(3")
C4")
C(5)
C(6")
Cl1(2)
F(2)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C1(2)
F(2')
C(19")
C(20")
C(21")
C(22")
C(23")
C(24")
N(D
N(2)
O(1)
0(2)
0(3)
O(4)
0(5)
0(6)
O(7)
O(8)
O(1W)
C(7)

70(2)
100(3)
81(2)
65(2)
243(2)
88(2)
62(2)
85(3)
117(3)
104(3)
58(2)
50(2)
243(2)
88(2)
58(2)
104(3)
117(3)
85(3)
62(2)
50(2)
30(1)
49(1)
58(1)
64(1)
66(1)
92(2)
62(1)
76(1)
45(1)
45(1)
56(1)
68(2)

134(4)
92(3)
71(2)
54(2)
110(1)
106(2)
77(2)
98(3)
74(3)
70(2)
73(2)
60(2)
110(1)
106(2)
73(2)
70(2)
74(3)
98(3)
77(2)
60(2)
59(1)
38(1)
107(2)
66(1)
62(1)
64(1)
51(1)
43(1)
68(1)
35(1)
50(1)
73(2)
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53(2)
74(3)
60(2)
42(1)
80(1)
93(2)
62(2)
66(2)
51(2)
60(2)
60(2)
47(2)
80(1)
93(2)

. 60(2)

60(2)
51(2)
66(2)
62(2)
47(2)
32(1)
37(1)
55(1)
50(1)
52(1)
56(1)
34(1)
70(1)
69(1)
53(1)
51(1)
45(2)
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27(2)
-42(2)
-20(2)

-8(1)
12(1)

-12(2)
-26(2)
-20(2)
-11(2)

-9(2)

-13(2)
23(1)

12(1)

-12(2)
-13(2)

-9(2)

-11(2)
-20(2)
-26(2)
23(1)

3(1)

-11(1)
-23(1)
21(1)
27(1)
-32(1)

-5(1)
-4(1)

29(1)

-9(1)
3(1)

-12(1)

_7(2)

-16(2)
-16(2)
-18(1)
-39(1)
-22(2)
-12(2)
-31(2)
-10(2)

8(2)

-3(D)
-4(1)

-39(1)
22(2)

3(1)
8(2)

-10(2)
-31(2)
“12(2)

-4(1)
-4(1)
-5(1)

-26(1)
-23(1)
-19(1)
-20(1)

-2(1)
32(1)

22(1)

-4(1)

-12(1)
-14(1)

19(3)
7(2)
-6(2)
-1(1)
26(1)

-44(2)

-5(2)
10(2)
18(2)
-8(2)
-6(2)
-2(1)
26(1)

-44(2)

-6(2)
-8(2)
18(2)
10(2)
-5(2)
-2(1)
-7(1)
0(1)
6(1)
12(1)
11(1)
10(1)
-9(D)
-14(1)
13(1)
2(1)
1(1)
“12(2)
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C(®) 38(1) 51(1) 36(1) -4(1) -3(1) 0(1)
C9) 42(1) 76(2) 39(1) -1(1) -9(1) -4(1)
C(10) 38(1) 87(2) 48(2) 10(1) -8(1) 6(1)
C(11) 45(1) 60(2) 55(2) 9(1) 2(1) 13(1)
C(12) 41(1) 46(1) 47(1) 0(1) 3(1) 0(1)
C(13) 34(1) 43(1) 34(1) 2(1) -1(1) -4(1)
C(14) 30(1) 44(1) 31(1) -4(1) -1(1) 0(1)
C(15) 41(1) 38(1) 45(1) 0(1) -12(1) -7(1)
C(16) 44(1) 43(1) 39(1) -3(1) -6(1) 4(1)
C(17) 39(1) 73(2) 42(1) -1(1) -3(1) -23(1)
C(18) 41(1) 46(1) 39(1) -4(1) 2(1) -14(1)
C(25) 65(2) 62(2) 51(2) -22(1) -9(1) -8(1)
C(26) 55(1) 37(1) 37(1) -8(1) 1(1) -2(1)
C(27) 72(2) 41(1) 39(1) -9(1) -2(1) -6(1)
C(28) 79(2) 39(1) 43(1) -10(1) 11(1) 1(1)
C(29) 62(2) 45(2) 48(2) -2(1) 7(1) &(1)
C(30) 58(2) 45(2) 42(1) -1(1) -1(1) 1(1)
C@31) 54(1) 34(1) 34(1) -4(1) 2(1) -4(1)
C(32) 50(1) 30(1) 33(1) -4(1) -6(1) 0(1)
C(33) 63(2) 45(1) 54(2) -9(1) 17(1) -28(1)
C(34) 59(2) 38(1) 58(2) -9(1) -1(1) -22(1)
C(395) 46(1) 46(1) 56(2) -17(1) 16(1) -11(1)
C(36) 39(1) 36(1) 53(1) -15(1) 12(1) -13(1)
Buoc Tong hop metyl 2-({4-[(2S)-2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-

yl]piperidin-1-yl}metyl)-1-[ (2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylat
(C50).

chinh véi axit p-toluensulfonic: 1,25 mmol) trong axetonitril (6 mL) dugc xir Iy bang
N, N-diisopropyletylamin (0,68 mL, 3,9 mmol) va cho khudy trong 5 phut & 45 °C. Sau
khi b6 sung P15 (319 mg, 1,08 mmol), tiép tuc khudy & 45 °C trong 7,25 gid, vao ltc d6
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hdn hop phan tng nay duogc pha lodng véi nude (6 mL) va axetonitril (2 mL) & 45 °C.
Hdn hop khong dong nhét thu duoc duge dé cho ngudi xudng nhiét do trong phong va
khudy trong 72 gio. Mot lugng nuée nita (5 mL) duoc bd sung, va sau khi khudy 30 phuat
nira, chit ran dugc gom bang cach loc va rira bing hdn hop gdm axetonitril va nudc
(15:85, 3 x 5 mL), dé thu duoc C50 dudi dang chét rin mau tring v6i anh hoi hdng. Hiéu
suat: 605 mg, 1,02 mmol, 82%. LCMS m/z 592,0¢ [M+H]". 'H NMR (400 MHz,
cloroform-d) ¢ 8,17 (d, J= 1,6 Hz, 1H), 7,96 (dd, J = 8.5, 1,5 Hz, 1H), 7,73 (d, J = 8,4
Hz, 1H), 7,51 (dd, J= 8.0, 8,0 Hz, 1H), 7,19 (br s, 1H), 7,18 — 7,14 (m, 2H), 6,85 — 6,79
(m, 1H), 6,76 — 6,71 (m, 2H), 5,26 — 5,18 (m, 1H), 4,73 (dd, hop phan cua kiéu ABX, J
= 15,3, 5,9 Hz, 1H), 4,67 (dd, hop phan ctia kiéu ABX, J= 15,3, 3,5 Hz, 1H), 4,63 — 4,55
(m, 1H), 4,38 (ddd, J = 9.1, 6,0, 5,9 Hz, 1H), 3,94 (s, SH), 3,03 — 2,89 (m, 2H), 2,77 —
2,65 (m, 2H), 2,51 — 2,39 (m, 1H), 2,34 — 2,20 (m, 2H), 1,91 — 1,76 (m, 4H).

Buéc 5. Tong hop axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)- 1, 3-benzodioxol-4-yl]piperidin-
1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylic (5, axit tw do).
Huyén phu chira C50 (595 mg, 1,00 mmol) trong metanol (10 mL) dugc dun néng
dén 45 °C va xur ly bang dung dich nuéc natri hydroxit (1 M; 2,01 mL, 2,01 mmol). Sau
21 gid & 45 °C, hdn hop phan tng nay dugce dé cho ngudi xubng nhiét do trong phong;
tiép theo, né dugc xir Iy bang dung dich nudce axit xitric (1 M, 1 mL), ma né lam tang do
pH dén 5 dén 6. Nuge (10 mL) dugc bd sung, va hdn hop nay duwoc khudy trong 1 gio,
vao lac d6 chat ran duoc gom bang cach loc. N6 duoc rira bang hdn hop gdm metanol va
nu6e (1:10, 3 x 5 mL), dé thu duoc chét rin (433 mg). Mot phan ciia chit nay (300 mg)
duoc khudy véi hdn hop gdm heptan va etyl axetat (1:3, 5 mL) ¢ 40 °C trong 1 gio; sau
khi 1am mat xubng nhiét d6 trong phong véi tiép tuc khudy, chét rin duoc gom bang cach
loc, va rira bang hon hop gdm heptan va etyl axetat (3:1, 3 x 3 mL) dé thu duoc 5, axit
tw do, dudi dang chét rin mau tréng. Hiéu sut: 260 mg, 0,450 mmol, tuong ting v6i 65%
cua toan bo phan tmg. LCMS m/z 578,0¢ [M+H]". 'TH NMR (400 MHz, DMSO-ds) &
12,75 (v br s, 1H), 8,26 (br s, 1H), 7,79 (dd, J = 8,4, 1,6 Hz, 1H), 7,66 — 7,56 (m, 3H),
7,40 (dd, J = 8,3, 2,0 Hz, 1H), 7,35 (s, 1H), 6,87 — 6,75 (m, 3H), 5,13 — 5,03 (m, 1H),
4,76 (dd, hop phan cua kiéu ABX, J = 15,3, 7,2 Hz, 1H), 4,62 (dd, hop phan cua kiéu
ABX, J=15.2, 2,8 Hz, 1H), 4,46 — 4,38 (m, 1H), 4,34 (ddd, J = 9,0, 5.9, 5.8 Hz, 1H),
3,84 (AB vach bdn, Jap = 13,5 Hz, Avas = 67,7 Hz, 2H), 3,00 (br d, J= 11,2 Hz, 1H),
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2,84 br (d, J= 11,3 Hz, 1H), 2,71 — 2,56 (m, 2H), 2,45 — 2,34 (m, 1H), 2,28 — 2,08 (m,
2H), 1,84 — 1,65 (m, 4H).

Chét nay duoc xac dinh 14 c6 ciing cdu hinh tuyét déi nhu Vi du 5 trén ddy bang
cach so sanh hoat tinh sinh hoc cua n6 véi hoat tinh sinh hoc cua cé hai 4 va 5: trong Thu
nghiém 2, mau nay cua 5, axit tw do c6 ECso 1a 25 nM (gia tri trung binh nhan cta 3 lan
1ap lai). Hoat tinh trong Thir nghiém 2 v&i mubi amoni ctia Vi du 4 va Vi du 5 1an luot

12>20000 nM (2 1an lap lai) va 20 nM (gi4 tri trung binh nhan cta 3 14n lap lai).

Téng hop Vi du 5, muoi 1,3-dihydroxy-2-(hydroxymetyl)propan-2-amini
1,3-Dihydroxy-2-(hydroxymetyl)propan-2-amini  2-({4-[(2S)-2-(4-clo-2-flophenyl)-1, 3-
benzodioxol-4-yl]piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-
carboxylat (5, muéi 1,3-dihydroxy-2-(hydroxymetyl)propan-2-amini).

2I;OH
@/C /\, OH OH @/@ /\/
5, axit tw do
OH
HaN*
OH

5, mudi 1,3-dihydroxy-2-
(hydroxymetyl)propan-2-amini

Hbn hop gbém 5, axit tw do (0,50 g, 0,86 mmol) trong tetrahydrofuran (4 mL) dugc
xtt Iy bang dung dich nuéc chira 2-amino-2-(hydroxymetyl)propan-1,3-diol (Tris, 1,0 M;
0,5 mL, 1,0 mmol). Sau 20 gi, hdn hgp duoc ¢ trong chan khong véi etanol (2 x 6 mL).
Hbén hop nay duge xir Iy bang etanol (4 mL). Sau khi khudy trong 48 gio, chét ran duoc
gom bang céch loc, rira bang etanol (2 x 10 mL) va say khé trong chan khong dé thu duoc
5, mudi 1,3-dihydroxy-2-(hydroxymetyl)propan-2-amini, du¢i dang chat rin mau
tréng. Hiéu suét: 410 mg, 0,586 mmol, 68%. 'H NMR (600 MHz, DMSO-ds), dinh dic
trung: 6 8,19 (s, 1H), 7,78 (br d, J = 8,4 Hz, 1H), 7,62 — 7,58 (m, 2H), 7,55 (d, J = 8,3
Hz, 1H), 7,40 (dd, J = 8,4, 2,0 Hz, 1H), 7,35 (s, 1H), 6,85 — 6,80 (m, 2H), 6,79 (dd, J =
6.9, 2,4 Hz, 1H), 5,11 — 5,05 (m, 1H), 4,73 (dd, J= 15,2, 7,2 Hz, 1H), 4,60 (dd, J= 15,3,
2,9 Hz, 1H), 4,45 — 4,39 (m, 1H), 4,34 (ddd, J = 9,0, 6,0, 5,8 Hz, 1H), 3,91 (d, J= 13,5
Hz, 1H), 3,74 (d, J= 13,5 Hz, 1H), 2,99 (br d, /= 11,1 Hz, 1H), 2,85 (brd, /= 11,3 Hz,
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1H), 2,68 — 2,59 (m, 2H), 2,44 — 2,37 (m, 1H), 2,25 — 2,18 (m, 1H), 2,17 — 2,10 (m, 1H),
1,80 — 1,69 (m, 4H). mp = 168 °C dén 178 °C.

Vidu6va7

Amoni 2-({4-[(2R)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yiimetyl)-1-[(2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylat (6) va Amoni 2-({4-
[(2S)-2-(4-clo-2-flophenyl)-2-metyl- 1, 3-benzodioxol-4-yl]piperidin-1-yl}metyl)-1-[(2S)-
oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylat (7)

HO\S//o
Cl F o CH, G cl F
CHj CHj CH CH;
@o NS0 CH, e 0 NH
o) o)
0
P2 c13 f"oj,s
o}
CH,
S o
© N O’CH3
c” N CHg
P15 N
o Q N/\W O —_—
N
K,CO4
O'CH3
c51

o F & cl F &
—O N 1 N 0 + “}~O N \ N 0
O N O N
0-CHj 0-CHj
Cc52 C53
\@"3 N LiOH CHs N7
—~0 N — —0 N
S N P 0 KNW{ Y
O-CHj; O NH,*
C52 6
cl . & cl F o
o N 0 —> 1o NN o
O-CHs 0" NH,*

C53 7
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Buéc 1. Tong hop mudi 4-f 2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
vl |piperidin, p-toluensulfonat (C13).

Dung dich chtra P2 (150 mg, 0,335 mmol) va axit p-toluensulfonic monohydrat
(159 mg, 0,836 mmol) trong etyl axetat (2,0 mL) duoc khudy & 60 °C trong 3,5 gid. Hon
hop phan tmg nay duoc cb trong chan khong dé thu dugc C13 dudi dang ddu mau nau,

ma dugce st dung truec tiép trong bude sau. LCMS m/z 348,14 [M+H]".

Buée 2. Tong hop metyl 2-({4-[ 2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
vlpiperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylat
(C51).

B6 sung P15 (99,1 mg, 0,336 mmol) vao huyén phu chtra C13 (tir budc trén day;
<0,335 mmol) va kali cacbonat (232 mg, 1,68 mmol) trong axetonitril (5,0 mL). Hon hop
phéan Gng nay duogc khqu 6 60 °C trong 10 gid, vao luc d6 n6 duoc loc, va dich loc dugce
co trong chin khong. Sau khi cin (390 mg) di dugc gom véi chét tir phan Ung tuong tir
dugc tién hanh bang cach st dung C13 (0,11 mmol), né duoc pha loang véi nude (20
mL) va chiét bing hdn hop gdm diclometan va metanol (10:1, 3 x 30 mL). Gom cac 16p
hitu co, say khé trén natri sulfat, loc, ¢d trong chén khong, va cho qua sic ky 16p mong
diéu ché (dung méi rira giai: 1:1 diclometan / metanol), tao ra C51, hdn hop gdm chét
ddng phan khéng dbi quang, dudi dang diu khéng mau. Hiéu suét két hop: 80,6 mg,
0,133 mmol, 30% qua 2 budc. LCMS m/z 606,2¢ [M+H]".

Buéc 3. Tdch metyl 2-({4-[(2R)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
vl|piperidin-1-yl}metyl)-1-[ (2S)-oxetan-2-ylmetyl]-IH-benzimidazol-6-carboxylat

(C52) va  metyl  2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl- 1, 3-benzodioxol-4-
ylpiperidin-1-yl}metyl)-1-[ (2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylat
(C53).

Thue hién tach hop chat C51 (180 mg, 0,297 mmol) thanh cac chit ddong phan
khéng d6i quang thanh phan ciia n6 bang SFC 1ap lai [Cot: Chiral Technologies Chiralpak
AD, 10 pm; Pha dong: 65:35 cacbon dioxit / (etanol chtra amoni hydroxit 0,1%)]. Chét
dong phan khong di quang rira giai thir nhat dugc chi dinh 1a C52. Hiéu suit: 61,2 mg,
0,101 mmol, 34%. LCMS m/z 627,9¢ [M+Na']. Thoi gian giti: 5,03 phat (Cot: Chiral
Technologies Chiralpak AD-3, 4,6 x 150 mm, 3 um; Pha dong A: cacbon dioxit; Pha
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dong B: etanol chira 0,05% dietylamin; Gradient: 5% dén 40% B trong 5,5 phut, tiép
theo, gitt & 40% B trong 3,0 phut; Luu lugng: 2,5 mL/phut).

Chat dong phan khong ddi quang rira giai thir hai duge chi dinh 1a C53. Vao lic
phan tich, chit nay chimg t6 bi nhiém etyl este twong mg; né dugc mang sang budc thity
phan (dé tao ra 7) dudi dang hdn hop nay. Hiéu suét: 40,0 mg, 66,0 pmol, 22%. LCMS
m/z 606,06 [M+H]". Thoi gian gitt: 5,19 phut (didu kién phan tich gidng véi didu kién
dung cho hop chét C52).

Hoa 1ap thé tuyét ddi dugc thé hién & dioxolan dugc chi dinh biang su twong quan
tiém tang ctia 7 v6i mau cua 7, axit tw do tong hop tir hop chét trung gian P3 (xem dudi
day, Alternate Synthesis Vi du 7, axit tw do); hoa lap thé tuyét ddi cia P3 dugc thiét 1ap

bang cach x4c dinh cAu tao bang tia X don tinh thé ctia C8 (xem trén day).

Buéc 4. Tong hop amoni 2-({4-[(2R)-2-(4-clo-2-flophenyl)-2-metyl-1, 3-benzodioxol-4-
vl piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-IH-benzimidazol-6-carboxylat (6).

Dung dich nudc lithi hydroxit (2 M; 0,990 mL, 1,98 mmol) duoc bd sung vao
dung dich chira C52 (60 mg, 99 pmol) trong hdn hop gébm metanol (1,0 mL) va
tetrahydrofuran (1,0 mL), va hdn hop phan tng nay dugc khudy & 20 °C trong 16 gio.
Axit trifloaxetic dugc bd sung cho dén khi d6 pH ctia hdn hop phan tmg dat 7, vao lic d6
n6 duge cb trong chin khong, va can dugc tinh ché bang cach st dung HPLC pha dao
(Cot: Agela Durashell C18, 5 um; Pha dong A: 0,05% amoni hydroxit trong nudce; Pha
dong B: axetonitril; Gradient: 29% dén 49% B), tao ra 6 dudi dang chit rin mau tréng.
Hiéu suit: 14,4 mg. 23,6 umol, 24%. LCMS m/z 592,0¢ [M+H]". "H NMR (400 MHz,
metanol-ds), dinh déc trung: 6 8,35 (d, J = 1,3 Hz, 1H), 7,97 (dd, J = 8.5, 1,5 Hz, 1H),
7,67 (d, J= 8,5 Hz, 1H), 7,58 (dd, J= 8.3, 8,3 Hz, 1H), 7,28 (dd, /= 10,9, 2,0 Hz, 1H),
7,21 (br dd, J = 8,4, 1,9 Hz, 1H), 6,81 — 6,75 (m, 1H), 6,74 — 6,68 (m, 2H), 5,33 — 5,25
(m, 1H), 4,72 (dd, J = 15,4, 2,7 Hz, 1H), 4,49 (dt, J = 9,1, 6,0 Hz, 1H), 4,03 (AB vach
bbn, Jas = 13,9 Hz, Avap = 47,8 Hz, 2H), 3,14 (br d, J= 11 Hz, 1H), 3,02 (brd, J=11,5
Hz, 1H), 2,88 — 2,78 (m, 1H), 2,77 — 2,68 (m, 1H), 2,60 — 2,50 (m, 1H), 2,47 — 2,32 (m,
2H), 2,03 (d, J=1,1 Hz, 3H), 2,01 — 1,87 (m, 2H), 1,87 — 1,78 (br m, 2H).

Buée 5. Tong hop amoni 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1, 3-benzodioxol-4-
vl [piperidin-1-yl}metyl)-1-[ (2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylat (7).
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Dung dich nudc lithi hydroxit (2 M; 0,642 mL, 1,28 mmol) dugc bd sung vao
dung dich chita C53 (38,9 mg, 64,2 umol) trong hdn hop gdm metanol (1,0 mL) va
tetrahydrofuran (1,0 mL). Sau khi hon hop phan tng nay da duoc khudy ¢ 20 °C trong
16 gio, n6 duge diéu chinh dén pH 7 bang cach bd sung axit trifloaxetic, ¢b trong chan
khong, va tinh ché bang cach sir dung HPLC pha déo (Cot: Agela Durashell C18, 5 pm;
Pha dong A: 0,05% amoni hydroxit trong nudc; Pha dong B: axetonitril; Gradient: 0%
dén 80% B), tao ra 7 dudi dang chét rin mau tréng. Hiéu suét: 25,1 mg, 41,2 umol, 64%.
LCMS m/z 591,9¢ [M+H]". "H NMR (400 MHz, metanol-ds), dinh dic trung: § 8,34 (d,
J=1,5Hz, 1H), 7,98 (dd, J = 8.5, 1,6 Hz, 1H), 7,68 (d, J= 8,5 Hz, 1H), 7,58 (dd, J =
8.3, 83 Hz, 1H), 7,28 (dd, J= 10,9, 2,0 Hz, 1H), 7,20 (br dd, J = 8,4, 1,9 Hz, 1H), 6,81
—6,74 (m, 1H), 6,74 — 6,67 (m, 2H), 5,33 — 5,23 (m, 1H), 4,73 (dd, J= 15,4, 2,7 Hz, 1H),
4,68 — 4,61 (m, 1H), 4,48 (dt, J= 9,1, 5,9 Hz, 1H), 4,05 (AB vach bdn, Jas = 13.9 Hz,
Avas = 44,1 Hz, 2H), 3,15 (br d, J= 11,7 Hz, 1H), 3,03 (br d, J= 11,6 Hz, 1H), 2,87 —
2,69 (m, 2H), 2,60 — 2,49 (m, 1H), 2,48 — 2,33 (m, 2H), 2,03 (br s, 3H), 2,01 — 1,77 (m,
4H).

Quy trinh khdc dé tong hop Vi du 7, axit tw do

Axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl |piperidin-1-
vimetyl)-1-[(2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylic (7, axit tw do)
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Budc 1. Tong hop metyl 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1, 3-benzodioxol-4-
ylpiperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-IH-benzimidazol-6-carboxylat
(C53).

