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trong d6 hop chét nay hiru ich dé 1am chét diéu bién thy thé lién hop protein G 6 (GPRS).
Sang ché ciing dé cip dén duoc pham chira hop chét nay, 13 hiru ich dé diéu trj cac tinh
trang bénh 1y lién quan dén GPR6, quy trinh diéu ché cac hop chit ndy va cac chét trung
gian cua chiing.
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Linh vie ki thuat dwoe dé cap

Sang ché dé cap dén linh vuc hoa duge, duoc Iy, va thudc. Sang ché dé cap dén
hop chét 14 chéit didu bién thu thé lién hop protein G 6 (dudi day dugc goi 1a GPR6 -
G-Protein-Coupled Receptor 6). Sang ché ciing d& cap dén duge phdm chira hop chét

nay.
Tinh trang k¥ thuit ciia sang ché

Sang ché @& xuét hop chét 12 chét diéu bién thy thé lién hop protein G 6 (GPR6).
GPR6 1a GPCR ma truyén tin hiéu qua 16 trinh Gs. Cac thu thé GPR6 dugc biéu hién &
mirc cao trong hé than kinh trung wong (central nervous system - CNS), dic biét 1a té
bao gai trung binh (medium spiny neurons - MSNs) cua vung vén, v6i muc biéu hién
tbi thidu & cdc mo ngoai bién. Cac dich thé van chi yéu clia viéc phan bd day than kinh
sinh dopamin tdp trung vao t& bao gai trung binh (MSNs) cta 16 trinh dau ra cia du vo
ndo trung gai (gidn tiép) va chét den thé vén (truc tiép). MSNs ctia 19 trinh dAu ra truc
tiép biéu hién cac thu thé dopamin D1 trong khi chiing trong 19 trinh gién tiép bidu hién
cac thu thé D2. GPR6 duoc lam giau & thy thé D2 biéu hién MSNs trong vung véan tai
dé6 hoat tinh ciia GPR6 1a trai nguoc vé& mit chtrc ning véi viéc truyén tin hiéu cua thu
thé D2. Co ché dbi khang hodc co ché chii van do ctia Gs lién hgp véi GPR6 1am gidm
cAMP trong MSNs va tao ra su lya chon vé churc nang khéac véi dopamin dugce hoat hoa
béng céc thu thé D2. Do d6, cac hop chét theo sang ché 12 hitu ich dé diéu tri nhidu loai

rdi loan thin kinh va tAm thén, ké ca bénh Parkinson.
Ban chét k§ thuit ciia sang ché

Muc dich cta sang ché 14 dé xuét hop chét 1a chét diéu bién thu thé lién hop

protein G 6 (GPR6).

Do d6, sang ché d& xuét hop chét c6 cong thirc I:
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VAN
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trong do:

R; duge chon tir nhém bao gdbm Cs.s xycloalkyl duge thé tiy y, Cs.¢ heteroxyclyl duoc

thé tiy ¥, Cs-10 aryl dugc thé tity ¥, va Ci.10 heteroaryl dugc thé tiy y;
Xi1a N va X, 1a CH; hodc

X1 la CH va Xz 1a N; hodc

XilaNvaXslaN;

khi X1 12 N, thi Z duogc chon tir nhém bao gdm C; alkylen, C1 haloalkylen, -C(O)-, va -
S(O)2-;

khi X; 12 CH, thi Z dugc chon tir nhém bao gdm C alkylen, C1 haloalkylen, -O-, -C(O)-
, -NH-, -S-, -S(O)-, va -S(O)2-;

q bing 1;
s bang 1;
Rz 1a -NReR7;

Rs, trong mdi trudng hop, doc lap duoc chon tir nhom bao gébm Ci alkyl, Css

xycloalkyl, va triflometyl;
pla 0, 1, hodc 2;

R4, trong mdi trudng hop, doc 18p duge chon tir nhém bao gdbm Ci.6 alkyl, xyano,
hydroxy, halo, Cs-¢ heteroxyclyl, -C(O)-Rs, -C(0)-N(R9)(R10), va -C(0)-ORu1;

r béng 1 hoéc 2;

Re 1 hydro;
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R7 dugc chon tir nhém bao gém Ci.6 alkyl, Cs.s xycloalkyl va Cs.¢ heteroxyclyl;

Rg duge chon tir nhém bao gdm hydro, Ci.6 alkyl, Cs.s xycloalkyl, Ce.10 aryl, Ci-10

heteroaryl, va Cs.¢ heteroxyclyl;
Ry dugc chon tir nhém bao gém hydro va Ci.6 alkyl;
Rio duoc chon tir nhém bao gdm hydro, C1.6 alkyl va Cs.s xycloalkyl; hozc

Ry va Rio ciing v6i nito ma ching gén vao tao thanh vong bdo hoa c6 4 dén 7 canh tiy
y ¢6 thém 1 nguyén tr vong khéc loai dugce chon tir nhém bao gdbm N, O, va S va tly y
duoc thé & nguyén tir cacbon vong bit ky bang 1 dén 5 phan tir thé doc 14p duge chon
tir nhém bao gdm xyano, halo, hydroxy, amino, Cs-¢ heteroxyclyl, Ci.9 amit, Ci.6 alkyl,
va C1.4 alkoxy va duoc thé & nito vong khac bét ky bang phan ti thé duoc chon tir nhém

bao gdm hydro, Cs-s xycloalkyl, va Ci. alkyl; va
Ri1 duoc chon tir nhém bao gdm hydro, Ci.s alkyl, va Cs.g xycloalkyl;
hodc mudi duoc dung cia né.

Séang ché con dé xut dugc phim chira: hgp chat c6 cong thire T hodc mudi dugc

dung ctia n6 va ta duge dugce dung.

Hop chit theo sang ché 1a chit diéu bién GPR6 va 13 hitu ich d diéu tri nhiéu
loai rdi loan than kinh va tm thén, vi du, rdi loan vén dong bao gdm bénh Parkinson,
chimg loan vén dong do levodopa gdy ra, va benh Huntington, ching nghién thubc, rbi
loan dn udng, rbi loan nhan thirc, chimg tAm than phan liét, rdi loan ludng cuc, va bénh
trdm cam. Do d6, sang ché md ta phuong phap diéu trj c4c tinh trang bénh 1y lién quan
dén GPR6 duoc md ta trong ban md ta ndy bao gbm, cho bénh nhén can diéu tri ding
hop chit theo sang ché véi lugng hitu higu. Séng ché mb ta viéc st dung hop chit theo
sang ché dé lam thubc, bao gbm dé diéu tri cAc tinh trang bénh ly lién quan dén GPR6
dugc mé ta trong ban mo ta nay, va bao gdm viéc bao ché thudc dé didu tri cc tinh trang

bénh ly li€n quan dén GPR6 dugc mo ta trong ban mo ta ndy.

Sang ché con dé xut quy trinh didu ché chét didu bién GPR6 va cac chit trung

gian cua no.
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Mo ta chi tiét sang ché

Thuét ngit “Ci.4 alkyl” dé cap dén alkyl mach nhanh hodc thing c6 mot dén bdn

nguyén tr cacbon.

Thuét ngft “C1.4 alkyl dugc thé tiry ¥ d& cép dén Ci.4 alkyl tiry ¥ duoc thé bing
tr 1 dn 6 phﬁn ttr thé doc 13p dugc chon tir nhém bao gdm Ci.4 alkoxy dugc thé tuy y,
Ci-4 thioalkoxy, Ci9 amit, Ci.7 amido, amino, C;-g alkylamino, Ci-s oxycacbonyl, Ci.5
cacbonyloxy, Ci.s sulfonyl, xyano, Cs.3 xycloalkyl dwoc thé tily y, Cs.s xycloalkoxy,
halo, hydroxy, nitro, oxo, Cs.¢ heteroxyclyl dugc thé tuy ¥, Ci-10 heteroaryl dugce thé tuy
¥, va Ce-10 aryl duoc thé tuy y.

Cu thé hon 12 “C1.4 alkyl dugc thé ty v d& cap dén Ci4 alkyl tiy ¥ duoc thé
béng tir 1 dén 6 phén tr thé doc 18p dugc chon tir nhém bao gém Ci-4 alkoxy, Ci.9 amit,
amino, Ci-g alkylamino, Ci.5 oxycacbonyl, xyano, Cs.g xycloalkyl, halo, hydroxy, Cs.¢
heteroxyclyl tiy ¥ dwoc thé & nito vong bit ky bing Ci. alkyl, Ci-10 heteroaryl, va
phenyl duoc thé tuy y.

Cu thé hon nita 14 “Ci.4 alkyl duoc thé tity ¥ d& cap dén Ci.s alkyl tiy y duoc
thé bang tir 1 dén 6 phin tir thé doc 1ap duge chon tir nhém bao gdbm C;.4 alkoxy, Xyano,
Cs.g xycloalkyl, halo, hydroxy, Cs.¢ heteroxyclyl thy y dugc thé & nito vong bat ky bang
C1.4 alkyl, va phenyl duoc thé tuy y.

Thuét ngit “C1.6 alkyl” dé cap dén alkyl mach nhanh hoic thing c6 mot dén sau

nguyén tir cacbon.

Thuét ngit “Ci.6 alkyl dugc thé tiy y” dé cap dén Ci.s alkyl tiiy y duoc thé bing
tr 1 dén 7 ph?ln ttr thé doc 1ap dugc chon tir nhém bao gbdm amino, C1.s alkylamino, C;.
4 alkoxy dugc thé thy ¥, Ci4 thioalkoxy, Ci-9 amit, Ci.7 amido, C1.s oxycacbonyl, Ci.s
cacbonyloxy, Ci.g sulfonyl, xyano, Cs.g xycloalkyl dugc thé tly ¥, halo, hydroxy, oxo,
C1.10 heteroaryl dugc thé tiy ¥, Cs.¢ heteroxyclyl duge thé tiy y, va Ce.10 aryl duge thé
tuy y.

Cu th8 hon 13 “Ci.6 alkyl dwogc thé tily v dé cap dén Ci.6 alkyl tiy ¥ dugc thé
béng tir 1 dén 7 phén tt thé doc 1ap duogc chon tir nhém bao gém Ci-4 alkoxy, Ci.9 amit,

amino, Ci-g alkylamino, Ci.5 oxycacbonyl, xyano, Cs.s Xycloalkyl, halo, hydroxy, Cs-

-5
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heteroxyclyl ty v dugc thé & nito vong bat ky bang Cis alkyl, Ci-10 heteroaryl, va
phenyl dugc thé tuy ¥.

Cu thé hon nita 13 “C1.6 alkyl duoc thé tuy y dé cap dén Ci alkyl tiy y duoc
thé bang tir 1 dén 7 phéan tir thé doc 1ap duge chon tir nhém bao gdm C1.4 alkoxy, Xyano,
Cs.g xycloalkyl, halo, hydroxy, Cs.¢ heteroxyclyl tuy y dugc thé & nito vong bét ky bing
C1.4 alkyl, va phenyl duoc thé tuy y.

Thuét ngit “Ci1.¢ haloalkyl” @ cap dén alkyl mach nhanh hozc thing c6 mot dén
sau nguyén tir cacbon dugc thé bang tir 1 dén 3 nguyén tir halogen. Cu thé hon, thuat

nglt “Ci.6 haloalkyl” dung dé chi flometyl va diflometyl.

Thuét ngit “Ci.g sulfonyl” d& cap dén sulfonyl dugc lién két vi nhom Ci.6 alkyl,
Cs-g xycloalkyl, hodc phenyl dugc thé tiy y.

Thuét ngit “C1.¢ alkylen” d& c4p dén alkylen, héa tri hai, mach nhanh hogc thing

cd mot dén sédu nguyén tir cacbon.

Thuét ngit “Ci.s haloalkylen” dé cap dén alkylen, hoa tri hai, mach nhénh hogc
thing c6 mot dén sau nguyén ti cacbon dugc thé bang tir 1 dén 3 nguyén tir halogen.

Cu thé hon, thuét ngit “Ci.¢ haloalkylen” ding dé chi flometylen va diflometylen.
Thuét ngit “Ci.4 alkoxy” dé cap dén C1.4 alkyl dugc gén boi nguyén tir oxy.

Thuét ngit “Ci.4 alkoxy dugc thé tiy ¥ @& cap dén Ci.4 alkoxy tiy y dwoc thé
bang tir 1 dén 6 phﬁn tir thé doc 1ap dugc chon tir nhém bao gbdm Ci.4 alkoxy, Ci.9 amit,
C1.s oxycacbonyl, xyano, Cs.g xycloalkyl dugc thé tiry v, halo, hydroxy, Ci-10 heteroaryl
duoc thé tuy ¥, va Ce.10 aryl dugc thé tiry y. Mic du hiéu ring trong truong hop phan tir
thé tily ¥ 1a Ci4 alkoxy hodc hydroxy thi phén tir thé thong thuong khong & vi tri alpha
so v6i diém gin alkoxy, thuat ngit “C4 alkoxy dugc thé tily y” bao gdm céc gdc 6n dinh

va cu thé 13, bao gdm triflometoxy, diflometoxy, va flometoxy.

Cu thé hon 12 “C1.4 alkoxy duoc thé tiry y” dé cap dén Ci1.4 alkoxy tiy y duoc
thé b?mg tr 1 dén 6 phr:in tr thé doc 14p dugc chon tir nhém bao gém Ci-4 alkoxy, xyano,
Cs. xycloalkyl, halo, hydroxy, va phenyl dugc thé ty y. Cu thé hon nita 12 “Ci.4 alkoxy

duoc thé tuy ¥ dé cap dén triflometoxy, diflometoxy, va flometoxy.
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Thuét ngft “C1.o amit” d& cip dén nhom -C(O)NR.Ry, trong d6 Ra duge chon tir
nhom bao gdm hydro va Ci alkyl, va Ry, dugc chon tir nhém bao gdm hydro, C1.3 alkyl,

va phenyl dugc thé tuy v.

Thuét ngir “C17 amido” d& cap dén nhom -NHC(O)R. trong d6 R dugc chon
tir nhém bao gdm hydro, Ci- alkyl, va phenyl dugc thé tuy y.

Thuét ngtt “Ci.s carbamoyl” dé cap dén carbamat duoc lién két v6i O hoiic N

duoc thé boi ddu tan Cr alkyl.
Thuét ngit “Ci.s ureido” dé cap dén ure dugc thé tiry y boi Ci.4 alkyl.

Thuét ngit “C1.s alkylamino” d& cap dén nhom -NRaRe trong d6 R4 13 C14 alkyl
va Re duge chon tir nhém bao gdm hydro va Ci alkyl.

Thuat ngit “Ce.10 aryl” dé cap dén hydrocacbon chua bdo hoa, dugc ghép doi,
don vong va da vong, c6 ndm dén muoi nguyén tir cacbon, va bao gbém phenyl, va

naphtyl.
Cu thé hon 12 “Ce.10 aryl” dé cap dén phenyl.

Thuat ngit “Ce.10 aryl dugc thé ty y* dé cap dén Ce.10 aryl ty y dugc thé bang
tr 1 dén 5 phén ttr thé doc 14p duoc chon tir nhém bao gbém Ci.4 alkyl dugc thé tuy v, Ci-
4 alkoxy dugc thé tly y, Ci-4 thioalkoxy, amino, Ci.g alkylamino, Ci.9 amit, Ci.7 amido,
C1-s oxycacbonyl, Ci.s cacbonyloxy, Ci.g sulfonyl, Ci-s carbamoyl, Ci-¢ sulfonylamido,

aminosulfonyl, Ci-10 aminosulfonyl, C1.s ureido, xyano, halo, va hydroxyl.

Cu thé hon 13 “Cé.10 aryl dugc thé tuy y” @& cap dén Ce-10 aryl dugc thé tiy y
bdi 1 d@én 5 phan tir thé doc lap duge chon tir nhém bao gdm Ci.4 alkyl, Ci-4 alkoxy,

xyano, halo, hydroxy, amin, triflometyl, va triflometoxy.

Cu thé hon nita 13 “Ce.10 aryl dugc thé tiry y” d& cép dén phenyl duoc thé tiry y
boi 1 dén 5 phé“tn tir thé doc 1ap dugc chon tir nhém bao gém Cis4 alkyl, Ci.4 alkoxy,

Xyano, halo, triflometyl, va triflometoxy.

Thuét ngit “Ci.5 oxycacbonyl” d& cap dén nhém oxycacbonyl (-CO2H) va Ci4

alkyl este cta no.
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Thuét ngit “C1.5 cacbonyloxy” dé cép dén nhém cacbonyloxy (-02CRy), trong

d6 Rr duoc chon tir nhém bao gém hydro va Ci.4 alkyl, vi dy, axetoxy.

Thuat ngit “Cs.g xycloalkyl” d& cdp dén vong alkyl don vong hodic vong kép,
bdo hoa hodc chua bdo hoa mét phin (nhung khéng hoan toan) c6 ba dén tdm nguyén
tir cacbon, va bao gdm xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, va céc chét
tuong tu. Thuat ngt ndy duoc hiéu 12 bao gdm xyclopentyl va xyclohexyl dwoc ngung

tu benzo.

Thuét ngit “Cs.s xycloalkyl duoc thé tiy ¥ dé cap dén Cs.s xycloalkyl tiiy ¥
duoc thé bang tir 1 dén 6 phan tir thé doc 14p duoc chon tir nhém bao gdbm Ci.4 alkyl
duoc thé tiry ¥, C1.4 alkoxy dugc thé tiry ¥, C1.9 amit, C1.7 amido, amino, Ci.s alkylamino,
Ci-s oxycacbonyl, xyano, Cs.g xycloalkyl, C3.g xycloalkoxy, halo, hydroxy, nitro, oxo,

C1-10 heteroaryl dugc thé tity ¥, va phenyl dugc thé tiy y.

Cu thé hon 13 “Cs.s xycloalkyl duoc thé tiy y”* dé cap dén Cs.s xycloalkyl dugc
thé thy v boi 1 dén 3 phin tir thé doc 1ap dwoc chon tir nhém bao gdm Ci.4 alkoxy, halo,
hydroxy, va C1.4 alkyl dugc thé tity ¥ bdi Ci.4 alkoxy, halo, va hydroxy.

Thuét ngit “Cs.s xycloalkoxy” d& cap dén Cs.s xycloalkyl dugc gén boi oxy.

Céc thuat ngit “halogen” va “halo” @& c4p dén nguyén ti clo, flo, bromo hozic

iodo.

Thuét ngft “Cs.¢ heteroxyclyl” dé cap dén nhan don vong hoic vong kép, c6 4
dén 8 canh, bio hoa hodc chua bdo hoa mdt phan (nhung khong hoan toan) cé mot hoic
hai nguyén tr khéc loai dugc chon tir nhém bao gdm nito, oxy, va luu huynh va nhén
nay tity y bao gdm cacbonyl dé tao ra lactam hodc lacton. Nén hiéu ring trong trudong
hop luu huynh dugc bao gdm thi luu huynh nay c6 thé 13 mot trong -S-, -SO-, va -SO;-
. Cling nén hiéu ring thuét ngit ndy bao gdm c4c hé vong kép nbi spiro. Vi du thuat ngit
ndy bao gbém, nhung khong chi giéi han &, azetidinyl, pyrolidinyl, piperidinyl,
piperazinyl, morpholinyl, thiomorpholinyl, oxetanyl, dioxolanyl, tetrahydropyranyl,
tetrahydrothiopyranyl, tetrahydrofuryl, hexahydropyrimidinyl, tetrahydropyrimidinyl,
dihydroimidazolyl, va céc chét trong tw. Nén hiéu ring Cs.¢ heteroxyclyl c6 thé dugc

gin & dang phén tir thé théng qua nguyén ti cacbon vong hodc nguyén tir nito vong.
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Cu thé hon 13 “Cs.¢ heteroxyclyl” duoc chon tir nhom bao gdm azetidinyl,
pyrolidinyl, piperidinyl, piperazinyl, morpholinyl, oxetanyl, tetrahydropyranyl,
tetrahydrothiopyranyl, va tetrahydrofuryl.

Thuat ngit “Cs.¢ heteroxyclyl dugc thé tiy y” dé cap dén Cs. heteroxyclyl tiry
y dugc thé & cac cacbon vong bang tir 1 dén 4 phan tir thé doc 1ap duge chon tir nhém
bao gdm Ci.4 alkyl duoc thé tily ¥, Ci4 alkoxy duge thé tiy ¥, Ci.9 amit, C17 amido,
amino, C1.g alkylamino, Ci.s oxycacbonyl, xyano, Cs.s xycloalkyl dugc thé ty ¥, Cs.s
xycloalkoxy, halo, hydroxy, nitro, oxo, va phenyl duoc thé ty ¥; va tily ¥ dugc thé &
nito vong bt ky bang phan tir thé doc 14p dugc chon tir nhém bao gbdm C1.4 alkyl duoc
thé thy ¥, Cs.s xycloalkyl, Cs.¢ heteroxyclyl dugc thé tiry ¥, Ci-10 heteroaryl duogc thé tiy
¥, va phenyl duoc thé tity ¥.

