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Linh vie ki thuat dwoc dé cap

Séang ché dé cap dén linh vuc hoa dugce, duge ly, va thube.
Tinh trang ki thuit ciia sang ché

Sang ché dé xuét hop chét 1a chét didu bién thy thé lién hop protein G 6 (dudi
ddy duogc goi 14 GPR6). GPR6 13 GPCR ma truyén tin hiéu qua 16 trinh Gs. Cac thu
thé GPR6 duoc bidu hién & mic cao trong hé than kinh trung wong (central nervous
system-CNS), dic biét 1a té bao gai trung binh (medium spiny neurons-MSNs) cia
viing vén, véi mirc biéu hién t6i thiéu ¢ cac md ngoai bién. Cac dich thé van chu yéu
clia viéc phan bd day thin kinh sinh dopamin tip trung vao t& bao gai trung binh
(MSNs) ctia 16 trinh d4u ra ctia du v6 ndo trung gai (gidn tiép) va chit den thé van
(truc tiép). MSNs cuia 19 trinh déu ra truc tiép biéu hién céc thu thé dopamin D1 trong
khi chiing trong 19 trinh gian tiép biéu hién cac thu thé D2. GPR6 duoc 1am gidu & thu
thé D2 biéu hién MSNs trong vung van tai d6 hoat tinh cia GPR6 14 trai ngugc vé mit
chirc néng véi viée truyén tin hiéu coa thu thé D2. Co ché ddi khéang hodc co ché chu
véan dao cua Gs lién hgp véi GPR6 lam giam cAMP trong MSNs va tao ra su lua chon
~ vé& chitc nang khac vé6i dopamin dugc hoat héa bing céac thu thd D2. Do d6, cac hop
chét theo sang ché 13 hiru ich dé didu tri nhidu loai rdi loan thin kinh va tAm than, ké
ca bénh Parkinson.

WO 01/62765 bdc 1§ chit diéu bién phan tir nhé ctia thy thé lién hop protein G
6, phwong phéap didu ché hop chét nay, va phuong phap sir dung hop chét nay.

WO 2007/122466 boc 16 hop chit pyridin[3,4-b]pyrazinon va mudi dwoc dung
ctia né. Duge phdm tuong Gng, phuong phép diéu tri, phwong phép tdng hop, va cac
hop chét trung gian ciing dugc boc 19.

WO 2014/028479 boc 16 din xuat quinoxalin 1am chéit diéu bién GPR6 va viée
st dung hop chit nay dé diéu tri bénh Parkinson, ching loan van dong do levodopa
gdy ra, bénh Huntington, cic chiing loan van ddng khéc, chimng mét vin dong, va rdi
loan vén ddng lién quan dén r6i loan chirc ning cia thé van, ching tdm thin phén ligt

va lam dung thuéc.
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Ban chit ky thuat ciia sing ché

Muc dich ctia sang ché 1a d& xuét hop chit c6 cong thirc I:

Z.
Ry )[(1 )s (Ra),
/ \(/)’qxz N\ \/\)(3
o J L%
R,” "N 4

hodc mubi duge dung cua né, trong d6:

R; duoc chon tir nhém bao gdm: -

Cs-g xycloalkyl tlly ¥ dugc thé bang 1 hoic 3 phin tir thé doc 1ap dugc chon tir
nhém bao gdm: Ci.4 alkoxy, halo, hydroxy, va Ci alkyl tuy v dwoc thé bing
C1-4 alkoxy, halo, va hydroxy;

Cs-6 heteroxyclyl dwoc thé tily y trén cac nguyén tir cacbon vong boi 1 dén 4
phan tir thé doc 14p duge chon tir nhém bao gbm C1.4 alkyl, C1.4 alkoxy, halo,
va hydroxyl, va dugc thé tiy y trén nguyén tir nito vong bit ky béi C1.4 alkyl;
Ce-10 aryl tuy y duoc thé bang 1 dén 5 phén tir thé doc l4p dugc chon tir nhém
bao gdm Ci.4 alkyl, Ci4 alkoxy, xyano, halo, hydroxy, amino, triflometyl, va
triflometoxy; va

Ci-10 heteroaryl tuy ¥ duoc thé bing 1 dén 3 phin tir thé trén nguyén tir cacbon
doc 1ap dugc chon tir nhom bao gém amino, Ci.g alkylamino, Ci.9 amit, Ci-4
alkyl, C14 alkoxy, xyano, halo, hydroxyl, oxo, triflometyl, va triflometoxy, va
duoc thé tity ¥ trén nguyén tir nito vong béi Cr.s alkyl; |

X1 1a N va X, 1a CH; hodc

X1 la CH va X3 1a N; hodc

XilaNvaXslaN;

khi X; 1a N, thi Z duoc chon tir nhom bao gém Ci-6 alkylen, Ci.6 haloalkylen,
-C(0)-, va -S(0)2-;

khi X; 1a CH, thi Z dugc chon tir nhém bao gdm Ci.6 alkylen, Ci.s haloalkylen,
-O-, -C(0)-, -NH-, -S-, -S(0)-, va -S(0)2-;

q bing 0, 1, hoic 2;

S b%mg 0, 1, hoac 2;

R2 14 -OR5 hodc -NReR7;
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Rs, mdi 1an duogc ldy, doc 1ap duoc chon tir nhém bao gdm: Ci alkyl, Css
xycloalkyl, va triflometyl;

plao, 1, hodc 2;

R4, mdi 14n duoc 14y, doc 1ap dugc chon tir nhém bao gb6m C1.6 alkyl, hydroxy,
va halo;

r1a 0 hoac 1;

Rs duoc chon tir nthém bao gdm Ci6 alkyl va Cs-g xycloalkyl;

Rs dugc chon tir nhom bao gdm hydro va Ci.¢ alkyl;

Ry duoc chon tir nhém bao gdm:

C1.6 alkyl tuy ¥ duoc thé bing 1 dén 7 phan tir thé doc 1ap dugc chon tir nhom
bao gdm Ci4 alkoxy, Ci-o amit, amino, Ci.s alkylamino, Ci.5 oxycacbonyl,
xyano, Cs.g xycloalkyl, halo, hydroxy, va Cs.s heteroxyclyl tuy y dugc thé trén
nguyén ti nito vong bt ky bdi Cis aikyl; Ci-10 heteroaryl; va phenyl tuy y
dugc thé b:ﬁng 1 dén 5 phﬁn ttr thé doc 14p dugc chon tir nhém bao gf‘)m Ci4
alkyl, Ci-4 alkoxy, Ci.9 amit, amino, Ci.g alkylamino, Cis oxycacbonyl, xyano,
halo, hydroxyl, nitro, C1-g sulfonyl, va triflometyl;

Cs.g xycloalkyl;

Ce.10 aryl tuy y dugc thé bing 1 dén 5 phan tir thé doc 1ap duoc chon tir nhom
bao gébm Ci.4 alkyl, Ci4 alkoxy, xyano, halo, hydroxy, amino, triflometyl, va
triflometoxy;

C1-10 heteroaryl tuy y duoc thé bang 1 dén 3 phin tir thé trén nguyén tir cacbon
doc 14p duogc chon tir nhém bao gém amino, Ci-g alkylamino, Ci.9 amit, Ci4
alkyl, C1-4 alkoxy, xyano, halo, hydroxyl, oxo, triflometyl, va triflometoxy, va
dugc thé thy ¥ trén nguyén tit nito vong bdi Cr4 alkyl; va

Cs.6 heteroxyclyl dugc thé tity ¥ trén cdc nguyén tir cacbon vong boi 1 dén 4
phin tir thé doc 1ap duge chon tir nhém bao gbm C1.4 alkyl, Ci-4 alkoxy, halo,
va hydroxyl, va dugc thé tly ¥ trén nguyén tir nito vong bat ky bai Ci-4 alkyl;
X3 dugc chon tir nhém bao gém CH, va CHR4 va X4 1a NRs; hodc

X3 12 NRg va X4 duge chon tir nhém bao gdm CH; va CHRg;

Rg duoc chon tir nhém bao gdm Ci.s alkyl, Ci haloalkyl, Cs.s xycloalkyl, -
S(0)2-Ry, -C(0)-R1, -C(O)-N(R11)(R12), va -C(0)-ORu3;
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Ry dugc chon tir nhém bao gdbm Ci.6 alkyl, Cs.s xycloalkyl, va phenyl tuy y
duoc thé bang 1 dén 5 phén tir thé doc 1ap duoc chon tir nhém bao gdm Ci4
alkyl, Ci-4 alkoxy, Ci.9 amit, amino, Ci.g alkylamino, Cis oxycacbonyl, xyano,
halo, hydroxyl, nitro, C1.g sulfonyl, va triflometyl;

Rio duoc chon tir nhém bao gdm:

hydro;

C1.6 alkyl tuy ¥ dugc thé bing 1 dén 7 phan ti thé doc 1ap duge chon tir nhém
bao gdm: Ci4 alkoxy, Ci.o amit, amino, Cig alkylamino, Cis oxycacbonyl,
xyano, Cs.3 xycloalkyl, halo, hydroxy, va Cs.s heteroxyclyl tuy y dugc thé trén
nguyén ti nito vong béi Ci4 alkyl, Ci.10 heteroaryl, va phenyl tuy y dugc thé
bang 1 dén 5 phén ttr thé doc 1ap duge chon tir nhém bao gém: Ci4 alkyl, Ci4
alkoxy, Ci-9 amit, amino, Cig alkylamino, Ci.s oxycacbonyl, xyano, halo,
hydroxyl, nitro, C1-g sulfonyl, va triflometyl;

Cs.g xycloalkyl;

Cé.10 aryl tuy ¥ dugc thé bang 1 dén 5 phén tir thé ddc 1ap dugc chon tr nhoém
bao gdbm Ci.4 alkyl, C14 alkoxy, xyano, halo, hydroxy, amino, triflometyl, va
triflometoxy;

Ci.10 heteroaryl tuy ¥ duoc thé bing 1 dén 3 phan tir thé trén nguyén tir cacbon
doc 1ap dugc chon tir nhém bao gém amino, Cig alkylamino, Ci9 amit, Ci-4
alkyl, Ci.4 alkoxy, xyano, halo, hydroxyl, oxo, triflometyl, va triflometoxy, va
dugc thé tiry y trén nguyén tir nito vong béi Ci4 alkyl; va

Cs.6 heteroxyclyl dugc thé tily y trén cdc nguyén tir cacbon vong bdi 1 dén 4
phﬁn tir thé doc 1ap dugc chon tir nhém bao gém Ci-4 alkyl, Ci.4 alkoxy, halo,
va hydroxy, va dugc thé tlly y trén nguyén t nito vong bét ky boi Cis alkyl;
Ri1 duoc chon tir nhém bao gdm hydro va Ci.6 alkyl;

R12 dugc chon tir nhém bao gdm hydro, Ci.6 alkyl va Cs.g xycloalkyl; hodc

Ri1 va Rz cung v6i nguyén tir nito ma chung gén vao tao thanh nhén bdo hoa,
¢6 4 dén 7 canh tiy y c6 thém 1 nguyén tir khéc loai trén nhan duogc chon tir
nhém gdém N, O, va S; trong ¢6 nhan bado hoa c6 4 dén 7 canh nay tuy y dugc
thé trén nguyén tir bat ky trong sd céc nguyén tir cacbon trén nhan bing 1 dén 5
phén tir thé doc 1ap dwge chon tir nhém bao gbm:

Xyano;
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halo;

hydroxy;

amino;

Cs-6 heteroxyclyl dugc thé tiy y trén cac nguyén tir cacbon vong boi 1 dén 4
ph?tn tr thé doc 13p dugce chon tir nhém bao gém Ci-4 alkyl, Ci-4 alkoxy, halo,
va hydroxy, va duoc thé tiy ¥ trén nguyén tir nito vong bit ky béi C1.4 alkyl;
Ci1-9 amit;

C1-6 alkyl tuy ¥ duoc thé bang 1 dén 7 phén tir thé doc l4p dugc chon tir nhém
bao gém: Ci14 alkoxy; Ci amit; amino; Ci.s alkylamino; Ci.s oxycacbonyl;
xyano; Cs.s xycloalkyl; halo; hydroxy; va Cs.¢ heteroxyelyl tuy ¥ dugc thé trén
nguyén tir nito vong béi Ci4 alkyl; Ci-10 heteroaryl; va phenyl tuy y duogc thé
bang 1 dén 5 phan tir thé doc 14p duoc chon tir nhém bao gdm Ci.4 alkyl, Ci-4
alkoxy, Ci.9 amit, amino, Ci-s alkylamino, Ci.s oxycacbonyl, xyano, halo,
hydroxyl, nitro, Ci.g sulfonyl, va triflometyl;

va Ci.4 alkoxy; va

trong d6 nhan bdo hoa c6 4 dén 7 canh nay dugc thé trén nguyén tir nito trén
nhan bd sung bit ky biang phin tir thé dugc chon tir nhém bao gém: hydrogen,
Cs-s xycloalkyl, va C1. alkyl tuy ¥ duoc thé bang 1 dén 7 phan tir thé doc lap
duogc chon tir nhém bao g(‘“)m: C1-4 alkoxy; Ci9 amit; amino; Ci.g alkylamino;
Cis oxycacbonyl; xyano; Cs.g xycloalkyl; halo; hydroxy; va Cs. heteroxyclyl
tuy ¥ duoc thé trén nguyén tir nito vong bdi Ci. alkyl; Ci-0 heteroaryl; va
phenyl tuy y dugc thé bing 1 dén 5 phan tir thé doc 1ap duge chon tir nhém bao
gém Ci4 alkyl, Cis alkoxy, Ci.o amit, amino, Ci.g alkylamino, Ci.s
oxycacbonyl, xyano, halo, hydroxyl, nitro, Ci-g sulfonyl, va triflometyl; va

Ri3 dugc chon tir nhém bao gdm Ci alkyl va Cs.s xycloalkyl.

Séng ché con d& xuit dugc phdm, chira: hop chat c6 cong thic I hodc mudi

duoc dung cia nd va t4 dugc dugc dung.

Hop chét theo sang ché 1a chit didu bién GPR6 va 14 hitu ich dé diéu tri nhiéu

loai r6i loan than kinh va tdm than, vi dy, r6i loan van dong bao gom bénh Parkinson,

chimg loan van déng do levodopa giy ra, va bénh Huntington, chimg nghién thudc,

roi loan @n uodng, rdi loan nhén thirc, chiing tdm than phan liét, roi loan ludng cuc, va

bénh tram cam. Do d6, sang ché con d€ xuat hgp chat c6 cdng thirc I hodic muoi duge

dung cuia n6 dung dé diéu tri r6i loan vén ddng bao gom bénh Parkinson, chitng loan

-6-
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van dong do levodopa gy ra, va bénh Huntington, ching nghién thudc, rdi loan in
uéng, 161 loan nhan thirc, ching tdm than phan liét, r6i loan ludng cuc, va bénh trim
cam. Sang ché con @& xuht viéc stt dung hop chét theo séng ché @& 1am thudc, bao
gbm diing dé didu tri rbi loan van dong bao gbm bénh Parkinson, chiing loan van dong
do levodopa giy ra, va bénh Huntington, chirmg nghién thubc, rbi loan an ubng, rdi
loan nhén thic, ching tdm than phén li€t, r6i loan ludng cuc, va bénh trAm cam.

Séang ché con dé xuét quy trinh didu ché chat didu bién GPR6 va céc chét trung
gian cua no.

M5 ta chi tiét sang ché

Thuit ngit “Ci4 alkyl” d& cap dén alkyl mach nhanh hodc thing c6 mot dén
bdn nguyén tir cacbon.

Thudt ngit “ C1.4 alkyl duoc thé tiy y” d& cap dén Ci.4 alkyl duoc thé thy v béi
1 dn 6 phén tr thé doc 1ap duge chon tir nhém bao gdm Ci.4 alkoxy dugc thé tuy y,
C1.4 thioalkoxy, Ci.9 amit, C1.7 amido, amin, Cis alkylamin, C1-s oxycacbonyl, Ci-s
cacbonyloxy, Ci.g sulfonyl, xyano, Cs- xycloalkyl dugc thé tuy y, Cs-g xycloalkoxy,
halo, hydroxy, nitro, oxo, Cs-s heteroxyclyl dugc thé thy v, Ci-10 heteroaryl dugc thé
tiy ¥, va Ce.10 aryl dugc thé tiy y.

Cu thé hon 13 “C14 alkyl dwoc thé ty y * dé cap dén C14 alkyl duoc thé tuy y
béi 1 dén 6 phﬁn tr thé doc 1ap duge chon tir nhém bao gém C1-4 alkoxy, Ci-9 amit,
amin, Ci1.s alkylamin, C1s oxycacbonyl, Xyano, Cs.s xycloalkyl, halo, hydroxy, Cs-6
heteroxyclyl dugc thé thy ¥ trén nguyén tir nito trén nhan bét ky bsi Ci4 alkyl, Ci-10
heteroaryl, va phenyl duoc thé ty v. |

Cu thé hon nita 12 “Ci4 alkyl dugc thé tiry ¥ d& cdp dén Ci.4 alkyl duoc thé tuy
y béi 1 dén 6 phan tit thé d6c 1ap dugc chon tir nhém bao gdm Ci4 alkoxy, xyano, Cs.g
xycloalkyl, halo, hydroxy, Cs- heteroxyclyl dugc thé tily ¥y trén nguyén ti nito trén
nhan bét k¥ béi Ci.4 alkyl, va phenyl dugc thé thy y.

Thuét ngit “Ci1-6 alkyl” d& cép dén alkyl mach nhanh hodc thang c6 mot dén sau
nguyén tir cacbon.

Thudt ngit “C1.6 alkyl dugc thé tiy ¥ dé cap dén Ci.6 alkyl duoc thé thy y béi 1
dén 7 phﬁn tir thé doc 1ap dugc chon tir nhém bao gém amin, Ci.s alkylamin, Ci-4
alkoxy dugc thé tiy ¥, Ci-4 thioalkoxy, Ci-9 amit, C1.7 amido, C1-s oxycacbonyl, Ci.s
cacbonyloxy, C1.g sulfonyl, xyano, C3-s xycloalkyl dugc thé tuy ¥, halo, hydroxy, oxo ,
Ch1.10 heteroaryl dugrc thé ity ¥, Cs-6 heteroxyclyl dugc thé iy ¥, va Ce-10 aryl duce thé

tuy y.
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Cu thé hon 12 “Ci.6 alkyl duoc thé tiy y” dé cap dén Cus alkyl dugc thé thy y
b&i 1 dén 7 phin tir thé doc 1ap duge chon tir nhém bao gom Ci.4 alkoxy, Cio amit,
amin, Ci.¢ alkylamin, Ci.s oxycacbonyl, xyano, Cs.g xycloalkyl, halo, hydroxy, Cs-6
heteroxyclyl dugc thé ty y trén nguyén tr nito trén nhan bét ky béi Ci4 alkyl, Ci-10
heteroaryl, va phenyl duoc thé ty v.

Cu thé hon nita 12 “Ci. alkyl dugc thé tiy ¥ d& cap dén Ci.6 alkyl duge thé tuy
v boi 1 dén 7 phén tir thé ddc 1ap duge chon tir nhom bao gdm Ci.4 alkoxy, xyano, Cs.s
xycloalkyl, halo, hydroxy, Cs.s heteroxyclyl dugc thé tiy y trén nguyén tir nito trén
nhéan bét k¥ bdi C14 alkyl, va phenyl dugc thé tay ¥.

Thuat ngit “Ci-¢ haloalkyl” dé cép dén alkyl mach nhanh hodc théng c6 mot
dén sau nguyén tir cacbon duoc thé bang tir 1 dén 3 nguyén ti halogen. Cu thé hon,
thuat ngit “Ci-¢ haloalkyl” dung dé chi flometyl va diflometyl.

Thuét ngit “Ci-g sulfonyl” dé cap dén sulfonyl dugc lién két v6i nhém Cr.
alkyl, Cs.s xycloalkyl, hodc phenyl dugc thé tuy ¥.

Thuit ngtt “Ci-6 a1ky1en” dé cap dén alkylen, héa tri hai, mach nhénh hoac
thing c6 mot dén séu nguyén tir cacbon.

Thuét ngit “Ci.6 haloalkylen” 8 cap dén alkylen, hoa tri hai, mach nhanh hoac
théng c6 mot dén sau nguyén tir cacbon duogc thé bang tir 1 dén 3 nguyén ti halogen.
Cu thé hon, thuat ngit “Ci.¢ haloalkylen” dung dé chi flometylen va diflometylen.

Thuét ngit “Ci14 alkoxy” d2 cap dén Ci.4 alkyl dugc gin boi nguyén tir oxy.

Thuét ngit “Ci-4 alkoxy dugc thé tuy y d2 cap dén Ci4 alkoxy dugc thé thy ¥
boil dn 6 phﬁn tt thé doc 1ap dugc chon tir nhém bao gém C14 alkoxy, Ci1.9 amit, Ci-
s oxycacbonyl, xyano, Cs.s xycloalkyl dugc thé tuy ¥, halo, hydroxy, Ci-10 heteroaryl
duge thé tuy ¥, va Cs.i0 aryl duge thé ty y. Mic du hiéu ring trong trudng hop phan
ttr thé tiy v 14 C14 alkoxy hodc hydroxy thi phén tir thé théng thuong khong & vi tri
alpha so voi didm gén alkoxy, thuét ngit “Ci-4 alkoxy dugc thé thy y” bao gbm céc
géc 4n dinh va cu thé 13, bao gém triflometoxy, diflometoxy, va flometoxy.

Cu thé hon 13 “C.4 alkoxy dugc thé tuy y” @& cap dén Ci.4 alkoxy duoc thé tuy
y boi 1 dén 6 phan tix thé doc 1ap dugc chon tir nhém bao géfn C14 alkoxy, xyano, C3-s
xycloalkyl, halo, hydroxy, va phenyl duoc thé tuy y. Cu thé hon nita 1a “Ci.4 alkoxy
duge thé ty ¥ dé cap dén triflometoxy, diflometoxy, va flometoxy.

Thu4t ngit “Ci-9 amit” @& cap dén nhém -C(O)NRaRs trong d6 Ra dugc chon tir
nhém bao gdm hydro va Ci4 alkyl, va Ry duoc chon tir nhém bao gbm hydro, C1-3
alkyl, va phenyl dugc thé tuy y.
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Thuét ngit “Ci7 amido” @& cap dén -NHC(O)R. nhom trong d6 Re duge chon
tir nhém bao gdm hydro, C1.6 alkyl, va phenyl duoc thé tuy ¥.

Thuét ngit “Ci.s carbamoyl” dé cap dén carbamat dugc lién két v&i O hoiic N
duoc thé boi dau tan Ci. alkyl.

Thuét ngit “C1.s ureido” d& cip dén ure duoc thé thy ¥ boi Ci-4 alkyl.

Thu4t ngit “Ci-g alkylamin” d2 cap dén nhom -NRgR. trong d6 Rq 1a Ci4 alkyl
va Re dugc chon tir nhém bao gbm hydro va Ci.4 alkyl.

Thuit ngit “Ce-10 aryl” dé cap dén hydrocacbon chua bao hoa, dugc ghép doi,
don vong va da vong, c6 nam dén mudi nguyén tir cacbon, va bao gdm phenyl, va
naphtyl.

Cu thé hon 1a “Ce.10 aryl” d& cap dén phenyl.

Thudt ngit “Ce-10 aryl dugc thé tiry y dé cap dén Ce-10 aryl duge thé thy y boi 1
dén 5 phin tir thé doc lap duge chon tir nhém bao gdm Cis alkyl duoc thé tuy ¥, C14
alkoxy dugc thé tiy ¥, Ci-4 thioalkoxy, amin, Ci.8 alkylamin, C1.9 amit, C17 amido, Ci-
s oxycacbonyl, Ci.s cacbonyloxy, Ci-s sulfonyl, C1.s carbamoyl, Ci-6 sulfonylamido,
aminosulfonyl, Ci-10 aminosulfonyl, Ci.5 ureido, xyano, halo, va hydroxyl.