N,N-Diisopropyletylamin (15,1 mL, 86,9 mmol) duoc bd sung vao hon hop gém
P3 (8,22 g, 15,8 mmol) trong axetonitril (185 mL); sau khi khudy trong 5 phut, P15 (4,57
g, 15,5 mmol) duoc bd sung, va hdn hop phan Gng nay dwgc dun néng & 45 °C. Sau 4
gi®, hdn hop phan tmg nay dwgc co trong chan khong dén mot nira thé tich ban dau cua
n6, va hdn hop thu duge duge pha lodng véi nuée (100 mL) va chiét bang etyl axetat (2
x 100 mL). Gom céc 16p hitu co, rira bang nude (50 mL), sdy kho trén magie sulfat, loc,
va co trong chan khong. Sic ky silica gel (Gradien: 50% dén 100% etyl axetat trong
heptan) thu duge C53 dudi dang chat ran mau tring. Hiéu suat: 8.4 g, 13,9 mmol, 88%.
LCMS m/z 606,14 [M+H]*. "H NMR (600 MHz, DMSO-ds) & 8,30 (s, 1H), 7,82 (br d, J
= 8,4 Hz, 1H), 7,67 (d, J = 8,4 Hz, 1H), 7,58 — 7,53 (m, 2H), 7,33 (dd, J= 8.4, 2,1 Hz,
1H), 6,80 — 6,76 (m, 2H), 6,76 — 6,72 (m, 1H), 5,14 — 5,07 (m, 1H), 4,81 (dd, J = 15,2,
7,2 Hz, 1H), 4,67 (dd, J= 15,3, 2,8 Hz, 1H), 4,51 — 4,44 (m, 1H), 4,37 (ddd, /= 8,9, 5.9,
5,9 Hz, 1H), 3,97 (d, J = 13,6 Hz, 1H), 3,87 (s, 3H), 3,78 (d, J = 13,5 Hz, 1H), 3,02 (br
d, J= 11,1 Hz, 1H), 2,86 (br d, J= 11,3 Hz, 1H), 2,74 — 2,60 (m, 2H), 2,48 — 2,41 (m,
1H), 2,29 — 2,22 (m, 1H), 2,21 — 2,14 (m, 1H), 2,02 (s, 3H), 1,83 — 1,73 (m, 2H), 1,73 —
1,64 (m, 2H).

Buéc 2. Tong hop axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
yvl]piperidin-1-yl}metyl)-1-[ (2S)-oxetan-2-ylmetyl]-IH-benzimidazol-6-carboxylic ~ (7,
axit tw do).

Hoén hop gébm C53 (8,40 g, 14,0 mmol) trong metanol (135 mL) dugc dun néng
dén 45 °C, va xir ly béng dung dich nuéc natri hydroxit (1 M; 27,7 mL, 27,7 mmol). Sau
20 git, hon hgp phan tng nay duoc cb trong chan khong dén mét nira thé tich ban dau
ctia n6. Hon hop thu dugce duge pha lodng véi nude (100 mL), va dung dich nudc axit
xitric (1 M, 15 mL) dugc st dung dé diéu chinh do pH dén 5-6. Chét ran thu duoc duoc
loc, rira bang nuée (2 x 15 mL), va chuyén vao phéu tach duéi dang dung dich trong etyl
axetat (50 mL); nuéc du dugce loai bo theo cach nay. Lop hitu co duoc sdy kho trén magie
sulfat, loc, dugc gom véi bén mé duoc diéu ché trén day tr quy trinh tuong tu (lugng

C53 dugc su dung trong cac phan Gng nay la 987 mg, 1,63 mmol; 1,15 g, 1,90 mmol;
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8,57 g, 14,1 mmol; va 12,6 g, 20,8 mmol) va cd trong chan khong. Chét rin dang dinh
thu duge dugc xir Iy bang 10% etyl axetat trong heptan (500 mL). Sau 4 gid, chét rin
dugc gom bang cach loc va rira bang 10% etyl axetat trong heptan (2 x 25 mL) dé thu
dugc 7, axit tw do, dudi dang chét ran mau trang. Hiéu sudt 29,4 g, 0,527 mmol, 74%
d6i voi phan tng két hop. LCMS 592,2¢ [M+H]+. 'H NMR (600 MHz, DMSO-ds): &
12,74 (br s, 1H), 8,28 (s, 1H), 7,80 (br d, /= 8,4 Hz, 1H), 7,64 (d, J = 8,4 Hz, 1H), 7,59
—-7,52 (m, 2H), 7,33 (dd, J= 8,4, 2,1 Hz, 1H), 6,81 — 6,76 (m, 2H), 6,76 — 6,72 (m, 1H),
5,14 -5,07 (m, 1H), 4,79 (dd, J= 15,3, 7,3 Hz, 1H), 4,65 (dd, J= 15,2, 2,8 Hz, 1H), 4,51
— 4,45 (m, 1H), 4,38 (ddd, /=9,0, 5,9, 5,9 Hz, 1H), 3,96 (br d, /= 13,6 Hz, 1H), 3,78 (br
d,J=13,5Hz 1H), 3,02 (brd, J=11,1 Hz, 1H), 2,86 (brd, J= 11,1 Hz, 1H), 2,74 — 2,60
(m, 2H), 2,48 — 2,41 (m, 1H), 2,29 — 2,21 (m, 1H), 2,21 — 2,14 (m, 1H), 2,02 (s, 3H), 1,83
— 1,74 (m, 2H), 1,74 — 1,64 (m, 2H). Chét nay duoc x4c dinh 12 c¢6 cing cdu hinh tuyét
d6i nhu Vi du 7 trén ddy bang cach so sanh hoat tinh sinh hoc ctia né vé6i hoat tinh sinh
hoc cua ca hai 6 va 7: trong Thir nghi€ém 2, mau nay cua 7, axit tw do c6 ECso 14 4,3 nM
(gi tri trung binh nhén cia 3 1an 13p lai). Hoat tinh trong Thir nghiém 2 v&i mudi amoni
ctia Vi du 6 va Vi du 7 1an Iuot 1a 2400 nM (gia tri trung binh nhan cta 5 1an 13p lai) va
2,9 nM (gi4 tri trung binh nhé4n cua 8 1an lip lai).

Téng hop chiit 7S-1. Téng hop Vi du 7, mudi 1,3-dihydroxy-2-(hydroxymetyl)propan-
2-amini

1,3-Dihydroxy-2-(hydroxymetyl)propan-2-amini ~ 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-yl]piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-
benzimidazol-6-carboxylat (7, mudi 1,3-dihydroxy-2-(hydroxymetyl)propan-2-amini).

OH
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N N
}-o NN o OH OH -0 N 0
o) N - > @) N
OH o
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OH
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7, mudi 1,3-dihydroxy-2-
(hydroxymetyl)propan-2-amini

Hén hop gbm 7, axit tw do (2,00 g, 3,38 mmol) trong tetrahydrofuran (16 mL)
duoc xtr ly bang dung dich nuéc chira 2-amino-2-(hydroxymetyl)propan-1,3-diol
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(Tris,1,0 M; 3,55 mL, 3,55 mmol). Sau 18 gi¢, hon hop phan ing nay duge co trong chan
khong va xir Iy bang etanol (30 mL). Sau khi hdn hop nay da dugc khudy trong 23 gio,
chit ran dugc gom bang cich loc va rira bing etyl axetat (2 x 10 mL) dé thu duoc 7, mudi
1,3-dihydroxy-2-(hydroxymetyl)propan-2-amini dudi dang chit rin mau tring. Hiéu
suat: 1,41 g, 1,98 mmol, 59%. LCMS m/z 592,34 [M+H]". "H NMR (600 MHz, DMSO-
ds), dinh ddc trung: 5 8,20 (s, 1H), 7,79 (d, J= 8,4 Hz, 1H), 7,59 — 7,52 (m, 3H), 7,33 (br
d, J= 8,5 Hz, 1H), 6,81 — 6,72 (m, 3H), 5,14 — 5,07 (m, 1H), 4,76 (dd, J= 15,2, 7,2 Hz,
1H), 4,63 (br d, J = 15,4 Hz, 1H), 4,50 — 4,44 (m, 1H), 4,37 (ddd, J = 8,9, 5.9, 5,9 Hz,
1H), 3,94 (d, J= 13,4 Hz, 1H), 3,76 (d, J = 13,4 Hz, 1H), 3,01 (br d, J= 11,1 Hz, 1H),
2,86 (br d, J= 11,2 Hz, 1H), 2,73 — 2,60 (m, 2H), 2,5 — 2,41 (m, 1H), 2,27 — 2,20 (m,
1H), 2,20 — 2,13 (m, 1H), 2,02 (s, 3H), 1,83 — 1,64 (m, 4H). mp = 175 °C dén 180 °C.
Tong hop chit 7S-2. Quy trinh khdic dé tong hop Vi du 7, mudi 1,3-dihydroxy-2-
(hydroxymetyl)propan-2-amini

Dung dich 3,3 M chtta 2-smino-2-(hydroxymetyl)-1,3-propandiol (1,0 duong
luong, 1,93 L) trong nude dugce b6 sung vao dung dich chira 7, axit tw do (3,74 kg) trong
isopropanol (20 L) & 65°C. Mot lwong isopropanol b6 sung (19 L) duoc bd sung vio, tiép
theo 1a metanol (19 L) trong khi duy tri nhiét @6 & 65°C. Hon hop nay dugc tir tir [am mat
xudng 45°C trong 2 gid tiép theo, gitr & 45°C trong it nhat 12 gio. Tiép theo, hdn hop nay
duogc 1am mat xubng 5°C trong 3 gid tiép theo, giit & 5°C trong it nhét 3 gio. Tiép theo,
hén hop nay duge loc va chat rin duoc gom rira bing etyl axetat (2 x 10 mL) dé thu duoc
7, mubi 1,3-dihydroxy-2-(hydroxymetyl)propan-2-amini dudi dang chit rin mau
trang (Hiéu sut: 3,64 kg, 80,9%). Dir liéu LCMS va 'H NMR thu dugc, ma hiu nhu
gidng véi dir lidu trong Quy trinh téng hop 78-1 nhu dugc thé hién trén day.

Thu nhdn dit liéu phé nhiéu xa tia X trén mau bét (PXRD) voi Dang I cua Vidu 7,
muoi 1,3-dihydroxy-2-(hydroxymetyl) )propan-2-amini

Chat rdn mau trang cia mudi tris cua Vi du 7 (tir ca hai Quy trinh tong hop 7S-
1 va Quy trinh tong hop 7S-2) dugc cho vao phan tich PXRD va thiy rang chung 14 tinh
thé (ma duogc chi dinh 1a Dang I cua dang tinh thé khan ndy). Phan tich nhiéu xa tia X
trén mau bot duge tién hanh béng cach st dung nhiéu xa ké Bruker AXS D8 Endeavor
dugc 1ap ngudn birc xa Cu. Khe phan ky duoc dat & su roi sang lién tuc 15 mm. Birc xa

bi nhiéu xa duogc phéat hién béng bd phat hién PSD-Lynx Eye, véi khe hé bd phat hién
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PSD duoc dit & 2,99 do. Pién thé va cuong do dong dién cia 6ng tia X 1an luot duogc dat
1a 40 kV va 40 mA. Dit liéu dugc gom & budc séng Cu (CuKs = 1,5418 ) trong may do
g6c Theta-Theta tir 3,0 dén 40,0 do 2-Theta béng cach st dung c& bude 0,01 do va thoi
gian budc 1,0 gidy. Man chéng tan xa dugce dat & khoang cach ¢6 dinh 1a 1,5 mm. Cac
mau dugc quay trong qué trinh thu gom dir liéu. Cac mau dugc chudn bi bang cach dat
chung trong dung cu d& nén thip silic va quay trong qua trinh thu dit liéu. Dit liéu thu
duoc bang phan mém Bruker DIFFRAC Plus va tién hanh phan tich bang phin mém
EVA diffract plus. Tép dit liéu PXRD khéong dugc xir Iy trude khi tim kiém dinh. Bing
cach st dung thuat toan tra ctru dinh trén phén mém EVA, céc dinh dugc chon vai tri sb
ngudng 1a 1 duge sir dung dé chi dinh dinh so bd. Dé dam bao tinh hop 18, viéc diéu chinh
duoc thuc hién béng tay; Kkét qua cua cac chi dinh tr dong dugce kiém tra béng mat thuong,
va vi tr dinh dugc didu chinh dén dinh cuc dai. Cac dinh c6 cuong do tuong ddi > 3%
thuong dugc chon. Thong thuong, cac dinh khong duge phan giai hodc phu hop véi doan
nhidu déu khéng dugc chon. Sai sb théng thuong di kém véi vi tri dinh tir PXRD duge
néu trong USP 1én dén +/- 0,2° 2-Theta (USP-941). Mot kiéu nhiéu xa dugc quan sét on
dinh va dugc thé hién trén Fig. 1. Danh sach cac dinh nhiéu xa dugc thé hién theo do 26
va cac cuong do twong ddi voi cuong do twong ddi > 3,0% ctia PXRD tir mau thu dugc

bang Synthesis 7S-2 dugc cung cép trén day trong Bang X1.
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Bang X1
Goc (2theta) Cuong do twong ddi (%)
3,7 74,3
73 83,3
8,1 12,5
8,5 6,5
10,1 6,6
13,6 3,5
14,7 49,8
15,2 7,9
15,5 28,7
15,9 18,3
16,9 60,8
17,4 26,3
17,7 11,4
17,9 13,5
18,9 75,4
19,7 18,7
20,2 100,0
20,9 24.8
21,5 14,8
222 31,7
22,9 10,1
235 34,6
23,7 8,2
24 4 6,5
24.9 8,7
25,2 0.4
25,9 14,7
26,4 48,6
26,7 12,5
27,5 15,8
27,9 6,1
283 10,5
29,5 15,5
29,8 12,6
30,2 12,1
30,9 3,4
31,7 16,4
33,3 17,2
34,0 14,9
35,8 4,8
37,5 3,2
38,6 53
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Vidu8va9

Axit 2-({4-[2-(4-xyano-2-flophenyl)-2-metyl- 1, 3-benzodioxol-4-yl[piperidin-1-
vi}metyl)-1-[(2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylic, DIAST-X1 (8) [t
C56/; va axit 2-({4-[2-(4-xyano-2-flophenyl)-2-metyl- 1, 3-benzodioxol-4-yl|piperidin-1-
vi}metyl)-1-[(2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylic, DIAST-X2 (9) [t
C57]
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Bude 1. Tong hop 3-flo-4-[2-metyl-4-(piperidin-4-yl)- 1, 3-benzodioxol-2-yl]benzonitril,
muoip-toluensulfonat (C54).

B6 sung axit p-toluensulfonic (158 mg, 0,919 mmol) vao dung dich chira P4 (161
mg, 0,367 mmol) trong etyl axetat (8 mL), va hdn hop phan tmg nay duoc khudy & 65 °C
trong 16 gid. Viéc loai bé dung mdi trong chdn khéng tao ra C54 dudi dang gdm mau

vang sim; chat nay dugc dung truc tiép & bude tiép theo.

Budc 2. Tong hop metyl 2-({4-[2-(4-xyano-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
yVlpiperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylat
(C55).

B6 sung kali cacbonat (219 mg, 1,58 mmol), tiép theo 1a P15 (115 mg, 0,390
mmol) vao dung dich chita C54 (tir budc trén day; <0,367 mmol) trong axetonitril (3,7
mL). Hon hgp phan tmg nay dwgc khudy & 50 °C trong 20 gid, vio lic d6 n6 duge pha
loang véi etyl axetat (10 mL) va loc. Banh loc duoc rira bing etyl axetat (3 x 10 mL), va
gom dich loc, ¢o trong chan khéng. Sic ky silica gel (Gradien: 0% dén 100% etyl axetat
trong xing) thu duge C55 duéi dang ddu mau vang sim. Hiéu suat: 191,0 mg, 0,320

mmol, 87% qua 2 budc. LCMS m/z 619,1 [M+Na'].

Buéc 3. Tdch metyl 2-({4-[2-(4-xyano-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
ylpiperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylat,
ENT-1 (C56) va metyl 2-({4-[2-(4-xyano-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
yvlpiperidin-1-yl}metyl)-1-[(2S )-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylat,
ENT-2 (C57).

Thuec hién tach hop chat C55 (191 mg, 0,320 mmol) thanh cac chit ddng phén 1ap
thé & dioxolan thanh phan ctia n6 bang SFC [C6t: Chiral Technologies ChiralCel OD, 5
um; Pha dong: 3:2 cacbon dioxit / 2-propanol]. Chat déng phén rira giai thi nhat, thu
dugc dudi dang gdm mau trang, duge chi dinh 1a ENT-1 (C56). Hiéu suét: 114 mg; chét
nay chira etanol du. LCMS m/z 597,1 [M+H]*. Thoi gian luu 4,40 phat (Cot: Chiral
Technologies ChiralCel OD-3, 4,6 x 100 mm, 3 pm; Pha dong A: cacbon dioxit; Pha
dong B: 2-propanol chira 0,05% dietylamin; Gradient: 5% dén 40% B trong 4,5 phut, tiép
theo, gitt & 40% B trong 2,5 phut; Luu lugng: 2,8 mL/phut).
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Chat déng phan rira giai tht hai dugc tai tinh ché bang cach st dung SFC [Cot:
Chiral Technologies ChiralCel OD, 5 um; Pha dong: 55:45 cacbon dioxit / (2-propanol
chira 0,1% amoni hydroxit)], dé thu duoc gom khong mau ma duge chi dinh 1a ENT-2
(C57). Hiéu suat: 50 mg, 83,8 umol, 26%. LCMS m/z 597,1 [M+H]". Thoi gian gitt 4,74
phut (diéu kién phan tich giéng véi diéu kién dung cho hop chit C56).

Buéc 4. Tong hop axit 2-({4-[2-(4-xyano-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
vl piperidin-1-yl}metyl)-1-[ (2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylic,
DIAST-X1 (8) [ter C56].

Dung dich chira C56 (114 mg, 0,191 mmol) trong axetonitril (10 mL) dugc xr ly
bﬁng dung dich nuéce chira 1,3,4,6,7,8-hexahydro-2 H-pyrimido[ 1,2-a|pyrimidin (0,97 M,
394 uL, 0,382 mmol), va hdn hop phan Gng nay dugc khudy ¢ nhiét do trong phong trong
23 gid. Mot lugng dung dich nuédc chwta 1,3.4,6,7,8-hexahydro-2H-pyrimido[1,2-
a]pyrimidin nita (0,97 M, 394 pL, 0,382 mmol) duoc bd sung, va tiép tuc khudy trong 6
gi0, vao luc d6 d6 pH duoc didu chinh cin thin dén 7 dén 8 bang cach bd sung axit
clohydric 1 M. Sau khi loai bé céc chit d& bay hoi trong chdn khéng, viéc tinh ché duoc
tién hanh bang cach sir dung HPLC pha dao (Cot: Agela Durashell C18, 5 um; Pha dong
A: 0,05% amoni hydroxit trong nuéc; Pha dong B: axetonitril; Gradient: 30% dén 50%
B) dé tao ra 8 dudi dang chét rdn mau tréng. Hiéu suét: 22,2 mg, 38,1 pmol, 20%. LCMS
m/z 583,3 [M+H]*. 'H NMR (400 MHz, metanol-ds): & 8,19 (d, J= 1,4 Hz, 1H), 7,94 (dd,
J=8.4,1,5Hz 1H), 7,77 (dd, J=17,7, 7,7 Hz, 1H), 7,64 (dd, J= 10,6, 1,6 Hz, 1H), 7,58
(d, J= 8,4 Hz, 1H), 7,57 (dd, J = 8,0, 1,5 Hz, 1H), 6,81 — 6,75 (m, 1H), 6,75 — 6,68 (m,
2H), 5,34 - 5,25 (m, 1H), 4,73 (dd, J= 15,3, 3,0 Hz, 1H), 4,67 — 4,59 (m, 1H), 4,49 (dt,
J=9,2, 6,0 Hz, 1H), 3,96 (AB vach bén, Jap = 13,7 Hz, Avap = 41,2 Hz, 2H), 3,06 (br
d, J=11Hz, 1H), 2,95 (br d, J= 11 Hz, 1H), 2,87 — 2,76 (m, 1H), 2,71 (tt, J= 12,0, 3.9
Hz, 1H), 2,61 — 2,50 (m, 1H), 2,36 — 2,21 (m, 2H), 2,06 (s, 3H), 1,95 — 1,72 (m, 4H).

Buée 5. Tong hop axit 2-({4-[2-(4-xyano-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
vl [piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylic,
DIAST-X2 (9) [tir C57].

Dung dich chita C57 (50 mg, 84 umol) trong axetonitril (10 mL) dugc xtr 1y bang
dung dich nué6c chtra 1,3,4,6,7,8-hexahydro-2 H-pyrimido[ 1,2-a]pyrimidin (0,97 M; 173
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uL, 0,168 mmol). Hon hop phan tng duoc khudy & nhiét do trong phong (khoang 25 °C)
trong 16 gio, vao lic d6 mot lwong dung dich nudc chira 1,3,4,6,7,8-hexahydro-2H-
pyrimido[ 1,2-a]pyrimidin ntra (0,97 M; 173 uL, 0,168 mmol) duoc bd sung, va tiép tuc
khudy & 25 °C trong 29 gio. Tiép theo, hdn hop phan ting nay dugc diéu chinh dén pH 7-
8 bang cach bd sung axit clohydric 1 M, va hdn hop thu duge dugc o trong chan khong
va tinh ché bang cach str dung HPLC pha déo (Cot: Xtimate™ C18, 5 um; Pha dong A:
0,05% amoni hydroxit trong nudc; Pha dong B: axetonitril; Gradient: 27% dén 67% B),
tao ra 9 dudi dang chét rin mau trang. Hiéu suat: 18,0 mg, 30,9 umol, 37%. LCMS m/z
583,3 [M+H]". 'TH NMR (400 MHz, metanol-ds) & 8,36 — 8,33 (m, 1H), 7,97 (dd, J= 8,5,
1,5 Hz, 1H), 7,78 (dd, J= 7,7, 7,7 Hz, 1H), 7,70 — 7,63 (m, 2H), 7,57 (dd, J = 8,0, 1,5
Hz, 1H), 6,83 — 6,76 (m, 1H), 6,76 — 6,71 (m, 2H), 5,34 — 5,25 (m, 1H), 4,95 — 4,85 (m,
1H, gia thiét; mot phin bi m& do dinh nudc), 4,73 (dd, hop phan cia kiéu ABX, J= 15,3,
2,7 Hz, 1H), 4,68 — 4,60 (m, 1H), 4,50 (dt, J= 9,2, 6,0 Hz, 1H), 4,02 (AB vach bdn, Jas
= 13,8 Hz, Avag = 48,2 Hz, 2H), 3,13 (br d, /=11 Hz, 1H), 3,01 (br d, J= 11,5 Hz, 1H),
2,89 -2,78 (m, 1H), 2,78 — 2,68 (m, 1H), 2,60 — 2,50 (m, 1H), 2,45 — 2,30 (m, 2H), 2,07
(brs, 3H), 2,00 — 1,86 (m, 2H), 1,83 (m, 2H).

Vi du 10

Axit 2-({4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl [piperidin-1-yl}metyl)-1-
[(2S)-oxetan-2-ylmetyl]-1 H-benzimidazol—é—carboxylic, DIAST-X2 (10) [tir P9]
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Buéc 1. Tong hop 5-clo-2-[2-metyl-4-(piperidin-4-yl)-1,3-benzodioxol-2-ylJpyridin,
ENT-X2, mudi p-toluensulfonat (C58) [tir PY].