Cu thé hon 13 “Cs.s heteroxyclyl duoc thé tiy ¥ dé cap dén Cs. heteroxyclyl
duoc thé thy ¥ trén cac nguyén tir cacbon vong béi 1 dén 4 phan tir thé doc lap duoc
chon tir nhém bao gdm Ci.4 alkyl, C1.4 alkoxy, halo, va hydroxy va dugc thé tiy ¥ trén

nguyén tir nito vong bat ky béi Ci.4 alkyl.

Thuat ngit “Ci.10 heteroaryl” @& cap dén nhan hodc hé nhan, don vong hoic da
vong chua bao hoa hoan toan, ¢6 nim dén mudi ba canh, c6 mot dén muoi nguyén tir
cacbon va mot hodc nhiéu, théng thudng 13 mot dén bdn, nguyén tir khac loai duoc chon
tir nhom bao gdm nito, oxy, va luu huynh. Vi du thuat ngit nay bao gdm, nhung khong
chi gidi han &, furyl, thienyl, pyrolyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl,
oxazolyl, thiazolyl, thiadiazolyl, triazolyl, tetrazolyl, pyrazinyl, pyrazolyl, pyridazinyl,
pyridyl, pyrimidyl, azepinyl, diazepinyl, benzazepinyl, benzodiazepinyl, benzofuryl,
benzothienyl, indolyl, isoindolyl, benzimidazolyl, benzisothiazolyl, benzisoxazolyl,
benzoxadiazolyl, benzoxazolyl, benzopyrazinyl, benzopyrazolyl, imidazopyridyl,
pyrazolopyridyl, pyrolopyridyl, quinazolyl, thienopyridyl, imidazopyridyl, quinolyl,
isoquinolyl benzothiazolyl, va céc chit twong ty. Nén hiéu rang Ci.10 heteroaryl c6 thé
duoc gin & dang phan ti thé thong qua nguyén tir cacbon vong hoic nguyén ti nito
vong trong truong hop hinh thirc gin nay 1a c6 thé, vi du d6i voi pyrolyl, indolyl,

imidazolyl, pyrazolyl, azepinyl, triazolyl, pyrazinyl, v.v.
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Cu thé hon 1a “Ci.10 heteroaryl” dugc chon tir nhdm bao gé‘im furyl, thienyl,
pyrolyl, imidazolyl, oxazolyl, thiazolyl, pyrazolyl, triazolyl, pyridyl, va pyrimidyl.

Thuat ngit “Ci.10 heteroaryl duoc thé tiy y” d& cap dén Ci.10 heteroaryl tiy y
duoc thé béng tr 1 &n 5 phén ttr thé & cacbon ddc lap dugc chon tir nhém bao gém
amino, Ci-.g alkylamino, Ci9 amit, Ci.7 amido, Ci.s carbamoyl, Ci.¢ sulfonylamido,
aminosulfonyl, C1.10 aminosulfonyl, C1.s ureido, Ci4 alkyl dugc thé ty y, Ci.4 alkoxy
duoc thé tily v, xyano, halo, hydroxyl, oxo, nitro, Ci.s cacbonyloxy, Ci.s oxycacbonyl,
va C1.g sulfonyl va ty ¥ duoc thé bang mét phan tir thé & mbi nito doc 1ap duge chon tir
nhom bao gdm Ci4 alkyl dugc thé tily ¥, Ci.s sulfonyl, Cs.6 heteroxyclyl dugc thé tiy ¥,
va phenyl dugc thé tuy y.

Cu thé hon 14 “C1.10 heteroaryl dugc thé tiry ¥ dé cép dén Ci-10 heteroaryl dugc
thé tuy y béi 1 dén 3 ph'?m tt thé trén nguyén tir cacbon ddc 1ap dugc chon tir nhém bao
gém amin, Ci.g alkylamin, C19 amit, Ci.4 alkyl, C1.4 alkoxy, xyano, halo, hydroxyl, oxo,

triflometyl, va triflometoxy va dugc thé tily y trén nguyén ti nito vong bai Ci.4 alkyl.

Cu th8 hon nita 13 “Ci.10 heteroaryl dugc thé tily y” dé cép dén Ci.10 heteroaryl
dugc chon tir nhém bao gdm furyl, thienyl, pyrrolyl, imidazolyl, oxazolyl, thiazolyl,
pyrazolyl, diazolyl, pyridyl, pyrimidyl, v triazolyl, mdi chit dugc thé tiy y boi 1 dén 3
phén tir thé doc 18p dugc chon tir nhém bao gém Ci-4 alkyl, Ci.4 alkoxy, xyano, halo,

triflometyl, va triflometoxy va dugc thé tiy ¥ trén nguyén tir nito trén nhan boi metyl.

&N, 66

Thuét ngft “oxo” dé cép dén nguyén tir oxy lién két d6i véi cacbon, nguyén tix
oxy nay duoc gin vao d6 dé tao ra cacbonyl clia keton hogc aldehyt. Vi du, gbc pryidon

duoc coi la oxo dugc thé Ci.10 heteroaryl.

Thuét ngit “phenyl duoc thé tiy y” dé cap dén nhém phenyl tly ¥ dugc thé
béng tr 1dén 5 phﬁn tt thé doc 1ap dugce chon tir nhém bao gém Ci4 alkyl, Ci-4 alkoxy,
Ci1.9 amit, amino, Ci-g alkylamino, Ci-5 oxycacbonyl, Xyano, halo, hydroxyl, nitro, Ci-s

sulfonyl, va triflometyl.

Cu thé hon 12 “phenyl dugc thé tiy y” dé cap dén nhém phenyl tity y dugc thé
b%mg tr1déns phén tt thé doc 1ap dugc chon tir nhém bao gém Ci4 alkyl, C1-4 alkoxy,

-10-
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Ci9 amino, Ci.s alkylamino, Cis oxycacbonyl, xyano, halo, hydroxyl, nitro, va

triflometyl.

Thuét ngtt “Ci.¢ sulfonylamido” d& cap dén nhém -NHS(O),-R, trong d6 Ry
dugc chon tr nhém bao gdm Ci. alkyl va phenyl duge thé tiy ¥.

Thuét ngit “aminosulfonyl” dé cap dén -S(0)NH..

Thuét ngit “Ci.10 aminosulfonyl” @& cdp dén nhém -S(O)NRyR; trong d6 R
duoc chon tir nhém bao gdm hydro va Ci.4 alkyl va R; duge chon tir nhém bao gbm C;.

4 alkyl, va phenyl dugc thé tity y.

Thuét ngit “Ci.4 thioalkoxy” dé cap dén C1.4 alkyl duge gin boi nguyén tir luu
huynh.

Thuét ngit “mudi dugc dung” dé cép dén cadc mudi cla céc axit va bazo hitu co
hoic axit va bazo v6 co dugc duge dung. Cac mudi ndy 1a da biet trong linh vuc k§ thuét
nay va bao gdm cac mudi dugc md ta trong tai liéu Journal of Pharmaceutical Science,

66, 2-19 (1977). Mét vi du 1a mudi hydroclorit.

Thuat ngit “dugc thé”, ké ca khi duoc sir dung trong cum tlr “duoc thé tuy y”
dé cap dén mot hodc nhidu gbc hydro ctia nhém dugc thay thé bai gbc khong phai hydro
((c4c) phan tir thé). Nén hidu ring cac phan tir thé c6 thé 1a giéng hodc khac nhau & mdi
vi tri duge thé. Cac su két hop cua céc nhém va céac phén tir thé duoc dé xuit boi sang

ché 13 chat 8n dinh hodc kha thi v& mit héa hoc.

Thuét ngit “bn dinh” dé cap dén cac hop chit gan nhu khong bién ddi khi trai
qua céc diéu kién dé cho phép didu ché chung. Theo mot vi du khong gi6i han, hop chit
4n dinh hozc hop chét kha thi vé mit héa hoc 12 chét ga“m nhu khong bién dbi khi dugc
gitt tai nhiét d 40°C hodc thip hon, khi khéng c6 hoi 4m hogc cac diéu kién phan tng

hoa hoc khac, trong khoang mot tudn.

Nén hiéu rang, trong trudng hop céc thuat ngit duoc dinh nghia ¢ day dé cap
dén sb luong cia nguyén tir cacbon, sb lugng duoc dé cap dé chi nhom dugc dé cdp va
khong bao gdm cic nguyén ti cacbon bét ky c6 thé c6 mit trong (cé4c) phén tir thé tuy y

trén do.
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Chuyén gia trung binh trong linh vuc sé& hiéu rd rang hop chit nhit dinh trong
céc hop chét theo sang ché ton tai & dang céc chét ddng phan. T4t ca cAc chit ddng phan
14p thé ctia cac hop chét theo sang ché, bao gdm céc chéat ddng phan hinh hoc, chit dong
phan déi hinh, va chét ddng phén phi dbi hinh, theo ty 1& bét ky, duoc coi 1a ndm trong

pham vi ctia sang che.

Chuyén gia trung binh trong linh vyc sé€ hiéu rd ring hop chit nhit dinh trong
cic hop chét theo séng ché tdn tai & dang cac chit hdn bién. Tét c4 cac dang hdn bién

ctia cac hop chat theo sang ché dugc coi 14 nam trong pham vi cua sang ché.

Céc hop chit theo sang ché ciing bao gbm tét ca cac bién thé ddng vi duge dugc
dung, trong do it nhét mot nguyén ti dugc thay thé bai nguyén tir cé cling nguyén ti sd,
nhung khéi lugng nguyén tir khéc voi khéi luong nguyén tir trdi. Cac ddng vi thich hop

dé c6 trong cac hop chét c6 cong thirc I bao gbm cac ddng vi phéng xa.

14
A%

Céc thudt ngit “céc hop chét theo séng ché” va “hop chit theo sang ché” va cac
thuat ngtr tuong tu bao gdm phuong 4n theo cdng thirc I va cac phuong an khac cu thé
hon dugc bao ham béi cong thire I duge md ta trong ban mo ta nay va cac hop chét vi
du dugc mo ta trong ban md ta nay va mubi duge dung ctia mdi hop chét trong cac

phuong an nay.

(a) Mot phuong én 1a phuong an v& céc hop chét ¢ cong thire I trong d6 X 1a
CHvaX;laN.

(b) Mot phuong an 1a phuong an v& céc hop chét ¢6 cong thirc I trong d6 X 1a

NvaXzlaN.

(c) Mot phuong 4n 1a phuong an v& cac hop chit c6 cong thirc I va theo phuong

4n (a) va (b) trong d6 mot R4 1a xyano.

(d) Mot phuong an 1a phuong an v& cac hop chét c6 cong thirc I va theo phuong
an (a) va (b) trong d6 R4 dugc chon tir nhém xyano, -C(O)-N(Ro)(R10), va -C(O)-ORi1.

(e) M6t phuong 4n la phuong an v& cac hop chét c6 cong thirc I va theo céc

phuong 4n (a), (b), (¢), va (d) trong d6 Ri 1a Ce.10 aryl dugce thé thy .
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(f) Mot phuong an 1a phuong 4n vé cac hop chét c6 cong thirc I va theo cac

phuong an (a), (b), (c), va (d) trong d6 Z 1a Ci. alkylen.

(g) Mot phuong 4n 1a phuong 4n v& cac hop chét c6 cong thirc I va theo cac

phuong an (a), (b), (c), va (d) trong d6 Z 1a Ci-¢ haloalkylen.

(h) Mbt phwong an 1a phuong 4n vé cac hop chét c6 cong thirc I va theo cic

phuong an (a), (c), va (d), trong d6 Z 1a -O-.

(i) Mot phuong én la phuong an v& cac hop chit co cong thirc I va theo cac
phuong an (a), (b), (c), va (d), trong d6 Z 1a -C(O)-.

(j) Mot phuong én la phuong an v& cac hop chit c6 cong thirc I va theo céc
phuong an (a), (b), (c), (d), (e), (f), (g), (h), va (i) trong d6 Rz 12 -NR¢R7. Theo mot
phuong an trong phuong an (j), Re 13 hydro va Rz 1a Ci alkyl. Theo mdt phuong an
khac trong phuong an (j), Re 1a hydro va R7 1a Cs.g xycloalkyl. Theo mdt phuong an
khéc nita trong phuong an (j), Re 1a hydro va R7 1a Cs.¢ heteroxyclyl.

(k) Mot phuong an 1a phuong 4n vé& céc hop chét c6 cong thire I va theo cac
phuong 4n (a), (b), (c), (d), (), (D), (g), (h), (i), va (j) trong d6 s 1a 1.

(1) Mot phuong an 14 phuong an v& cac hop chit c6 cong thirc I va theo céc
phuong 4n (a), (b), (¢), (d), (¢), (D), (g), (h), (), (j), va (k) trong d6 q Ia 1.

(m) Mot phuong én 1a phuong an v& cac hop chit c6 cong thirc I va theo cdc

phuong 4n (a), (b), (), (), (&), (B), (&), (1), (), (), (), va (1) trong d6 R la xyano va r
1a2.

(m) Mot phuong én la phuong an v& cac hop chit c6 cong thirc I va theo cic
phuong 4n (a), (b), (c), (d), (¢), (D), (g), (h), (D), (5, (k), va (I) trong d6 rla 1.

(ay) Mot phuong an khéc 1a phuong an v& mubi dugc dung ctia mot trong sb

cac phuong an néu trén.

(az) M6t phuong &n khéc 1a phuong én vé mudi duge dung ctia mot trong sb

cac hop chét 1am vi du.
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Céc hop chét theo sang ché c6 thé dugc didu ché bai cac quy trinh khac nhau,
mdt sb quy trinh dugc mod ta dudi day. TAt ca cac phén tir thé, trir khi ¢6 quy dinh khac,
1a nhu duoc dinh nghia & trén. Cac san phdm ctia mdi bude ¢ thé dugc thu hdi béi cac
phuong phép théng thuong bao gdm chiét xuét, 1am bay hoi, két tia, phuong phap sic
ky, loc, nghién, tinh thé héa, va cac phuong phap tuong tw. Céc quy trinh c6 thé yéu ciu
bao vé cho cac nhom nhét dinh, vi du hydroxy, amin, hodc cdc nhém carboxy dé tbi
thiéu hoa cac phéan ung khdong mong mudn. Viéc lya chon, st dung, va loai bd bao v¢
céc nhom 13 da biét va duge hidu rd6 nhu quy trinh chuédn, vi du, trong tai liéu T.W.
Greene and P. G. M. Wuts in Protective Groups in Organic Chemistry (John Wiley and
Sons, 1991). Trong céc so dd du6i ddy, cac nguyén liéu ban dau 1 sin c6 trén thi trudng

hodc c6 thé d& dang didu ché duoc bang phuong phap da biét rd trong linh vuc nay.

So dd A
(R
PYAN /\/ 3)p
bude 1 ﬁ)s
udc N
Hal \\ - q | \\‘_
| o Ra) A - (Ra)
a
Hal” N 1 /(R3)p 2
: Ri” \X1 ) ,
H-R, Jbuoc3 \QS bude 2 L H-R,
q
4 2 (Ra)p 4
budce 4 AL /\/TI)S
Hal<_ _N -
a | \W q Ni
2 (Ra) | P (Ra);
R N 5 R;” °N
I

So dd A minh hoa viéc hinh thanh cac hop chit trong d6 X 1a N.

Trén So dd A, bude 1, hop chit c6 cong thirc 1 phit hgp dugc cho tiép xuc voi
hop chét c6 cong thirc 2 phi hop d8 tao ra hop chét c6 cong thie 3. Hop chat ¢ cong
thirc 1 phu hop 1a hgp chét trong d6 Hal 14 halogen va R4 va r 1a mong mudn trong hop
chét c6 cong thirc I cubi ciing. Hop chét c6 cong thirc 2 phit hop 14 hop chit trong d6
Ri, Z, Rs, p, s, va q 1a mong mubn trong hop chéit c6 cong thirc I hodc tao ra hgp chét c6
cong thire I cudi cting ¢6 Ri, Z, va R3 nhu mong mubn. Cac hop chit c6 cong thirc 2 13

sin c6 trén thi truong hodc ching c6 thé dugc didu ché mot cach dé dang bang phuwong
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phap da biét rd trong linh vuc nay. Vi du, cc hop chit c6 cong thiic 2, trong d6 Z 12 oxy

c6 thé dugc diéu ché bang phan ing Mitsunobu gitta piperidinol va ruou arylic.

Phén tmg nay dugc tién hanh trong dung méi hitu co thich hop nhu dioxan, n-
butanol, dimetyl sulfoxit va cac chét teong ty khong cung véi hodc cung véi bazo, nhu
diisopropyletylamin va trietylamin. Phan rng nay thudng dugc tién hanh & nhiét d6 nim

trong khoang tir 0 dén 80°C.

Cén phai hiéu ring hop chét c¢6 cong thiic 1 con c6 thé duge xir Iy bing
piperazin dé tao ra cac hop chét trong d6 X; 1a N. Dan xuét piperazin c¢é thé dugc cai
bién tiép bang cach amin hoa, akyl hoa, aryl hoa, amit héa, sulfonyl héa khir va cac
phuong phéap tuong tu & tao ra hop chét c6 cong thirc 3. Twong tu, piperazin ndy cé thé

duoc bao vé va xtt ly nhu néu trén sau khi khtr nhom béo vé & budce sau, néu muon.

Trong So dd A, budc 2, hop chét c6 cong thirc 3 duoc cho tiép xtc véi hop chit
¢6 codng thirc 4 phu hop, thu dugc hop chét c6 cong thie I. Hop chét c¢6 cong thirc 4 phi
hop 1a HORs hoac HNReR7 trong d6 Rs hodc Re va R7 1a mong mubn trong hop chét c¢6

cong thuc I cudi cung.

Khi hop chét c6 cong thirc 4 13 amin, HNR¢R7, phan tmg niy duoc tién hanh
trong dung moi hitu co thich hgp nhu dioxan, etanol, tetrahydrofuran, dimetyl sulfoxit,
N,N-dimetylformamit va cac chét tuong tu, khéng ciing véi hoic cling v6i bazo nhu
natri hydroxit, diisopropyletylamin hogc trietylamin. Phan Ung nay thuong duoc tién
hanh & nhiét d6 ndm trong khoang tir 20 dén 150°C.

Khi hop chét c6 cong thirc 4 12 rwou, HORs, phén tmg nay dugc tién hanh trong
dung mdi hitu co thich hop nhu dioxan, tetrahydrofuran, dimetyl sulfoxit, N,N-
dimetylformamit va cic chit twong tw, v6i bazo nhu natri hydrua, lithi hydrua, kali t-
butoxit, va cdc chit tuong tu. Phan Gng nay thuong dugc tién hanh & nhiét d6 nim trong

khoang tir 0 dén 150°C.

Theo cach khac, nhu duge minh hoa trén So dd A, budc 3, béng cach st dung
phuong phap dugc md ta trén diy, hop chét ¢6 cong thuc 1 phit hop c6 thé dugc cho
tiép xuc v6i hop chit c6 cong thirc 2 phit hop dé tao ra hop chét c6 cong thic 5.
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Nhu dugc minh hoa trén So dd A, budc 4, hop chét c6 cong thirc 5 co thé duogc

cho tiép xtic v6i hop chit co cong thirc 2 dé tao ra hop chét c6 cong thire I.

Céac chuyén gia trong linh vuc nay s€ nhan biét dwoc ring cac bude trén So dd
A c6 thé duoc bién dbi dé tao ra cac hop chét c6 cong thirc I. Cu thé, trinh tu cua céac
bude yéu ciu dé tao ra cac hop chét c6 cong thirc I phu thude vao hop chét cu thé dugc
téng hop, hop chat ban diu, va tinh khong bén twong dbi ciia cac gbe duoc thé. Cac bién

doi khéc 1a c6 thé va c¢é thé dugc cac chuyén gia trong linh vuc nay hiéu duge mot cach

dé dang.
So db B:
(R3)p
RN,
bude 1 N
Hal N \\
A q
I ;—<R4)r - | R
Hal N Hal N 7
1
R
/Z\ /\/( 3)p
R X1 ")s HR
budc 2 N2
g 1 7 4
(RS)p
bude 3 R{” N7 )s
Hal N . N
[ T Ly
> (Ra)r /) 4Jr
Ry~ "N Ry~ N
5 8
. /\(RS)p budc 4
R1/ °N )s
N
X
L 2 Rax
RN

So dd B minh hoa viéc hinh thanh c4c hgp chét trong d6 X, 1a CH.

Trén So dd B, budc 1, hop chét c6 cong thirc 1 phu hgp, nhu duge md ta trén
day, dugc cho tiép xtic v6i hop chét ¢6 cong thirc 6 phit hop, thu dugc hgp chét c6 cong
thitc 7. Hop chit c6 cong thic 6 phit hop 1a hop chét trong d6 R1, Z, R3, p, s, va q 1a

mong mudn trong hop chét c6 cong thirc I cudi cling hoidc tao ra hop chét c6 cong thirc
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I cudi cing ¢6 Ry, Z, va R3 nhu mong mudn va Y 12 axit bonic hoic este ciia axit bonic.
Cén phai hidu 12 nhém ¢6 ky hidu Ri-Z- c6 thé duoc thay thé bing nhém bao vé thich
hop, nhu metyl, benzyl, t-BOC, hodc Cbz, sau do loai bé nhém bao v¢ nay va ghép Ri-

Z- vao nhu mong muon trong hop chat c¢6 cong thirc I cudi cung.

