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(57) Sang ché d& cap dén cic hop chat (phenyl)-(pyrazol)-3,4-
dihydroisoquinolin- 2(1H)-yl)etan-1-on nhat dinh c6 cong thtrc I 1am chat diéu
bién di lap thé tang cudng D1 (PAM), va cac dugc pham chira cac hop chat nay.
Hop chét ¢6 cong thuc I, hodc mudi duoc dung cua chung la hitu ich dé diéu tri
cac triéu ching nhat dinh cua bénh Parkinson, bénh tAm than phan liét, 16i loan

tang dong thiéu chii y (ADHD) hoic bénh Alzheimer.
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Linh vire ky thuat dwoc dé cap

Séng ché dé cap dén cac hop chit (phenyl)-(pyrazol)-3,4-dihydroisoquinolin-
2(1H)-yl)etan-1-on nhit dinh, cic duoc phdm ciia chiing, va cac phuong phép st dung
chung trong diéu tri bénh Parkinson, bénh Alzheimer, bénh tAm thin phan liét, va rdi

loan tang dong thiéu chd ¥ (Attention deficit hyperactivity disorder - ADHD).

Tinh trang ky thuit cia sang ché

Nhiéu thubc hién nay di duogc sit dung tac dong truc tiép hodc gian tiép thong
qua céc thu thé dopamin. Céc thu thé nay bao gdm cac chét chu van dopamin va tién
chét dopamin L-DOPA ding cho bénh Parkinson, cac chit giai phong dopamin ding
cho ri loan thiéu chii ¥ va chiing ngi ril, va céc chét trc ché tai hip thu dopamin ding
cho bénh trAm cam. Thu thé D1 ¢6 vai trd quan trong trong hoat dong van dong va dap
trd, va c6 vai tro dac biét trong viéc duy tri chitc ndng nhén thic t6t hon dbi véi hoat
dong tri nhé, cha y, va cac chirc nang thuc hién (Arnsten AF, Cereb. Cortex (2013)
123, 2269-2281). Céc nd luc dé phat trién cac chit chii van D1 dé dung trén lam sang
van chwa thanh cong, tir d6 thic ddy dé phat trién cac phuwong phap khac dé lam ting
hoat tinh ctia thy thé D1.

Mot phuong phap nhu vy 12 nham x4c dinh chét tiém nang di 14p thé, cling da
biét 1a chat diéu bién di 14p thé tang cudong hoic PAM, cua thu thé dopamin DI.
(Svensson K, et al., J. Pharmacol. Exp. Ther. (2017) 360:117-128). Céc chét diéu bién
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di 1ap thé 1a cc tac nhan c6 kha ning tao ra (chat didu bién di 14p thé ting cuong, hodc
PAM), hoic trc ché (chét didu bién di 1ap thé giam bét, hoac NAM) tac dung cia thu
thé tur nhién bang cach gén két v6i vi tri ma khac biét v6i vi tri gén két orthosteric trén
thu thé (vi tri gén két di 1ap thé). Béng cach lam tang 4i luc cua dopamin dbi voi thu thé
D1, chit tiém nang D1 ¢6 thé khuéch dai ddp tmg v6i dopamin ndi sinh, 1am ting tac
dong D1 trong khi va tai noi ma dopamin dugc giai phong. Céach thirc hoat dong nay la
dbi 14p v6i chat chi van D1, s& hoat hoa tit ca cac thu thé D1 ma né di vao vé6i didu
kién né c6 mit. Trong cac md hinh nhan thirc va vin dong ctia déng vat, cac chat chu
van D1 ¢6 cac mdi quan hé dap vmg lidu dang hinh chudng, ma c¢6 thé do viéc kich thich
qua mirc & cac lidu 16n hon. Mot sé chit cha van D1 ciing ¢6 su phét trién nhanh vé
tinh dung nap do su hoat héa 6n dinh cta thu thé D1. Trai lai, do chét tiém nang D1 ¢c6
thé phu thudc vio tac dong ndi sinh va tiy theo dbi chimg d4p lai thong thudong, nén né
¢6 thé c6 xu hudng kich thich qua mirc nho hon nhiéu. Dbi v6i mbi lién quan gifra
dopamin va qué trinh truyén tin hiéu cta thu thé D1 trong cac chiic ning cua hé thin
kinh trung wong nay, chét tiém ning D1 ma c6 thé 1am ting hoat tinh ctia thu thé D1 ¢6
thé tao ra tdc nhan khac va/hodc duoc cai thién dé diéu tri cac bénh lién quan dén
dopamin nhét dinh.

Bénh Parkinson 1a mot rdi loan tho4i héa than kinh, tién trién, man tinh, c6 dic
trung 1a s6 lugng té bao than kinh tiét dopamin trong no bi suy giam. Bénh Parkinson
gay rung khi nghi ngoi kém theo céc triéu chiimg van dong khéc (vi du chimg ctr dong
cham va chiing mit van dong) va céc triéu chimg khéng van dong (vi du chimg suy
giam nhan thic, rdi loan gidc ngi, va ching trAm cam). Céc liéu phép diéu tri dé diéu
tri bénh Parkinson hién nay bao gdm viéc dung céc tién chit dopamin khéng chon loc
nhu levodopa, va chét chu van thu thé dopamin. Céc li¢u phap diu tri tac dong truc
tiép t&i chat chil van thu thé dopamin ciing c6 thé lién quan t6i cac rdi loan kiém soat
xung nhip, ching rdi loan tAm than, va tinh trang nhan thic x4u di, do ai luc tuong d6i
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16n hon cia ching dbi véi cac thu thé D2. Bénh tdm than phan liét 14 mot bénh suy
nhuoc v6i co ché bénh hoc phirc tap. Mot yéu té ciia bénh tAm than phan liét 13 su suy
giam nhén thtrc, ma c6 thé lién quan téi su thiéu hut qué trinh hoat héa thu thé D1 hoac
didu hoa nguoc thu thé D1. Co gia thuyét cho rang su hoat hoa D1, chon loc thong qua
qué trinh didu bién D2, ¢6 thé 12 hitu hidu trong viéc diéu tri chtng suy giam nhén thic
c6 lién quan t6i bénh tAm thin phén liét. Bénh Alzheimer 12 rdi loan thodi héa than
kinh, tién trién, man tinh duoc dic trung boi sy giam sit cac noron va cac khép than
kinh trong v6 nfo va cac ving dudi vo nhit dinh. Tién trién bénh bao gdm chimg suy
giam nhan thirc, dugc gia thuyét 1a do it nhdt mdt phan lién quan téi qué trinh hoat héa
thu thé D1 giam; sao cho qua trinh hoat héa D1 ¢6 thé tao ra loi ich diéu tri trong viéc
diu tri ching suy giam nhan thirc ¢6 lién quan t6i bénh Alzheimer. ADHD la r6i loan
phat trién than kinh duoc dic trung boi cac khé khin trong viée tap trung chd y, hoat
dong qua mirc, hodc kho khin trong viée kiém soat hanh vi thich hop d6i voi @6 tudi
ctia ngudi d6. C6 gia thuyét cho ring qua trinh hoat héa D1 ¢6 thé dem lai loi ich diéu
tri trong viéc diéu tri ADHD. Do d6, van con ¢é nhu cau chwa duge dap ing dang ké
dé diéu tri an toan va hiéu qua cac bénh v& nhén thirc hodc chimg suy giam than kinh
khac c6 lién quan téi bénh tdm than phén liét, bénh Parkinson, bénh Alzheimer va/hodc
ADHD, nhu chét diéu bién di 14p thé ting cudng cua thu thé dopamin D1 (PAM cua
D1) khac va/hoac dugc cai thién.

WO 2014/193781 dé cap dén cac hop chét 3,4-dihydroisoquinolin-2(1H)-yl nhat
dinh 1am c4c D1 PAM dé diéu tri ching suy giam nhan thirc ¢6 lién quan t6i bénh
Parkinson, bénh Alzheimer, bénh tdm thin phan liét, chung trAm cam hodc ADHD.

Ban chat ky thuit clia sing ché
Séng ché dé xuét cac hop chit méi nht dinh 1a cdc PAM chon loc cua thu thé
dopamin 1 (D1) va c6 céc déc tinh duoc ly két hop c6 loi, nhu c6 kha nang din truyén
3
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thu thé D1 ctia ngudi trong dép tng v6i dopamin, tinh kha dung in vivo dudng udng
cao, va hiéu luc in vivo trong qua trinh hoat hda van dong ctia dong vat ma quen thude
v6i mdi trudng. Nhu vay, tin ring cac hop chét theo sang ché 13 hiru ich trong viéc diéu
tri bénh Parkinson, bénh Alzheimer, bénh tim than phan liét, va/hoic ADHD. Céc hop

chét theo sang ché c6 thé cung cip phuong phap didu tri khac ddi voi cac rdi loan nhu

vay.
Séang ché dé xuét hop chat c6 cong thic I:
R
3
7 OH
R2
N
@)
R3
@
trong do:
—O
R'1a-H, -CHs, -CH,CHs -CH,CHL,OH, ~ ~, hoac ;

R? 14 -F hodc —CI; va

R? 1a -H, -F ho#c —Cl;

hozic mubi dugc dung ctia chiing.

Céc hop chét c6 cong thirc I, hodc cac mudi duoc dung cua ching 1a dic biét
hitu ich trong cac phuwong phap diéu tri theo séng ché, nhung céc céu hinh nhét dinh
duge wu tién. Céc doan dudi ddy mé ta cac cdu hinh duoc wu tién ndy. Mic du séng ché

nhu dugc mé ta phuong an trong cong thirc I bao ham tAt ca cac chat ddng phan d6i anh
4
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va céc chét ddng phan khong d6i quang riéng ré&, cling nhu hdn hop céc chét ddng phan
khong dbi quang va hdn hop céc chét ddng phan d6i anh cta cac hop chit nay, bao gdm
c& cac raxemat, cac hop chit c6 cac ciu hinh tuyét d6i nhu néu duéi day duogc wu tién.
CAn hiéu rang cac phuong an wu tién duge 4p dung cho céc phuong phép diéu tri va céac
hop chét méi theo sang ché, va cac mudi duoc dung ciia chung.

Hop chit c6 cong thirc I cu thé 12 hop chét ¢6 cong thic [a

R1
/
l\/l—N
7 OH
Cl
N
(@)
Cl
(Ia)
trong do:
.J J
R!1a-H, -CHs, -CH,CH; -CH,CH,OH, ~ _hoic ;

hodc mudi dugce dung cua ching.

Hop chét c6 cong thuc I cu thé 14 hop chét c6 cong thirc Ib:

/
N-N
Cl
Nw/j@
O¢
(Ib)
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hodc mudi duge dung ciia chiing, ma & dang bazo tu do con co thé duoc goi 1a 2-(2,6-
dicloophenyl)-1-((18,3R)-3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-yl)-
3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on.

Ngoai ra, sang ché @é xuét duoc phém chtra hop chét c6 cong thue I, Ta, va/hoéc
Ib, hodc mudi duoc dung ctia nd, va chét mang, chét pha long hoic t4 dugc duge dung.

Céc phuong 4n cu thé duéi day 14 cac hop chét va/hodc cac mudi c6 cong thirc
I, Ia, va/hoac Ib.

Sang ché d& cap dén hop chét 1 2-(2,6-diclophenyl)-1-((1S,3R)-5-(1-etyl-1H-
pyrazol-4-yl)-3-(hydroxymetyl)-1-metyl-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on,
hodc mudi duge dung ctia nd.

Sang ché d& xut hop chit 14 1-((1S,3R)-5-(1-xyclopropyl-1H-pyrazol-4-yl)-3-
(hydroxymetyl)-1-metyl-3,4-dihydroisoquinolin-2(1H)-yl)-2-(2,6-diclophenyl)etan-1-
on, hoic mubi dugce dung ciia né.

Séang ché d@ xuét hop chét 14 2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-
1-metyl-5-(1-(oxetan-3-yl)-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-
on, hodc mudi dugc dung cta né.

Sang ché @& xuét hop chét 1a 1-((1S,3R)-5-(1-(2-(11-oxidaneyl)etyl)-1H-
pyrazol-4-yl)-3-(hydroxymetyl)-1-metyl-3,4-dihydroisoquinolin-2(1H)-y1)-2-(2-
clophenyl)etan-1-on, hodc mudi duge dung cia né.

Sang ché d& xudt hop chit 1a 2-(2-clo-6-flophenyl)-1-((1S,3R)-3-
(hydroxymetyl)-1-metyl-5-(1-(oxetan-3-yl)-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-
2(1H)-yl)etan-1-on, hodc mudi duoc dung cua né.

Séang ché d& xuit hop chat 1a 2-(2-clophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-
metyl-5-(1-metyl-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on, hoéc

muoi dugc dung cua no.
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Sang ché dé xuit hop chit 1a 2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-
1-metyl-5-(1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on, hoéc mubi
duoc dung cua nb.

Sang ché & xudt hop chat la 2-(2-clo-6-flophenyl)-1-((1S,3R)-3-
(hydroxymetyl)-1-metyl-5-(1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-
on, hoic mudi dugc dung ciia né.

Sang ché dé xuét hop chat 1a 2-(2,6-diflophenyl)-1-((1S,3R)-3-(hydroxymetyl)-
1-metyl-5-(1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on, hodc mudi
dugc dung cta nd.

Sang ché d& =xudt hop chit 1a 2-(2-clo-5-flophenyl)-1-((1S,3R)-3-
(hydroxymetyl)-1-metyl-5-(1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-
on, hoic mudi dugc dung ciia né.

Sang ché @& xudt hop chit 1a 2-(2-clo-4-flophenyl)-1-((1S,3R)-3-
(hydroxymetyl)-1-metyl-5-(1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-
on, hoic mudi dugc dung ciia né.

Sang ché dé xuit hop chat 1a 2-(2-flophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-
metyl-5-(1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on, hodéc mudi
dugc dung cua nb.

Séang ché dé xuét hop chit 1a 2-(2,3-diflophenyl)-1-((1S,3R)-3-(hydroxymetyl)-
1-metyl-5-(1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on, hodéc mudi
duoc dung cda no.

Sang ché @& xuét hop chét 1a 2-(2,5-diflophenyl)-1-((1S,3R)-3-(hydroxymetyl)-
1-metyl-5-(1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on, hodc mudi

dugc dung cia no.
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Hon nita, sang ché d& xuét hop chéat va/hoic mudi theo mdt phuong an trong sd
céc phuong 4n cu thé ctia danh sach trén day vira dugc néu trén, va chét mang, chit pha
lodng hodc ta dugce duge dung.

Céc hop chit theo sang ché 1a cac PAM chon lgc cua thu thé dopamin 1 (D1)
v6i hoat tinh ti thidu & thu thé dopamin 2 (D2). Cac hop chét theo sang ché ¢6 thé con
¢6 céc loi ich diéu tri ctia ching ddng thoi tranh dwgc cdc nguy co cla twong tac thube-
thudc. Nhu vay, tin ring cac hop chat theo sang ché 1a hitu ich dé diéu tri cAc tinh trang
bénh trong d6 hoat tinh D1 giam dong vai tro, va qua trinh hoat héa D2 1a khong mong
mudn, nhu bénh Parkinson va bénh tdm than phan liét, bao gém ca thuyén gidm cac
triéu chung lién quan nhat dinh nhu c4c triéu chimg van dong va chimg suy giam nhén
thire c6 lién quan t6i bénh Parkinson va chimg suy giam nhén thirc va céc tri¢u chimg
giam bat co lién quan t6i bénh tim than phan liét, nhwr vi du ching suy gidm nhén thic
nhe hodc chimg mét tri. Tin riang cac hop chét theo sang ché ciing 14 hitu ich trong viéc
cai thién céc triéu chirng van dong & bénh Parkinson nhw liéu phap diéu tri don 1é hoic
két hop véi cac lidu phap didu tri khéc. Tin ring cac hop chét theo sang ché ciing 12 hitu
ich trong diéu trj cac triéu ching nhét dinh cua bénh Alzheimer nhu ching suy giam
nhén thire, nhu vi du chitng suy gidm nhén thtcc nhe. Hon nifa, tin rang cac hop chét
theo séng ché 13 hiru ich trong diu tri céc triéu chiing nhét dinh ctia ADHD.

Ngoai ra, sang ché dé xuat hop chét c6 cong thirc I, hodc mubi duge dung ctia
n6, dé st dung trong tri liéu. Ngoai ra, sang ché dé cap dén hop chét ¢6 cong thic Ia,
hodc mudi duge dung cia no, dé sir dung trong tri liéu. Ngoai ra, sang ché dé xuét hop
chét c6 cong thirc Ib, hoidc mudi duoc dung ctia né, dé str dung trong tri lidu.

Theo khia canh khéc, sang ché @& xuit duoc phim bao gém hop chét c6 cong
thire I, Ia hoac Ib, va mot hoac nhiéu chit mang, chét pha lodng hoic ta dugc duge
dung. Hon thé nita, khia canh nay theo sang ché dé xuit duogc phém dé diéu tri bénh
Parkinson, nhu vi du, chimg suy gidm nhén thirc ¢6 lién quan t6i bénh Parkinson, bao
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gém hop chét c6 cong thirc I, Ia hodc Ib, va mdt hoic nhiéu t4 duoc, chit mang hoac
chét pha logng dugc dung. Theo phuong 4n khéc cta khia canh nay, sang ché dé xuit
duoc phém dé giam nhe sy suy giam van dong c6 lién quan t&i bénh Parkinson, bao
gém hop chét c6 cong thirc I, Ia hodc Ib, va mot hoidc nhiu t4 dugc, chit mang hoac
chét pha long dugc dung.