Dung dich chtra P9 (228 mg, 0,529 mmol) trong etyl axetat (2,7 mL) dugc xur ly
bang axit p-toluensulfonic monohydrat (116 mg, 0,610 mmol), va hdn hop phan tng nay
dugc dun nong & 50 °C trong 16 gio. Tiép theo, n6 dugc dé cho khuéy & nhiét do trong
phong qua dém, vao luc d6 chét két tiia dugc gom bang cach loc va rira véi hdn hop gém
etyl axetat va heptan (1:1, 2 x 20 mL) dé tao ra C58 dudi dang chét ran mau tring. Hiéu
suat: 227 mg, 0,451 mmol, 85%. LCMS m/z 331,0¢ [M+H]". 'H NMR (400 MHz,
DMSO-d): & 8,73 (d, J = 2,4 Hz, 1H), 8,61 — 8,46 (br m, 1H), 8,35 — 8,18 (br m, 1H),
8,02 (dd, J=8,5,2,5 Hz, 1H), 7,64 (d, J= 8,5 Hz, 1H), 7,47 (d,J= 7,8, 2H), 7,11 (d, J=
7,8 Hz, 2H), 6,89 — 6,81 (m, 2H), 6,72 (pentet, J = 4,0 Hz, 1H), 3,45 — 3,27 (m, 2H, gia
thiét; mot phan bi mo do dinh nuéce), 3,10 — 2,91 (m, 3H), 2,28 (s, 3H), 2,02 (s, 3H), 1,97
— 1,80 (m, 4H).

Buéc 2. Toéng hop metyl 2-({4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-
vl ]piperidin-1-yl}metyl)-1-[ (2S)-oxetan-2-ylmetyl]- IH-benzimidazol-6-carboxylat,
DIAST-Y2 (C59) [ter PY].

N,N-Diisopropyletylamin (0,234 mL, 1,34 mmol) dugc bd sung vao dung dich
chtra C58 (225 mg, 0,447 mmol) trong axetonitril (2,2 mL). Sau khi hdn hop nay da duoc
khudy trong 5 phut & 45 °C, P15 (120 mg, 0,407 mmol) dugc bd sung, va tiép tuc khudy
& 45 °C trong 16 gid, vao lac d6 P15 (11 mg, 37 pmol) lai duoc bd sung. Sau khi khudy
trong 3 gid nita, hén hop phan tng nay duoc xt Iy bang nude (2,5 mL) va dé cho ngudi
Xuéng nhiét do trong phong. Mdt lugng nude nira (5 mL) dugc bd sung, va vita thu dugc
dugc khudy trong 2 gio, vao lac d6 chit rin duoc gom bing cach loc va rira bang hdn
hop gom axetonitril va nude (15:85, 3 x 5 mL) dé thu dwoc C59 duéi dang chit rin mau
trang duc (252 mg). Chit nay chira mot s6 N, N-diisopropyletylamin bang phan tich 'H
NMR, va duoc dung truc tiép ¢ budc sau. LCMS m/z 589,14 [M+H]". 'H NMR (400

-151-



38000

MHz, cloroform-d) 8,61 (d, J = 2,3 Hz, 1H), 8,18 (d, J= 1,5 Hz, 1H), 7,96 (dd, J = 8.5,
1,5 Hz, 1H), 7,74 (d, J= 8,5 Hz, 1H), 7,67 (dd, hop phan clia kicu ABX, /= 8.4,2.4 Hz,
1H), 7,59 — 7,51 (m, 1H), 6,82 — 6,75 (m, 1H), 6,74 — 6,66 (m, 2H), 5,28 — 5,19 (m, 1H),
4,75 (dd, hop phan cua kiéu ABX, J = 15,3, 6,0 Hz, 1H), 4,68 (dd, hop phin cua kiéu
ABX, J =153, 3,4 Hz, 1H), 4,67 — 4,58 (m, 1H), 4,41 (ddd, J= 9.1, 5,9, 5.9 Hz, 1H),
3,95 (s, 2H), 3,95 (s, 3H), 3,07 — 2,89 (m, 2H), 2,81 — 2,69 (m, 2H), 2,53 — 2,41 (m, 1H),
2,37 —2,22 (m, 2H), 2,05 (s, 3H), 1,93 — 1,74 (m, 4H).

Buée 3. Tong hop axit 2-({4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic,
DIAST-X2 (10) [tir PY].

Huyén phti chtra C59 (tir bude trén ddy; 250 mg, <0,407 mmol) trong metanol (2
mL) dugc dun néng dén 40 °C, vao luc do dung dich nudc natri hydroxit (1 M; 0,81 mL,
0,81 mmol) duge bd sung. Sau 17 gid, hdn hop phan tmg nay duoc dé cho ngudi xudng
nhiét do trong phong, va do pH duogc diéu chinh dén 5 dén 6 v6i dung dich nude axit
xitric 1 M. Hén hop thu dugc duge pha lodng voi nuée (2 mL), khudy trong 2 gio, va
chiét bang etyl axetat (3 x 5 mL); gom 16p hitu co, rira bang dung dich nudc natri clorua
bao hoa (5 mL), séy kho trén natri sulfat, loc, va c6 trong chan khong dé tao ra chét rin
dang bot. Chét nay duoc hip thu trong hdn hop gém etyl axetat va heptan (1:1, 4 mL),
dugc dun néng dén 50 °C, va tiép theo, dé cho nguoi va khqu qua dém. Loc thu dugc 10
dudi dang chat rdn mau trang. Hiéu suét: 179 mg, 0,311 mmol, 76% qua 2 budc. LCMS
m/z 575,14 [M+H]*. 'TH NMR (400 MHz, DMSO-ds) § 12,73 (br s, 1H), 8,71 (d, J=2,5
Hz, 1H), 8,27 (d, J = 1,5 Hz, 1H), 8,00 (dd, J = 8.5, 2,5 Hz, 1H), 7,80 (dd, J = 8,4, 1,6
Hz, 1H), 7,64 (d, J = 8,4 Hz, 1H), 7,60 (d, J = 8,5 Hz, 1H), 6,83 — 6,72 (m, 3H), 5,14 —
5,06 (m, 1H), 4,77 (dd, hop phan cua kiéu ABX, J = 15,2, 7,2 Hz, 1H), 4,63 (dd, hop
phan cua kiéu ABX, J = 15,2, 2,8 Hz, 1H), 4,50 — 4,42 (m, 1H), 4,37 (ddd, J= 9.0, 5.9,
5,9 Hz, 1H), 3,85 (AB vach bbn, Jag = 13,6 Hz, Avap = 71,5 Hz, 2H), 3,01 (brd, J=11,2
Hz, 1H), 2,85 (br d, J = 11,2 Hz, 1H), 2,74 — 2,57 (m, 2H), 2,47 — 2,38 (m, 1H), 2,29 —
2,10 (m, 2H), 2,01 (s, 3H), 1,81 — 1,64 (m, 4H).

Téng hop chat 10S-1. Téng hop Vi du 10, muoi 1,3-dihydroxy-2-(hydroxymetyl)-

propan-2-amini
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Tong hop 1,3-dihydroxy-2-(hydroxymetyl)propan-2-amini 2-({4-[2-(5-clopyridin-2-yl)-
2-metyl-1,3-benzodioxol-4-yl]piperidin-1-yl}metyl)-1-[ (2S)-oxetan-2-ylmetyl]- [ H-
benzimidazol-6-carboxylat, DIAST-X2 (10, muéi 1,3-dihydroxy-2-(hydroxymetyl)-
propan-2-amini) [tir P9].

OH

N H,N
M GHs OH OH 3

abs/—Q N 0 —  » Va0 NN o
0 N e! N@_4
OH o

DIAST-X2 DIAST-X2 oy
10 5@01—1

HaN*

OH
10, mudi 1,3-dihydroxy-2-
(hydroxymetyl)propan-2-amini

Hon hop gdm 10 (1,54 g, 2,68 mmol) trong tetrahydrofuran (10 mL) dugc xir 1y
bang dung dich nudc chira 2-amino-2-(hydroxymetyl)propan-1,3-diol (Tris, 1,0 M; 2,81
mL, 2,81 mmol). Sau 24 gid, hdn hgp phan img nay duoc co trong chan khong véi etanol
(2 x 50 mL). Can duoc xir Iy bing etanol (15 mL). Sau khi khudy trong 20 gid, chat rin
dugc gom bé’lng cach loc va rtra béng etanol lanh (5 mL) dé thu dugc 10, mudi 1,3-
dihydroxy-2-(hydroxymetyl)propan-2-amini dudi dang chit rin mau tring. Hiéu suat:
1,41 g, 2,03 mmol, 76%. LCMS m/z 575,34 [M+H]*. 'H NMR (600 MHz, DMSO-ds) &
8,71 (d, J= 2,5 Hz, 1H), 8,21 (br s, 1H), 8,00 (dd, J= 8.5, 2,5 Hz, 1H), 7,79 (br d, J =
8,4 Hz, 1H), 7,60 (d, J= 8,5 Hz, 1H), 7,57 (d, J= 8,4 Hz, 1H), 6,82 — 6,73 (m, 3H), 5,13
—5,07 (m, 1H), 4,74 (dd, J= 15,3, 7,2 Hz, 1H), 4,61 (dd, J = 15,3, 2,9 Hz, 1H), 4,49 —
4,43 (m, 1H), 4,37 (ddd, /= 9,0, 5,9, 5,9 Hz, 1H), 3,93 (d, J= 13,6 Hz, 1H), 3,75 (d, J =
13,5 Hz, 1H), 3,01 (br d, J= 11,3 Hz, 1H), 2,86 (br d, /= 11,4 Hz, 1H), 2,73 — 2,59 (m,
2H), 2,48 — 2,37 (m, 1H), 2,27 — 2,20 (m, 1H), 2,19 — 2,12 (m, 1H), 2,01 (s, 3H), 1,82 —
1,66 (m, 4H). mp = 184 °C dén 190 °C.

Téng hop chit 10S-2. Quy trinh khdc dé tong hop Vi du 10, muéi 1,3-dihydroxy-2-
(hydroxymetyl)propan-2-amini

Hdn hop gém 10 (8,80 gm, 15,3 mmol) trong 2-metyltetrahydrofuran (90 ml) duoc
¢b trong chan khong trén thiét bi lam bay hoi kiéu quay, trong bé nudc 37°C, dé giam

téng thé tich dén ~54 ml. Isopropanol (90ml) dugc bd sung vao hdn hop va tiép theo, ¢d
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lai hdn hop thu dwoc dén thé tich 1a ~54 ml. Isopropanol (135 ml) duoc bd sung vao hdn
hop nay, tiép theo 1a bd sung dung dich nudc tris amin (3M; 5,0ml, 0,98 duong lugng).
Hbn hop/dung dich thu dugc duoc khudy ¢ nhiét d trong phong; va chat két tia rin bat
dAu tao thanh trong ~15min. Tiép theo, hdn hop nay duoc khudy & nhiét d§ trong phong
trong 5 gid nita. Hon hop/vita thu duge duoce lam méat xudéng 0°C va vira da 1lam mat duge
khudy trong khoang 2 gid nita. Vita nay duoc loc va rira bang isopropanol lanh (3 x 15
ml). Chéit rin dugc gom duoc dé cho khé trong khong khi trén phéu gom trong khoang
90min va tiép theo, chuyén vao 1o chan khong dé 1am kho qua dém. Sau ~16 gio &
50°C/23 mHg chan khong (v6i mét chut nito ri ra) thu duoc 8,66 gm 10, mudi 1,3-
dihydroxy-2-(hydroxymetyl)propan-2-amini du6i dang chit rin mau tring; 99.8 %
dién tich theo UPLC (Hiéu suét:12,5 mmol, 8 1%). Dit liéu LCMS va '"H NMR thu dugc,
ma hau nhu gidng vé6i dit liéu trong Quy trinh tong 10S-1 nhu dugc thé hién trén day.

Thu nhén dit liéu nhiéu xa tia X trén mdu bot (PXRD) voi Dang A cua Vi du 10,
muoi 1,3-dihydroxy-2-(hydroxymetyl)propan-2-amini (con dieoc goi la Dang A ciia mudi
tris khan ciia hop chdt Vi du 10)

Chét ran mau tring cia mudi tris ciia Vi du 10 (tir ca hai Quy trinh tong hop 10S-
1 va Quy trinh téng hop 10S-2) duoc cho vio phan tich PXRD va thdy rang chung la
tinh thé (ma duoc chi dinh 1a Dang A). Phan tich nhifu xa tia X trén mau bot dugc tién
hanh béng cach sir dung nhiéu xa ké Bruker AXS D8 Endeavor duoc lép ngué)n birc xa
Cu. Khe phan ky duogc dat & su roi sang lién tuc 15 mm. Bic xa bi nhiéu xa duogc phat
hién béng bo phét'hién PSD-Lynx Eye, v6i khe ho bo phét hién PSD dugc dat & 2,99 do.
Dién thé va cudong d6 dong dién cia 6ng tia X 1an luot duoc dit 1a 40 kV va 40 mA. Dir
liéu dugc gom & budce song Cu (CuKg = 1,5418 1) trong may do goc Theta-Theta tir 3,0
dén 40,0 d6 2-Theta bang cach sir dung ¢& budc 0,01 do va thoi gian bude 1,0 gidy. Man
chéng tan xa dugc dat ¢ khoang cach ¢ dinh 13 1,5 mm. Cac mau duoc quay trong qua
trinh thu gom dit liéu. Céc mAu duoc chudn bi bing cach dat chung trong dung cu d& nén
thip silic va quay trong qué trinh thu dit liéu. Dit liéu thu dugc bang phan mém Bruker
DIFFRAC Plus va tién hanh phan tich bang phan mém EVA diffract plus. Tép dit liéu
PXRD khong duoc xir Iy truée khi tim kiém dinh. Bang cach sir dung thut toan tra ctru
dinh trén ph?ln mém EVA, céc dinh dugc chon véi tri s6 ngudng la 1 dugce st dung dé

chi dinh dinh so bo. D& dam bao tinh hop 1€, viéc diéu chinh duoc thuc hién bang tay;
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két qua cua cac chi dinh ty dong dugc kiém tra bang mat thuong, va vi tri dinh dugc didu
chinh dén dinh cuc dai. Cac dinh c6 cuong do tuong d6i>3% thuong dugce chon. Thong
thuong, cac dinh khong duge phan giai hodc phit hop véi doan nhidu déu khong duge
chon. Sai sb thong thuong di kém véi vi tri dinh tt PXRD duoc néu trong USP 1én dén
+/- 0,2° 2-Theta (USP-941). Danh s4ch c4c dinh nhiéu xa duoc thé hién theo do 20 va
cac cudng do tuong dbi voi cuong do tuong ddi > 3,0% ctia PXRD tir mau thu duge bang

Synthesis 10S-2 duoc cung cép trén ddy trong Bang X2.
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Bang X2
Goéc (2 theta) Cuwong d twong ddi (%)
3.9 18,4
7,7 36.3
8,1 10,4
8,7 3,4
10,2 4,1
14,6 5,8
15,2 30,1
15,7 45,5
16,0 31,3
16,8 8,7
17,6 86.0
19,2 46,6
19,5 25,4
19,8 31,4
20,2 25,0
21,1 100,0
21,4 40,2
22,2 37,0
23,0 19,8
243 43,0
25,0 9.9
26,0 15,8
27,3 35,3
28,2 14,1
29,3 19,7
29,8 11,7
31,6 9.3
32,8 6,0
34,0 14,4
34,5 12,1
35,4 3,0
36,5 4,1

Vidull

Axit [-(2-Metoxyetyl)-2-({4-[2-metyl-2-(pyridin-3-yl)- 1, 3-benzodioxol-4-yl]piperidin-1-
ylymetyl)- IH-benzimidazol-6-carboxylic, muéi format (11)
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Toan b trinh tu tdng hop nay dwoc tién hanh trong dinh dang thu vién.

Buéc 1. Tong hop metyl 1-(2-metoxyetyl)-2-({4-[2-metyl-2-(pyridin-3-yl)-1,3-
benzodioxol-4-yl]piperidin-1-yl}metyl)- IH-benzimidazol-6-carboxylat (C60).

Hdn hop gdm P14 (44 mg, 100 pmol) va 3-etynylpyridin (21 mg, 200 pmol) trong
toluen (800 uL) dugc xir Iy bang natri bicacbonat (100 pmol), tiép theo 1a triruteni
dodecacacbonyl (6 mg, 9 pmol). Tiép theo, lo phan g dugc ddy nip va lic ¢ 120 °C
trong 16 gid. Viéc loai b dung médi bang cach st dung thiét bi c6 Speedvac® tao ra C60,

ma dugce dung truc ti€p ¢ bude sau.

Buc 2. Tong hop axit 1-(2-metoxyetyl)-2-({4-[2-metyl-2-(pyridin-3-yl)-1, 3-benzodioxol-
4-ylIpiperidin-1-yl}metyl)- IH-benzimidazol-6-carboxylic, mudi format (11).

Dung dich nuéc chira natri hydroxit (1,0 M; 200 pL, 200 pmol) duoc bd sung vao
dung dich chtra C60 (tir budc trén ddy, <100 pmol) trong hdn hop gdm metanol (400 pL)
va tetrahydrofuran (400 pL). Ong phan tng dugce day nap va lac ¢ 80 °C trong 16 gio,
vao lic d6 hdn hop phan tmg nay duoc lam bay hoi bang cach s dung thiét bi co
Speedvac®, va tinh ché bang cach st dung HPLC pha dao (Cot: Agela Durashell C18, 5
um; Pha dong A: 0,225% axit formic trong nudce; Pha dong B: axetonitril; Gradien: 12%
dén 52% B) dé thu dugc 11. Hiéu suit: 2,2 mg, 4,2 pmol, 4% qua 2 bude. LCMS m/z 529
[M+H]". Thoi gian giti: 2,47 phat (Cot: Waters XBridge C18, 2,1 x 50 mm, 5 pum; Pha
dong A: 0,0375% axit trifloaxetic trong nudc; Pha dong B: 0,01875% axit trifloaxetic
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trong axetonitril; Gradien: tir 1% dén 5% B trong 0,6 phut; tir 5% dén 100% B trong 3,4
phut; Téc do dong: 0,8 mL/phut).

Vidul2
AXit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl[piperidin-1-yl}metyl)-1-
[2-(dimetylamino)etyl]-1H-benzimidazol-6-carboxylic (12)
. (l\‘]ljg,/\ HsC.y-CHa 7n  HaC.CHa
- oH, HsC NHZ‘ \ o caCl, H o
O > HN CH; ™ HN _CH,
CH O O
O:N . N
H3CYNYCH3 O2N HaN
CH3 CH, Ccé61 Cc62
HyC.y-CHs

CHj
CH el
2 N
H3CYN\I,CH3 A on
CH3CH,
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cl F S e F S
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— —
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© N O N
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C64 12

Toan b trinh ty tong hop nay dugc tién hanh trong dinh dang thu vién.

Buéc 1. Tong hop metyl 3-{[2-(dimetylamino)etyl]amino}-4-nitrobenzoat (C61).

Metyl 3-flo-4-nitrobenzoat (0,2 M dung dich trong N,N-dimetylformamit; 1 mL,
200 pmol) dugc xir ly bang N,N-dimetyletan-1,2-diamin (18 mg, 200 pmol) va N,N-
diisopropyletylamin (78 mg, 600 pmol). Tiép theo, ddy nap ong phan tng v lic & 50 °C
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trong 16 gio, vao lic d6 hdn hop phan tmg nay dugc lam bay hoi bang cach st dung thiét

bi ¢6 Speedvac® dé thu duge C61. Chét nay dugc ding truc tiép trong budc sau.

Buée 2. Tong hop metyl 4-amino-3-{[2-(dimetylamino)etyl]amino }benzoat (C62).

Bot kém duoc hoat hoa bang cach st dung axit clohydric loang. Metanol (2 mL)
duoc bd sung vao C61 (tir bude trén day, <200 pmol), tiép theo la dung dich nude chira
canxi clorua (1,0 M; 200 pL, 200 pmol) va bot kém hoat hoa (130 mg, 2,0 mmol). Ong
phan tmg dugc day nip va lic & 70 °C trong 16 gid, vao lic d6 hdn hop phan tmg nay
duoc loc. Dich loc duogc ¢cd béng cach st dung thiét bi co Speedvac®, va can dugc hép
thu trong nuéc (2 mL) va tiép theo, chiét bang etyl axetat (2 x 3 mL). Gom céc 16p hitu
co, lam bay hoi bang cach sir dung thiét bi ¢6 Speedvac® dé thu dugc C62 (u6e tinh dén

khoang 150 pmol), ma dugc st dung truc tiép trong budc tiép theo.

Buée 3. Tong hop metyl 4-[({4-[2-(4-clo-2-flophenyl)-2-metyl-1, 3-benzodioxol-4-
vl |piperidin-1-yl}axetyl)amino]-3-{[2-(dimetylamino)etyl]amino}benzoat (C63).

Hop chit P10 (41 mg, 100 pmol) duoc bd sung vao C62 (tir budc trén diy, khoang
150 pmol), va hdn hop dugc xtr ly bang N,N-dimetylaxetamit dung dich chwa 2-
hydroxypyridin 1-oxit va 1-[3-(dimetylamino)propyl]-3-etylcarbodiimit hydroclorua
(mdi loai 0,1 M; 1 mL, 100 pmol mdi loai). Tiép theo, N, N-Diisopropyletylamin (39 mg,
300 pmol) duoc bd sung, va éng phan tng duoc ddy nip va lic ¢ 50 °C trong 16 gio.
Tiép theo, c6 hdn hop phan ing nay bang cach sir dung thiét bi co Speedvac® va tinh ché
bing cach sir dung séc ky 16p moéng diéu ché dé tao ra C63, ma dugc st dung truc tiép &

budce sau.

Budc 4. Tong hop metyl 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
vl [piperidin-1-yl}metyl)-1-[2-(dimetylamino)etyl]- IH-benzimidazol-6-carboxylat (C64).

Hbn hop gdm axit axetic (500 pL) va C63 (tir bude trén ddy, <100 umol) duge lac
trong 6ng day nip & 150 °C trong 2 gio, vao luc d6 hdn hop phan vng nay dugc lam bay
hoi bang céach sir dung thiét bi ¢6 Speedvac®. Hop chét C64 thu duge duge ding truc tiép

O budc sau.
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Buée 5. Tong hop axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[2-(dimetylamino)etyl]- 1H-benzimidazol-6-carboxylic (12).

Dung dich chira C64 (tlr budc trén day, <100 umol) trong etanol (500 pL) duoc
xtr Iy bang dung dich nuéc chira lithi hydroxit (2,0 M; 500 pL, 1 mmol), va hén hop phan
g nay duoc lic & 50 °C trong 2 gid trong dng bit kin. Sau khi do pH ctia hon hop da
duoc diéu chinh dén 7 béng cach bd sung axit clohydric 1,0 M, hdn hop thu dugce duge
¢d bang cach st dung thiét bi c6 Speedvac®, va tiép theo, tinh ché biang cach HPLC pha
dao [Cot: Agela Durashell C18, 5 um; Pha dong A: amoni hydroxit trong nude (pH 10);
Pha dong B: axetonitril; Gradient: 25% dén 65% B] dé thu duoc 12. Hiéu suét: 7,0 mg,
12 pmol, 12% qua 3 budc. LCMS m/z 593 [M+H]". Thoi gian gii: 2,45 phut (Cot: Waters
XBridge C18, 2,1 x 50 mm, 5 pm; Pha dong A: 0,0375% axit trifloaxetic trong nudc; Pha
dong B: 0,01875% axit trifloaxetic trong axetonitril; Gradien: 10% dén 100% B trong 4,0
phut; Luu lugng: 0,8 mL/phut).