Cac phan ng nay thuong da biét dudi dang phan tng Suzuki va 1a da biét 15
trong linh vuc nay. Miac du phan ung Suzuki dugc minh hoa trén So d6 B, can phai hiéu
ring cc phan tng lién hgp tao thanh lién két cacbon-cacbon khéc c6 thé dugc sir dung
v6i cac hop chét c6 cong thirc 6 c6 Y khong phai 12 axit bonic hodc este dé tao ra cac

hop chét c6 cong thire I.

Trén So dd B, budc 2, hop chat ¢6 cong thirc 7 dugce cho tiép xtic v6i hop chét
c6 cong thirc 4 phit hop dé tao ra hop chét c6 cong thuc 8. Hop chat c6 cong thirc 4 phi

hop va didu kién phan ing chung duge md ta trén déy & So dd A, budc 2.

Theo cach khac, So dd B, budc 3, mé ta phan tmg Suzuki ctia hgp chit ¢ cong
thirc 6 phtu hop va hop chét c6 cong thirc 5 phit hgp nhu mé té trén déy, thu duge hop

chét c6 cong thirc 8.

Trén So dd B, budc 4, hop chét c6 cong thirc 8 dugce khir thanh hop chét co
cong thirc I. Cac qué trinh khir nhu vay 1a da biét 18 trong linh vuc k§ thuat nay. Phan
ng nay duoc tién hanh trong dung méi hitu co thich hop nhu dioxan, etanol, metanol,
isopropanol, tetrahydrofuran, va cac chét twong tu. Phan g ndy thuong dugc tién hanh

bang céch str dung hydro va chét xuc tac, nhu chét xuc téc platin hodc paladi.

Ngudi c6 hidu biét trung binh vé linh vuc k¥ thuat ndy s& nhan biét duogc rang
céc budc trén So dd B c6 thé duge bién dbi dé tao ra cac hop chit c6 cong thic 1. Cu
thé, trinh ty ctia cac budc yéu cau dé tao ra céc hop chét c6 cong thic I phu thude vao
hop chét cu thé duoc tdng hop, hop chat ban dAu, va tinh khong bén twong dbi cia cac

gbc duoc thé.

Cén phai hidu ring mot s& hop chét c6 cong thirc I ¢6 thé dugc chuyén hoa
thanh cac hop chét c6 cong thirc I khac bang cach tién hanh thém cac bude khong duoce
thé hién & day. Cac hop chét c6 cong thic I ¢6 thé duoc chuyén hoa theo nhiéu cach

khac nhau. Cé4c phan ng nay bao gdm thily phan, oxy hoa, khir, akyl hoa, amit héa, va
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cac phan tng tuong tu. Tuong tu, & budce tuy y, khong duoc thé hién trén hinh v& trong
céc so dd trén day, cac hop chit c6 cong thirc I ¢6 thé dwoc chuyén hoa thanh mudi duoc

dung bdi cac phuong phép 1a da biét va dugc hiu r6 trong linh vuc ky thuat nay.
Vi du thwe hién sang ché

Céc vi du sau nhdm d€ minh hoa va khong lam giéi han, va thé hién cdc phuong

an cu the cua sang cheé.

Céc phd cong hudng tir hat nhan proton (Proton nuclear magnetic resonance -
NMR) da thu dwoc dbi v6i nhiéu hop chit trong s cc hop chit trong cac vi du sau. Cac
d6 dich chuyén héa hoc dic trung (8) dugc cho & don vi phén trén mét triéu truong thap
tir tetrametylsilan bang cach sir dung céc chit viét tit thong thuong cho ky hiéu clia céc
dinh chinh, bao gdm s (don), d (d6i), t (ba), q (bbn), m (da), va br (rdng). Céc chit viét
tit khac c6 nghia thong thudng trir khi duge chi ra khac. Phd khéi, trir khi c6 quy dinh
khac, dugc ghi bang cach st dung ion héa tia dién tir (electrospray ionization - ESI)

hoic ion hoa hoa hoc tai 4p sudt khi quyén.

Céc vi du duéi day dugc tién hanh trong binh phéan (g phu hgp va dugce khudy
theo cach thong thuong. Khi dugce chi rd, céc san phdm ciia cac quy trinh didu ché va vi
du nhét dinh dwgc tinh ché bing HPLC. Khi dugc chi rd, céc san pham cua cac quy trinh

diéu ché chudn bi va vi du dugc tinh ché bang HPLC.

Phuong phap HPLC A: Bom: Shimadzu LC-8A; UV/Vis: SPD-20A; phén
mém: LCSolution. Cdt Phenomenex Gemini® C18, Spum, ID 30 x 100mm dugc st dung
va rira giai bing gradien ctia ACN (chra 0,035% TFA) va nudce (chira 0,005% TFA).
ACN véi gradien tr 10% dén 100% dugc sir dung, trir khi ¢6 quy dinh khéc.

Phuong phap HPLC B: Bom: Waters 2525 hodc 2545; MS: ZQ; phin mém:
MassLynx. Cot Xbridge™ C18, S5um, ID 30 x 75mm dugc st dung va rira giai bing
gradien ACN (chtra 0,035% TFA) va nuéc (chira 0,005% TFA).

Sau khi tach boi phuong phép séc ky, dung moi dugce loai bé va san phim thu
dugc bing cach 1am bay hoi san phim chira cac phan doan (vi dy, GeneVacTM), thiét

bi lam bay hoi kiéu quay, binh lam bay hoi, lam dong kho nhanh, v.v.
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Céc chir viét tit dugc sir dung trong toan bd ban md t c¢6 nghia théng thuong
cta chung, trir khi ¢6 quy dinh khac. Vi du, chit viét tit sau dugc st dung: ACN
(axetonitril); aq (nudc); Boc hodc t-BOC (tert-butoxycacbonyl); Cbz (carbobenzyloxy);
DCM (diclometan); DMSO (dimetyl sulfoxit); TFA (axit trifloaxetic); HOAc (axit
axetic), MeOH (metanol), PE (xang), EA hodc EtOAc (etyl axetat) va cac chit trong tu.

Quy trinh diéu ché chuin bj 1: (5-clo-2-flophenyl)(piperidin-4-yl)metanon

Dung dich chita 2-bromo-4-clo-1-flobenzen (175pL, 1,377mmol) trong THF
(4,59ml) & nhiét 36 —78°C duogc xtr ly bang n-Buli (2,6M, 741uL, 1,928mmol) va hdn
hop phdn Gng nay dugc khudy trong thdi gian 30 phit. BS sung tert-butyl 4-
(metoxy(metyl)carbamoyl)piperidin-1-carboxylat (250mg, 0,918mmol) lam mot lan
vao hdn hop nay. Bé 1am mét dugc loai bo va hdn hop phan tmg thu dugc duge dé cho
Am dén nhiét do trong phong va khudy trong thdi gian 1,5 gio. Viée tinh ché bang phép
séc ky nhanh trén silicagel tu dong bﬁng cach st dung 10% EtOAc trong hexan tao ra
tert-butyl 4-(5-clo-2-flobenzoyl)piperidin-1-carboxylat (287,9mg, 92%) dudi dang dau
mau vang. ESI-MS m/z [M+Na]+ 364,20.

Dung dich chta tert-butyl 4-(5-clo-2-flobenzoyl)piperidin-1-carboxylat
(287,9mg, 0,843 mmol) trong dioxan (2,4 1ml) dugc xtt ly bang HCI (2,11ml, 8,43mmol)
& nhiét do trong phong va hdn hgp phan g thu dugce dugc khudy qua dém. Hbn hop
phan tng nay dugc pha lodng véi hexan va loc bang cach hut dé thu duge (5-clo-2-
flophenyl)(piperidin-4-yl)metanon ¢ dang mudi HCI cta né (146mg, 62,3%) dudi dang
chét rén mau vang. ESI-MS m/z [M+H]+ 242,20.

Quy trinh diéu ché chuén bi 2: 4-(2,4-diflophenoxy)piperidin

B6 sung DEAD (18,3ml, 115mmol) & nhiét o 0°C nhé giot vao dung dich chira
2,4-diflophenol (10g, 77mmol), PPhs; (30,2g, 115mmol) va tert-butyl 4-
hydroxypiperidin-1-carboxylat (30,9g, 154mmol) trong THF (400ml). Sau khi bd sung
xong, hdn hop phan ung dugc khudy & 40°C trong 16 gid. Rét hdn hop ndy vao nuée va
chiét bing EtOAc (3 x 400ml). Gom céc 16p hitu co, 1am khd trén NazSOs, loc va ¢b dé

tao ra san phdm tho. Viéc tinh ché béng phép séc ky nhanh trén silicagel, rira giai bang
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80:1 PE:EtOAc, tao ra tert-butyl 4-(2,4-diflophenoxy)piperidin-1-carboxylat duéi dang
dau (20g, 83%).

Dung dich tert-butyl 4-(2,4-diflophenoxy)piperidin-1-carboxylat (20g,
63,8mmol) trong HCI/EtOAc vé6i ty 1€ 4:1 (250ml) dugc khudy & 25°C trong 1 gidr. Co
dic hon hop, thu dwoc hop chit néu & d& muc ndy, ¢ dang mudi HCI, & dang chét rén
mau tring (15,4g, 97 %). IH NMR (400 MHz, DMSO0-d6) & ppm 1,84 (m, 2H), 2,08
(rri, 2H), 3,05 (m, 2H), 3,20 (m, 2H), 4,57 (m, 1H), 7,04 (m, 1H), 7,31 (m, 2H), 8,95 (br
d, 2H).

Quy trinh diéu ché chuén bi 3: 3-flo-4-(piperidin-4-yloxy)benzonitril

X ly dung dich 3,4-diflobenzonitril (28g, 201lmmol) va tert-butyl 4-
hydroxypiperidin-1-carboxylat (40,5g, 201mmol) trong THF (500ml) bang natri hydrua
(4g, 100mmol) va khudy & 25°C trong 16 gid. Rira hdn hop phén Gng bang nudc, chiét
bang EtOAc, va san phdm thd dugc tinh ché bang sdc ky nhanh silica gel, thu duoc tert-
butyl 4-(4-xyano-2-flophenoxy)piperidin-1-carboxylat (25g, 39%).

Khudy dung dich tert-butyl 4-(4-xyano-2-flophenoxy)piperidin-1-carboxylat
(42g, 131mmol) dugc hoa tan trong HCVEtOAc c6 ty 1€ 4:1 (100ml) trong 5 git. Co ddc
hén hop, thu duge hop chét néu & dé muc nay & dang mubi HCI (12g, 36%). 1H NMR
(400 MHz, DMSO-d6) & ppm 1,89 (m, 2H), 2,14 (m, 2H); 3,08 (m, 2H), 3,21 (m, 2H),
4,86 (m, 1H), 7,48 (t, J = 8,4 Hz, 1H), 7,70 (d, J = 8,4 Hz, 1H), 7,89 (m, 1H); ESI-MS
m/z [M+H]+ 220,7.

Quy trinh didu ché chudn bj 4: 4-((2,4-diflophenyl)flometyl)piperidin

B6 sung NaBHs (0,372g, 9,84mmol) vao dung dich chira tert-butyl 4-(2,4-
diflobenzoyl)piperidin-1-carboxylat (1,28g, 3,93mmol) trong MeOH (15,7ml) ¢ 0°C.
B& nudc da duoc loai bé va hdn hop phéan tmg nay khudy trong thoi gian 2 gior & nhiét
do trong phong, tiép theo, tbi bing dung dich nuéc bdo hoa NH4CI. Lép hitu co dugc
chiét bang EtOAc, rira bang H,0 va 1am kho trén MgSO4. Dung mdi dugc loai bo trong
didu kién 4p sudt giam tao ra tert-butyl 4-((2,4-diflophenyl)(hydroxy)metyl)piperidin-1-

carboxylat du6i dang chét rén hat 4m mau tring.
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B& sung DAST (242uL, 1,833mmol) vao dung dich chita tert-butyl 4-((2,4-
diflophenyl)(hydroxy)metyl)piperidin-1-carboxylat (200mg, 0,611mmol) trong DCM
(3,055ml) & —78°C. Hon hop ndy dugc khudy & nhiét d0 —78°C trong thdi gian 30 phut,
tiép theo, toi bang MeOH. Phép sdc ky nhanh trén silicagel bang cach sir dung gradien
tr 0% dén 100% EtOAc trong hexan tao ra tert-butyl 4-((2,4-
diflophenyl)flometyl)piperidin-1-carboxylat duéi dang dau khong mau.

B6 sung HCI (4M trong dioxan, 337uL, 1,348mmol) vao dung dich chira tert-
butyl 4-((2,4-diflophenyl)flometyl)piperidin-1-carboxylat (148mg, 0,449mmol) triét
quang trong dioxan (1,50ml). Hon hgp nay duge dun néng & 45°C trong thoi gian 16
gid, tiép theo, cd trong chan khong d8 tao ra hop chit néu & d& muc nay & dang mudi

HCI cuia n6 (109mg, 91%) dudi dang chat rdn mau trang.
Quy trinh didu ché chudn bi 5: (R)-4-((2,4-diflophenyl)flometyl)piperidin

tert-butyl 4-((2,4-diflophenyl)flometyl)piperidin-1-carboxylat dugc cho qua
phuong phdp tich SFC bat dbi xing dé tao ra (R)-tert-butyl 4-((2,4-
diflophenyl)flometyl)piperidin-1-carboxylat.

(R)-tert-butyl  4-((2,4-diflophenyl)flometyl)piperidin-1-carboxylat  (2,8g,
8,50mmol) dugc hoa tan trong EtOAc (20ml) va HC1 (4M trong EtOAc, 21ml) duoc bd
sung vao. Hon hop phén tng ndy dugc khudy & nhiét d6 23°C trong thoi gian 2 gio.
Lam bay hoi dung mdi tao ra hop chit néu & d& muc nay & dang mubi HCl ctiané (2,1g,
93%). ESI-MS m/z [M-+H]+ 229.9.

Quy trinh didu ché chudn bi 6: (S)- 4-((2,4-diflophenyl)flometyl)piperidin

tert-butyl 4-((2,4-diflophenyl)flometyl)piperidin-1-carboxylat dugc cho qua
phuong phap tiach SFC bt db6i xtng dé tao ra (R)-tert-butyl 4-((2,4-
diflophenyl)flometyl)piperidin-1-carboxylat. Mudi HCI ctia hop chét néu & d& muc nay
duoc didu ché theo cach tuong tu vai Quy trinh didu ché chuén bi 5, béng cach st dung
(S)-tert-butyl ~ 4-((2,4-diflophenyl)flometyl)piperidin-1-carboxylat. ~ESI-MS  m/z
[M+H]+ 229,9.

Quy trinh didu ché chudn bi 7: 4-((2-flophenyl)sulfonyl)piperidin
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Hén hop gém 2-flobenzenthiol (0,764ml, 7,15mmol), tert-butyl 4-
((metylsulfonyl)oxy)piperidin-1-carboxylat (1,816g, 6,5mmol), va K>COs3 (1,348g,
9,75mmol) trong ACN (16,25ml) dugc dun néng & 80°C qua dém. Hén hgp phéan tng
nay dugc rét vao nudc va chiét hai 14n bang EtOAc. Gom c4c 16p hitu co, 1am kho trén
Na2S04, loc, va cd trong didu kién 4ap sudt giam tao ra tert-butyl 4-((2-
flophenyl)thio)piperidin-1-carboxylat duéi dang dau mau vang (1,98g, 98%), ma nd

duoc dung trong bude tiép theo ma khong can tinh ché.

Dung dich chra tert-butyl 4-((2-flophenyl)thio)piperidin-1-carboxylat (1,98,
6,36mmol) trong THF (54,5ml) va MeOH (18,2ml) & nhi¢t do 0°C duoc xtt ly béng
dung dich chta Oxone® (9,77g, 15,9mmol) da dugc lam lanh trong nudc (54,5ml). Hoén
hop phén ing nay duoc khudy trong thoi gian 5 gio, dugc lam 4m dan dan dén nhiét 4o
trong phong. Hon hop phan tng nay dugc rot vao nudc va chiét hai 14n bang EtOAc.
Gom céc 16p hitu co, rira bing nuéc va tiép theo 13, dung dich nudc bao hoa NaCl, 1am
kho trén NazSOas, loc, va co trong diéu kién ap suét giam. Can dugc tinh ché b.%mg phép
sdc ky nhanh trén silicagel bang cach sir dung gradien tir 10% dén 50% EtOAc vé6i 0,1%
trietylamin trong heptan tao ra tert-butyl 4-((2-flophenyl)sulfonyl)piperidin-1-
carboxylat dudi dang diu mau vang nhot (1,31g, 60%).

Dung dich chtta tert-butyl 4-((2-flophenyl)sulfonyl)piperidin-1-carboxylat
(1,31g, 3,82mmol) trong dioxan (12,7ml) & nhiét 0 trong phong dugce xir Iy bing dung
dich HCI 4M trong dioxan (9,55ml, 38,2mmol). Hon hop phan ng nay dugc khudy &
nhiét do trong phong qua dém. Hon hop phén tmg nay dugc co trong diéu kién 4ap suit
giam. Chét rin mau tréng thu duoc duoc nghién v6i hexan, loc, gom, va lam dong kho
nhanh qua dém dé tao ra hop chét néu & d& muc ndy, & dang mubi HCI ctia n6, duéi
dang chét rin mau tring (815,1mg, 76%). ESI-MS m/z [M+H]+ 243,95.

Quy trinh diéu ché chuén bi 8: 4-((2-flo-4-metoxyphenyl)sulfonyl)piperidin

Hdn hop gdm 2,4-diflobenzenthiol (0,810ml, 7,15mmol), tert-butyl 4-
((metylsulfonyl)oxy)piperidin-1-carboxylat (1,816g, 6,5mmol), va K.COs (1,343g,
9,75mmol) trong ACN (16,25ml) dugc dun néng & 80°C qua dém. Hdn hop phan Gng
nay dugc rét vao nudc va chiét hai 14n bing EtOAc. Lép hitu co duge 1am khd trén

Na;SO04, loc, va cd trong diéu kién é&p suit giam dé thu duoc tert-butyl 4-((2,4-
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diflophenyl)thio)piperidin-1-carboxylat (2,141g) duéi dang d4u mau vang, ma né dugc

dung trong budc tiép theo ma khong can tinh ché.

Dung dich chta tert-butyl 4-((2,4-diflophenyl)thio)piperidin-1-carboxylat
(2,141g, 6,50mmol) trong THF/MeOH (3:1, 74ml) & nhiét d6 0°C duoc xtr ly b%lng dung
dich chtra Oxone® (9,99g, 16,25mmol) da dugc 1am lanh trong nuée (56ml). Hon hop
phan Gng nay dugc khudy qua dém, dugc lam 4m dan dan dén nhiét do trong phong.
Hon hop phan tng nay dugc rot vao nude va chiét hai 14n bang EtOAc. Gom céc 16p
hitu co, rira béng nudc va tiép theo 14, dung dich nudc bdo hoa NaCl, lam kho trén
NaySO0a4, loc, va cd trong diéu kién ap sut giam. Can duogc tinh ché béng phép sic ky
nhanh trén silicagel bang cach st dung gradien tir 10% dén 40% EtOAc véi 0,1%
trietylamin trong heptan tao ra tert-butyl 4-((2,4-diflophenyl)sulfonyl)piperidin-1-
carboxylat (1,32g, 56%) dudi dang chét rin mau tring. ESI-MS m/z [M+Na]+ 383,80.