Cu thé hon 13 “Ce.10 aryl dugc thé tily y” d& cép dén Ce.1o aryl duoc thé tuy y
boi 1 dén 5 phin tir thé doc lap duoc chon tir nhém bao gom Cis alkyl, Ci.4 alkoxy,
xyano, halo, hydroxy, amin, triflometyl, va triflometoxy. '

Cu thé hon nita 13 “Cs.10 aryl dugc thé tay ¥ dé cap dén phenyl dugc thé tuy y
boi 1 dén 5 phén tr thé doc 1ap duge chon tir nhém bao g6m Ci4 alkyl, C1.4 alkoxy,
Xyano, halo, triflometyl, va triflometoxy.

Thuét ngit “Ci.s oxycacbonyl” @& cap dén nhém oxycacbonyl (-CO2H) va Ci4
alkyl este cta no.

Thuét ngit “Ci-s cacbonyloxy” dé cap dén nhoém cacbonyloxy (-O2CRy), trong
d6 R¢ dugce chon tir nhom bao gém hydro va Ci.4 alkyl, vi du, axetoxy.

Thuit ngit “Cs.g xycloalkyl” d& cap dén vong alkyl don vong hodc vong kép, co
ba dén tam nguyén ti cacbon, va bao gbdm xyclopropyl, xyclobutyl, xyclopentyl,
xyclohexyl, va cac chét twong tu. Thuat ngit nay dugc hiéu 12 bao gdbm xyclopentyl va
xyclohexyl duogc ngung tu benzo.

Thuét ngit “Ca.s xycloalkyl dugc thé tily ¥ d& cap dén Ca.s xycloalkyl duoc thé
tiy y boi 1 dén 6 phin tir thé doc 1ap duge chon tir nhém bao gdm Ci.4 alkyl dugc thé

tuy y, Ci4 alkoxy dugc thé tiy ¥, Ci-9 amit, C1-7 amido, amin, Ci.s alkylamin, Ci-s
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oxycacbonyl, xyano, Cs-g xycloalkyl, Cs.g xycloalkoxy, halo, hydroxy, nitro, oxo, Ci-10
heteroaryl dugc thé tlly ¥, va phenyl dugc thé tiy y.

Cu thé hon 13 “Cs.s xycloalkyl dugc thé tuy y” d& cap dén Cs.s xycloalkyl dugc
thé tiry ¥ béi 1 dén 3 phn tir thé doc 1ap dugc chon tir nhém bao gdm Ci.4 alkoxy,
halo, hydroxy, va Ci- alkyl dugc thé tity ¥ béi C1.4 alkoxy, halo, va hydroxy.

Thuat ngir “Cs.g xycloalkoxy” dé cap dén Cs.s xycloalkyl dugc gén boi va oxy.

Cac thuat ngtt “halogen” va “halo” dé cép dén nguyén tir clo, flo, bromo hodc
iodo.

Thuét ngit “Cs.¢ heteroxyclyl” d2 cap dén nhan don vong hodc vong kép, ¢ 4
dén 8 canh, bdo hoa hodc chua bdo hoa mot phﬁn (nhung khong hoan toan) co mot
hoic hai nguyén tir khéc loai dwgc chon tir nhém bao gdm nito, oxy, va luu huynh va
nhan nay tuy y bao gdm cacbonyl dé tao ra lactam hodc lacton. Nén hiéu ring trong
trudng hop luu huynh duoc bao gbm thi luu huynh nay c6 thé 1a mot trong -S-, -SO-,
va -SO;-. Cling nén hiéu ring thuat ngit ndy bao gdm céc hé vong kép ndi spiro. Vi du
thuit ngtt nay bao gbdm, nhung khong chi giéi han ¢, azetidinyl, pyrolidinyl,
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, —oxetanyl, dioxolanyl,
tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrofuryl, hexahydropyrimidinyl,
tetrahydropyrimidinyl, dihydroimidazolyl, va cac chit twong ty. Nén hidu ring Ci.s
heteroxyclyl co6 th8 dugc gin & dang phan tit thé thong qua nguyén tir cacbon vong
ho#c nguyén tir nito trén nhén.

Cu thé hon 13 “Cs heteroxyc1y1” dugc chon tir nhom bao gém azetidinyl,
pyrolidinyl, piperidinyl, piperazinyl, morpholinyl, oxetanyl, tetrahydropyranyl,
tetrahydrothiopyranyl, va tetrahydrofuryl.

Thuét ngit “Cs.s heteroxyclyl dugc thé tuy ¥ dé cap dén Cs.¢ heteroxyclyl duoc
thé tily y trén cac nguyén tir cacbon vong boi 1 dén 4 phan ttr thé doc 1ap duoc chon tir
nhém bao gdm Ci4 alkyl duge thé tuy ¥, Ci4 alkoxy dugc thé tuy ¥, Ci.o amit, C17
amido, amin, Ci.s alkylamin, C1-s oxycacbonyl, Xyano, Cs-s xycloalkyl duoc thé thy ¥y,
Cs.s xycloalkoxy, halo, hydroxy, nitro, 0xo, va phenyl dugc thé ty y; va dugc thé tiy
y trén nguyén tir nito trén nhan bét ky béi phén tir thé ddc 1ap dugce chon tir nhém bao
gbm Ci.4 alkyl duoc thé tury y, Cs-g xycloalkyl, Cs- heteroxyclyl dugc thé thy ¥, Ci-10
heteroaryl dugc thé ty y, va phenyl dugc thé tuy .

Cu thé hon 13 “Cs.¢ heteroxyclyl dugc thé thy y” dé cap dén Cs.¢ heteroxyclyl

dugc thé tily ¥ trén cac nguyén tir cacbon vong boi 1 dén 4 phan ti thé doc 1ap duge
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chon tir nh6m bao gdm Ci.4 alkyl, C1.4 alkoxy, halo, va hydroxy va dugc thé tuy ¥ trén
nguyén tir nito trén nhén bét ky boi Ci.4 alkyl.

Thuét ngit “Ci.10 heteroaryl” dé cap dén nhan hodc hé nhén, don vong hodc da
vong chua bdo hoa hoan toan, co nam dén muoi ba canh, c6 mot dén mudi nguyén tu
cacbon va mot hodc nhiéu, thong thuong 1a mot dén bdn, nguyén tr khac loai dugc
chon tir nhé6m bao gdm nito, oxy, va luu huynh. Vi du thuat ngit nay bao gbm, nhung
khong chi giéi han &, furyl, thienyl, pyrrolyl, 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 cac chat tuong
tu. Nén hidu ring Ci.io heteroaryl c6 thé duoc gén & dang phin tir thé théng qua
nguyén tir cacbon vong hodc nguyén tir nito trén nhan trong trudng hop hinh thire gin
nay 1a co thé, vi du dbi véi pyrrolyl, indolyl, imidazolyl, pyrazolyl, azepinyl, triazolyl,
pyrazinyl, v.v.

Cu thé hon 13 “Ci.10 heteroaryl” dugc chon tir nhém bao gdm furyl, thienyl,
pyrrolyl, imidazolyl, oxazolyl, thiazolyl, pyrazolyl, triazolyl, pyridyl, va pyrimidyl.

Thuét ngit “Ci-10 heteroaryl dugc thé tuy ¥ dé cap dén Ci-10 heteroaryl dugc
thé tuy y béi 1 dén 5 phan tir thé trén nguyén ti cacbon ddc 1ap duge chon tir nhém
bao gE‘)m amin, Cis alkylamin, Cio amit, Ci amido, Cis carbamoyl, Cis
sulfonylamido, aminosulfonyl, Ci-10 aminosulfonyl,Ci.s ureido, Ci-4 alkyl dugc thé tuy
vy, C1-4 alkoxy duoc thé tiy ¥, xyano, halo, hydroxyl, oxo, nitro, Ci-s cacbonyloxy, Ci-s
oxycacbonyl, va Ci.s sulfonyl va duoc thé tiy y béi phén it thé trén mdi nito doc 1ap
dugc chon tir nhdm bao gbdm Ci4 alkyl duoc thé thy v, Ci.s sulfonyl, Cs.¢ heteroxyclyl
dugc thé tuy ¥, va phenyl dugc thé tuy y.

Cu thé hon 13 “C1.10 heteroaryl dugc thé tuy y” dé cap dén C1.10 heteroaryl duoc
thé tuy y béi 1 dén 3 phan tit thé trén nguyén tir cacbon doc 14p duge chon tir nhém
bao gém amin, Cis alkylamin, Ci9 amit, Ci4 alkyl, Ci4 alkoxy, Xyano, halo,
hydroxyl, oxo, triflometyl, va triflometoxy va dugc thé tiy ¥ trén nguyén tir nito trén
nhén bai Ci4 alkyl.

Cu thé hon nita 13 “Ci.10 heteroaryl dugc thé tay ¥ d& cap dén Ci-10 heteroaryl

duoc chon tir nhém bao gbm furyl, thienyl, pyrrolyl, imidazolyl, oxazolyl, thiazolyl,
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pyrazolyl, diazolyl, pyridyl, pyrimidyl, va triazolyl, mdi chit duoc thé tiy ¥ béi 1 dén
3 phén tir thé doc 1ap duoc chon tir nhém bao gdm Cis alkyl, Ci4 alkoxy, xyano, halo,
triflometyl, va triflometoxy va dugc thé tuy ¥ trén nguyén ti¥ nito trén nhan béi metyl.

Thuét ngt “oxo0” d& cap dén nguyén tir oxy lién két d6i v6i cacbon, nguyén tir
oxy nay dugc gan vao do d tao ra cacbonyl ctia keton hodc aldehyt. Vi du, gbc
pryidon dugc coi 1a oxo dugc thé Ci-10 heteroaryl.

Thuat ngit “phenyl dugc thé tay y” dé cap dén nhom phenyl dugc thé ty y béi
1 dén 5 phan t& thé doc 1ap duge chon tir nhém bao gbdm Ci4 alkyl, C14 alkoxy, Ci9
amit, amin, Cis alkylamin, Ci.s oxycacbonyl, Xyano, halo, hydroxyl, nitro, Ci.8
sulfonyl, va triflometyl.

Cu thé hon 13 “phenyl dugc thé thy y” dé cap dén nhom phenyl dugc thé tiy y
boi 1 dén 5 phan tir thé doc 1ap dugc chon tir nhém bao gbm Ci4 alkyl, Ci.4 alkoxy,
Cio amin, Cis alkylamin, Ci.s oxycacbonyl, xyano, halo, hydroxyl, nitro, va
triflometyl.

Thuét ngit “Ci-¢ sulfonylamido” @& cép dén nhém -NHS(O)-Rg trong do Rg
duoc chon tir nhém bao gbm C1.6 alkyl va phenyl dugc thé tuy v.

Thuét ngit “aminosulfonyl” @& cap dén -S(0):NHa.

Thuét ngit “Ci-10 aminosulfonyl” d& cap dén nhém -S(O):NRuR; nhom Rn dugc
chon tir nhém bao gdm hydro va Ci4 alkyl va Ri dugc chon tir nhom bao gdm Ci.4
alkyl, va phenyl dugc thé thy ¥.

Thuét nglt “Ci.4 thioalkoxy” @2 cap dén Ci.4 alkyl duge gin boi nguyén tir luu
huynh.

Thuat ngi “mubi duge dung” dé cap dén cac mudi cua céc axit va bazo hitu co
hodc axit va bazo vo co dugc dugc dung. Cac mudi nay la da biét trong linh vuc k¥
thuét nay va bao gdm cac mubi dwgc md ta trong tai liéu Pharmaceutical Science, 66,
2-19 (1977). Mot vi du la mudi hydroclorit.

Thuét ngtr “dugc thé,” k& ca khi duge st dung trong cum tir “dugc thé ty y”
@2 cép dén mot hodc nhidu gbc hydro cua nhém dugce thay thé boi gbc khong phai
hydro ((céac) phan tit thé). Nén hiéu ring cic phin tir thé c6 thé 1a giéng hoic khic
nhau & mdi vi tri dugc thé. Cac su két hop clia cac nhém va cac phin tir thé dugce aé
xuét boi sang ché 14 chit dn dinh hodc kha thi vé mit hoa hoc.

Thujt ngit “én dinh” d& cip dén cac hop chét gan nhu khong bién d6i khi trai
qua céc didu kién @& cho phép didu ché ching. Theo mot vi du khong gidi han, hop
chét 6n dinh hodc hgp chét kha thi v& mit héa hoc 1a chét gin nhu khong bién dbi khi
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duoc giit tai nhiét do 40°C hodic thp hon, khi khong ¢6 hoi am hogc céc diéu kién
phan g hoéa hoc khac, trong khoang mot tuln.

Nén hiéu ring, trong trudng hop cac thudt ngilt dugc dinh nghia & day dé cap
dén sb lugng ctia nguyén tir cacbon, s6 lwong dugc dé cap dé chi nhém dugc dé cap
va khong bao gbm cac nguyén tir cacbon bét ky c6 thé c6 mit trong (cac) phén tit thé
tuy y trén do.

Chuyén gia trung binh trong linh vyrc s& hidu 5 ring hop chit nhit dinh trong
cac hop chit theo sang ché tdn tai & dang céc chét déng phan. Tét ca cac chit dong
phén lap thé ciia cac hop chét theo séng ché, bao gdm cic chét dong phan hinh hoc,
chét ddng phan d6i hinh, va chét ddng phan phi d6i hinh, theo tj 18 bat ky, dugc coi la
nam trong pham vi cla sang ché.

Chuyén gia trung binh trong linh vyc s€ hiéu rd rang hop chit nhit dinh trong
c4c hop chit theo séng ché ton tai & dang céc chit hdn bién. Tét ca cac dang hdn bién
cia cac hop chét theo séng ché dugc coi 12 ndm trong pham vi clia sing ché.

Céc hop chit theo sang ché ciing bao gbm tat ca céc bién thé ddng vi dugc
duoc dung, trong do it nhit mot nguyén tir dugc thay thé boi nguyén tir co cung
nguyén tu sd, nhung khdi lwong nguyén tir khac véi khdi lwong nguyén tir troi. Céc
dbng vi thich hop dé c6 trong cac hop chét c6 cong thuc I bao gdm, céc ddng vi phong
Xa.

Céc thuat ngit “céc hop chét theo séng ché” va “hop chét theo sang ché” va cac
thuat ngit tuong tu bao gdm phurong 4n theo cong thirc I va cac phuong an khac cu thé
hon dugc bao ham boi cong thie I duge mo ta trong ban mo ta nay va cac hgp chét vi
du dugc mb ta trong ban mo ta nay va mubi dugc dung cua mdi hop chét trong cac
phuong an nay.

Sang ché & xuét hop chét c6 cong thirc II:
Ri” \Xf\ﬁ)s Ry
/ Vs A Xs
Rap- i Tk
Ry~ "N 6
II

trong do

R1 duge chon tir nhém bao gdm:

Cs.s xycloalkyl tuy y dugc thé biang 1 hoic 3 phén tir thé doc 1ap dugc chon tlr
nhém bao gém: Ci4 alkoxy, halo, hydroxy, va C1.4 alkyl tuy y duoc thé bang
C1-4 alkoxy, halo, va hydroxy; |
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Cs.6 heteroxyclyl dugc thé tiy v trén cac nguyén tir cacbon vong boi 1 dén 4
phén tit thé doc 1ap dugce chon tir nhom bao gbm Ci.4 alkyl, C1.4 alkoxy, halo,
va hydroxyl, va duoc thé tiry ¥ trén nguyén tir nito vong bat ky bdi Cr.4 alkyl;
Ce-10 aryl tuy y dugc thé bang 1 dén 5 phén tix thé doc 1ap dugc chon tir nhém
bao gém C14 alkyl, C1.4 alkoxy, xyano, halo, hydroxy, amino, triflometyl, va
~ triflometoxy; va

Ci-10 heteroaryl tuy y duoc thé bang 1 dén 3 phén tir thé trén nguyén tir cacbon
doc 1ap duge chon tir nhém bao gém amino, Ci-s alkylamino, Ci9 amit, C14
alkyl, Ci-4 alkoxy, Xyano, halo, hydroxyl, oxo, triflometyl, va triflometoxy, va
duge thé tiy y trén nguyén tir nito vong boi Ci-4 alkyl;

X; 1a N va Xz 1a CH; hodc

X7 1a CHva X2 1a N; hodc

XilaNvaXzlaN;

khi Xj 1a N, thi Z dugc chon tir nhém bao gc‘A)m Ci-6 alkylen, Ci. haloalkylen,
-C(0)-, va-S(0)2-;

khi Xi 1a CH, thi Z dugc chon tir nhém bao gém Ci alkylen, Ci-¢ haloalkylen,
-O-, -C(0)-, -NH-, -S-, -S(0)-, va -S(O)2-;

q bing 0, 1, hodc 2;

s bang 0, 1, hodc 2;

R> 14 -ORs hodc -NReR7;

Rs, mdi 1in dugc l4y, doc 1ap dugc chon tir nhém bao gdm: Ci.6 alkyl, Cs-
xycloalkyl, va triflometyl; '

pla0, 1, hodc 2;

R4, mbi 1an duoc 14y, doc 1ap dugc chon tir nhém bao gdm C1.6 alkyl, hydroxy,
va halo; |

r 1a 0 hodc 1;

Rs dugc chon tir nhém bao gém C1- alkyl va Cs.g xycloalkyl;

Re duoc chon tir nhém bao gbm hydro va Ci.6 alkyl;

R7 dugc chon tir nhém bao gdm:

C1 alkyl tuy ¥ dugc thé bing 1 dén 7 phan ti thé doc lap dugc chon tir nhoém
bao gdm Ci4 alkoxy, Cio amit, amino, Cis alkylamino, Ci.s oxycacbonyl,

xyano, Cs.g xycloalkyl, halo, hydroxy, va Cs.s heteroxyclyl tuy y dugc thé trén
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nguyén tir nito vong bét ky boi Cia alkyl; Ci-10 heteroaryl; va phenyl tu}‘I y
duoc thé bang 1 dén 5 phe‘“m tr thé doc 1ap dugc chon tir nhom bao gdm Ci4
alkyl, Ci4 alkoxy, Ci- amit, amino, C1.¢ alkylamino, C1.5 oxycacbonyl, xyano,
halo, hydroxyl, nitro, C1.g sulfonyl, va triflometyl;
Cs-3 xycloalkyl;
Ce-10 aryl tuy y dugc thé bang 1 dén 5 phan tir thé doc 1ap duge chon tir nhom
bao gébm Ci4 alkyl, C14 alkoxy, xyano, halo, hydroxy, amino, triflometyl, va
triflometoxy;
Ci1-10 heteroaryl tuy y dugc thé bang 1 dén 3 phén tir thé trén nguyén tir cacbon
doc 1ap dugce chon tir nhém bao gf‘)m amino, C1-s alkylamino, Ci.9 amit, Ci4
alkyl, Ci-4 alkoxy, xyano, halo, hydroxyl, oxo, triflometyl, va triflometoxy, va
duoc thé tiy ¥ trén nguyén tir nito vong bdi Ci-4 alkyl; va
Cs.¢ heteroxyclyl duoc thé tily ¥ trén cac nguyén tir cacbon vong boi 1 dén 4
phén tir thé doc 1ap dugce chon tir nhém bao gdm C14 alkyl, Ci4 alkoxy, halo,
va hydroxyl, va duoc thé tily y trén nguyén tir nito vong bét ky béi Cr.4 alkyl;
X5 dugce chon tir nhém bao g(“)m CH, va CHR4 va X6 dugc chon tir nhém bao
gdm NH va N-CHa-(phenyl dugc thé tuy ¥); hodc
Xs dugc chon tir nhém bao gdm NH va N-CHa-(phenyl duge thé thy y) va Xe
duoc chon tir nhém bao gém CH, va CHR4;
hogic mudi dugce dung cta né.
(Ia) Theo mot phuong én, sang ché & xuét hop chét c6 cong thirc I, trong do Xi la CH
vaXz>laN.
(Ib) Theo mét phuong 4n, sing ché dé xuat hop chit c¢6 cong thirc I, trong d6 X1 1a N
va Xz 1aN.
(Ic) Theo mdt phuong én, sang ché dé& xult hop chét c6 cong thirc I va phuong an (Ta)
va (Ib), trong d6 X3 dugc chon tir nhém bao gém CH; va CHR4 va X4 12 NRs.
(Id) Theo m¢t phuong éan, sang ché @& xuét hop chét c6 cong thirc I va phuong an (Ia)
va (Ib), trong d6 X3 1a NRs va X4 dugc chon tir nhém bao gdm CHz va CHRa.
(Ie) Theo mgt phuong an, sang ché @& xuét hop chit c6 cong thuc I va cac phuong an
(Ia), (Ib), (Ic), va (Id), trong d6 Ri la Ce-10 aryl dugc thé tay y bcn 1 dén 5 phén tir thé
d6c 1ap duge chon tir nhom bao gom Ci4 alkyl, Ci14 alkoxy, xyano, halo, hydroxy,

amin, triflometyl, va triflometoxy.
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(If) Theo mdt phwong an, sang ché d& xuét hop chit c6 cong thirc I va cic phuong an
(Ia), (Ib), (Ic), va (Id), trong d6 Z 1a C1-6 alkylen.

(Ig) Theo mdt phuong 4an, sang ché d8& xuét hop chét c6 cong thie I va cac phuong an
(Ta), (Ib), (Ic), va (Id), trong d6 Z 1a Ci-6 haloalkylen.

(Ih) Theo mdt phwong 4n, sang ché d& xuét hop chit c6 cong thirc I va cac phuong an
(Ia), (Ic), va (Id), trong d6 Z la -O-.

(Ii) Theo mdt phuong én, sang ché d& xuét hop chét c6 cong thirc I va cac phuong an
(Ta), (Ib), (Ic), va (Id), trong d6 Z 1a -C(O)-.

(Ij) Theo mot phwong 4an, sang ché d& xuét hop chét c6 cong thirc I va cac phuong an
(Ia), (Ib), (Ic), (1d), (Te), (If), (Ig), (Ih), va (i), trong d6 Rz 1a -NRgR7. Theo phuong an
khac trong s6 phuong an (Ij), Re 12 hydro va R7 1a Ci alkyl. Theo phuong an khac
nita trong sd phwong 4n (Ij), Re 12 hydro va Ry 12 Cs.s xycloalkyl. Theo phuong an
khac nita trong sb phuong an (Ij), Re 1a hydro va Ry 14 C3.¢ heteroxyclyl.

(Ik) Theo m{t phwong én, sang ché d& xuét hop chét c6 cong thirc I va cac phuong an
(Ia), (Ib), (Ic), (1d), (Te), (If), (Ig), (Ih), (Ii), va (Ij), trong do6 s bang 1.

(I) Theo mot phwong én, sang ché d& xuét hop chét c¢6 cong thirc I va cac phuong an
(Ia), (Ib), (Ic), (1d), (e), (If), (Ig), (Ih), (1), (1), va (Ik), trong d6 q bang 1.

(Im) Theo mdt phwong &n, sang ché d& xut hop chét c6 cong thie I va cac phuong an
(Ia), (Ib), (Ic), (Id), (Te), (ID), (Ig), (Th), (10, (), (Ik), va (1), trong d6 Rs dugc chon tir
nhém bao gdm -C(0)-Rio, -C(0)-N(R11)(R12), va -C(0)-ORis.

(In) Theo mdt phwong 4n, sang ché d& xuét hop chit c6 cong thirc I va cac phuong an
(1a), (Ib), (), (1), (Ie), (If), (Ig), (Ih), (1), (Ij), (Ik), va (II), trong d6 Rs la -C(0)-Rio
va Ryo 1a C1.6 alkyl.

(ITa) Theo mdt phuong an, sang ché @& xuét hop chat c6 cong thirc I, trong d6 X1 la
CHvaX:;laN.

(ITb) Theo mot phuong n, sang ché dé xuét hop chét c6 cong thie IT, trong d6 X1 1a N
va Xz 1a N.

(Ilc) Theo mdt phwong 4n, sang ché @& xuét hop chét c6 cong thuc II va phuong an
(I1a) va (IIb), trong d6 X3 12 NRsg va X4 duoc chon tir nhém bao gdm CHa va CHRa.
(IId) Theo mét phwong an, sang ché @ xuét hop chét c6 cong thire II va cdc phuong
4n (ITa), (IIb), va (Ilc), trong d6 Ry 1a Ce-10 aryl duoc thé tuy y boi 1 dén 5 phan tit thé
doc 1ap dugc chon tir nhém bao gom Ci4 alkyl, Ci14 alkoxy, Xyano, halo, hydroxy,

amin, triflometyl, va triflometoxy.
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(Ile) Theo mdt phwong an, sang ché d& xuét hop chét c6 cong thirc IT va cac phuong
4n (I1a), (ITb), (ILc), va (IId), trong d6 Z 13 Ci-6 alkylen.