Vidu 13
Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl |piperidin-1-yl}metyl)-3-
(1,3-oxazol-2-ylmetyl)-3H-imidazo[4,5-b]pyridin-5-carboxylic (13)
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Buéc 1. Tong hop metyl 6-[(1,3-oxazol-2-ylmetyl)amino]-5-nitropyridin-2-carboxylat
(C65).

Trietylamin (532 mg, 5,26 mmol) dugc bd sung vao huyén phi ciia 1-(1,3-oxazol-
2-yl)metanamin, mubi hydroclorua (236 mg, 1,75 mmol) va metyl 6-clo-5-nitropyridin-
2-carboxylat (386 mg, 1,78 mmol) trong tetrahydrofuran (5 mL). Sau khi hdn hop phan
mg nay da duoc khudy & 25 °C trong 14 gio, nd duge rét vao nude (30 mL) va chiét
bang diclometan (2 x 50 mL). Gom cac 16p hitu co, sdy kho trén magie sulfat, loc, va cd
trong chan khong; sic ky silica gel (Gradient: 0% dén 5% metanol trong diclometan) thu
duoc C65 dudi dang chét rin mau vang. Hiéu suit: 310 mg, 1,11 mmol, 63%. LCMS m/z
278,7 [M+H]*. 'TH NMR (400 MHz, cloroform-d) & 8,69 — 8,61 (br m, 1H), 8,58 (d, J=
8,4 Hz, 1H), 7,65 (d, J= 0,8 Hz, 1H), 7,46 (d, J= 8,4 Hz, 1H), 7,11 (d, /= 1,0 Hz, 1H),
5,07 (d, J=5,3 Hz, 2H), 3,97 (s, 3H).

Phan con lai cta trinh ty tong hop nay duge tién hanh trong dinh dang thu vién.

Buée 2. Tong hop metyl 5-amino-6-[(1,3-oxazol-2-ylmetyl)aminoJpyridin-2-carboxylat
(C66).

Dung dich nuéc amoni clorua (5,0 M; 400 pL, 2,0 mmol), tiép theo 1a kém hoat
héa (131 mg, 2,0 mmol), dugc bd sung vao dung dich chira C65 (56 mg, 200 pmol) trong
metanol (2,0 mL). Tiép theo, ddy nip dng phan tng va lic ¢ 30 °C trong 16 gid, vao lic
d6 hdn hop phan tmg nay duoc loc. Dich loc duoc ¢b bang cach sir dung thiét bi cd
Speedvac®, tiép theo, tron véi nude (1,0 mL) va chiét béng diclometan (3 x 1,0 mL); gom
16p hitu co, 1am bay hoi bang cach sir dung thiét bi ¢ Speedvac® dé tao ra C66, ma duoc

dung truc tiép & budce sau.

Buéc 3. Tong hop metyl 5-[({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
vl ]piperidin-1-yl}axetyl)amino]-6-[(1,3-oxazol-2-ylmetyl)amino | pyridin-2-carboxylat
(C67).
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Hbén hop gdm P10 (81 mg, 200 pmol) va €66 (tir budce trén ddy, <200 pmol) duoc
tron v6i N,N-dimetylaxetamit va tiép theo, xtr Iy bang N, N-diisopropyletylamin (100 uL,
600 pumol). Dung dich chtra 1-[3-(dimetylamino)propyl]-3-etylcarbodiimit hydroclorua
(0,24 M) va 2-hydroxypyridin 1-oxit (0,1 M) trong N,N-dimetylaxetamit (1,0 mL, chtra
240 pumol 1-[3-(dimetylamino)propyl]-3-etylcarbodiimit hydroclorua va 100 pmol 2-
hydroxypyridin 1-oxit) dwoc bd sung, va éng phan ting duge day ndp va lic ¢ 50 °C trong
16 gio. Tiép theo, loai b cac chit d& bay hoi bang cach str dung thiét bi co6 Speedvac®,
va can dugc cho qua sdc ky 16p méng diéu ché dé thu dugc C67, ma dugc dung truc tiép

& budc tiép theo.

Bu6c 4. Tong hop metyl 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-3-(1,3-oxazol-2-ylmetyl)-3H-imidazo[4,5-b [pyridin-5-
carboxylat (C68).

Hdn hop gdm axit axetic (1,0 mL) va C67 (tir budc trén dy, <200 pmol) duoc lac
& 150 °C trong 2 gid, vao lic d6 hdn hop phan tmg nay duogc lam bay hoi bang cach sir
dung thiét bi c6 Speedvac®. Hop chit €68 thu duoc duoc st dung truc tiép trong budc

sau.

Buée 5. Téng hop axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-3-(1,3-oxazol-2-ylmetyl)-3H-imidazo[4,5-b]pyridin-5-
carboxylic (13).

Dung dich nudc lithi hydroxit (2,0 M; 1,0 mL, 2,0 mmol) dugc bd sung vao hén
hop gém C68 (tir bude trén day, <200 umol) trong tetrahydrofuran (1,0 mL). Sau khi bd
sung metanol (500 pL), éng phan Gng dugc day nap va lic ¢ 50 °C trong 16 gio. Sau khi
loai bd cac chit d& bay hoi bang cach sir dung thiét bi c6 Speedvac®, dimetyl sulfoxit (1,0
mL) duoc bd sung, va d6 pH dugc diéu chinh dén 7 dén 8 bang axit clohydric dic. Hon
hop thu duoc dugce tinh ché bang cach sir dung HPLC pha ddo [Cot: Agela Durashell
C18, 5 um; Pha dong A: amoni hydroxit trong nuéc (pH 10); Pha dong B: axetonitril;
Gradient: 24% dén 64% B] dé thu duoc 13. Hiéu suit: 3,9 mg, 6,5 pmol, 3% qua 4 budc.
LCMS m/z 604 [M+H]". Thoi gian gii: 3,14 phut (Cot: Waters XBridge C18, 2,1 x 50
mm, 5 pum; Pha dong A: 0,0375% axit trifloaxetic trong nuéc; Pha dong B: 0,01875%
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axit trifloaxetic trong axetonitril; Gradien: tir 1% dén 5% B trong 0,6 phut; tir 5% dén

100% B trong 3,4 phat; Téc do dong: 0,8 mL/phiit).

Vi du 14
Axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl[piperidin-1-
yl}metyl)-1-metyl- IH-benzimidazol-6-carboxylic (14)

H,C 0

ND)kO/CH?)
/ <\
c’ N F

P3 <4

Buéce 1. Tong hop metyl 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
vl ]piperidin-1-yl}metyl)- 1-metyl-1H-benzimidazol-6-carboxylat (C69).
N,N-Diisopropyletylamin (683 pL, 3,92 mmol), dugc bd sung vao hdn hop gdm
P3 (680 mg, 1,31 mmol) trong axetonitril (5,2 mL); khudy hon hop nay trong 5 phut (’)'
45 °C, vao luc d6 P16 (319 mg, 1,34 mmol) dugc bd sung. Tiép tuc khudy & 45 °C trong
2,75 gio, va tiép theo, nudc (6 mL) duoc bd sung trude khi dé cho hdn hop phan ng nay
ngudi xudng nhiét d6 trong phong va khudy trong 30 phit. Chét ran duoc gom bang cach
loc va rira bang hon hop gbém axetonitril va nude (1:4, 3 x 5 mL) dé thu dugc C69 dudi
dang chit rdn mau tréng. Hiéu suit: 635 mg, 1,15 mmol, 88%. LCMS m/z 550,14 [M+H]".
"H NMR (400 MHz, cloroform-d) & 8,15 — 8,12 (m, 1H), 7,97 (dd, J = 8,5, 1,6 Hz, 1H),
7,74 (d, J= 8,5 Hz, 1H), 7,50 (dd, J = 8,2, 8,2 Hz, 1H), 7,16 — 7,07 (m, 2H), 6,79 — 6,73
(m, 1H), 6,72 — 6,65 (m, 2H), 3,98 (s, 3H), 3,96 (s, 3H), 3,88 (s, 2H), 3,04 — 2,93 (m,
2H), 2,76 — 2,66 (m, 1H), 2,37 — 2,25 (m, 2H), 2,04 (br s, 3H), 1,89 — 1,78 (m, 4H).

Buéc 2. Tong hop axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1, 3-benzodioxol-4-
vl piperidin-1-yl}metyl)-1-metyl-1H-benzimidazol-6-carboxylic (14).
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Hbn hop gdm €69 (600 mg, 1,09 mmol) trong metanol (11 mL) dwge dun néng
dén 45 °C, va tiép theo, xir Iy bang dung dich nudc natri hydroxit (1 M; 2,2 mL, 2,2
mmol). Sau 24 gid, hdn hop phan tmg nay dugc diéu chinh dén pH 5 dén 6 bang cach bd
sung dung dich nudc axit xitric (1 M; 1,1 mL), va tiép theo, dugc pha lodng véi nudc (10
mL). Hdn hop thu duoc duge dé cho ngudi xubng nhiét do trong phong va khuay trong 1
gidy, vao lic d6 chét rin két tia duoc gom bang cach loc va rira bang hdn hop gdm metanol
va nude (1:4; 3 x 5 mL). Quy trinh nay thu dugc 14 dudi dang chét ran mau tring. Hiéu
sudt: 535 mg, 0,998 mmol, 92%. LCMS m/z 536,14 [M+H]*. 'H NMR (400 MHz,
DMSO-ds) 6 8,16 (d, J= 1,5 Hz, 1H), 7,81 (dd, J= 8,4, 1,6 Hz, 1H), 7,64 (d, J= 8.4 Hz,
1H), 7,59 — 7,52 (m, 2H), 7,33 (dd, J = 8,3, 2,1 Hz, 1H), 6,81 — 6,70 (m, 3H), 3,94 (s,
3H), 3,84 (s, 2H), 3,01 — 2,91 (m, 2H), 2,70 — 2,59 (m, 1H), 2,28 — 2,16 (m, 2H), 2,02 (s,
3H), 1,73 (m, 4H).

Vidul5valé

Axit  2-{6-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-6-azaspiro[2,5 Joct-1-
yI}-1-(2-metoxyetyl)-IH-benzimidazol-6-carboxylic, DIAST-X1, mudéi trifloaxetat (15)
[tit P18 qua C71]; va axit 2-{6-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-6-
azaspiro[2,5]oct-1-yl}-1-(2-metoxyetyl)- IH-benzimidazol-6-carboxylic, DIAST-X2,
muoi trifloaxetat (16) [tir P18 qua C72]
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Buéc 1. Tong hop metyl 2-{6-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-6-
azaspiro[2,5 Joct-1-yl}-1-(2-metoxyetyl)-1H-benzimidazol-6-carboxylat (C70) [trr P18].
Hén hop gém P18 (240 mg, 0,699 mmol), C4 (275 mg, 0,800 mmol), xeri
cacbonat (455 mg, 1,40 mmol), tris(dibenzylidenaxeton)dipaladi(0) (40,0 mg, 43,7
umol), va 1,1'-binaphtalen-2,2'-diylbis(diphenylphosphan) (BINAP; 52,2 mg, 83,8 umol)
trong toluen (5 mL) dugc khir khi véi nito trong 5 phit va tiép theo, duge khudy ¢ 90 °C
trong 16 gio. Hon hop phan tmg nay duoc loc, va dich loc duge c6 trong chan khong; sdc
ky 16p mong diéu ché (dung méi rira giai: 1:1 xang/etyl axetat) thu dugc C70, hdn hop
gbm chét déng phan khong d6i quang, dudi dang dau mau vang. Hidu suit: 165 mg, 0,272
mmol, 39%. LCMS m/z 628,14 [M+Na'].

Bucée 2. Tdach metyl 2-{6-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-6-
azaspiro[2,5]Joct-1-yl}-1-(2-metoxyetyl)-IH-benzimidazol-6-carboxylat, DIAST-Y1
(C71) [t P18]; va metyl 2-{6-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-6-
azaspiro[ 2,5 Joct-1-yl}-1-(2-metoxyetyl)- IH-benzimidazol-6-carboxylat, DIAST-Y?2
(C72) [tir P18].

Tach chat déng phan 14p thé & dioxolan trong C70 (165 mg, 0,272 mmol) duoc
tién hanh bang cach sit dung SFC [C6t: Chiral Technologies Chiralpak AD, 10 um; Pha
dong: 65:35 cacbon dioxit / (etanol chira amoni hydroxit 0,1%)]. Chat déng phan rira giai
thir nhit dwoc chi dinh 1a DIAST-Y1 (C71), va chat déng phan rira giai thir hai DIAST-
Y2 (C72); ca hai dugc tach duédi dang chét rdn mau tréng.
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C71 Hiéu suit: 55,0 mg, 90,7 umol, 33%. LCMS m/z 605,9¢ [M+H]". Thoi gian luu 4,47
phuat (Cot: Chiral Technologies Chiralpak AD-3, 4,6 x 100 mm, 3 pm; Pha dong A:
cacbon dioxit; Pha dong B: etanol chtra 0,05% dietylamin; Gradient: 5% dén 40% B trong
4,5 phut, tiép theo, gitt & 40% B trong 2.5 phut; Luu luong: 2,8 mL/phut).

C72 Hiéu suat: 58,0 mg, 95,7 umol, 35%. LCMS m/z 628,0¢ [M+Na']. Thoi gian git
4,88 phut (diéu kién phén tich gidng véi diéu kién ding cho hop chat C71).

Buwéc 3. Tong hop axit 2-{6-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-6-
azaspiro[2,5 Joct-1-yl}-1-(2-metoxyetyl)- IH-benzimidazol-6-carboxylic, DIAST-X1,
muéi trifloaxetat (15) [tir P18 qua C71].

Bb sung dung dich nudce chira natri hydroxit (3 M; 1,0 mL, 3,0 mmol) vao dung
dich chita C71 (55,0 mg, 90,7 umol) trong hdn hop gébm metanol (2,0 mL) va
tetrahydrofuran (1,0 mL). Sau khi hdn hop phan tng nay da dwoc khudy & 20 °C trong 2
gid, d6 pH duge diéu chinh dén 7 bang cach bd sung axit clohydric 1 M, va hn hop thu
dugc duge chiét bang hén hop gdm diclometan va metanol (10:1, 3 x 30 mL). Gom céc
16p hitu co, siy kho trén magie sulfat, loc, va ¢ trong chan khong. HPLC pha dao (Cot:
Boston Green ODS, 5 um; Pha dong A: axit trifloaxetic 0,1% trong nudc; Pha dong B:
axetonitril; Gradient: 10% dén 95% B) tao ra 15 dudi dang chit rin mau tring. Hiéu suat:
35,8 mg, 50,7 umol, 56%. LCMS m/z 592,3¢ [M+H]". 'TH NMR (400 MHz, metanol-ds)
6 8,46 (s, 1H), 8,21 (d, J= 8,6 Hz, 1H), 7,78 (d, J= 8,6 Hz, 1H), 7,54 (dd, J = 8,3, 8,3
Hz, 1H), 7,16 — 7,08 (m, 2H), 6,76 (dd, J = 8,2, 8,1 Hz, 1H), 6,55 — 6,47 (m, 2H), 4,9 —
4,70 (m, 2H, gia thiét; mot phén bi m¢ do dinh nuéc), 3,82 (t, J = 4,9 Hz, 2H), 3,66 —
3,56 (m, 1H), 3,50 — 3,41 (m, 1H), 3,19 — 3,09 (m, 1H), 3,15 (s, 3H), 3,08 —2,99 (m, 1H),
2,63 —2,57 (m, 1H), 2,27 — 2,17 (m, 1H), 2,01 (s, 3H), 1,76 — 1,66 (m, 2H), 1,62 — 1,50
(m, 2H), 1,35 - 1,26 (m, 1H).

Buée 4. Tong hop axit 2-{6-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-6-
azaspiro[2,5 Joct-1-yl}-1-(2-metoxyetyl)- IH-benzimidazol-6-carboxylic, DIAST-X2,
muoi trifloaxetat (16) [tir P18 qua C72].

B6 sung dung dich nuéc chira natri hydroxit (3 M; 1,0 mL, 3,0 mmol) vao dung
dich chtta C72 (58,0 mg, 95,7 umol) trong hon hop gém metanol (2,0 mL) va
tetrahydrofuran (1,0 mL). Sau khi hén hop phan tng nay da dugc khudy & 20 °C trong 2
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gi0, d6 pH duogc diéu chinh dén 7 bang cach bo sung axit clohydric 1 M, va hdn hop thu
duoc duoc chiét bang hdn hop gdm diclometan va metanol (10:1, 3 x 30 mL). Gom céc
16p hitu co, séy kho trén magie sulfat, loc, va c6 trong chan khong. HPL.C pha ddo (Cat:
Boston Green ODS, 5 um; Pha dong A: axit trifloaxetic 0,1% trong nudc; Pha dong B:
axetonitril; Gradient: 35% dén 95% B) tao ra 16 duéi dang chét rdn mau tréng. Hiéu suét:
33,4 mg, 47,3 pmol, 49%. LCMS m/z 592,2¢ [M+H]*. 'TH NMR (400 MHz, metanol-ds)
6 8,53 — 8,50 (m, 1H), 8,25 (dd, J = 8,6, 1,4 Hz, 1H), 7,80 (br d, J = 8,6 Hz, 1H), 7,57
(dd, J = 8,4, 8,2 Hz, 1H), 7,25 (dd, J = 10,8, 2,0 Hz, 1H), 7,19 (br dd, J = 8,4, 2,1 Hz,
1H), 6,77 (dd, J= 8,2, 8,1 Hz, 1H), 6,55 — 6,50 (m, 2H), 4,9 — 4,72 (m, 2H, gia thiét; mot
phan bi m& do dinh nuéc), 3,93 — 3,80 (m, 2H), 3,68 — 3,58 (m, 1H), 3,41 — 3,3 (m, 1H,
gia thiét; mot ph?m bi mo bdi dinh dung méi), 3,25 (s, 3H), 3,22 — 3,12 (m, 1H), 3,07 —
2,97 (m, 1H), 2,67 (dd, J = 8.3, 5,8 Hz, 1H), 2,28 — 2,17 (m, 1H), 2,01 (d, J= 1,0 Hz,
3H), 1,86 — 1,71 (m, 2H), 1,69 — 1,56 (m, 2H), 1,36 — 1,26 (m, 1H).

Vidul7va 18

Amoni 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl | piperidin-1-yl}metyl)-
1-[(1-etyl-1H-imidazol-5-yl)metyl]- IH-benzimidazol-6-carboxylat, ENT-1 (17) va
Amoni 2-({4-[2-(4-clo-2-flophenyl)-2-metyl- 1, 3-benzodioxol-4-yl ] piperidin-1-yl}metyl)-
1-[(1-etyl-IH-imidazol-5-yl)metyl]- IH-benzimidazol-6-carboxylat, ENT-2 (18)
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Buéc 1. Tong hop metyl 4-[({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
vl piperidin-1-yl}axetyl)amino]-3-{[ (1-etyl-IH-imidazol-5-yl)metyl]amino}benzoat
(C73).

O-(7-Azabenzotriazol-1-yl)-N,N,N’, N -tetrametyluroni hexaflophosphat (566 mg,
1,49 mmol) dugc bd sung vao hén hop gdbm P19 (340 mg, 1,24 mmol) trong N,N-
dimetylformamit (10 mL), va hdn hop dugc khudy & 25 °C trong 10 phut. Dung dich
chura PIO (503 mg, 1,24 mmol) va N,N-diisopropyletylamin (615 pL, 3,53 mmol) trong
N,N-dimetylformamit (7,7 mL) duoc tiép theo, dugc bd sung, va hdn hgp phan Gmg nay
duoc khudy & 25 °C trong 16 gid, vao lic d6 n6 duoc rot vao nude (10 mL) va chiét bing
etyl axetat (3 x 50 mL). Gom céc 16p hitu co, duoc rira 1an lugt véi dung dich nuréc amoni
clorua (3 x 20 mL) va dung dich nu6c natri clorua bdo hoa (2 x 20 mL), sy khé trén natri
sulfat, loc, va c6 trong chan khéng. Nho viée tinh ché bang cach sir dung sic ky silica gel
(Gradient: 0% dén 5% metanol trong etyl axetat), C73 thu duoc dudi dang gdm mau niu

nhot. Hiéu suét: 316 mg, 0,477 mmol, 38%. LCMS m/z 662,2¢ [M+H]".

Bu6c 2. Tong hop metyl 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
vl piperidin-1-yl}metyl)-1-[ (1-etyl-IH-imidazol-5-yl)metyl]- IH-benzimidazol-6-
carboxylat (C74).

Dung dich chira C73 (316 mg, 0,477 mmol) trong axit axetic (14 mL) duoc khudy
& 55 °C trong 16 gid. Solvent dwogc loai bé trong high chan khéng, va cin duoc tinh ché
bang céach sir dung sic ky 16p moéng diéu ché (dung mai rira giai: 10:1 diclometan /
metanol) dé thu duoc C74 dudi dang dau khong mau. Hi¢u suét: 200 mg, 0,310 mmol,
65%. LCMS m/z 644,34 [M+H]".

Buée 3. Tong hop amoni 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
vl piperidin-1-yl}metyl)-1-[(1-etyl- IH-imidazol-5-yl)metyl |- IH-benzimidazol-6-
carboxylat, ENT-1 (17) va amoni 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-
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4-yl|piperidin-1-yl}metyl)-1-[(1-etyl- IH-imidazol-5-yl)metyl]- IH-benzimidazol-6-
carboxylat, ENT-2 (18).