Bé sung natri metoxit (25,6uL, 0,138mmol, 5,4M trong MeOH) nho giot vao
huyén phu chtra tert-butyl 4-((2,4-diflophenyl)sulfonyl)piperidin-1-carboxylat (50mg,
0,138mmol) trong MeOH (461puL). Hon hop phén tmg nay dugc khudy & nhiét d6 45°C
trong thoi gian 20 phut tiép theo, ¢ trong chan khong. Tién hanh khir nhém bao vé Boc
béng cach bd sung HCI (138uL, 0,553mmol, 4M trong dioxan) vao hdn hop phan tng
tho trong 300puL dioxan. Khudy & 50°C trong thdi gian 24 gio, tiép theo 1a c6 trong chan
khong tao ra hop chét néu & @ muc nay & dang mudi HCI ctia n6 (57mg) duéi dang chét

ran mau tring (10:1 hdn hop chét ddng phan vi tri). ESI-MS m/z [M+H]+ 274,00.
Quy trinh diéu ché chuén bi 9: 4-((3-flophenyl)sulfonyl)piperidin

Hdn hop gdm tert-butyl 4-((metylsulfonyl)oxy)piperidin-1-carboxylat (1,0g,
3,58mmol), K,COs (0,742g, 5,37mmol), va 3-flobenzenthiol (0,363ml, 4,30mmol)
trong ACN (7,5ml) dugc khudy & nhiét d6 23°C trong thdi gian 5 phut. Hon hop phan
ung nay duogc khudy & nhiét d6 80°C trong thoi gian 17 gid, 1am mat xubng 23°C va cho
phan bd giita EtOAc va nude. Tach cac 16p, pha hitu co dugc rira bang nudc mudi, 1am
kho trén NazSOas, loc, rira bﬁng EtOAc, va lam khé trong chan khong détaora tert-butyl
4-((3-flophenyl)thio)piperidin-1-carboxylat (1,115g, 100%) dudi dang diu mau vang.
ESI-MS m/z [M+H]+ 255,9.
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Hbn hop gdm nhdm oxit bazo (3,0g, 29,4mmol) trong nude (0,6ml) dugce khudy
& nhiét dd 23°C trong thoi gian 5 phit. Tiép theo, bd sung ACN (12ml) vao, tiép theo 1a
dung dich chwta tert-butyl 4-((3-flophenyl)thio)piperidin-1-carboxylat (1,115g,
3,58mmol) trong CHCl; (8ml). Tiép theo, cho Oxone® (6,60g, 10,74mmol) vio va
khudy hén hop phéan tmg & 60°C trong 19 gio. Lam lanh hdn hgp phan tmg xudng 23°C,
loc, rira béng CHCI3, va rira dich loc béng nudc (10ml). Lép hitu co duge 1am kho trén
Na2S0s4, loc, rira bing CHCls, va 1am khd trong chan khong. Céin thd duge hoa tan trong
toluen (5ml) va tinh ché bing phép sic ky & 4p suét trung binh bang cach sir dung gradien
tr 10% dén 100% EtOAc v6i 0,1% trietylamin trong heptan trén cdt silicagel 80g (Single
Step™) dé tao ra tert-butyl 4-((3-flophenyl)sulfonyl)piperidin-1-carboxylat (0,769g,
62,5%) dudi dang chit rdn mau tring. ESI-MS m/z [M+Na]+ 365,9.

Bb sung HCI (4M trong dioxan, 5,50ml, 22,01mmol) & nhiét 4o 23°C vao dung
dich chtra tert-butyl 4-((3-flophenyl)sulfonyl)piperidin-1-carboxylat (756mg,
2,201mmol) trong dioxan (5,0ml). Hdn hgp phan tmg nay dugc khudy & nhiét d6 23°C
trong thoi gian 21 gior dé tao ra huyén phit mau tring. Chét rin thu dwgc dugc loc, rira
bang dioxan va lam kho trong chan khong dé tao ra hop chit néu & d& muc nay & dang
mudi HCI ctia n6 (582,6mg, 95%) dudi dang chit rin mau tring. ESI-MS m/z [M+H]+
243.9.

Quy trinh diéu ché chuin bi 10: 4-((3-metoxyphenyl)sulfonyl)piperidin

Hop chéit néu & d& muc nay & dang mudi HCI cta né duogc didu ché theo cach
tuong ty véi Quy trinh diéu ché chuén bi 9, véi ngoai trir 12 clorofom bd sung duogc sir
dung thay cho ACN ¢ budc thit hai. ESI-MS m/z [M+H]+ 255,9.

Quy trinh diéu ché chuén bi 10: 4-((4-flophenyl)sulfonyl)piperidin

Hbn hop gdm tert-butyl 4-((metylsulfonyl)oxy)piperidin-1-carboxylat (1,42g,
5,08mmol), 4-flobenzenthiol (0,663ml, 6,10mmol) va K2COs (1,054g, 7,62mmol) trong
ACN (12,71ml) duoc khudy & nhiét d6 85°C qua dém. Hon hop phan tmg nay dugc loc
béng cich hat va dung méi dugc loai bo dé tao ra tert-butyl 4-((4-
flophenyl)thio)piperidin-1-carboxylat (1,5g, 95%) duéi dang chét rdn mau tring.
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Dung dich chira tert-butyl 4-((4-flophenyl)thio)piperidin-1-carboxylat (1,5g)
trong nudc (16,06ml) va MeOH (16,06ml) duoc xit Iy bing Oxone® (5,92g, 9,63mmol)
& nhiét do trong phong va hdn hop phan tmg thu dugce duoc khudy trong thoi gian 6 gio.
Dung dich nay dugc loc bang cach hut va dung méi dugc loai bé dé tao ra tert-butyl 4-
((4-flophenyl)sulfonyl)piperidin-1-carboxylat (1,6g, 4,66mmol, hiéu sudt 97%) dudi

dang chat rdn mau trang.

Dung dich chta tert-butyl 4-((4-flophenyl)sulfonyl)piperidin-1-carboxylat
(32,7mg, 0,095mmol) trong dioxan (238uL) & nhiét do trong phong dugc xir Iy bing
HCI (4M trong dioxan, 190pL, 0,762mmol) va hén hop phan ting thu duge dugc khudy
trong thoi gian 4 gid. Dung moi dugce loai bd dé tao ra hop chét néu & d& muc nay &
dang mubi HCI ctia n6 (25mg, 94%) dudi dang chét rin mau tring. ESI-MS m/z [M+H]+
243,95.

Quy trinh diéu ché chuén bi 11: 1-(2,4-diflobenzyl)piperazin

Han hop gdém piperazin (26,5g, 308mmol) trong THF (350ml) duge dun néng
dén 7Q°C va 1-(clometyl)-2,4-diflobenzen (5g, 30,8mmol) dugc bd sung vao. Huyén
phu nay dugc dun néng & 70°C qua dém. Chét rén (piperazin) dugc loc ra, va dung moi
dugc loai bo trong didu kién 4p suét giam. Cin duge cho phan bb gitta EtOAc va nudc.
L6p hitu co dugc lam khd va ¢d dé tao ra hop chit néu & dé muc nay (6g, 92%). ESI-
MS m/z [M+H]+ 213,04.

Quy trinh diéu ché chudn bi 12: 4-(2-flo-4-metoxyphenoxy)piperidin

Dung dich chta tert-butyl 4-hydroxypiperidin-1-carboxylat (2,496g,
12,03mmol) trong THF (33,4ml) ¢ nhiét do trong phong dugc xu ly bang 2-flo-4-
metoxyphenol (1,181ml, 10,03mmol) va triphenylphosphin (3,16g, 12,03mmol). Hon
hop phéan Ung nay duoc lam mat xubng 0°C va bd sung nho giot DEAD (40% trong
lugng trong toluen, 5,95ml, 15,04mmol) vao qua Xiranh. Hdn hgp phan tmg thu duogc
dugc khudy & nhiét d6 65°C trong thoi gian 5 gio, tiép theo, & nhiét d6 trong phong qua
dém. Phép sic ky nhanh trén silicagel bing cach sir dung gradien tir 10% dén 100%
EtOAc trong hexan tao ra tert-butyl 4-(2-flo-4-metoxyphenoxy)piperidin-1-carboxylat
(2,78g, 85%) dudi dang diu mau vang nhat. ESI-MS m/z [M+Na]+ 348,2.
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Dung dich chta tert-butyl 4-(2-flo-4-metoxyphenoxy)piperidin-1-carboxylat
(2,78g, 8,54mmol) trong dioxan (21,36ml) dugc xir ly béng HCl1 (4M trong dioxan,
21,36ml, 85mmol) & nhiét do trong phong va hdn hop phan tng thu duoc dugc khudy
qua dém. Phép sic ky nhanh trén silicagel biang cach sir dung gradien tir 5% dén 30%
MeOH trong DCM tao ra hop chit néu & dé muc nay & dang mudi HCI cta né (1,7g,
76%) du6i dang chét rin mau tring. ESI-MS m/z [M+H]+ 226,20.

Quy trinh diéu ché chudn bi 13: 4-(4-clo-2-flophenoxy)piperidin

Cho 4-clo-2-flophenol (0,15ml, 1,366mmol) va triphenylphosphin (391mg,
1,491mmol) vao dung dich tert-butyl 4-hydroxypiperidin-1-carboxylat (250mg,
1,242mmol) trong THF (4,14ml). Lam lanh hdn hop xudng 0°C va cho nho giot DEAD
(0,81ml, 2,050mmol) (40% trong lugng trong toluen) vao. Dun néng hdn hop & 65°C
trong 15 gid. Co dic san phim nay va tinh ché qua sic ky cot nhanh (0-100% EtOAc
trong hexan), thu dugc tert-butyl 4-(4-clo-2-flophenoxy)piperidin-1-carboxylat (270mg,
65%). ESI-MS m/z [M+H]+ 330,1.

Cho HCI (4N trong dioxan, 1,0ml, 4,09mmol) vao dung dich tert-butyl 4-(4-
clo-2-flophenoxy)piperidin-1-carboxylat (270mg, 0,819mmol) trong dioxan (2,73ml).
Khudy hdn hgp & 40°C trong 1,5 gidr va sau d6 cb dac, thu duge mudi HCI ctia hop chét
néu & d& myc nay (200mg, 92%) & dang chit rin mau tring. ESI-MS m/z [M+H]+230,1.

Quy trinh diéu ché chudn bi 14: 5-clo-6-(xyclopropylamino)pyrazin-2,3-dicarbonitril

Cho xyclopropanamin (4,06ml, 57,9mmol) vao dung dich 5,6-diclopyrazin-
2,3-dicarbonitril (10,48g, 52,7mmol) trong THF (263ml) & 0°C. Pé Am tir tir hdn hop
phan ing mau vang séng thu dugc dén 23°C va khudy qua dém. Rét hdn hop phan tng
nay vao nudc va chiét bang EtOAc (3 x 250ml). Céc 16p hitu co duge két hop, 1am khd
trén MgSO4 khan, loc va dung moi dugc loai bé trong chin khong. San phém tho duoc
tinh ché bing sic ky cot nhanh (10-100% EtOAc trong heptan), thu dugc hop chét néu
& d& muyc nay (5,9g, 51,0%) & dang chét rin mau vang. ESI-MS m/z [M+H]+ 220,0.

Quy trinh diéu ché chudn bi 15: 5-clo-6-(isopropylamino)pyrazin-2,3-dicarbonitril
Hop chét néu & dé muc nay duge didu ché va tinh ché theo quy trinh twong tur

véi quy trinh didu ché chuin bi 14 sit dung isopropylamin thay cho xyclopropanamin.
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San pham tho dugc tinh ché bang sic ky cot nhanh (10-100% EtOAc trong heptan), thu
dugc hop chit néu & dé muc nay (hidu suit 72%). ESI-MS m/z [M+H]+ 222,0.

Quy trinh diéu ché chuén bi 16: metyl 5,6-diclopyrazin-2-carboxylat

Dung dich metyl 6-bromo-5-hydroxypyrazin-2-carboxylat (3g, 12,87mmol) va
POCI3 (40ml) dugc dun néng hdi luu trong 3 gid va sau d6 toi bing d4. Chiét hdn hop
biang DCM va cic 16p hitu co duge két hop, cd dic va tinh ché qué sdc ky nhanh (0-
100% EtOAc trong heptan), thu dugc hop chét néu & dé muc nay (2,0g, 75%). ESI-MS
m/z [M+H]+ 208,0.

Quy trinh diéu ché chuén bi 17: metyl 6-clo-5-(isopropylamino)pyrazin-2-carboxylat

Dung dich metyl 5,6-diclopyrazin-2-carboxylat (5,75g, 27,8mmol) va propan-
2-amin (11,83ml, 139mmol) trong dioxan (185ml) dugc khudy & 23°C trong 2 gid. Rét
hdn hop vao nude va nude mubi, sau d6 chiét bang EtOAc (1 x 100ml) va DCM (2 x
100ml). Cac 16p hitu co dugc két hop, 1am kho bang MgSO4 khan, loc va dung moi duge
loai bo, thu dugc hop chit néu & d& muyc nay dudi dang thd (5,79g, 91%) & dang chét
rin mau nau. ESI-MS m/z [M+H]+ 230,9.

Quy trinh diéu ché chudn bi 18: metyl 6-clo-5-(xyclopropylamino)pyrazin-2-carboxylat

Hop chét néu & dé muc nay dugc didu ché va tinh ché theo quy trinh twong tu
v6i quy trinh didu ché chudn bi 17 st dung xyclopropanamin thay cho isopropanamin.
Loai bé dung moi, thu dugc hop chit néu & d& muc nay dudi dang tho (hidu suit 88%)

& dang chit rin mau trang. ESI-MS m/z [M+H]+ 228,1.
Quy trinh diéu ché chuén bi 19: Axit 6-clo-5-(isopropylamino)pyrazin-2-carboxylic

Cho metyl 6-clo-5-(isopropylamino)pyrazin-2-carboxylat (2,0g, 8,71mmol)
trong dioxan (50ml) va natri hydroxit 1N (43,5ml, 43,5mmol) vao binh RB 50ml ¢
canh khudy. Khudy hdn hop phén tmg & 23°C trong 2 gid va cb dic, thu dugc chét rén
mau vang. Nghién san phém thd véi axetonitril (100ml) va cho HCI ddm dic vao dé
didu chinh d6 dén 3. Thu gom chét két tia mau tréng thu dugc bang cach loc, thu duge
hop chét néu & dé muc nay (2,2g, 100%). 1H NMR (500 MHz, DMSO-d6) § ppm 1,23
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(d, J=6,35 Hz, 6 H), 2,51 (dt, J=3,54, 1,89 Hz, 3 H), 4,30 (dt, J=8,05, 6,47 Hz, 1 H), 7,46
(d, J=8,30 Hz,1 H), 8,60 (s, 1 H); ESI-MS m/z [M+H]+ 216,5.

Quy trinh didu ché chudn bi 20: 6-clo-5-(isopropylamino)-N,N-dimetylpyrazin-2-

carboxamit

Két hop axit 6-clo-5-(isopropylamino)pyrazin-2-carboxylic (1,3g, 6,03mmol),
dimetylamin hydroclorua (0,541g, 6,63mmol), HATU (2,292¢g, 6,03mmol) va DIPEA
(4,21ml, 24,11mmol) trong DMF (50ml) trong nito. Khudy dung dich & 23°C trong 2
gid, t6i bang nudc mudi (100ml) va chiét bang etyl axetat (100ml x 2). C4c 16p hitu co
duoc tach, lam kho béng natri sulfat khan, loc va c6 dic. Tinh ché bﬁng séc ky cot nhanh
(30% EtOAc trong heptan), thu dugc hop chét néu & d& muc nay (0,9g, 61,5%); ESI-
MS m/z [M+H]+ 243,4.

Quy trinh diéu ché chudn bi 21: 6-clo-5-(isopropylamino)-N-metylpyrazin-2-

carboxamit

Hop chit néu & d& muc nay duogc diéu ché va tinh ché theo quy trinh twong tu
v6i quy trinh diéu ché chuén bi 20 str dung metylamin hydroclorua thay cho dimetylamin
hydroclorua. Tinh ché bang séc ky cot nhanh (30% EtOAc trong heptan), thu dugc hop
chét néu & dé muc nay (hiéu suit 64%) & dang chét rin mau vang nhat. ESI-MS m/z

[M+H]+ 229,5
Quy trinh diéu ché chuén bi 22: 6-clo-5-(isopropylamino)pyrazin-2-carbonitril

Cho NHsOH (21,0ml, 178mmol) vao dung dich metyl 6-clo-5-
(isopropylamino)pyrazin-2-carboxylat (530mg, 2,308mmol) trong MeOH (11,5ml) &
23°C. Pun néng hdn hgp phéan tng thu duge ¢ 80°C trong 1 gio. Sau khi loai bé dung
moi, cin dugce tinh ché bang séc ky cot nhanh (50% EtOAc trong heptan), thu dugc 6-
clo-5-(isopropylamino)pyrazin-2-carboxamit (326,5mg, 66%) & dang chit rin mau

vang. ESI-MS m/z [M+H]+ 215,0.

Cho nhé giot anhydrit trifloaxetic (0,858ml, 6,07mmol) qua xiranh vao dung
dich 6-clo-5-(isopropylamino)pyrazin-2-carboxamit (326mg, 1,519mmol) va TEA
(1,69ml, 12,15mmol) trong DCM (7,59ml) & 23°C va khqu hdn hop phan tng mau da

cam thu dugc trong 3 gid. Sau khi loai bé dung moi, cdn dugce tinh ché bang séc ky cot
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nhanh (5-25% EtOAc trong heptan), thu dugc hgp chét néu & dé& muc nay (300mg,
100%) & dang chét rin mau vang. ESI-MS m/z [M+H]+ 197,0.

Quy trinh diéu ché chudn bi 23: 6-clo-5-(xyclopropylamino)pyrazin-2-carbonitril

Hop chit néu & dé muc nay dugc diéu ché va tinh ché theo quy trinh tuong tu
v6i quy trinh didu ché chuén bi 22 st dung metyl 6-clo-5-(xyclopropylamino)pyrazin-
2-carboxylat thay cho metyl 6-clo-5-(isopropylamino)pyrazin-2-carboxylat. Tinh ché
bang sic ky cot nhanh (5-50% EtOAc trong heptan), thu dugc hop chét néu & d& muc
nay (hiéu sut 85%) & dang chét rin mau tring. ESI-MS m/z [M+H]+ 195,1.

Quy trinh diéu ché chudn bi 24: 6-clo-5-(4-(2,4-diflophenoxy)piperidin-1-y1)-N,N-

dimetylpyrazin-2-carboxamit

DPun néng hdn hop metyl 5,6-diclopyrazin-2-carboxylat (400mg, 1,932mmol),
xesi cacbonat (1259mg, 3,86mmol) va 4-(2,4-diflophenoxy)piperidin hydroclorua
(386mg, 1,546mmol) trong dioxan (20ml) & 120 °C trong 1 gi¢. Sau khi loai b6 dung
mdi, can dugce tinh ché bﬁng sdc ky cot nhanh (10-50% EtOAc trong hexan), thu duoc
metyl  6-clo-5-(4-(2,4-diflophenoxy)piperidin-1-yl)pyrazin-2-carboxylat ~ (451,4mg,
60,9 %). ESI-MS m/z [M+H]+ 384,0.

Cho dung dich NaOH IN (3,53ml, 3,53mmol) vao dung dich metyl 6-clo-5-(4-
(2,4-diflophenoxy) piperidin-1-yl)pyrazin-2-carboxylat (451,4mg, 1,176mmol) trong
MeOH (10ml) & 23°C. Khudy hdn hop phan tng & nhiét do nay trong 2 gio. Loai bd
MeOH trong chin khong, sau d6 axit hda dung dich bang HCI IN dén do pH bang 3.
Chiét hdn hop bang EtOAc (10ml x 3), va lam kho céc 16p hitu co trén Na2SO4 khan,
loc va c6 dic, thu duge axit 6-clo-5-(4-(2,4-diflophenoxy)piperidin-1-yl)pyrazin-2-
carboxylic thd (600mg), san phim nay dugc st dung ma khong can tinh ché thém. ESI-
MS m/z [M+H]+ 370,0.

Dung dich axit 6-clo-5-(4-(2,4-diflophenoxy)piperidin-1-yl)pyrazin-2-
carboxylic (600mg, 1,62mmol), dimetylamin hydroclorua (265mg, 3,25mmol), HATU
(926mg, 2,43mmol) va DIPEA (1,134ml, 6,49mmol) trong DMF (10,0ml) trong nito
duoc khudy & 23°C trong 2 gi¢. Dung mdi dugc loai bo trong chén khong, sau d6 hoa

tan cin trong DCM, rtra b;ﬁng H,0, 1am kho trén Na,SO4 khan va loc. Loai bé dung moi
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trong chan khong, thu dugc hgp chit néu & d& muc nay duéi dang thd (700mg), san
phdm nay duoc sit dung ma khong cin tinh ché thém. ESI-MS m/z [M+H]+ 397,0.

Quy trinh diéu ché chuén bi 25: 6-clo-5-(4-(2,4-diflophenoxy)piperidin-1-yl)pyrazin-2-

carbonitril

DPun néng hén hgp metyl 5,6-diclopyrazin-2-carboxylat (500mg, 2,415mmol),
4-(2,4-diflophenoxy)piperidin hydroclorua (680mg, 2,72mmol) va TEA (1,010ml,
7,25mmol) trong DCM (20ml) & 120°C trong 3 gi¢. R6t hén hop vao nude va chiét bang
EtOAc. Cd dic 16p hitu co, thu dugc metyl 6-clo-5-(4-(2,4-diflophenoxy)piperidin-1-
yl)pyrazin-2-carboxylat tho (950mg, 102%), san phdm nay dugc st dung truc tiép &
budc ké tiép ma khong cin tinh ché thém. ESI-MS m/z [M+H]+ 383,8.

DPun néng hdn hgp metyl 6-clo-5-(4-(2,4-diflophenoxy)piperidin-1-yl)pyrazin-
2-carboxylat (800mg, 2,085mmol) va NH4sOH (20ml, 154mmol) trong MeOH (20ml) &
90°C trong 16 gid. R6t hdn hgp vao nude va chiét bang EtOAc. Co dic 16p hitu co, thu
dugc 6-clo-5-(4-(2,4-diflophenoxy)piperidin-1-yl)pyrazin-2-carboxamit thoé (650mg,
85%).