Theo phuong an khac cta khia canh nay, sang ché d xuét duoc phdm dé didu
tri bénh Alzheimer, nhu vi du giam nhe ching suy giadm nhén thirc ¢6 lién quan t61 bénh
Alzheimer, bao gém hop chét c6 cong thic 1, Ta hodc Ib, va mdt hodc nhiéu t4 duoc,
chit mang hodc chit pha lodng dugc dung.

Phuong an khac cua khia canh nay theo sang ché d& xuét duoc phdm dé diéu tri
bénh tdm than phan liét, nhu vi du gidm nhe chitng suy gidm nhén thire ¢6 lién quan t6i
bénh tam than phan liét, bao gém hop chét c6 cong thirc I, Ia hodc Ib, va mot hodc nhiéu
ta4 duoc, chét mang hodc chét pha lodng dugc dung.

Phuong 4an khéc theo sang ché dé xuit duoc phim dé diéu tri ADHD, bao gbm
hop chét c6 cong thirc I, Ia hodc Ib, va mdt hodc nhiu t4 duoc, chit mang hodc chét
pha lodng dugc dung.

Hon nita, sang ché d& xuét phuong phap diéu tri bénh Parkinson, nhu vi du,
chtimg suy gidm nhén thirc ¢4 lién quan t&i bénh Parkinson, hoac vi du, giam nhe su suy
giam van dong c6 lién quan t6i bénh Parkinson, bao gém budc cho bénh nhan ¢6 nhu
cau diéu tri ding lugng hitu hiéu ctia hop chét c6 cong thire I, Ta hoic Ib.

Hon nfita, sang ché @ xuét phuong phéap diéu tri bénh Alzheimer, nhu vi du,
chig suy giam nhén thirc ¢6 lién quan tdi bénh Alzheimer, bao gbdm budc cho bénh
nhén ¢6 nhu cau diéu tri dung lwong hitu hiéu ctia hop chét c6 cong thie I, Ia hoic Ib.

Hon nita, sang ché dé xuit phuong phap diéu tri bénh tim than phén liét, nhu vi

du, chirng suy giam nhén thitc c6 lién quan té1 bénh tdm than phén liét, bao gbm budc
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cho bénh nhén c¢6 nhu ciu diéu tri dung lwgng hitu hi¢u ctia hop chét c6 cong thuc I, Ia
hoéc Ib.

Hon nita, sang ché d& xudt phuong phap diéu tri ADHD, bao gdm budc cho bénh
nhén ¢6 nhu cu diéu tri dung lugng hitu hiéu cua hop chét ¢ cong thirc I, Ia hodc Ib.

Theo mdt phuong én cta khia canh nay, sang ché d& xuét hop chit c6 cong thic
I, Ia hodc Ib, dé st dung trong diéu tri bénh Parkinson. Theo mot phuong 4n cu thé,
sang ché dé& xuit hop chit c6 cong thic I, Ta hodc Ib, @8 st dung trong diéu tri ching
suy giam nhén thitc ¢6 lién quan tGi bénh Parkinson. Theo phuong an cu thé khéc, sang
ché @& xuét hop chét c6 cong thirc I, Ta hoic Ib, dé dung trong viéc 1am gidm nhe su
suy giam van dong c6 lién quan téi bénh Parkinson.

Hon nita, sang ché @& xuét hop chét c6 cong thic I, Ia hoic Ib, dé str dung trong
diu tri bénh tAm than phén liét, nhu vi du trong viéc diéu tri chtng suy giam nhan thirc
c6 lién quan téi bénh tdm than phan liét.

Hon nita, sang ché @& xuét hop chét c6 cong thirc I, Ia hosc Ib, dé sir dung trong
diéu tri ADHD.

Hon nita, sang ché dé xuét hop chét c6 cong thiic I, Ia hodc Ib, dé st dung trong
diéu tri bénh Alzheimer, nhu vi du trong viéc diéu tri ching suy giam nhan thirc ¢6 lién
quan t&i bénh Alzheimer.

Theo khia canh khéc nita, sang ché dé xuét viéc str dung hop chét ¢6 cong thic
I, Ia hoac Ib, trong san xuét thubc dé diéu tri bénh Parkinson, nhu vi du diéu tri chting
suy giam nhén thitc c6 lién quan ti bénh Parkinson, hodc 1am giam nhe su suy giam
van dong c6 lién quan tGi bénh Parkinson.

Hon nita, sang ché @ xuat viéc sir dung hop chét ¢6 cong thic I, Ta hodc Ib,
trong san xuét thubc dé didu tri bénh tAm than phan liét, nhu vi du diéu tri chting suy

giam nhén thire c6 li€n quan té1 bénh tim thin phan liét.
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Hon nita, sang ché d& xuét viéc sit dung hop chét c¢6 cong thirc 1, Ia hozc Ib,
trong san xuét thubc @8 didu tri bénh Alzheimer, nhu vi du diéu tri chimg suy giam nhan
thirc ¢6 lién quan t6i bénh Alzheimer.

Hon nita, sang ché @& xuét viéc st dung hop chét c6 cong thirc 1, Ia hodc Ib,

trong san xut thuc dé diéu tri ADHD.

MO ta chi tiét sang ché

Trong khi c¢6 thé dung cac hop chit di dung trong cdc phuong phap theo sang
ché nay mot cach trirc tiép ma khong can bao ché bét k¥, thi cac hop chét nay thuong
duoc ding & dang dugc phidm bao gdm hop chit c6 cong thirc I, Ia hogc Ib, 1am thanh
ph?m hoat tinh, va it nh4t mot chit mang, chét pha loéng va/hodc ta dugc duge dung.
Céc dugce phdm nay c6 thé duge dung theo nhiéu dudng bao gdm ca dudng ubng, dudi
ludi, miii, dudi da, tinh mach, va trong co. Cac dugce phém nay va cac quy trinh bao
ché chung 14 da duogc biét 15 trong linh vire. Xem tai liéu, ching han, Remington: The
Science va Practice of Pharmacy (University of the Sciences in Philadelphia, ed., 21st
ed., Lippincott Williams & Wilkins Co., 2005).

Duoc phdm duoc wu tién bao ché & dang liéu don vi, mdi liéu nay chira tir khoang
0,5 dén khoang 800 mg thanh phan hoat tinh. Thu4t ngft "dang lidu don vi" dung dé chi
cac don vi riéng r€ theo cach tu nhién thich hgp lam céc lidu don vi dung cho ddi tugng
nguoi hoac dong vat c6 vu khéc, mdi don vi chira lugng da dinh cua hoat chat duge
tinh dé tao ra tac dung diéu tri mong mubn, két hop véi it nhit mot chat mang, chit pha
lodng va/hodc ta dugc dugce dung thich hop. Cén hiéu réng lwong hop chét thuc t& duoc
dung s& duoc xac dinh béi bac si, trong cac truong hop tuwong tmg, bao gbm tinh trang
duogc diéu tri, duong ding duoc chon, hop chét hoac céac hop chét thuc té duoc dung,
do tudi, thé trong, va dap tmg ctia bénh nhan cu thé, va mirc do nghiém trong clia cac
tridu chimg ctia bénh nhan. Dy dinh rang hop chét theo sang ché, nhu vi du trong duoc

11
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phém theo sang ché, s& duoc str dung dé diéu tri bénh Alzheimer, bénh Parkinson
va/hodc bénh tAm thin phan liét, nhu vi du diéu tri chimg suy gidm nhan thitc nhe c6
lién quan t&i cac bénh nay, bang cach ding man tinh.

Nhu duoc st dung trong ban md ta nay, thuét ngit “bénh nhan” dung dé chi dong
vat ¢6 v, nhu vi du nguoi, ¢ nhu cAu diéu tri r6i loan hodc bénh. Nguoi 1a bénh nhan
duoc uu tién.

Nhu duoc st dung trong ban mé ta nay, cac thuat ngit “viéc diéu tri”, “diéu tri”,
hodc “giam nhe” dugc du dinh dung dé chi tit ca cac qua trinh trong do6 c6 thé 1am
cham, gian doan, ngung lai, kiém so4t, hoac dirng su tién trién cua rdi loan da c6 va/hoic
lam giam céac triéu chiing cia no, nhung khong nhét thiét phai chi ra tong mirc loai trir
clia tAt ca c4c triéu chimg.

Nhu dugc sir dung trong ban mé ta nay, thuit ngtt “luong hitu hiéu” cua hop
chét c6 cong thic I, Ia hodc Ib dung dé chi lugng, 14 liéu, ma 13 hitu hi¢u c6 kha ning

Aqy12°

tao dap ing qua trung gian dopamin & bénh nhan. “Luong hitu hiéu” dugc wu tién ¢
thé duoc xéc dinh 13 luong ma cé thé thic day trang thai it ngl hozc tinh tdo & bénh
nhan so v6i bénh nhin khi khong dugc diéu tri. Trong khi x4c dinh lwong hitu hiéu hogc
1idu ctia hop chét c6 cong thirc I, Ia hodc Ib, nhiéu yéu té dugc xem xét, bao gbm, nhung
khong chi giéi han & hop chit can duge ding va ché phim cu thé ctia n6; kich thuée,
tudi tac va stc khoe chung ctia bénh nhan; mirc do lién quan hodc muc do trdm trong
cta rdi loan; dap tmg ctia bénh nhan riéng r&; cach dung; va cac truong hop lién quan
khac.

"Céc mudi duoc dung" hoic “mubi dugc dung” dé cap dén mudi hodc cac mubi
v co va hitu co khong ddc mot cach tuong ddi cia hop chét theo sang ché. Ngudi c6
hiu biét trung binh trong linh vy s& hiéu ring cac hop chit theo sang ché c6 kha nang
tao thanh mudi. Céc hop chét theo sang ché chira cac di vong bazo, va do d6 phan tmg
v6i axit bat ky trong trong sb cac axit hiru co va axit vo co dé tao thanh cac mubi cong

12
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axit duoc dung. Cac mubi cong axit duge dung nhu vdy va phuong phép chung dé diéu
ché ching da duoc biét trong linh vic. Xem, vi du, P. Stahl, et al., HANDBOOK OF
PHARMACEUTICAL SALTS: PROPERTIES, SELECTION AND USE,
(VCHA/Wiley-VCH, 2008); S.M. Berge, et al., “Pharmaceutical Salts”, Journal of
Pharmaceutical Sciences, Vol 66, No. 1, January 1977.
Céc tir viét tit duoc stir dung trong ban mo ta nay duogc dinh nghia nhu sau:

“ABT” c¢6 nghia la 1-aminobenzotriazol.

“AMPA” ¢6 nghia 12 axit a-amino-3-hydroxyl-5-metyl-4-isoxazol-propionic.

“Bn” c¢6 nghia 1a benzyl.

“Nude mubi” c6 nghia 1a NaCl bio hoa.

“BSA” ¢6 nghia 14 albumin huyét thanh bo.

“cAMP” ¢6 nghia la adenosin monophosphat vong.

“CHO” c¢6 nghia 1a budng trimg chudt d6ng Trung Qudc.

“DCM?” c6 nghia la diclometan.

“DMEM” ¢6 nghia 1 méi trudmg Eagle dugc cai bién Dulbecco.

“DMSO” ¢6 nghia 1a dimetyl sulfoxit (dugc perdeuterat hoa [d6] néu ddi véi
NMR).

“ECx” ¢6 nghia la ndéng do cta hop chét thir nghiém tao ra x% tac dung tdi da

quan sat duogc.

“EtOAc” c6 nghia la etyl axetat.

“EtOH” ¢6 nghia la etanol hodc ruou etylic.

“FBS” ¢6 nghia 13 huyét twong bao thai bo.

“HEPES” ¢6 nghia 1a axit 4-(2-hydroxyetyl)-1-piperazin etanesulfonic.

“HTRF” c6 nghia 1a huynh quang phén giai theo thoi gian d6ng nhAt.

“hr” c6 nghia la gio hodc cac gio.

“IBMX” ¢6 nghia 1a 3,7-dihydro-1-metyl-3-(2-metylpropyl)-1H-purin-2,6-dion.

13
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“LCMS” c6 nghia 1a phd khéi sic ky 1ong.

“LMA” ¢6 nghia 14 hoat dong van dong.

“MeOH” ¢6 nghia la metanol hoac rugu metylic.

“min” c6 nghia la phut.

“MOM?” ¢6 nghia la metoxymetyl.

“MS” ¢6 nghia 1a quang phd khdi hodc phd khbi.

“PCR” c6 nghia la phan g chudi polymeraza.

“PG” ¢6 nghia 1a nhém bao vé.

“RAF” ¢6 nghia 12 yéu t6 hoat tinh twrong d6i.

“SEM” ¢6 nghia 1a sai s6 chudn ctia gia trj trung binh; “SEM, N ¢6 nghia 12 sai
s6 chudn cua gia tri trung binh theo s6 diém dir licu.

“STIM” ¢6 nghia 14 chat dém kich thich (nhu duoc dinh nghia trong ban mé ta
nay).

“THF” c6 nghia la tetrahydrofuran.

“TBDMS” ¢6 nghia la tert-butyldimetylsilyl.

“TBDPS” ¢6 nghia la tert-butyldiphenylsilyl.

Héa hoc chung

Céc hop chét theo sang ché c6 thé dugc didu ché bang cac phuong phap chung

da biét va dugc dénh gia trong linh vuc k¥ thuat hodc bdi cac quy trinh duge mo ta
trong ban mo ta. Céc tinh trang phan ung thich hop d6i voi cac bude clia cac so dd nay
1a d4 biét trong linh vuc k§ thudt va cac phan tir thé thich hop cua cac dung mdi va chét
ddng phan ung thudc pham vi hiéu biét ctia ngudi c6 hiéu biét trung binh trong linh vuc
nay. Tuong tu, nguoi cd hiéu biét trung binh trong linh vuc nay s& hiu 1 rang céac chét
tdng hop trung gian c6 thé duogce phan tach va/hodc tinh ché bang cac k¥ thuat khac nhau

d3 duoc biét rd néu can hodc néu muodn, va rang thong thuong, c6 the st dung cac chat
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trung gian khac nhau mot cach truc tiép trong cac bude tdng hop tiép theo vai viée tinh
ché thém mdt chit hodc khong tinh ché. Ngoai ra, ngudi ¢6 hiéu biét trung binh trong

linh vuc s& hiéu ring trong mdt sO trudong hop, thur tu cia cac goc duge dua vao la

khong quan trong.
Sodo 1
X o)
X o) X o} I
\ \§ No~
TOH o~ HN. O
NH, NH, HCI >
0
1 2 3
X o o) X 0
..\\\[ - “\\‘l o~ lO/
_— —_— —_—
N\ﬂ/o\ NH 4o N\H/O
0 o
4 5 6
X OPG

T |
@3\1 0 - NH
1%
7 8
So dd 1 minh hoa quy trinh didu ché hop chit 8. Nguoi c6 hiéu biét trung binh
trong linh vuc nay s€ nhan thdy phenylalanin dugc thé & vi tri 2 thich hop va ¢6 san
thuong mai 1 (vi du, X = Br, Cl, I), duoc hoa tan trong dung moi proton phan cye co
thé duoc este héa bing axit manh thich hop dé thu duwoc mubi duoc este hoa 2. Qué
trinh axyl hoa sau d6 bang céach rira mudi v6i nude bazo dé thu duge bazo tu do, hoa
tan trong dung moi khong proton, va bo sung clorua axit thich hop c6 thé duoc thuc
hién dé thu duoc 3. Tao vong phenylalanin metyl este dugc axyl hoa N dugc thé & vi
trf 2 3 bang cach cho phan g véi paraformaldehyt trong axit manh thich hop va Khudy
15
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d2 thu duoc tetrahydroisoquinolin 4 14 d4 biét trong linh vuc nay. Qu4 trinh khir metyl
hoéa va khir carboxyl héa c6 thé thu duoc bang cach cho phan tmg véi nuée axit va
khudy trong didu kién hoi luu, dé thu duge 5 1am mudi amin twong tmg. Ngudi ¢6 hiéu
biét trung binh trong linh vurc nay nhén ra rang tetrahydroisoquinolin dugc bao vé N 6
¢6 thé duogce tao ra bang cach hoa tan mudi amin 5 trong dung méi khong proton phan
cuc thich hop, bd sung bazo va anhydrit hogc alkyl cloformat thich hgp dé thu duoc
tertbutyl carbamat 6. Tiép theo c6 thé tién hanh khir dAn xuét metanol 7 bang cach sir
dung ddy céc tac nhan khir, nhu v6i hydrua kim loai, mudi boroohydrua, hozc diboran
trong dung moi khong proton phan cuc. Tetrahydroisoquinolin duoc bao vé O 8 c6 thé
thu dugc trude tién bang cach cho tetrahydroisoquinolin duge béo v& N 7 phan tmg véi
axit manh thich hop va c¢b trong chan khong. Sau do, mudi amin c6 thé dugc hoa tan
trong dung mdi khong proton thich hop, duogc cho phan tmg véi bazo va nhém bao vé
thich hop (PG) (vi du, PG = OSi, OBn, OMOM v.v.) dé tao ra 8. Vi dy, viéc bao vé
ruou bac mot bang nhém silyl dn dinh axit nhue TBDMS hoac TBDPS, 1a d4 biét trong

linh vuc nay.
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So do 2
P X OPG OPG
| ] |
—_— ' _— —_—
NH _N NH
8 9 10
1 1
Ry Ry
X OPG N"(‘ N";‘