(IIf) Theo mdt phuong 4n, sang ché d xuit hop chit c6 cong thirc II va cac phuong
4n (ITa), (IIb), (IIc), va (IId), trong d6 Z 1a Ci-6 haloalkylen.

(IIg) Theo mdt phuong 4n, sang ché d& xuét hop chét c6 cong thic II va cac phuong
an (I1a), (IIc), va (I1d), trong d6 Z 1a -O-.

(ITh) Theo mdt phwong 4n, sang ché @& xut hop chét c6 cong thirc I va cac phuong
4n (I1a), (IIb), (Tc), va (IId), trong 46 Z 1a -C(0)-.

(IIi) Theo m{t phuong 4n, sang ché @& xuét hop chét c6 cong thirc IT va cac phuong an
(ITa), (IIb), (ILc), (11d), (Te), (IID), (IIg), va (ITh), trong d6 R2 12 -NReRy. Theo phuong
4n khéc trong sb phuong 4n (I1j), Re 12 hydro va Ry 1a C1.6 alkyl. Theo phuong 4n khac
nita trong sd phuong an (IIj), Re 12 hydro va Ry 1a Css xycloalkyl. Theo phuong an
khac nita trong sd phuong an (IIj), Re 12 hydro va R7 12 Cs.6 heteroxyclyl.

(ITj) Theo mot phwong én, sang ché d& xut hop chét c6 cong thire IT va cac phuong an
(ITa), (IIb), (ILc), (11d), (ITe), (IID), (IIg), (ITh), va (IIi), trong do s bang 1.

(IIk) Theo mdt phwong an, sang ché d& xuét hop chét c6 cong thirc IT va cac phuong
4n (Ila), (IIb), (1c), (11d), (ITe), (IIf), (Ilg), (ITh), (IIi), va (1Ij), trong d6 q bang 1.

(I11) Theo mot phwrong 4n, sang ché @& xuét hop chét c6 cong thire 11 va cac phuong an
(Ia), (IIb), (ITe), (IIf), (IIg), (IIh), (L), (I1j), va (ITk), trong d6 Xs dugc chon tir nhom
bao gdm CH> va CHR4 va X 12 NH.

(IIm) Theo mot phuong én, sang ché d& xuét hop chit c6 cong thie II va céc phuong
an (Ila), (Ib), (Ile), (I1f), (Ilg), (ITh), (IL), (I1j), va (IIk), trong d6 Xs duogc chon tir
nhém bao gdm NH va Xe dugc chon tir nhém bao gdm CH; va CHRu.

(ITn) Theo mdt phuong 4an, sing ché dé xut hop chat c6 cong thuc IT va cdc phuong
4n (Ila), (IIb), (e), (IIf), (1g), (ITh), (i), (I1j), va (IIk), trong d6 Xs dugc chon tu
nhém bao gdm CH vi CHR4 va X 12 N-CHa-(phenyl dugc thé tiy ¥).

(Ilo) Theo mdt phwong an, sang ché @ xuit hop chét c6 cong thuc II va cac phuong
&n (IIa), (Ib), (Ile), (IIf), (IIg), (ITh), (L), (IIj), (1Ik), va (III), trong do6 Xs dugc chon
tir nhom bao gdbm CHa va CHR4 va X la N-CHz-(phenyl dugc thé tiy ¥).

(ay) Theo phuong 4n khéc, sang ché @8 xuAt mudi dugc dung ciia mot trong sb céc
phuong an néu trén.

(az) Theo phuong én khac, sang ché @8 xuit mudi dugc dung ciua mdt trong sd céc

hop chét 1am vi du.
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Céc hop chét theo sang ché c6 thé duogc didu ché béi cac quy trinh khéc nhau,
mot s6 quy trinh duoc md ta dudi day. TAt ca céc phan tir thé, trr khi c6 quy dinh
khac, 1a nhu duoc dinh nghia & trén. Cac sén phém ctia mdi bude c6 thé duge thu hoi
béi cac phuwong phap thong thudong bao gdm chiét xuét, 1am bay hoi, két tha, phuong
phép sic ky, loc, nghién, tinh thé hoa, va cac phuong phap tuong tu. Cac quy trinh c6
thé yéu ciu bao vé cho cac nhom nhét dinh, vi du hydroxy, amin, hodc cac nhém
carboxy dé ti thiéu héa cac phan ing khong mong mudn. Viéc lua chon, sir dung, va
loai bod bao vé cac nhom la da biét va duogc hiéu rd nhu quy trinh chuén, vi dy, trong
tai liéu T.W. Greene and P. G. M. Wuts trong Protective Groups in Organic Chemistry
(John Wiley and Sons, 1991). Trong cac so dd dudi day, cac nguyén li¢u ban dau 1a
san ¢6 trén thi truong hodc ¢ thé d& dang diéu ché duogc bang phuong phap da biét ro

trong linh vuc nay.

So dd A
(R3)
X1 \q)s (R)
R ’ 4)r
HaIIN%“ bude 1 N : IN\j/\j
NP~ AN
Hal”™ "N /(Ra)p Hal”” N X
1 ; / \X s
H-R, 1;uoc3 ! \(\l) bude 2 l HR,
‘ 2 - (R :
(Ra) bute 4 RO R

\/\

Hal .
~ !
Rz N = Rz N/6 /X4

| ‘//Eifii////////////
(Ra)p (Ra)p

PYAN PYAN
R7TXTs (R, RO Ry

b 7
Ry NZ %6 Ry NZ T
7 I

So dd A minh hoa viéc hinh thanh c4c hop chét trong d6 X2 1a N.

Trén So dd A, buée 1, hop chét c6 cong thirc 1 phu hop duge cho tiép xuc véi
hop chét c6 cong thirc 2 phu hop dé tao ra hop chét c6 cong thic 3. Hop chét c6 cong
thic 1 phu hop 1a hop chét trong d6 Hal 12 halogen va R4 va r ]2 mong mudn trong
hop chit c6 cong thirc I cubi cing. Hop chét c6 cong thirc 2 phu hop 1a hop chét trong
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do Ri, Z, Rs, p, s, va q la mong mubn trong hop chét c6 cong thic I cudi ciing hoic
tao ra Ry, Z, va R3 1a mong mudn trong hop chét c6 cong thic I cudi cing. Cac hop
chét c6 cong thue 2 1a san co trén thi trudong hodc ching co thé duge didu ché mot
cach d& dang bang phuong phap da biét rd trong linh vuc nay. Vi du, cac hop chit c6
cdng thue 2, trong d6 Z 1a oxy c6 thé duoc didu ché bang phan (mg Mitsunobu gifta
piperidinol va ruqgu arylic.

Phan Gng nay dugc tién hanh trong dung mdi hitu co thich hop nhu dioxan, n-
butanol, dimetyl sulfoxit va cac chét twong tu khong cung vé6i hodc cing véi bazo,
nhu diisopropyletylamin va trietylamin. Phan tmg nay thuong dugce tién hanh & nhiét
d6 nam trong khoang tir 0 dén 80°C.

Can phai hiéu rang hop chit c6 cong thirc 1 con c6 thé dugc xur Iy bing
piperazin dé tao ra cac hop chét trong d6 Xi 1a N. DAn xuét piperazin c6 thé dugc cai
bién tiép bang cach amin hoa, akyl héa, aryl hoa, amit hoa, sulfonyl hoa khir va cac
phuong phép tuong tu dé tao ra hop chét c6 cong thirc 3. Tuong tw, piperazin ndy c6
thé duoc bao vé va xit Iy nhu néu trén sau khi khir nhém bao vé & budc sau, néu
mubn.

Trén So db A, buéc 2, hop chét c6 cong thire 3 duge cho tiép xtc véi hop chat
c6 cong thicc 4 phu hop d8 tao ra hop chét c6 cong thirc 6, trong d6 X3 va X4 tao ra
X5 va X4 12 mong mudn trong san phim cudi cung c6 cong thic I. Hop chét c6 cong
thirc 4 phit hgp 128 HORs hodc HNR¢R7 trong do Rs ho#c R¢ va R7 1a mong mubn trong
hqpchétcécéngthﬁclcuéicﬁng.

Khi hop chét c6 cong thirc 4 1a amin, HNReR7, phan tng nay dugc tién hanh
trong dung mdi hitu co thich hop nhu dioxan, etanol, tetrahydrofuran, dimetyl
sulfoxit, N,N-dimetylformamit va cac chét twong tu, khong ciing v6i hodc cung v6i
bazo nhu natri hydroxit, diisopropyletylamin hodc trietylamin. Phan ng nay thuong
duoc tién hanh & nhiét d6 nim trong khoang tir 20 dén 150°C.

Khi hop chit c6 cong thirc 4 1a rugu, HORs, phan ung nay duogc tién hanh trong
dung moi hiru co thich hgp nhu dioxan, tetrahydrofuran, dimetyl sulfoxit, N,N-
dimetylformamit va cac chét twong tw, véi bazo nhu natri hydrua, lithi hydrua, kali t-
butoxit, va cac chét twong ty. Phan tmg nay thudng dugc tién hanh & nhiét do nam
trong khoang tir 0 dén 150°C.

Theo cach khac, nhu duwgc minh hoa trén So dd A, buéc 3, bang céch st dung
phuong phap duoc mo ta trén day, hop chit ¢6 cong thic 1 phu hop ¢6 thé duoc cho
tiép xtic véi hop chét c6 cong thirc 2 phu hop dé tao ra hop chét c6 cong thirc 5. Nhu
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dugc minh hoa trén So dd A, buéc 4, hop chét c6 cong thirc 5 ¢b thé dwoc cho tiép
xtc v&i hop chit c6 cong thuc 2 & tao ra hop chét c6 cong thirc 6.

Trén So db A, budc 5, hop chit c6 cong thire 6 dugc khir mt phén thanh hop
chit c6 cong thirc 7 trong d6 céc bién s6 12 nhu duge xac dinh trén ddy va Xs dugc
chon tir nhém bao gE‘)m CHa, CHR4 va NH va Xs dugc chon tir nhom bao gém CHa,,
CHR. va NH vé6i didu kién mot trong sé céc gbc Xs hodc Xs 1 NH va gbc con lai la
CH:; hodc CHRa4.

Viéc khir mot phan nay 1a da biét o trong linh vuc ndy. Phan ng ndy dugc
tién hanh trong dung méi hitu co thich hgp nhu dioxan, etanol, metanol, isopropanol,
tetrahydrofuran, va cic chét twong tu. Phan ting nay thudng dugc tién hanh bang cach
st dung hydro va chit xtic tac, nhu chit xtic tic platin hodc paladi.

Trén So dd A, bude 6, hop chét ¢6 cong thirc 7 dugc alkyl héa, xycloalkyl héa,
sulfonat hda, axyl héa, hodc chuyén héa thanh ure hogc carbamat b%mg cach st dung
céc chit phan tmg phu hop ma tao ra Rg 1a Ci6 alkyl, C1.¢ haloalkyl, Cs.s xycloalkyl, -
S(0)2-Ro, -C(O)-Ruo, -C(0)-N(R11)(R12), hogc -C(0)-OR;3 1a mong mudn trong hop
chét c6 cong thuc I cudi ciing. Viéc bién dbi nay c6 thé duge tién hanh mdt cach dé
dang bang cach amin hoa, akyl hoa, sulfonyl héa khtt, phan Ung tao amit, phéan Ung
tao ure, va diéu kién carbamyl hoa ma da biét rd trong linh vuc nay.

Céc chuyén gia trong linh vic nay s& nhan biét duoc rang cac bude trén So i)
A ¢6 thé duoc bién dbi dé tao ra céc hop chét c6 cong thiuc I. Cu thé, trinh tu cta cac
budc yéu ciu dé tao ra cac hop chét c6 cong thic I phu thude vao hop chét cu thé
duoc tdng hop, hop chét ban déu, va tinh khong bén tuwong dbi clia cac gbc dugc thé.
Cac bién ddi khéc 14 c6 thé va co thé dugc cac chuyén gia trong linh vyc nay hiéu
dugc mdt cach dé dang.

Mot vi du v& viéc bién dbi ctia So d6 A duge minh hoa trén So dd B duéi day.
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So d6 B

| 5
buéde 1 buocl
¥ /\R3)p Y
Hal N (R4)r R X1 \(])s (R4)r
BeY) X
~
Ry N Hal” N >N
| 8 9
k;uérc 2 /(R3)p l step 2
Ra) ROTXT s (Ry)
Hal N \/\N,Pg N N /\
X DO
R Noyg , Hal™ N T P

2 N._N 4
IO
Ry NZ 8
l 12
buéde 5
Ry
RO Ry,
N N
PPy
Ry N7 %6
7
ude 6
Z /\(R3)p
RETXTs T (R,
N N
Lk
Ry ONZ %4
I

So dd B minh hoa viéc hinh thanh céc hop chét trong d6 X2 1a N.

Trén So @6 B, buéc 1, hop chét c6 cong thirc 5 hodc 3 phii hop, nhu duge cung
chp trén ddy, 1an lugt dugc khir mot phan thanh hop chét c6 cong thirc 8 hodc 9. Vice
khir mdt phan nay 1a da dugc mod ta trén day trén So dd A, buéc 5. Theo mot phuong
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an, sang ché d& xuét hop chat c6 cong thirc 8 trong d6 Hal 12 halogen vaRy, Ry, varla
nhu dugc mb ta ddi véi hop chét c6 cong thirc I. Theo phuong dn khéc, sang ché dé
xuét hop chét c6 cdng thuc 9 trong d6 Hal la halogen va R1, Z, R3, R4, p, 1, Q, vasla
nhu duoc md ta dbi véi hop chét c6 cong thic L.

Trén So d6 B, budce 2, hop chét c6 cong thirc 8 hodc 9 phu hop 14 duoc bao vé
d& 14n luot tao ra cac hop chét c6 cong thirc 10 hodc 11, trong do Pg 12 nhém bao vé
amin. Viéc lya chon, sit dung va loai bé nhém bao v¢ la da biét r5 va dugce dung lam
quy trinh chudn, vi du T.W. Greene and P. G. M. Wuts in Protective Groups in
Organic Chemistry (John Wiley and Sons, 1991). Theo mdt phwong é&n, sang ché .aé
xuét hop chét c6 cong thirc 10 trong d6 Pg la -CHo- (phenyl dugc thé tiy y) va Ra, Ra,
va r 12 nhu dugc mo ta d6i vé6i hop chét c6 cong thirc I. Theo phuong én khéc, sang
ché @& xuit hop chit c6 cong thirc 11, trong d6 Pg la -CHz-(phenyl duoc thé tuy y) va
Ry, Z, Rs, R, p, 1, 4, va s 1a nhu duoc md ta dbi véi hop chét c6 cong thire I. Theo
phuong an khéc trong s6 cac phuong 4an cia hop chét c6 cong thac 10 va 11 1a hop
chét trong d6 Pg 13 benzyl.

Trén So dd B, buéc 3, hop chét c6 cong thirc 10 duge cho tiép xtc véi hop chat
¢6 cong thirc 2 phi hop, nhur duge mo ta trén day, dé tao ra hop chét c6 cong thirc 12,
trong d6 Xs» 12 nhom bao vé amin va X¢ 1a CHz hoic CHR4. Phan ting nay dugc tién
hanh nhu dugc mo ta trén So d6 A, budc 1.

Trén So d B, budc 4, hop chét c6 cong thirc 11 duge cho tiép xtc véi hop chét
¢6 cdng thic 4 phu hop dé tao ra hop chit c6 cong thirc 12 trong do X5 1a CHz hodc
CHR4 va X¢ 13 nhém bao vé amin. Hop chat 6 cong thie 4 phi hop nhu dugc md ta
trén day. Phan Gng nay dugc tién hanh nhu dugc mo ta trén So dd A, budc 2. ‘

Trén So dd B, budc 5, hop chét c6 cong thire 12 duge khir nhém bao vé dé tao
ra hgp chét c6 cong thirc 7 nhu dugc md ta trén day.

Trén So d6 B, bude 6, hop chét c6 cong thirc 7 dugce alkyl hoa, xycloalkyl hoéa,
sulfonat hoa, axyl héa, hodc chuyén héa thanh ure hodc carbamat bang céach st dung
c4c chit phan Gng phi hop ma tao ra Rg 1a Ci-6 alkyl, C1.¢ haloalkyl, C3. xycloalkyl, -
S(0)2-Ry, -C(O)-Ruo, -C(O)-N(R11)(R12), hodc -C(O)-OR13 1a mong mudn trong hop

chét c6 cong thuc cudi ciing nhu duge mo ta trén So dd A, buéc 6, trén day.
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So dd C
(R3)p
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(Ra) )
HaIINﬁ\I bude 1
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1
R
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5
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So @ C minh hoa viéc hinh thanh cac hgp chét trong d6 X» 1a CH.

Trén So dd C, buée 1, hop chét co cong thirc 1 phu hop, nhu duge mo ta trén
day, dugc cho tiép xac voi hop chét c6 cong thirc 13 phi hop dé tao ra hop chét c6
cbng thirc 9. Hop chét c6 cong thic 13 phu hop 1a hop chét trong 6 R1, Z, Rs, p, s, va
q la mong mubn trong hop chét c6 cong thire cubi cing hodc tao ra Ry, Z, va Rs la
mong mudn trong hop chét c6 cong thirc I cudi cung va Y axit boronic hodc boronic
este. Ciing can phai hiéu rdng nhém dugc minh hoa 1a Ri-Z- ¢6 thé dugc thay thé bang
nhém bao vé phu hgp, nhu metyl, benzyl, t-BOC, hodc Cbz, tlep theo 12 loai bd nhom
bao vé va thiét 1ap Ri-Z- 1a mong mudn trong san phim cudi cing c6 cong thic 1.

Céc phan ung nay thuong da biét dué6i dang phan (mg Suzuki va 1a da biét 18
trong linh vgc nay. Mac du phén ung Suzuki dugc minh hoa trén So dd C, can phai
hidu ring céc phan tng lién hop tao thanh lién két cacbon-cacbon khéc ¢6 thé dugce sir
dung véi cac hop chét c6 cong thirc 13 c6 Y khong phai 1a axit boronic hoic este dé

tao ra cac hgp chét c6 cong thuc 1.
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Trén So dd C, budc 2, hop chét c6 cong thirc 14 dugce cho tiép xtc v6i hop chét
c6 cong thirc 4 phu hop dé tao ra hop chét c6 cong thirc 15. Hop chét ¢ cong thirc 4
phit hop vA céc didu kién phan tmg thong thudng 1a da dugc mé té trén day trén So dd
A, budc 2.

Theo céch khéc, So @ C, budc 3, minh hoa phan tmg Suzuki v6i hop chit c6
cong thirc 13 phi hop va hop cht ¢6 cong thirc 5 phit hop nhu duge mo ta trén day dé
tao ra hop chét c6 cong thirc 15.

Trén So @ C, buéce 4, hop chit ¢6 cong thirc 15 1a dugc khir thanh hop chét c6
cong thuc 7 trong d6 céc bién sé 1a nhu dugc xac dinh trén day va X5 dugc chon tir
nhém bao gdm CHz, CHR4va NH va Xe duge chon tir nhém bao gdm CHa, CHR4 va
NH véi didu kién mot trong sb céc gbe X5 hodc Xe 1a NH va gbc con lai 1a CHz hodc
CHR4. Céc didu kién 13 twong tu véi cac diéu kién duge mo ta trén day dbi voi So dd
A, budce 7.

Trén So dd C, bude 5, hop chét c6 cong thitc 7 dugc alkyl hoa, xycloalkyl hoa,
sulfonat hoa, axyl hoa, hodc chuyén hoa thanh ure hodc carbamat bang cach st dung
c4c chét phan Gmg phu hop ma tao ra Rs 1a C1 alkyl, C1.6 haloalkyl, Cs-s xycloalkyl -
S(0)2-Ry, -C(O)-Ruo, -C(0)-N(R11)(R12), hodc -C(0)-ORu3 12 mong mubn trong hop
chét c6 cong thirc I cudi cing. Viéce bién dbi nay c6 thé dugc tién hanh mdt cach dé
dang bang céch amin hoa khtr, akyl hoa, sulfonyl hoa, phan ing tao amit, amit héa, va
didu kién carbamyl hoa ma da biét r5 trong linh vuc nay.

Céac chuyén gia trong linh vuc nay s& nhan biét duge rang cac bude trén So )
C ¢6 thé duogc bién dbi dé tao ra cac hop chéit ¢6 cong thirc I. Cu thé, trinh ty cia cac
bubc yéu clu dé tao ra céc hop chét c6 cong thirc T phu thudc vao hop chit cu thé
dugc tdng hop, hop chét ban diu, va tinh khong bén tuong dbi clia cac gbe dugce thé.
Vi du, hop chét c¢6 cong thirc 9 hodc 5 ¢6 thé tham gia budc 4 va NH cia X3 hotic X4
¢6 thé dugc bao v8, tiép theo 1a dugc cho tiép xtic v6i hop chét c6 cong thirc 13 hodc 4
dé tao ra hop chit c6 cong thie 7 12 nhu dwoc minh hoa trén day, co thé dugc xtt ly
thanh hop chét c6 cong thirc I. Theo cach khac, lién két doi cta nhan mang Ri-Z- ¢6
thé dugc khir mot cach riéng biét véi viée khur mot phan ctia nhan chi mang X3 va Xa.
Cac bién dbi khac 1 c6 thé va c6 thé dugc cac chuyén gia trong linh vuc nay hiéu
duoc mot cach dé dang.

Ciing cén phai hiéu ring mot s6 hop chét c6 cong thic I co thé xur ly thanh céc
hop chét c6 cong thirc I khac, ¢ cac bude bd sung khong duge thé hién trén hinh v&.

Céc hop chét ¢6 cong thuc I co thé duoc xt 1y theo nhidu cach. Céc phan umg nay bao
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gbm thily phan, oxy hoa, khit, akyl héa, amit hoa, va cac phéan ung tuong tu. Tuwong
tu, & budc tuy y, khong dugc thé hién trén hinh vé trong céc so dd trén day, cac hop
chét c6 cong thirc I ¢6 thé dwoc chuyén héa thanh mubi dugc dung béi cac phuong
phép la da biét va dugc hiéu 18 trong linh vuc k¥ thuat nay.

Cac vi du sau nhim dé minh hoa va khong 1am gi6i han, va thé hién céc
phuong an cu thd clia sang ché.

Céc phd cong huéng tir hat nhan proton (Proton nuclear magnetic resonance -
NMR) di thu dugc d6i v6i nhidu hop chit trong sé céc hop chit trong cac vi du sau.
Céc d6 dich chuyén héa hoc dic trung (3) dugc cho & don vi phén trén mot triéu
trudmg thép tir tetrametylsilan bang cach sir dung céc chit viét tit thong thudng cho ky
hiéu ctia cc dinh chinh, bao gdm s (don), d (d8i), t (ba), q (bon), m (da), va br (:dng).
Céac chit viét tit dugc sit dung cho cac dung moi thong thuong: CDClI; (cloform-d),
DMSO-d6  (doteridimetylsulfoxit), ~ CD3OD (metanol-d4)), va  THF-d8
(doteritetrahydrofuran). Céc chit viét tit khac c6 nghia thong thudng cla chung trur
khi ¢6 quy dinh khéac, vi du, HOBT la 1-hydroxybenzotriazol, EDC la 1-(3-
dimetylaminopropyl)-3-etylcarbodiimit, thong thuong duoc st dung lam mubi
hydroclorit cia n6, DMSO la dimetylsulfoxit, v.v. Phd khi, trir khi c6 quy dinh khac,
dugc ghi bing c4ch st dung ion hoa tia dién tir (electrospray ionization - ESI) hodc
jon héa héa hoc tai ap suét khi quyén.

Vi du thue hién sing ché

Céc vi du dudi day dugc tién hanh trong binh phén tmg phi hop va dugc khudy
theo cach théng thudng. Khi dugc chi rd, cac san phim ctia cac quy trinh didu ché va
vi du nhat dinh dwgc tinh ché bang HPLC.