Hdén hop gdm C74 (150 mg, 0,233 mmol) va dung dich nude natri hydroxit (2 M;
233 uL, 0,466 mmol) trong hén hop gdm metanol (3 mL) va tetrahydrofuran (3 mL) duoc
khudy & 45 °C trong 16 gid. Sau khi hdn hop phan tng nay da diéu chinh dén pH 7 bang
cach b sung axit clohydric 1 M, né dugc ¢o trong chan khong dé thu duoc hén hop gom
17 va 18. Tach cac chit ddng phan dbi anh bang SEC [Cot: Chiral Technologies ChiralCel
OD, 10 pm; Pha dong: 1:1 cacbon dioxit / (etanol chtra amoni hydroxit 0,1%)]. Chéat dong
phén déi anh rira giai thir nhit dugc chi dinh 13 ENT-1 (17), va chét dong phan ddi anh
rira giai thir hai 1a ENT-2 (18); ca hai duogc tach dudi dang chét rin mau tring.
17 Hiéu sut: 45,0 mg, 69,5 pmol, 30%. LCMS m/z 630,34 [M+H]*. "H NMR (400 MHz,
metanol-ds) & 8,15 (br s, 1H), 8,00 (br d, J = 8,4 Hz, 1H), 7,81 (s, 1H), 7,72 (d, J= 8,2
Hz, 1H), 7,56 (dd, J= 8,3, 8,3 Hz, 1H), 7,28 (dd, J= 10,9, 2,0 Hz, 1H), 7,21 (dd, J= 8,3,
2,1 Hz, 1H), 6,77 (dd, hop phan cia kiéu ABC, J = 8,0, 7,7 Hz, 1H), 6,69 (dd, hop phan
cua kiéu ABC, J = 7.8, 1,2 Hz, 1H), 6,67 — 6,60 (m, 2H), 5,82 (s, 2H), 4,12 (q, J = 7.2
Hz, 2H), 3,89 (AB vach bén, Jap = 14,3 Hz, Avap = 6,9 Hz, 2H), 3,00 — 2,90 (m, 2H),
2,74 — 2,64 (m, 1H), 2,32 — 2,21 (m, 2H), 2,02 (s, 3H), 1,82 — 1,61 (m, 4H), 1,29 (t, J=
7,3 Hz, 3H). Thoi gian Iuu 5,66 phut (Cot: Chiral Technologies Chiralpak AD-3, 4,6 x
150 mm, 3 pm; Pha ddng A: cacbon dioxit; Pha dong B: metanol chira 0,05% dietylamin;
Gradient: 5% dén 40% B trong 5,5 phut, tiép theo, giit & 40% B trong 3,0 phut; Luu
luong: 2,5 mL/phut).
18 Hiéu suét: 32,8 mg, 50,7 pmol, 22%. LCMS m/z 630,34 [M+H]*. 'H NMR (400 MHz,
metanol-ds) & 8,15 (s, 1H), 8,00 (d, J = 8,5 Hz, 1H), 7,81 (s, 1H), 7,72 (d, J = 8,5 Hz,
1H), 7,56 (dd, J= 8,3, 8,3 Hz, 1H), 7,28 (dd, J= 10,9, 2,0 Hz, 1H), 7,21 (dd, J= 8.3, 2,0
Hz, 1H), 6,77 (dd, hop phén cta kiéu ABC, J= 7.8, 7,8 Hz, 1H), 6,69 (dd, hop phan ctia
kiéu ABC, J= 17,9, 1,2 Hz, 1H), 6,67 — 6,60 (m, 2H), 5,82 (s, 2H), 4,12 (q, J= 7.3 Hz,
2H), 3,89 (AB vach bén, Jap = 14,1 Hz, Avap = 7,4 Hz, 2H), 3,01 — 2,90 (m, 2H), 2,74 —
2,63 (m, 1H), 2,31 — 2,21 (m, 2H), 2,02 (s, 3H), 1,82 — 1,60 (m, 4H), 1,29 (t, J="7,3 Hz,
3H). Thoi gian gitt 5,34 phut (diéu kién SFC phén tich giéng v6i diéu kién dung cho hop
chat 17).
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Céc hop chit dugc néu trong Bang 1 duge didu ché bang cach sir dung quy trinh
tuwong tu vadi cac vi du duge xéac dinh trong Bang 2 bang cach sit dung hop chat trung gian
thich hop duogc xac dinh trong Bang 2. Cac hop chit dugc tinh ché bﬁng cach st dung
phuong phap dugc ban ludn trong ban md ta nay. Cac hop chét cudi cing c6 thé duge

tach dudi dang mubi trung tinh hodc axit hoac bazo.
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Bang 1. Cong thirc c4u tric va danh phap IUPAC ctia cac hop chat vi du 19 — 102

Vi
du

7
A

SO

Cau truc

Tén IUPAC

19

Oy, -
2,0

\OS
N

N\CO
N
OH

« CF;COOH

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperazin-1-yl}metyl)-1-(2-
metoxyetyl)-1H-benzimidazol-6-

carboxylic, mudi trifloaxetat

20

| @ﬁ

* CF3COOH

Z\/‘O

ENT-X2

OH

Axit 2-({4-[2-(4-clo-2-flophenyl)-1,3-
benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-(2-metoxyetyl)-1H-
benzimidazol-6-carboxylic, ENT-X2,
mudi trifloaxetat, [tir C77; chu thich 1

trong Bang 2|

21

toadiate

* CF3COOH

%

ENT-X1

H

Axit 2-({4-[2-(4-clo-2-flophenyl)-1,3-
benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-(2-metoxyetyl)-1H-
benzimidazol-6-carboxylic, ENT-X1,
mubi trifloaxetat, [tir C76; chu thich 1

trong Bang 2|

22

ab: ;—O

©/N

\OS
N
N/\ﬁ 0
OH

* CF3COOH

ENT-X1

Axit 1-(2-metoxyetyl)-2-{[4-(2-
phenyl-1,3-benzodioxol-4-
yl)piperazin-1-ylmetyl}-1H-
benzimidazol-6-carboxylic, ENT-X1,

mudi trifloaxetat, [tir P5]

23

bs
abs:
S
S

4,
©/N

N

N 0

OH

* CF,COOH

ENT-X2

Axit 1-(2-metoxyetyl)-2-{[4-(2-
phenyl-1,3-benzodioxol-4-
yl)piperazin-1-yl]metyl }-1H-
benzimidazol-6-carboxylic, ENT-X2,

mudi trifloaxetat, [tﬁ’ P6]
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Axit 2-({4-[2-(4-clo-2-flophenyl)-2-

o
Cl F metyl-1,3-benzodioxol-4-
24 \Gg‘&@/\ﬁ'\lc 0 yl]piperidin-1-yl} metyl)-1-(2-
OH metoxyetyl)-1H-benzimidazol-6-
" CF5COOH carboxylic, mubi trifloaxetat
Axit 2-{6-[2-(4-clo-2-flophenyl)-2-
Cl F o metyl-1,3-benzodioxol-4-yl]-6-
\%*O absh azaspiro[2,5]oct-1-yl}-1-(2-
25 O©/ N N \@_«O metoxyetyl)-1H-benzimidazol-6-
« CF4COOH OH | carboxylic, DIAST-Z2, mudi
DIAST-Z2 trifloaxetat, [tir P17 qua C79; chu
thich 2 trong Bang 2]
Axit 2-{6-[2-(4-clo-2-flophenyl)-2-
Cl = 0 metyl-1,3-benzodioxol-4-yl]-6-
\%\ o absh azaspiro[2,5]oct-1-yl}-1-(2-
26 o©/N r\} C O | metoxyetyl)-1H-benzimidazol-6-
« CF4COOH OH | carboxylic, DIAST-Z1, muoi
DIAST-Z1 trifloaxetat, [tir P17 qua C78; chu
thich 2 trong Bang 2]
% Axit 2-({4-[2-(4-xyano-2-flophenyl)-
S 1,3-benzodioxol-4-yl]piperidin-1-
27 Qi @/@ T NN 5 yl}metyl)-1-(2-metoxyetyl)-1H-
\©‘-</OH benzimidazol-6-carboxylic, mudi
* CF3COO0H trifloaxetat
Axit 1-(2-metoxyetyl)-2-[(4-{2-
©\/L metyl-2-[3-(triflometyl)phenyl]-1,3-
28 @/C o benzodioxol-4-yl}piperidin-1-
C> ZOH yl)metyl]-1H-benzimidazol-6-
* HCOOH

carboxylic, mudi format
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Axit 2-({4-[2-(4-etylphenyl)-2-metyl-

AN
o)
/@\ 1,3-benzodioxol-4-yl]piperidin-1-
29 3 @ N/\'\WINZ: o yl}metyl)-1-(2-metoxyetyl)-1H-
OH | benzimidazol-6-carboxylic, mubi
* HCOOH
format
Axit 2-({4-[2-(3-flo-4-
N
/O@ O metoxyphenyl)-2-metyl-1,3-
benzodioxol-4-yl]piperidin-1-
30 pac NN . yllpip
N@_/( yl}metyl)-1-(2-metoxyetyl)-1H-
« HCOOH OH benzimidazol-6-carboxylic, mubi
format
. % Axit 2-({4-[2-(3-flophenyl)-2-metyl-
@L 1,3-benzodioxol-4-yl]piperidin-1-
31 e N“NWNC o yl}metyl)-1-(2-metoxyetyl)-1 H-
OH benzimidazol-6-carboxylic, mudi
« HCOOH f ¢
orma
o Axit 1-(2-metoxyetyl)-2-({4-[2-(4-
/O@\ S metoxyphenyl)-2-metyl-1,3-
32 d 0 N N o benzodioxol-4-yl]|piperidin-1-
N\< > %
OH yl}metyl)-1H-benzimidazol-6-
* HCOOH . ‘.
carboxylic, mudi format
% Axit 2-({4-[2-(4-clophenyl)-2-metyl-
C'\©\/L S 1,3-benzodioxol-4-yl]piperidin-1-
33 49 NN o yl}metyl)-1-(2-metoxyetyl)-1H-
N\< >_/< .
OH benzimidazol-6-carboxylic, mudi
* HCOOH
format
N Axit 2-({4-[2-(4-xyanophenyl)-2-
0O
metyl-1,3-benzodioxol-4-
34 yl]piperidin-1-yl}metyl)-1-(2-

metoxyetyl)-1H-benzimidazol-6-

carboxylic
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35

~o

/O\CQi S
/\WN
OED/@ NQ_/(ZH

* HCOOH

Axit 2-({4-[2-(2-flo-4-
metoxyphenyl)-2-metyl-1,3-
benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-(2-metoxyetyl)-1H-
benzimidazol-6-carboxylic, mubi

format

36

Axit 1-(2-metoxyetyl)-2-({4-[2-
metyl-2-(6-metylpyridin-2-yl)-1,3-
benzodioxol-4-yl]piperidin-1-
yl}metyl)-1H-benzimidazol-6-

carboxylic, mudi format

37

Axit 1-(2-metoxyetyl)-2-({4-[2-(2-
metoxyphenyl)-2-metyl-1,3-
benzodioxol-4-yl]piperidin-1-
yl}metyl)-1H-benzimidazol-6-

carboxylic

38

Axit 2-({4-[2-(4-flophenyl)-2-metyl-
1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-(2-metoxyetyl)-1H-
benzimidazol-6-carboxylic, mubi

format

39

Axit 1-(2-metoxyetyl)-2-({4-[2-(3-
metoxyphenyl)-2-metyl-1,3-
benzodioxol-4-yl]piperidin-1-
yl}metyl)-1H-benzimidazol-6-

carboxylic, mudi format

40

Axit 1-(2-metoxyetyl)-2-[(4-{2-
metyl-2-[4-(triflometyl)phenyl]-1,3-
benzodioxol-4-yl}piperidin-1-
yl)metyl]-1H-benzimidazol-6-

carboxylic, mudi format
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Axit 2-({4-[2-(3,4-diflophenyl)-2-

F o :
F S metyl-1,3-benzodioxol-4-
41 3 0 N/\\/N 5 yl]piperidin-1-yl}metyl)-1-(2-
N@OH metoxyetyl)-1H-benzimidazol-6-
carboxylic
o Axit 1-(2-metoxyetyl)-2-({4-[2-
| Ny S metyl-2-(6-metylpyridin-3-yl)-1,3-
42 -0 N N benzodioxol-4-yl]|piperidin-1-
0 "LQ—{O
OH yl}metyl)-1H-benzimidazol-6-
" HCOOH carboxylic, mudi format
0 Axit 1-{2-[axetyl(metyl)amino]etyl }-
y i \&K 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-
43 \©;L N 1,3-benzodioxol-4-yl]piperidin-1-
0 N 0 o
0 N@—( yl}metyl)-1H-benzimidazol-6-
OH
carboxylic
O/7 Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
N metyl-1,3-benzodioxol-4-
Cl F
44 m ) yl]piperidin-1-ylymetyl)-1-[2-
0] N
o®/© h}@_qo (morpholin-4-yl)etyl]-1H-
OH benzimidazol-6-carboxylic
Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
cl F N J metyl-1,3-benzodioxol-4-
45 o N yl]piperidin-1-yl}metyl)-1-(pyridin-2-
0 S 0O
N@—%H ylmetyl)-1H-benzimidazol-6-
carboxylic
O Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
o=
N metyl-1,3-benzodioxol-4-
46 yl]piperidin-1-yl}metyl)-1-[2-(2-ox0-

1,3-oxazolidin-3-yl)etyl]-1H-

benzimidazol-6-carboxylic
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Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-

47 C'\@(Z(} N \SN 5 yl]piperidin-1-yl}metyl)-1-[2-
OG/Q N@—q (dimetylsulfamoyl)etyl]-1H-
o benzimidazol-6-carboxylic
=-\/j Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
- . ° NS metyl-1,3-benzodioxol-4-
48 \GE/LO \ /\WN 5 yl]piperidin-1-yl}metyl)-1-[2-(2-
O@/O N\O—/{ oxopyrolidin-1-yl)etyl]-1H-
o benzimidazol-6-carboxylic
J\ Axit 1-[2-(axetylamino)etyl]-2-({4-
y i ° i“ [2-(4-clo-2-flophenyl)-2-metyl-1,3-
49 \©/\/Lo \ /\WN 5 benzodioxol-4-yl]piperidin-1-
O©/Q NQ—/%H ylymetyl)-1H-benzimidazol-6-
carboxylic
</N] Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
o . NS metyl-1,3-benzodioxol-4-
50 \GQ* N yl]piperidin-1-yl}metyl)-1-[2-(1H-
ijﬂ /\N‘r@—qo imidazol-1-yl)etyl]- 1 H-benzimidazol-
o 6-carboxylic
Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
A -
cl F N‘S metyl-1,3-benzodioxol-4-
51 \G%;Ej/@/\g[\l o yl]piperidin-1-yl}metyl)-1-[(1-etyl-
C o: H | 1H-imidazol-2-yl)metyl]-1H-
benzimidazol-6-carboxylic
. Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
OJ\%H metyl-1,3-benzodioxol-4-
52 yl]piperidin-1-yl}metyl)-1-[2-

(metylamino)-2-oxoetyl]-1H-

benzimidazol-6-carboxylic
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Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[2-(1H-
pyrazol-1-yl)etyl]-1H-benzimidazol-

6-carboxylic

54

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[3-(1H-
1,2,4-triazol-1-yl)propyl]-1H-

benzimidazol-6-carboxylic

55

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[2-(1-
metyl-1H-imidazol-4-yl)etyl]-1H-

benzimidazol-6-carboxylic

56

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-
(tetrahydrofuran-3-ylmetyl)-1H-

benzimidazol-6-carboxylic

57

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[(1-metyl-
1H-1,2 4-triazol-5-yl)metyl]-1H-

benzimidazol-6-carboxylic

58

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-(1,3-
oxazol-4-ylmetyl)-1 H-benzimidazol-

6-carboxylic
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59

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[3-
(dimetylamino)-3-oxopropyl]-1H-

benzimidazol-6-carboxylic

60

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[2-(1-
metyl-1H-1,2,3-triazol-4-yl)etyl]-1H-

benzimidazol-6-carboxylic

61

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-
(tetrahydrofuran-3-yl)-1H-

benzimidazol-6-carboxylic

62

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[2-(2-
metyl-1H-imidazol-1-yl)etyl]-1H-

benzimidazol-6-carboxylic

63

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[(1-metyl-
1H-1,2,3-triazol-4-yl)metyl]-1H-

benzimidazol-6-carboxylic

64

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[(2R)-
tetrahydrofuran-2-ylmetyl]-1H-

benzimidazol-6-carboxylic
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65

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-(pyridin-3-
ylmetyl)-1H-benzimidazol-6-

carboxylic

66

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[2-
(dimetylamino)-2-oxoetyl]-1H-

benzimidazol-6-carboxylic

67

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[2-
(pyrolidin-1-yl)etyl]-1H-

benzimidazol-6-carboxylic

68

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-{[3-
(metoxymetyl)-1H-pyrazol-5-
yl]metyl}-1H-benzimidazol-6-

carboxylic

69

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-(1,3-
oxazol-5-ylmetyl)-1H-benzimidazol-

6- carboxylic

70

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-{[4-(2-
metoxyetyl)-4H-1,2,4-triazol-3-
yl]metyl}-1H-benzimidazol-6-

carboxylic
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Axit 2-({4-[2-(4-clo-2-flophenyl)-2-

metyl-1,3-benzodioxol-4-

71 i \@ yl]piperidin-1-yl}metyl)-1-{2-
Oé/@ /\'\hr\@—/(o [metyl(metylsulfonyl)amino]etyl}-
o 1 H-benzimidazol-6-carboxylic
Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
cl F OSOH metyl-1,3-benzodioxol-4-
72 \G%:Oj/@ h}N o yl]piperidin-1-yl}metyl)-1-[(1-
C EOH hydroxyxyclobutyl)metyl]-1H-
benzimidazol-6-carboxylic
Ne Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
cl F HN\% metyl-1,3-benzodioxol-4-
73 3 (oj/@ﬁq“z: o yl]piperidin-1-yl} metyl)-1-(1H-
OH pyrazol-4-ylmetyl)-1H-benzimidazol-
" CFsCOOH 6-carboxylic, mubi trifloaxetat
N \\NH Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
cl F metyl-1,3-benzodioxol-4-
74 \CE/LO N/\WN o yl]piperidin-1-yl}metyl)-1-[2-(1H-
©/Q N@_(OH imidazol-2-yl)etyl]- 1 H-benzimidazol-
" CF,COOH 6-carboxylic, mubi trifloaxetat
Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
Cl F ¢ metyl-1,3-benzodioxol-4-
75 q\é/@/\g"‘ o | Ylpiperidin-1-yl}metyl)-1-(2-
z:> ’<OH hydroxyetyl)-1H-benzimidazol-6-
carboxylic
Ny~ Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
N\?S metyl-1,3-benzodioxol-4-
76 yl]piperidin-1-yl}metyl)-1-[(1-etyl-

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

benzimidazol-6-carboxylic
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77

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[(1-metyl-
1 H-imidazol-4-yl)metyl]-1H-

benzimidazol-6-carboxylic

78

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[(4-metyl-
4H-1,2 4-triazol-3-yl)metyl]-1H-

benzimidazol-6-carboxylic

79

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[(25)-
tetrahydrofuran-2-ylmetyl]-1H-

benzimidazol-6-carboxylic

80

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-(1,3-
oxazol-2-ylmetyl)-1H-benzimidazol-

6-carboxylic

&1

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-
metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-3-(1,3-
oxazol-5-ylmetyl)-3 H-imidazo[4,5-
b]pyridin-5-carboxylic

82

Axit 1-(2-metoxyetyl)-2-{[4-(2-
metyl-2-phenyl-1,3-benzodioxol-4-
yl)piperidin-1-yl]metyl }-1H-
benzimidazol-6-carboxylic, mudi

format
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Axit 2-({4-[2-(2-clo-4-
metoxyphenyl)-2-metyl-1,3-
benzodioxol-4-yl]piperidin-1-

&3 @ NI 0
O N\©_/< yl}metyl)-1-(2-metoxyetyl)-1H-
OH .
« HCOOH benzimidazol-6-carboxylic, muoi
format
o Axit 1-(2-metoxyetyl)-2-({4-[2-
@ S metyl-2-(4-metylphenyl)-1,3-
84 3 O N r\\l o benzodioxol-4-yl]piperidin-1-
C O: H | yl}metyl)-1H-benzimidazol-6-
¢ HCOOH . £
carboxylic, mudi format
% Axit 1-(2-metoxyetyl)-2-({4-[ 2-
@ S metyl-2-(3-metylphenyl)-1,3-
85 J9 N/\NWN o benzodioxol-4-yl]piperidin-1-
C :OH yl}metyl)-1H-benzimidazol-6-
* HCOOH . -
carboxylic, mudi format
= Axit 2-({4-[2-(2-clophenyl)-2-metyl-
@Qﬁ' 1,3-benzodioxol-4-yl]piperidin-1-
86 79 N/\NWN o yl}metyl)-1-(2-metoxyetyl)- 1 H-
O /<OH benzimidazol-6-carboxylic, mudi
* HCOOH
format
CN % Axit 2-({4-[2-(3-xyanophenyl)-2-
metyl-1,3-benzodioxol-4-
87 39 N“NWNC o yl]piperidin-1-yl}metyl)-1-(2-
OH metoxyetyl)-1H-benzimidazol-6-
* HCOOH . K+
carboxylic, mudi format
o Axit 1-(2-metoxyetyl)-2-({4-[2-
metyl-2-(2-metylphenyl)-1,3-
88 benzodioxol-4-yl]piperidin-1-

yl}metyl)-1H-benzimidazol-6-

carboxylic, mudi format
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Axit 1-(2-metoxyetyl)-2-({4-[ 2-

o metyl-2-(pyridin-2-y1)-1,3-
| \/N S benzodioxol-4-yl]piperidin-1-
absy—0O N/\WN 0 ..
&9 o N \©_< yl}metyl)-1H-benzimidazol-6-
OH carboxylic, ENT-X2, mubi
* CF3COOH ) . o
ENT-X2 trifloaxetat [tir C81; chu thich 7 trong
Bang 2]
Axit 1-(2-metoxyetyl)-2-({4-[2-
o metyl-2-(pyridin-2-yl)-1,3-
| \/N SN benzodioxol-4-yl]piperidin-1-
90 abéjioj/@/\'\}r \@_ﬁ yl}metyl)-1H-benzimidazol-6-
OH carboxylic, ENT-X1, mudi
* CF;COOH
ENT-X1 trifloaxetat [tir C80; chu thich 7 trong
Béang 2]
o Amoni 2-({4-[2-(5-clopyridin-2-yl)-
C\z |N 2-metyl-1,3-benzodioxol-4-
91 a0 N/\NWNC o yllpiperidin-1-yl}metyl)-1-(2-
O NHs* | metoxyetyl)-1H-benzimidazol-6-
ENTXT carboxylat, ENT-X1 [tir P8]
5 Amoni 2-({4-[2-(5-clopyridin-2-yl)-
C'@ S 2-metyl-1,3-benzodioxol-4-
X
abs N ST
92 =Q N/\,\q >-\: 0 yl]piperidin-1-yl} metyl)-1-(2-
O NH,* | metoxyetyl)-1H-benzimidazol-6-
ENT-X2
carboxylat, ENT-X2 [t P9]
N Amoni 2-({4-[2-(5-xyanopyridin-2-
0
NC .~ N S yl)-2-metyl-1,3-benzodioxol-4-
93 N -0 NN o yl]piperidin-1-yl}metyl)-1-(2-
N\{ >_/<
O NH,* | metoxyetyl)-1H-benzimidazol-6-
ENT-X1

carboxylat, ENT-X1 [t P8]
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N |
abs 7 —Q

Amoni 2-({4-[2-(5-xyanopyridin-2-
yl)-2-metyl-1,3-benzodioxol-4-

94 Y Y Nz o yl]piperidin-1-yl}metyl)-1-(2-
O NH,+ | metoxyetyl)-1H-benzimidazol-6-
ENT-X2 .
carboxylat, ENT-X2 [t P9]
cl Axit 2-({4-[2-(5-clopyridin-2-yl)-2-
~ N
S N metyl-1,3-benzodioxol-4-
abs/—Q N™ Y 0 .
95 c NQ_/( ylpiperidin-1-yl}metyl)-1-[(2S)-
« HCOOH OH oxetan-2-ylmetyl]-1H-benzimidazol-
DIAST-X1 6-carboxylic, DIAST-X1 [tir P§]
Axit 2-({4-[2-(4-clo-2-flophenyl)-7-
Cl F o) flo-2-metyl-1,3-benzodioxol-4-
N 1]piperidin-1-yl}metyl)-1-[(2S)-
o6 bs7=0 NN . yllpip yljmetyl)-1-[(2S)
N oxetan-2-ylmetyl]-1H-benzimidazol-
OH
F DIAST-1 6-carboxylic, DIAST-1 [chi thich 10
trong Bang 2]
Axit 2-({4-[2-(4-clo-2-flophenyl)-7-
flo-2-metyl-1,3-benzodioxol-4-
l]piperidin-1-yl}metyl)-1-[(2S5)-
97 @ N/\r yl]pip ylymetyl)-1-[(25)
oxetan-2-ylmetyl]-1H-benzimidazol-
F DIAST-2 6-carboxylic, DIAST-2 [chu thich 10
trong Bang 2|
Amoni 2-({4-[2-(4-xyano-2-
NG F {)\ /INS flophenyl)-2-metyl-1,3-benzodioxol-
4-yl]piperidin-1-yl}metyl)-1-(1,3-
08 @a"g o NN yllpip ylimetyl)-1-(
N " oxazol-2-ylmetyl)-1H-benzimidazol-
4
ENT-X2 6-carboxylat, ENT-X2 [tir C83; chu

thich 12 trong Bang 2]
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Amoni 2-({4-[2-(4-xyano-2-

NG . { N flophenyl)-2-metyl-1,3-benzodioxol-
9 \Qt%\o N/\‘/N ) 4-yl]piperidin-1-yl}metyl)-1-(1,3-
N\@—{ oxazol-2-ylmetyl)-1H-benzimidazol-
O NH,*
ENTXA * | 6-carboxylat, ENT-X1 [tir C82; cht

thich 12 trong Bang 2]

Axit 2-({4-[(25)-2-(4-clo-2-
CI\©/ F g:% flophenyl)-2-metyl-1,3-benzodioxol-
CHj,
N F 4-yl]piperidin-1-yl}metyl)-7-flo-1-
100 O)-o N/\NW o yl]pip yljmety
o [(25)-oxetan-2-ylmetyl]-1H-
benzimidazol-6-carboxylic, mubi

* 1/2 citric acid
hemixitrat [tir P3]

2-({4-[(2S)-2-(4-clo-2-flophenyl)-1,3-
° \©/II-:| & benzodioxol-4-yl]piperidin-1-

101 O ] N/\,\WN i O | yl}metyl)-7-flo-1-[(2S)-oxetan-2-

OH | ylmetyl]-1H-benzimidazol-6-

* 1/2 citric acid . - .. R
carboxylic, mudi hemixitrat [tir C48]

H3C‘O Axit 2-({4-[2-(hydroxymetyl)-2-
@OH S phenyl-1,3-benzodioxol-4-
102 3 Ej/@/\r\WN o yl]piperidin-1-yl}metyl)-1-(2-
Z:> zOH metoxyetyl)-1H-benzimidazol-6-
* CF3COOH carboxylic, muébi trifloaxetat
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Bang 2. Phuong phap diéu ché va di liéu hoa 1y ctia cac vi du 19 — 102.