11 12 T

So dd 2 minh hoa quy trinh tong hop cac hop chét loai I’. Qua trinh tao imin tir
tetrahydroisoquinolin 8 co thé dugc thuc hién trong cac tinh trang oxy hoa khac nhau
c6 thé biét rd dugc boi ngudi c6 hidu biét trung binh trong linh vyc, dic biét 1a halogen
hoa amin bic hai va sau do loai bo béng bazo manh thich hop dé tao ra
dihydroisoquinolin 9. Phan tmg Grignard 14p thé chon loc ¢6 thé duoc sir dung béng
cach cho imin 9 phan Gng véi alkylmagie halua thich hop dé thu dugc trans
tetrahydroisoquinolin 10. C4u hinh trong dbi cua tetrahydroisoquinolin 10 c6 thé duoc
xé4c dinh bang thir nghiém quang phé NMR thich hop, dac biét 1a 1D-NOESY. Sau do,
qué trinh axyl héa N c6 thé thu dugc béang cac k¥ thuat lién hop amit da biét trong linh
vuc ndy, vi du, benzotriazol-1-yl-oxytripyrrolidinophosphoni hexaflophosphat v6i su
¢6 mat cua bazo yéu khong 4i nhan dé diéu ché hop chét 11. C6 thé tién hanh lién hop
aryl bang cach sir dung hop chét duoc thé thich hop 11 (vi du, X = Br, CL, I, v.v.) trong
diéu kién chét xtc tac kim loai chuyén, nhu béng cach str dung Pd, Pt, Ni, hodc Cu, v6i
aryl hodc axit heteroaryl boronic hodc este thich hop, nhu da biét trong linh vuc nay.
Vi du, qua trinh lién hop Suzuki 11 v6i N-metylpyrazolboronat dugc thé thich hop c6
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thé duoc thuc hién dé thu duoc 12. Ngudi c¢6 hiéu biét trung binh trong linh vuc s& biét
13 rang tqué trinh khir bao vé rugu dugc béo vé 12, trong d6 PG = OSi, OBn, OMOM
v.v., ¢6 thé dugc thuc hién trong céac diéu kién khac nhau. Vi du, nhém bao vé silyl c6

thé duogc loai bo bang tetrabutylamoni florua dé thu duoc cac hop chat khong dbi xtimg

loai I’.
Sodo3
X
X (0] Ol X O| X o
\m \\k - \\]\ |
N7 ~N0 ~*oH WS
HN_ O N_ O * N_ O © OH
\[r ~ \n/ ~ Y ~ NH Hcl
(0] (0] (0]
3 4 13 14
X ?PG X ?PG
| JUNS o
—_— NH ——= _N HOJKH/OH B — NH 05 H,80, —=
[e)
15 16 17
1 1
AN R\
N-N N-N
\ \

1" 12 r

So dd 3 minh hoa quy trinh tong hop khac ctia cac hop chét loai I’ trong d6, &
nhiét do cao, qua trinh tao vong phenylalanin metyl este duoc thé & vi tri 2 duoc axyl
héa N 3 bang cach cho phan mg véi paraformaldehyt trong axit manh thich hop c6 thé
tao ra hon hop ctia tetrahydroisoquinolin metyl este 4 va axit carboxylic 13 1a hién nhién

d6i v6i nguoi ¢6 hidu biét trung binh trong linh vue. Hon hop ctia metyl este 4 va axit
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carboxylic 13 c6 thé duoc dwa vao nuéce axit thich hop dé thuy phan hoan toan este dé
thu duoc mudi amin cua axit carboxylic 14. Tiép theo c6 thé tién hanh khir dn xuét
metanol 15 bang cach st dung ddy cac tdc nhan khir, nhu véi hydrua kim loai, mubi
boroohydrua, hoic diboran trong dung méi khéng proton phéan cuc. Dihydroisoquinolin
duoc bao vé O 16 ¢6 thé thu duoc bang cach cho phan tmg v6i bazo thich hop va bd
sung nhém bao vé thich hgp, dugc mo ta trude do trong So d6 1 va 1a phd bién trong
linh vuec, tiép theo halogen hoa amin bac hai, sau do loai bd béng bazo manh thich hop
va khudy bing axit oxalic dé tao ra mudi dihydroisoquinolin oxalat 16. Qua trinh metyl
héa 14p thé chon loc ¢6 thé duogc thuc hién trude tién bang cach cho mudi imin oxalat
16 phan ung véi nude bazo va chiét bang dung moi hitu co thich hop dé thu duoc bazo
tu do. Tiép theo, phan tmg Grignard c6 thé duoc dung bang cach cho phan tmg véi
alkylmagie halua thich hop tiép d6 khudy véi axit sulfuric ddm déc dé thu duoc trans
tetrahydroisoquinolin ban sulfat 17. CAu hinh twong ddi cua tetrahydroisoquinolin 17
¢6 thé duge xac dinh bang thir nghiém quang phéd NMR thich hop, ddc biét 1a 1D-
NOESY. Ngudi ¢6 hiéu biét trung binh trong linh vuc nay s& nhan thdy rang trans
tetrahydroisoquinolin ban sulfat 17 c6 thé dwgc chuyén hoa thanh bazo tu do béang cach
bd sung nuéc bazo thich hop va sau dé chiét bang dung mdi hiru co thich hop. Qua
trinh axyl héa N ctia bazo tu do nay co thé thu duoc bang cac k§y thuat lién hop amit da
biét trong linh vuc nay, vi du, 1-propanephosphonic anhydrua véi sw 6 mat ctia bazo
yéu khong 4i nhan dé diéu ché hop chét 11. Qud trinh lién hop aryl bang cach sir dung
hop chat duoc thé thich hop 11 (vi du, X = Br, CL, 1, v.v.) ¢6 thé dugc thuc hién trong
diéu kién chét xuc tac kim loai chuyén, nhu béng cach sir dung Pd, Pt, Ni, hoac Cu, v6i
aryl hodc axit heteroaryl boronic hodc este thich hop, nhu da biét trong linh vuc nay.
Vi du, qua trinh lién hop Suzuki 11 véi N-metylpyrazolboronat dugc thé thich hop c6
thé dugc thue hién dé thu duge 12. Nguoi ¢6 hidu biét trung binh trong linh vuc s& biét
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13 rang qué trinh khir bao vé rugu duge bao vé 12 tuong tw nhu qua trinh duge mé ta

trong So d6 2, dé tao ra céac hop chét loai I’.

Vi du thwe hién siang ché

Trong cac quy trinh didu ché hop chét va cac vi du minh hoa duéi day, cac dung
mdi thudng duogce loai bo trong didu kién ap sudt giam (dugc 1am bay hoi). Trong mot
sd quy trinh chi ra hiéu suét 1a hiéu suét tho dai dién cho cac san phém ma duogc tach ra

bang cach lam bay hoi hodc loc va dugce sir dung truc tiép ma khong can tinh ché thém.

Diéu ché hop chat 1
Metyl 2-bromo-D-phenylalaninat hydroclorua.

Br o
5
NH,
HCI
Hoa tan 2-bromo-D-phenylalanin (22,4 g, 91,8 mmol) trong MeOH (459 mL).
B6 sung axetyl clorua (65,3 mL, 917,7 mmol) & nhiét do trong phong va khudy trong
36 gio. Co trong diéu kién ap suét giam dé thu duogc hop chét néu & @& muc (27,2 g,
hiéu suét >99%). MS: m/z 258/260 [M-C1, "Br/3'Br].
Theo céch khac, bd sung axetyl clorua (562,79 g, 7,17 mol) vao MeOH (10,00
L) & 0°C. Gia nhiét hon hop nay dén 17,5°C va khudy trong 30 phut. B sung 2-bromo-
D-phenylalanin (500,00 g, 2,05 mol) va gia nhiét &én nhiét d hoi luu trong 4 gi. Lam
lanh hdn hop xudng 20°C v loai bé dung méi trong didu kién 4p suét giam dé thu duge
hop chit néu & dé muc (589 g, hiéu sudt 96%) & dang chét rin mau tring nhd. MS: m/z
258/260 [M-CI, 7Br/*'Br].
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Piéu ché hop chit 2
Metyl 2-bromo-N-(metoxycarbonyl)-D-phenylalaninat.

Br O
HNYO\
(0]

Hoa tan metyl 2-bromo-D-phenylalaninat hydroclorua (27,2 g, 92,3 mmol) trong
diclometan (923 mL) va nuéc (185 mL). B sung natri bicacbonat (31,0 g, 369,4 mmol)
va metyl cloformat (7,86 mL, 101,6 mmol) & nhiét do trong phong va khudy trong 2,5
gidr. Pha lofing bing nuéc va chiét bang diclometan. Lam kho céc dich chiét diclometan
trén natri sulfat, loc, va ¢d dic trong diéu kién 4p sudt giam. Tinh ché phén ling cin
bang sic ky silicagel rira giai bang EtOAc: hexan (10-75% gradien) dé thu duoc hop
chit néu & @ muc (29,1 g, hiéu sudt >99%). MS: m/z 316/318 [M+H, "Br/*'Br].

Theo céach khac, bd sung nuéde (2,94 L) va natri hydro cacbonat (648,25 g,
7,64 mol) vao metyl 2-bromo-D-phenylalaninat hydroclorua (580 g, 1,91 mol) trong
diclometan (9,86 L) & 10°C. Sau 5 phut bd sung metyl cloformat (198,5 g, 2,10 mol)
va khudy hdn hop ¢ 20°C trong 3 gio. B6 sung nude (2,5 L) va tach riéng cac 16p. Chiét
phén doan nuéc bang diclometan, lam khd céc phan chiét hiru co duge gom lai qua natri
sulfat va cb trong diéu kién ap sudt giam dé thu dugc hop chét néu & d& muc (556 g,

hiéu suét 91%). MS (m/z): 315/317 [M+H, "Br/*Br].

Diéu ché hop chit 3
Dimetyl (3R)-5-bromo-3,4-dihydro-1H-isoquinolin-2,3-dicarboxylat.
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Br

Khudy hon hop gdm metyl 2-bromo-N-(metoxycarbonyl)-D-phenylalaninat
(29,1g, 92,1 mmol) va paraformaldehyt (9,13 g, 101,3 mmol) trong axit axetic bang
(115 mL, 2,0 mol) va axit sulfuric ddm dac (38,4 mL, 719,9 mmol) & nhiét 4 trong
phong trong 7 gi¢. Phan chia gifta nuéc va EtOAc. Tach cac 16p va chiét 16p nudce bang
EtOAc. Gom céc phin chiét EtOAc va lam kho qua natri sulfat, loc, va cd trong didu
kién 4p suét giam. Tinh ché phan ling cin bang sic ky silicagel rira giai bang EtOAc:
hexan (5-40% gradien) dé thu dwoc hop chit néu & dé muc (27,6 g, hiéu sudt 91%).
MS: m/z 328/330 [M+H, "Br/3!Br].

Diéu ché hop chit 3a
Dimetyl (3R)-5-bromo-3,4-dihydro-1H-isoquinolin-2,3-dicarboxylat (3a) va axit (3R)-
5-bromo-2-metoxycarbonyl-3,4-dihydro-1H-isoquinolin-3-carboxylic (3b)

Br (0] Br O|
‘NLO/ ~"TOH
+
N O\ NYO\
(0] O
3a 3b

B6 sung metyl 2-bromo-N-(metoxycarbonyl)-D-phenylalaninat (572 g, 1,81
mol) va paraformaldehyt (205,9 g, 2,17 mol) vao axit axetic (4,3 L) & 10°C. Sau 10
phut, bd sung tir tir axit sulfuric d4m dac (2,63 kg, 26,83 mol) va khudy & 35°C trong
12 gi®r. Lam lanh hdn hop phan tmg xudng 15°C va bd sung nuée (7,5 L) va EtOAc (6
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L). Téch riéng céc 16p va chiét lai phan doan nuée bang EtOAc (2,5 L). Lam kho céc
phﬁn chiét hitu co duoc gom lai qua natri sulfat, loc va cd trong diéu kién ap sudt giam
d2 thu dwoc hop chit cia cac hop chit néu & dé muc voi axit axetic (640 g, hiéu suit

>97%). MS (m/z): 3a: 328/330 [M+H, 7°Br/*1Br], 3b: 314/316 [M+H, ™Br/*'Br].

Piéu ché hop chit 4
Metyl (3R)-5-bromo-1,2,3,4-tetrahydroisoquinolin-3-carboxylat hydroclorua.

Br OI
A
NH
HCI

Hoa tan dimetyl (3R)-5-bromo-3,4-dihydro-1H-isoquinolin-2,3-dicarboxylat
(27,6 g, 84,0 mmol) trong 5 N HCI (330,6 mL, 1,7 mol) va gia nhiét dén nhiét d6 hoi
luu ba ngay. C6 dic trong diéu kién ap sudt giam, thu dugc chét rin mau tring. Rua
chét rin nay bang dietyl ete va 1am kho trong diéu kién chan khong & 40°C qua dém,
thu duoc axit (3R)-5-bromo-1,2,3,4-tetrahydroisoquinolin-3-carboxylic hydroclorua
(1:1) (20,8 g, 71,1 mmol). B6 sung axetyl clorua (50,6 mL, 711,0 mmol) vao hdn hop
0°C gbm axit (3R)-5-bromo-1,2,3,4-tetrahydroisoquinolin-3-carboxylic hydroclorua
(1:1) (20,8 g, 71,1 mmol) trong MeOH (474 mL). Lam Am dén nhiét d6 trong phong va
khudy trong 36 gid. Co trong diéu kién ap sudt giam va lam kho dé thu dugc hop chét
néu & dé muc (21,9 g, hidu suat 85%). MS: m/z 270/272 [M-Cl, Br/*'Br].

Piéu ché hop chit 5

Hydroclorua cta axit (3R)-5-bromo-1,2,3,4-tetrahydroisoquinolin-3-carboxylic.
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Br C)|
-““Lo H
NH
HCI

B sung nude (1,3 L) va 36,5% axit hydrocloric (9,1 kg, 90,8 mol) vao hdn hop
cta axit dimetyl (3R)-5-bromo-3,4-dihydro-1H-isoquinolin-2,3-dicarboxylat va (3R)-
5-bromo-2-metoxycarbonyl-3,4-dihydro-1H-isoquinolin-3-carboxylic (520 g, 1,27
mol) va khudy hdn hop & 95°C trong 12 gidr. Lam lanh hdn hop xudng 10°C va khudy
trong 15 phut nita. Loc hdn hop va lam kho chét rén trong didu kién chan khong & 40°C
dé thu duoc hop chét néu & dé muc (332 g, hiéu sudt 89%). MS (m/z): 256/258 [M-Cl,
Br/81Br].

Diéu ché hop chit 6
2-tert-Butyl-3-metyl-(3R)-5-bromo-3,4-dihydro-1H-isoquinolin-2,3-dicarboxylat.

r (0]
A
N (0]
AR
(0]

Hoa tan metyl (3R)-5-bromo-1,2,3,4-tetrahydroisoquinolin-3-carboxylat

B

hydroclorua (21,0 g, 68,5 mmol) trong 1,4-dioxan (685 mL). Bé sung dung natri
bicacbonat bdo hoa (685 mL, 17,5 mol) va di-tert-butyldicarbonat (29,9 g, 137,0 mmol)
& nhiét do trong phong va khudy hdn hop hai pha trong 90 phuit. Chiét bang EtOAc.
Lam kho EtOAc qua natri sulfat, loc, va co trong diéu kién 4p suét giam. Tinh ché phan
léng cin bang sic ky silicagel rtra gidi bang EtOAc: hexan (5-50% gradien) dé thu duoc
hop chit néu & d& muc (19,5 g, hiéu suit 77%). MS (m/z): 270/272 [M-Boc+H,
Br/3Br].
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Piéu ché hop chit 7
[(3R)-5-Bromo-1,2,3,4-tetrahydroisoquinolin-3-ylJmetanol.

Br OH

J
O

B sung lithi alumini hydrua (2 L, 2,00 mol, 1M trong THF) vao hydroclorua
cta axit (3R)-5-bromo-1,2,3,4-tetrahydroisoquinolin-3-carboxylic (325.4 g, 1,11 mol)
trong THF (4,88 L) & -35°C. Lam 4m t6i 25°C trong 60 phiit dong thdi khudy. Sau 3
gi®, 1am lanh hdn hop xubng -5°C, bd sung nudce (76 mL), b sung 15% khéi lwong/khbi
luong nudce natri hydroxit (76 mL), tiép theo bd sung thém nuée (228 mL). Gia nhiét
hdn hop nay dén 25°C, bd sung magie sulfat khan (750 g) dong thdi khudy. Loc hén
hop va co déc trong didu kién 4p suit giam, thu dugc mot chét ran. B sung diclometan
(690 mL) vao chit ran va huyén phu dic trong 30 phit trude khi loc dé thu dugc chat
rén. Lam kho chat rén trong didu kién chan khong & 35°C dé thu dwoc hop chét néu &
dé muc (148,9 g, hiéu suét 59%). MS (m/z): 242/244 [M+H, "Br/*'Br].