Phuong phép HPLC A: Bom: Shimadzu LC-8A; UV/Vis: SPD-20A; phin mém:
LCSolution. Cot Phenomenex Gemini® C18, Sum, ID 30 x 100mm dugce st dung va
rira giai bing gradien cia ACN (chira 0,035% TFA) va nuéc (chira 0,005% TFA).
ACN véi gradien tir 10% dén 100% duoc st dung, trir khi c6 quy dinh khac.

Phuong phép HPLC B: Bom: Waters 2525 hodc 2545; MS: ZQ; phin mém:
MassLynx. Cot Xbridge™ C18, Spm, ID 30 x 75mm dugc st dung va rira giai bang
gradien ACN (chira 0,035% TFA) va nu6ce (chira 0,005% TFA).

Sau khi tich béi phuong phap sdc ky, dung mdi duge loai bo va san phéim thu
dugc bang cach 1am bay hoi san pham chtta cdc phan doan (vi dy, GeneVac™), thiét

bi l1am bay hoi kiéu quay, binh 1am bay hoi, lam dong kho nhanh, v.v.
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Céc chit viét tht dugc st dung trong todn bd ban mod ta c6 nghia thong thudong
cta chung, trir khi c6 quy dinh khéc. Vi du, chir viét tit sau duwoc st dung: ACN
(axetonitril); aq (nuwéc); Boc hodc t-BOC  (tert-butoxycacbonyl); Cbz
(carbobenzyloxy); DCM (diclometan); DMSO (dimetyl sulfoxit); TFA (axit
trifloaxetic); HOAc (axit axetic), MeOH (metanol), PE (xdng), EA hodgc EtOAc (etyl
axetat) va cac chét tuong ty.

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

Dung dich chira 2-bromo-4-clo-1-flobenzen (175pL, 1,377mmol) trong THF
(4,59ml) & nhiét do —78°C dugc xi Iy bang n-BulLi (2,6M, 741pL, 1 ,928mmol) va
hdn hop phén tng nay dugc khudy trong thoi gian 30 phut. B sung fert-butyl 4-
(metoxy(metyl)carbamoyl)piperidin-1- -carboxylat (250mg, 0,918mmol) lam mdt 14n
vao hdn hop nay. Bé lam mat dugc loai bo va hdn hop phan tng thu dugc duge dé cho
4m dén nhiét dd trong phong va khudy trong thoi gian 1,5 gio. Viée tinh ché bang
phép sic ky nhanh trén silicagel ty dong bang cach st dung 10% EtOAc trong hexan
tao ra tert-butyl 4-(5-clo-2-ﬂobenzoyl)piperidin—l-carboxylat (287,9mg, 92%) dudi
dang dAu mau vang. ESI-MS m/z [M+Na]" 364,20.

Dung dich chuoa fert-butyl 4- (5-clo-2- flobenzoyl)piperidin-1-carboxylat
(287,9mg, 0,843mmol) trong dioxan (2,41ml) duogc xut ly bang HCI (2,11ml,
8,43mmol) & nhiét d9 trong phong va hdn hop phan tng thu duge dugc khudy qua
dém. Hdn hop phan ng ndy dugc pha loang v6i hexan va loc bang cach hut dé thu
dugc (5-clo-2-flophenyl)(piperidin-4 -yl)metanon & dang mudi HCI ctia n6 (146mg,
62,3%) dudi dang chét rin mau vang. ESI-MS m/z [M+H]" 242,20.

Quy trinh didu ché 2: 4-(2,4-diflophenoxy)piperidin

B sung DEAD (18,3ml, 115mmol) ¢ nhiét @ 0°C nho 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 thu duge duge dugce khudy & nhiét d§ 40°C trong thoi gian 16 gio. Hon
hop ndy dugc rét vao nude va chiét bing EtOAc (3 x 400ml). Gom cic 16p hitu co,
lam khd trén Na»SO4, loc va cd dé tao ra san pham tho. Viéc tinh ché bang phép sdc
ky nhanh trén silicagel, rira giai bang 80:1 PE:EtOAc, tao ra tert-butyl 4-(2,4-
diflophenoxy)piperidin-1-carboxylat duéi dang dau (20g, 83%).

Dung dich chira fert-butyl 4-(2,4- diﬂophenoxy)piperidin—l-carboxylat (20g,
63,8mmol) trong 4:1 HCVEtOAc (250ml) dugce khudy & nhiét do 25°C trong thoi gian

1 gio. Hon hop nay dugce cd dé tao ra hop chét néu & d& muc nay, & dang mubi HCI

-26-



26953

ctia 16, du6i dang chit rén mau tréng (15,4g, 97%). 'H NMR (400 MHz, DMSO-d6) &
ppm 1,84 (m, 2H), 2,08 (m, 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 didu ché 3: 3-flo-4-(piperidin-4-yloxy)benzonitril

Dung dich chta 3,4-diflobenzonitril (28g, 201mmol) va fert-butyl 4-
hydroxypiperidin-1-carboxylat (40,5, 201mmol) trong THF (500ml) duoc xtr ly bing
natri hydrua (4g, 100mmol) va khudy & 25°C trong thoi gian 16 gio. Hén hop phan
ung nay dugc rira bang nuéc, chiét bang EtOAc, va san phim tho duge tinh ché biang
phép sic ky nhanh trén silicagel tao ra tert-butyl 4-(4-xyano-2-flophenoxy)piperidin-
1-carboxylat (25g, 39%).

Dung dich chua fert-butyl 4-(4-xyano-2-ﬂophenoxy)piperidin-l-carboxylat
(42g, 131mmol) dugc hoa tan trong 4:1 HCI/EtOAc (100ml) dugc khudy trong thoi
gian 5 gio. Hén hgp nay dugc co dé tao ra hop chit néu & dé muc nay ¢ dang mubi
HCI cua n6 (12g, 36%). 'H 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 4: 4-((2,4-diflophenyl)flometylpiperidin

Bé sung NaBH4 (0,372g, 9,84mmol) vao dung dich chua tert-butyl 4-(2,4-
diflobenzoyl)piperidin-1-carboxylat (1,28g, 3,93mmol) trong MeOH (15,7ml) & 0°C.
B& nudc da dugc loai bd va hdn hop phan Gng ndy khudy trong thoi gian 2 gio' ¢ nhiét
do trong phong, tiép theo, toi bang dung dich nudc bao hoa NH4CL. Lép hitu co dugce
chiét bing FtOAc, rita bing H>O va 1am kho trén MgSO4. Dung mdi duoc loai bod
trong didu  kién  é&p suAt gidm  tao ra  terz-butyl 4-((2,4-
diﬂophenyl)(hydroxy)metyl)piperidin-l-carboxylat du6i dang chat rin hat 4m mau
tréng.

B sung DAST (242pL, 1,833mmol)vao dung dich chta tert-butyl 4-((2,4-
diﬂophenyl)(hydroxy)metyl)piperidin-l-carboxylat (200mg, 0,611mmol) trong DCM
(3,055ml) ¢ —78°C. Hbén hop nay dugc khudy & nhiét o —78°C trong thoi gian 30
phut, tiép theo, t0i bing MeOH. Phép sdc ky nhanh trén silicagel bang cach st dung
gradien tir 0% dén 100% FEtOAc trong hexan tao ra tert-butyl 4-((2,4-
diﬂophenyl)ﬂometyl)piperidin—l-carboxylat duéi dang dau khong mau.

B4 sung HCI (4M trong dioxan, 337pL, 1,348mmol) vao dung dich chira rert-
butyl 4-((2,4-diﬂophenyl)ﬂometyl)piperidin-l-carboxylat (148mg, 0,449mmol) triét
quang trong dioxan (1,50ml). Hdn hop nay dugc dun néng & 45°C trong thoi gian 16
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gio, tiép theo, co trong chdn khong dé tao ra hop chét néu & d& muc ndy & dang mudi
HCI ciia n6 (109mg, 91%) duéi dang chét rin mau trang.
Quy trinh didu ché 5: (R)-4-((2,4- diflophenyl)flometyl)piperidin

tert-Butyl 4-((2,4- diflophenyl)flometyl)piperidin-1- -carboxylat duéi dang dau
khong mau.

tert-Butyl 4—((2,4-diﬂophenyl)ﬂometyl)piperidin-l-carboxylat duoc cho qua
phuong phép tich SFC bit dbi xtmg 8 tao rta (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) dwgc hoa tan trong EtOAc (20ml) va HC1 (4M trong EtOAc, 21ml) dugc
bd sung vao. Hon hop phan ng ndy dugc khudy & nhiét do 23°C trong thoi gian 2
gi. Lam bay hoi dung mdi tao ra hop chit néu & d& muc nay & dang mudi HCI cua né
(2, lg, 93%). ESI-MS m/z [M+H]" 229,9.

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

tert-Butyl 4-((2,4-d1ﬂophenyl)ﬂometyl)plperldm-1 -carboxylat dugc cho qua
phuong phép tich SFC bét d6i xtmg dé& tao ra (R)-tert-butyl 4-((2,4-
diﬂophenyl)ﬂometyl)piperidin-l-carboxylat.

Mubi HCI cua hop chét néu & dé muc ndy duoc didu ché theo cich tuong tu véi
Quy trinh didu ché S5a, bing cich st dung (S)-tert-butyl  4-((2,4-
diﬂophenyl)ﬂometyl)piperidin—l-carboxylat. ESI-MS m/z [M+H]" 229,9.

Quy trinh didu ché 7: 4-((2-flophenyl)sulfonyl)piperidin

Hbn hop gdbm 2-flobenzenthiol (0,7 64ml, 7,15mmol), tert-butyl 4-
((metylsulfonyl)oxy)piperidin-1- -carboxylat (1,816g, 6,5mmol), va K,CO; (1,348,
9,75mmol) trong ACN (16,25ml) dugc dun néng & 80°C qua dém. Hbn hgp phan ing
nay dugc rot vao nude va chiét hai 1in bang EtOAc. Gom cic 16p hitu co, lam kho
trén NaxSOs, loc, va cd trong didu kién 4p sudt gidm tao ra tert-butyl 4-((2-
ﬂophenyl)th10)p1per1d1n—1-carboxylat duéi dang dau mau vang (1,98g, 98%), ma no
dugc dung trong bude tiép theo ma khong can tinh ché.

Dung dich chtra tert-butyl 4-((2- -flophenyl)thio)piperidin-1- -carboxylat (1,98g,
6,36mmol) trong THF (54,5ml) va MeOH (18,2ml) & nhiét do 0°C dugc xu ly bang
dung dich chira Oxone® (9,77g, 15,9mmol) da dwgc 1am lanh trong nude (54,5ml).
Hdn hop phén Gng nay dugc khudy trong thoi gian 5 gid, dugc lam 4m din dan dén
nhiét do trong phong. Hdn hop phéan tmg nay dugc rét vao nuée va chiét hai 14n bang

EtOAc. Gom cic 16p hitu co, rira bang nudc va tiép theo 1, dung dich nudc bao hoa
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NaCl, 1am khd trén NaxSOs, loc, va cd trong diéu kién 4p sut giam. Can dugc tinh
ché bang phép sdc ky nhanh trén silicagel bang cach st dung gradien tir 10% dén 50%
FtOAc vé6i 0,1% trietylamin trong heptan tao ra tert-butyl  4-((2-
flophenyl)sulfonyl)piperidin-1-carboxylat duéi dang diu mau vang nhot (1,31g,
60%).

Dung dich chua tert-butyl 4-((2—ﬂophenyl)sulfonyl)piperidin-1-carboxylat
(1,31g, 3,82mmol) trong dioxan (12, 7ml) & nhiét do trong phong dugc xi ly bang
dung dich HC1 4M trong dioxan (9, 55ml, 38,2mmol). Hon hop phan tng nay duoc
khudy & nhiét do trong phong qua dém. Hdn hop phan ung nay dugc cb trong didu
kién ap suat giam. Chét rin mau tréng thu dugc duge nghién véi hexan, loc, gom, va
lam d6ng kho nhanh qua dém dé tao ra hop chit néu & d& muc nay , & dang mubi HCI
cua nd, dudi dang chit rin mau tréng (815,1mg, 76%). ESI-MS m/z [M+H]* 243,95.
Quy trinh didu ché 8: 4-((2-ﬂo-4-metoxyphenyl)sulfonyl)piperidin

Hén hop gdm 2.4-diflobenzenthiol (0,810ml, 7,15mmol), terz-butyl 4-
((metylsulfonyl)oxy)piperidin—l-carboxylat (1,816g, 6,5mmol), va K2COs (1,348¢,
9,75mmol) trong ACN (16,25ml) dugc dun noéng & 80°C qua dém. Hbn hop phéan Ging
nay duge rét vao nuéc va chiét hai lan bing EtOAc. Lép hitu co dwgc 1am kho trén
Na,SOs, loc, va cb trong diéu kién dp sudt giam d8 thu dugc tert-butyl 4-((2,4-
diﬂophenyl)thio)piperidin—1-carboxylat (2,141g) duéi dang didu mau vang, ma no
dugc dung trong bude tiép theo ma khong cn 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 do 0°C dugc xir Iy bang
dung dich chira Oxone® (9,99g, 16 25mmol) di duge lam lanh trong nudée (56ml).
Hon hop phan Gng nay dugc khudy qua dém, dugc lam 4 4m dan din dén nhiét do trong
phong. Hon hop phan Ung nay duoc rot vao nudc va chiét hai 13n bang EtOAc. Gom
cac 16p hitu co, rira bang nudc va tip theo, dung dich nu6c bdo hoa NaCl, lam kho
trén NaxSOs, loc, va cd trong didu kién 4p suat giam. Can dugc tinh ché bang phép sic
ky nhanh trén silicagel bing cach st dung gradien tlr 10% dén 40% EtOAc v6i 0,1%
trietylamin trong heptan tao ra tert-butyl 4-((2,4-diﬂopheny1)sulfonyl)piperidin-1-
carboxylat (1,32g, 56%) du¢i dang chit réin mau tréng. ESI-MS m/z [M+Na]" 383,80.

B4 sung natri metoxit (25,6uL, 0, 138mmol, 5,4M trong MeOH) nhd giot vao
huyén phu chira fert-butyl 4-((2,4- diflophenyl)sulfonyl)piperidin-1- -carboxylat (50mg,
0,138mmol) trong MeOH (461puL). Hon hop phén tmg nay dugc khudy & nhiét do

45°C trong thoi gian 20 phat tiép theo, cd trong chdn khong. Tién hanh khit nh6ém bao
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vé Boc bing cach bd sung HCI (138pL, 0,553mmol, 4M trong dioxan) vao hén hop
phéan g tho trong 300pL dioxan. Khudy & 50°C trong thoi gian 24 gio, tiép theo 1a
cd trong chén khéng tao ra hop chét néu & d& muc nay & dang mudi HCI cta nd
(57mg) duéi dang chit rin mau tréng (10:1 hdn hop chét déng phan vi tri). ESI-MS
m/z [M+H]" 274,00.

Quy trinh didu ché 9: 4-((3-flophenyl)sulfonyl)piperidin

Hdn hop gdm tert-butyl 4-((metylsulfonyl)oxy)piperidin—l-carboxylat (1,0g,
3,58mmol), KCOs (0,742g, 5,37mmol), va 3-flobenzenthiol (0,363ml, 4,30mmol)
trong ACN (7,5ml) dugc khudy & nhiét ¢ 23°C trong thoi gian 5 phut. Hn hop phén
ung nay dugc khudy & nhiét o 80°C trong thoi gian 17 gio, lam mat xubng 23°C va
cho phan b giita EtOAc va nude. Tach cac 16p, pha hiru co dugc rira bang nude
mudi, 1am kho trén NaxSOs, loc, rira bing EtOAc, va lam kho trong chdn khéng dé tao
ra 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.

Hén hop gdm nhdm oxit bazo (3,0g, 29.4mmol) trong nudc (0,6ml) duge
khudy & nhiét @6 23°C trong thoi gian 5 phit. Tiép theo, bd sung ACN (12ml) vao,
tiép theo 12 dung dich chira tert-butyl 4-((3-ﬂophenyl)thio)piperidin-l-carboxylat
(1,115g, 3,58mmol) trong CHCl; (8ml). Tiép theo, bd sung Oxone® (6,60g,
10,74mmol) vao va hén hop phan Gng nay dugc khuay & nhiét @6 60°C trong thoi
gian 19 gio. Hdn hop phan tmg nay duoc 1am mat xubng 23°C, lgc, rira bang CHCI,,

va dich loc dugc rira bang nuée (10ml). Lép hiru co duge 1am kho trén NazSO04, loc,
rira bing CHCl,, va lam khd trong chdn khéng. Can thoé dugc hoa tan trong toluen
(5ml) va tinh ché bang phép sic ky & ap sut trung binh bang cach sir dung gradien tir
10% dén 100% EtOAc véi 0,1% trietylamin trong heptan trén cot silicagel 80g (Single
Step™) dé tao ra fert-butyl 4-((3-ﬂophenyl)sulfonyl)piperidin-1-carboxy1at (0,769¢g,
62,5%) du6i dang chét rin mau tring. ESI-MS m/z [M+Na]" 365.9.

B6 sung HCI (4M trong dioxan, 5, 50ml, 22,01mmol) & nhiét 46 23°C vao dung
dich chira tert-butyl 4 ((3-flophenyl)sulfonyl)piperidin-1- -carboxylat (756mg,
2,201mmol) trong dioxan (5,0ml). Hon hop phan Gng nay dugc khudy & nhiét 4o 23°C
trong thoi gian 21 gio d8 tao ra huyén phit mau trang. Chét rén thu duoc duge loc, rra
bang dioxan va lam khd trong chdn khéng dé tao ra hop chét néu & d& muc nay ¢ dang
mubdi HCI cia né (582,6mg, 95%) dudi dang chét rén mau tring. ESI-MS m/z [M+H]"
243.9.

Quy trinh didu ché 10: 4-((3-metoxyphenyl)sulfonyl)piperidin
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Hop chit néu & dé muc ndy & dang mubi HCI cia n6 duge diéu ché theo cach
tuong tu v6i Quy trinh diéu ché 11, v6i ngoai trir 1a clorofom b6 sung duge st dung
thay cho ACN & budc thit hai. ESI-MS m/z [M+H]* 255,9.

Quy trinh didu ché 12: 4-((4-flophenyl)sulfonyl)piperidin

Hbn hop gdm tert-butyl 4-((metylsulfonyl)oxy)piperidin—l-carboxylat (1,42g,
5,08mmol), 4-flobenzenthiol (0,663ml, 6,10mmol) va K2COs (1,054g, 7,62mmol)
trong ACN (12,71ml) dugc khudy & nhiét d§ 85°C qua dém. Hon hop phan tnmg nay
duoc loc bing cach hut va dung mdi dugc loai bo d& tao ra rert-butyl 4-((4-
flophenyl)thio)piperidin-1-carboxylat (1,5g, 95%) dudi dang chét rin mau tring.

Dung dich chira tert-butyl 4-((4- -flophenyl)thio)piperidin-1-carboxylat (1,5g)
trong nuéc (16,06ml) va MeOH (16, 06ml) dugc xu ly biang Oxone® (5,92¢g,
9,63mmol) & nhiét do trong phong va hdn hop phan ung thu dugc dugce khudy trong
thoi gian 6 gio. Dung dich nay dugce loc bang céch hat va dung moi duge loai bo dé
tao ra fert-butyl 4-((4-flophenyl)sulfonyl)piperidin-1- -carboxylat (1,6g, 4,66mmol,
hiéu suét 97%) dudi dang chét rin mau tring.

Dung dich chtra tert-butyl 4-((4- ﬂophenyl)sulfonyl)plperldm-1 -carboxylat
(32,7mg, 0,095mmol) trong dioxan (238pL) & nhiét do trong phong dugc xit Iy bing
HCl (4M trong dioxan, 190pL, 0 ,762mmol) va hdn hop phan Gng thu dugc dugce
khudy trong thoi gian 4 gio. Dung mdi duge loai bd @8 tao ra hop chit néu & d& muc
nay & dang mudi HCI cta n6 (25mg, 94%) dudi dang chét rin mau tring. ESI-MS m/z
[M+H]" 243,95.

Quy trinh diéu ché 13: 1-(2,4-diflobenzyl)piperazin

Hn hop gém piperazin (26,5¢, 308mmol) trong THF (350ml) dugc dun néng
dén 70°C va 1-(clometyl)-2,4-diflobenzen (5g, 30 ,8mmol) duogc bd sung vao. Huyén
phil ndy dugc dun néng & 70°C qua dém. Chét rén (piperazin) duoc loc ra, va dung
moi duoc loai bo trong didu kién 4p suit giam. Can dugc cho phén b gitta EtOAc va
nuée. Lop hitu co duge 1am khd va cd 8 tao ra hop chit néu & dé muc nay (6g, 92%).
ESI-MS m/z [M+H]" 213,04.

Quy trinh didu ché 14: 4-(2-flo-4-metoxyphenoxy)piperidin

Dung dich chua tert-butyl 4- hydroxypiperidin-1-carboxylat (2,496¢,
12,03mmol) trong THF (33,4ml) 6 nhiét d6 trong phong dugc xt ly bang 2-flo- 4-
metoxyphenol (1,181ml, 10 ,03mmol) va triphenylphosphin (3,16g, 12,03mmol). Hon
hop phan Gng ndy dugc lam mat xubng 0°C va bd sung nhé gigt DEAD (40% trong
lugng trong toluen, 5,95ml, 15,04mmol) vao qua Xiranh. Hbn hop phan tng thu dugc
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duoc khudy & nhiét d@§ 65°C trong thoi gian 5 gio, tiép theo, & nhiét do trong phong
qua dém. Phép sic ky nhanh trén silicagel bang cach st 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 dAu mau vang nhat. ESI-MS m/z [M+Na]" 348,2.

Dung dich chira tert-butyl 4-(2-flo-4- metoxyphenoxy)piperidin-1-carboxylat
(2,78g, 8,54mmol) trong dioxan (21, 36ml) dugc xir ly bang HCI (4M trong dioxan,
21,36ml, 85mmol) & nhiét d trong phong va hdn hop phén tng thu dugc duge khudy
qua dém. Phép sic ky nhanh trén silicagel bang cach st dung gradien tir 5% dén 30%
MeOH trong DCM tao ra hop chét néu & d& muc ndy ¢ dang mudi HCI ctia n6 (1,7g,
76%) dudi dang chét rin mau trang. ESI-MS m/z [M+H]" 226,20.
Quy trinh didu ché 15: 3-010-2-(4-(2,4-diﬂophenoxy)piperidin-1-y1)pyrido[3,4-
b]pyrazin

Dung dich chua 2,3-diclopyrido[3,4-b]pyrazin (492mg, 2,460mmol) trong
DCM (5ml) & nhiét do 0°C dugc xir ly bing 4-(2,4-diflophenoxy)piperidin
hydroclorua (676mg, 2,71mmol) va DIPEA (1,29ml, 7,38mmol). Hbén hgp phan tng
nay duoc khudy qua dém, duogc lam 4m din din dén nhiét do trong phong. Hon hop
phan Gng nay toi bang cach bd sung dung dich nuéc bido hoa NH4Cl va chiét bing
DCM. Lép hitu co dugc 1am kho trén NaxSOs, loc, va cd trong didu kién 4p suét giam.
Can dugc tinh ché bang phép séc ky nhanh trén silicagel bang cach st dung gradien tir
20% dén 60% EtOAc trong heptan dé tao ra hop chit néu & d& muc nay dudi dang
chat rhn mau vang nhat (736,2mg, 79%). ESI-MS m/z [M+H]" 377.4.
Quy trinh didu ché 16: 4-((1-(3-clopyrido[3,4-b]pyrazin-Z-yl)piperidin-4-y1)oxy)—3-
flobenzonitril

B& sung DIPEA (2,62ml, 15,00mmol) va 3-flo-4-(piperidin-4-yloxy)benzonitril
hydroclorua (1,283g, 5,00mmol) vao dung dich chura 2,3-diclopyrido[3,4-b]pyrazin
(1,00g, 5,00mmol) trong DCM (10, Oml) & nhiét d§ 0°C. Hbn hop phéan Gmg nay dugc
khudy trong thoi gian 30 phut, 1am 4m din dén nhiét do trong phong. Hon hop phan
g nay dugc xu ly bang dung dich nuéc bio hoa NH4Cl. Lép hitu co chira chit rin
mau vang dugc gom va c¢d trong didu kién 4p suét giam. Chét rin dugc loc, rira bang
nuée, va dugce 1am dong khd nhanh qua dém & tao ra hop chitnéu & dé muc ndy dudi
dang chét rin mau vang (1,325g, 69%). ESI-MS m/z [M+H]" 384.3.
Quy trinh didu ché 17: (R)-3-clo-2-(4-((2,4-diflophenyl)flometyl)piperidin-1-
yl)pyrido[3,4-b]pyrazin
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Hop chit néu & dé muc nay dugc didu ché theo cach twong tu v6i Quy trinh
didu ché 15 bing cich st dung (R)-4-((2,4-diﬂophenyl)ﬂometyl)piperidin hydroclorua
thay cho 4-(2,4-diflophenoxy)piperidin hydroclorua. ESI-MS m/z [M+H]" 393 4.