'H NMR (400 MHz, metanol-ds) 8; Phd khdi, ion quan sat duoc
Vidu | Phuong .
. h m/z [M+H]" hodc HPLC thoi gian giir; Pho khoi m/z [M+H]"
sO phép
(trr khi dugc chi dinh khéc)
8,39 (brs, 1H), 8,08 (d, J = 8,5 Hz, 1H), 7,81 (d, J = 8,6 Hz,
1H), 7,60 (dd, J = 8.3, 8,3 Hz, 1H), 7,28 (dd, J = 10,9, 2,1 Hz,
Cac Vidu
1H), 7,22 (dd, J = 8,4, 2,0 Hz, 1H), 6,83 (dd, J = 8,1, 8,1 Hz,
19 15va1e;
C4 P12 1H), 6,60 (d, J = 7,8 Hz, 1H), 6,55 (d, J = 8,4 Hz, 1H), 4,73 (s,
’ 2H), 4,66 (t, J = 4,9 Hz, 2H), 3,77 (t, J = 4,8 Hz, 2H), 3,59 —
3,43 (m, 8H), 3,30 (s, 3H™"), 2,05 (s, 3H); 581,0
8.34 — 8,31 (m, 1H), 8,03 (dd, J = 8,5, 1,5 Hz, 1H), 7,78 (d, J =
8,6 Hz, 1H), 7,60 (dd, J = 8,0, 8,0 Hz, 1H), 7,36 (dd, J = 10,2,
Cac Vidu | 1,9 Hz, 1H), 7,31 (dd, J = 8.4, 1,8 Hz, 1H), 7,25 (s, 1H), 6,90
20 4va s, (dd, hop phan ctia kiéu ABC, J = 8.9, 6,6 Hz, 1H), 6,86 — 6,80
C43, P11 | (m, 2H), 4,79 (s, 2H), 4,60 (br t, J = 4,8 Hz, 2H), 3,95 — 3,85
(m, 2H), 3,74 (dd, J = 5.3, 4,2 Hz, 2H), 3,44 — 3,33 (m, 2H),
3,28 (s, 3H), 3,15 — 3,05 (m, 1H), 2,37 — 2,12 (m, 4H); 566,04
8,32 (dd, J=1,6, 0,7 Hz, 1H), 8,03 (dd, J= 8,5, 1,5 Hz, 1H),
7,78 (dd, J= 18,5, 0,7 Hz, 1H), 7,60 (dd, J= 8,1, 7,9 Hz, 1H),
7,36 (dd, J=10,2, 2,0 Hz, 1H), 7,31 (br dd, J= 8,3, 1,8 Hz,
Cac Vidu . .7
51 493 5! 1H), 7,25 (s, 1H), 6,90 (dd, hop phan cta kiéu ABC, J= 8,8, 6,7
vas§';
C43. P11 Hz, 1H), 6,87 — 6,80 (m, 2H), 4,79 (s, 2H), 4,60 (t, J= 4,8 Hz,
’ 2H), 3,90 (br d, J= 12,3 Hz, 2H), 3,74 (dd, J= 5,3, 4,2 Hz, 2H),
3,38 (br dd, J= 12,6, 12,5 Hz, 2H), 3,28 (s, 3H), 3,10 (tt, J =
11,9, 4,0 Hz, 1H), 2,37 — 2,11 (m, 4H); 566,04
8,37 (d, J=1,5Hz, 1H), 8,07 (dd, /= 8.5, 1,5 Hz, 1H), 7,79 (d,
J=18,6 Hz, 1H), 7,60 — 7,54 (m, 2H), 7,50 — 7,42 (m, 3H), 6,98
Cac Vidu
- L vaa (s, 1H), 6,86 (dd, /= 8,1, 8,1 Hz, 1H), 6,61 (dd, J= 7.9, 0.9 Hz,
va 2;
P12, P5 1H), 6,59 (dd, J= 8,4, 0,9 Hz, 1H), 4,73 (s, 2H), 4,64 (t, /= 4.8
’ Hz, 2H), 3,75 (dd, J= 5.4, 4,3 Hz, 2H), 3,61 — 3,44 (m, 8H),
3,28 (s, 3H); 515,1
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8,37 (br s, 1H), 8,07 (dd, J= 8.6, 1,5 Hz, 1H), 7,79 (d, J= 8.5

Ciac Vidu | Hz, 1H), 7,61 — 7,54 (m, 2H), 7,51 — 7,42 (m, 3H), 6,98 (s, 1H),
23 1vaz2; 6,86 (dd, J= 8.2, 8,1 Hz, 1H), 6,61 (br d, J= 8 Hz, 1H), 6,59
P12, P6 (br d, J= 8,5 Hz, 1H), 4,69 (s, 2H), 4,64 (t, J = 4,9 Hz, 2H),
3,75 (t, J=4,9 Hz, 2H), 3,59 — 3,43 (m, 8H), 3,29 (s, 3H); 515,1
8,33 (dd, J= 1,5, 0,6 Hz, 1H), 8,03 (dd, /= 8,5, 1,5 Hz, 1H),
7,79 (dd, J= 8.5, 0,5 Hz, 1H), 7,62 (dd, J = 8.4, 8,3 Hz, 1H),
Cic Vidu 7,29 (dd, J= 10,9, 2,0 Hz, 1H), 7,22 (ddd, J = 8.4, 2,0, 0,7 Hz,
” 4vas: 1H), 6,88 — 6,82 (m, 1H), 6,82 — 6,76 (m, 2H), 4,83 (s, 2H),
C13, P11 4,63 (t, J=4,8 Hz, 2H), 3,98 — 3,88 (m, 2H), 3,75 (dd, J = 5,3,
4,2 Hz, 2H), 3,47 — 3,36 (m, 2H), 3,31 (s, 3H™"), 3,10 (tt, J =
12,0, 4,1 Hz, 1H), 2,36 — 2,10 (m, 4H), 2,05 (d, J= 1,0 Hz, 3H);
580,14
8,51 (dd, J= 1,5, 0,7 Hz, 1H), 8,25 (dd, J= 8,6, 1,4 Hz, 1H),
7,79 (dd, J= 8.6, 0,7 Hz, 1H), 7,57 (dd, J = 8.3, 8,3 Hz, 1H),
7,25 (dd, J=10.,8, 2,0 Hz, 1H), 7,19 (ddd, J = 8,4, 2,0, 0,7 Hz,
Ciac Vidu | 1H), 6,80 — 6,73 (m, 1H), 6,55 — 6,50 (m, 2H), 4,9 — 4,73 (m,
25 15va16% |2H"), 3,92 —3.81 (m, 2H), 3,66 — 3,58 (m, 1H), 3,41 — 3,3 (m,
C4, P17 1H"™), 3,25 (s, 3H), 3,20 — 3,12 (m, 1H), 3,05 — 2,97 (m, 1H),
2,70 — 2,63 (m, 1H), 2,27 - 2,17 (m, 1H), 2,01 (d, /= 1,0 Hz,
3H), 1,84 — 1,71 (m, 2H), 1,67 — 1,58 (m, 2H), 1,31 (br d, J= 13
Hz, 1H); 592,34
8,53 — 8,50 (m, 1H), 8,26 (dd, J= 8,6, 1,4 Hz, 1H), 7,81 (d, J =
8,6 Hz, 1H), 7,55 (dd, /= 8.3, 8,2 Hz, 1H), 7,16 — 7,08 (m, 2H),
6,77 (dd, J=8.3, 7,9 Hz, 1H), 6,52 (br d, J = 8,3 Hz, 1H), 6,51
Cac Vidu
o 15 va 16% (brd, J=7,7Hz, 1H), 4,9 — 4,74 (m, 2H"), 3,83 (t, J= 4,8 Hz,
C4, P17 2H), 3,68 — 3,60 (m, 1H), 3,54 — 3,46 (m, 1H), 3,18 — 3,09 (m,

1H), 3,14 (s, 3H), 3,09 — 3,01 (m, 1H), 2,69 — 2,62 (m, 1H),
231221 (m, 1H), 2,01 (br s, 3H), 1,78 — 1,69 (m, 2H), 1,63 —
1,52 (m, 2H), 1,33 — 1,25 (m, 1H); 592,3¢
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8,32 (brs, 1H), 8,02 (dd, J= 8.5, 1,5 Hz, 1H), 7,82 — 7,76 (m,
2H), 7,73 (br d, J= 10,0 Hz, 1H), 7,67 (br d, J = 8,0 Hz, 1H),

Cac Vidu
7,35 (s, 1H), 6,96 — 6,89 (m, 1H), 6,88 — 6,83 (m, 2H), 4,76 (s,
27 4va s
P11 2H), 4,61 (t, J= 4,8 Hz, 2H), 3,87 (br d, J = 12,3 Hz, 2H), 3,74
(t, J=4,8 Hz, 2H), 3,39 — 3,3 (m, 2H™"), 3,29 (s, 3H), 3,15 —
3,05 (m, 1H), 2,35 - 2,10 (m, 4H); 557,1
Vidu 11;
28 3,08 phut*; 596
P14
Vidu 11;
29 3,12 phut*; 556
P14
Vidu 11;
30 2,90 phut*; 576
P14
Vidu 11;
31 2,92 phut*; 546
P14
Vidu 11;
32 2,88 phut; 558
P14
Vidu 11;
33 3,04 phut*; 562
P14
Vidu 11;
34 2,99 phut’; 553
P14
Vidu 11;
35 2,92 phut*; 576
P14
Vidu 11;
36 2,81 phut’; 543
P14
Vidu 11;
37 2,90 phut*; 558
P14
Vidu 11;
38 2,91 phut*; 546
P14
Vidu 11;
39 2,89 phut*; 558
P14
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Vidu 11;

40 3,11 phut*; 596
P14
Vidu 11;

41 2,97 phuat*; 564
P14
Vidu 11;

42 2,40 phat’; 543
P14
Vi du 12;

43 2,70 phat*; 621
P10
Vi du 12;

44 2,49 phat*; 635
P10
Vidu 12;

45 2,79 phut?; 613
P10
Vidu 12;

46 2,71 phat*; 635
P10
Vidu 12;

47 2,85 phut*; 657
P10
Vidu 12;

48 2,71 phut*; 633
P10
Vidu 12;

49 2,66 phut*; 607
P10
Vi du 12;

50 2,43 phut*; 616
P10
Vidu 12;

51 2,74 phat*; 630
P10
Vidu 12;

52 2,73 phut*; 593
P10
Vidu 12;

53 2,79 phut*; 616
P10
Vidu 12;

54 2,67 phut*; 631
P10
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Vidu 12;

55 2,44 phut?; 630
P10
Vidu 12;

56 2,77 phut?; 606
P10
Vidu 12;

57 2,72 phut*; 617
P10
Vidu 12;

58 2,78 phut*; 603
P10
Vidu 12;

59 2,82 phut?; 621
P10
Vidu 12;

60 2,74 phat*; 631
P10
Vidu 12;

61 2,76 phut*; 592
P10
Vidu 12;

62 2,45 phut*; 630
P10
Vidu 12;

63 2,78 phut*; 617
P10
Vidu 12;

64 2,84 phut*; 606
P10
Vidu 12;

65 2,56 phut*; 613
P10
Vidu 12;

66 2,75 phut*; 607
P10
Vidu 12;

67 2,48 phut*; 619
P10
Vidu 12;

68 2,75 phut*; 646
P10
Vidu 12;

69 2,73 phut*; 603
P10
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Vidu 12;

70 2,86 phut’; 661
P10
Vidu 12;

71 2,77 phat*; 657
P10
Vidu 12;

72 2,79 phut?; 606
P10
Vidu 12;

73 2,70 phut*; 602
P10
Vidu 12;

74 2,45 phat*; 616
P10
Vidu 13;

75 2,92 phut*; 566
P10
Vidu 13;

76 2,99 phut*; 631
P10
Vi du 13;

77 2,94 phut*; 616
P10
Vidu 13;

78 3,08 phut’; 617
P10
Vidu 13;

79 3,09 phut*; 606
P10
Vi du 13;

80 3,02 phut*; 603
P10
Vidu 13;

81 3,10 phat’; 604
P10
Vidu 11;

82 2,87 phut*; 528
P14
Vidu 11;

&3 3,00 phut*; 592
P14
Vidu 11;

84 2,99 phut; 542
P14
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Vidu 11;
85 2,98 phut?; 542
P14
Vidu 11;
86 2,97 phut*; 562
P14
Vidu 11;
87 2,97 phut’; 553
P14
Vidu 11;
88 2,90 phut*; 542
P14
8,63 (ddd, /=49, 1,8, 0,9 Hz, 1H), 8,34 (dd, /= 1,6, 0,7 Hz,
1H), 8,03 (dd, /= 8,5, 1,5 Hz, 1H), 7,90 (ddd, /="7.8, 7.8, 1,7
Hz, 1H), 7,80 (dd, J= 8.5, 0,7 Hz, 1H), 7,74 (ddd, J=7.,9, 1,1,
Cac Vidu
1,0 Hz, 1H), 7,45 (ddd, J=17.6, 4.9, 1,2 Hz, 1H), 6,88 — 6,83
89 4 vas%7;
P11 (m, 1H), 6,83 — 6,76 (m, 2H), 4,83 (s, 2H), 4,63 (t, J = 4.8 Hz,
2H), 3,99 — 3,88 (m, 2H), 3,75 (dd, J= 5,3, 4,2 Hz, 2H), 3,45 —
3,34 (m, 2H), 3,31 (s, 3H), 3,15 - 3,03 (m, 1H), 2,41 — 2,20 (m,
2H), 2,19 — 2,08 (m, 2H), 2,05 (s, 3H); 529.3
8,63 (ddd, /=49, 1,8, 0,9 Hz, 1H), 8,34 (dd, J= 1,6, 0,7 Hz,
1H), 8,04 (dd, J= 8.5, 1,5 Hz, 1H), 7,90 (ddd, J= 7.8, 7.8, 1,7
Hz, 1H), 7,80 (dd, J= 8,5, 0,7 Hz, 1H), 7,73 (ddd, J= 8,0, 1,1,
Cac Vidu
1,0 Hz, 1H), 7,45 (ddd, J=17,6, 4,9, 1,2 Hz, 1H), 6,88 — 6,83
90 4 va 557,
P11 (m, 1H), 6,83 — 6,75 (m, 2H), 4,83 (s, 2H), 4,63 (t, /= 4,9 Hz,
2H), 3,98 — 3,88 (m, 2H), 3,75 (t, /= 4,8 Hz, 2H), 3,44 — 3,34
(m, 2H), 3,32 (s, 3H™), 3,15 3,03 (m, 1H), 2,40 — 2,19 (m,
2H), 2,18 — 2,08 (m, 2H), 2,05 (s, 3H); 5293
8,59 (d, J=2,4 Hz, 1H), 8,26 (d, J= 1,4 Hz, 1H), 7,96 (dd, J =
8.5, 1,5 Hz, 1H), 7,87 (dd, /= 8,5, 2,5 Hz, 1H), 7,68 — 7,61 (m,
Cac Vidu
2H), 6,83 — 6,75 (m, 1H), 6,75 — 6,67 (m, 2H), 4,67 (t, J = 5,2
91 6 va7; P8,
P11 Hz, 2H), 4,00 (s, 2H), 3,82 (t, J= 5,1 Hz, 2H), 3,29 (s, 3H),

3,13 — 3,05 (m, 2H), 2,81 — 2,70 (m, 1H), 2,45 — 2,34 (m, 2H),
2,01 (s, 3H), 1,98 — 1,77 (m, 4H); 563,34
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8,59 (d, J= 2,3 Hz, 1H), 8,26 (d, J= 1,4 Hz, 1H), 7,96 (dd, J=
8,5, 1,5 Hz, 1H), 7,87 (dd, J= 8.5, 2,5 Hz, 1H), 7,68 — 7,62 (m,

Cac Vidu
o 6vaT: PO, 2H), 6,82 — 6,76 (m, 1H), 6,74 — 6,68 (m, 2H), 4,67 (t,J=5.2
P11 Hz, 2H), 4,00 (s, 2H), 3,82 (t, /= 5,1 Hz, 2H), 3,29 (s, 3H),
3,13 -3,04 (m, 2H), 2,76 (tt, J= 11,8, 4 Hz, 1H), 2,45 — 2,34
(m, 2H), 2,01 (s, 3H), 1,97 — 1,78 (m, 4H); 563,34
8,97 (dd, J=2.1, 0,9 Hz, 1H), 8,27 — 8,25 (m, 1H), 8,21 (dd, J =
8.2,2,1 Hz, 1H), 7,96 (dd, J= 8.5, 1,5 Hz, 1H), 7,81 (dd, J =
Cac Vidu | 8,3,0,9 Hz, 1H), 7,64 (d, J= 8,6 Hz, 1H), 6,83 — 6,77 (m, 1H),
93 8 va 98; 6,76 — 6,68 (m, 2H), 4,68 (t, J= 5,2 Hz, 2H), 3,95 (s, 2H), 3,83
P8, P11 (t, J=15.2 Hz, 2H), 3,30 (s, 3H), 3,08 — 2,99 (m, 2H), 2,79 —
2,69 (m, 1H), 2,39 — 2,28 (m, 2H), 2,04 (s, 3H), 1,96 — 1,76 (m,
4H); 554,4
8,97 (dd, J=2.,2, 0,9 Hz, 1H), 8,26 (br s, 1H), 8,21 (dd, J = 8,2,
2,1 Hz, 1H), 7,96 (dd, J= 8,4, 1,4 Hz, 1H), 7,81 (dd, J= 8,2,
Cac Vidu | 0,9 Hz, 1H), 7,64 (br d, J= 8,5 Hz, 1H), 6,83 — 6,77 (m, 1H),
94 8 va 93, 6,76 — 6,69 (m, 2H), 4,68 (t, J=5,3 Hz, 2H), 3,95 (s, 2H), 3,83
P9, P11 (t, J=5,2 Hz, 2H), 3,30 (s, 3H), 3,08 — 2,99 (m, 2H), 2,79 —
2,69 (m, 1H), 2,39 — 2,28 (m, 2H), 2,04 (s, 3H), 1,96 — 1,76 (m,
4H); 554.,4
8,61 (dd, J=2.,5,0,7 Hz, 1H), 8,41 (s, 1H), 8,33 (dd, J= 1,6,
0,7 Hz, 1H), 7,97 (dd, J= 8.5, 1,5 Hz, 1H), 7,88 (dd, J = 8.5,
2,5Hz, 1H), 7,66 (dd, J= 8,5, 0,6 Hz, 1H), 7,65 (dd, J = 8.5,
0,7 Hz, 1H), 6,82 — 6,77 (m, 1H), 6,76 — 6,69 (m, 2H), 5,32 —
Vidu 10; | 5,24 (m, 1H), 4,9 — 4,83 (m, 1H"), 4,71 (dd, J=15.4, 2,6 Hz,
» P8, P15 1H), 4,65 — 4,58 (m, 1H), 4,48 (ddd, J=9.2, 6,0, 5,9 Hz, 1H),

4,03 (AB vach bdn, Jas = 13,9 Hz, Avap = 49,7 Hz, 2H), 3,18 —
3,11 (m, 1H), 3,06 — 2,98 (m, 1H), 2,87 — 2,69 (m, 2H), 2,60 —
2,49 (m, 1H), 2,46 — 2,31 (m, 2H), 2,02 (s, 3H), 1,98 — 1,79 (m,
4T1); 574,94
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Cac Vidu
96 6 va7%1%; | 7,01 phut'!; 610,5¢
P15
Cac Vidu
97 6 va 7°1% | 7,89 phut'!; 610,54
P15
8,25 — 8,23 (m, 1H), 8,00 (dd, J=8,5, 1,5 Hz, 1H), 7,89 (d, J =
0,9 Hz, 1H), 7.76 (dd, J= 7.9, 7,6 Hz, 1H), 7,70 (d, J= 8,5 Hz,
1H), 7,64 (dd, J=10.6, 1,5 Hz, 1H), 7,57 (dd, J= 8,0, 1,5 Hz,
1H), 7,14 (d, J= 0,9 Hz, 1H), 6,78 (dd, hop phan cua kiéu
98 C5412 ABC, J=17.9, 7,8 Hz, 1H), 6,70 (dd, hop phén ciia kiéu ABC, J
=17,8, 1,2 Hz, 1H), 6,66 (br d, hgp phén cua kiéu ABC, J=17.9
Hz, 1H), 5,94 (AB vach bén, Jag = 17,2 Hz, Avag = 6,5 Hz,
2H), 3,96 (s, 2H), 3,02 — 2,92 (m, 2H), 2,74 — 2,63 (m, 1H),
2,31 —2,21 (m, 2H), 2,05 (br s, 3H), 1,80 — 1,58 (m, 4H); 594,3
8,23 (d, J= 1,4 Hz, 1H), 8,00 (dd, J= 8.5, 1,5 Hz, 1H), 7,89 (d,
J=10,9 Hz, 1H), 7,76 (dd, J="7.9, 7,6 Hz, 1H), 7,69 (d, J = 8,5
Hz, 1H), 7,64 (dd, J=10.6, 1,5 Hz, 1H), 7,57 (dd, J= 28,1, 1,5
Hz, 1H), 7,14 (d, J= 0,9 Hz, 1H), 6,78 (dd, hop phan cua kiéu
99 C5412 ABC, J=17.8, 7.8 Hz, 1H), 6,70 (dd, hop phan ciia kiéu ABC, J
=17.8, 1,2 Hz, 1H), 6,66 (br d, hop phan cta kiéu ABC, J=17.9
Hz, 1H), 5,94 (AB vach bén, Jag = 17,1 Hz, Avap = 6,6 Hz,
2H), 3,96 (s, 2H), 3,01 — 2,92 (m, 2H), 2,74 — 2,63 (m, 1H),
2,30 — 2,20 (m, 2H), 2,05 (br s, 3H), 1,80 — 1,58 (m, 4H); 5943
dinh dac trung: 7,80 (dd, J= 8,5, 6,6 Hz, 1H), 7,59 (dd, J = 8.3,
’ 8,3 Hz, 1H), 7,51 (d, J= 8.6 Hz, 1H), 7,28 (dd, J= 10,9, 2,0 Hz,
V'.d"' 7’ 1H), 7,21 (br dd, J = 8.4, 2,0 Hz, 1H), 6,83 — 6,77 (m, 1H), 6,76
100 Z’::l';& — 6,71 (m, 2H), 5,32 — 5,23 (m, 1H), 4,99 (dd, J= 15,5, 7,1 Hz,
20 1H), 4,79 (dd, J= 15,6, 2,8 Hz, 1H), 4,72 — 4,63 (m, 1H), 4,47