Piéu ché hop chat 8

tert-Butyl (3R)-5-bromo-3-(hydroxymetyl)-3,4-dihydro-1H-isoquinolin-2-carboxylat.

Br OH
QX
N_ O
T
B sung metanol (10,1 mL, 248,5 mmol) va lithi borohydrua (99,4 mL, 198,8
mmol, 2M trong THF) vao dung dich 2-tert-butyl-3-metyl-(3R)-5-bromo-3,4-dihydro-

1 H-isoquinolin-2,3-dicarboxylat (18,4 g, 49,7 mmol) trong THF (497 mL) & nhiét do
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trong phong trong bé nuéec. Khudy trong 40 phiit va chidm dut phan ung bang nude.
Chiét béng etyl axetat. Lam kho céc dich chiét etyl axetat trén natri sulfat, loc, va cd
dac trong didu kién 4p suét giam. Tinh ché phn cin bang sic ky silica gel rira gidi bang
etyl axetat: hexan (gradien: 5-80%). Lam kho qua dém trong diéu kién chan khong cao
d8 thu duoc hop chét néu & dé muc & dang chét rdn mau trdng (19,1 g, hidu suét >99%).

MS (m/2): 286/288 [M-Bu+H, Br/*!Br].

Diéu ché hop chat 9
[(3R)-5-Bromo-1,2,3,4-tetrahydroisoquinolin-3-ylJmetoxy-tert-butyl-dimetyl-silan.

B6 sung axit trifloaxetic (75,5 mL, 998,3 mmol) vao dung dich chia tert-butyl
(3R)-5-bromo-3-(hydroxymetyl)-3,4-dihydro-1H-isoquinolin-2-carboxylat (15,5 g,
45,3 mmol) trong diclometan (226 mL) ¢ nhiét do trong phong. Khudy trong 30 phut
va co dac trong diéu kién ap suit giam. Lam khd trong didu kién chan khong, thu duoc
[(3R)-5-bromo-1,2,3,4-tetrahydroisoquinolin-3-ylJmetanol; axit 2,2,2-trifloaxetic &
dang chét ran wét. Hoa tan [(3R)-5-bromo-1,2,3,4-tetrahydroisoquinolin-3-yl]metanol;
axit 2,2, 2-trifloaxetic trong diclometan (753 mL). B6 sung 1H-imidazol (51,3 g, 753
mmol), N,N-dimetyl-4-pyridinamin (460 mg, 3,77 mmol), va t-butyldimetylclosilan
(13,6 g, 90,4 mmol). Khudy & nhiét d6 trong phong qua dém. B6 sung dung dich amoni
clorua bdo hoa va chiét bang diclometan. Lam kho céc dich chiét diclometan trén natri
sulfat, loc, va ¢b dic trong didu kién ap sudt giam. Gom san phém thé tir phan tmg co
ban 13 gibng nhau thwc hién véi tert-butyl (3R)-5-bromo-3-(hydroxymetyl)-3,4-

dihydro-1H-isoquinolin-2-carboxylat (6,6 g, 19,4 mmol). Tinh ché phan ling cin bang
26
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sic ky silicagel rtra giai bing etyl axetat: hexan (5-40% gradien) dé thu dugc hop chit
néu & d& muc (14,3 g, hiéu suit 89%) MS (m/z): 356/358 [M+H, 7Br/*!Br].

Quy trinh tdong hop [(3R)-5-bromo-1,2,3,4-tetrahydroisoquinolin-3-ylJmetoxy-tert-
butyl-dimetyl-silan khac.

Bb sung tert-butyldimetylclosilan (193,7 g, 1,3 mol) vao hén hop gdm [(3R)-5-
bromo-1,2,3,4-tetrahydroisoquinolin-3-ylJmetanol (148,9 g, 0,6 mol), 1H-imidazol
(202,9 g, 2,92 mol), 4-dimetylaminopyridin (720 mg, 5,8 mmol) va N,N-
dimetylformamit (1,04 L) trong diclometan (2,61 L) & 20°C va khudy trong binh phan
tmg thich hop. Sau 3 gid, lam lanh hén hop xubng 10°C va bd sung dung dich nuéc
amoni clorua bdo hoa (1,3 L). Chiét phan chita nuwéc véi diclometan va rira cac phan
chiét hitu co két hop bang nude mubi (2 x 2L), 1am kho trén natri sulfat khan va cd ddc
trong diéu kién ap suét giam, thu dugc phan can. Hoa tan cin ndy trong metyl tert-butyl
ete (1,5 L) va rira bang nuéc mudi (2 x 1 L). Pha lodng pha hitu co bang toluen (5 L)
va cd dac trong diéu kién 4p sudt giam, thu dugc phén can. B sung toluen (2,6 L) vao
phin cin va c6 trong diéu kién ap sut giam dé thu dugc hop chit néu & d& muc (210

g, hidu suit 81%). ). MS (m/z). 356/358 [M+H, °Br/$!Br].

Didu ché hop chit 10
[(BR)-5-Bromo-3,4-dihydroisoquinolin-3-ylJmetoxy-tert-butyl-dimetyl-silan.
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Hoa tan [(3R)-5-bromo-1,2,3,4-tetrahydroisoquinolin-3-ylJmetoxy-tert-butyl-
dimetyl-silan (4,2 g, 11,8 mmol) trong dietyl ete (118 mL). B6 sung N-closucxinimit
(2,36 g, 17,7 mmol). Khuay trong 30 phit & nhiét do trong phong va cb ddc trong diéu
kién 4p suét giam. Hoa tan phan cin trong kali hydroxit (42,0 mL, 30,3 mmol, 5% trong
MeOH) va khudy trong 30 phit & nhiét do trong phong. Rét vao nude va chiét bang
diclometan. Lam khé céc dich chiét diclometan trén natri sulfat, loc, va c6 dic trong
didu kién &p suét giam. Tinh ché phin ldng cin bang sic ky silicagel rira giai bang etyl
axetat: hexan (5-100% gradien) dé thu dwoc hop chét néu & d& muc (3,40 g, hiéu suit
82%) MS (mv/z): 354/356 [M+H, "Br/*!Br].

Quy trinh téng hop [(3R)-5-bromo-3,4-dihydroisoquinolin-3-yl]metoxy-tert-butyl-
dimetyl-silan khac.

B6 sung N-closucxinimit (106,7 g, 790 mmol) vao dung dich chua [(3R)-5-
bromo-3,4-dihydroisoquinolin-3-yl]metoxy-tert-butyl-dimetyl-silan (220 g, 520 mmol)
trong tetrahydrofuran (3,85 L) & 20°C trong binh thich hop va khudy. Sau 30 phut, co
dac hon hop bang ap suét thap va hoa tan cac cin trong dung dich kali hydroxit trong
metanol v6i lugng 5% khéi lwong/khéi luong (2,2 L, 1,69 mol) va khudy & 20°C. Sau
30 phut, cho hén hop vao nuée (3 L) va chiét ba lan bang diclometan (3 x1 L). Lam
kho céc phéan chiét hitu co dugc gom lai qua magie sulfat khan va c6 trong didu kién ap
sudt giam dé thu dugc hop chét néu & d& muc (210 g, hiéu suit >99%). MS (m/z):
354/356 [M+H, 7Br/*'Br].

Piéu ché hop chit 11

[(1S,3R)-5-Bromo-1-metyl-1,2,3,4-tetrahydroisoquinolin-3-yl]Jmetoxy-tert-butyl-
dimetyl-silan
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P
Br ?,Sl\

NH

Hoa tan [(3R)-5-bromo-3,4-dihydroisoquinolin-3-yl]metoxy-tert-butyl-dimetyl-
silan (3,4 g, 9,6 mmol) trong dietyl ete (160 mL). Lam lanh xuéng -78°C trén bé chita
d4 kho — axeton. B sung nho giot dung dich 3M chira metylmagie clorua trong THF
(26,9 mL, 80,6 mmol). Tir tir lam 4m hdn hop phan tng xubng nhiét d6 trong phong va
khudy qua dém. Tir tir chAm dit phan ting bang dung dich amoni clorua bdo hoa. Chiét
bang diclometan va lam kho trén natri sulfat, loc, va cd dac trong didu kién &p suét
giam. Gom san phdm thd thu duogc tir 14n phan tmg vé co ban twong tw véi 1,7 mmol
[(3R)-5-bromo-3,4-dihydroisoquinolin-3-ylJmetoxy-tert-butyl-dimetyl-silan. Tinh ché
céc phan can da gom lai bang cach sic ky silicagel rira giai bang etyl axetat: hexan (5-
65% gradien) dé thu duoc hop chit néu & d& muc (3,78 g, hiéu suit >99%). MS (m/z):
370/372 [M+H, "Br/3!Br].

Chu hinh tuong dbi cua hop chét [(1S,3R)-5-bromo-1-metyl-1,2,3,4-
tetrahydroisoquinolin-3-yl]metoxy-tert-butyl-dimetyl-silan dwgc x4c dinh bang phd
NMR bing cach st dung cac thir nghiém NOE mdt chiéu (1ID-NOESY). Viéc kich thich
chon loc nhém metyl ¢ 1,30 ppm tao ra hi¢u tmg NOE d6i v6i Ha & 3,11 ppm. Viéc
taing cuong NOE nay chi phu hop véi cAu hinh trong d6 metyl va Ha 1a trén cing mot
vi tri ciia vong (chit déng phan trans) do trong chét ddng phan cis, cac proton metyl
qua xa so v6i Ha dé thé hién NOE. Vi theo 1y thuyét hoa hoc, vi tri 3 ¢6 cAu hinh R,
nén theo ly thuyét héa hoc, vi tri 1 phai la S.
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Quy trinh tong hop [(1S,3R)-5-bromo-1-metyl-1,2,3,4-tetrahydroisoquinolin-3-
yllmetoxy-tert-butyl-dimetyl-silan khac

Br (o)

B6 sung dung dich 3M chira metylmagie clorua trong THF (0,66 L, 1.99 mol)
vao dung dich chira [(3R)-5-bromo-3,4-dihydroisoquinolin-3-yljmetoxy-tert-butyl-
dimetyl-silan (93,5 g, 0,2 mol) trong dietyl ete (2,8 L) ¢ -65°C trong binh thich hop.
Sau d6, gia nhiét hdn hgp phan tng dén 20°C trong 2 gid va khudy. Sau 16 gio, 1am
Janh hén hop xubng 0°C va chdm dut phan tng bang cach bo sung dung dich nuéc
amoni clorua bdo hoa (2,5 L) va chiét bang etyl axetat (2,5 L) va loc hén hop. Rira cac
phan chiét hitu co két hop bang nude mudi (1 L), 1am kho trén magie sulfat khan va co
dac trong diéu kién ap sudt giam, thu duoc hop chét néu & dé muc nay & dang dau tho.
Gom dau nay v6i cic san phim thd thu duge tir cdc phan ung vé co ban 13 turong tw ctia
[(3R)-5-bromo-3,4-dihydroisoquinolin-3-ylJmetoxy-tert-butyl-dimetyl-silan va tinh

ché cac san pham thd di thu gom bang sic ky silicagel rira gii bang etyl axetat trong
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hexan (gradien 5-65% etyl axetat) dé thu duoc hop chat néu & dé muc (151 g, hiéu suit
97%, dugce gom lai tir 2 14n thir nghiém). MS (m/z): 370/372 [M+H, 7Br/*'Br].

Piéu ché hop chat 12
1-[(1S,3R)-5-bromo-3-[[tert-butyl(dimetyl)silylJoxymetyl]-1-metyl-3,4-dihydro-1H-
isoquinolin-2-yl]-2-(2,6-diclophenyl)etanon

I
_Si
Br (l) ~
cl
N
o)
Cl

B& sung benzotriazol-1-yl-oxytripyrrolidinophosphonium hexaflophosphat (7,9
g, 153 mmol) vao hdon hop  cua[(1S,3R)-5-bromo-1-metyl-1,2,3,4-
tetrahydroisoquinolin-3-yl]metoxy-tert-butyl-dimetyl-silan (3,78 g, 10,2 mmol) va axit
2,6-diclophenylaxetic (2,3 g, 11,2 mmol) trong dimetylformamit (51,0 mL). B6 sung
trietylamin (2,1 mL, 15,3 mmol) va khudy & nhiét do trong phong 3 gio. Pha lodng bang
nudce va chiét béng diclometan. Lam khé cac dich chiét diclometan trén natri sulfat, loc
va ¢b dic trong diéu kién 4p suit giam. Tinh ché phan ling cin bang sic ky silicagel
rira giai bang etyl axetat: hexan (5-50% gradien) dé thu dugc hop chét néu & d& muc

(4,7 g, hiéu sudt 55%) MS: m/z 556/558 [M+H, 35C1A7CI)].

Céc hop chit dudi day duoc didu ché vé co ban bai phuong phap diéu ché hop chét 12.
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Diéu ché
hop chit

r
A

SO

Danh phap

Céng thire cAu tao

Dir liéu vat

ly

13

1-((1S,3R)-5-bromo-3-
(((tert-
butyldimetylsilyl)oxy)met
yl)-1-metyl-3.,4-
dihydroisoquinolin-2(1H)-
yl)-2-(2-clo-6-
flophenyl)etan-1-on

MS
540 (M+H)

(m/z):

14

1-((1S,3R)-5-bromo-3-
(((tert-
butyldimetylsilyl)oxy)met
yl)-1-metyl-3,4-
dihydroisoquinolin-2(1H)-
y)-2-(2,6-
diflophenyl)etan-1-on

MS
524 (M+H)

(m/z):

15

1-((1S,3R)-5-bromo-3-
(((tert-
butyldimetylsilyl)oxy)met
yl)-1-metyl-3,4-
dihydroisoquinolin-2(1H)-
yl)-2-(2-clo-5-
flophenyl)etan-1-on

MS (m/2):
540 (M+H)

16

1-((1S,3R)-5-bromo-3-
(((tert-
butyldimetylsilyl)oxy)met
yl)-1-metyl-3.4-
dihydroisoquinolin-2(1H)-
yl)-2-(2-clo-4-
flophenyl)etan-1-on

z—/ z—/ z—/ z—/
o) -
- m
-

MS (m/z):
540 (M+H)
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Diéu ché
hop chit

r
A

SO

Danh phap

Céng thire ciu tao

Dir liéu vat

ly

17

1-((1S,3R)-5-bromo-3-
(((tert-
butyldimetylsilyl)oxy)met
yD)-1-metyl-3,4-
dihydroisoquinolin-2(1H)-
y1)-2-(2-flophenyl)etan-1-
on

MS (m/z):
506 (M+H)

18

1-((1S,3R)-5-bromo-3-
(((tert-
butyldimetylsilyl)oxy)met
yl)-1-metyl-3.4-
dihydroisoquinolin-2(1H)-
y)-2-(2,3-
diflophenyl)etan-1-on

MS (m/z):
524 (M+H)

19

1-((1S,3R)-5-bromo-3-
(((tert-
butyldimetylsilyl)oxy)met
yl)-1-metyl-3.,4-
dihydroisoquinolin-2(1H)-
y)-2-(2,5-
diflophenyl)etan-1-on

MS (m/z):
524 (M+H)

20

1-((1S,3R)-5-bromo-3-
(((tert-
butyldimetylsilyl)oxy)met
yl)-1-metyl-3,4-
dihydroisoquinolin-2(1H)-
yl)-2-(2-clophenyl)etan-1-
on

MS  (m/z):

522 (M+H)

Piéu ché hop chit 21

3

(O8]
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1-((1S,3R)-3-(((tert-butyldimetylsilyl)oxy)metyl)- 1-metyl-5-(1-metyl-1H-pyrazol-4-
y1)-3,4-dihydroisoquinolin-2(1H)-yl)-2-(2,6-diclophenyl)etan-1-on

Cl

Hoa tan 1-((1S,3R)-5-bromo-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-metyl-
3,4-dihydroisoquinolin-2(1H)-yl)-2-(2,6-diclophenyl)etan-1-on (200 mg; 0,4 mmol) va
1-metyl-4-(4,4,5,5-tetrametyl-1,3,2-dioxa-2-yl)pyrazol (149 mg; 0,7 mmol) trong 1,4-
dioxan (3,6 mL). B4 sung dung dich nu6c 0,2M chira natri cacbonat (1,8 mL, 0/4 mmol)
va bot nito trong 10 phut. B sung bis(triphenylphosphin)paladi(Il) clorua (50 mg, 72
umol). Gia nhiét t6i 90°C trong 2 h. Dé ngudi dén nhiét d6 xung quanh, pha loing bang
nude, chiét bang EtOAc, 1am khd qua natri sulfat, loc, ¢6 va tinh ché bang cach sic ky
silicagel rira giai bang gradien tir 5% dén 50% EtOAc trong hexan dé tao ra hop chit
néu & d& muc (195 mg, hidu suat 97%). MS: m/z 558/560 [M+H, 3>CI/*7Cl].