Quy trinh didu ché 19: (S)-3-clo-2-(4-((2,4-diﬂophenyl)ﬂomctyl)piperidin-1-
yl)pyrido[3,4-b]pyrazin

Hop chit néu & d& muc nay dugc didu ché theo cach tuong ty v6i Quy trinh
didu ché 15 bang cach st dung (S)-4-((2,4-diﬂophenyl)ﬂometyl)piperidin hydroclorua
thay cho 4-(2,4-diflophenoxy)piperidin hydroclorua. ESI-MS m/z [M+H]* 393 ,4.

Quy trinh didu ché 21: 3-c10-2-(4-(2,4-diﬂobenzy1)piperazin-1-y1)pyrido[3,4-
blpyrazin

Bb sung trietylamin (16 72ml, 120mmol) & nhiét do trong phong vao hdn hop
gdm 2,3-diclopyrido[3,4- blpyrazin (8g, 40,0mmol)va 1- (2,4-diflobenzyl)piperazin
(8,49g, 40,0mmol) trong DCM (100ml). Tiép theo, hén hop nay duge khudy & nhiét
d6 trong phong trong thoi gian 0,5 gir. Hon hop phan tmg nay dugc pha loang véi
30ml DCM, rita bing nude mudi hai 1an, 1am kho trén NazSO4 khan va cd. Can duogc
tinh ché bang phép séc ky silicagel, rira giai bang gradien tir 50:1 dén 5:1 PE:EtOAc
dé tao ra hop chét néu & d muc nay (12g, 80%). ESI-MS m/z [M+H]" 376,0.

Quy trinh didu ché 22: 3-clo-2—(4-(2-ﬂo-4-met0xyphenoxy)piperidin—1-y1)pyrido[3,4-
blpyrazin

Hon hop gdm 4-(2-ﬂo-4-metoxyphenoxy)piperidin hydroclorua (144mg,
0,550mmol), 2,3-diclopyrido[3,4-b]pyrazin (100mg, 0,500mmol) va DIPEA (260pL,
1,500mmol) trong DCM (1,0ml) dugc khudy & nhiét d trong phong trong thoi gian
30 phut. Tiép theo, hdn hop nay duge cho phén bb gitta EtOAc va dung dich nuéc bao
hoa NH4Cl. Lép hitu co dugc rira bang nudc mubi, 1am kho trén NazSO4, loc va lam
bay hoi. Can dugc hoa tan trong EtOAc va loc qua dém silic oxit. Dich loc duoc cb dé
thu duogc hop chét thé néu & d& muc nay (200,7mg, 100%) dudi dang diu mau vang,
ma né dugce st dung khong cAn tinh ché thém. ESI-MS m/z [M+H]" 389,2.

Quy trinh didu ché 23: tert-butyl 4-(3-clopyrido[3,4-b]pyrazin—2-yl)piperazin—1-
carboxylat

Két hop 2,3-diclopyrido[3,4-b]pyrazin (2,08, 10,00mmol), terz-butyl piperazin-
1-carboxylat (1,955g, 10,50mmol) va DCM (25ml) d8 tao ra huyén phl mau vang
cam. Tiép theo, bd sung DIPEA (5,22ml, 30 ,0mmol) vao binh phan Ung trong thoi
gian 1 phat ¢ 0°C. Hbn hop nay duoc khudy & nhiét do 0°C trong thoi gian 2 gi® trong

moi truong nito, 1am 4m tir tir dén 23°C, va khudy trong thoi gian 17 gio. Hon hop
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phan (ng ndy dugc cho phén b6 giita dung dich nuc bdo hoa NH4Cl (20ml) va
EtOAc (80ml) dé tao ra hai 16p. Tach cac 16p, va pha nuée dugc ria béng EtOAc
(80ml). Gom dich chiét hitu co, rira bing nuéc mudi (10ml), lam khé trén NazSOs,
loc, rra b%lng EtOAc, va 1am kho trong chdn khong dé tao ra hop chit néu & d& muc
ndy (3,35g, 96%) dudi dang chit ban rin mau da cam. '"H NMR (500 MHz, DMSO-
ds) & ppm 1,44 (s, 9H), 3,51-3,58 (m, 4H), 3,62-3,68 (m, 4H), 7,67 (d, J = 1,0 Hz,
1H), 8,66 (d, J= 5,9 Hz, 1H), 9,15 (d, /= 1,0 Hz, 1H); ESI-MS m/z [M+H]" 350,5.
Quy trinh didu ché 24: tert-butyl 4-(3-(isopropylamino)pyrido[3,4-b]pyrazin-2-
yl)piperazin-1-carboxylat

Bb sung DIPEA (3,34ml, 19,15mmol) va propan-2-amin (2,468ml, 28,7mmol)
& nhiét do 23°C vao binh phan tng dd duoc nap tert-butyl 4-(3-clopyrido[3,4-
b]pyrazin-2-yl)piperazin-1-carboxylat (3, 35g, 9,58mmol) va Kkali ﬂorua (0,723g,
12,45mmol) trong DMSO (25ml). Ho6n hop phan Gng nay dugc khudy & nhiét do 23°C
trong thoi gian 22 gid va pha lodng véi nude (100ml) d tao ra bun dang dau mau da
cam. Hon hop nay dugc lam mat xudng 0°C dé tao ra huyén phil mau vang cam. Chét
rén thu duoc duge loc, rira bang nuéc, va 1am khd trong chdn khong. Chét thd tao ra
duogc hoa tan trong EtOAc, duge hép phu trén NH silicagel (11g), va tinh ché bang
phép sic ky & ap sut trung binh bang cach st dung gradien tir 10% dén 100% EtOAc
trong heptan cot NH 60pM c& 400 (Shoko Scientific Purif-Pack™) dé tao ra hop chét
néu & d& muc nay (2,105g, 59,0%) dudi dang chit rin mau vang nhat. 'H NMR (500
MHz, DMSO-ds) & ppm 1,26 (d, J = 6,8 Hz, 6H), 1,43 (s, 9H), 3,30-3,33 (m, 4H),
3,52-3,60 (m, 4H), 4,32-4,42 (m, 1H), 6,54 (d, J = 7,8 Hz, 1H), 7,43-7,46 (m, 1H),
8,29 (d, J = 5,4 Hz, 1H), 8,78 (s, 1H); ESI-MS m/z [M+H]" 373,0.
Quy trinh didu ché 25: (1s,3s)-3-((2-(4-(2,4—diﬂobenzyl)piperazin-1-y1)pyrido[3,4-
b]pyrazin-3-yl)amino)xyclobutan-1 -ol

Két hop 3 -clo-2-(4-(2,4-diflobenzyl)piperazin-1-yl)pyrido[3 ,A-b]pyrazin
(0,75g, 1,996mmol), (1s,35)-3-aminoxyclobutanol hydroclorua (0,740g, 5,99mmol),
va kali florua (0,151g, 2,59mmol) trong DMSO (7,5ml) va bd sung DIPEA (1,738ml,
9,98mmol) vao ¢ nhiét do 23°C. Hon hgp phan tng nay duoc khudy & nhiét ¢ 23°C
trong thoi gian 5 ngdy va pha lodng véi nudce (30ml) d2 tao ra huyén phi mau vang
cam. Chét rén thu duogc dugc loc, rira bﬁng nuéc, va lam kho trong chdn khong dé tao
ra hop chét néu & dé muc nay (690mg, 81%) duéi dang chét rén mau vang. 'H NMR
(500 MHz, DMSO-ds) 8 ppm 1,92-2,02 (m, 2H), 2,61-2,70 (m, 6H), 3,38 (br s, 4H),
3,60 (s, 2H), 3,90-3,98 (m, 1H), 3,99-4,07 (m, 1H), 5,08 (d, J = 5,9 Hz, 1H), 6,93-6,98
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(m, 1H), 7,09 (td, J = 8,4, 2,7 Hz, 1H), 7,20-7,25 (m, 1H), 7,41-7,45 (m, 1H), 7,47-
7,53 (m, 1H), 8,28 (d, J=5,9 Hz, 1H), 8,75 (s, 1H); ESI-MS m/z [M+H]" 427.0.
Quy trinh didu ché 26: (1s,3s)-3-((2-(4-(2,4-diﬂophenoxy)piperidin—1-y1)pyrido[3,4-
b]pyrazin-3-yl)amino)xyclobutan-1-ol

Két hop 3-clo-2-(4-(2,4-diﬂophenoxy)piperidin-l-yl)pyrido[3,4-b]pyrazin
(0,75g, 1,991mmol), (1s,35)-3-aminoxyclobutanol hydroclorua (0,738g, 5,97mmol),
va kali florua (0,150g, 2,59mmol) trong DMSO (7,5ml) va bd sung DIPEA (1,734ml,
9.95mmol) & nhiét 6 23°C. Hon hop phan ting nay duogc khudy & nhiét do 23°C trong
thoi gian 5 ngdy va pha lodng véi nude (30ml) dé tao ra huyén phu mau vang cam.
Chét rén thu duoc dugc loc, rira bing nuéc, va lam kho trong chdan khong dé tao ra
hop chét néu & dé muc nay (784mg, 92%) dudi dang chét rén mau vang cam. 'H NMR
(500 MHz, DMSO-ds) 8 ppm 1,87-2,03 (m, 4H), 2,07-2,18 (m, 2H), 2,61-2,73 (m,
2H), 3,19-3,29 (m, 2H), 3,63-3,73 (m, 2H), 3,89-3,99 (m, 1H), 3,99-4,10 (m, 1H),
4,62 (tt, J= 1.9, 3,8 Hz, 1H), 5,08 (d, J = 5,9 Hz, 1H), 6,99-7,10 (m, 2H), 7,26-7,38
(m, 2H), 7,44 (d, J= 5,4 Hz, 1H), 8,28 (d, J= 5,4 Hz, 1H), 8,76 (s, 1H); ESI-MS m/z
[M+H]" 427,9.
Quy trinh diéu ché 27: (17,37)-3-((2-(4-(2,4-diflophenoxy)piperidin-1-yl)pyrido[3,4-
b]pyrazin-3-yl)amino)xyclobutan-1-ol

Két hop 3-clo-2-(4-(2,4-diﬂophenoxy)piperidin—1-yl)pyrido[3,4-b]pyrazin
(0,75g, 1,991mmol), (1r,3r)-3-aminoxyclobutanol hydroclorua (0,738g, 5,97mmol),
va kali florua (0,150g, 2,59mmol) trong DMSO (7,5ml) va bd sung DIPEA (1,734ml,
9,95mmol) vao & nhiét do 23°C. H6n hgp phan ung nay dugc khudy & nhiét do 23°C
trong thoi gian 5 ngdy va pha lodng voi nuée (30ml) dé tao ra huyén phu dang gom,
mau nau. Huyén phi ndy duoc 1am mét trén da, khudy trong thoi gian 30 phit & nhiét
do 0°C, loc, rua b%mg nudc, va chét rin thu duoc dugc 1am khd trong chdn khong dé
tao ra hop chét néu & d muc nay (802mg, 94%) dudi dang chét rén mau n4u nhat. 'H
NMR (500 MHz, DMSO-ds) & ppm 1,86-1,96 (m, 2H), 2,07-2,15 (m, 2H), 2,23 (ddd,
J=12,6, 7,9, 4,4 Hz, 2H), 2,33-2,40 (m, 2H), 3,23-3,30 (m, 2H), 3,67-3,74 (m, 2H),
4,30-4,37 (m, 1H), 4,56-4,65 (m, 2H), 5,03 (d, J = 4,9 Hz, 1H), 7,00-7,07 (m, 2H),
7.29-7,37 (m, 2H), 7,44 (d, J = 4,9 Hz, 1H), 8,28 (d, J = 5.4 Hz, 1H), 8,77 (s, 1H);
ESI-MS m/z [M+H]" 427.,9.
Quy trinh didu ché 28: N—xyclobutyl-Z-(4-(2,4-diﬂophenoxy)piperidin-1-
yl)pyrido[3,4-b]pyrazin-3-amin
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B4 sung xyclobutanamin (15,10g, 212mmol) & nhiét do trong phong vao dung
dich chtra 3-clo-2-(4-(2,4-diflophenoxy)piperidin-1-yl)pyrido[3,4-b]pyrazin (10g,
26,5mmol) trong DMF (150ml). Tiép theo, hdn hop nay dugc khudy & nhiét 6 70°C
trong thoi gian 15 gio. Sau khi phan tng két thiic, hon hop phan tmg nay dugce rét vao
nwéc/ACN (200ml, 7:3); Huyén phi nay duoc lgc va rira bing ACN dé tao ra hop chét
néu & d& muc nay (8,5g, 78%). ESI-MS m/z [M+H]" 412,1.

Quy trinh didu ché 29: N-(3,3-difloxyclobutyl)-2-(4-(2,4-diflophenoxy)piperidin-1-
yl)pyrido[3,4-b]pyrazin-3-amin

Két hop 3-clo-2-(4-(2,4-diﬂophenoxy)piperidin—1-yl)pyrido[3,4-b]pyrazin
(0,46g, 1,221mmol), 3,3-difloxyclobutanamin hydroclorua (0,526g, 3,66mmol), va
kali florua (0,092g, 1,587mmol) trong DMSO (5ml) va bd sung DIPEA (1,063ml,
6,10mmol) vao ¢ nhiét do 23°C. Ho6n hop phan Gng nay duoc khqu & nhiét @ 23°C
trong thoi gian 5 ngdy va pha lodng v6i nu6e (20ml) dé tao ra huyén phit mau vang
cam. Chét rén thu dugc duge loc, rira bang nude, va 1am kho trong chdn khong dé tao
ra hop chét néu & d& muc nay (516,4mg, 95%) dudi dang chét rin mau vang cam. 'H
NMR (500 MHz, DMSO-de) & ppm 1,87-1,98 (m, 2H), 2,07-2,18 (m, 2H), 2,77-2,91
(m, 2H), 2,96-3,07 (m, 2H), 3,23-3,32 (m, 2H), 3,69-3,7 8 (m, 2H), 4,35-4,45 (m, 1H),
4,63 (it, J = 7,9, 3,8 Hz, 1H), 7,00-7,07 (m, 1H), 7,24-7,40 (m, 3H), 7,48 (d, J= 5,4
Hz, 1H), 8,33 (d, J= 5,4 Hz, 1H), 8,82 (s, 1H); ESI-MS m/z [M+H]" 447,9. |
Quy trinh didu ché 30: 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropylpyrido3,4-
b]pyrazin-3-amin

Dung dich chtra 3-clo-2-(4-(2,4-diﬂophenoxy)piperidin—l-yl)pyrido[3 ,4-
b]pyrazin (2g, 5,31mmol), propan-2-amin (1,36ml, 15,92mmol) va DIPEA (1,85ml,
10,62mmol) trong dioxan (10,62ml) dugc dun néng & 95 °C qua dém. Sau khi ¢, can
duoc tinh ché bang phép sic ky cot silicagel bing cach st dung gradien tr 0% dén
100% EtOAc trong heptan 2 tao ra hop chit néu & dé muc nay (1,5g, 71%) duéi dang
chit rin mau tréng duc. ESI-MS m/z [M+H]* 400,00.

Quy trinh didu ché 31: 9  (S)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-
(tetrahydrofuran—3-yl)pyrido[3,4-b]pyrazin—3-amin

Bd sung (S)-tetrahydrofuran-3-amin hydroclorua (4,10g, 33,2mmol) va EtN
(9,25ml, 66,4mmol) & nhiét do trong phong vao hén hop gdm 3-clo-2-(4-(2,4-
diﬂophenoxy)piperidin-1-yl)pyrido[3,4-b]pyrazin (2,5g, 6,64mmol) trong DMF
(30ml). Hon hop phan ung nay dugc khudy & nhiét do 70°C trong thoi gian 14 gio,
tiép theo, 1am mat xubng nhiét d6 trong phong va pha loang v6i EtOAc (80ml), rira
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bing nude (30ml) va nuée mudi (2 x 30ml). Lép hitu co duge 1am kho trén NaxSO4 va
cO trong chdn khong, tiép theo, cin dugc tinh ché bang cot phép sic ky (xing:EtOAc
tir 10:1 dén 1:1) trén silicagel 8 tao ra hop chét néu & d& muc nay duéi dang chit rén
mau vang (2,0g). ESI-MS m/z [M+H]" 428,1.
Quy trinh didu ché 32: (R)-2-(4-(2,4-diﬂobenzyl)piperazin-1-yl)-N-(tetrahydrofuran—3-
yl)pyrido[3,4-b]pyrazin-3-amin

B sung (R)-tetrahydrofuran-3-amin hydroclorua (4,16g, 33,7mmol) va EtsN
(24,40ml, 175mmol) & nhiét d6 trong phong vao hdn hop gbm 3-clo-2-(4-(2,4-
diflobenzyl)piperazin-1-yl)pyrido[3,4-b]pyrazin (5,06g, 13,46mmol) trong DMSO
(40ml). Hon hgp phan ung nay dugc khudy & nhiét d§ 50°C trong thoi gian 14 gio,
tiép theo, 1am mat xubng nhiét do trong phong va pha loéng véi EtOAc (80ml), ria
biing nude (30ml) va nuée mudi (2 x 30ml). Lop hitu co duge lam kho trén Na;SO4 va
cd trong chdn khong, tiép theo, cin dugc tinh ché bang cot phép sic ky (xang:EtOAc
tir 10:1 dén 1:1) trén silicagel @8 tao ra hop chit néu & dé& muc nay dudi dang chét rin
mau vang (5,0g). ESI-MS m/z [M+H]" 427,1.
Quy trinh didu ché 33: (S)-2-(4-(2,4-diﬂobenzyl)piperazin-1-yl)-N—(tetrahydroﬁ1ran—3-
yD)pyrido[3,4-b]pyrazin-3-amin

B sung (S)-tetrahydrofuran-3-amin hydroclorua (2,96g, 23,95mmol) & nhiét
do6 trong phong vao dung dich chua 3-clo-2-(4-(2,4-diflobenzyl)piperazin-1-
yDpyrido[3,4-b]pyrazin (3,0g, 7 .98mmol) va EtsN (10ml, 71,7mmol) trong DMF
(30ml). Hon hgp nay dugc khudy & nhiét do 60°C trong thoi gian 16 gio, tiép theo,
tach gitta nuéc va EtOAc. Lép hitu co dugc rira bing nudce mubi va nuéc, tiép theo,
lam kho va co dé tao ra cin thd, ma n6 dugc tinh ché béng cOt dé tao ra hop chit néu &
d& muc nay (800mg) dudi dang diu mau vang. ESI-MS m/z [M+H]" 427,1.
Quy trinh didu ché 34: 2-(4-(2,4-diflobenzyl)piperazin-1-yl)-N-isopropylpyrido[3.4-
b]pyrazin-3-amin

B6 sung DIPEA (2,169ml, 12,45mmol) va propan-2-amin (1,605ml,
18,68mmol) & nhiét d6 23°C vao binh phan Ung di dugc nap 3-clo-2-(4-(2,4-
diflobenzyl)piperazin-1-yl)pyrido[3,4-b]pyrazin (2,34g, 6,23mmol) va kali florua
(0,470g, 8,09mmol) trong DMSO (12ml). Hdn hop phan Gng nay dugc khudy & nhiét
d6 23°C trong thoi gian 22 gi¢ va pha loang v6i nuée (48ml) dé tao ra bun dang dau
mau da cam. San phim thd dugc chiét bing EtOAc (25ml) d€ tao ra huyén phii. Chat
rén thu dugc dugc loc, rira bﬁng EtOAc, va dich loc dugc dé cho tach thanh hai 16p.

Pha hitu co dugce rua bang nudc mudi, 1am khd trén NazSOs, loc, rira bang FEtOAc, va
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l1am kho trong chdn khong. Chét thé tao ra dugc hoa tan trong toluen (Sml) va tinh ché
bang phép sic ky & 4p suit trung binh bang cach st dung chét rira gidi chira EtOAc
trong heptan trén cdt NH 60uM, c& 400, gradien tir 20% dén 100% (Shoko Scientific
Purif-Pack™) d& tao ra hgp chit néu & d& muc nay (1,489g, 60,0%) dudi dang chét
rin mau vang. 'H NMR (500 MHz, DMSO-de) 8 ppm 1,24 (d, J= 6,4 Hz, 6H), 2,62 (t,
J= 4,9 Hz, 4H), 3,34-3,41 (m, 4H), 3,59 (s, 2H), 4,22-4,42 (m, 1H), 6,46 (d, J=17.8
Hz, 1H), 7,04-7,17 (m, 1H), 7,22 (td, J = 10,0, 2,4 Hz, 1H), 7,40-7,44 (m, 1H), 7,49
(td, J = 8,5, 6,8 Hz, 1H), 8,27 (d, J=5,9 Hz, 1H), 8,76 (s, 1H); ESI-MS m/z [M+H]*
399,0.
Quy trinh didu ché 35: N-xyclobutyl-Z-(4-(2,4-diﬂobenzyl)piperazin-1-y1)pyrido[3,4-
b]pyrazin-3-amin

Ké hop  3-clo-2-(4-(2,4- diflobenzyl)piperazin-1-yl)pyrido[3, 4-b]pyrazin
(0,7226g, 1,923mmol), xyclobutanamin (0,493ml, 5 ,77mmol), va kali florua (0,145g,
2,500mmol) trong DMSO (7,2ml) va DIPEA (0,670ml, 3 85mmol) & nhiét do 23°C.
Hbn hop phan Gng nay dugc khudy & nhiét @ 23°C trong thoi gian 16 gio va pha
logng v6i nude (30ml) d8 tao ra huyén phu mau vang cam. Chét rén thu dugc dugc
loc, rira bang nuéc, va lam kho trong chdn khéng dé tao ra hop chit néu & dé muc nay
(0,62g, 79%) dudi dang chit rin mau vang. '"H NMR (500 MHz, DMSO- ds) & ppm
1,68-1,77 (m, 2H), 2,12 (quind, J = 9,3, 2,7 Hz, 2H), 2,27-2,35 (m, 2H), 2,56-2,68 (m,
4H), 3,35-3,42 (m, 4H), 3,60 (s, 2H), 4,57 (sextet, J = 8,0 Hz, 1H), 6,98 (d, J = 7,3
Hz, 1H), 7,06-7,12 (m, 1H), 7,22 (td, J= 9.9, 2,7 Hz, 1H), 7,43 (d, J = 5,4 Hz, 1H),
7,46-7,53 (m, 1H), 8,27 (d, J= 5,4 Hz, 1H), 8,76 (s, 1H); ESI-MS m/z [M+H]" 411,0.
Quy trinh didu ché 36: 6-benzyl-3-clo-2-(4-(2-ﬂo-4-metoxyphenoxy)piperidin-l-yl)—
5.6,7,8-tetrahydropyrido[3,4-b]pyrazin

Hon hop gdm 3-clo-2-(4-(2-ﬂo-4-metoxyphenoxy)piperidin—1-yl)pyrido[3,4-
blpyrazin (93mg, 0,239mmol) va (bromometyl)benzen (29pL, 0,239mmol) trong
ACN (1,2ml) dugc dun néng & 80°C trong thoi gian 14 gio. Sau khi hdn hop nay duge
lam mat xudng nhiét d trong phong, bd sung natri triaxetoxybohydrua (152mg,
0,718mmol) vao hdn hop ndy & nhiét do trong phong. Sau 1 gio, bd sung nudce mudi
(1ml) vao hdn hop ndy. Sau khi nging tao bot khi, tiép theo, hén hop nay dugce tinh
ché truc tiép bang Phuong phap HPLC A 8 tao ra hop chét néu & d& muc nay & dang
mubi TFA (71,2mg, 49,9%) duéi dang diu mau vang. ESI-MS m/z [M+H]* 483,3.
Quy trinh didu ché 37: 3-clo-2-(4-(2-ﬂo-4-metoxyphenoxy)piperidin-1-y1)-6-mety1—
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin
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Hop chit néu & d& muc ndy & dang mubi TFA (30,9mg, 24,8%) dugc didu ché
theo cach tuwong ty v6i Quy trinh didu ché 36 bang cach sit dung iodometan. ESI-MS
m/z [M+H]" 407,3.