Cho nho giot TFAA (0,192ml, 1,356mmol) vao dung dich 6-clo-5-(4-(2,4-
diflophenoxy)piperidin-1-yl)pyrazin-2-carboxamit (250mg, 0,678mmol) va TEA
(0,425ml, 3,05mmol) trong DCM (15ml) & 0°C. Sau do, dé 4m dung dich phan tmg dén
23°C trong 2 gid. R6t hdn hop vao nude va chiét bang DCM. C6 dic 16p hitu co trong
chan khong, thu dugc hop chit néu & d& muc nay dudi dang tho (220mg, 93%). ESI-MS
m/z [M+H]+ 350,8.

Quy trinh diéu ché chuén bi 26: 6-clo-5-(4-(4-clo-2-flophenoxy)piperidin-1-yl)pyrazin-

2-carbonitril

Hop chit néu & dé muc nay duoc diéu ché va tinh ché theo quy trinh tuong tu
véi quy trinh didu ché chuén bi 25 st dung 5,6-diclopyrazin-2-carboxylat va 4-(4-clo-
2-flophenoxy)piperidin hydroclorua lam tic nhan phéan irng. San phim thd dugc tinh ché
bing sic ky cot nhanh (20% EtOAc trong heptan), thu dugc hop chét néu & d& muc nay
(hiéu suét 66,7%) & dang ddu mau vang. ESI-MS m/z [M+H]+ 368,8.
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Quy trinh diéu ché chuén bi 27: 6-clo-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-
yl)pyrazin-2-carbonitril

Hop chét néu & dé muc nay duoc diéu ché va tinh ché theo quy trinh tuong tu
v6i quy trinh diéu ché chuén bi 25 str dung 5,6-diclopyrazin-2-carboxylat va 4-((2,4-
diflophenyl)flometyl)piperidin hydroclorua lam tac nhan phéan g, thu dugc 6-clo-5-
(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)pyrazin-2-carbonitril & dang bazo tu do

ctia né (hiéu sudt 30% sau 3 budc).

Quy trinh diéu ché chudn bj 28 va 29: (S)-6-clo-5-(4-((2,4-diflophenyl)flometyl)-
piperidin-1-yl)pyrazin-2-carbonitril va  (R)-6-clo-5-(4-((2,4-diflophenyl)flometyl)-
piperidin-1-yl)pyrazin-2-carbonitril

Téch 6-clo-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)pyrazin-2-
carbonitril triét quang (240mg, 0,654mmol) tir budc trén bang phwong phép tach SFC
bat dbi xtng, thu dugc (S)-6-clo-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-
yl)pyrazin-2-carbonitril  (120mg, 50,0%) va  (R)-6-clo-5-(4-((2,4-diflophenyl)-
flometyl)piperidin-1-yl)pyrazin-2-carbonitril (100mg, 41,7%).

Quy trinh diéu ché chuin bi 30: 3,6-diclo-5-(isopropylamino)pyrazin-2-carbonitril

Cho propan-2-amin (4,09ml, 48,0mmol) vao dung dich 3,5,6-triclopyrazin-2-
carbonitril (5g, 23,99mmol) trong dioxan (20ml) & 0°C trong nito. Khudy dung dich
phan tng & 23°C trong 4 gio, sau do toi bing nuéc mudi (300ml) va chiét bang etyl
axetat (2 x 200ml). Céc 16p hitu co dugc két hop, 1am kho trén MgSO4 khan, loc va cd
dic. Can duogc tinh ché bang sic ky cot nhanh (5-30% EtOAc trong heptan), thu dugc
hop chét néu & d& muc nay (5g, 90%). 1H NMR (500 MHz, DMS0-d6) & ppm 1,23 (d,
J=6,83 Hz, 6 H) 4,22 (dt, J=8,05, 6,47 Hz, 1 H) 8,27 (d, J=7,81 Hz, 1 H); ESI-MS m/z
[M+H]+ 231,0.

Vi du 1: 5-(xyclopropylamino)-6-(4-(2,4-diflobenzyl)piperazin-1-yl)pyrazin-2,3-

dicarbonitril
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Khudy dung dich 1-(2,4-diflobenzyl)piperazin hydroclorua (400mg,
1,608mmol), 5-clo-6-(xyclopropylamino)pyrazin-2,3-dicarbonitril (353mg,
1,608mmol) va DIPEA (702 pL, 4,02mmol) trong DCM (16,1ml) & 23°C trong 4 gio.
Sau khi dung moi dugc loai bo trong chan khong, san pham thé dugc tinh ché bang sic
ky ¢dt nhanh (0-10% MeOH trong DCM), thu dugc hop chét néu & @& muyc nay (456mg,
71,7%) & dang chét rin mau vang. ESI-MS m/z [M+H]+ 396,0.

Vi du 2: 5-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(isopropylamino)pyrazin-2,3-

O@
F/[ j N /N CN
I\ I

N N CN

HsC”~ “CHs

dicarbonitril

H

Hop chit néu & @ muc nay duoc diéu ché va tinh ché theo quy trinh twong tu
v6i quy trinh & Vi du 1 st dung 4-(2,4-diflophenoxy)piperidin hydroclorua va 5-clo-6-
(isopropylamino)pyrazin-2,3-dicarbonitril lam tdc nhén phén tmg. Dung moi dugc loai
bo trong chan khong, thu dugc san pham thé (hiéu sult 99%), san phdm nay dugc st

dung ma khéng can tinh ché thém.

Vi du 3: 5-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-6-(isopropylamino)pyrazin-2,3-

dicarbonitril
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N N\ CN
cl HNIN;[CN
H3C)\CH3
Hop chit néu & d& muc nay duge didu ché va tinh ché theo quy trinh tuong tu
véi quy trinh diéu ché chuén bi 1 st dung (5-clo-2-flophenyl)(piperidin-4-yl)metanon
hydroclorua va 5-clo-6-(isopropylamino)pyrazin-2,3-dicarbonitril lam tdc nhén phéan
tmg. Dung mdi duoc loai bo trong chén khong, thu dugc hop chét néu ¢ d& myc nay
dudi dang thd, san phdm nay dugc sit dung ma khong can tinh ché thém. ESI-MS m/z
[M+H]+ 427,0.

Vi du 4 (R)-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-6-(isopropylamino)-

pyrazin-2,3-dicarbonitril

F F

Fm N_CN
XX
N" N7 CN

HaC~ “CHs

H

Hop chét néu & d& muc nay dugc diéu ché va tinh ché theo quy trinh twong tu
v6i quy trinh diu ché chuén bi 1 s dung (R)-4-((2,4-diflophenyl)flometyl)piperidin
hydroclorua va 5-clo-6-(isopropylamino)pyrazin-2,3-dicarbonitril lam tic nhan phan
tng. Loai b6 dung mdi, thu duoc hop chét néu & d& muc nay duéi dang tho (higu suét
96%) & dang chat rdn mau vang, san phim nay dugc st dung tryc tiép & bude ké tiép
ma khong cén tinh ché thém. ESI-MS m/z [M+H]+ 415,0.

Vi du 5: 5-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-6-(isopropylamino)pyrazin-2,3-

dicarbonitril
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F
jone
S
HN N CN
H5;C CHs;

Cho tir tlir propan-2-amin (64,8 pL, 0,754mmol), sau d6 1a DIPEA (395 pL,
2,261mmol) vao dung dich 5,6-diclopyrazin-2,3-dicarbonitril (150mg, 0,754mmol)
trong DCM (7,5ml) & 0°C. Khudy dung dich phan ng & nhiét d ndy trong 1 gio, sau
d6 bd sung 4-(4-clo-2-flophenoxy)piperidin hydroclorua (281mg, 1,055mmol) vao.
Khuéy hén hop phan tng & 0°C trong 2 gid va sau d6 1am 4m dén 23°C trong 2 gid. Sau
khi dung méi dugc loai bo trong chin khong, san phim thé dugc tinh ché bing sdc ky
cot nhanh (0-60% EtOAc trong heptan), thu dugc bazo ty do ctiia hgp chét néu & d& muc
nay (212mg, 67,8%) & dang chét rin mau vang. 1H NMR (500 MHz, DMSO0-d6) & ppm
1,20 (d, J=6,35 Hz, 6 H), 1,83 (dtd, J=12,63, 8,45, 8,45, 3,66 Hz, 2 H), 2,05 (ddd, J=9,64,
6,71, 3,66 Hz, 2 H), 3,23 (ddd, J=12,94, 9,03, 3,42 Hz, 2 H), 3,54 - 3,63 (m, 2 H), 4,15
- 4,25 (m, 1 H), 4,70 (dt, J=7,81, 3,91 Hz, 1 H), 7,22 (dq, J=8,85, 1,44 Hz, 1 H), 7,29 -
7,36 (m, 1 H), 7,39 - 7,49 (m, 2 H), 8,10 - 8,10 (m, 1 H) ESI-MS m/z [M+H]+ 414,85.

Vi du 6: Axit 5-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-3-xyano-6- (isopropylamino)-
pyrazin-2-carboxylic va axit 6-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-3-xyano-5-

(isopropylamino)pyrazin-2-carboxylic

F

C.fj ﬁj OI kaH

H3C CH,

I J;(OH

Cho dung dich KOH 2N (0,362ml, 0,723mmol) vao dung dich 5-(4-(4-clo-2-
flophenoxy)piperidin-1-yl)-6-(isopropylamino)pyrazin-2,3-dicarbonitril (150mg,
0,362mmol) trong MeOH (1,0ml) va dioxan (2,0ml). Khudy dung dich phan tmg & 23°C
trong 4 gi®. Sau do, cho 3,0ml dung dich HCI 1IN vao dé diéu chinh do pH dén béng 1-
2. Tiép tuc khudy trong 2 gid. Sau khi loai bd hdn hgp dung mdi trong chan khong, san
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phim thd dugc tinh ché bang sic ky cot nhanh (10-60% EtOAc trong heptan), thu dugc
hdn hop metyl 5-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-3-xyano-6-
(isopropylamino)pyrazin-2-carboxylat va metyl 6-(4-(4-clo-2-flophenoxy)piperidin-1-
yl)-3-xyano-5-(isopropylamino)pyrazin-2-carboxylat (148mg, 91%) & dang diu mau

vang. [M+H]+ 447,9.

Cho dung dich KOH 2N (184 pL, 0,368mmol) vao dung dich cua hdn hop
metyl 5-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-3-xyano-6-(isopropylamino)pyrazin-2-
carboxylat va metyl 6-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-3-xyano-5-(isopropyl-
amino)pyrazin-2-carboxylat (132mg, 0,295mmol) trong dioxan (2,0ml). Khu4y hdn hop
phan Gng ¢ 23°C trong 2 gio. Sau d6, dung dung dich HCI 1IN dé didu chinh d6 pH dén
bing 3-4. Sau khi loai bd hdn hop dung mbi trong chan khong, thu dugce hdn hop céc
hop chét néu & dé muc nay (154mg, 83% trong lugng san phim mong mudn), san phim
nay dugc lam kho bing d6 chan khong cao trong 5 gid va duge st dung tryc tiép & budc
ké tiép ma khong cén tinh ché thém. ESI-MS m/z [M+H]+ 433,9.

Vi du 7: Axit 3-xyano-6-(xyclopropylamino)-5-(4-(2,4-diflobenzyl)piperazin-1-
yl)pyrazin-2-carboxylic va axit 3-xyano-5-(xyclopropylamino)-6-(4-(2,4-diflobenzyl)-

piperazin-1-yl)pyrazin-2-carboxylic

F F

N N 0

Hop chét néu & d& muc nay duge diéu ché va tinh ché theo quy trinh twong tur
véi quy trinh & Vi du 6 st dung 5-(xyclopropylamino)-6-(4-(2,4-diflobenzyl)-piperazin-
1-yl)pyrazin-2,3-dicarbonitril thay cho 5-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-6-
(isopropylamino)pyrazin-2,3-dicarbonitril. Thu dugc hgp chét néu & dé muc nay & dang
hdn hop thd cua hai chét ddng phan vi tri, cdc san phidm nay dugc sir dung truc tiép &

bude ké tiép ma khong cin tinh ché thém. ESI-MS m/z [M+H]+ 415,0.
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Vi du 8: Axit 3-xyano-5-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(isopropylamino)-
pyrazin-2-carboxylic va axit 3-xyano-6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(iso-

propylamino)pyrazin-2-carboxylic

F

tege IIWOH ﬁj@lﬁ"”

Hop chét néu & @ muc nay dugc diéu ché va tinh ché theo quy trinh tuong tu

HaC CH3

v6i quy trinh & Vi du 6 st dung 5-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(isopropyl-
amino)pyrazin-2,3-dicarbonitril thay cho 5-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-6-
(isopropylamino)pyrazin-2,3-dicarbonitril. Thu dugc hop chét néu & d& muc ndy & dang
hdn hop thod cia hai chét ddng phan vi tri, cac san phim nay duoc st dung truc tiép &

buéce ké tiép ma khong can tinh ché thém.

Vi du 9: Axit 5-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-3-xyano-6-(isopropylamino)-
pyrazin-2-carboxylic va axit 6-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-3-xyano-5-

(isopropylamino)pyrazin-2-carboxylic

Ejk@l IWOH %1 po

HaC CH3

Hop chit néu & d& muc nay dugc didu ché va tinh ché theo quy trinh twong tu
v6i quy trinh & Vi du 6 st dung 5-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-6-(isopropyl-
amino)pyrazin-2,3-dicarbonitril thay cho 5-(4-(4-clo-2-flophenoxy)piperidin-1-y1)-6-
(isopropylamino)pyrazin-2,3-dicarbonitril. Thu dugc hop chit néu & dé muc ndy & dang
hdn hgp thd cta hai chét ddng phan vi tri, cac san phim nay duoc st dung tryc tiép &
bude ké tiép ma khong cén tinh ché thém. ESI-MS m/z [M+H]+ 446,0.
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Vi du 10: Axit (R)-3-xyano-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-6-(iso-
propylamino)pyrazin-2-carboxylic ~va axit (R)-3-xyano-6-(4-((2,4-diflophenyl)-
flometyl)piperidin-1-yl)-5-(isopropylamino)pyrazin-2-carboxylic

F E F 3

F Iﬁ IJ;

Hop chit néu & @ muc nay dugc diéu ché va tinh ché theo quy trinh tuong tu
v6i quy trinh & Vi du 6 st dung (R)-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-y1)-6-

va

(isopropylamino)pyrazin-2,3-dicarbonitril  thay ~cho  5-(4-(4-clo-2-flophenoxy)-
piperidin-1-yl)-6-(isopropylamino)pyrazin-2,3-dicarbonitril. Thu dugc hop chét néu &
d& muc nay & dang hdn hop tho véi ty 1€ 1:1 cia hai chit ddng phén vi tri (hidu sut
83%), cac san phdm nay dugc st dung truc tiép & bude ké tiép ma khéng can tinh ché

thém.

Vi du 11: Axit 6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino)-pyrazin-2-

carboxylic

@@I A

H3C CHa,

Cho nho giot TEA (0,55ml, 3,92mmol) vao dung dich metyl 6-clo-5-
(isopropylamino)pyrazin-2-carboxylat (300mg, 1,306mmol) va 4-(2,4-diflophenoxy)-
piperidin (418mg, 1,959mmol) trong DMSO (10ml) dugc khudy. Khudy hdn hop thu
duoc & 120°C trong 5 gio. R6t hdn hop vao nude va chiét bang EtOAc. Co dic 16p hitu
co, thu dugc metyl 6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino)-pyrazin-
2-carboxylat, san phim nay duoc stt dung ma khong can tinh ché thém. ESI-MS m/z
[M+H]+ 407,0.
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Cho dung dich NaOH 2N (20ml) vao dung dich metyl 6-(4-(2,4-diflo-
phenoxy)piperidin-1-yl)-5-(isopropylamino)pyrazin-2-carboxylat (350mg, 0,86 1mmol)
trong MeOH (10ml). Khuiy dung dich thu dugc & 23°C trong 12 git. Co dic dung dich
phan ng trong chin khong va sau d6 rét vao nudc (10ml), axit hoa bang HCI 2N dé
didu chinh d6 pH dén bang 3, va sau d6 chiét bang EtOAc (2 x 20ml). Lam kho cac 16p
hitu co thu gom dugc trén NaSO4 khan, loc va ¢d déc, thu dugce san phém tho. Tinh ché
bing sdc ky cot nhanh (10-70% EtOAc trong hexan), thu dugc hop chét néu & d& muc
nay (280mg, 83 %) & dang dau mau vang. ESI-MS m/z [M+H]+ 393,0.

Vi du 12: 3-clo-6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino)pyrazin-2-

carbonitril
F
jone
E N /N CN
I
HN N Cl

HaC”~ “CHs

Pun néng hdén hgp 2,2-bis(diphenylphosphino)-1,1'-binaphtalen (4,31g,
6,92mmol), diaxetoxypaladi (0,777g, 3,46mmol), Cs2CO3 (16,92g, 51,9mmol), 4-(2,4-
diflophenoxy)piperidin hydroclorua (6,48g, 26,0mmol) va 3,6-diclo-5-(isopropyl-
amino)pyrazin-2-carbonitril (4g, 17,31mmol) trong toluen (10ml) trong 10 vi séng &
100°C trong 30 gi¢. Lap lai phan Gng vé6i lugng va didu kién phan ng gidng hét cho 8
mé. San phim ctia cac mé duge thu gom, ¢d dic va tinh ché bang sic ky cot nhanh (10-
30% EtOA trong heptan), sau d6 thuc hién tinh ché SFC, thu dwoc hop chét néu & dé
muc nay (900mg, 13%) & dang mot chét ran. 1H NMR (500 MHz, DMSO-d6) & ppm
1,21 (d, J=6,35 Hz, 6 H), 1,62 - 1,83 (m, 2 H), 1,96 - 2,13 (m, 2 H), 3,45 - 3,62, (m, 2
H), 3,98 (ddd, J=13,30, 6,47, 3,66 Hz, 2 H), 4,17 (dd, J=14,16, 6,35 Hz, 1 H), 4,60 (dt,
J=7.81, 3,91 Hz, 1 H), 6,94 - 7,10 (m, 1 H), 7,24 - 7,39 (m, 2 H), 7,47 (d, J=7,81 Hz, 1
H). ESI-MS m/z [M+H]+ 408,4.

Vi du 13: 5-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-3-xyano-6-(isopropylamino)-N,N-

dimetylpyrazin-2-carboxamit
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Cho HATU (36,4mg, 0,096mmol) va DIPEA (50,1 pL, 0,287mmol) vao dung
dich hdn hop axit 5-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-3-xyano-6-(isopropyl-
amino)pyrazin-2-carboxylic va axit 6-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-3-xyano-
5-(isopropylamino)pyrazin-2-carboxylic (50mg, 0,096mmol trong DMF (0,96ml) &
23°C. Sau khi khudy dung dich phan tng trong 10 phut, cho dimetylamin (96 uL,
0,191mmol) vao. Sau dé, khudy dung dich thu dugc & 23°C trong 2 gid. Sén pham thd
duogc tinh ché bing HPLC sir dung Phuong phap A, sau d6 tién hanh tinh ché SFC, thu
dugc bazo tu do ctiia hop chét néu & dé muc nay (5,4mg, 12%) & dang mang chét rin
mau vang. 1IHNMR (500 MHz, metanol-d4)  ppm 1,28 (d, J=6,35 Hz, 6 H), 1,94 - 2,02
(m, 2 H), 2,12 - 2,20 (m, 2 H), 3,05 (s, 3 H), 3,12 - 3,19 (m, 2 H), 3,14 (s, 3H), 3,47 -
3,54 (m, 2 H), 4,30 (spt, J=6,59 Hz, 1 H), 4,59 (tt, J=7,38, 3,60 Hz, 1 H), 7,10 - 7,15 (m,
1 H), 7,16 - 7,23 (m, 2 H) ESI-MS m/z [M+H]+ 460,9.

Vi du 14: 3-xyano-6-(xyclopropylamino)-5-(4-(2,4-diflobenzyl)piperazin-1-yl)-N,N-

dimetylpyrazin-2-carboxamit

Hop chit néu & d&& muc nay dugc diéu ché va tinh ché theo quy trinh twong tu
v6i quy trinh & Vi du 13 sit dung hdn hop axit 3-xyano-6-(xyclopropylamino)-5-(4-(2,4-
diflobenzyl)piperazin-1-yl)pyrazin-2-carboxylic va axit 3-xyano-5-(xyclopropyl-
amino)-6-(4-(2,4-diflobenzyl)piperazin-1-yl)pyrazin-2-carboxylic lam tdc nhén phéan
ung. Thu duoc hop chit néu & d& muc nay & dang bazo ty do cia né & dang chét rin

mau tréng (hi¢u suét 11%). 1H NMR (500 MHz, metanol-d4) & ppm 0,61 - 0,69 (m, 2

-30-



24872

H), 0,79 - 0,91 (m, 2 H), 2,81 (it, J=7,20, 3,78 Hz, 1 H), 3,09 (s, 3 H), 3,12 - 3,29 (m, 2
M), 3,15 (s, 3H), 3,36 - 4,00 (m, 6 H), 4,49 (s, 2 H), 7,09 - 7,28 (m, 2 H), 7,67 (td, ]=8,54,
6,35 Hz, 1 H) ESI-MS m/z [M+H]+ 442,0.