Céc hop chit sau day dugc diéu ché chi yéu bing phuong phép diéu ché hop chat 21
bang cach st dung 1-((1S,3R)-5-bromo-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-
metyl-3,4-dihydroisoquinolin-2(1H)-yl)-2-(2,6-diclophenyl)etan-1-on va axit

pyrazolo-boronic hodc dan xudt boronic este thich hop.
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Diéu ché , Dir liéu vat
., Danh phap Cong thirc cau tao
hop chit sb ly
1-((1S,3R)-3-(((tert- NeN
butyldimetylsilyl)oxy)met | { ) Sll\ MS  (m/2):
yl)-5-(1-etyl-1H-pyrazol- 0
J 572/574
22 4-y1)-1-mety1—3,4- o Cl [M_I_H
dihydroisoquinolin- N 3501 /37’C1]
2(1H)-yl)-2-(2,6-
diclophenyl)etan-1-on O
1-((1S,3R)-3-(((tert- J>
i i N-N
butyldimetylsilyl)oxy)met ) | MS  (m/z):
yl)-5-(1-xyclopropyl-1H- 7 oSN 534/586
23 pyrazol-4-yl)-1-metyl- R [M+H
3,4-dihydroisoquinolin- ‘ T Iscren
2(1H)-y1)-2-(2,6- N
diclophenyl)etan-1-on O,
0
1-((1S,3R)-3~(((tert- P
butyldimetylsilyl)oxy)met l;l—N | MS  (m/z):
yl)-1-metyl-5-(1-(oxetan- 7 o Si< 584/586
24 3-yl)-1H-pyrazol-4-yl)- | [M+H
3,4-dihydroisoquinolin- ~ F 3501 /37’C1]
2(1H)-yl)-2-(2-clo-6- N
flophenyl)etan-1-on 5
Cl
1-((1S,3R)-5-(1-(2-((tert- O—S'/ <
butyldimetylsilyl)oxy)etyl N
-1H- 1-4-y1)-3- _
) 1H-pyrazol-4-yl) N e |MS iz
(((tert- Z o Si< 668/670
25 butyldimetylsilyl)oxy)met ' [M+H
yl)-1-metyl-3,4- } 35C1/37,Cl]

dihydroisoquinolin-
2(1H)-yl)-2-(2-
clophenyl)etan-1-on
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Diéu ché . Dir li€u vat
., Danh phap Cong thirc cau tao
hop chit so ly
1-((18,3R)-3-(((tert- Nt |
butyldimetylsilyl)oxy)met | { i MS  (m/z):
yl)-1-metyl-5-(1-metyl- 0
| 524/526
26 1H-pyrazol-4-yl)-3,4- o IMAH

dihydroisoquinolin- N 350 /37’C1]
2(1H)-y1)-2-(2- T(i@
clophenyl)etan-1-on OC|

Diéu ché hop chit 27
1-(2-((tert-butyldimetylsilyl)oxy)etyl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-

/__/O-Sii‘é

—N
Y
B

1H-pyrazol

N
/

7N

O
I

Hoa tan 4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol (1 g, 5.2
mmol) dimetylformamit (20 mL), bd sung xesi cacbonat (3,358g; 10,3 mmol) va (2-
bromoethoxy)(tert-butyl)dimetylsilan (1,356 g, 5,7 mmol). Gia nhiét t6i 60°C trong 3
gid. Pha lodng bang nudc, va chiét hai 14n bang diclometan, lam kho qua natri sulfat,
loc, co va tinh ché bing cach séc ky silicagel rira giai bang gradien tir 0% dén 50%
EtOAc trong hexan d& thu duoc hop chét néu & d& muc (1,2 g, hiéu suét 67%). MS m/z
353 [M+H]

Diéu ché hop chat 28
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Benzyl (1S,3R)-5-bromo-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-metyl-3,4-
dihydroisoquinolin-2(1H)-carboxylat

5 :l),s'i\
se9Ns
T
Hoa tan [(1S,3R)-5-Bromo-1-metyl-1,2,3,4-tetrahydroisoquinolin-3-ylJmetoxy-
tert-butyl-dimetyl-silan (2,1 g, 5,7 mmol) trong axetonitril (28,5 mL). B6 sung kali
cacbonat (2,362 g, 17.089 mmol) va benzyl cloformat (1 mL, 6,8 mmol). Khuiy qua
dém, pha logng bang nudc amoni clorua bdo hoa, va chiét hai 1an bang diclometan, lam
khd qua natri sulfat, loc, ¢6 va tinh ché bang céch sic ky silicagel rira giai bang gradien

tir 0% dén 50% EtOAc trong hexan dé thu duoc hop chét néu & d& muc (3 g, hiéu sut
>99% ). MS: 504/506 [M+H, 7°Br/*'Br)].

Diéu ché hop chit 29
Benzyl (18,3R)-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-metyl-5-(1-(oxetan-3-yl)-1H-
pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-carboxylat

&
N—N |
\ :
N O,SI\
\\\l
e
O
Hoa tan benzyl (1S,3R)-5-bromo-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-
metyl-3,4-dihydroisoquinolin-2(1H)-carboxylat (500 mg; 1 mmol) va 1-(oxetan-3-yl)-
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4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol (297 mg; 1,2 mmol) trong
1,4-dioxan (9,9 mL). B sung dung dich nuéc 0,2M chira natri cacbonat (5,0 mL, 1
mmol) va bot nito trong 10 phut. B sung bis(triphenylphosphin)paladi(Il) clorua (139
mg, 198 pmol). Gia nhiét t&i 80°C trong 2 gid. Pé ngudi dén nhiét d6 xung quanh, pha
loadng béng nuée, chiét béng EtOAc, 1am khd qua natri sulfat, loc, c6 va tinh ché bang
cach sic ky silicagel rira giai bang gradien tir 5% dén 50% EtOAc trong hexan dé thu
dugc hop chét néu & dé muc (180 mg, higu sudt 33%). MS m/z 548 [M+H]

Piéu ché hop chat 30
(1S,3R)-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-metyl-5-(1-(oxetan-3-yl)-1H-
pyrazol-4-yl)-1,2,3,4-tetrahydroisoquinolin

i
N | J<
\ .
N O,SI\

o

N

B6 sung benzyl (1S,3R)-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-metyl-5-(1-
(oxetan-3-yl)-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-carboxylat (180 mg 0,3
mmol) va paladi trén cacbon (17,5 mg, 16,4 umol) vao etanol (6,5 mL). Khuay trong
bdéng hydro trong 4 gio. Loc qua xelit, rua bang EtOAc, bay hoi dé thu dwgc hop chat
thd néu & d& muc (140 mg,hiéu sudt >99%). MS m/z 414 [M+H]
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Diéu ché hop chat 31
1-((18,3R)-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-metyl-5-(1-(oxetan-3-yl)-1H-
pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)-2-(2,6-diclophenyl)etan-1-on

J

° Cl

N
Hoa tan axit (1S,3R)-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-metyl-5-(1-(oxetan-3-
yl)-1H-pyrazol-4-yl)-1,2,3,4-tetrahydroisoquinolin (136,5 mg, 0,3 mmol) va 2,6-
diclophenylaxetic (74,4 mg, 0,3 mmol) trong diclometan (3,3 mL). B sung O-(7-
azabenzotriazol-1-yl)-N,N,N',N'-tetrametyluroni hexaflophosphat (188,2 mg, 0,5
mmol) va N,N’-diisopropyletylamin (86,32 pL, 0,5 mmol). Khuéy hén hop thu duge
trong 2 gio. Pha lodng bang nudc, chiét hai l4n bang diclometan, lam khd qua natri
sulfat, loc, ¢0 trong chin khong, va tinh ché bang cach sic ky silicagel rira giai bang
gradien tir 0% dén 50% EtOAc trong hexan dé thu dugc hop chét néu & d& muc (166
mg, hiéu suét 84%). MS: m/z 600/602 [M+H, *>CI/*’Cl].

Vidul

2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-
y1)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on
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B sung tetrabutylamoni florua (1M trong THF, 0,4 mL) vao dung dich chira 1-
[(1S,3R)-3-[(tert-butyl(dimetyl)silyl)oxymetyl]-1-metyl-5-(1-metylpyrazol-4-yl)-3,4-
dihydro-1H-isoquinolin-2-yl]-2-(2,6-diclophenyl)etanon (195 mg, 0,3 mmol) trong
THF (3,5 mL) & nhiét do trong phong. Khuy trong 4 gid. Dimg lai bang nudc amoni
clorua bdo hoa, chiét béng EtOAc ba lan, 1am kho qua natri sulfat, loc, c6 va tinh ché
bang cach sic ky silicagel rira giai bang gradien tir 0% dén 100% EtOAc trong hexan
d8 thu duoc hop chit néu & d& muc & dang bot mau trang (141 mg, hiéu suit 91%). MS:

42448

m/z 444/446 [M+H, 33C177CI].

Céc hop chét duéi day duoc diu ché theo quy trinh v& co ban gidng v6i quy trinh trinh

bay trong Vidu 1.

2(1H)-yl)etan-1-on

Hep
. . Dir li¢u
chat cia Danh phap Cong thire cau tao
. vatly
Vidu so
2-(2,6-diclophenyl)-1- NN
((1S,3R)-5-(1-etyl-1H- I MS (w/z):
5 pyrazol-4-y1)-3- oH 458/460
(hydroxymetyl)-1-metyl- N ¢l [M+H,
3.,4-dihydroisoquinolin- m B3C1C
cl
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Hep -
. . i liu
chat cua Danh phap Cong thirc cau tao |
. vatly
Vi du so Y
1-((1S,3R)-5-(1- >
xyclopropyl-1H-pyrazol-4- _ )
y1)-3-(hydroxymetyl)-1- L) MS  (m/z):
OH 470/472
3 metyl-3,4- R ol [M+H
dihydroisoquinolin-2(1H)- N 35 C1/37,Cl]
y1)-2-(2,6-diclophenyl)etan- m
1-on cl
2-(2,6-diclophenyl)-1- ;j
((1S,3R)-3-(hydroxymetyl)- N-N MS (m/z):
4 1-metyl-5-(1-(oxetan-3-yl)- 7 OH 486/488
1H-pyrazol-4-yl)-3,4- Sy [M+H,
dihydroisoquinolin-2(1H)- N\"/j@ BC1AC
yl)etan-1-on O
1-((18,3R)-5-(1-(2-(11- é’“
oxidaneyl)etyl)-1H-pyrazol- | \_y MS (m/z):
5 4-yl)-3-(hydroxymetyl)-1- 2 on 440/442
metyl-3,4- o [M+H,
dihydroisoquinolin-2(1H)- N 3C1C
yl)-2-(2-clophenyl)etan-1-on m
2-(2-clo-6-flophenyl)-1- ;)O
((1S,3R)-3-(hydroxymetyl)- N-N MS (m/z):
6 1-metyl-5-(1-(oxetan-3-yl)- 7 OH 470/472
1H-pyrazol-4-yl)-3,4- Sk [M+H,
dihydroisoquinolin-2(1H)- Ninj 35C1ACl)
yl)etan-1-on Oy
/
2-(2-clophenyl)-1-((18,3R)- | NN _
3-(hydroxymetyl)-1-metyl- 7 OH iﬁ) ) 4(1?/2) '
7 5-(1-metyl-1H-pyrazol-4- o [M-+H
y1)-3,4-dihydroisoquinolin- N 3SCIATCI
© Clj/\j

2(1H)-yl)etan-1-on
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Piéu ché hop chit 32
(R)-5-bromo-3-(((tert-butyldiphenylsilyl)oxy)metyl)-3,4-dihydroisoquinolin, mudi

oxalat

Br O’Si
O
_N
0
oyt
OH
0

B6 sung (1H)-imidazol (30,7 g, 0,4 mol) vao dung dich chira (3R)-(5-bromo-
1,2,3,4-tetrahydroisoquinolin-3-yl)metanol (69,0 g, 0,3 mol) trong diclometan (459,0
g, 5,4 mol) & nhiét d trong phong va khudy trong 20 phut. B4 sung timg giot tert-
butylclodiphenylsilan (100,4 g, 0,4 mol). Khudy & nhiét do trong phong trong 12 gio.
Lam lanh téi 0°C.

B6 sung trietylamin (100,2 g, 1,0 mol) & 0°C va khudy trong 20 phat. B6 sung
N-closucxinimit (60 g, 0,45 mol) timg phin, duy tri nhiét & < 5°C va khudy & 0°C
trong 12 git. B sung dung dich nuéc amoni clorua 15%, duy tri nhiét d6 < 5°C, va
khudy trong 2 gid & 0°C. Chiét 16p hiru co va rira bang nudce hai 1an. C6 trong didu kién
4p sudt giam va bd sung EtOAc. Bd sung axit oxalic (30,8 g, 0,3 mol) va khudy trong
10 gidr & 40°C. Loc hdn hop va rira cac chét rin bang EtOAc. Lam khd cac chét rin &
45°C trong 16 gid @ thu duoc chat trung gian néu & dé muc (131,9 g, hiéu suat 74,6%).
MS (m/z): 478,0/480 [M+H, 7Br/*Br].
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Diéu ché hop chat 33
(18,3R)-5-bromo-3-(((tert-butyldiphenylsilyl)oxy)metyl)-1-metyl-1,2,3,4-

tetrahydroisoquinolin, ban sulfat.
K
O
N

Br
; 0,5 HySO4

B6 sung hdn hop kali cacbonat (9,7 g, 70,3 mmol) trong nuée (200 mL) vao
dung dich chira (R)-5-bromo-3-(((tert-butyldiphenylsilyl)oxy)metyl)-3,4-
dihydroisoquinolin, mubi oxalat (20 g, 35,2 mmol) trong diclometan (280 g, 3,3 mol).
Khudy & 25°C trong 2 gid. Chiét 16p hitu co va rira bang nude. Co trong dicu kién ap
suét giam va bd sung THF khé (Iip lai). B6 sung THF kho (360 g, 5,0 mol) va lam lanh
xubng -75°C. B6 sung trimetylsilyl clorua (6 g, 55,0 mmol) va khuy trong 30 phut. B6
sung dung dich 1M metyllithi trong THF (77 g, 90,6 mol) timg phan, duy tri nhiét do <
-70°C. Khudy trong 6 gir & -75°C. B6 sung tir tir dung dich amoni clorua bao hoa, duy
tri nhiét d6 < 0°C. Lam 4m t6i RT, bd sung nude va EtOAc, va khudy trong 2 gio. Chiét
16p hiru co va rira bang nuée va nude NaCl bao hoa. C6 trong didu kién 4p suat giam
va bd sung EtOAc (145 g, 1,65 mol). B6 sung axit sulfuric dam dac (1,4 g, 14,3 mmol)
timg phin, va khudy ¢ 50°C trong 4 git. Lam lanh xudng 20°C va khudy trong 16 gio.
Loc hdn hop va rira banh loc bang EtOAc. Lam kho céac chét ran & 45°C trong 16 gio.
Hoa tan cac chit rdn trong THF (63 g, 0,9 mol) va gia nhiét ti 50°C. Khuay trong mot
gid va b sung tir tir EtOAc (108 g), duy tri nhiét do gitra 45-50°C. Khudy trong 1 gid
va lam lanh xudng 20°C. Khuay trong 6 gid, sau d6 loc va thu gom céac chét rin. Rira
banh loc bing EtOAc va lam kho cac chat ran & 45°C dé thu duogc chit trung gian néu
& d& muc (9,9 g, hiéu suét 57%). MS (m/z): 494/496 [M+H, "Br/*'Br].
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Diéu ché hop chit 34
[(1S,3R)-5-bromo-1-metyl-1,2,3,4-tetrahydroisoquinolin-3-yl]metoxy-tert-butyl-
diphenyl-silan.

Br (0]

Khudy dung dich (1S,3R)-5-bromo-3-(((tert-butyldiphenylsilyl)oxy)metyl)-1-
metyl-1,2,3,4-tetrahydroisoquinolin, ban sulfat (91,0 g, 167,4 mmol) trong diclometan
(700 mL) va b sung dung dich natri cacbonat (145,5 g, 1373,0 mmol) trong nuée (700
mL) va khudy & nhiét d6 xung quanh trong 15 phut. Tach riéng cac 16p va chiét dung
dich nudc bing diclometan (250 mL). Gom cac 16p hitu co, 1am khd qua magie sulfat,
loc va lam bay hoi dé thu dugc hop chit néu & dé muc & dang ddu mau vang-cam (86,5
g, hiéu sudt 95%, véi do tinh khiét du dé sir dung tiép). MS: m/z 494/496 [M+H,
Br/®Br].

Diéu ché hop chat 35

1-[(1S,3R)-5-Bromo-3-[[tert-butyl(diphenyl)silyl Joxymetyl]-1-metyl-3,4-dihydro-1H-
isoquinolin-2-yl]-2-(2,6-diclophenyl)etanon.