Quy trinh diéu ché 39: 6-benzyl-3-clo-2-(4-((2,4-diflophenyl)flometyl)piperidin-1-y1)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin

Hdn hop gbém 4-((2,4-diflophenyl)flometyl)piperidin hydroclorua (247mg,
0,929mmol), 2,3-diclopyrido[3,4-b]pyrazin (169mg, 0,845mmol) va DIPEA (441pL,
2,53mmol) trong DCM (1,69ml) dugc khudy & nhiét do 0°C trong thoi gian 5 phut,
tiép theo, & nhiét d trong phong trong thoi gian 30 phut. Tiép theo, hon hgp nay dugc
cho phéan bd gitta EtOAc va dung dich nuéc béo hoa NH4Cl. Lép hitu co dugce rira
bé‘mg nuéc mudi, 1lam kho trén NaxSOs, loc, va lam bay hoi. Can dugc hoa tan trong
EtOAc va loc qua dém silic oxit. Dich loc dugc co6 dé thu dugc 3-clo-2-(4-((2,4-
diﬂophenyl)ﬂometyl)piperidin-1-yl)pyrido[3,4-b]pyrazin (338,4mg) dudi dang bot
mau vang. ESI-MS m/z [M+H]" 393,2.

Hdn hop gdm 3-clo-2-(4-((2,4-diﬂophenyl)ﬂometyl)piperidin-1-y1)pyrido[3,4-
b]pyrazin (338,4mg, 0,861mmol) benzyl bromua (103pL, 0,861mmol) trong ACN
(4,31ml) dugc dun néng & 80°C trong thoi gian 14 gio. Sau khi hdn hgp nay dugce lam
mét dén nhiét d6 trong phong, natri triaxetoxybohydrua (548mg, 2,58mmol) duogc bd
sung vao. Sau 1 gio, bd sung nuée mudi (1ml) vao hdn hop nay. Sau khi nglng tao
bot khi, tiép theo, hdn hop nay dugc tinh ché truc tiép bang Phuong phap HPLC A aé
thu duge hop chit néu & d& muc nay & dang mubi TFA cua n6 (141,7mg, 27,4%) dudi
dang dAu mau da cam. ESI-MS m/z [M+H]" 487,3.

Quy trinh didu ché 40: 6-benzyl-3-clo-2-(4-(2,4-diﬂophenoxy)piperidin-1-y1)-5-mety1-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin

Két hop 2,3-diclo-5-metylpyrido[3,4-b]pyrazin (lg, 4,67mmol), DIPEA
(2,04ml, 11,68mmol), va 4-(2.4- diflophenoxy)piperidin hydroclorua (1,225g,
4,91mmol) trong DCM (9,34ml) duoc két hop trong bé nuéc da, tiép theo, 1am a 4m dén
nhiét do trong phong qua dém. Hdn hop phan tng nay dugc rét vao dung dich NaOH
1M, chiét bang EtOAc (2x), loc qua MgSOs, ¢ trong chdn khong, va dugce tinh ché
bang Phuong phap HPLC A dé tao ra 3-clo-2-(4-(2,4- -diflophenoxy)piperidin-1-yl)-5-
metylpyrido[3,4-b]pyrazin
& dang mubi TFA (1,6g).

Két hop 3-clo-2-(4-(2,4-diﬂophenoxy)piperidin—1-y1)-5-mety1pyrido[3,4-
b]pyrazin (400mg, 1,024mmol) va benzyl bromua (122pL, 1,024mmol) trong ACN
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(5,12ml) dugc dun néng & 90°C qua dém. Hdn hop phén tmg nay dugc lam mat xudng
nhiét do trong phong, bd sung natri triaxetoxybohydrua (651mg, 3,07mmol) vao, va
h&n hop phan tmg ndy dugc khuy qua dém. Hon hop phan tmg thé nay duge rét vao
dung dich NaOH 1M, chiét bang EtOAc (2x), loc qua MgSOs, ¢b trong chdn khong,
va dugce tinh ché bang Phuong phap HPLC A dé tao ra hop chét néu & dé muc ndy &
dang mudi TFA (150mg).
Quy trinh didu ché 41: 6-benzyl-3-c10-2-(4-(2,4-diﬂophenoxy)piperidin—1-y1)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin

Benzyl bromua dugc tinh ché bing bing cach cho di qua nut nhom oxit bazo
truéc khi st dung. Dung dich chira 3-clo-2-(4-(2,4-diflophenoxy)piperidin-1-
yl)pyrido[3,4-b]pyrazin (736,2mg, 1,954mmol) trong ACN (9,77ml) dugc chia thanh
hai phan bang nhau. M3di dung dich duge xu ly bang mot ntta luong benzyl bromua
(232uL, 1,954mmol) va khudy & 80°C trong thoi gian 3 gio. Hon hop phan Gng nay
dugce dé cho ngudi dén nhiét @6 trong phong, va mdi dung dich dugc xir ly bang mot
nira lugng natri triaxetoxybohydrua (1,242g, 5,86mmol). Hén hop phéan (mg nay duoc
khudy & nhiét d trong phong trong thoi gian 1 gio, tiép theo, dugc toi bang dung dich
nudc bio hoa NaCl. Hdn hop phan Gng nay dugc két hop va cho phin bb gitta EtOAc
v6i B0 duoc bd sung vao @8 trg gitp cho viéc tach pha va dung dich nude bao hoa
NaCl. Lép hitu co duoc lam kho trén NaSOy4, loc, va co trong diéu kién 4p suat giam.
Cian dugc tinh ché bing phép sdc ky nhanh trén silicagel bang cach sir dung EtOAc
trong heptan v6i gradien tir 20% dén 60% tao ra hop chét néu & d& muc nay (522,2mg,
56,8%). ESI-MS m/z [M+H]" 471,4.
Quy trinh didu ché 42: 4-((1-(6-benzyl-3-clo-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-
2-yl)piperidin-4-yl)oxy)-3-ﬂobenzonitril

Benzyl bromua dugc tinh ché bang cach loc qua nit nhdm oxit bazo trude khi
str dung. Dung dich chtra 4-((1-(3-clopyrido[3,4-b]pyrazin-2-yl)piperidin-4-yl)oxy)-3-
flobenzonitril (200mg, 0,521mmol) va benzyl bromua (0,062ml, 0,521mmol) trong
ACN (2,60ml) dugc dun néng & 80°C trong thoi gian 3 gio. Hon hop phan Gmg nay
dugc dé cho ngudi xubng nhiét do trong phong va natri triaxetoxybohydrua (331mg,
1,563mmol) duge bd sung vao. Sau khi khudy trong thoi gian 1 i & nhict do trong
phong, hdn hop phan ng nay t6i bing dung dich nuéc bao hoa NaCl (1ml). Sau khi
ngung tao bot khi, hén hop phan (mg nay dwge tinh ché bing Phuong phap HPLC B,
v6i ngoai trir 1a cot Waters SunF ire™ C18, 5pm, ID 30 x 75mm dugc su dung, bang
cach st dung ACN voi gradien tir 35% dén 70% dé tao ra hop chit néu & dé muc nay,

-40-



26953

& dang mudi TFA, du6i dang ddu mau vang (117,9mg, 38,2%). ESI-MS m/z [M+H]"
478,5. _
Quy trinh didu ché 43: (R)-6-benzy1-3-clo-2-(4-((2,4-diﬂophenyl)ﬂometyl)piperidin-
1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin

Hop chit néu & dé& muc nay dugc didu ché theo cach tuong tu v&i Quy trinh
didu ché 42 bing cach st dung (R)-3-clo-2-(4-((2,4-diflophenyl)flometyl)piperidin-1-
yD)pyrido[3,4-b]pyrazin. San phim nay dugc tinh ché hai 14n bang phép séc ky nhanh
trén silicagel bang cach sit dung EtOAc trong heptan vé6i gradien tir 10% dén 60%.
ESI-MS m/z [M+H]* 487 4.
Quy trinh didu ché 45: (S)-6-benzyl—3-clo-2-(4-((2,4-diﬂophenyl)ﬂometyl)piperidin-1-
y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin

Hop chat néu & d& muc nay dugc didu ché theo cach tuong tu véi Quy trinh
didu ché 42 bing cach st dung (S)-3-clo-2-(4-((2,4-diﬂophenyl)ﬂometyl)piperidin—1-
yl)pyrido[3,4-b]pyrazin. San phim nay duogc tinh ché hai 14n bang phép séc ky nhanh
trén silicagel bang cach s dung EtOAc trong heptan véi gradien tir 10% dén 50%.
ESI-MS m/z [M+H]" 487,3.
Quy trinh didu ché 47: 6-benzyl-N-(2,2-difloetyl)-2-(4-(2,4-diflophenoxy)piperidin-1-
y1)-5,6,7 ,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Dung dich chira 6-benzyl-3-clo-2-(4-(2,4-diﬂophenoxy)piperidin—1-y1)-5,6,7 ,8-
tetrahydropyrido[3,4-b]pyrazin (261,1mg, 0,554mmol) va 2,2-difloetanamin (156pL,
2,22mmol) trong toluen (1,85ml) dugc xur ly bang natri tert-butoxit (107mg,
1,11mmol), BINAP (69,0mg, 0,111mmol), va Pdx(dba); (50,8mg, 0,055mmol). Khi
nito (binh cau) dugc suc qua hén hop phan ng nay trong thoi gian 5 phit. Hén hop
phan g nay duoc bit kin va khudy & 90°C qua dém. Hon hop phéan tmg ndy duogc aé
cho ngudi xubng nhiét d§ trong phong va cho tiép xtc v6i khong khi, va dung dich
nay dugc co trong diéu kién ap suit giam. Can dugc hép thu trong MeOH, loc, va
dwoc tinh ché bing Phuong phap HPLC B bing cach st dung ACN véi gradien ti
35% dén 60% dé tao ra hop chit néu & dé muc ndy, & dang mudi TFA, duéi dang dau
mau vang (181,2mg, 51,9%). ESI-MS m/z [M+H]* 516,4.
Quy trinh didu ché 48: 6-benzy1—2-(4-(2,4-diﬂophenoxy)piperidin—1-yl)-N-isopropyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

B sung benzyl bromua (2,184g, 12,77mmol) trong thodi gian 1 phut ¢ 23°C
vao huyén phi mau vang cam chira 2-(4-(2,4-diﬂophenoxy)piperidin-l-yl)-N-
isopropylpyrido[3,4-b]pyrazin-3-amin (5,1g, 12,77mmol) trong ACN (63,8ml). Hbn
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hop nay dugc khudy & nhiét do 80°C trong thoi gian 4 gio dé tao ra dung dich mau
nau d6, 1am méat xudng 23°C, va tiép theo, co trén thiét bi 1am bay hoi kiéu quay dé
tao ra 6-benzy1-2-(4-(2,4-diﬂophenoxy)piperidin—1-yl)-3-(isopropylamino)pyrido[3,4-
b]pyrazin-6-ium bromua (7,30g) dudi dang mau nau d6 chét rén, ma né dugc st dung
truc tiép & bude tiép theo ma khong cn tinh tinh ché thém.

B4 sung NaBH(OAc)s (16,05g, 76mmol) vao dung dich chira 6-benzyl-2-(4-
(2,4-diﬂophenoxy)piperidin—1-yl)-3-(isopropylamino)pyrido[3,4-b]pyrazin—6-ium
bromua (7,2g, 12,62mmol) trong DCM (126ml). Dung dich thu dugc dugc khudy &
nhiét do trong phong trong thoi gian 3 ngdy. Sau khi DCM duoc loai bo trong chin
khong, bd sung EtOAc (200ml) vao d8 hoa tan lai can. Tiép theo, bd sung dung dich
NaHCOs3 bdo hoa (150ml) va hdn hop nay duoc khudy manh trong thoi gian 30 phut.
Lép hitu co duoc rira bang nude (50ml) va nude mubi (50ml), va lam khd bing
NaSO4 khan qua dém. Loai bo dung mdi tao ra hop chét néu & dé& muc ndy (6,43g)
duéi dang chét rin mau vang, ma n6 dugc sit dung khong cAn tinh ché thém. ESI-MS
m/z [M+H]" 494,10.

Quy trinh didu ché 50: 6-benzyl-N-xyclobutyl-2-(4-(2,4-diﬂophenoxy)piperidin—1-y1)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin—3-amin

Hop chét néu & dé& muc nay ¢ dang mubdi TFA duoc didu ché theo cach twong
tu v6i Quy trinh didu ché 47 bang cich s dung xyclobutanamin thay cho 2,2-
difloetanamin va Phuong phap HPLC A. ESI-MS m/z [M+H]" 506,00.

Quy trinh didu ché 52: (S)-6-benzyl-2-(4-(2,4-diﬂophenoxy)piperidin—l-yl)-N-(l-
metoxypropan-2-yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Hop chét néu & d& muc nay ¢ dang mubi TFA dugc diéu ché theo céach tuong
tu v6i Quy trinh didu ché 47 bang cach st dung (S)-1-metoxypropan-2-amin thay cho
2,2-difloetanamin va Phuong phap HPLC A. ESI-MS m/z [M+H]" 524,00.

Quy trinh didu ché 54: (R)-6-benzyl-2-(4-(2,4-diflophenoxy)piperidin-1-y1)-N-(1-
metoxypropan-2-yl)-3 ,6,7,8—tetrahydropyrido[3,4-b]pyrazin-3-amin

Hop chit néu & d& muc nay & dang mudi TFA duoc didu ché theo cach tuong
ty véi Quy trinh didu ché 47 bang cach st dung (R)-1-metoxypropan-2-amin
hydroclorua thay cho 2,2-difloetanamin va Phuong phap HPLC A. ESI-MS m/z
[M+H]* 524,00.

Quy trinh didu ché 56: (S)-6-benzyl-N-(sec-butyl)-Z—(4-(2,4-diﬂophenoxy)piperidin-1-
yl)-5,6,7,8-tetrahydropyrid0[3,4-b]pyrazin-3-amin
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Hop chét néu & d& muc nay & dang mubi TFA duge didu ché theo cach twong
tu véi Quy trinh didu ché 47 bang cach st dung (S)-butan-2-amin thay cho 2,2-
difloetanamin va Phuong phap HPLC A. ESI-MS m/z [M+H]" 508,00.
Quy trinh didu ché 58: (R)-6-benzyl-N-(sec-butyl)-2-(4-(2,4-diflophenoxy)piperidin-1-
yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Hop chit néu & dé muc nay & dang mubi TFA dugc didu ché theo cach twong
tu v6i Quy trinh didu ché 47 bang cach sit dung (R)-butan-2-amin thay cho 2,2-
difloetanamin va Phuong phap HPLC A. ESI-MS m/z [M+H]* 508,00.
Quy  trinh didu  ché 60: 4-((1-(6-benzyl-3-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-Z-yl)piperidin-4-y1)oxy)—3-ﬂobenzonitril

Dung dich chua 4-((1-(6-benzyl-3-clo-S,6,7,8-tetrahydropyrido[3,4-b]pyrazin-
2-yl)piperidin-4-yl)oxy)-3-flobenzonitril mubdi TFA (213,9mg, 0,361mmol) trong
toluen (1,44ml) duoc xu ly béng propan-2-amin (0,118ml, 1,445mmol), natri tert-
butoxit (69,4mg, 0,723mmol), BINAP (22,5mg, 0,036mmol), va Pdx(dba)s (16,5mg,
0,018mmol). Khi nito duge suc qua dung dich nay trong thoi gian 5 phut. Tiép theo,
hdn hop phan Gmg nay dugc bit kin va hdn hop phan ung ndy dugc dun nong dén
90°C qua dém. Hon hgp phan Gng nay dugc dé cho ngudi xubng nhiét d6 trong phong.
Dung mdi dugc loai bd trong didu kién 4p sudt giam va cin dugc tinh ché bang
Phuong phap HPLC B, v6i ngoai trir 1a cot Waters SunFire™ C18, 5um, ID 30 x
75mm duogc st dung, bang cach sir dung ACN véi gradien tir 40% dén 70% dé tao ra
hop chit néu & dé muc ndy, ¢ dang mubi TFA, duéi dang diu mau vang (105mg,
47,3%). ESI-MS m/z [M+H]" 501,5.
Quy trinh didu ché 61: (R)-6-benzy1-2-(4-((2,4-diﬂophenyl)ﬂometyl)piperidin—1-yl)-
N-isopropy1-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Dung dich chira (R)-6-benzyl-3-c10-2-(4-((2,4-diﬂophenyl)ﬂometyl)piperidin-
1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin (293mg, 0,602mmol) va propan-2-amin
(197uL, 2,407mmol) trong toluen (2,01ml) duoc xir Iy bang natri ferz-butoxit (116mg,
1,203mmol), BINAP (74,9mg, 0,120mmol), va Pdx(dba)s (55,1mg, 0,060mmol). Khi
nito' (binh cu) duge suc qua hdn hop phan Gmg nay trong thoi gian 5 phut. Hbdn hop
phén tmg nay duogc bit kin va hdn hop phan Gng nay duoc khudy & nhiét 4o 90°C qua
dém. Binh phén ing dugc mé va hdn hop nay dugc cd trong didu kién 4p suét giam.
Can duge hép thu trong MeOH, loc, va dugc tinh ché bang Phuwong phap HPLC B
bang cach sit dung ACN véi gradien tir 40% dén 65% & tao ra hop chét néu & dé muc
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ndy & dang mudi TFA (183,Img, 48,8%) dudi dang dau mau vang. ESI-MS m/z
[M+H]* 510,4.
Quy trinh didu ché 62: (S)-6-benzy1-2-(4-((2,4-diﬂophenyl)ﬂometyl)piperidin-1-y1)-N-
isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Dung dich chtra (S)-6-benzyl-3-clo-2-(4-((2,4-diﬂophenyl)ﬂometyl)piperidin-
1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin (500mg, 1,027mmol) va propan-2-amin
(350pL, 4,11mmol) trong toluen (3,42ml) duoc xu ly bang natri terz-butoxit (197meg,
2,054mmol), BINAP (102mg, 0,164mmol), va Pdx(dba); (75mg, 0,082mmol). Khi
nito (binh cau) dugc suc qua hdn hop phan mg ndy trong thoi gian 5 phut. Tiép theo,
hdn hop phan tng ndy dugc bit kin va dun néng & 90°C trong thdi gian 16 gio. Hén
hop phan Gng nay dugc dé cho ngudi xudng nhiét d trong phong va cho tiép xtic voi
khong khi. Hon hop phan tng nay dugc cd trong didu kién ap suat giam va dugc hép
thu trong MeOH, loc, va dugc tinh ché biang Phuong phap HPLC A dé tao ra hop chit
néu & d& muc nay & dang mudi TFA (266mg) dudi dang dau mau da cam. ESI-MS
m/z [M+H]" 510,4.
Quy trinh didu ché 63: 3-ﬂo-4-((1-(3-(isopropylamino)-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-yl)piperidin-4-yl)oxy)benzonitril

B sung Pd(OH)2 (20% trong lugng, 33,9mg, 0,048mmol) vao dung dich chira
4-((1-(6-benzy1-3-(isopropylamino)—5,6,7,8-tetrahydropyrido[3,4-b]pyrazin—2-
yl)piperidin-4-yl)oxy)-3-flobenzonitril mudi TFA (98,8mg, 0,161mmol) trong THF
(1,61ml). Khi hydro (binh cdu) dugc suc qua hdn hop phan Gng nay trong thoi gian 5
phut. Hén hop phén tng nay dugc khudy trong moi truong hydro trong thoi gian 6
gid. Hon hop phan tng nay dugc loc qua nit Celite™, rtra giai bang MeOH. Dich loc
dugc gom va co trong diéu kién é&p suit giam. Cén dugc tinh ché bang Phuong phap
HPLC B, véi ngoai trir 1a cdt Waters SunF ire™ C18, 5pm, ID 30 x 75mm dugc su
dung, bang cach sit dung ACN véi gradien t 25% dén 60% dé tao ra hop chit néu &
d& muc nay, & dang mubdi TFA, duéi dang diu mau vang (12,8mg), ma n6 duoc dung
trong bude tiép theo ma khong can tinh ché thém. ESI-MS m/z [M+H]" 411.5.
Quy trinh didu ché 64: N-(2,2-diﬂoetyl)-2-(4-(2,4-diﬂophenoxy)piperidin—l-yl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Dung dich chua mubi TFA cua 6-benzyl-N-(2,2-difloetyl)-2-(4-(2,4-
diflophenoxy)piperidin-1-y1)-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-3-amin
(132,5mg, 0,210mmol) trong THF (2,1ml) dugc xur ly bang Pd(OH)2 (20% trong
lwong, 29,6mg, 0,042mmol). Khi hydro (binh cau) dugc suc qua hdn hop phéan Ung
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ndy trong thoi gian 5 phut. Kim thong khi dugc 14y di va hdn hop phan Gng dugc
khudy trong moi trudng hydro trong thoi gian 1 gio. Hon hop phan ung nay duoc cho
tiép xuc véi khong khi va dugc loc qua dém Celite™, rira giai bang EtOAc va MeOH.
Dich loc dugc cd trong diéu kién ap suit giam dé tao ra hop chét néu & d& muc nay &
dang mudi TFA (114mg), ma n6 duge st dung khong can tinh ché thém. ESI-MS m/z
[M+H]" 426,5.
Quy trinh didu ché 65: N-xyclobutyl-2-(4-(2,4-diflophenoxy)piperidin-1-y1)-5,6,7.8-
tetrahydropyrido[3,4-b]pyrazin-3-amin

Hop chét néu & d& muc nay c6 nguyen li¢u ban d4u ciia Quy trinh didu ché 50 &
dang mudi TFA dugc didu ché theo cach tuong ty v6i Quy trinh diéu ché 64, ngoai trir
14 hdn hop phan ung dugc khudy trong mdi truong hydro trong thoi gian 2 gio. ESI-
MS m/z [M+H]" 416,5.
Quy trinh didu ché 67: (R)-2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-N-
isopropyl-5,6,7 ,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Hop chit néu & dé muc nay c6 nguyen liéu ban dAu caa Quy trinh didu ché 61 &
dang mudi TFA dugc didu ché theo cach twong tu voi Quy trinh didu ché 64, ngoai trix
12 hdn hop phan tng dugc khudy trong moi trudng hydro trong thoi gian 2 gio. Mudi
TFA nay dugc hoa tan trong DCM va rira bing dung dich nuéc K2CO;3 béo hoa. Cac
pha hitu co duge 1am khd trén NaaSO4, loc, va ¢d trong diéu kién ap suit giam dé thu
duoc hop chit néu & d& muc nay dudi dang bazo tw do. ESI-MS m/z [M+H]" 420,5.
Quy trinh didu ché 69: (S)-2-(4-((2,4-diﬂophenyl)ﬂometyl)piperidin—1-y1)-N-
isopropy1-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Hop chit néu & d& muc nay c6 nguyen liéu ban dau cua Quy trinh didu ché 62 &
dang mubi TFA dugc didu ché theo céach twong tu véi Quy trinh diéu ché 64. Mubi
TFA nay dugc hoa tan trong DCM va rira bang dung dich nuéc K2COs bdo hoa. Cac
pha hitu co dugc lam khd trén NaxSOs, loc, va c0 trong diéu kién 4p suit giam dé thu
duoc hop chit néu & d& muc nay duéi dang bazo tw do. ESI-MS m/z [M+H]" 420,5.
Quy trinh didu ché 71: N—xyclobutyl-2-(4-(2-ﬂo-4-metoxyphenoxy)piperidin-l-yl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Hon hop gbm xyclobutanamin (49,9uL, 0,5 84mmol), mudi TFA cua 6-benzyl-
3-clo-2-(4-(2-ﬂ0-4-metoxyphenoxy)piperidin-1-yl)-5,6,7,8-tetrahydropyrido[3,4-
blpyrazin (116,2mg, 0,195mmol), natri ferz-butoxit (56,1mg, 0,584mmol), BINAP
(18,2mg, 0,029mmol) va Pdy(dba)s; (26,7mg, 0,029mmol) trong toluen (649uL) duoc
dun néng & 90°C trong bng bit kin trong thoi gian 16 gio. Hbn hop nay duoc tinh ché
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tryc tiép bing Phuong phap HPLC A @& thu dugc 6-benzyl-N-xyclobutyl-2-(4-(2-flo-
4-metoxyphenoxy)piperidin-1-yl)-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-3-amin &
dang mubi TFA cia n6 (103,4mg, 84%) dudi dang bot mau vang. ESI-MS m/z
[M+H]" 518,4

Hén hop gdm mubi TFA 6-benzyl-N-xyclobutyl-2-(4-(2-flo-4-
metoxyphenoxy)piperidin-1-y1)-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-3-amin
(103,4mg, 0,164mmol) va Pd(OH), trén than (10mg, 0,014mmol) trong THF (818pL)
duoc khudy & nhiét do trong phong trong moi truong khi hydro (binh cau) trong thoi
gian 4 gio. Hon hop nay dugc loc qua dém Celite™, rira bang MeOH, va ¢ dé thu
dwoc hop chit néu & d& muc ndy & dang mudi TFA cua né (89mg, 100%) dudi dang
chit rin mau vang. ESI-MS m/z [M+H]" 428,4.
Quy tinh didu ché 72:  1-(3-(isopropylamino)-2-(piperazin-1-yl)-7.8-
dihydropyrido[3,4-b]pyrazin-6(5 H)-yl)etan-1-on

B sung HCI (4M trong dioxan, 4,85ml, 19,40mmol) ¢ nhiét d6 23°C vao binh
phan ung dd duoc nap tert-butyl 4-(6-axetyl-3-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-yl)piperazin-1 -carboxylat (1,015g, 2,425mmol).
Hon hop phan tng nay duogc khudy & nhiét @6 23°C trong thoi gian 1 gi0, pha loang
~ véi dioxan (20ml), loc, rira bﬁng dioxan, va lam kho trong chdn khong dé tao ra mudi
HCI cta hop chit néu & d& muc nay (0,861g, 100%) dudi dang chét rin mau vang.
ESI-MS m/z [M+H]* 319,5. |
Quy trinh didu ché 73: 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5-metyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Két hop mudi TFA cia 6-benzyl-3-clo-2-(4-(2,4-diﬂophenoxy)piperidin—l-yl)-
5-metyl-5,6,7 ,8-tetrahydropyrido[3,4-b]pyrazin (280mg, 0,467mmol), isopropylamin
(200pL, 2,337mmol), Pdx(dba)s (42,8mg, 0,047mmol), BINAP (58,2mg, 0,093mmol),
va natri fert-butoxit (112mg, 1,169mmol) trong toluen (2,34ml) va dun noéng & 100°C
trong thoi gian 30 phut trong didu kién vi song. Hdn hop phan tng ndy dugc lam mat,
¢6 trong chdn khéng, va duge tinh ché bang Phuong phéap HPLC A dé tao ra 6-benzyl-
2-(4-(2,4-diﬂophenoxy)piperidin-1-yl)-N-isopropyl—5-mety1—5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin & dang mudi TFA (175mg) dudi dang dau mau
nau.