(ddd, J=9,1, 6,0, 6,0 Hz, 1H), 4,31 (AB vach bon, Juz = 14,4
Hz, Avas= 33,3 Hz, 2H), 3,40 (br d, J= 11,9 Hz, 1H), 2,92 —
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2,65 (m, 4H), 2,82 (AB vach bdn, J = 15,5 Hz, Avag=37.5
Hz, 2H), 2,61 — 2,49 (m, 1H), 2,13 — 1,87 (m, 4H), 2,04 (s, 3H);
610,04

dinh dac trung: 7,79 (dd, J = 8,5, 6,6 Hz, 1H), 7,57 (dd, J = 8,0,
8,0 Hz, 1H), 7,49 (d, J= 8,5 Hz, 1H), 7,35 (dd, J= 10,2, 1,9 Hz,
1H), 7,30 (br d, J = 8,4 Hz, 1H), 7,22 (s, 1H), 6,88 — 6,82 (m,

Vidu 5, 1H), 6,82 — 6,74 (m, 2H), 5,30 — 5,21 (m, 1H), 4,95 (dd, J =
axit twr 15,4, 7,1 Hz, 1H), 4,77 (br d, J= 15,1 Hz, 1H), 4,67 — 4,59 (m,
101 .
do'’; C48, | 1H), 4,44 (ddd, J=9,1,5.9, 5,9 Hz, 1H), 4,28 (AB vach bon,
C29 Jas= 14,4 Hz, Avag=31,7 Hz, 2H), 3,37 (br d, J= 12,3 Hz,
1H™), 2,92 — 2,61 (m, 4H), 2,82 (AB vach bbn, Jap= 15,6 Hz,
Avas=37.1 Hz, 2H), 2,58 — 2,47 (m, 1H), 2,12 — 1,89 (m, 4H);
596,14
8,34 (dd, /= 1,6, 0,7 Hz, 1H), 8,04 (dd, J= 8,5, 1,5 Hz, 1H),
7,80 (dd, J= 38,5, 0,7 Hz, 1H), 7,66 — 7,60 (m, 2H), 7,46 — 7,36
Cac Vidu
(m, 3H), 6,84 — 6,76 (m, 2H), 6,74 (dd, J= 17,2, 2,0 Hz, 1H),
102 4va sl
P11 4,84 (s, 2H), 4,63 (t, J=4,7 Hz, 2H), 4,01 — 3,91 (m, 4H), 3,76

(dd, J=5,3, 4,2 Hz, 2H), 3,47 — 3,37 (m, 2H), 3,32 (s, 3H), 3,19
3,08 (m, 1H), 2,41 — 2,26 (m, 2H), 2,26 — 2,13 (m, 2H); 544,2

~dién tich dugc gia thiét, dinh bi md mot phan do dinh nuée

~dién tich duoc gia thiét, dinh bi mo mot phan do dinh dung méi

equan sat thdy mau dong vi clo

1. Metyl este [metyl 2-({4-[2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperidin-1-

yl}metyl)-1-(2-metoxyetyl)-1 H-benzimidazol-6-carboxylat] triét quang duoc tach thanh

cac chit ddng phan d6i anh hop phan cia n6 bang cach SFC [Cot: Chiral Technologies

ChiralCel OD-H, 5 pum; Pha dong: 7:3 cacbon dioxit / (2-propanol chtra 0,1% amoni

hydroxit)]. Ch4t ddng phan dbi anh rira giai th nhat, ENT-1 (C76), dugc st dung trong
qué trinh téng hop Vi du 21, va chit dong phan ddi anh rira giai thi hai, ENT-2 (C77),
dugc chuyén hoa thanh Vi du 20. C76 thoi gian giit: 5,72 phut (Cot: Chiral Technologies
Chiralpak OD-3, 4,6 x 150 mm, 3 pm; Pha dong A: cacbon dioxit; Pha dong B: 2-
propanol chira 0,05% dietylamin; Gradient: 5% dén 40% B trong 5,5 phiit, tiép theo, gitt
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& 40% B trong 3,0 phuat; Luu luong: 2,5 mL/phat). C77 thoi gian giit: 6,01 phut (diéu
kién SFC phan tich gidng vai didu kién ding cho hop chat C76).

2. Metyl este (metyl 2-{6-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-6-
azaspiro[2,5]oct-1-yl}-1-(2-metoxyetyl)-1 H-benzimidazol-6-carboxylat) dugc tao ra tu
viéc lién hop C4 va P17 duoc tach thanh cac chit dong phan lap thé hop phan cta nd &
dioxolan bang cach SFC [C6t: Chiral Technologies Chiralpak AD, 10 um; Pha dong:
65:35 cacbon dioxit / (etanol chira amoni hydroxit 0,1%)]. Chat dong phan rira giai dau
tién, DIAST-1 (C78), duoc chuyén hoa thanh Vi du 26; bang cach danh gia dir liéu 'H
NMR, chit nay 1a chit ddng phan déi anh ciia Vi du 15. Chét dong phén rira giai thi hai
, DIAST-2 (C79), duoc st dung trong qué trinh téng hop Vi du 25; bang cach danh gia
dir liéu "H NMR, chét nay 1a chit dong phan ddi anh cua Vi du 16. Thoi gian giit C78:
3,60 phut (Cot: Chiral Technologies Chiralpak AD-3, 4,6 x 100 mm, 3 pm; Pha dong A:
cacbon dioxit; Pha dong B: etanol chira 0,05% dietylamin; Gradient: tir 5% dén 40% B
Umg4§pmmymdégﬁd4m6Bng2jpmﬁjﬁmd©&mg2£nﬂﬂmM)ThMgmn
gitt C79: 3,82 phit (didu kién SFC phén tich gidng véi didu kién ding cho hgp chit C78).
3. 4-(4-Bromo-1,3-benzodioxol-2-y1)-3-flobenzonitril dugc diéu ché bang cach xir ly 3-
flo-4-formylbenzonitril va 3-bromobenzen-1,2-diol véi axit p-toluensulfonic trong
toluen, vdi viée loai b6 nudce biang cach st dung thiét bi Dean-Stark. Tiép theo, cho chét
nay phan ung véi [1-(tert-butoxycacbonyl)piperidin-4-yl](iodo)k€m vé1 sy c¢6 mat cua
[1,1°-bis(diphenylphosphino)feroxen]diclopaladi(Il) va ddng(i) iodua, tiép theo 1a tach
este bang cach str dung axit p-toluensulfonic, dé thu dugc 3-flo-4-[4-(piperidin-4-y1)-1,3-
benzodioxol-2-yl|benzonitril can thiét.

4, Piéu kién cho HPLC phéan tich. Cot: Waters XBridge C18, 2,1 x 50 mm, 5 pm; Pha
dong A: 0,0375% axit trifloaxetic trong nudc; Pha dong B: 0,01875% axit trifloaxetic
trong axetonitril; Gradien: tir 10% dén 100% B trong 4,0 phut; tbc d6 dong: 0,8 mL/pht.
5. Piéu kién cho HPLC phéan tich. Cot: Waters XBridge C18, 2,1 x 50 mm, 5 pm; Pha
dong A: 0,0375% axit trifloaxetic trong nudc; Pha dong B: 0,01875% axit trifloaxetic
trong axetonitril; Gradien: tir 1% dén 5% B trong 0,6 phut; tir 5% dén 100% B trong 3,4
phut; Téc do dong: 0,8 mL/phuit.

6. tert-Butyl 4-[2-metyl-2-(pyridin-2-yl)-1,3-benzodioxol-4-yl]-3,6-dihydropyridin-
1(2H)-carboxylat dugc tong hop tir 3-bromobenzen-1,2-diol va 2-etynylpyridin bang
cach st dung quy trinh duoc mé ta dé tong hop C12 trong Quy trinh diéu ché P7. Tiép
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theo, hydro hoa trén paladi trén than, tiép theo 1a xtt Iy bang hydro clorua trong etyl axetat,
thu dugc 2-[2-metyl-4-(piperidin-4-yl)-1,3-benzodioxol-2-yl]pyridin, mudi hydroclorua
can thiét.

7. Metyl este [metyl 1-(2-metoxyetyl)-2-({4-[2-metyl-2-(pyridin-2-yl)-1,3-benzodioxol-
4-yl)piperidin-1-yl} metyl)-1H-benzimidazol-6-carboxylat] triét quang duoc tach thanh
cac chat dong phan dbi anh hop phén ciia né bang cach SFC [Cot: Chiral Technologies
Chiralpak AD, 10 um; Pha dong: 65:35 cacbon dioxit / (etanol chira amoni hydroxit
0,1%)]. Chit ddng phan ddi anh rira giai thir nhat ENT-1 (C80) dugc st dung trong qua
trinh téng hop Vi du 90, va chit dong phan di anh rira giai thir hai ENT-2 (C81) duoc
chuyén héa thanh Vi du 89. Thoi gian giit C80: 4,11 phut (Cot: Chiral Technologies
Chiralpak AD-3, 4,6 x 100 mm, 3 um; Pha ddng A: cacbon dioxit; Pha dong B: etanol
cmhﬂﬁy%dwwmmm;Gm&mm5%&%nﬂﬂ6BUm@4ﬁphﬁﬁép%ﬂ%Q&G4W%B
trong 2,5 phat; Luu lugng: 2,8 mL/phut). Thoi gian gitr C81: 4,62 phut (diéu kién SFC
phan tich giéng vai diéu kién dung cho hop chit C80).

8. Viéc chuyén hoa P8 va P9 thanh dan xuat duge thé xyano twong ung duoc tién hanh
bang cach sir dung phuong phép dugc mo ta dé téng hop P4 tir P2 trong Quy trinh diéu
ché P4.

9. Xtt ly 1-(4-clo-2-flophenyl)etanon v6i trimetyl orthoformat va axit p-toluensulfonic
tao ra 4-clo-1-(1,1-dimetoxyetyl)-2-flobenzen, ma dugc phan ung vo6i 3-bromo-6-
flobenzen-1,2-diol v&i su ¢6 mat cia axit p-toluensulfonic dé thu duogc 4-bromo-2-(4-
clo-2-flophenyl)-7-flo-2-metyl-1,3-benzodioxol. Chit nay dwgc chuyén hoa thanh tert-
butyl 4-[2-(4-clo-2-flophenyl)-7-flo-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
carboxylat can thiét bang cach sir dung phuong phap duge mo ta trong Quy trinh diéu
ché P1 dé tong hop P1 tir C2.

10. Tach chit ddng phan lap thé & dioxolan trong 96 va 97 dugc tién hanh bang cach sir
dung SFC [Cot: Chiral Technologies Chiralpak IG, 5 pm; Pha dong: 3:1 cacbon dioxit /
(2-propanol chira 0,2% amoni hydroxit)]. Chat dong phan rira giai dau tién dugc chi dinh
1a DIAST-1 (96) va chit dong phan rira giai thir hai 1a DIAST-2 (97).

11. Piéu kién cho SFC phén tich. Cot: Chiral Technologies Chiralpak IG, 4,6 x 100 mm,
5 um; Pha dong: 7:3 cacbon dioxit / (2-propanol chira 0,2% amoni hydroxit); Luu lugng:
1,5 mL/phit; ap sudt ngugc: 150 bar (15.000 kPa).
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12. tert-Butyl 2-(clometyl)-1-(1,3-0xazol-2-ylmetyl)-1H-benzimidazol-6-carboxylat
duoc téng hop tir tert-butyl 3-flo-4-nitrobenzoat va 1-(1,3-oxazol-2-yl)metanamin, bang
cach str dung phuong phap duwge mo ta dé tong hop P11. Tiép theo, phan ung véi C54
duoc tién hanh bang cach sir dung trietylamin dé thu dugc zert-butyl 2-({4-[2-(4-xyano-
2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]|piperidin-1-yl}metyl)-1-(1,3-oxazol-2-
ylmetyl)-1H-benzimidazol-6-carboxylat, ma dugc tach thanh cac chit déng phan ddi anh
hop phén ciia né bang cach st dung SFC [Cot: Chiral Technologies ChiralCel OD-H, 5
um; Pha dong: 55:45 cacbon dioxit / (etanol chtra amoni hydroxit 0,1%)]. Chat dong phan
d6i anh ria giai thir nhat ENT-1 (C82) dugc sir dung trong qua trinh tong hop 99, va chit
dong phan ddi anh rira giai thir hai ENT-2 (C83) dugc chuyén hoa thanh 98. Thoi gian
gitt C82: 1,47 phut (Cot: Chiral Technologies Chiralpak OD-3, 4,6 x 50 mm, 3 pm; Pha
dong A: cacbon dioxit; Pha dong B: metanol chta 0,05% dietylamin; Gradient: 5% B
trong 0,2 phut, tiép theo, 5% dén 40% B trong 1,4 phut, tiép theo, giit & 40% B trong 1,05
phut; Luu luwong: 4 mL/phat). Thoi gian gitt C83: 1,85 phut (diéu kién SFC phan tich
giéng voi diéu kién ding cho hop chit C82).

13. Phan tng cta 1-bromo-2,3-diflo-4-nitrobenzen véi ddéng(I) Xyanua trong 1-
metylpyrolidin-2-on & nhiét do cao tao ra 2,3-diflo-4-nitrobenzonitril, ma dugc cho qua
thionyl clorua va metanol, thu dugc metyl 2,3-diflo-4-nitrobenzoat. Chit nay dugc
chuyén héa, bing viéc st dung C29, thanh metyl 2-(clometyl)-7-flo-1-[(2S)-oxetan-2-
ylmetyl]-1 H-benzimidazol-6-carboxylat can thiét, bang cach phuong phap duge mo ta
trong Quy trinh diéu ché P11 dé tong hop P11 tir metyl 3-flo-4-nitrobenzoat.

14. [2-phenyl-4-(piperidin-4-y1)-1,3-benzodioxol-2-ylJmetanol can thiét dugc tong hop
tir 2-0x0-2-phenyletyl axetat, bang phwong phap tuong tu véi phuong phap duge mo ta
dé téng hop C13.

CHO GLP-1R dong H6 - Thit nghiém 1

Hoat tinh chd van qua trung gian GLP-1R dugc xac dinh v6i thtr nghiém chirc
ning trén co so t& bao st dung kit phat hién HTRF (Homogeneous Time-Resolved
Fluorescence) cAMP (cAMP HI Range Assay Kit; CisBio cat #62 AM6PEJ) ma do luong
cAMP trong té bao. Phuong phap nay thir nghiém mién dich canh tranh gitta cAMP
nguyén thiy duoc tao ra boi cac té bao va cAMP ngoai sinh duoc gan nhan bang thude

nhudm d2. Su gin két vét dugc danh gia bing mit thuong bang khang thé don dong
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khang cAMP dugc dan nhan Cryptate. Tin hidu dac trung (nghia 13, su chuyén hoa ning
luong) 1a ty 18 nghich véi ndng do ciia cAMP trong mau chuan hodc mau thir nghiém.

Trinh tv ma hdéa GLP-1R cia nguoi (NCBI Reference Sequence NP _002053,3,
bao gdm bién thé Gly168Ser c6 trong tu nhién) dugc tach dong phu thanh pcDNA3
(Invitrogen) va dong t& bao biéu hién 6n dinh thu thé nay duoc tach (dong H6 chi dinh).
Phan tich gin két bdo hoa (quy trinh thir nghiém loc) bang cach sir dung '>’I-GLP-17.36
(Perkin Elmer) cho thdy ring mang huyét twong c6 ngudn gbe tir dong té bao nay biéu
hién méat d6 GLP-1R cao (Kq: 0,4 nM, Bmax: 1900 fmol/mg protein).

Céac té bao dugc loai bo viéc bao quan lanh, tao huyén phu lai trong 40 ml nudce
mudi dém phosphat Dulbecco (Dulbecco's Phosphate-Buffered Saline) (DPBS - Lonza
Cat # 17-512Q) va ly tam & tdc do 800 x g trong 5 phut & 22 °C. Tiép theo, tao huyén
phi céc vién té bao trong 10 ml méi trudong sinh truéng [DMEM/F12 hén hop 1:1 véi
HEPES, L-Gln, 500 mL (DMEM/F12 Lonza Cat # 12-719F), huyét thanh bao thai bé bat
hoat bang nhiét 10% (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 cta huyén phi té bao trong moi trudng sinh trudng
duoc dém trén Becton Dickinson ViCell dé x4c dinh kha nang séng st té bao va sé dém
té bao trén mdi ml. Tiép theo, didu chinh huyén phu té bao dugc dén v6i moi trudng sinh
truéng dé tao ra 2000 té bao séng trén mdi 16 bang cach sir dung bo phan phéi chét phan
g Matrix Combi Multidrop, va céc té bao dwgc phan phdi vao dia thir nghiém xir 1y
nudi cdy mé 384 16 mau tring (Corning 3570). Tiép theo, i dia thir nghiém trong 48 gio
& 37 °C trong méi trudong am trong 5% cacbon dioxit.

Céc ndng d6 khac nhau ctia mdi hop chat duge thir nghiém (trong DMSO) dugc
pha loang trong dung dich dém thir 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) chtra 100 uM 3-isobutyl-1-metylxanthin (IBMX;
Sigma cat # I5879). Nong d6 DMSO cudi cing 12 1%.

Sau 48 gio, moi truong sinh trudng dugce loai bd khdi cac 16 ctia dia thir nghiém,
va cac té bao duge xir Iy bang 20 uL hop chit dugc pha lodng theo diy trong dém thir
nghiém trong 30 phat & 37 °C trong méi truong am trong 5% cacbon dioxit. Sau khi 1 30
phat, 10 pL cAMP dugc dan nhan d2 va 10 pL khang thé khang cAMP (ca hai déu dugc
pha loang vai ty 1€ 1:20 trong dém dung giai té bao; nhu duoc mo ta trong quy trinh thix
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nghiém cuia nha san xuét) duoc bd sung vao mdi 15 cia dia thir nghiém. Tiép theo, u cc
dia ¢ nhiét do trong phong va sau 60 phut, su thay ddi tin hiéu HTRF duoc doc béng thiét
bi doc dia da nhan Envision 2104 bang cach st dung su kich thich & budc séng 330 nm
va blrc xa & 615 va 665 nm. Dit liéu thd dwoc chuyén thanh nM cAMP bang phép ndi suy
tir duong cong chudn cAMP (nhu dugc md ta trong trong quy trinh thir nghiém cta nha
san xut) va ty 16 phan trim tac dung duge xac dinh so véi ndng do bio hoa clia toan bd
chét cht van GLP-17.36 (1 uM) ¢6 trong mdi dia. Viéc xac dinh ECso duoc thyc hién tir
duong cong dap tmg lidu duge phan tich bang chuong trinh higu chinh duong cong bang

cach sir dung phuong trinh d4p Gng liéu thong ké 4 thong so.

CHO GLP-1R dong C6 - Thir nghiém 2

Hoat tinh chu vin qua trung gian GLP-1R dugc x4c dinh véi thir nghiém chire
ning trén co so t& bao sir dung kit phat hién HTRF (Homogeneous Time-Resolved
Fluorescence) cAMP (cAMP HI Range Assay Kit; CisBio cat #62AMG6PEJ) ma do luong
cAMP trong té bao. Phuong phép nay thir nghiém mién dich canh tranh giita cAMP
nguyén thuy dugc tao ra béi cac té bao va cAMP ngoai sinh dugc gin nhin bang thude
nhudm d2. Su gin két vét duoc danh gia bang mét thuong bang khang thé don dong
khang cAMP dugc dan nhan Cryptate. Tin hiéu ddc trung (nghia la, su chuyén hoa nang
luong) 1a ty 1€ nghich véi ndéng do cia cAMP trong maiu chuén hodc mau thir nghiém.

Trinh tu ma hoa GLP-1R cua nguoi (NCBI Reference Sequence NP_002053,3,
bao gdbm bién thé Leu260Phe c6 trong tu nhién) duge tach dong phu thanh pcDNA3
(Invitrogen) va dong té bao biéu hién on dinh thu thé nay dugc tach (dong H6 chi dinh).
pcDNAS-FRT-TO va va dong t& bao CHO tach dong biéu hién 6n dinh mat do thu thé
thdp duoc tach bang cach sir dung hé théng Flp-In™ T-Rex™, nhu duge mé ta boi nha
san xudt (ThermoFisher). Phan tich gén két bdo hoa (quy trinh thir nghiém loc) bang céch
st dung '251-GLP-17-36 (Perkin Elmer) cho thdy ring mang huyét twong c6 ngudn gbc
tir dong t& bao nay (dwoc chi dinh 1a C6 tach dong) biéu hién mat do GLP-1R thép (Ka:
0,3 1M, Bmax: 240 fmol/mg protein), so véi dong té bao H6 tach dong.

Céac té bao duoc loai bo viée bao quéan lanh, tao huyén phu lai trong 40 ml nu6c
mudi dém phosphat Dulbecco (Dulbecco's Phosphate-Buffered Saline) (DPBS - Lonza
Cat# 17-512Q) va ly tAm & tdc d6 800 x g trong 5 phut & 22 °C. Tiép theo, hit DPBS va
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tao huyén phu lai cac vién té bao trong 10 ml méi truong sinh trudng [DMEM/F12 hén
hop 1:1 v6i HEPES, L-Gln, 500 mL. (DMEM/F12 Lonza Cat # 12-719F), huyét thanh
bao thai bé bit hoat bing nhiét 10% (Gibco Cat # 16140-071), 5 ml 100X Pen-Strep
(Gibco Cat # 15140-122), 5 ml 100X L-Glutamin (Gibco Cat # 25030-081), 700 ng/mL
Hygromycin (Invitrogen Cat # 10687010) va 15 pg/mL Blasticidin (Gibco Cat #
R21001). 1 ml mAu cia huyén phu té bao trong mdi trudng sinh trudng dugce dém trén
Becton Dickinson ViCell d& x4c dinh kha ning séng sét té bao va s dém té bao trén mdi
ml. Tiép theo, didu chinh huyén phu té bao dugc dén véi moi truong sinh truéng dé tao
ra 1600 té bao sdng trén mbi 15 bang cach sir dung b phan phdi chét phan tng Matrix
Combi Multidrop, va c4c té bao dwoc phén phdi vao dia thir nghiém xir ly nudi cdy md
384 16 mau tring (Corning 3570). Tiép theo, 0 dia thir nghiém trong 48 gir & 37 °C trong
mdi truong 4m (95% 02, 5% CO»)

Céc ndng do khac nhau ctia mdi hop chat duge thir nghiém (trong DMSO) dugc
pha loang trong dung dich dém thir 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) chira 100 pM 3-isobutyl-1-metylxanthin (IBMX;
Sigma cat # 15879). Nong do DMSO cubi cung trong hdn hop hop chat/dém thir nghi¢m
1a 1%.