44

44177



42448

Si
Br (0]
'O
N (o]
\E/ Cl
Cl

Hoa tan [(1S,3R)-5-bromo-1-metyl-1,2,3,4-tetrahydroisoquinolin-3-yljmetoxy-
tert-butyl-diphenyl-silan (86,5 g, 159,1 mmol) trong axetonitril (750 mL) va bd sung
trimetylamin (50 mL, 359 mmol) va axit 2-(2,6-diclophenyl)axetic (38,4 g, 187,0
mmol), va khudy hdn hop trong 5 phut. Lam lanh hon hop & 5 va 10°C. Trong binh
riéng r&, pha lodng 50% dung dich chira 1-propanephosphonic anhydrua trong EtOAc
(103 mL, 173,0 mmol) v6i axetonitril (85 mL) va bd sung nhoé giot vao hdn hgp phan
ung trong 15 phit, duy tri nhiét d6 bén trong duéi 10°C. Khudy & nhiét do nim trong
khoang 5-10°C trong 1 gio, va lam Am t4i nhiét dd xung quanh. Loc hdn hop va rira
banh loc thu dugc bang axetonitril (2 x 150 mL) va lam kho trong diéu kién chan khong
& 45°C qua dém dé thu duogc chét trung gian néu & d& muc (100,5 g, hi¢u sudt 93%)
MS: nv/z 680/682/684 [M+H, 33C1/*7C1/"Br/*Br)].

Diéu ché hop chit 36

1-[(18S,3R)-3-[[tert-butyl(diphenyl)silylJoxymetyl]-1-metyl-5-(1-metylpyrazol-4-yl)-
3,4-dihydro-1H-isoquinolin-2-yl]-2-(2,6-diclophenyl)etanon
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\
N—N Q J<
P oS
0
N0 ¢

Cl

B6 sung 1-[(1S,3R)-5-bromo-3-[[tert-butyl(diphenyl)silyl]oxymetyl]-1-metyl-
3,4-dihydro-1H-isoquinolin-2-yl]-2-(2,6-diclophenyl)etanon (60,3 g, 83,2 mmol), 1-
metyl-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)pyrazol (20,7 g, 99,5 mmol), natri
cacbonat (26,4 g, 249 mmol), bis(triphenylphosphin)paladi(Il) diclorua (1,2 g, 1,7
mmol) vao binh thot cb ba cd dung tich 2L, va dy kin va suc rira hé phén (mg bang
chu trinh chan khong/nito ba 1an. B sung 1,4-dioxan (550 mL) va nuée (300 mL), va
loai khi tiép bang chu trinh chan khong/nito ba 14n, va gia nhiét hon hop thu duogc t6i
80°C trong 75 phut. B6 sung 1-metyl-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)pyrazol (5,0 g, 24,0 mmol) va bis(triphenylphosphin)paladi(II) diclorua (580 mg, 0,8
mmol). P4y kin va suc rira bang chu trinh chan khong/nito ba 14n, va gia nhiét t&i 80°C
trong 75 phut nita. Lam lanh xuéng RT, pha lodng bang EtOAc (500 mL), tich céc 16p,
va cho 16p hitu co qua nut silicagel @8 thu dugc hop chit thd néu & dé muc & dang dau
mau cam (99,67 g ¢6 do tinh khiét ¢ dé s dung tiép). MS: m/z 682/684 [M+H,
3¢C1A7Cl).

Quy trinh khac dé didu ché hop chit ciia vidu 1

2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-
y1)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on
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Hoa tan  1-[(1S,3R)-3-[[tert-butyl(diphenyl)silyl]oxymetyl]-1-metyl-5-(1-
metylpyrazol-4-yl)-3,4-dihydro-1H-isoquinolin-2-yl]-2-(2,6-diclophenyl)etanon
(99,67 g, 103,6 mmol) trong 2-metyltetrahydrofuran (1 L) va dugc dat trong mo1 trudong
khi nito trong binh thét ¢ 2L. B sung dung dich 1M chita tetrabutylamoni florua trong
THF (155 mL, 155 mmol) trong 2 phut, va khudy & RT trong 4 gid. Pha lodng bang
nude (500 mL), va tach 16p hitu co. Lam kho qua magie sulfat, loc, va c¢6 trong chan
khong dé thu duoc dAu mau cam nhot. Tinh ché phﬁn ldng cin thu duoc bang sic ky
silicagel, rira giai bang heptan (2L), heptan/EtOAc (1:1, 4L), va EtOAc (6L), dé thu
duoc hop chit néu & dé muc & dang bot mau tréng (33 g). Tinh ché lai bang sic ky
silicagel rira giai bang gradien tir 0% dén 50% MTBE trong diclometan dé thu duoc
hop chit néu & @ muc ¢ dang bot mau tréng (28,6 g, hiéu suit 61%). MS: m/z 444/446
[M+H, 33C147Cl].

Pidu ché hop chat 37
1-((1S,3R)-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-metyl-5-(1H-pyrazol-4-yl)-3,4-
dihydroisoquinolin-2(1H)-yl)-2-(2,6-diclophenyl)etan-1-on

N\‘“\‘ \
o \

\\\

Cl

Cl
Hoa tan 1-((1S,3R)-5-bromo-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-metyl-
3,4-dihydroisoquinolin-2(1H)-yl)-2-(2,6-diclophenyl)etan-1-on (2,0 g; 3,6 mmol) va 4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol (1,74 g; 9,0 mmol) trong 1,2-
dimetoxyetan (36 mL). B sung dung dich nuéc 0,2M chira kali cacbonat (17,9 mL, 0,4
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mmol) va bot nito trong 10 phut. Bb sung tetrakis(triphenylphosphin)paladi (414,0 mg,
359,0 pmol). Gianhiét t¢i 100°C trong 18 h. Lam lanh xudng RT, pha logng bang nude,
chiét bang EtOAc, 1am kho qua natri sulfat, loc, c6 trong chan khong, va tinh ché bang
cach sic ky silicagel rira giai bang gfadien tlr 2% dén 80% EtOAc trong hexan dé tao
ra hop chit néu & & muc (750 mg, hiéu sut 38%). MS: m/z 544/546 [M+H, ¥*CI*Cl].

Vidu$8
2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1H-pyrazol-4-yl)-3,4-
dihydroisoquinolin-2(1H)-yl)etan-1-on

B6 sung dung dich 1M chira tetrabutylamoni florua trong THF (1,5 mL, 1,5
mmol) vao dung dich chira 1-((1S,3R)-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-metyl-
5-(1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)-2-(2,6-diclophenyl)etan-1-on
(750 mg, 1,4 mmol) trong THF (13,8 mL) & RT. Khu4y hdn hop thu dugc trong 3 gio.
Dimg lai bdng nuéc amoni clorua bio hoa, chiét ba 1an bang EtOAc, lam khd qua natri
sulfat, loc, ¢d trong chan khong, va tinh ché phan ling cin thu dugc bang cach sic ky
silicagel rira giai bang gradien tir 0% dén 100% EtOAc trong hexan dé thu dugc hop
chét néu & d& muc & dang bot mau tring (560 mg, hiéu sut 83%). MS: m/z 430/432
[M+H, 33C1/*’Cl].

Quy trinh tong hop khac cia hop chit ciia Vi du 8:
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Piéu ché hop chat 38
1-((1S,3R)-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-metyl-5-(1-(tetrahydro-2H-pyran-
2-yl)-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)-2-(2,6-diclophenyl)etan-1-

on

Cl

Hoa tan 1-((1S,3R)-5-bromo-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-metyl-
3,4-dihydroisoquinolin-2(1H)-yl)-2-(2,6-diclophenyl)etan-1-on (4,2 g; 7,5 mmol) va
axit (1-tetrahydropyran-2-ylpyrazol-4-y1)borénic (2,2 g; 11,3 mmol) trong 1,4-dioxan
(63 mlL). B6 sung natri cacbonat (1,6 g 151 mmol), (1,1
bis(diphenylphosphino)feroxen)paladi(Il) clorua (307 mg, 0,4 mmol) va nuéc (21 mL).
Bot nito trong 5 phat. Gia nhiét téi 90°C trong 19 gid. Lam lanh xudng RT, pha lodng
béng nuée, chiét béng EtOAc, lam kho qua natri sulfat, loc, cd trong chan khong, va
tinh ché bang cach sic ky silicagel rira giai bang 3:7 EtOAc/heptan dé thu dwoc hop
chét néu & d& muc (2.98 g, hiéu suét 63%). MS: m/z 628/630 [M+H, >*CI/*’Cl].

2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1H-pyrazol-4-yl)-3,4-
dihydroisoquinolin-2(1H)-yl)etan-1-on

Trong 10 phut, bd sung timg phan axit 10-camphorsulfonic (3,2 g, 13,4 mmol)
vao dung dich chira 1-((1S,3R)-3-(((tert-butyldimetylsilyl)oxy)metyl)-1-metyl-5-(1H-
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pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)-2-(2,6-diclophenyl)etan-1-on (3,8 g,
6,1 mmol) trong MeOH (38,2 mL) & RT. Khudy trong 17 gid. Loai bo dung méi trong
didu kién chan khong, chia phan cin thu dwoc nam gitta EtOAc (50 mL) va nuée (50
mL), tach riéng cac 16p, va chiét 16p nude hai 14n bang EtOAc. Lam kho céc phan chiét
hitu co dugc gom lai qua MgSO4, loc, ¢b trong chan khong, va tinh ché bang cach sic
ky silicagel rira giai bing gradien tir 20% dén 100% EtOAc trong hexan dé thu dugc
hop chit néu & & muc & dang bot mau tréng (1,72 g, hiéu sudt 66%). MS: m/z 430/432
[M+H, *CI7Cl].

Vidu9
2-(2-clo-6-flophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1H-pyrazol-4-yl)-3,4-
dihydroisoquinolin-2(1H)-yl)etan-1-on

NN

A OH

Gia nhiét hdn hop gdm kali cacbonat (92 mg, 0,7 mmol), 1-(tetrahydro-2H-
pyran-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol (160,0 mg, 0,4
mmol), 1,1°-bis(di-t-butylphosphino)feroxen paladi diclorua (11,6 mg, 20 pumol), 1-
[(1S,3R)-5-bromo-3-[[tert-butyl(dimetyl)silyl]oxymetyl]-1-metyl-3,4-dihydro-1H-
isoquinolin-2-yl]-2-(2-clo-6-flo-phenyl)etanon (240,0 mg, 0,4 mmol), THF (1,5 mL),
vanude (1,0 mL) trong 16 phan tmg vi song ¢ 100°C trong 1 gio. Lam lanh xudng RT,
pha lodng bang nuée, chiét bang EtOAc, va ¢b trong chan khéng dé thu duoc phin cin

thd mau nau. Hoa tan phan cin trong metanol (6 mL) va bd sung 1,25M dung dich nuée
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HClI trong metanol (2,8 mL, 3,5 mmol). Gia nhiét dung dich thu dugc dén 50°C trong
8 git. Lam lanh xubng RT, va d6 qua cot SCX, trude tién rira giai bang metanol va ria
giai sén phdm mong mudn bang amoniac 2N trong metanol. C6 cac phan doan
metanolic amoniac va tinh ché bang cach sic ky pha d4o dé thu duoc hop chat néu & dé

muc (40 mg, hiéu sudt 24%) MS (m/z): 414/414 [M+H, **C1/7Cl]

Céc hop chét duéi day duge diéu ché theo quy trinh vé co ban gidng véi quy trinh trinh

bay trong Vidu 9.

I-,qu ) Dit liéu vat
chat cia Danh phap Cong thirc cau tao Y
Vidu s0 y

H
2-(2,6-diflophenyl)-1- NN
((1S,3R)-3-(hydroxymetyl)- 7 OH MS  (m/z):
10 | 1-metyl-5-(1H-pyrazol-4- S 398/400
yl)-3,4-dihydroisoquinolin- N [M+H]
2(1H)-yl)etan-1-on m
H
2-(2-clo-5-flophenyl)-1- '}“N
((18,3R)-3-(hydroxymetyl)- 7 OH MS (m/z):
11 | 1-metyl-5-(1H-pyrazol-4- o 414/416
y1)-3,4-dihydroisoquinolin- N F | [M+H]
2(1H)-yl)etan-1-on m
H
2-(2-clo-4-flophenyl)-1- ')"N
((18,3R)-3-(hydroxymetyl)- 7 OH MS  (w/z):
12 | 1-metyl-5-(1H-pyrazol-4- o 414/416
yl)-3,4-dihydroisoquinolin- N [M+H]
2(1H)-yl)etan-1-on Vj@\
Oci F
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Hop
. , Dir liéu vat
chat cia Danh phap Cong thire cau tao ¥
. Yy
Vidu so
H
2-(2-flophenyl)-1-((1S,3R)- “,'“L“
3-(hydroxymetyl)-1-metyl- Cl) H MS  (m/2):
13 5-(1H-pyrazol-4-yl)-3.,4- o 380 [M-+H]
dihydroisoquinolin-2(1H)- N
yl)etan-1-on m
N-N
2-(2,3-diflophenyl)-1- P
OH
((1S,3R)-3-(hydroxymetyl)- R MS  (m/z):
14 1-metyl-5-(1H-pyrazol-4- 398 [M+H]
y1)-3,4-dihydroisoquinolin- N
2(1H)-yl)etan-1-on OF
F
H
2-(2,5-diflophenyl)-1- ')"N
((18,3R)-3-(hydroxymetyl)- 7 OH
> yaroxy | MS  (w/z):
15 1-metyl-5-(1H-pyrazol-4- o 398 [M+H]
y1)-3,4-dihydroisoquinolin- N F
2(1H)-yl)etan-1-on m
F

Diéu ché hop chit cia Vidu 1A
2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-
y1)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on hydroclorua monohydrat

Hop chit cia Vi du 1 (2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-
metyl-5-(1-metyl-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on, 412
mg, 0,9 mmol) dugc hoa tan trong axeton (5 mL) & 60°C/1000 vong/phut. Dung dich
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1M chita HCI trong EtOAc (1 mL) duoc bd sung nhé giot. Cac chat két tia rin mau
tréng trong khi bd sung, thu duge huyén phu dic mau tréng. Chét rén mau tring thu
dugc dugc phan lap bang cach loc trén giéy Whatman va dugc lam kho duéi dong
khong khi trong 30 phut d8 thu dwoc hop chit néu ¢ d&& muc (400 mg duge thu gom,
hidu suét 86,5%) & dang tinh thé ran.
Diéu ché hop chit cia Vi du 1B
2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-
yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on hydrobromua

Hop chét cia Vi du 1 (2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-
metyl-5-(1-metyl-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on, 432,6
g, 563 mmol) duoc hoa tan trong axeton (6 L) & 55°C. Ngay khi nhiét do bén trong dat
t61 50°C, dung dich nuéc Hbr 48% (70 mL, 619 mmol) duoc bd sung. Sau 2 phiit, cac
dang két tha, va hon hop duoc khudy trong 10 phut va lam lanh t6i RT. Két taa thu
duoc dugc thu gom bang cach loc qua loc thity tinh duogc thiéu két, dugc rira bang
axeton (~1,5L), va lam kho bang cach hiit chan khong trén da tap, dé thu dugc hop chit
néu & dé muc (271,2 g, hidu suit 91%) ¢ dang tinh thé rin mau qua dao séng.
Didu ché hop chit cia Vidu 1C
2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-
yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-trén hydrobromua monohydrat

Hop chét ciia Vi du 1 (2,6 g, 5,8 mmol) duoc hoa tan trong axeton (20 mL) &
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60°C/1000 vong/phit. Hon hop gdm nuée HBr 48% dugc pha lodng theo ty 1& 1:9 trong
axeton (8 mL) dugc bd sung & 500 pL/phit. Chét rin mau tring bat dau dé két tha sau
khi bd sung 1 mL. Sau khi bd sung axit, huyén phu ddc mau trdng thu dugc va hdn hop
duoc lam lanh t6i RT. Chét rin mau tring duoc thu gom bang cach loc trén gidy
Whatman va dugc lam khd duéi dong khong khi trong 90 phut dé thu dugc hop chit
néu & dé muc (2,9 g, hiéu sudt 91%) & dang tinh thé ran.