Binh phin tGng ddy tron dung tich 50ml chira 6-benzyl-2-(4-(2,4-
diflophenoxy)piperidin-1 -yl)-N-isopropyl-5-metyl-5,6,7, 8-tetrahydropyrido[3,4-
b]pyrazin-3-amin mudi TFA (175mg, 0,282mmol) va Pd(OH)2 (20% trong luong,
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39,5mg, 0,056mmol) trong THF (2,82ml) dugc 1am sach va cho vao mdi truong hydro
(binh cAu) trong thoi gian 3 gid. Loc qua Celite™ (rira bing EtOAc) va cd trong chdn
khéng tao ra hop chit néu & @& muc nay & dang mubi TFA (150mg) duéi dang dau
mau nau.

Quy trinh didu ché 74: N—(2,2-diﬂoetyl)-2-(4-(2,4-diﬂophenoxy)piperidin—1-yl)-5-
metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3 -amin

Hop chét néu & d& muc nay (98mg) duogc diéu ché theo cach tuong ty v6i Quy
trinh diéu ché 73 bang cach sir dung 2,2-difloetan-1-amin.

Quy trinh didu ché 76: (5-clo-2-flopheny1)(1-(3-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-yl)piperidin-4-y1)metanon

Hdn hop gdm (5-clo-2-flophenyl)(piperidin-4-yl)metanon hydroclorua (153mg,
0,550mmol), 2,3-diclopyrido[3,4-b]pyrazin (100mg, O,SOOmmol) va DIPEA (261pL,
1,500mmol) trong DCM (1,67ml) dugc khudy & nhiét do trong phong trong thoi gian
30 phit. Hon hgp nay dugc cho phén bb giita dung dich nuéc NH4Cl va EtOAc. Lép
hitu co dugce loc qua dém silic oxit, rira bang EtOAc, va dich loc duge cd trong didu
kién 4p sudt giam dé tao ra (5-clo-2-flopheny1)(1-(3-clopyrido[3,4-b]pyrazin-2-
yl)piperidin-4-yl)metanon (205,5mg) dudi dang chit rén mau da cam. ESI-MS m/z
[M+H]" 405,2.

Hdn hop gdm (5-clo-2-ﬂophenyl)(l-(3-clopyrid0[3,4-b]pyrazin—2-y1)piperidin—
4-yl)metanon (205,5mg, 0,507mmol) va benzyl bromua (63,7pL, 0,532mmol) trong
ACN (1,69ml) dugc dun néng & 80°C trong thoi gian 4 gio. Sau khi hén hop nay dugc
lam mat dén nhiét do trong phong, bd sung natri triaxetoxybohydrua (537mg,
2,54mmol) vao trong mot 1in. Sau 1 gid, hdn hgp nay tdi bang nudc muéi, chiét bang
EtOAc, ¢d va dugc tinh ché bang Phuong phap HPLC A dé thu duoc (1-(6-benzyl-3-
clo-5,6,7,8-tetrahydr0pyrido[3,4-b]pyrazin-2-y1)piperidin-4-y1)(5-clo-2-
flophenyl)metanon & dang mudi TFA cta n6 (112,4mg, 36,1%) dudi dang diu mau
vang. ESI-MS m/z [M+H]" 499,2.

H3n hop gdm propan-2-amin (31,5uL, 0,366mmol), mudi TFA ctia (1-(6-
benzyl-3-clo-5,6,7 ,8-tetrahydropyrido[3,4—b]pyrazin-2-y1)piperidin—4-y1)(5-clo-2-
flophenyl)metanon (112,4mg, 0,183mmol), natri fert-butoxit (35,2mg, 0,366mmol),
BINAP (17,1mg, 0,027mmol) va Pdx(dba)s (8,4mg, 9,16pmol) trong toluen (611puL)
duoc dun néng & 100°C trong thoi gian 16 gio. Hon hop nay duge tinh ché bing
Phuwong phédp HPLC A dé thu duoc (1-(6-benzyl-3-(isopropylamino)-S,6,7,8-
tetrahydropyrido[3,4-b]pyrazin—2-yl)piperidin-4-yl)(5-clo-2—ﬂophenyl)metanon o
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dang mudi TFA cua n6 (41,7mg, 35,8%) duéi dang mang mau vang. ESI-MS m/z
[M+H]" 522,4.

Hén hop gdm mudi TFA cua (1-(6-benzyl-3-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin—2-yl)piperidin-4-y1)(5-clo-2-ﬂophenyl)metanon
(41,7mg, 0,066mmol) va Pd(OH), trén than (20% trong luong, Smg, 0,036mmol)
trong THF (328uL) duoc khudy & nhiét d6 trong phong trong méi trudng khi hydro
(binh cau). Sau 3 gid, hén hop nay duge pha loang véi MeOH, loc qua dém Celite™,
rira bang MeOH, va cd 8 thu duoc hop chét néu & d& muc nay & dang mudi TFA cla
n6 (36mg, 100%) duéi dang mang mau vang, ma nd duoc sit dung khong cn tinh ché
thém. ESI-MS m/z [M+H]" 432,3.

Quy trinh didu ché 77: 3-clo-N-isopropylpyrido[3,4-b]pyrazin-2-amin

Bé sung propan-2-amin (1,065ml, 12,50mmol) & nhiét 46 0°C vao dung dich
chira 2,3-diclopyrido[3,4-b]pyrazin (2,5g, 12,50mmol) va DIPEA (6,53ml, 37,5mmol)
trong DCM (25ml). Hon hop nay dugc khudy & nhiét @6 0°C trong thoi gian 30 phut,
1am 4m tir tir dén 23°C, va khudy trong thoi gian 12 gio. Hbn hop tho nay dugc cho
phan bd gitta EtOAc (100ml) va dung dich nudc bao hoa NH,CI (100ml). Tach cac
16p va pha nuéc dugc rira bang EtOAc (4 x 100ml). Gom dich chiét hitu co, rira bang
nuée mudi (50ml), 1am kho trén Na2SOs, loc, rira bang EtOAc, va lam kho trong chan
khong. Chét tho tao ra dugc hoa tan trong toluen (5ml) va tinh ché bing phép sic ky &
&p suit trung binh bang cach st dung chét ria giai voi gradien tir 50% dén 75%
EtOAc trong heptan trén c{t silicagel 80g (Single Step™) d8 tao ra hop chit néu & dé
muc nay (1,828g, 65,7%) duéi dang chét rén mau vang cam. 'H NMR (400 MHz,
DMSO-ds) & ppm 1,28 (d, J = 6,6 Hz, 6H), 4,39-4,49 (m, 1H), 7,49 (dd, J= 5,8, 0,8
Hz, 1H), 7,73 (d, J= 7,8 Hz, 1H), 8,52 (d, J = 5,6 Hz, 1H), 8,95 (d, J = 0,8 Hz, 1H);
ESI-MS m/z [M+H]" 223,1.

Quy trinh didu ché 78: 3-clo-N-xyclopropylpyrido[3,4-b]pyrazin-2-amin

Dung dich chua 2,3-diclopyrido[3,4-b]pyrazin (3,55g, 17,7 5mmol) trong
dioxan (71,0ml) & nhiét do trong phong duogc xir Iy bang xyclopropanamin (1,63ml,
23,07mmol), tiép theo 12 bd sung nhé giot DIPEA (6,51ml, 37,3mmol). Hon hop phéan
g thu duoc dugc khudy & nhiét do trong phong trong thoi gian 12 gid. Viéc tinh ché
bang phép séc ky nhanh trén silicagel bang cach st dung gradien tir 25% dén 100%
EtOAc trong hexan tao ra hop chit néu & d& muc nay (3,15g, 80%) dudi dang chét rin
mau da cam. ESI-MS m/z [M+H]" 221,1.

Quy trinh didu ché 79: 3-clo-N-(2,2-diﬂoety1)pyrido[3,4-b]pyrazin—2-amin
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Dung dich chtta 2,3-diclopyrido[3,4-b]pyrazin (50mg, 0,250mmol) trong
dioxan (250pL) duoc xir ly béng 2,2-difloetanamin (21,0pL, 0,275mmol) va DIPEA
(131pL, 0,750mmol). H6n hop phan (mg thu dugc dugc khudy & nhiét d§ 70°C trong
thoi gian 1 gio, tiép theo, dugc tinh ché bing phép sic ky nhanh trén silicagel bing
cach sir dung gradien tir 0% dén 60% EtOAc trong hexan @2 tao ra hop chét néu & s
muc nay (52mg, 85%) dudi dang chét rdn mau vang nhat.

Quy trinh didu ché 80: 6-benzy1-3-clo-N-xyclopropyl-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-amin

Hén hop gdm 3-clo-N-xyclopropylpyrido[3,4-b]pyrazin-2-amin (301,8mg,
1,368mmol) va (bromometyl)benzen (170pL, 1,436mmol) trong ACN (4,5ml) duoc
dun néng & 80°C trong thoi gian 3 gio. Bé sung natri triaxetoxybohydrua (1449mg,
6,8mmol) vao hdn hgp nay & nhiét d9 trong phong. Sau 30 phut, bd sung nuée mubi
vao hdn hop nay. Sau khi khudy trong thoi gian 1 gio, cac 16p dugc tach va 16p hitu co
duoc tinh ché bing Phuong phap HPLC A d8 tao ra hop chit néu & dé muc ndy & dang
muéi TFA (290,6mg, 49,5%) dudi dang chét rén mau vang. ESI-MS m/z [M+H]'
315,2.

Quy trinh didu ché 81: 3-clo-N-xyclopropyl-6-metyl-5,6,7 ,8-tetrahydropyrido[3,4-
b]pyrazin-2-amin

Hop chit néu & d& myc ndy & dang mubi TFA (22mg, 17,2%) dugc didu ché
theo cach twong tu v6i Quy trinh didu ché 80 bang cach st dung iodometan. ESI-MS
m/z [M+H]" 239,2.

Quy trinh didu ché 83: 6-benzyl-3-clo-N-isopropyl-5,6,7 ,8-tetrahydropyrido|[3,4-
b]pyrazin-2-amin

Hop chét néu & d& muc ndy & dang mudi TFA (240mg, 41,3%) duge didu ché
theo cach twong tu véi Quy trinh didu ché 80 bang cach st dung 3-clo-N-
isopropylpyrido[3,4-b]pyrazin-2-amin. ESI-MS m/z [M+H]" 317,3.

Quy trinh diéu ché 85: 6-benzyl-3-clo-N-(2,2-diﬂ0etyl)-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-amin

Dung dich chtra 3-clo-N-(2,2-difloetyl)pyrido[3,4-b]pyrazin-2-amin (200mg,
0,818mmol) va benzyl bromua (99pL, 0,818mmol) trong ACN (4,09m1) dugc khudy &
nhiét d6 80°C trong thoi gian 3 gio, tiép theo, hdn hgp phan g ndy dugc lam mat
xubng nhiét do trong phong va xu ly bing natri triaxetoxyhydroborat (520mg,
2,453mmol). Sau 1 gid, dung dich nay dugc rot vao dung dich NaOH 0,5M va chiét
hai 14n béng EtOAc. Gom dich chiét, co, pha loang trong DMF, loc qua mang loc
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PTFE 0,45um wa nuéc (Millipore® Millex-LCR), va dugc tinh ché bing Phuong
phap HPLC A dé tao ra hop chit néu & d& muc ndy & dang mudi TFA (150mg,
40,5%).

Quy trinh didu ché 86: 6-benzyl-N-(tert-butyl)-3-clo-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-amin

N-(tert-butyl)-3-clopyrido[3,4-b]pyrazin-2-amin

Két hop 2,3-diclopyrido[3,4-b]pyrazin (lg, 5,00mmol) va DIPEA (1,75ml,
10,00mmol) trong DCM (10,00ml) va lam mat xubng 0°C va dugce bd sung vao tert-
butylamin (1,590ml, 15,00mmol) va khudy trong thoi gian 48 gid. Hbn hop phan Gng
ndy dugc rét vao dung dich nuée bdo hoa NHC1 v chiét hai l4n bang EtOAc. Gom
dich chiét hitu co, loc qua MgSO4, va cb trong chdn khéng. Can dugc hoa tan lai trong
EtOAc, loc qua nit silic oxit c6 duong kinh 1 inso (2,54cm), ria bang EtOAc, va cd
tao ra N-(tert-butyl)-3-clopyrido[3,4-b]pyrazin-2-amin (1,04g, 88%).

Dung dich chta N-(tert-butyl)-3-clopyrido[3,4-b]pyrazin-2-amin (200mg,
0,845mmol) va benzyl bromua (145mg, 0,845mmol) trong ACN (4,22ml) dugc dun
néng dén 80°C trong thoi gian 3 gio. Hdn hop phan tng dugc 1am mét va natri
triaxetoxybohydrua (537mg, 2,53mmol) dugc bd sung vao. Sau 1 gio, hdn hop phén
ting dugc rét vao dung dich NaOH 0,5M va chiét hai 14n bang EtOAc. Gom dich
chiét, c6, va duge tinh ché bang Phuong phap HPLC A @2 tao ra hop chit néu & aé
muc nay & dang mudi TFA (125mg, 33,3%).

Quy trinh didu ché 87: 6-benzyl-3-(4-((2-flophenylsulfonyl)piperidin-1-yl)-N-
isopropyl-S,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

Huyén phu choa 6-benzy1—3-clo-N-isopropy1-5,6,7,8-tetrahydropyrido[3,4-
blpyrazin-2-amin (117,2mg, 0,370mmol) va 4-((2-flophenyl)sulfonyl)piperidin
hydroclorua (124mg, 0,444mmol) trong toluen (1,85ml) duge xir ly bang natri tert-
butoxit (107mg, 1,110mmol), BINAP (34,6mg, 0,055mmol), va Pdx(dba); (16,9mg,
0,018mmol). Khi nito (binh cau) dugc suc qua hdn hop phén tng nay trong thoi gian
5 phaut. Tiép theo, hdn hop phan tng ndy dugc bit kin va dun néng & 90°C trong thoi
gian 18 gid. Hon hop phan ing ndy dugc cho tiép xtc véi khong khi va co trong didu
kién ap suét giam. Can dugc hép thu trong DMF/MeOH, loc qua thiét bi loc kiéu
xiranh 0,45um, va dugc tinh ché bing Phuong phap HPLC A 8 tao ra hop chét néu &
d muc nay (99,7mg, 42,3%). ESI-MS m/z [M+H]" 523,90.

Quy trinh diéu ché 88: 6-benzyl-N-xyclopropyl-3- (4 -(2-flo-4-
metoxyphenoxy)piperidin-1-yI)-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-2-amin
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Hon hop gbm 4-(2-flo-4-metoxyphenoxy)piperidin hydroclorua (73,2mg,
0,280mmol), 6-benzyl-3-clo-N-xyclopropyl-S,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-
amin mubi TFA (100mg, 0,233mmol), natri ferz-butoxit (67,2mg, 0,700mmol),
BINAP (21,8mg, 0,035mmol) va Pda(dba); (10,7mg, 0,012mmol) trong toluen (1,2ml)
dugc dun néng & 90°C trong thoi gian 14 gio. Hon hop nay dugc tinh ché truc tiép
bing Phuong phap HPLC A @2 tao ra hop chit néu & d& muc nay & dang mudi TFA
(114,2mg, 97%) dudi dang bot mau vang. 'H NMR (400 MHz, metanol-ds) 6 ppm
0,53-0,60 (m, 2H), 0,78-0,85 (m, 2H), 1,84 - 1,95 (m, 2H), 1,99-2,09 (m, 2H), 2,65-
2,73 (m, 1H), 2,90-2,98 (m, 1H), 3,08-3,23 (m, 3H), 3,33 - 3,42 (m, 2H), 3,55-3,68
(m, 2H), 3,75 (s, 3H), 4,16-4,24 (m, 1H), 4,28-4,40 (m, 2H), 4,50-4,59 (m, 2H), 6,67
(s, 1H), 6,73 (dd, J = 12,9, 3,0 Hz, 1H), 7,01-7,09 (m, 1H), 7,52-7,61 (m, SH); ESI-
MS m/z [M+H]" 504,4. \

Quy trinh didu ché 88: 6-benzyl-N-xyclopropyl-2-(4-(2-flo-4-
metoxyphenoxy)piperidin-1-yI)-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Hdn hop gdm xyclopropanamin (27,2mg, 0,477mmol), 6-benzyl-3-clo-2-(4-(2-
ﬂo-4-metoxyphenoxy)piperidin—1-yl)-S,6,7,8-tetrahydropyrido[3,4-b]pyrazin mudi
TFA (71,2mg, 0,119mmol), natri tert-butoxit (22,9mg, 0,239mmol), BINAP (1 1,1mg,
0,018mmol) va Pdx(dba)s (5,5mg, 5,96umol) trong toluen (400uL) dugc dun noéng &
90°C trong thoi gian 14 gio. Hon hop nay dugc tinh ché truc tiép bang Phuong phép
HPLC A dé tao ra hop chit néu & d& muc nay & dang mubdi TFA (49,2mg, 66,8%)
duéi dang chét rin mau vang. '"H NMR (400 MHz, metanol-ds) 8 ppm 0,50-0,55 (m,
2H), 0,76 (dd, J = 7,0, 1,9 Hz, 2H), 1,86-1,96 (m, 2H), 2.01-2,10 (m, 2H), 2,63 (tt, J=
7,0, 3,6 Hz, 1H), 2,93-3,01 (m, 2H), 3,07 (br s, 2H), 3,34-3,41 (m, 2H), 3,56 (br s,
2H), 3,75 (s, 3H), 4,23 (br s, 2H), 4,30-4,37 (m, 1H), 4,53 (br s, 2H,) 6,63-6,68 (m,
1HL6J3@¢J512£,z9HL1HL7£50“F=%2HL1HL7§ZZ61@L5HxE$-
MS m/z [M+H]" 504,4.