Sau 48 git, mdi truong sinh truéng duge loai bd khéi cac 16 cua dia thir nghiém,
va cac té bao duoc xir Iy bang 20 uL hop chit dugc pha lodng theo diy trong dém thir
nghiém trong 30 phut & 37 °C trong méi trudng am (95% O2, 5% CO»). Sau khi 1 30 pht,
10 uL cAMP duogc dan nhan d2 va 10 pL khang thé khang cAMP (ca hai déu duoc pha
lodng v6i ty 18 1:20 trong dém dung giai t& bao; nhu duge md ta trong quy trinh thi
nghiém ctia nha san xuét) duoc bd sung vao mdi 18 ciia dia thir nghiém. Tiép theo, U cac
dia & nhiét do trong phong va sau 60 phut, sy thay dbi tin hiéu HTRF duoc doc béng thiét
bi doc dia da nhan Envision 2104 béng cach st dung su kich thich & budc song 330 nm
vabuc xa & 615 va 665 nm. Dir lidu tho dugce chuyén thanh nM cAMP bang phép noi suy
tir dwong cong chuin cAMP (nhu duoc md ta trong trong quy trinh thir nghiém cia nha
san xuét) vaty 1€ phﬁn tram tac dung duogc xac dinh so voi néng dd bao hoa cua toan bo
chét chu van GLP-1 (1 pM) ¢6 trong mdi dia. Viéc xac dinh ECso dugc thuc hién tir
dudng cong dap ung liéu dugc phan tich bang chwong trinh hiéu chinh dudong cong bang

cach sir dung phuong trinh dép tmg lidu thdng ké 4 thong s6.
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Trong Béng 3, dit liéu thir nghiém dugc thé hién theo hai (2) thong sé chu yéu
duéi dang gié tri trung binh nhin (ECsos) va trung binh céng (Emax) dua trén s 1an lap
lai dugc néu (sé). Té bao tréng c6 nghia la khong tinh dugc dit liéu cho Vi du hodc Emax

do.

Béang 3. Hoat tinh sinh hoc cua cac hop chit vi du 1 — 102.
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. Thﬁ Th@ Th@ Th@ Thit Th@

VA}’ du | nghiém 1 | nghiém 1 | nghiém | nghiém 2 nghiém 2 nghiém
SO ECso Emax 1 . ECso Emax (%) 2 .

(nM) (%) So (nM) SO
1 880 99 3 >20000 1
2% 6.6 81 5 260 100 4
3 1,3 94 3 45 120 3
4 1600 87 3 >20000 1
S** 1,3 89 6 23 97 7
6 140 89 7 2400 89 5
TH* 0,26 98 3 3,1 93 12
gHkH 0,30 92 6 3.6 91 6
Otk 73 88 9 | 1600 90 4
10***% 10,96 99 5 17 96 8
11 290 78 3
12 29 83 3 690 92 3
13 4,5 95 3 38 110 3
14 7 95 6 79 &5 5
15 >18000 100 3 >20000 1
16 7,7 90 3 120 64 3
17 0,079 97 3 1,1 96 4
18 210 97 3 1000 87 3
19 1,2 87 3 25 100 3
20 17 85 3 270 100 3
21 >20000 1 >20000 1
22 >20000 1
23 680 76 3
24 1,4 82 3 49 110 3
25 >20000 1 >20000 1
26 >20000 1 >20000 1
27 61 98 3 1000 100 3
28 480 87 3
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29 53 &7 4 150 93 3
30 45 86 4 1100 77 4
31 190 &8 3 1900 65 3
32 18 86 3 450 &7 3
33 2,6 &5 3 100 86 3
34 7,8 98 3 110 88 3
35 6.6 86 3 170 &9 3
36 760 &5 3

37 &1 100 3 1000 &3

38 10 &7 3 240 73 3
39 200 &3 3

40 14 &8 3 130 73 3
41 91 78 3 2000 74 2
42 120 93 3 1700 &3 3
43 3,5 &8 4 65 86 3
44 160 78 4

45 9.9 81 3 220 79 3
46 5,2 95 4 57 96 3
47 42 75 3 1400 76 4
48 14 81 3 280 73 3
49 230 93 3

50 12 87 4 140 92 4
51 19 80 3 280 81 3
52 32 &5 3 570 &0 3
53 3,1 87 3 52 &4 4
54 18 82 3 160 64 3
55 74 81 3 1100 50 3
56 1,2 &7 4 11 81 3
57 15 86 3 500 98 3
58 4 98 3 23 &8 4
59 74 &5 3 680 53 3
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60 15 82 3 240 60 3
61 10 79 3 240 &5 3
62 2,2 94 3 82 95 3
63 5,2 91 3 66 96 3
64 9,2 94 3 91 80 3
65 1,2 99 3 11 99 6
66 51 82 3 850 74 3
67 710 &3 3

68 73 &9 3 1200 94 3
69 10 100 3 8.3 98 3
70 2,8 100 4 97 100 4
71 6,8 80 4 74 80 3
72 14 76 3 310 80 3
73 1,7 98 3 10 100 3
74 460 90 3

75 65 82 3 1000 71 3
76 0,77 93 3 7,6 100 3
77 53 &9 3 1700 92 3
78 4,5 &9 4 78 100 3
79 1.4 &5 3 21 &5 3
&0 1,1 87 3 6.9 96 4
81 29 110 3 54 110 3
82 47 &3 3 1000 &3 3
&3 3.4 &5 4 44 &8 4
84 9.1 93 3 100 86 3
&5 230 80 3

86 24 91 3 410 100 3
&7 570 &9 3

&8 17 86 3 360 91 3
&9 130 &5 3 2900 &7 3
90 >20000 1
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91 14000 100 3 >20000 1
92 4,2 90 5 72 &3 3
93 >6500 84 5 >20000 1
94 12 &9 5 360 &7 3
95k 1220 77 3 >13000 5
96 1,1 &5 3 11 93 4
97 14 86 3 140 93 4
98 50 97 3 440 95 3
99 2,8 99 4 5.4 91 2
100 7,6 99 1
101 19 74 1
102 600 86 4

*Puoc thir nghiém dudi dang mudi amoni va trifloaxetat

**Pugc tht nghiém duéi dang mudi amoni va amoni va 1,3-dihydroxy-2-
(hydroxymetyl)propan-2-amini (Tris), va axit tu do

***Puge thir nghiém dudi dang mudi amoni va axit tu do

*#**Pugce thir nghiém dudi dang mudi format va axit tu do

T4t ca cac patent, don patent va cac tai liéu tham khéo duoc vién dan trong ban

md ta nay duoc két hop toan bd vao diy dé tham khao.
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YEU CAU BAO HO

1. Hop chét c¢6 cong thic I:

RY)
m R4
L N

hodc mudi duogc dung cia no, trong do:

R 1aF, Cl, hoac —CN;

p bang 0 hoic 1;

Nhan A 1a phenyl hoac heteroaryl 6 canh;

m bing 0, 1, 2, hodc 3;

mdi R! ddc 1ap duge chon tir halogen, —CN, —C;.3alkyl, hodc ~OCisalkyl, trong
d6 alkyl ctia C1.3alkyl va OCisalkyl duge thé bang 0 dén 3 nguyén i F;

R? 1a H hoac —Ci.3alkyl, trong d6 alkyl duoc thé bang 0 dén 1 OH;

mdi R3 doc lap 1a F, —OH, —CN, —Ci.salkyl, —OCi.salkyl, hodc —Cs.4xycloalkyl,
hodc 2 R3 ¢6 thé cing nhau vong héa dé tao thanh —Cs.4spiroxycloalkyl, trong d6 alkyl
ctia C1alkyl va OCialkyl, xycloalkyl, hodc spiroxycloalkyl c6 thé dwoc thé & dang hoa
tri cho phép bang 0 dén 3 nguyén tir F va bang 0 dén 1 —OH;

q bang 0, 1, hoic 2;

X-L 1a N-CH2, CHCHo, hodc xyclopropyl;

Y la CH hoac N;

R* la —Ci.zalkyl, —Co-3alkylen-Cs.¢xycloalkyl, —Co-3alkylen-R>,
hoic -Ci.salkylen-R®, trong d6 alkyl nay c6 thé duoc thé & dang hoa tri cho phép bang 0
dén 3 phﬁn ttr thé doc lap dugc chon tir 0 dén 3 nguyén tr F va 0 dén 1 phén ttr thé duoc
chon ttr -Co-1alkylen-CN, -Cy.1alkylen-OR?, -SO2-N(RN),, -C(0)-N(RN),, -N(C=0)(RYN),
va

N(RN),, va
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trong d6 alkylen va xycloalkyl nay c6 thé doc 1ap duoc thé & dang hoa tri cho phép bang
0 dén 2 phén tir thé doc 1ap duge chon tir 0 dén 2 nguyén tir F va 0 dén 1 phan tir thé duoc
chon tir -Co-jalkylen-CN, -Co.jalkylen-ORO, va -N(RN),;
R’ 14 heteroxycloalkyl c6 4 dén 6 canh, trong d6 heteroxycloalkyl nay c6 thé dugc
thé bang 0 dén 2 phan tir thé & dang 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 phén ti thé doc 1ap duoc chon tir —Ci.3alkyl va —OCialkyl, trong d6 alkyl
cta Crsalkyl va OCisalkyl c6 thé duoc thé bang 0 dén 3 phan tir thé & dang hoa
tri cho phép doc 1ap dugc chon tu:
0 dén 3 nguyén ti F,
0 dén 1 -CN, va
0 dén 1 -OR?;
R 12 heteroaryl c6 5 dén 6 canh, trong d6 heteroaryl nay c6 thé duge thé bang 0
dén 2 phﬁn ttr thé & dang hoa tri cho phép doc lap dugce chon tu:
0 dén 2 halogen,
0 dén 1 phan tir thé duoc chon tir —OR® va —-N(RN),, va
0 dén 2 —Cialkyl, trong d6 alkyl nay c6 thé dugc thé bang 0 dén 3 phan ti thé &
dang hoa tri cho phép doc lap dugce chon tur:
0 dén 3 nguyén tir F, va
0 dén 1 -ORY;
mdi R doc 1ap 1a H, hodc —Cralkyl, trong d6 Cisalkyl ¢6 thé dugc thé bang 0
dén 3 nguyén tir F;
mdi RN doc 1ap 1a H, hoidc —Ci3alkyl;
mdi Z!, 72, va Z* 1a —CRZ, hodc
mot trong s6 Z', 72, va Z? 1a N va hai gbc con lai 1a -CRZ; va

mdi R? doc 1ap 1a H, F, Cl, hoic —CH.
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2. Hop chét theo diém 1, trong d6 hop chat nay 13 hop chét c6 cong thie II:
R')
m R4
@ R? L
o (XY Nz oH
yg\/J N—/
— O

II

(Rl
hodc mudi dugc dung ctia no, trong do:

RIaF;

p béng 0 hoac 1;

Nhéan A 1a phenyl hodc pyridinyl;

mla 0, 1, hodc 2;

mdi R! ddc 1ap duge chon tir halogen, —CN, —C;.3alkyl, hoic —OCisalkyl, trong
do alkyl cua Cr.zalkyl va OCialkyl duoc thé bang 0 dén 3 nguyén tir F;

R? 1a H ho#c CHs;

X-L 1a N-CHa, hodc xyclopropyl;

Y la CH hodc N;

73 1a—CR? hoac N; va

R?1aH, F, Cl, hoic —CHs.
3. Hop chat theo diém 1 hodc 2, trong d6 hop chit nay 12 hop chét ¢6 cong thirc III:

0 N OH
Y. N\{ >_<
o)

I
hodc mudi duoc dung ctia no, trong do:
Nhén A 1a phenyl hodc pyridinyl;
mlao, 1, hoac 2;
mdi R' ddc 1ap duoc chon tir F, Cl, hodc —CN;
R? 1a H hodc CHs; va
Y la CH hoac N.
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4. Hop chét theo diém bt ky trong s cac diém tir 1 dén 3, trong d6 Ra 1a —CH,-R®,
trong d6 R’ 1a heteroxycloalkyl ¢6 4 dén 5 canh, trong d6 heteroxycloalkyl nay c6 thé
dugc thé bang 0 dén 2 phan tir thé & dang hoéa tri cho phép doc 14p duge chon tir:

0 dén 2 nguyén tir F, va

0 dén 1 phan tir thé dugc chon tir -OCH; va -CH,OCHs;
hodc mudi duogc dung cua nod.
5. Hop chét theo diém bat ky trong s6 cac diém 1 dén 3, trong d6 R4 1a —CH,-RS,
trong d6 R 1a heteroaryl 5 canh, trong d6 heteroaryl nay c6 thé duoc thé bang 0 dén 2
phén tr thé & dang hoa tri cho phép ddc lap duoc chon tu:

0 dén 2 halogen, trong d6 halogen ddc 1ap dugc chon tir F va CL,

0 dén 1 -OCHj3, va

0 dén 1 ~CHs, ~CH,CHs, —CF3, hodc ~CH,CH,OCH3;
hodc mudi dugc dung cta no.
6. Hop chét theo diém bat ky trong s6 cac diém tir 1 dén 5, trong d6 R? 1a H, hodc
mudi dugc dung cta no.
7. Hop chét theo diém 6, trong d6 hop chét nay la:

Axit 2-({4-[2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperidin-1-yl} metyl)-1-
[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; hoac

Axit 2-({4-[2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperidin-1-yl } metyl)-7-
flo-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic,
hodc mubi dugc dung ctia né.
8.  Hop chét theo diém 6, trong d6 hop chit nay la:

Axit 2-({4-[(25)-2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperidin-1-yl}-
metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic, hodc

Axit 2-({4-[(25)-2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-7-flo-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic,
hodc mudi dugce dung cua nod.
0. Hop chat 1a axit 2-({4-[(25)-2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]-
piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic, hoac

muoi duge dung cia nd, trong d6 mudi nay la mudi tris.
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10.  Hop chit la axit 2-({4-[(25)-2-(4-clo-2-flophenyl)-1,3-benzodioxol-4-yl]-
piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic, duéi
dang axit tu do.

11.  Hop chit la:
Cl F
T N

o NN
(@] | O

12.  Hop chat theo diém bat ky trong sb cac diém tir 1 dén 5, trong d6 R? 1a CHs, hodc

hodc muoi duge dung cta no.

mubi dugc dung cta no.
13.  Hop chat theo diém 12, trong d6 hop chit nay la:

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(4-xyano-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-1-
yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-1-
yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-1-
yl}metyl)-3-(1,3-oxazol-2-ylmetyl)-3H-imidazo[4,5-b]pyridin-5-carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]|piperidin-1-
yl}metyl)-1-[(1-etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6- carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-1-
yl}metyl)-1-(1,3-oxazol-4-ylmetyl)-1H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-(pyridin-3-ylmetyl)- 1 H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-(1,3-oxazol-5-ylmetyl)-1 H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-[(1-etyl-1H-1,2,3-triazol-5-yl)metyl]-1 H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-(1,3-oxazol-2-ylmetyl)-1 H-benzimidazol-6-carboxylic;
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Axit 2-({4-[2-(4-clo-2-flophenyl)-7-flo-2-metyl-1,3-benzodioxol-4-yl|piperidin-
1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1 H-benzimidazol-6-carboxylic;

Axit 2-({4-[2-(4-xyano-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-(1,3-oxazol-2-ylmetyl)-1H-benzimidazol-6- carboxylic; hodc

Axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-
1-yl}metyl)-7-flo-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;
hodc mudi duge dung cta né.
14.  Hop chét theo diém 12, trong d6 hop chét nay 1a:

Axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-
1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; hodc

Axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-
1-yl}metyl)-7-flo-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;
hodc mudi dugc dung cta né.
15.  Hop chat 1a axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic,
hodc mudi duoge dung, trong d6 mubi nay la mudi tris.
16.  Hop chat 1a axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic,
dudi dang axit tu do.
17.  Hop chét la:

ol a

oadata’

18.  Hop chét theo diém 12, trong d6 hop chit nay la:
Axit 2-({4-[(2S)-2-(4-xyano-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-

hodc muoi duge dung cua no.

piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

Axit 2-({4-[(2S)-2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; hodc

Axit 2-({4-[(2S)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-yl}metyl)-1-[(1-etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;
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hoécrnuéiduocdungcﬁané.
19.  Hop chat theo diém 12, trong d6 hop chit nay la:

Axit 2-({4-[(2R)-2-(4-xyano-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-
piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]- 1 H-benzimidazol-6-carboxylic;

Axit 2-({4-[(2R)-2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; hodc

Axit 2-({4-[(2R)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-yl}metyl)-1-[(1-etyl-1H-imidazol-5-yl)metyl]-1H-benzimidazol-6-carboxylic;
hodc mudi duge dung cuda no.
20.  Hop chat la:

Axit 2-({4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

Axit 2-({4-[(2S)-2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]|piperidin-
1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; hodc

Axit 2-({4-[(2R)-2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-
1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic,

dudi dang axit tu do.
21.  Hop chét la:

Axit 2-({4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-1-
yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic;

Axit 2-({4-[(2S)-2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl|piperidin-
1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic; hodc

Axit 2-({4-[(2R)-2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]piperidin-
1-ylYmetyl)-1-[(2S)-oxetan-2-ylmetyl]- 1H-benzimidazol-6-carboxylic; hodc mudi dugc
dung cua no, trong d6 mudi nay 1a mudi tris.
22. Hop chit 1a axit 2-({4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-
yl]piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]-1H-benzimidazol-6-carboxylic,
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hodc mubi dugc dung cda noé.

23.  Dang tinh thé (Dang I) cia mubi 1,3-dihydroxy-2-(hydroxymetyl)propan-2-amini
khan cua axit 2-({4-[(25)-2-(4-clo-2-flophenyl)-2-metyl-1,3-benzodioxol-4-yl]-
piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl]- 1H-benzimidazol-6-carboxylic ¢6 phd
nhiéu xa tia X trén mau bot (btrc xa CuKar) bao gdm it nhat hai dinh déc trung, tinh theo
20, dugce chon tr 63,7 £ 0,2°; 7,3 £0,2°; 8,5 £ 0,2°; 10,1+ 0,2°% 14,7+ 0,2° va 16,9+ 0,2°.
24.  Dang tinh thé theo diém 23 c6 phé nhiu xa tia X trén mau bot bao gém cac dinh,
it nhat ba dinh ddc trung, tinh theo 26, dugc chon tir & 3,7 £ 0,2°; 7,3 £ 0,2°; 8,5 £ 0,2°;
10,1+ 0,2° 14,7+ 0,2°; va 16,9+ 0,2°.

25.  Dang tinh thé theo diém 23 c6 phd nhiéu xa tia X trén mau bot bao gébm cac dinh,
it nhét bbn dinh dic trung, tinh theo 26, dugc chon tir & 3,7 £ 0,2°; 7,3 £ 0,2°; 8,5 + 0,2°;
10,1+ 0,2° 14,7+ 0,2° va 16,9+ 0,2°.

26.  Dang tinh thé theo diém 23 c¢6 phé nhifu xa tia X trén mau bot bao gdbm cac dinh,
it nhat nam dinh déac trung, tinh theo 26, dugc chon tur ¢ 3,7 £ 0,2°; 7,3 £ 0,2°; 8,5 £ 0,2°;
10,1+ 0,2° 14,7+ 0,2° va 16,9+ 0,2°.

27.  Dang tinh thé theo diém 23 c¢6 phd nhiéu xa tia X trén mau bot bao gdm céc dinh
ddc trung, tinh theo 20, & 3,7+ 0,2° va 7,3 £0,2°.

28.  Dang tinh thé theo diém 23 c6 phd nhiu xa tia X trén mau bot bao gdm céc dinh,
tinh theo 26, ¢ 3,7 £ 0,2°; 7,3 £ 0,2°; va 14,7 £ 0,2°.

29.  Dang tinh thé theo diém 27 hoac 28, trong d6 phé nhiéu xa tia X trén mau bot con
bao gom it nhit mot dinh, tinh theo 20, dugc chon tir & 8,5+ 0,2° 10,1+ 0,2° va 16,9+
0,2°.

30.  Dang tinh thé theo diém 29 c6 phé nhifu xa tia X trén miu bot bao gdbm cac dinh,
tinh theo 26, ¢ 3,7 £0,2°; 7,3 £ 0,2°; 14,7 £ 0,2°; va 16,9+ 0,2°.

31.  Dang tinh thé theo diém 30 c6 phd nhiéu xa tia X trén mau bot bao gdm céac dinh,
tinh theo 26, ¢ 3,7 £ 0,2°; 7,3 £ 0,2°; 8,5 £ 0,2°; 10,1£ 0,2° 14,7+ 0,2° va 16,9+ 0,2°.
32.  Dang tinh thé theo diém bat ky trong s6 cac diém tir 23 dén 31 c6 phd nhiéu xa tia
X trén mau bot chu yéu nhu dugc thé hién trén Fig. 1.

33.  Dang tinh thé (Dang A) ctia mudi 1,3-dihydroxy-2-(hydroxymetyl)propan-2-
amini khan cda axit 2-({4-[2-(5-clopyridin-2-yl)-2-metyl-1,3-benzodioxol-4-yl]-
piperidin-1-yl}metyl)-1-[(2S)-oxetan-2-ylmetyl |- 1H-benzimidazol-6-carboxylic,
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DIAST-X2 ¢6 phd nhidu xa tia X trén mau bot (birc xa CuKo) bao gdm it nhét hai dinh
ddc trung, tinh theo 20, dugc chon tu ¢ 7,7 £ 0,2°; 15,2 £ 0,2°; 15,7+ 0,2° va 17,6+ 0,2°.
34.  Dang tinh thé theo diém 33 c6 phd nhiéu xa tia X trén mau bot bao gdm it nhit ba
dinh ddc trung, tinh theo 20, dugc chon tr 6 7,7 £ 0,2°; 15,2 £ 0,2°; 15,7+ 0,2°% va 17,6+
0,2°.

35.  Dang tinh thé theo diém 33 c6 phd nhifu xa tia X trén mau bot bao gém céc dinh
ddc trung, tinh theo 20, 6 7,7 £ 0,2° va 17,6 + 0,2°.

36. Dang tinh thé theo diém 33 ¢6 phé nhiéu xa tia X trén mau bdt bao gé)m cac dinh,
tinh theo 26, 6 7,7 £ 0,2°; 15,2 £ 0,2°; va 17,6 + 0,2°.

37.  Dang tinh thé theo diém 33 c6 phd nhiéu xa tia X trén mau bot bao gdm cac dinh,
tinh theo 26, ¢ 7,7 £ 0,2°; 15,2 £ 0,2°; va 15,7 £ 0,2°.

38.  Dang tinh thé theo diém 33 ¢c6 phé nhiéu xa tia X trén mau bot bao g6m cac dinh,
tinh theo 20, ¢ 7,7 £ 0,2°; 15,2 £ 0,2°; 15,7+ 0,2° va 17,6+ 0,2°.

39.  Dang tinh thé theo diém bt ky trong sb cac diém tir 33 dén 38 c6 pho nhibu xa tia
X trén mau bot chit yéu nhu dugc thé hién trén Fig. 2.

40.  Duoc pham chtra hop chét theo diém bét ky trong s6 cac diém tir 1 dén 22, hoic
mudi duoc dung ctia né, va ta duoc duogc dung. '

41.  Dugc phdm chtra dang tinh thé theo diém bét ky trong sb cac diém tir 23 dén 39

va ta dugc dugc dung.
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FIG. 1
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