Séng ché d& cap dén 2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-
5-(1-metyl-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-trén
hydrobromua monohydrat dang tinh thé. Mot phwong 4n theo séng ché 13 tinh thé 2-
(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-yl)-
3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on hydrobromua monohydrat dugc dic trung
bdi mau nhidu xa bot tia X bang cach sir dung birc xa CuKo, ¢6 dinh nhidu xa & goc
nhidu xa 2-theta bang 17,4 khi Kkét hop véi mét hodc nhiéu dinh dugc chon tir nhém bao
gf“)m 27,0, 18,3, va 21,7; v6i dung sai dbi voi cac gée nhidu xa 12 0,2 do. Hon nita, sang
ché dé cap dén dugc phdm bao gém 2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-
1-metyl-5-(1-metyl-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on
hydrobromua monohydrat, va chit mang, chét pha loéing hoic ta duge duoc dung. Hon
nita, sang ché @& cap dén dugc pham bao gbm tinh thé 2-(2,6-diclophenyl)-1-((1S,3R)-
3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-

2(1H)-yl)etan-1-on hydrobromua monohydrat, va chit mang, chét pha lodng hoic ta
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duoc duoc dung.
Diéu ché hop chit ciia Vi du 1D
2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-
yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on hydroiodua

Hop chét ctia Vi du 1 (166 mg, 0,37 mmol) dugc hoa tan trong axeton (3 mL) &
RT/1000 vong/phut. Dung dich nudc chtira 57% HI (60 pL) duoc bb sung. Hon hop
duoc khudy trong 1 h, va cac chit két tia ran mau tring 14y ra khoi dung dich, tao ra
huyén phu dic cua chit rin mau tring trong dich ndi mau nau. Chat rin mau tring duoc
thu gom bang cach loc trén gidy Whatman va duoc lam kho duéi dong khong khi trong
10 phit dé thu duoc hop chit néu & d& muc (158 mg, hiéu suit 74%) & dang tinh thé
ran.
Piéu ché hop chit cia Vidu 1E
2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-
y1)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on hydroiodua monohydrat

Hop chit cia Vi du 1(2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-
metyl-5-(1-metyl-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on, 209,6
mg, 0,47 mmol) dugc hoa tan trong axeton (3 mL) & RT/1000 vong/phit. Dung dich
nu6e chira 57% HI (80 L) duge bd sung. Hon hop duoc khudy trong 30 phut, va cac
chét két ta rén mau tring 14y ra khoi dung dich, tao ra huyén phu dic chira chét ran

mau tring trong dich ndi mau nau. Chat rin mau tring duoc thu gom bing cach loc trén
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gidy Whatman va dugc 1am kho du6i dong khong khi trong 10 phit dé thu dwoc hop

chit néu & d& muc (262 mg, hiéu sudt 94%) & dang tinh thé rin.

Nhiéu xa bot tia X ciia cac dang tinh thé

Thu duoc céc nhidu xa @6 XRD cua c4c chit rin dang tinh thé bang cach sir dung
may nhiéu xa bdt tia X Bruker D4 Endeavor, c6 1p ngudn CuKa A = 1,54060 A
(0,154060 nm) va cam bién Vantec, van hanh & 35 kV va 50 mA. Mau dugc quét trong
khoang géc nhidu xa 20 tir 4 dén 40°, véi bude goc nhidu xa 26 12 0,008° va toc d6 quét
12 0,5 gidy/bude, va dd phan ky 12 1,0 mm, bd chdng tan xa cb dinh 6,6, va khe cam
bién 11,3 mm. Bot khod duge dua vao bd chira miu bang thach anh va tao bé mat tron
bang cach st dung con trugt thity tinh. Nhiu xa d6 dang tinh thé duogc thu thap & nhiét
d6 méi trudong xung quanh va do 4m tuwong dbi. Cac vi tri dinh tinh thé duoc xac dinh
trong MDI-Jade sau khi toan bd dich chuyén mAu trén co s& chat chuin ndi NIST 675
v6i cac dinh & 8,853 va 26,774 20°. Da biét 15 trong linh vuc tinh thé hoc riang dbi véi
mot dang tinh thé nhét dinh bét ky, thi cuong do twong dbi ctia cac dinh nhiéu xa c6 thé
thay ddi do su dinh huéng dwoc wu tién xudt phat tir cac yéu td nhu hinh théi tinh thé
hoéc dang tinh thé. Khi xuét hién tac dong cia su dinh huéng dugc wu tién, thi cuong
d6 dinh bi thay dbi, nhung cac vi tri dinh déc trung ctia dang da hinh 12 khong thay dbi.
Xem, vi du, Dugc dién M§ (The United States Pharmacopeia) #23, National Formulary
#18, cac trang 1843-1844, 1995. Ngoai ra, ciing da biét 15 trong linh vuc tinh thé hoc
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rang dbi v6i mot dang tinh thé nhit dinh bét ky, thi cac vi tri dinh & goc c6 thé thay dbi
mot chat. Vi du, cac vi tri dinh ¢6 thé dich chuyén do bién dbi nhiét do tai d6 miu duoc
phén tich, thay thé mau, hodc c6 mit hodc khong c6 mit chit chudn ndi. Trong trudong
hop nay, bién thién vi tri dinh 12 = 0,2 26° dugc coi 1a ¢6 tinh dén cac bién thién tiém
nang nay gy can tré viéc xac dinh 15 rang dang tinh thé dugc chi ra. C4u hinh ciia dang
tinh thé c6 thé duogc tao ra dua trén dang két hop don nhét cac dinh phan biét.

XRD ctia tinh thé céia Vi du 1A

Mau duge diéu ché cua tinh thé cia Vi du 1A (2-(2,6-diclophenyl)-1-((1S,3R)-
3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-
2(1H)-yl)etan-1-on hydroclorua monohydrat) dugc dic trung boi mau XRD bang cach
st dung birc xa CuKa khi c6 cac dinh nhiéu xa (cac gia tri 2-theta) nhu duoc md ta
trong Bang 1 dudi ddy, va cu thé c6 cac dinh & 8,6 khi két hop véi mot hodc nhiéu dinh
duogc chon tir nhém bao gém 15,3, 17,5, va 28.3; v6i dung sai d6i voi cac goc nhiu xa
12 0,2 do.

Bang 1: Céc dinh nhiéu xa bot tia X cua tinh thé cta Vi du 1A

Cuong d6 trong dbi
Goc (°2-Theta) +/- | (% dinh c6 cuong 4o

Pinh 0,2° 16n nhét)
1 8,6 100,0%
2 9,3 40,2%
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3 14,6 50,3%
4 15,3 69,3%
5 17,5 68,9%
6 19,1 23,3%
7 22,5 36,1%
8 23,9 34,1%
9 25,4 22,9%
10 28,3 57,3%

XRD ciia tinh thé ctia Vi du 1B

M3u duge didu ché cua tinh thé cia Vi du 1B (2-(2,6-diclophenyl)-1-((1S,3R)-

3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-

58/77

2(1H)-yl)etan-1-on hydrobromua) dugc dic trung boi mau XRD bing cach sir dung

btrc xa CuKa khi ¢6 cac dinh nhidu xa (cac gia tri 2-theta) nhu duge mo ta trong Bang

2 duéi day, va cu thé ¢ cac dinh & 15,5 khi két hop véi mot hodc nhicu dinh duge chon

tir nhom bao gdm 24,9, 11,9, va 21,5; v6i dung sai ddi véi cac goc nhidu xa 12 0,2 dd.
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Cuong do twong dbi
Goc (°2-Theta) +/- (% dinh c6 cuong
Pinh 0,2° d6 16n nhét)
1 11,9 69,3%
2 12,7 55,7%
3 15,5 100,0%
4 16,8 50,3%
5 17,9 47,7%
6 19,1 38,4%
7 19,6 46,6%
8 21,5 65,8%
9 24,9 92,1%
10 27,7 31,2%

XRD ciia tinh thé ctia Vi du 1C

Mau dugce diéu ché cua tinh thé cia Vi du 1C (2-(2,6-diclophenyl)-1-((1S,3R)-

3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-

59/77

2(1H)-yl)etan-1-on hydrobromua monohydrat) dugc dic trung boi mau XRD bang cach

sir dung birc xa CuKa khi c6 cc dinh nhiéu xa (c4c gid tri 2-theta) nhu dugc mé ta

trong Bang 3 duéi ddy, va cu thé c6 cac dinh & 17,4 khi két hop véi mot hode nhicu

dinh dugc chon tir nhdm bao gém 27,0, 18,3, va 21,7; v6i dung sai ddi véi céac goc

nhiu xa 12 0,2 do.
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Bang 3: Cac dinh nhiéu xa bot tia X cua tinh thé ctia Vi du 1C

Cuong d6 trong dbi
Goéc  (°2-Theta) +/-| (% dinh c6 cuong do

Dinh | 0,2° 16n nhét)

1 8.4 26,9%

2 11,5 23,6%

3 14,1 19,5%

4 16,8 30,8%

5 17,4 100,0%

6 18,3 52,1%

7 19,7 37,2%

8 21,7 39,7%

9 23,1 37,8%

10 27,0 65,5%

XRD ciia tinh thé ciia Vi du 1D

Mau duge didu ché cua tinh thé cia Vi du 1D (2-(2,6-diclophenyl)-1-((1S,3R)-
3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-
2(1H)-yl)etan-1-on hydroiodua) dwgc dic trung boi miu XRD bing céch sir dung birc
xa CuKa khi ¢6 cac dinh nhidu xa (c4c gid tri 2-theta) nhu dugc md ta trong Bang 4
dudi day, va cu thé ¢6 cac dinh & 15,3 khi két hop v6i mot hodc nhiéu dinh duoc chon

tir nhom bao gém 21,5, 11,7, va 24,5; v6i dung sai d6i v6i cac goc nhidu xa 13 0,2 d9.
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Cuong d6 twong dbi
G6c (°2-Theta) +/- | (% dinh c6 cuong do
Dinh 0,2° 16n nhét)
1 11,7 45.2%
2 15,3 100,0%
3 17,9 18,3%
4 19,1 21,1%
5 19,6 22,6%
6 20,2 32,0%
7 21,3 37,2%
8 21,5 46,1%
9 21,9 39,7%
10 24,5 40,3%

XRD ciia tinh thé ciia Vi du 1E

MAu duoc didu ché cua tinh thé cua Vi du 1E (2-(2,6-diclophenyl)-1-((1S,3R)-

3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-

61/77

2(1H)-yl)etan-1-on hydroiodua monohydrat) dugc dic trung boi mau XRD bang cach

str dung birc xa CuKa khi c6 cac dinh nhiéu xa (cac gia tri 2-theta) nhu dugc mo ta

trong Bang 5 duéi ddy, va cu thé ¢6 cac dinh & 17,2 khi két hop v6i mot hode nhiéu

dinh duoc chon tir nhém bao gém 21,5, 19,6, va 28,1; véi dung sai dbi véi cac g6c

nhiéu xa 12 0,2 do.
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Cuong do twong dbi
Géc (°2-Theta) +/- | (% dinh c6 cuong do
Dinh 0,2° 16n nhét)
1 11,4 16,5%
2 14,5 8,9%
3 16,7 25,7%
4 17,2 100,0%
5 17,8 11,3%
6 18,2 20,7%
7 19,6 33,7%
8 21,5 36,2%
9 25,1 20,5%
10 28,1 31,7%

Thit nghiém PAM thu thé D1 ciia ngwoi

62/77

Hoat tinh PAM cua cac hop chét theo sang ché vé co ban c6 thé dugc xac dinh

nhu dwgc mo ta trong Svensson ef al., An Allosteric Potentiator of the Dopamine D1

Receptor Increases Locomotor Activity in Human D1 Knock-in Mices without

Casusing Stereotypy or Tachyphylaxis. J. Pharmacol. Exp. Ther. (2017) 360:117-128.
Cu thé hon, cac t& bao HEK293 biéu hién 6n dinh thy thé D1 cia ngudi (s6 truy

cap NM_000794) dugc tao ra bang cach tai nap gen sit dung vecto retrovirut pBABE-

bleo va dugc lwa chon bing Zeocin™ (InvivoGen). O mitc hop dong khoang 80%, cac

té bao dwoc nudi cdy bang cach str dung TrypLE™ Express (Gibco), duge tao huyén

phu trong FBS thém 8% DMSO, va dugc bao quan trong nito long. Vao ngay thi
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nghiém, cac té bao duoc lam tan va dugc tao huyén phu lai trong dung dich dém STIM
(dung dich mudi cin bang Hanks dwoc bd sung 0,1% BSA, 20 mM HEPES, 500 pM
IBMX, va 100 uM axit ascorbic).

Hop chét thir nghiém dwoc pha lodng theo day (1:2) bang DMSO vao céc dia
thir nghiém (ProxiPlate-384 Plus, PerkinElmer) bang cach sir dung sy tan sdc 4m thanh
(Labcyte) dé tao ra 20 ndng do trong cdc duong cong dap ting toan bd. Hop chét thir
nghiém (80 nL) dugc bd sung vao 5 pL dung dich dém STIM chira 2000 té bao, va 5
uL dung dich dopamin c6 néng d6 gép 2 lan trong dung dich dém STIM s& tao ra dap
tng ndng d6 ECao (24 nM trong dung dich gdc, hogc 12 nM ndng do cudi) va ndng do
DMSO cubi trong té bao 1a 0,8%. Cac dia dugc t & nhiét d trong phong trong tong
thoi gian phan tng 13 60 phut.

Viéc san sinh cAMP duoc dinh lwong bang cach sit dung may phat hién HTRF®
(Cisbio) theo huéng dan ctia nha san xuat. Nhin chung, dung dich dém phén giai chira
khang cAMP cryptate (5 pL) va thé tiép hop D2 (tir kit HTRF®)(5pL) duge bo sung
vao cac 16, Cac dia duogc 1 trong 60-90 phut, va huynh quang dugc rira giai theo thoi
gian dugc phat hién bang cach sir dung may doc dia EnVision™ (PerkinElmer). Dir
liéu huynh quang dwoc chuyén hoa thanh cac nong d6 cAMP bang cach sir dung duong
cong chuén cAMP va phén tich bang cach sir dung phuong trinh logistic khong tuyén
tinh 4 thong sb (Genedata Screener, phién ban tiéu chuén 13.0.5). Déi vdi cac dudong
cong dap tng ndng d6 phwong thirc ting tiém luc, cac két qua dugc biéu hién & dang
ty 18 phan trim cira so giita dap ing & ndng d6 ECao ctia dopamin riéng r& (dugc chuén
héa thanh 0%) va dap Gmg t6i da d6i véi dopamin (dwge dinh nghia boi dap ing dén 5
uM dopamin, néng d6 cudi, dugc chuan hoa thanh 100%).

Céc gia tri ECso tuyét ddi duoc tinh todn trén co sé cdc dap ng t6i da va tdi

thiéu ctia chat chu van dbi chirng (dopamin). % tiém ning (% dinh chép) duge x4c dinh
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dinh chép dugce thé hién trong Bang 6 duéi day:

Bang 6
ECso tuyét d6i (nM) | % dinh chop (SEM,
Vidu sb (SEM, N) N)
1 16,4 (3,18, n=10) 91,4 (3,65, n=10)
2 172 (29,5, n=3) 91,2 (6,46, n=3)
3 287 (38,1, n=3) 88,1 (2,52, n=3)
4 28,5 (5,45, n=3) 78,8 (4,86, n=3)
5 18,3 (2,62, n=3) 79,1 (4,34, n=3)
6 42,2 (3,70, n=3) 80,4 (3,40, n=3)
7 81,2 (11,6, n=3) 82,4 (2,83, n=3)
8 13,4 (3,93, n=3) 75,9 (3,16, n=3)
9 28,0 (6,81, n=3) 81,5 (3,16, n=3)
10 127 (24,8, n=3) 78,1 (4,68, n=3)
11 112 (13,8, n=3) 79,8 (3,10, n=3)
12 540 (41,6, n=3) 77,1 (2,50, n=3)
13 484 (14,9, n=2) 89,8 (2,42, n=2)
14 677 (23,9, n=2) 72,6 (3,38, n=2)
15 836 (46,4, n=2) 75,5 (0,226, n=2)

64/77

Céc gia tri ECsp tuyét dbi dugc dua ra d6i v6i cac vi du 1 - 15 trong Bang 6 minh hoa

kha ning tiém lyc cia qua trinh truyén tin hi¢u ciia thu thé D1 ctia ngudi trong d4p ing

véi dopamin, va minh hoa hoat tinh cta cac hgp chét theo diém 1 1am chét diéu bién di

1ap thé tang cudng cua thy thé dopamin D1 cua ngudi.
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Tao ra chudt gin gen thu thé D1 ciia newoi

C6 thé tao ra chudt chuyén gen trong dé thu thé dopamin 1 (D1) cia loai gim
nhim duoc thay thé bing thu thé twrong img cta ngudi bang cac k¥ thuit tiéu chuin
(nhin chung xem Svensson et al., J. Pharmacol. Exp. Ther. (2017) 360:117-128). Vi du,
cac doan gen chudt dugc tao dong phu tir thu vién nhiém sic thé nhan tao cia vi khuan
RP23 va tai tao dong thanh vecto hudng dich PGK-neo. Khung doc mé ciia chudt dugc
thay thé bang khung doc md ciia thu thé D1 cua ngudi & ving ngoai 2. DPau dong cua
gen danh d4u chon loc neo cua viing ngoai 2 duge cai bién phan hong bang cac vi tr
frt dé sau d6 loai bo. Viéc cai bién phin hong ving ngoai 2 béi cic vi tri chon loc loxP
la mot phuwong thirc dé tao ra chudt loai bo D1 bang cach lai véi chudt biéu hién gen
nucleaza cre.

Dong t& bao gbe phoi B6-3 1a C57BL/6 N dugc sinh trudng trén phat trién trén
16p chét dinh dudng dugc lam bét hoat gian phan ctia cdc nguyén bao phdi chudt trong
DMEM chta glucoza v6i ndng dd cao bd sung 20% FBS va 2x106 don vi/l yéu t6 tc
ché bénh bach ciu. Tao xung dién mudi triéu té bao gbc ciia phoi cong véi 30 microgam
ADN vecto tuyén tinh va tién hanh chon loc G418 (200 pg/ml). Céc dong dugc phan
1ap va phan tich bing phwong phap thdm tach Southern.