Vi du 15 va 16: 3-xyano-5-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(isopropylamino)-
N,N-dimetylpyrazin-2-carboxamit va 3-xyano-6-(4-(2,4-diflophenoxy)piperidin-1-yl)-
5-(isopropylamino)-N,N-dimetylpyrazin-2-carboxamit

H3C CH3 VE‘l H3C CH3

Hop chét néu & dé muc nay dugc didu ché va tinh ché theo quy trinh tuong tu
v6i quy trinh & Vi du 13 st dung hdn hop axit 3-xyano-5-(4-(2,4-diflophenoxy)-
piperidin-1-yl)-6-(isopropylamino)pyrazin-2-carboxylic va axit 3-Xyano-6-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5-(isopropylamino)pyrazin-2-carboxylic lam tdc nhén
phan Gng. San phim thé duoc tinh ché bang HPLC sir dung Phuong phép A, sau d6 tién
hanh tich SFC, thu dugc 3-xyano-5-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-
(isopropylamino)-N,N-dimetylpyrazin-2-carboxamit (hi¢u sudt 14,5%) & dang chét ran
mau tring nhat. 1H NMR (500 MHz, metanol-d4) ppm 1,23 - 1,30 (m, 6 H) 1,86 - 2,00
(m, 3 H) 2,06 - 2,17 (m, 2 H) 2,98 - 3,17 (m, 7 H) 3,46 - 3,54 (m, 1 H) 3,58 - 3,66 (m, 1
H) 4,21 - 4,34 (m, 1 H) 4,50 (td, J=7,44, 3,66 Hz, 1 H) 6,83 - 6,90 (m, 1 H) 6,95 - 7,03
(m, 1 H) 7,14 - 7,22 (m, 1 H); ESI-MS m/z [M+H]+ 445,0; va 3-xyano-6-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5-(isopropylamino)-N,N-dimetylpyrazin-2-carboxamit
(hidu suét 2,0%) & dang chit rin mau tring. 1H NMR (500 MHz, metanol-d4) § ppm
1,27 (d, J=6,83 Hz, 6 H), 1,83 - 2,00 (m, 2 H), 2,03 - 2,19 (m, 2 H), 3,02 - 3,18 (m, 6
H), 3,27-3,35 (m, 2H), 3,49 - 3,70 (m, 2 H), 4,25 (t, J=6,35 Hz, 1 H), 4,46 - 4,56 (m, 1
H), 6,77 - 6,93 (m, 1 H), 6,98 (ddd, J=11,35, 8,42, 3,17 Hz, 1 H,) 7,17 (td, J=9,28, 5,37
Hz, 1 H); ESI-MS m/z [M+H]+ 445 ,4.

Vi du 17: 5-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-3-xyano-6-(isopropylamino)-N,N-

dimetylpyrazin-2-carboxamit
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Hop chét néu & d&é muc nay dugc diu ché va tinh ché theo quy trinh tuong tu
v6i quy trinh & Vi du 13 sit dung hdn hop axit 5-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-
3-xyano-6-(isopropylamino)pyrazin-2-carboxylic va axit 6-(4-(5-clo-2-flo-
benzoyl)piperidin-1-yl)-3-xyano-5-(isopropylamino)pyrazin-2-carboxylic 1am tac nhan
phan ung. Hop chit néu & d muc nay dugc tinh ché bing HPLC st dung Phuong phap
B thu dugc mudi TFA cta né (hidu suét 44%) ¢ dang chét rin mau tréng nhat. 1IH NMR
(500 MHz, metanol-d4) ppm 1,22 - 1,29 (m, 6 H) 1,85 - 1,96 (m, 2 H) 1,96 - 2,06 (m, 2
H) 2,89 - 2,97 (m, 2 H) 3,03 (s, 3 H) 3,09 - 3,15 (m, 3 H) 3,33 - 3,41 (m, 1 H) 3,58 -
3,65 (m, 2 H) 4,28 (t, J=6,35 Hz, 1 H) 7,28 (dd, J=10,25, 8,79 Hz, 1 H) 7,57 - 7,63 (m,
1 H) 7,73 - 7,78 (m, 1 H) ESI-MS m/z [M+H]+ 473,0.

Vi du 18: (R)-3-xyano-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-N-(2-(dimetyl-

amino)etyl)-6-(isopropylamino)-N-metylpyrazin-2-carboxamit

Hop chét néu & d& muc nay duoc didu ché va tinh ché theo quy trinh twong tu
v6i quy trinh & Vi du 13 st dung hén hop axit (R)-3-xyano-5-(4-((2,4-diflophenyl)-
flometyl)piperidin-1-yl)-6-(isopropylamino)pyrazin-2-carboxylic va axit (R)-3-xyano-
6-(4-((2,4-diflophenyl)flometyl)piperidin- 1-yl)-5-(isopropylamino)pyrazin-2-
carboxylic (1:1), vad N1,N1,N2-trimetyletan-1,2-diamin lam tic nhan phén Gng. Tinh
ché bing sfc ky cot nhanh, rira gidi bing 50:1 dn 15:1 DCM:MeOH, sau d6 tién hanh
tinh ché SFC, thu dugc hop chit néu & d& muc nay (hiéu sut 17%) & dang chét rdn mau

tring nhat. IH NMR (500 MHz, CDCI3) & ppm 1,27 (d, J=5,2 Hz, 6 H), 1,57-1,60 (m,
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2 H), 3,57 (br. 5., 8 H), 4,48 (s, 2 H), 4,66 (quin, J=6,59 Hz, 1 H), 7,11 - 7,24 (m, 2 H),
7,61 (s, 1 H), 7,68 (td, J=8,54, 6,35 Hz, 1 H), 8,83 (s, 1 H); ESI-MS m/z [M+H]+ 518,1.

Vi du 19: 6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino)-N,N-dimetyl-

pyrazin-2-carboxamit

|
CHs;

F
(@]
@VC i
. N:IiN:H/ﬂ\N,CH3
S
HsC™ ~CHs

Pun néng hdn hop 6-clo-5-(isopropylamino)-N,N-dimetylpyrazin-2-
carboxamit (50mg, 0,206mmol), DIPEA (0,144ml, 0,824mmol) va 4-(2,4-
diflophenoxy)piperidin hydroclorua (103mg, 0,412mmol) trong dioxan (2,0ml) ¢ 180°C
trong 10 vi song trong 4 gio. Hon hop duoc tinh ché bing HPLC sir dung Phuong phép
A, thu dugc hop chét néu & @& muc nay ¢ dang mudi TFA cta n6 (10mg, 12%) & dang
mang mau vang. 1H NMR (500 MHz, DMSO0-d6) & ppm 1,21 (d, J=6,35 Hz, 6 H), 1,77
- 1,97 (m, 2 H,) 2,07 (br. s., 2 H), 2,81 - 3,00 (m, 2 H), 3,15 (d, J=19,53 Hz, 2 H), 3,38
(m, 6 H), 4,22 (dd, J=14,40, 6,59 Hz, 1 H), 4,54 (dt, J=7,93, 4,09 Hz, 1H), 6,11 (d,
J=8,30 Hz, 1 H), 6,93 - 7,08 (m, 1 H), 7,21 - 7,43 (m, 2 H), 8,01 (s, 1H); ESI-MS m/z
[M+H]+ 420,4.

Vi du 20: 6-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-5-(isopropylamino)-N,N-dimetyl-

pyrazin-2-carboxamit

F O
0
N:KN:H/H\N/CH3
cl NSy CHs
H3C/l\CH3

6-(4-((5-clo-2-flophenyl)(hydroxy)metyl)piperidin-1-yl)-5-(isopropylamino)-
N,N-dimetylpyrazin-2-carboxamit dugc didu ché va tinh ché theo quy trinh twong ty véi

quy trinh ¢ Vi du 19 st dung (5-clo-2-flophenyl)(piperidin-4-yl)metanol thay cho 4-
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(2,4-diflophenoxy)piperidin hydroclorua. Tinh ché bang HPLC sir dung Phuong phap
A, thu dugc  6-(4-((5-clo-2-flophenyl)(hydroxy)metyl)piperidin-1-yl)-5-(iso-
propylamino)-N,N-dimetylpyrazin-2-carboxamit ¢ dang mudi TFA ctia né (47mg, 85%)
& dang chit rin mau tring. IH NMR (500 MHz, DMSO-d6) ppm 1,09 - 1,29 (m, 6 H)
1,36 (d, J=12,69 Hz, 1 H) 1,48 - 1,72 (m, 2 H) 1,81 (d, J=12,20 Hz, 1 H), 2,53 - 2,55
(m, 2 H,) 2,94 (s, 3 H) 3,10 (s, 3 H) 3,31 - 3,48 (m, 2 H) 4,19 (dd, J=14,40, 6,59 Hz, 1
H) 4,65 (d, J=6,35 Hz, 1 H) 5,98 (d, J=8,30 Hz, 1 H) 7,15- 7,32 (m, 1 H) 7,32 - 7,42 (m,
1 H) 7,48 (dd, J=6,10, 2,69 Hz, 1 H) 7,98 (s, 1 H).; ESI-MS m/z [M+H]+ 450,3.

Cho Dess-Martin Periodinane (99mg, 0,233mmol) vao dung dich 6-(4-((5-clo-
2-flophenyl)(hydroxy)metyl)piperidin-1-yl)-5-(isopropylamino)-N,N-dimetyl-pyrazin-
2-carboxamit (42mg, 0,093mmol) trong DCM (5Sml). Khudy dung dich phan tng & 23°C
trong 2 gidr. hdn hop duge loc va tinh ché bing HPLC st dung Phuong phép A hai lan,
thu dugc hop chat néu & dé myc nay & dang mudi TFA cua n6 (0,5mg, 1,0%) & dang
mang trong. 1H NMR (500 MHz, metanol-d4)  ppm 1,29 (m, 6 H), 1,93 (m, 2 H,) 2,02
(m, 2 H), 2,65 (m, 2 H), 3,16 (m, 2 H), 3,33-3,34 (m, 6 H), 4,33 (m, 1 H), 4,61 (m, 1H),
7,26 (m, 1 H), 7,29 (m, 1 H), 7,74 (m, 2 H), 8,07 (s, 1H); ESI-MS m/z [M+H]+ 450,3.

Vi du 21: (R)-6-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-5-(isopropylamino)-N-

metylpyrazin-2-carboxamit

FOE

DAO i

. N N N-CHs
SR

HsC” “CH;

Hop chét néu & d& muc nay dugc didu ché va tinh ché theo quy trinh twong ty
vé6i quy trinh & Vidu 19 st dung (R)-4-((2,4-diflophenyl)flometyl)piperidin hydroclorua
va 6-clo-5-(isopropylamino)-N-metylpyrazin-2-carboxamit 1am tac nhén phan tng. Thu
dugc hop chit néu & dé muc ndy & dang mubi TFA cta né (hidu suit 11%) & dang chit
rén mau tréng. 1H NMR (500 MHz, DMSO-d6) & ppm 1,20 (d, J=6,35 Hz, 6 H), 1,34
(d, J=12,69 Hz, 1 H), 1,49 - 1,78 (m, 2 H), 1,93 (d, ]=12,20 Hz, 1 H), 2,09 (br.s., 1 H),
2,60 - 2,76 (m, 2 H), 2,77 (d, J=4,88 Hz, 3 H), 3,22 - 3,55 (m, 2 H,) 4,20 - 4,24 (m, 1
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H,) 5,45 - 5,68 (m, 1 H), 6,13 (d, J=8,30 Hz, 1 H), 7,20 (t, ]=8,30 Hz, 1 H), 7,34 (,
1=10,01 Hz, 1 H), 7,51 - 7,65 (m, 1 H), 7,94 (d, J=4,88 Hz, 1 H), 8,21 (s, 1 H); ESI-MS
m/z [M+H]+ 422,2.

Vi du 22: (S)-6-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-5-(isopropylamino)-N-

metylpyrazin-2-carboxamit

F F
J@A@ i
; NI/N])J\N/C%
- H
HN” N

HsC™ CHj

Hop chét néu & d& muc nay dugc diéu ché va tinh ché theo quy trinh tuong tur
v6i quy trinh & Vi du 19 sir dung (S)-4-((2,4-diflophenyl)flometyl)piperidin hydroclorua
va 6-clo-5-(isopropylamino)-N-metylpyrazin-2-carboxamit lam tdc nhan phan tng. Thu
duoc hop chit néu & ¢ muc ndy & dang mudi TFA cua n6 (hiéu sudt 14%) & dang chit
ran mau tring. 1H NMR (500 MHz, DMSO-d6) ppm 1,20 (d, J=6,35 Hz, 6 H), 1,34 (d,
J=11,72'Hz, 1 H), 1,49 - 1,78 (m, 2 H), 1,93 (d, J=13,18 Hz, 1 H), 2,09 (d, J=3,91 Hz, 1
H), 2,57 - 2,66 (m, 2 H), 2,76-2,77 (d, J=4,9 Hz, 3H), 3,42-3,45 (m, 2 H), 4,19 - 4,26
(m, 1 H), 5,42 - 5,69 (m, 1 H), 6,12 (d, J=7,81 Hz, 1 H), 7,11 - 7,27 (m, 1 H), 7,29 -7,40
(m, 1 H), 7,51 - 7,65 (m, 1 H), 7,94 (d, J=4,88 Hz, 1 H), 8,21 (s, 1 H); ESI-MS m/z
[M+H]+ 422,2.

Vi du 23: 6-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-(2-(dimetylamino)-etyl)-5-(iso-

propylamino)-N-metylpyrazin-2-carboxamit

N/\/N CHs
CH3

HsC”~ “CHs

Cho DIPEA (0,02ml, 0,13mmol) vao dung dich axit 6-(4-(2,4-diflophenoxy)-
piperidin-1-yl)-5-(isopropylamino)pyrazin-2-carboxylic (65mg, 0,166mmol),
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N1,N1,N2-trimetyletan-1,2-diamin  (16,93mg, 0,166mmol) va HATU (126mg,
0,33 lmmol) trong THF (5ml). Khudy dung dich thu dugc & 23°C trong 1 gid. Chiét hon
hop bing EtOAc (10ml) va rira bing nuéc (10ml) va nude mudi (2 x 10ml). Lam khd
cac 16p hitu co thu gom dugce trén NaxSO4 khan, loc va ¢6 déc, thu dugce san phém tho.
Tinh ché bang sic ky cot nhanh, rira giai bang 50:1 dén 2:1 DCM/MeOH, thu dugc hop
chét néu & d& muc nay (70mg, 89%) & dang chét rin mau tring. 1H NMR (500 MHz,
CDCI3) é ppm 1,27 (d, J=5,2 Hz, 6 H), 1,57-1,60 (m, 2 H), 3,57 (br. s., 8 H), 4,48 (s, 2
H), 4,66 (quin, J=6,59 Hz, 1 H), 7,11 - 7,24 (m, 2 H), 7,61 (s, 1 H), 7,68 (td, J=8,54,
6,35 Hz, 1 H), 8,83 (s, 1 H); ESI-MS m/z [M+H]+ 477,1.

Vi du 24: (6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino) pyrazin-2-yl)(3-

floazetidin-1-yl)metanon
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Hop chit néu & d&& muc nay dugc didu ché theo quy trinh twong tu véi quy trinh
& Vi du 23 st dung 3-floazetidin hydroclorua thay cho N1,N1,N2-trimetyletan-1,2-
diamin. Tinh ché bing HPLC st dung Phuong phap B, thu dugc mudi TFA ctia hop chit
néu & d& myc nay (hiéu suét 67,5%) & dang chét liéu ban rin mau vang nhat. 1H NMR
(500 MHz, DMSO-d6) ppm 1,16 - 1,30 (m, 6 H) 1,84 - 1,95 (m, 2 H) 2,09 (br. s., 2 H)
2,91 (d, J=9,28 Hz, 2 H) 3,12 - 3,20 (m, 1 H) 3,34 (br. s., 1 H) 3,96 - 4,09 (m, 1 H) 4,21
-4,42 (m, 2 H) 4,51 - 4,64 (m, 2 H) 4,83 - 4,95 (m, 1 H) 5,32 - 5,52 (m, 1 H) 6,33 (d,
J=8,30 Hz, 1 H) 6,99 - 7,06 (m, 1 H) 7,24 - 7,39 (m, 2 H) 8,24 - 8,30 (m, 1 H); ESI-MS
m/z [M+H]+ 450,0.

Vi du 25: 5-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(isopropylamino)-N,N-dimetyl-

pyrazin-2-carboxamit
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Dun néng dung dich 6-clo-5-(4-(2,4-diflophenoxy)piperidin-1-yl)-N,N-
dimetylpyrazin-2-carboxamit ~ (300mg, 0,756mmol), propan-2-amin  (89mg,
1,512mmol) va DIPEA (391mg, 3,02mmol) trong dioxan (2,0ml) & 140 °C trong 16 chiéu
vi song trong 1 gid. Hon hop phan tng dugc loc va tinh ché bang HPLC sir dung Phuong
phép B, thu duoc mudi TFA ciia hop chit néu & d& muc nay (29mg, 9,1%) & dang chit
rin mau tring nhat. 1H NMR (500 MHz, DMSO-d6) ppm 1,16 - 1,22 (m, 6 H) 1,83 -
1,93 (m, 2 H) 2,02 - 2,11 (m, 2 H) 2,91 - 3,00 (m, 5 H) 3,04 (s, 3 H) 3,39 (d, J=3,91 Hz,
2 H) 4,07 -4,16 (m, 1 H) 4,55 (tt, J=8,05, 3,91 Hz, 1 H) 5,81 (d, J=7,81 Hz, 1 H) 6,99 -
7,06 (m, 1 H) 7,25 - 7,37 (m, 2 H) 7,59 - 7,63 (m, 1 H); ESI-MS m/z [M+H]+ 420,0.

Vi du 26: (R)-5-(xyclopropylamino)-6-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-

pyrazin-2-carbonitril

Dun néng dung dich 6-clo-5-(xyclopropylamino)pyrazin-2-carbonitril (2mg,
10,28umol),  (R)-4-((2,4-diflophenyl)flometyl)piperidin ~ hydroclorua  (41,1mg,
0,155mmol) va DIPEA (26,6mg, 0,206mmol) trong dioxan (0,34ml) & 120°C trong 10
gid. Hon hop dugc tinh ché bang HPLC sir dung Phuong phép A, thu dugc mudi TFA
ctua hop chét néu & d& muc nay (hiéu suét 40,6%) & dang chit rén mau nau. 1H NMR
(500 MHz, metanol-d4) & ppm 0,67-0,70 (m, 2 H), 0,88-0,92 (m, 2 H), 1,43-1,45 (m, 1
H), 1,42-1,74 (m, 2 H), 1,99-2,06 (m, 1 H), 2,08-2,13 (m, 1 H), 2,70-2,80 (m, 3 H), 3,32-
3,60 (m, 2 H), 5,48 (dd, J=42,2, 7,6 Hz, 1 H), 6,99-7,08 (m, 2H), 7,49-7,54 (m, 1H),
8,08 (s, 1H); ESI-MS m/z [M+H]+ 388,3.
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Vi du 27 6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino)pyrazin-2-

carbonitril

|
jone
E N N\ CN
HNINJ/

PN

HyC” “CHs

Hop chét néu ¢ & muc nay duoc diéu ché va tinh ché theo quy trinh twong tu
v6i quy trinh & Vi du 26 sit dung 6-clo-5-(isopropylamino)pyrazin-2-carbonitril va 4-
(2,4-diflophenoxy)piperidin hydroclorua 1am tac nhan phan ing. Hop chét néu & d& myc
nay duogc tinh ché bing HPLC sir dung Phuong phép A, thu dugc mudi TFA ciia nd
(hidu suét 50,0%) & dang chét rin mau tring. 1H NMR (500 MHz, metanol-d4) 3 ppm
1,27-1,33 (m, 6 H), 1,97-2,05 (m, 2 H), 2,13-2,22 (m, 2 H), 3,17-3,24 (m, 2 H), 3,45-
3,51 (m, 2H), 4,42-4,45 (m, 1 H), 4,50-4,53 (m, 1 H), 6,91-7,01 (m, 1 H), 7,10-7,15 (m,
1 H), 7,21-7,30 (m, 1 H), 8,15 (s, 1 H); ESI-MS m/z [M+H]+ 374,3.

Vi du 28 5-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(isopropylamino)pyrazin-2-

carbonitril

F
ﬁj O
N
j T
s
HN N CN
HsC” “CHj

Pun néng hdn hgp 6-clo-5-(4-(2,4-diflophenoxy)piperidin-1-yl)pyrazin-2-
carbonitril (150mg, 0,428mmol), propan-2-amin (0,728ml, 8,55mmol) va TEA
(0,596ml, 4,28mmol) trong DMSO (5,0ml) & 80°C trong 16 gi¢. R6t hdn hop vao nuée
va chiét bang EtOAc. C6 dic 16p hitu co va san phim thé dugc tinh ché bing sic ky cot
nhanh (10-100% EtOAc trong heptan), thu dugc hop chét néu & @& muc nay (53,7mg,
33,6%). 1H NMR (500 MHz, CDCI3) & ppm 1,23 (d, J=6,4 Hz, 6H), 1,89-1,86 (m, 2H),
2,16-2,07 (m, 2H), 3,10-3,06 (m, 2H), 3,51-3,48 (m, 2H), 4,13-4,10 (m, 1H), 4,49-4,47
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(m, 1H), 5,23 (d, J=7,2 Hz, 1H), 6,99-6,89 (m, 1H), 7,01-7,00 (m, 1H), 7,18-7,13 (m,
1H). ESI-MS m/z [M+H]J+ 373,8.