Cheén mot dong chira doan xen véi kich thudec mong mudn vao cac tii mam va
chuét thu duge duge genotyp hoa bing PCR. Thé kham duc dugc lai véi thé kham cai
chira gen flp nucleaza dé loai bod gen danh d4u lua chon. Xac dinh thé hé con chira thu
thé D1 ctia nguoi va khong chita gen danh d4u lia chon bang PCR. Cho di hop tir duc
giao phdi véi chudt cai C57BL/6. Cho thé hé con duc va cai chira thy thé D1 cua nguoi
giao phéi v6i nhau va xac dinh cac dong hop tir b:?lng PCR. Hanh vi va viéc sinh san
clia cac dong hop tir duoc phat hién 1 binh thuong, cum gen dugc duy tri ¢ trang thai

ddng hop tr cho céc thé hé ké tiép.
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Hoat dong van dong co ban (cho lam quen voi diéu kién thir nghiém)

Hiéu qua in vivo cia cac hop chét theo sang ché c6 thé dugc ching minh bing
cach tac dong qua thu thé D1 b%mg cach sur dung hoat dong van dong cua chudt. Hoat
dong vén dong duoc xic dinh bang hé théng tw dong hoa theo doi chuyén dong cia
chuot. Viéc kiém soat cac hanh vi hoat dong van dong ctia chudt tién hanh trong cac
chudng 12 hop dung gidy bang chit déo trong sudt c6 cac kich thudc 45 x 25 x 20 cm,
v6i cac manh gd nhod 6 bé day 1 cm dé thim hut, va dwgc phit bang dinh chép bang
chit déo c6 thong hoi. Cac chudng duge dit trong khung hinh chir nhat chira lu6i gom
12 chum quang dién v&i cau hinh 8 x 4 (Kinder Scientific, Poway, CA) nam cach 2,5
cm tlr san cta chudng dé phat hién sy di chuyén ciia chudt (su di lai) va duge ghi nhan
bang may vi tinh.

Chudt duc khong c¢6 thu thé D1 ciia nguoi duge dit trong cac khoang va cho 1am
quen véi cac khoang nay trong 60 phut. Trong thoi gian lam quen, quan sat thay chudt
cé su giam van dong theo thoi gian, nhu ky vong. Sau khi dung hop chét theo sang ché,
nhan théy su di chuyén cta con vat tang 1én theo cach phu thude lidu.

Céc con chudt duge chia ngiu nhién vao cac nhém diéu tri. Trong nghién ciru
dap tmg 1idu, mdi con chudt dugc dit riéng ré vao mot trong sb céc hp xéc dinh hoat
dong van dong trong khoang thoi gian 1am quen 60 phut. Sau do cic con chudt duge
cho dung theo dudng ubng bang cach sir dung hop chat thir nghiém trong 20% t4 dugc
hydroxypropyl-betaxyclodextrin va bing cach st dung thé tich lidu 12 10 mL/kg. Sau
khi ding liéu, cdc con chudt duoc dit tro lai viao cac hop LMA va tong s6 lan di lai
dugc ghi nhan cach nhau 10 phut d61 v6i mbi con chudt trong thoi gian xac dinh 60
phut. Phan tich théng ké dugc tién hanh bing cach sir dung ANOVA mot yéu td, sau
d6 tién hanh phan tich kiém dinh sau bang cach st dung thir nghiém so sanh Dunnett.

Céc hop chét cia Vi du 1 va 8 dugc thir nghiém vé co ban nhu duoc md ta &
trén va nhén thiy su van dong co ban ting theo cich phu thudc lidu (cac Bang 7 va 8).
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Bang 7

Hoat dong van dong co ban
Vidul (lidu, mg/kg, PO) (Tong sb 1an di lai trong 60 phiit)
c6 nghia 13 (SEM, %SE), N=8/nhém

0,0
(Ta dugce - 20% hydroxypropyl- | 541 (98, 18%)

beta-xyclodextrin)

1,0 410 (113, 28%)

3,0 490 (67, 14%)

6,0 1517* (324, 21%)

10 2426%%* (596, 25%)
30 3568**%* (387, 11%)

Phan tich théng ké dugc tién hanh trén dit lidu vé tong s6 lan di lai sau khi
chuyén ddi Logl0. ANOVA mét yéu t6:* p<0,05, ***p<0,001,
#k%p<0,0001,

(Thir nghiém nhiéu so sanh ctia Dunnett: so sanh véi ta duge d6i ching

trén dit liéu duge chuyén dbi log10)

Bang 8

Hoat dong van dong co ban

(Téng s 1an di lai trong 60 phut)
c6 nghia 1a (SEM, %SE),
N=8/nhém

0,0 614 (105, 17%)

Vidu 8 (lidu, mg/kg, PO)
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Hoat dong van dong co ban

Vidu8 (lidu, mg/kg, PO) (Tdng s6 14n di lai trong 60 phiit)
c6 nghia 1a (SEM, %SE),
N=8/nhém

(Ta dugc - 20% hydroxypropyl-

beta-xyclodextrin)

3,0 335 (59, 18%)

10 753 (159, 21%)

20 3629* (690, 19%)

30 3746** (463, 12%)

60 4080 *** (664, 16%)

Phan tich théng ké duoc tién hanh trén dit lidu vé tong s6 lan di lai sau
khi chuyén déi Logl0. ANOVA mdt yéu t6:* p<0,05, **p<0,01,
*#%p<0,001,

(Thir nghiém nhidu so sanh ctia Dunnett: so sanh véi ta dugc d6i ching

trén dit liéu duoc chuyén dbi log10)

Dit liéu vé hoat dong vAn dong co ban di voi vi du 1 va 8 dugc thé hién trong
Béng 7 va 8 minh hoa ring céc hop chét theo sang ché, va cu thé 1a Vi du 1 va 8, 1a hitu
hiéu trong qua trinh hoat héa van dong cua cac con vat ma da duoc lam quen v6i moi
truong. Tin ring hoat déng nay 1a két qua ciia qua trinh hoat héa trung tAm cta cac thu
thé D1 thong qua viéc ting tiém lyc di 1ap thé (Xem vi du Svensson et al., J. Pharmacol.
Exp. Ther. (2017) 360:117-128). Dit li¢u duoc dwa ra trong cac Bang 7 va 8 d6i v6i cac
vi du 1 va 8 minh hoc hiéu luc c6 lgi v& mit dugce 1y in vivo ctia cac hop chat theo sang
ché ddi véi viée tang tiém luc cua cac ddp tmg qua trung gian dopamin ndi sinh. Dit
liéu dugc duaratrong Bang 7 va 8 dbi vé6i cac vidu 1 va 8, con minh hoa sinh kha dung
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duong uong ¢6 1gi vé mat dugce ly cta cac hop chat cia cac Vidu 1 va 8 va cac hop
chat c6 cong thic 1.

Nong d trong huyét twong va trong nio:

Hop chat cta Vi du 1 duge cho chudt duc dung lidu qua duong udng véi lidu
nim trong khoang tir 1 mg/kg dén 30 mg/kg trong didu kién cho an, va ndng do trong
huyét tuong va trong no duge xac dinh 1a lidu sau 1,5 gid. Phan doan khong gan két
ctia hop chat dugc xac dinh in vitro nhu dugc mo ta trén day (Zamek-Gliszezynski MJ,
Ruterbories KJ, Ajamie RT, Wickremsinhe ER, Pothuri L, Rao MV, Basavanakatti VN,
Pinjari J, Ramanathan VK, Chaudhary AK (2011) Validation of 96-well equilibrium
dialysis with non-radiolabeled drug trong definitive measurement of protein binding
and application to clinical development of highly-bound drugs. J Pharm Sci 100: 2498-
2507). Ty 1& (Kpuu) ctia ndng dd khong gan két trong nio (Cu, trong ndo) véi ndng do
khong gén két trong huyét twong (Cu, trong huyét trong) duge xac dinh nhu duge mo
ta trén day (Raub TJ, Wishart GN, Kulanthaivel P, Staton BA, Ajamie RT, Sawada GA,
Gelbert LM, Shannon HE, Sanchez-Martinez C, De Dios A (2015) Brain Exposure of
Two Selective Dual CDK4 and CDK6 Inhibitors and the Antitumor Activity of CDK4
and CDK6 Inhibition in Combination with Temozolomide in an Intracranial
Glioblastoma Xenograft. Drug Metab Dispos. 43:1360-71). Dit liéu dugc thé hién dudi
day di voi vi du 1 1a gié tri trung binh thu dugc tir 3 con vat & mdi li¢u. “Con.” ding

de chi nong do6.
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Nong

doé

trong fu, trong Cu, trong Cu,
Liu Thoi huyét Nong do huyét fu,trong huyét trong
dung gian tuong trongndo tuong nao tuong nao Kpuu
mg/kg gid6 M nM nM nM
1 1,5 6,74 BQL 0,027 0,025 0,182 BQL NA
3 L5 86,6 60 0,027 0,025 2,34 1,5 1,06
6 L5 173 129 0,027 0,025 4,67 3,22 0,65
10 L5 120 57,6 0,027 0,025 3,23 1,44 0,44
30 1,5 1660 794 0,027 0,025 44,9 19,9 0,65

BQL, gi6i han dinh lugng dudi day 1 ng/mg mo.

Hop chit ctia Vi du 8 dugc cho chudt duc dung lidu qua duwdng udng véi lugng nam
trong khoang tir 3 mg/kg dén 60 mg/kg trong didu kién cho an, va ndng do trong huyét
tuong va trong ndo dugc xéac dinh lidu sau 1 gid. Phan doan khong gin két ctia hop chit
dugc xac dinh in vitro nhu dugc mo ta trén ddy (Zamek-Gliszczynski MJ, et al.,
Validation of 96-well equilibrium dialysis with non-radiolabeled drug trong definitive
measurement of protein binding va application to clinical development of highly-bound
drugs., J. Pharm. Sci. (2011) 100: 2498-2507). Ty 1€ (Kpuu) cua ndng d6 khong gin
két trong néo (Cu, trong ndo) v6i ndng do khong gin két trong huyét twong (Cu, trong
huyét twong) duoc x4c dinh nhu duge mo ta trén day (Raub T1J, et al., Brain Exposure
of Two Selective Dual CDK4 and CDK6 Inhibitors and the Antitumor Activity of

CDK4 and CDKS6 Inhibition in Combination with Temozolomide in an Intracranial
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hién dudi day d6i v6i vi du 8 12 gia tri trung binh thu dwoc tir 3 con vt & mdi lidu.

Néng

do Nong Cu,

trong  do fu, trong trong Cu,
Liéu Thoi huyét trong huyét futrong  huyét trong
dung gian  twong ndo twong nao twong  nao Kpuu
mg/k
g gio0 nM nM nM nM
3 1,5 874 66,3 0,031 0,01 2,71 0,66 0,24
10 L5 901 267 0,031 0,01 27,9 2,67 0,10
20 1,5 2442 721 0,031 0,01 75,7 7,21 0,10
30 1,5 10321 2391 0,031 0,01 320 23,9 0,07
60 L5 20077 5000 0,031 0,01 622 50 0,08

¢6 loi, nhu kha ning tang truyén tin hiéu cua thu thé D1 cua ngudi trong dap tmg voi
dopamin, kha dung dudng ubng in vivo cao, higu lyc in vivo trong hoat héa van dong
ctia dong vat ma duge 1am quen v6i mdi trudng, va profin gdy doc thich hop trong thir
nghiém c4n 14m sang. Ching han hop chét ciia Vi du 1 chitng minh kha ning ting viéc
truyén tin hiéu cua thy thé D1 cia ngudi trong dap tmg v6i dopamin (16,4 £ 3,18 nM
(n=10)), va hi¢u lyc in vivo ding ké khi dugc ding qua dudng udng & 6, 10, va 30
mg/kg PO, trong qua trinh hoat héa van dong cta chudt khong c6 thu thé D1 cia ngudi
ma dugc 1am quen v6i méi trudng, cling minh hoa sinh kha dung duong ubng thich hop
cua hop chét nay. Hon nira, hop chit cua Vi du 1 thuong dugce dung nap tot khi duogc

dung in vivo cho chudt khoe manh trong khoang liéu rong, va nhan théy khong gay doc
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theo cach co6 1¢i trong thir nghiém in vivo nay. Do d6, hop chit cua Vidu 1 chiing minh
chc diic tinh duge 1y két hop c6 loi hd trg cho viée sir dung 1am tac nhén didu tri dugce
ding qua duong udng ddi véi kha ning ting tiém luc cta thu thé dopamin D1, va diéu

tri bénh Parkinson, bénh tam than phan liét, ADHD, va/hodc bénh Alzheimer.
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YEU CAUBAO HQ
Hop chit c6 cong thirc:
R1
4
4 OH
R2
N
(0]
R3

trong do:

R! 14 -H, -CHs, -CH,CHs -CH,CH.0H, . hoiic :
R? 14 -F ho#c —Cl; va
R31a -H, -F hoic —Cl;

hoic mudi dugc dung cua ching.

Hop chét theo diém 1, trong 6 hop chat niy c6 cong thirc:
R1

Cl

Cl

trong do:
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R! 1 -H, -CHs, -CH,CH; -CH,CH,OH, . hoic ;

hodc muodi dugce dung cua chung.

Hop chét theo diém 1, trong d6 hop chét nay duoc chon tir nhém gdm:
2-(2,6-diclophenyl)-1-((1S,3R)-5-(1-etyl-1H-pyrazol-4-yl)-3-(hydroxymetyl)-
1-metyl-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on;
1-((1S,3R)-5-(1-xyclopropyl-1H-pyrazol-4-yl)-3-(hydroxymetyl)-1-metyl-3,4-
dihydroisoquinolin-2(1H)-y1)-2-(2,6-diclophenyl)etan-1-on;
2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1-(oxetan-3-yl)-
1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on;
1-((1S,3R)-5-(1-(2-(11-oxidaneyl)etyl)- 1 H-pyrazol-4-yl)-3-(hydroxymetyl)-1-
metyl-3,4-dihydroisoquinolin-2(1H)-yl)-2-(2-clophenyl)etan-1-on;
2-(2-clo-6-flophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1-(oxetan-3-
yl)-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on;
2-(2-clophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-
4-y1)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on;
2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1H-pyrazol-4-
yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on;
2-(2-clo-6-flophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1H-pyrazol-4-
yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on;
2-(2,6-diflophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1H-pyrazol-4-
y1)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on;
2-(2-clo-5-flophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1H-pyrazol-4-
y1)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on;
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2-(2-clo-4-flophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1H-pyrazol-4-
y1)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on;
2-(2-flophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1H-pyrazol-4-yl)-
3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on;
2-(2,3-diflophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1H-pyrazol-4-
yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on; va
2-(2,5-diflophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1H-pyrazol-4-
yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on;

hodc muoi dugc dung ctia ching.

4. Hop chit theo diém 1, trong d6 hop chét nay la:

/
N-N
/

Cl
ke
Oci
hodc mudi duoc dung ciia né.

5. Hop chét theo diém 4, trong d6 hop chat nay 1a:

/
I;l—N
Cl
NY@
Ogi
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Hop chat 1a 2-(2,6-diclophenyl)-1-((1S,3R)-3-(hydroxymetyl)-1-metyl-5-(1-
metyl-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)etan-1-on

hydrobromua monohydrat.

Hop chét theo diém 6, trong d6 hop chat nay 1a 2-(2,6-diclophenyl)-1-((1S,3R)-
3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-yl)-3,4-
dihydroisoquinolin-2(1H)-yl)etan-1-on hydrobromua monohydrat dang tinh thé.

Hop chét theo diém 7, trong d6 hop chét nay 1a 2-(2,6-diclophenyl)-1-((1S,3R)-
3-(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-yl)-3,4-

dihydroisoquinolin-2(1H)-yl)etan-1-on hydrobromua monohydrat dang tinh thé
duge dic trung boi mau nhiéu xa bot tia X bang céach sir dung bire xa CuKo ¢6
dinh nhiéu xa & goc nhiéu xa 2-theta 1a 17,4 khi két hop véi mot hodc nhiéu dinh
duoc chon tir nhom bao gém 27,0, 18,3, va 21,7; véi dung sai d6i véi cac goc

nhiu xa 14 0,2 do.

Duoc phdm chira hop chét theo diém bét ky trong s6 cac diém tir 1 dén 8, hoic

mudi duge dung cua né, va chit mang, chét pha lodng hoac ta dugc dugc dung.

Duoc pham theo diém 9 bao gom:
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. \\\\

Cl
e
O¢

hodc mubi dugc dung cua chiing, va chét mang, chét pha loang hoac t4 dugc dugc

dung.

11.  Duoc phim theo diém 10 bao gom:

N \\\\

Cli
")
O

va chit mang, chat pha lodng hoic t4 duge duoc dung.

12. Duwgc phim theo diém 9 bao goém 2-(2,6-diclophenyl)-1-((18,3R)-3-
(hydroxymetyl)-1-metyl-5-(1-metyl-1H-pyrazol-4-yl)-3,4-dihydroisoquinolin-
2(1H)-yl)etan-1-on hydrobromua monohydrat, va chét mang, chét pha lodng hoic

ta dugc duoc dung.
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