Vi du 29: 5-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-6-(xyclopropylamino)pyrazin-2-

carbonitril

Hop chit néu & dé muc nay dugc didu ché va tinh ché theo quy trinh tuong tu
v6i quy trinh & Vi du 28 st dung 6-clo-5-(4-(4-clo-2-flophenoxy)piperidin-1-yl)pyrazin-
2-carbonitril va xyclopropanamin lam tac nhén phan tng. Thu dugc hop chét néu ¢ dé
muc ndy & dang bazo tu do cua né (hi¢u suét 52%) & dang chét rin mau tring. IH NMR
(500 MHz, CDCI3) 8 ppm 0,53 - 0,56 (m, 2 H) 0,86 - 0,91 (m, 2 H) 1,94 (ddt, J=17,33,
7,44, 3,72, 3,72 Hz, 2 H) 2,05 - 2,13 (m, 2 H) 2,74 - 2,79 (m, 1 H) 3,08 - 3,14 (m, 2 H)
3,46 - 3,52 (m, 3 H) 4,46 (tt, J=7,26, 3,48 Hz, 1 H) 5,12 (br. s., 1 H) 6,93 - 6,97 (m, 1
H) 7,03 - 7,06 (m, 1 H) 7,12 (dd, J=10,74, 2,44 Hz, 1 H) 7,92 (s, 1 H). ESI-MS m/z
[M+H]+ 387.,9.

Vi du 30: (S)-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-6-(isopropylamino)-

pyrazin-2-carbonitril

F F

/@AO N

F T
~

N N CN

HaC~ “CHs

H

Hop chét néu & d& muc ndy dugc diéu ché va tinh ché theo quy trinh twong ty
v6i quy trinh & Vi du 28 st dung (S)-6-clo-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-
yl)pyrazin-2-carbonitril 1dm tic nhan phan Ung thay cho 6-clo-5-(4-(2,4-diflo-

phenoxy)piperidin-1-yl)pyrazin-2-carbonitril. Hgp chitnéu & d& myc nay dugc tinh ché
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béng HPLC, thu dugc mudi HCI ctia nd (hiéu suét 14,2%) & dang chit rén mau tréng.
1H NMR (500 MHz, metanol-d4) & ppm 1,25 (d, J=6,8 Hz, 6H), 1,46-1,44 (m, 1H),
1,67-1,61 (m, 2H), 1,98-1,96 (m, 1H), 2,03-2,01 (m, 1H), 2,82-2,74 (m, 2H), 3,76-3,70
(m, 1H), 4,18-4,15 (m, 1H), 5,50 (dd, J=48, 7,2 Hz, 1H), 7,06-6,98 (m, 2H), 7,51-7,47
(m, 1H), 7,79 (s, 1H). ESI-MS m/z [M+H]+ 389,9.

Vi du 31: (R)-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-6-(isopropylamino)-

pyrazin-2-carbonitril

F F

INJ\CN

HN
H3C™ "CHs

Hop chét néu & d& muc nay dugc diéu ché va tinh ché theo quy trinh tuong tu
v6i quy trinh & Vi du 28 st dung (R)-6-clo-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-
yl)pyrazin-2-carbonitril 1am tic nhdn phan Ung thay cho 6-clo-5-(4-(2,4-diflo-
phenoxy)piperidin-1-yl)pyrazin-2-carbonitril. Hop chét néu & d& muc nay dugc tinh ché
béng HPLC, thu duoc mubi HCI cta né (hiéu suét 29,7%) & dang chit rin mau tréng.
1H NMR (500 MHz, metanol-d4) 8 ppm 1,25 (d, J=6,8 Hz, 6H), 1,46-1,44 (m, 1H),
1,67-1,61 (m, 2H), 1,98-1,96 (m, 1H), 2,03-2,01 (m, 1H), 2,82-2,74 (m, 2H), 3,76-3,70
(m, 1H), 4,18-4,15 (m, 1H), 5,50 (dd, J=48, 7,2 Hz, 1H), 7,06-6,98 (m, 2H), 7,51-7,47
(m, 1H), 7,79 (s, 1H). ESI-MS m/z [M+H]+ 389,9.

Vi du 32: 6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino)-3-morpholino-
pyrazin-2-carbonitril
F
o0
¢ NINICN
HNT NN
Hac)\cH3 0
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Két hop 2,2'-bis(diphenylphosphino)-1,1'-binaphtalen (12,21mg, 0,020mmol),
diaxetoxypaladi (2,202mg, 9,81 pumol), Cs2CO3 (47,9mg, 0,147mmol), 3-clo-6-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5-(isopropylamino)pyrazin-2-carbonitril (20mg,
0,049mmol) va morpholin (8,54mg, 0,098mmol) trong toluen (10ml). Pun néng hén
hop phéan mg trong 16 vi séng & 120°C trong 1 gid. Hon hgp phéan tng dugc loc va tinh
ché bing HPLC str dung Phuong phép A, thu duge hop chét néu & dé muc nay & dang
mubi TFA cia né (4mg, 18%) & dang mang mau nau vang. 1H NMR (500 MHz,
metanol-d4) & ppm 1,12 - 1,37 (m, 6 H), 1,94 (td, J=8,54, 4,39 Hz, 2 H), 2,04 - 2,21 (m,
2 H), 2,88 (ddd, J=12,33, 8,91, 3,17 Hz, 2 H), 3,17 - 3,29 (m, 2 H), 3,53 - 3,67 (m, 4 H),
3,73 - 3,86 (m, 4 H), 4,15 - 4,31 (m, 1 H), 4,37 - 4,50 (m, 1 H), 6,80 - 6,92 (m, 1 H),
6,98 (ddd, J=11,35, 8,67, 2,93 Hz, 1 H), 7,17 (td, J=9,28, 5,37 Hz, 1 H); ESI-MS m/z
[M+H]+ 459,4.

Vi du 33: 6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino)-3-(metoxy-

metyl)pyrazin-2-carbonitril

Két hop 3-clo-6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino)-
pyrazin-2-carbonitril (50mg, 0,123mmol), PdCL> (dppf) (8,97mg, 0,012mmol), kali
metoxymetyltrifloborat (74,5mg, 0,490mmol) va Na,CO3 2N (0,5ml) trong dioxan
(1,0ml). Pun néng hdn hop phan ting trong 16 vi séng & 130°C trong 30 phit. Hon hop
phan tng dugc loc va tinh ché bing HPLC sir dung Phuong phép A hai 14n, thu dugc
hop chét néu & & muc nay & dang mudi TFA cta n6 (6mg, 10%) & dang mang mau
vang. 1H NMR (500 MHz, metanol-d4) ppm 1,27 (d, J=6,35 Hz, 6 H) 1,87 - 2,04 (m, 2
H) 2,08 - 2,20 (m, 2 H) 3,05 (ddd, J=12,45, 8,54, 3,42 Hz, 2 H) 3,37 - 3,50 (m, 2 H) 4,28
-4,41 (m, 1 H) 4,43 - 4,53 (m, 3 H) 6,80 - 6,93 (m, 1 H) 6,98 (ddd, J=11,35, 8,66, 2,93
Hz, 1 H) 7,17 (td, J=9,28, 5,37 Hz, 1 H); ESI-MS m/z [M+H]+ 418,4.
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Vi du 34: 6-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-((2-(dimetylamino)etoxy)metyl)-5-

(isopropylamino)pyrazin-2-carbonitril

F

jsge
- K/NIN];CN

HN” SN O\/\N”CH3
H3C)\CH3 CHa

Hop chét néu & dé muc nay duogc didu ché va tinh ché theo quy trinh twong tu

vGi quy trinh & Vi du 33 st dung kali 2-(dimetylamino)etoxymetyltrifloborat thay cho
kali metoxymetyltrifloborat. Thu dugc hop chét néu & d& muc nay ¢ dang mudi TFA
ctia n6 (hiéu suit 2%) & dang mang trong. IH NMR (500 MHz, metanol-d4) 8 ppm 1,26
- 1,29 (m, 6 H), 2,94 (s, 6 H), 3,24-3,46 (m, 6 H), 3,67 (s, 2H), 3,95-3,97 (m, 2H), 4,38-
4,39 (m, 1H), 4,47 (s, 2H), 4,65-4,68 (m, 4H), 7,12 - 7,30 (m, 2 H), 7,67 (d, J=6,35 Hz,
1 H); ESI-MS m/z [M+H]+ 474,4.

Céc hop chit theo sang ché c6 thé dugc dung riéng ré hoic & dang ché phim
dugc. Trong thuc tién, céc hop chét theo sang ché thuong duge ding & dang cac ché
phim dugc, tirc 13, trong hdn hop véi it nhét mot t4 duoc dugc dung. TV 1€ va loai (céc)
ta dugc duoc dung bét ky duoc xac dinh boi cac thude tinh ctia hop chit duoc lya chon

theo sang ché, dudng ding dugc lya chon, va thong 1€ dugc tiéu chuén.

Trong mdt phuong an khéc, sang ché @& xuét cac ché pham dugc bao gdm: hop

chét theo sang ché va it nhit mot ta dugc duge dung.

Pé diéu tri mot cach c6 hicu qué cho bénh nhan can diéu tri, hop chét theo séng
ché c6 thé duoc ding & dang va dudng dung bét ky 1am cho hop chat nay sinh kha dung.
Céc hop chét theo sang ché c¢6 thé dwoc ding theo nhiu duong ding, bao gdm dudng
miéng, cu thé 13 bdi cac vién nén va c4c vién nang. Céac hop chit theo sang ché c6 thé
duoc dung cac duong ngoai duong ti€u hoa, cu thé hon 14 bang cach hit, duéi da, trong
bép, trong tinh mach, trong dong mach, thdm thiu qua da, dudong miii, tryc trang, 4m
dao, mét, tai chd, dudi ludi, va trong m4, trong bung, trong md, tiém éng tiy va thong

qua viéc phan phéi cuc bd vi du bing bng thong hoic bng nong dong mach.
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Chuyén gia trung binh trong linh vuc k¥ thuit nay co thé d& dang lya chon dang
va dudng dung thich hop dua trén cic dic tinh cu thé ctia hop chét duoc lya chon, sy
r6i loan hoic tinh trang can dugc didu tri, rbi loan hoic tinh trang, va céc trudng hop
lién quan khac. Cac ché phém duogc theo sang ché c6 thé duoc dung cho bénh nhéan, vi
du, & dang cac vién nén, vién nang, vién con nhdng, giéy, vién hinh thoi, miéng boc, cdn
ngot, thudc ma, miéng dan trén da, binh xit, thudc x0ng, thubc dan, dung dich, va hén

dich.

Céc ché phim dugc cla sang ché duge bao ché theo cach thire da biét trong
[inh vuc va bao gdm it nhit mot trong s6 cac hop chét theo séng ché 12 thanh phan hoat
tinh. Lugng hop chét theo sang ché c6 thé dugc thay dbi dya trén dang cu thé ctia né va
dé cho thuén tién, c6 thé nim trong khoang tir 1% dén khoang 50% cta khdi lwong cia
dang liéu don vi. Thuat ngit “t4 duoc duge dung” dé cap dén cac ta dugc thong thudong
dugc st dung trong bao ché cac ché phdm dugc va nén nguyén chét v& mit duogc va
khéng ddc voi luong duge sit dung. Chung thong thudng 1a nguyén liéu rén, ban rén,
hoic 16ng ma trong téng thé c6 thé dung lam t4 dugc 16ng hodc mdi trudong cho thanh
phﬁn hoat tinh. M{t s6 vi du vé t4 dugc duge dung dugc tim théy trong tai liéu
Remington’s Pharmaceutical Sciences va the Handbook of Pharmaceutical Excipients
va bao gdm chét pha lodng, ta duoc long, chét mang, nén md, chét gén két, chét phan
huy, chét boi tron, chét chay, chét lam ngot, chét tao mui thom, nén gel, chét nén giai
phoéng lién tuc, chét 6n dinh, chét bao quan, dung moi, chét tao huyén phu, chit dém,

chét nhii héa, chat nhudém mau, chat day, chat boc, va cac td dugc khéc.

Tét hon 1a céc ché phém duoc bao ché & dang liéu don vi, mbi liéu thong thudng
chira hop chét theo sang ché v6i lugng nim trong khoang tir 0,5mg dén khoang 100mg.
Thuat nglt “dang lidu don vi” d& cap dén don vi riéng 18 vé mit vat Iy chira s6 luong
dinh truéc ctia thanh phin hoat tinh, két hop véi td dugc thich hop, nho d6 mét hodc
nhiéu thanh phén dugc st dung trong sudt phac dd 1idu dé tao ra tac dung trj liéu mong
mubn. Mot hoiic nhiéu “dang lidu don vi” ¢6 thé duoc dung dé tac dong dén lidu luong

diéu tri, thong thuong theo thoi gian biéu hing ngay.

Theo mot phuong an cu thé, ché pham 14 dugc phim dugc diéu chinh phit hop

dé dung qua dudng miéng, ching han vién nén hoidc vién nang hodc ché pham léng, vi
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du, dung dich ho#c hdn dich, dugc didu chinh pht hgp cho viéc dung qua dudng miéng.
Theo mdt phuong 4n cu thé khac nita, ché phédm dugc 1a ché phdm 1éng dugc diéu chinh

phi hop cho dé ding ngoai dudng tiéu héa.

Céc hop chét theo sang ché 14 chit didu bién GPR6, va do vy, 12 hitu ich trong
didu tri va phong ngra c4c tinh trang bénh ly lién quan dén GPR6. Nhu da @& cap trén
day, cac dich thé van chu yéu ctia viéc phan bd day than kinh sinh dopamin tap trung
vao té bao gai trung binh (MSNs) ctia 19 trinh dAu ra cta du vo ndo trung gai (gian tiép)
v thé van chét den (truc tiép). MSNs ctia 16 trinh du ra truc tiép bidu hién céc thu thé
dopamin D1 trong khi chuing trong 10 trinh gidn tiép biéu hién cac thu thé D2. GPR6
duoc lam giau & thy thé D2 biéu hién MSNs trong viing van tai d6 hoat tinh cia GPR6
1 trai nguoc vé mit chirc ning véi viée truyén tin hiéu cta thu thé D2. Co ché ddi khang
hodc co ché chil van dao ctia Gs lién hgp véi GPR6 1am giam cAMP trong MSNs va tao

ra su lua chon vé& chirc ning khac véi dopamin duge hoat hoa bang cac thu thé D2.

Co ché dbi khang hoidc co ché chi van dao ciia GPR6 lién hop véi Gs tao ra
chtrc ning khac cho viéc hoat hoa qua trung gian dopamin cia cac thu thé D2. Do dé,
céc hop chét c6 kha ning didu bién hoat tinh ctia GPRG 13 hitu ich ¢ diéu trj nhiéu loai
161 loan than kinh va tAm than. Vi dy, cac rdi loan vin dong bao gbm bénh Parkinson va
bénh Huntington ri€éng r& hodc két hop véi cac chit khac khac duge phé chuén dé didu
tri bénh Parkinson bao gém L-DOPA, chét chu van sinh dopamin, chét rc ché MAO B,
chét trc ché DOPA decarboxylaza va chit tc ché C(O)MT. Cac bénh khac c6 thé diéu
tri bang cach didu bién GPR6 bao gdm chimg nghién thudc va rbi loan 3n udng, réi loan

nhén thirc, chirng tAm than phan liét, r6i loan ludng cyuc, va bénh tram cam.

Theo mdt phuwong an khac, sang ché @& xult hop chét theo sang ché dé dung
trong cac phuong phap didu tri c4c tinh trang lién quan dén GPR6, bao gdm: cho bénh
nhan can diéu tri ding mot lwong hitu hiéu cia hop chét theo sang ché. Trong mét
phuong an khac, hop chét theo sang ché duge mo ta dé st dung 1am dugc pham. Phén
mb ta con md ta viée st dung hop chit theo séng ché dé san xuit duoc phdm, va sang
ché d& xuét hop chét theo séng ché dé dung trong diéu tri c4c tinh trang lién quan dén

GPR6 duoc mb ta & ddy. Céc hop chét theo sang ché 13 hitu ich lam c4c chat didu bién
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GPR6 cho cac dbi tugng khac nhau (vi du, nguoi, dong vét ¢ vi khong phai ngudi va

khong phai dong vat c6 va).

Nhu dugce st dung & ddy, cac thuat ngit “tinh trang”, “rbi loan”, va “bénh” dé
cép dén tinh trang khong khde hozic bét thudng bét ky. Thuat ngit “céc tinh trang bénh
ly lién quan dén GPR6” bao gém tinh trang, 161 loan, va bénh trong do chit diéu bién
GPR6 tao ra loi ich chita bénh, nhu bénh Parkinson, chiing loan van dong do levodopa
gdy ra, va bénh Huntington, ching nghién thubc, rdi loan an uéng, 161 loan nhan thuec,

ching tdm than phén ligt, roi loan ludng cuc, va bénh tram cam.

199 ¢¢

Cac thuat ngir “didu tri”, “sy didu tri”, va “viéc diéu tri” bao gE“)m viéc cai thién
cac trang thai dugc mo ta & day. Céac thuit ngix “didu tri”, “sy didu tri”, va “viéc didu
tri” bao gém tAt ca cac quy trinh lam chdm, ngén chédn, kim ham, kiém soat, hodic ngung
tinh trang hodc su tién trién ctia cac trang thai dugc mo ta & day, nhung khong nhét thiét
biéu thi su loai bd hoan toan tAt ca cac triéu chimg hodc su chita khoi trang théi. Cac

19 <¢

thuat ngit “diéu tri”, “su diéu tri”, va “viéc diéu tri” nham bao godm di€u tri chita tri cac
9 [19

r6i loan trén. Céc thuat ngit “diéu tri”, “su di€u tri”, va “viéc dicu tri” nham bao gom

diéu tri phong ngtra céc roi loan néu trén.

Nhu duoc sir dung & day cac thuat ngit “bénh nhan” va “d6i twong” bao gdbm
ngudi va cac dong vat khong phai nguoi, vi du, dong vat c6 v, chéng han chudt nhit,
chudt, chudt lang, cho, méo, thd, bo, ngua, clru, dé, va lon. Thuét ngit cling bao gém
chim, c4, bo sat, ludng cu, va cac dong vat tuong tu. Nén hiéu rﬁng bénh nhan cu thé
hon 1a con nguoi. Cling, cdc bénh nhén va dbi tuong cu thé hon 1a dong vat c6 vu khong

phai nguoi, chfing han chudt nhit, chudt, va cho.

Nhu duoc st dung & ddy, thuit ngt “lugng hitu hi¢u” dé cap dén luong ctia hop
chét theo sang ché diéu tri, dua trén viéc str dung liéu don hodc da liéu, bénh nhan dang
chiu dung tinh trang dugc dé cap. Luong hitu hiéu c6 thé d& dang duoc xac dinh béi bac
s§ chan doan, dugc xem 1a ngudi 6 k§ nang trong linh vuc, bang cach st dung céc k¥
thuat da biét va bang cach quan sat két qua thu duoc tlr nhitng ca twong ty. Khi xac dinh
lwong hiru hiéu, lidu, sb lwgng cac tac nhan duge xem xét boi chuyén gia chuén doén
bénh tham gia, bao gém, nhung khong chi gidi han &: loai bénh nhén; thé trong, tudi, va

tinh trang strc khoe chung; tinh trang, roi loan, hodc bénh cu thé méc phai; mic do hodc
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muc mic phai hodc mic d9 nghiém trong cua tinh trang, r6i loan, hodc bénh, phéan hoi
cia bénh nhan riéng biét; hgp chét cu thé dwgc dung; hinh thirc diing; céc dic tinh sinh
kha dung cua ché phérn duoc dung; ché d6 1iéu dugc lya chon; sy st dung duoc phém
di kém; va céc treong hop li€n quan khac. Luong hiéu qué cia sang ché, liéu luong diéu
tri, dugc cho 1a nim trong khoang tir Img dén 200mg. Cac lugng cu thé ¢6 thé duogc xac
dinh bdi chuyén gia trung binh trong linh vuc. Miac du céc lidu luong nay duge dya trén
dbi twong con ngudi trung binh ¢6 trong lugng nim trong khoang tir 60kg dén 70kg, bac

s§ s& ¢ thé xéac dinh duge 1idu thich hop cho cac bénh nhan khac.

DAu hiéu phan biét bénh ly ctia bénh Parkinson (PD) 1a sy hao hut té bao than
kinh trong ving chat den. Su thoai bién ctia 10 trinh nhan den thé van s& 1am giam ndng
do thé van cia dopamin ma s& dan dén céac biéu hién 1am sang van ddng hodc khong van
dong. Nhiéu bénh nhan méc bénh Parkinson dugc didu tri b%mg levodopa, mot tién dugc
chit cho dopamin. Levodopa c6 nhiéu tdc dung phu nghiém trong thong thudng bao
gdm rbi loan van ddng do levodopa (levodopa induced dyskinesia - LID), ndi hing, thoi
thic khong kim ché duge (impulsive control disorder - ICD), tri¢u chiing tdm thin va
r6i loan gide ngt. LID 13 bénh c6 tién trién (90% cac bénh nhan PD phat trién thanh LID
trong vong 10 ndm). Viéc thich nghi khong thd dao nguoc dwoc xuét hién trong qua
trinh truyén tin hiéu cta thy thé D1 trong MSNs & m6 hinh loai gdm nhim cta LID bao |
gbm viéc gly t& dugc lam giam dan dén sy nhay cam qud muc trong 19 trinh truc tiép.
Viéc 1am bét hoat vé mit di truyén ctia cac thy thé D1 cht khong phai D2 c6 tac dung
thi tiéu LID & chudt nhat. Tuy nhién, viéc phong bé su truyén tin hiéu ctia thy thé D1
khong lam anh huong dén hiéu qua chdng hdi ching Parkinson ciia L-DOPA.

Theo phuong 4n cu thé, séng ché mo ta phuong phap diéu tri bénh Parkinson
bao gdm budc: cho bénh nhan can diéu tri ding hop chét theo séng ché véi lugng hitu
hiéu. Diéu nay c6 nghia 13, sing ché mé ta viéc st dung hop chét theo sang ché, bao

gdm viéc st dung d€ bao ché thudc, d€ dicu tri bénh Parkinson.

Cac hop chét theo sang ché c6 thé duoc tron véi mdt hodic nhiéu céc hop chét
ho#c liéu phap hoat dong dugc ly khac @& diéu tri mot hodc nhidu 161 loan, bénh hoic
cac tinh trang ma GPR6 duogc biéu hién co thé dugc dung déng tho, tudn tu hodic tach

biét trong su két hop v6i mot hodc nhiéu hop chét hodc céc lidu phap dé diéu tri bénh
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Parkinson, chirng loan van dong do levodopa gdy ra, va bénh Huntington, chirng nghién
thudc, réi loan an udng, réi loan nhéan thirc, ching tim than phan liét, r6i loan ludng
cuc, va bénh trAm cam. Cac su két hgp nay co thé tao ra vu thé lidu phép dang ké, bao
gém it tac dung phu hon, cai thién kha nang diéu tri cdng déng bénh nhan dang dugc
didu tri, hodc hoat tinh hiép ddng. Cu thé, hop chit theo sang ché c6 thé duoc ding véi
levodopa dé diéu tri bénh Parkinson. Phin mé ta boc 16 phuong phap diéu tri bénh
Parkinson bao gdm: cho bénh nhan can diéu tri diing hop chét theo sang ché véi lugng
hitu hiéu két hop v6i levadopa. Phin mo ta con bdc 19 viée st dung hop chét theo sang
ché két hop véi levadopa, bao gém viéc st dung dé bao ché thudc, dé diéu tri bénh

Parkinson.

Hoat tinh ctia cac hop chat 1am chat diu bién GPR6 c6 thé dugc x4c dinh bing

nhiéu loai phuong phap, bao gdbm phuong phép in vitro va in vivo.
ViduA.l
Uc ché hoat tinh cAMP cua thir nghiém GPR6 in vitro

Thit nghi€ém trén co s& té bao nay do kha ning cta cc hop chit @& uc ché hoat
tinh cAMP chit yéu ctia thu th8 GPR6 dugc biéu hién & té bao CHO-K1. Té bao CHO
dugc biéu hién mot cach dn dinh v&i thu thé GPR6, ma biéu hién cua n6 dugc kiém soét
bing yéu t6 kich thich duoc bang tetraxyclin. C4c té bao duoc nudi cdy trong moi trudng
chira F12K, 10% FBS, 1% Penn/Strep, 200ug/mL Hygromycin. Viéc biéu hién thy thé
GPR6 duoc kich thich trong 20 gid biang 1p/ml doxyxyclin (sigma D9891) trong mdi
truong sinh trudng. Sau khi bd sung doxyxyclin, té bao duoc dan mong véi mat do 250-
500 t& bio trén mdi 18 trong dia day trong subt mau den nira thé tich (Costar) va cho vao

ti 4p (37°, 5% C(O)2) trong 20 gid trude thir nghiém cAMP.

MBoi trudng nudi cdy dugc loai bd ra khoi té bao va chung duoc rira bang S0uL
dém Ringer (MgCly 0,047mg/mL, NaH,PO4 0,18mg/mL, Na;HPO4 0,1mg/mL, KCl
0,34mg/mL, NaHC(O)3 1,26mg/mL, D-glucoza 1,8mg/mL, NaCl 7mg/mL; pH=7,4).
Céc hop chat dugce tao huyén phti trong DMSO duge pha lodng trong dém Ringer chira
0,5% axit béo khong chira BSA va dugc U trong cac té bao trong 45 phut & nhiét d§ 37°
va 5% C(O)2. Sau khi u, cac té bao dugc U trong 10 phit & nhiét do trong phong véi
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dung dich vét Eu-cAMP tir kit thir nghiém Perkin Elmer Lance HTRF UltracAMP
(TRF0264). Tiép theo, dung dich UlightTM-anti-cAMP tir kit Lance HTRF duoc bd
sung va dugc U trong may lic & nhiét dd trong phong trong 1 gid trudc khi phét hién
HTRF trong BMG PolarStar Omega.

Pudng cong IC50 duoc tao ra véi phuong trinh logistic bdn thong sb bang cach
st dung GraphPad Prism 5.03. Céc tri s6 1C50 do dugc (uM) cia cac hop chét vi du

trong thir nghiém nay duoc cung cip trong bang dudi day.
Vidu A2
Uc ché hoat tinh cAMP ctia thir nghiém GPR6 in vitro

Thir nghiém trén co sé té bao nay do kha ning clia cic hop chét dé wc ché hoat
tinh cAMP chu yéu cta thu thé GPR6 dugc biéu hién & té bao CHO-K1. Té bao CHO
duoc biéu hién mot cach én dinh vé6i thy thé GPR6, ma biéu hién clia né dugce kiém soat
béng yéu t6 kich thich duoc bing tetraxyclin. Cac té bao dugc nuodi cdy trong moi trudng
chira F12K, 10% FBS, 1% Penn/Strep, 200ug/mL Hygromycin. Viéc biéu hién thy thé
GPR6 dugc kich thich trong 20 gio bang 2ug/ml doxyxyclin (sigma D9891) trong moi
trudng sinh trudng. Sau khi bd sung doxyxyclin, cic té bao dugc dan mong véi mat do
450-750 té bao trén mdi 18 trong dia 96 15 day trong subt mau den nira thé tich (Costar)

va cho vao ti ip (37°, 5% CO») trong 20 gi&y trude khi thir nghiém cAMP.

MBoi truong nudi cdy duoc loai bé ra khéi té bao va chang dugc rira bing dung
dich dém Ringer v6i thé tich 50uL/16 (MgCl> 0,047mg/mL, NaH,PO4 0,18mg/mL,
Na,HPO4 0,1mg/mL, KCI 0,34mg/mL, NaHCOs3 1,26mg/mL, D-glucoza 1,8mg/mL,
NaCl 7mg/mL; pH=7,4). Cac hgp chét duoc tao huyén phit trong DMSO dugc pha lodng
trong dém Ringer chtra 0,5% axit béo khong chira BSA va 300 pM IBMX va dugc u
trong c4c té bao trong 45 phut & nhiét dd 37° va 5% CO,. Sau khi u, cac té bao duoc
trong 10 phut & nhiét d9 trong phong véi dung dich vét Eu-cAMP tir kit thir nghiém
Perkin Elmer Lance HTRF Ultra cAMP (TRF0263). Tiép theo, dung dich UlightTM-
anti-cAMP tir kit Lance HTRF duoc bd sung va dugc U trong méy lic & nhiét d6 trong
phong trong 1 gio truéce khi phét hién HTRF trong d4u doc dia Perkin Elmer Envision.
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Pudng cong EC50 duge tao ra v6i phuong trinh logistic bdn thong sd bing
cach sir dung GraphPad Prism 5.03. Céc tri s6 EC50 do dugc (uM) ctia céc hop chét vi

du trong thir nghiém nay duoc cung cip theo mM trong Bang 1 dudi day.

Béang 1
Vidu A.1EC50 | A2EC50 | Vidu |A.1EC50 A.2 EC50

1 18 6,8
2 19 50,5
3 20
4 21 50,3
5 32,7 22 30,2
6 23 172
7 24 48,2
8 25 242
9 26 72,3
10 27 161
11 28 77
12 29 184
13 49,3 30 30,2
14 38,7 31 18,0
15 36,9 32 23,5
16 123 33 13,7
17 23 34 62,5

ViduB
Chung bét thé do haloperidol gdy ra —md hinh bénh Parkinson & loai gam nhim in vivo

Triéu chirng van dong cua bénh Parkinson bao gém chung mét van dong, van
dong cham, su cing, su bét thuong vé viée ring minh va tu thé va két hop véi su hao
tdn té bao sinh dopamin chit x4m va sy suy gidm lugng dopamin cua thé van. Viéc diing
haloperidol cho loai gdm nhim dan dén tinh trang nhu hdi chimg Parkinson thodng qua
ma cb thé dao ngugc dugc bﬁng cach dung L-Dopa (Duty, S.; Jenner, P. Br. J.
Pharmacol. (2011), 164, 1357-1391) va c4c thudc khic dd dugc phé chudn vé mat 1am
sang dé diéu tri bénh Parkinson. Haloperidol d6i khang dopamin D2 va, & pham vi nhé
hon, céc thu thé D1 trong cic noron c6 gai trung binh ma bao gdm cac 1an luot 19 trinh
gian tiép va truc tiép ctia mach van dong. Viéc phong bé tdng luc két qua truyén dopamin
cta thé van trong qué trinh d6t chay dong xudi bét thudng trong vong céc mach cua

hach nén ma biéu thi & dang triéu chung cua sy cimg co va chimg bét thé. Chimg bét
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thé da dugc doi hoi dé phan anh ddu hiéu 14m sang ciia bénh Parkinson, nhd d6 cac bénh

nhén thé hién sy bt luc dé bit ddu cac chuyén dong.

Chudt Sprague-Dawley duc (Charles River, Calco, Italy) c6 trong luong 175-
200g duoc st dung. Theo cach khac, chudt nhit C57B16 duc cb trong luong 25-35g
duoc sit dung. Tinh trang bét thé dugc giy ra bang cach ding duéi da chét di khang
thu thé dopamin - haloperidol (0,3mg/kg, duéi da), 90 phut trudc khi thir nghiém cac
con chudt trong thir nghiém luéi thing dung. P4i véi thir nghiém nay, cic con chudt
hodc chudt nhit dugc cho 1én ndp dang ludi clia chudng thily tinh plexi c6 kich thude
25cm x 43cm duge ddt nghiéng mot goc khoang 70 do voi ban thi nghiém. Cac con
chu6t duoc dit trén ludi sao cho bbn chan dang va dudi ra (“tu thé kiéu éch™). Viéc sir
dung tu thé khéng tw nhién nay 13 yéu cau t1 thidu vé& dic trung ctia thir nghiém nay vé
chung bét thé. Thoi gian kéo dai tir khi bd tri chan cho dén khi loai bé xong 1an diu ctia
mot chan (xudng tiém tang) duoc do toi da trong 120 gidy d6i v6i chudt. Di véi chudt
nhét, hai chan trude cua chudt dugc dit trén thanh kim loai ndm ngang dit & vi tri cao 2
inso (5,08cm) & phia trén bé mat thiy tinh plexi va thoi gian duge ghi 1én dén 30 gidy
cho m&i thtt nghiém. Thir nghiém két thuc khi chén truée clia chudt tré vé bé mit hodc
sau 30 gidy. Thir nghiém dugc lap lai ba 14n va két qua trung binh ctia ba 14n thir nghiém

duoc thong bao 12 sb liéu cudng do cia ching bét thé.

Chung bét thé dugc do vao thoi diém 30 phut, 120 phit, va/hodc 240 phit sau
khi cho céc con chudt ding qua mang bung lidu 0,3mg/kg haloperidol ciing véi hop chét
thir nghiém 1a chit didu bién GPR6. Nong dd hop chit thir nghiém trong huyét twong va
ndo dugc xéc dinh bing cach gom mau mé vao thoi diém cubi cua thir nghiém, 13 thoi
didm 120 ho#c 240 phat. Mot s6 luong dai dién hop chat theo sang ché dwgc dung véi
lidu nim trong khoang tir 0,1 dén 100mg/kg qua mang bung, duéi da hodc qua dudng
miéng cung véi haloperidol. Chét d6i khang A2a KW6002 (istradefyllin) dugc ding v6i

lidu 0,6mg/kg qua mang bung dé lam d6i chiing duong.
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Yeéu cau bao hg

1. Hop chét c6 cong thic I:

_Z.
R1 X1 )s
/\qu2 N
Rop || - (Rak
R,” °N

hodc mudi dugc dung cla no, trong do:

R 12 phenyl dugc thé tiy ¥ béi 1 dén 5 phan tir thé doc 1ap duge chon tir nhém bao gdm
Ci4 alkyl, Ci.4 alkoxy, xyano, halo, triflometyl, va triflometoxy;

Xi11a N va X3z 1a CH; hodc
Xi1a CH va Xz 1a N; hodc
XilaNvaXslaN;

khi X; 1a N, thi Z dugc chon tir nhdm bao gém C1 alkylen, C; haloalkylen, -C(O)-, va -
S(O)2-;

khi X1 12 CH, thi Z dugc chon tir nhém bao gdbm C; alkylen, Ci haloalkylen, -O-, -C(O)-
, -NH-, -S-, -S(0)-, va -S(O)2-;

q bang 1;
S b%mg 1;
"Ro1a -NResR7;

Rs, trong mdi truong hop, doc 1ap duge chon tir nhom bao gém Ci-6 alkyl, Cszg

xycloalkyl, va triflomety];
pla 0, 1, hodc 2;

R4, trong mdi trudng hop, doc 14p dugc chon tir nhom bao gém Ci-6 alkyl, xyano,
hydroxy, halo, Cs.¢ heteroxyclyl, -C(O)-Rs, -C(O)-N(Ro9)(R1o), va -C(O)-ORuy;
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r br?lng 1 hoac 2;
Re 1a hydro;
R7 dugc chon tir nhém bao gdm Ci.s alkyl, Cs.g xycloalkyl va Cs.¢ heteroxyclyl;

Rg dugc chon tir nhém bao gdm hydro, Cis alkyl, Cs.s xycloalkyl, Ce-10 aryl, Ci-10

heteroaryl, va Cs.¢ heteroxyclyl;
Ry duge chon tir nhém bao gdm hydro va Ci alkyl;
Rio duoc chon tir nhém bao gdm hydro, Ci-6 alkyl va Cs.g xycloalkyl; hodc

Ry va Ryo ciing véi nito ma ching gin vao tao thanh vong bao hoa c6 4 dén 7 canh tiy
y ¢6 thém 1 nguyén tir vong khac loai dugc chon tir nhém bao gdm N, O, va S va tlly y
duoc thé & nguyén tir cacbon vong bét ky bing 1 dén 5 phén tir thé doc 1ap duge chon
tir nhém bao gdm xyano, halo, hydroxy, amino, Cs.s heteroxyclyl, Ci.9 amit, C1.6 alkyl,
va C1.4 alkoxy va duoc thé & nito vong khéac bét ky bang phén tir thé dwoc chon tir nhém

bao gdm hydro, Cs.g xycloalkyl, va Ci. alkyl; va
Ri1 duogc chon tir nhém bao gdm hydro, Ci.6 alkyl, va Cs.g xycloalkyl;

v6i didu kién hop chit c6 cong thirc I khong phai 1a 5-(4-(2,4-diflophenoxy)piperidin-
1-yl)-6-(isopropylamino)pyrazin-2,3-dicarboxylat va 5-(4-(2,4-diflophenoxy)piperidin-
1-yl)-6-(isopropylamino)pyrazin-2,3-dicarbaldehyt.

2. Hop chét theo diém 1 hoic mubi duoc dung cuta no, trong d6 X1 1a CHva Xz 1aN.
3. Hop chét theo diém 1 hodc mudi duoc dung ciia nd, trong d6 Xi 1a N va Xz 1a N.
4. Hop chét theo diém 3, trong d6 R4 14 xyano.

5. Hop chét theo diém bat ky trong s6 cac diém tir 1 dén 4 hodc mudi dugc dung cia né,

trong d6 Z 1a Cy alkylen.

6. Hop chét theo diém bét ky trong s cac diém tir 1 dén 2 hoic mudi duoc dung ctia no,

trong d6 Z 1a -O-.
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7. Hop chét theo diém bt ky trong s6 cac diém tir 1 dén 4 hodc mudi dugc dung cia no,
trong d6 Z 1a -C(O)-.
8. Hop chét theo diém 1, trong d6 hop chét nay dugc chon tir nhém bao gdm:
5-(xyclopropylamino)-6-(4-(2,4-diflobenzyl)piperazin-1-yl)pyrazin-2,3-dicarbonitril;
5-(4-(2,4-diflophenoxy)piperidin-1-y1)-6-(isopropylamino)pyrazin-2,3-dicarbonitril;
5-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-6-(isopropylamino)pyrazin-2,3-dicarbonitril;

(R)-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-6-(isopropylamino)pyrazin-2,3-

dicarbonitril;
5-(4-(4-clo-2-flophenoxy)piperidin-1-y1)-6-(isopropylamino)pyrazin-2,3-dicarbonitril;

Axit 5-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-3-xyano-6-(isopropylamino)pyrazin-2-

carboxylic;

Axit 6-(4-(4-clo-2-flophenoxy)piperidin-1-y1)-3-xyano-5-(isopropylamino)pyrazin-2-

carboxylic;

Axit 3-xyano-6-(xyclopropylamino)-5-(4-(2,4-diflobenzyl)piperazin-1-yl)pyrazin-2-

carboxylic;

Axit 3-xyano-5-(xyclopropylamino)-6-(4-(2,4-diflobenzyl)piperazin-1-yl)pyrazin-2-

carboxylic;

Axit 3-xyano-5-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(isopropylamino)pyrazin-2-

carboxylic;

Axit 3-xyano-6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino)pyrazin-2-

carboxylic;

Axit 5-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-3-xyano-6-(isopropylamino)pyrazin-2-

carboxylic;

Axit 6-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-3-xyano-5-(isopropylamino)pyrazin-2-

carboxylic;
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Axit (R)-3-xyano-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-6-
(isopropylamino)pyrazin-2-carboxylic;

Axit (R)-3-xyano-6-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-5-

(isopropylamino)pyrazin-2-carboxylic;
Axit 6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino)-pyrazin-2-carboxylic;
3-clo-6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino)pyrazin-2-carbonitril;

5-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-3-xyano-6-(isopropylamino)-N,N-

dimetylpyrazin-2-carboxamit;

3-xyano-6-(xyclopropylamino)-5-(4-(2,4-diflobenzyl)piperazin-1-yl)-N,N-

dimetylpyrazin-2-carboxamit;

3-xyano-5-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(isopropylamino)-N,N-

~ dimetylpyrazin-2-carboxamit;

3-xyano-6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino)-N,N-

dimetylpyrazin-2-carboxamit;

5-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-3-xyano-6-(isopropylamino)-N,N-

dimetylpyrazin-2-carboxamit;

6-(4-(2,4-diflophenoxy)piperidin-1-y1)-5-(isopropylamino)-N,N-dimetylpyrazin-2-

carboxamit;

6-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-5-(isopropylamino)-N,N-dimetylpyrazin-2-

carboxamit;

(R)-6-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-5-(isopropylamino)-N-

metylpyrazin-2-carboxamit;

(S)-6-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-5-(isopropylamino)-N-

metylpyrazin-2-carboxamit;

(6-(4-(2,4-diflophenoxy)piperidin-1-y1)-5-(isopropylamino)pyrazin-2-yl)(3-

floazetidin-1-yl)metanon;
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5-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(isopropylamino)-N,N-dimetylpyrazin-2-
carboxamit;

(R)-5-(xyclopropylamino)-6-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)pyrazin-2-

carbonitril;
6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino)pyrazin-2-carbonitril;
5-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(isopropylamino)pyrazin-2-carbonitril;
5-(4-(4-clo-2-flophenoxy)piperidin-1-yl)-6-(xyclopropylamino)pyrazin-2-carbonitril;

(S)-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-6-(isopropylamino)pyrazin-2-

carbonitril;

(R)-5-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-6-(isopropylamino)pyrazin-2-

carbonitril;

6-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-(isopropylamino)-3-morpholinopyrazin-2-

carbonitril;
hodc mudi duoc dung ctia hop chét bat ky trong s& cac hop chét néu trén.

9. Duoc pham chira hop chét theo diém bt ky trong sb cac diém tir 1 dén 8, hodic mudi

duoc dung cia nd, va ta duge dugce dung.
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