Quy trinh didu ché 90: N—xyclopropy1-3-(4-(2-ﬂo—4-metoxyphenoxy)piperidin—l-yl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

Hén hop gdm mubi TFA cuia 6-benzyl-N-xyclopropyl-3-(4-(2-flo-4-
metoxyphenoxy)piperidin-1-yl)-5,6,7,8-tetrahydropyrido[3,4—b]pyrazin—2-amin (5mg,
8,10pmol) va Pd(OH), trén than, (20% trong luong, 1mg, 7,12pmol) trong THF
(80uL) dugce khudy trong mdi truong khi hydro (binh cau) & nhiét do trong phong.
Sau 1 gid, hdn hop ndy duge tinh ché bing Phuong phap HPLC A 2 tao ra hop chét
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néu & d& myc nay & dang mudi TFA (4,6mg, 100%) dudi dang mang mau vang; ESI-
MS m/z [M+H]" 414,4.
Quy trinh didu ché 91: N-xyclopropyl-2-(4-(2-ﬂo-4-metoxyphenoxy)piperidin—1-y1)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Hon hop gbém mudi TFA ctia 6-benzyl-N-xyclopropyl-2-(4-(2-flo-4-
metoxyphenoxy)piperidin-1-yl)-5,6,7,8-tetrahydropyrido[3 ,4-b]pyrazin-3-amin
(46,8mg, 0,076mmol) va Pd(OH), trén than (20% trong luong, 5mg, 0,036mmol)
trong THF (760pL) duoc khudy trong méi trudng khi hydro (binh cau) & nhiét do
trong phong. Sau 2 gid, hdn hop nay dugc tinh ché bing Phuong phap HPLC A dé tao
ra hop chit néu & dé muc nay & dang mubi TFA (39,6mg, 99%) dudi dang diu mau
vang. 'H NMR (400 MHz, metanol-ds) & ppm 0,52-0,59 (m, 2H), 0,75-0,83 (m, 2H),
1,84-1,97 (m, 2H), 2,02-2,12 (m, 2H), 2,64-2,71 (m, 1H), 2,93-3,16 (m, 4H), 3,35 (s,
2H), 3,52-3,63 (m, 2H), 3,75 (s, 3H), 4,20-4,31 (m, 2H), 4,32-4,40 (m, 1H), 6,63-6,69 |
(m, 1H), 6,73 (dd, J = 12,9, 3,0 Hz, 1H), 7,03-7,10 (m, 1H); ESI-MS m/z [M+H]"
414,3.
Quy trinh didu ché 92: 6-benzyl-N-xyclopropyl-3-(4-((2,4-
diﬂophenyl)ﬂometyl)piperidin—1-yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin—2-amin

Hbn hop gdm 4-((2,4-diflophenyl)flometyl)piperidin hydroclorua (101mg,
0,38 1mmol), 6-benzy1—3-clo-N-xyclopropyl-S,6,7,8-tetrahydropyrido[3 ,A-b]pyrazin-2-
amin (100mg, 0,318mmol), natri terz-butoxit (92mg, 0,953mmol), BINAP (29,7mg,
0,048mmol) va Pdy(dba)s; (14,5mg, 0,016mmol) trong toluen (1,6ml) dugc dun néng &
90°C trong thoi gian 14 gio. Hon hop nay dugc tinh ché bing Phuong phap HPLC A
dé tao ra hop chit néu & d& muc ndy & dang mudi TFA (135,9mg, 68,8%) dudi dang
diu mau vang. 'H NMR (400 MHz, metanol-ds) & ppm 0,55 (dt, J = 3,5, 1,4 Hz, 2H),
0,77-0,84 (m, 2H), 1,35-1,43 (m, 1H), 1,50-1,71 (m, 2H), 1,91-2,11 (m, 2H), 2,56-
2,72 (m, 3H), 3,06-3,15 (m, 2H), 3,36-3,51 (m, 3H), 3,52-3,76 (m, 1H), 4,17 (br s,
2H), 4,52 (s, 2H), 5,50 (dd, J = 46,2, 7,6 Hz, 1H) 6,96-7,07 (m, 2H), 7,44-7,60 (m,
6H); ESI-MS m/z [M+H]" 508,4.
Quy trinh diéu ché 93: 6-benzyl-N-xyclopropyl-2-(4-((2,4-
diflophenyl)flometyl)piperidin-1-y1)-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Hdn hop gébm xyclopropanamin (65uL, 0,943mmol), mudi TFA cta 6-benzyl-
3-clo-2-(4—((2,4-diﬂophenyl)ﬂometyl)piperidin—1-yl)-5,6,7,8-tetrahydropyrido[3,4-
blpyrazin (141,7mg, 0,236mmol), natri tert-butoxit (45,3mg, 0,472mmol), BINAP
(22,0mg, 0,035mmol), va Pdx(dba)s (10,8mg, 0,012mmol) trong toluen (800uL) dugc
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dun néng & 90°C trong thdi gian 14 gid. Hon hop nay dugc tinh ché tryc tiép bing
Phuong phép HPLC A d8 tao ra hop chit néu & dé muc nay & dang mudi TFA
(98,1mg, 66,9%) as diu mau vang. 'H NMR (400 MHz, metanol-ds) 8 ppm 0,48-0,54
(m, 2H), 0,71-0,78 (m, 2H), 1,36-1,45 (m, 1H), 1,50-1,72 (m, 2H), 1,92-2,12 (m, 2H),
2,57-2,71 (m, 3H), 2,97-3,10 (m, 2H), 3,39-3,55 (m, 3H), 3,75-3,89 (m, 1H), 4,22 (br
s, 2H), 4,53 (br s, 2H), 5,50 (dd, J = 46,5, 7,6 Hz, 1H), 6,96-7,07 (m, 2H), 7,45-7,61
(m, 6H); ESI-MS m/z [M+H]" 508,4.
Quy trinh didu ché 94: N-xyclopropyl-3-(4-((2,4-diﬂophenyl)ﬂometyl)piperidin-1-yl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

Hon hop gdm 6-benzyl-N-xyclopropyl-3-(4-((2,4-
diﬂophenyl)ﬂometyl)piperidin—1-yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-aniin
mudi TFA (132,1mg, 0,213mmol) va Pd(OH) (20% trong lugng, 15mg, 0,021mmol)
trong THF (1,0ml) dugc khudy & nhiét d trong phong trong méi trudng khi hydro
(binh ciu). Sau 2 gid, hén hop ndy dugc tinh ché tryc tiép bang Phuong phap HPLC A
dé tao ra hop chét néu & dé muc nay & dang mudi TFA (91,1mg, 81%) dudi dang dau
mau vang. 'H NMR (400 MHz, metanol-ds) & ppm 0,55-0,61 (m, 2H), 0,80-0,86 (m,
2H), 1,41 (br d, J = 12,4 Hz, 1H), 1,52-1,73 (m, 2 H), 1,93-2,13 (m, 2H), 2,60-2,73
(m, 3H), 3,05 (t, J = 6,3 Hz, 2H), 3,39-3,52 (m, 2H), 3,55 (t, /= 6,3 Hz, 2H), 3,98 (s,
1H), 4,17 (s, 2H), 5,51 (dd, J = 46,7, 7,6 Hz, 1H), 6,97-7,08 (m, 2H), 7,45-7,54 (m,
1H); ESI-MS m/z [M+H]" 418,3.
Quy trinh didu ché 95: N—xyclopropy1-2-(4-((2,4-diﬂophenyl)ﬂometyl)piperidin-1-yl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Hdn hop gdm mubi TFA cua 6-benzyl-N-xyclopropyl-2-(4-((2,4-
diflophenyl)flometyl)piperidin-1-y1)-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-3-amin
(93,5mg, 0,150mmol) va Pd(OH) (20% trong lugng, 10mg, 0,014mmol) trong THF
(750pL) duoc khudy & nhiét d trong phong trong moéi truong khi hydro (binh cau).
Sau 2 gi®, hdn hgp nay duoc tinh ché truc tiép bﬁng Phuong phéap HPLC A dé tao ra
hop chét néu & d& muc nay & dang mudi TFA (67,7mg, 85%) dudi dang diu mau
vang. '"H NMR (400 MHz, metanol-ds) 8 ppm 0,51-0,57 (m, 2H), 0,75-0,81 (m, 2H),
1,43 (br d, J= 13,1 Hz, 1H), 1,52-1,72 (m, 2H), 1,94-2,13 (m, 2H), 2,59-2,72 (m, 3H),
2,97 (t, J = 6,3 Hz, 2H), 3,40-3,50 (m, 2H), 3,51-3,56 (m, 2H), 3,98 (s, 1H), 4,22 (s,
2H), 5,51 (dd, J = 46,2, 7,3 Hz, 1H), 6,96-7,08 (m, 2H), 7,46-7,54 (m, 1H); ESI-MS
m/z [M+H]" 418,3.
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Quy trinh didu ché 96: 6-benzyl-3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-N-
isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

Hén hop gdbm 4-(2-flo-4-metoxyphenoxy)piperidin hydroclorua (72,9mg,
0,279mmol), mudi TFA clia 6-benzyl-3-clo-N-isopropyl-5,6,7 ,8-tetrahydropyrido([3,4-
blpyrazin-2-amin (100mg, 0,232mmol), natri fert-butoxit (66,9mg, 0,696mmol),
BINAP (21,7mg, 0,035mmol), va Pdx(dba); (10,6mg, 0,012mmol) trong toluen
(1,16ml) dugc dun néng & 100°C trong 6ng bit kin trong thoi gian 14 gio. Hon hop
nay dugc tinh ché bing Phuong phap HPLC A d8 tao ra hop chét néu & dé muc nay &
dang mudi TFA (122,1mg, 85%) dudi dang chit rén mau vang. 'H NMR (400 MHz,
metanol-ds) & ppm 1,24 (d, J = 6,6 Hz, 6H), 1,86-1,97 (m, 2H), 2,03-2,12 (m, 2H),
2,95 (br s, 2H), 3,01-3,12 (m, 2H), 3,33-3,38 (m, 2H), 3,53 (br s, 2H), 3,75 (s, 3H),
4,13-4,24 (m, 3H), 4,31-4,38 (m, 1H), 4,52 (s, 2H), 6,63-6,69 (m, 1H), 6,73 (dd, J =
12,8, 2,9 Hz, 1H), 7,06 (t, J = 9,2 Hz, 1H), 7,51-7,60 (m, 5H); ESI-MS m/z [M+H]*
506,4.
Quy trinh didu ché 97: 6-benzyl-3-(4-((2,4-diflophenyl)flometyl)piperidin-1-y1)-N-
isopropyl—5,6,7,8-tetrahydropyrid0[3,4-b]pyrazin-2-amin

Hdn hop gbém 4-((2,4-diflophenyl)flometyl)piperidin hydroclorua (74,0mg,
0,279mmol), 6-benzy1-3-clo-N-isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin—2-
amin mudi TFA (100mg, 0,232mmol), natri ferz-butoxit (66,9mg, 0,696mmol),
BINAP (21,7mg, 0,035mmol) va Pdx(dba)s (10,6mg, 0,012mmol) trong toluen (1,2ml)
dugc dun néng & 100°C trong bng bit kin trong thoi gian 14 gio. Hoén hop nay dugc
tinh ché bang Phuong phdap HPLC A d2 tao ra hop chét néu & dé muc nay & dang
mubi TFA (108,3mg, 74,8%) du6i dang chét rin mau vang. 'H NMR (400 MHz,
metanol-ds) & ppm 1,23 (dd, J = 6,4, 2,4 Hz, 6H), 1,39-1,47 (m, 1H), 1,51-1,72 (m,
2H), 1,95-2,12 (m, 2H), 2,58-2,70 (m, 2H), 3,04 (br s, 2H), 3,36-3,83 (m, 4H), 4,09-
4,21 (m, 3H), 4,51 (br s, 2H), 5,52 (dd, J= 46,2, 7,3 Hz, 1H), 6,97-7,07 (m, 2H), 7,45-
7,59 (m, 6H); ESI-MS m/z [M+H]" 510,4.
Quy trinh didu ché 98: 3-(4-(2-ﬂ0-4-metoxyphenoxy)piperidin-l-yl)-N-isopropyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

Hbn hop gdm mubi TFA cta 6-benzyl-3-(4-(2-flo-4-metoxyphenoxy)piperidin-
1-yl)-N-isopropyl-5,6,7 ,8-tetrahydropyrido[3,4-b]pyrazin-2-amin (122mg,
0,197mmol) va Pd(OH), trén than (20% trong lugng, 12meg, 0,017mmol) trong THF
(2,0ml) dugc khudy trong moi truong khi hydro (binh ciu) & nhiét d§ trong phong.
Sau 2 gid, hdn hop nay dugc tinh ché bing Phuong phip HPLC A 8 tao ra hop chét
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néu & d& muc nay & dang mubi TFA (83,2mg, 80%) dudi dang diu mau vang. 'H
NMR (400 MHz, metanol-ds) 8 ppm 1,25 (d, J = 6,6 Hz, 6H), 1,88-1,98 (m, 2H),
2,04-2,13 (m, 2H), 2,93-3,03 (m, 4H), 3,35-3,41 (m, 3H), 3,54 (t, J = 6,3 Hz, 2H),
3,76 (s, 3H), 4,14-4,18 (m, 2H), 4,18-4,23 (m, 1H), 4,32-4,40 (m, 1H), 6,67 (ddd, J =
9,0, 3,0, 1,4 Hz, 1H), 6,74 (dd, J= 12,9, 3,0 Hz, 1H), 7,07 (t, J=9,2 Hz, 1H); ESI-MS
m/z [M+H]" 416,3.
Quy trinh didu ché 99: 3-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-N-isopropyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

Hbn hop gdm mudi TFA 6-benzyl-3-(4-((2,4-diflophenyl)flometyl)piperidin-1-
yl)—N-isopropyl-S,6,7,8-tetrahydropyrido[3,4-b]pyrazin—2-amin (108,3mg,
0,174mmol) va Pd(OH) trén than, (20% trong luong, 11mg, 0,016mmol) trong THF
(1,7ml) dugc khudy trong mdi trudng khi hydro (binh cau) ¢ nhiét d6 trong phong.
Sau 2 gid, hdn hop ndy duoc tinh ché bing Phuong phap HPLC A d8 tao ra hop chét
néu & d& myc nay & dang mudi TFA (67,5mg, 72,9%) dudi dang mang mau vang. H
NMR (400 MHz, metanol-ds) & ppm 1,24 (dd, J = 6,6, 2,3 Hz, 6H), 1,41-1,48 (br m,
1H), 1,52-1,74 (m, 2H), 1,97-2,14 (m, 2H), 2,61-2,73 (m, 2H), 2,99 (t, J = 6,3 Hz,
2H), 3,38-3,49 (m, 2H), 3,50-3,55 (m, 2H), 4,14 (s, 2H), 4,14-4,21 (m, 1H), 5,53 (dd,
J = 46,5, 7,3 Hz, 1H), 6,95-7,10 (m, 2H), 7,46-7,55 (m, 1H); ESI-MS m/z [M+H]"
420,3. v
Quy trinh didu ché 100: 6-benzyl-2-(4-(2-ﬂ0-4-metoxyphenoxy)piperidin-1-yl)-N-
isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin—3-amin

Hdn hop gbébm propan-2-amin (71pL, 0,827mmol), mubi TFA cla 6-benzyl-3-
clo-2-(4-(2-ﬂo-4-metoxyphenoxy)piperidin-1-yl)-S,6,7,8-tetrahydropyrido[3,4-
blpyrazin (123,4mg, 0,207mmol), natri terz-butoxit (39,7mg, 0,413mmol), BINAP
(19,3mg, 0,031mmol) va Pdx(dba)s (9,5mg, 10,33pmol) trong toluen (690uL) dugc
- dun néng & 100°C trong thoi gian 16 gio. Tiép theo, hon hgp nay dugc duge tinh ché
bang Phwong phap HPLC A 2 tao ra hop chit néu & d& muc ndy & dang mubi TFA
(54,7mg, 42,7%) dudi dang mang mau vang. 'H NMR (400 MHz, metanol-ds) 6 ppm
1,22 (d, J = 6,6 Hz, 6H), 1,87-2,13 (m, 4H), 2,94-3,10 (m, 4H), 3,35-3,53 (m, 3H),
3,75 (s, 3H), 3,79-3,88 (m, 1H), 4,07-4,27 (m, 3H), 4,31-4,39 (m, 1H), 4,52 (br s, 2H),
6,66 (ddd, J = 8,9, 3,0, 1,5 Hz, 1H), 6,73 (dd, J = 12,9, 3,0 Hz, 1H), 7,03-7,10 (m,
1H), 7,51-7,60 (m, SH); ESI-MS m/z [M+H]" 506,4.
Quy trinh didu ché 101: 6-benzyl-2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-N-
isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin—3-amin
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Hon hop g(“)m propan-2-amin (82pL, 0,954mmol), 6-benzyl-3-clo-2-(4-((2,4-
diﬂophenyl)ﬂometyl)piperidin-1-yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin TFA
(143,3mg, 0,238mmol), natri tert-butoxit (45,8mg, 0,477mmol), BINAP (22,3mg,
0,036mmol) va Pdx(dba)s (10,9mg, 0,012mmol) trong toluen (800pL) & nhiét do
100°C trong thoi gian 16 gis. Tiép theo, hon hop nay duge duoc tinh ché bang
Phuong phiap HPLC A d tao ra hop chit néu & dé muc nay & dang mubi TFA
(63,8mg, 42,9%) duéi dang mang mau vang. IH NMR (400 MHz, metanol-ds) 3 ppm
1,21 (dd, J = 6,4, 2,4 Hz, 6H), 1,40-1,48 (m, 1H), 1,51-1,74 (m, 2H), 1,95-2,16 (m,
2H), 2,61-2,73 (m, 2H), 3,00 (br s, 2H), 3,40-3,57 (m, 3H), 4,06-4,13 (m, 2H), 4,15-
4,20 (br m, 1H), 4,51 (br s, 2H), 5,52 (dd, J = 46,0, 7,3 Hz, 1H), 6,97-7,08 (m, 2H),
7,46-7,62 (m, 6H); ESI-MS m/z [M+H]" 510,4.

Quy trinh didu ché 102: 2-(4-(2-ﬂo-4-metoxyphenoxy)piperidin-1-y1)-N-isopropyl—
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Hdn hop gdm mubi TFA cua 6-benzy1—2-(4-(2-ﬂo-4-metoxyphenoxy)piperidin—
1-yl)-N-isopropyl-S,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (51mg, 0,082mmol)
va Pd(OH), trén than (20% trong lugng, Smg, 7,12umol) trong THF (820uL) duoc
khudy trong méi trudong khi hydro (binh ciu) & nhiét do trong phong. Sau 2 gid, hdn
hop nay dugc tinh ché bang Phuong phap HPLC A 8 tao ra hop chit néu & d& muc
nay ¢ dang mudi TFA (41,2mg, 95%) dudi dang bot mau vang. TH NMR (400 MHz,
metanol-ds) & ppm 1,24 (d, J = 6,6 Hz, 6H), 1,88-1,98 (m, 2H), 2,05-2,14 (m, 2H),
2,94-3,03 (m, 4H), 3,35-3,43 (m, 2H), 3,54 (t, J= 6,3 Hz, 2H), 3,76 (s, 3H), 4,10-4,21
(m, 3H), 4,32-4,39 (m, 1H), 6,67 (ddd, J = 8,9, 3.0, 1,5 Hz, 1 H), 6,74 (dd, J = 12,8,
2,9 Hz, 1H), 7,07 (t, J=9,2 Hz, 1H); ESI-MS m/z [M+H]" 416,3.

Quy trinh didu ché 103: 2-(4-((2,4-diﬂophenyl)ﬂometyl)piperidin—1-y1)-N-isopropy1—
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

Hén hop gbdm mudi TFA clia 6-benzyl-2-(4-((2,4-
diflophenyl)flometyl)piperidin- 1-yl)-N-isopropyl-5,6,7,8-tetrahydropyrido[3 A4-
b]pyrazin-3-amin (60mg, 0,096mmol) va Pd(OH), trén than, (20% trong lugng, 6mg,
8,54pmol) trong THF (960uL) duge khudy trong moi truong khi hydro (binh cau) &
nhiét 6 trong phong. Sau 2 gio, hdn hop nay dugce tinh ché bang Phuong phéap HPLC
A dé tao ra hop chit néu & d& muc nay & dang mubdi TFA (47,6mg, 93%) duéi dang
bot mau vang. "H NMR (400 MHz, metanol-ds) & ppm 1,23 (dd, J = 6,4, 2,4 Hz, 6H),
1,41-1,49 (m, 1H), 1,52-1,74 (m, 2H), 1,98-2,14 (m, 2H), 2,68 (qd, J = 12,6, 2,5 Hz,
2H), 2,96 (t, J = 6,3 Hz, 2H), 3,40-3,51 (m, 2H), 3,52 (t, J = 6,3 Hz, 2H), 4,10-4,16
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(m, 1H), 4,16 (s, 2H), 5,53 (dd, J = 46,5, 7,6 Hz, 1H), 6,97-7,08 (m, 2H), 7,47-7,55
(m, 1H); ESI-MS m/z [M+H]" 420,3.
Quy trinh didu ché 104: 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7.8-
tetrahydropyrido[3,4-b]pyrazin-3-amin

Hdn hop gdém 6-benzy1—2-(4-(2,4-diﬂophenoxy)piperidin—1-yl)-N-isopropyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (6,43g, 13,03mmol) va 10% Pd/C
(640mg) trong MeOH (86ml) trong mdi trudng Ho trong binh cdu dwoc khudy & nhiét
d6 trong phong qua dém. Loai bé dung moi 2 tao ra hop chét néu & dé muc nay (4,4g,
84%) dudi dang diu mau vang. 'H NMR (400 MHz, metanol-ds) 8 ppm 1,24 (d, J=
6,4 Hz, 6H), 1,89-1,99 (m, 2H), 2,09-2,17 (m, 2H), 2,74 (t, /= 5,9 Hz, 2H), 2,95 (ddd,
J=12.3, 8,7, 3,4 Hz, 2H), 3,11 (t, J= 6,1 Hz, 2H), 3,82 (s, 2H), 4,14 (septet, J = 6,4
Hz, 1H), 4,46 (it, J= 7,7, 3,5 Hz, 1H), 6,85-6,92 (m, 1H), 6,99 (ddd, J=114, 8,4,3,2
Hz, 1H), 7,18 (td, J= 9,3, 5.4 Hz, 1H); ESI-MS m/z [M+H]" 404,0.
Quy trinh didu ché 105: 2-(4-(2,4-diﬂobenzyl)piperazin—1-yl)-N-is_opropyl-S,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin

B sung NaOH, dung dich 15% (2,201g, 8,26mmol) & nhiét d6 23°C vao dung
dich chtra 1—(2-(4-(2,4-diﬂobenzyl)piperazin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon (0,367g, 0,826mmol) trong MeOH
(4ml). Hon hop phan tng nay dugc khudy & nhiét d6 65°C trong thoi gian 16 gio, lam
mat xudng 23°C, va trung hoa bang dung dich HCI IN (9,5ml) daé tab ra huyén phu.
Ho6n hop thd nay duge co trén thiét bi lam bay hoi kiéu quay, lam mat xudng 23°C, va
duogc khuz"ly qua dém. Chiét rén thu dugc duoc loc, rira b%mg nudc, va lam kho trong
chan khéng dé tao ra hop chét néu & d& muc nay (253mg, 76%) dudi dang bot mau
vang. 'H NMR (500 MHz, DMSO-de) 6 ppm 1,15 (d, /= 6,8 Hz, 6H), 2,42 (br s, 1H),
2,51-2,61 (m, 6H), 2,89-3,00 (m, 6H), 3,58 (s, 2H), 3,63 (s, 2H), 4,00-4,10 (m, 1H),
5,15 (d, J= 8,3 Hz, 1H), 7,04-7,11 (m, 1H), 7,21 (td, J = 10,0, 2,4 Hz, 1H), 7,44-7,52
(m, 1H); ESI-MS nv/z [M+H]" 403,0.
Quy  trinh didu  ché  106:  4-((1-(6-benzyl-2-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin—3-yl)piperidin-4-yl)oxy)-3—ﬂobenzonitril

Hén hop gdm 6-benzyl-3-clo-N-isopropyl-5,6,7 ,8-tetrahydropyrido[3,4-
b]lpyrazin-2-amin axetat (2,765g, 2,93mmol), 3-flo-4-(piperidin-4-yloxy)benzonitril
hydroclorua (0,904g, 3,52mmol), natri fert-butoxit (1,128g, 11,74mmol), BINAP
(0,274g, 0,440mmol), va Pdx(dba)s (0,134g, 0,147mmol) trong toluen (25ml) duogc
khudy & nhiét do 100°C trong thoi gian 22 gio. Mot luong bd sung BINAP (0,219g,
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0,352mmol) va Pda(dba)s (0,107g, 0,117mmol) dugc bd sung vao binh phan ing va
hdn hop phén Gng nay duoc khudy trong thoi gian 2 ngay nita & 100°C. Hén hop nay
duoc 1am méat xuéng 23°C, loc qua Celite™, rira bing toluen, va dich loc duge cb trén
thiét bi lam bay hoi kiéu quay. Chét thé tao ra dugc hoa tan trong DMSO (10ml), loc,
rira bang DMSO, va dugc tinh ché bang Phuong phép HPLC B, véi ngoai trir la
Waters XSelect® CSH C18, Sum, ID 4,6 x 50mm dugc su dung, b%ng cach s dung
ACN véi gradien tir 30% dén 70% dé tao ra hop chat néu & d& muc nay & dang mudi
TFA (581mg, hiéu sudt 32,2%) duéi dang diu mau vang. 'H NMR (400 MHz,
DMSO-ds) & ppm 1,05-1,33 (m, 6H), 1,81-1,96 (m, 2H), 2,08-2,18 (m, 2H), 2,84-3,00
(m, 3H), 3,01-3,17 (m, 1H), 3,18-3,32 (m, 2H), 3,33-3,46 (m, 1H), 3,65-3,77 (m, 1H),
3,95-4,06 (m, 1H), 4,08-4,30 (m, 2H), 4,43-4,57 (m, 2H), 4,80-4,87 (m, 1H), 5,91 (d,
J=8,1 Hz, 1H), 7,44-7,60 (m, 6H), 7,66-7,70 (m, 1H), 7 ,84-7,90 (m, 1H), 10,13 (br s,
1H); ESI-MS m/z [M+H]" 501,5.

Quy trinh didu ché 107: 3-flo-4-((1-(2-(isopropylamino)-5,6,7,8-tetrahydropyrido[3,4-
b]pyr.azin-3-yl)piperidin-4-yl)oxy)benzonitril

Hon hop gdm 4-((1-(6-benzyl-2-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)piperidin—4-yl)oxy)—3-ﬂobenzonitril 2,2,2-

trifloaxetat (579mg, 0,942mmol) va Pd(OH)2 (20% trong luong Pd (lugng chét kho)
trén than, u6t, Degussa Type E101 NE/W, 198mg, 0,283mmol) trong THF (10ml)
dugc khudy trong mdi truong Ha (1,899mg, 0 ,942mmol) & nhiét do 23°C trong thoi
gian 4 gio. Hon hop nay dugc loc, rira bang THF, cd trén thiét bi lam bay hoi kiéu
quay, va 1am khd trong chdn khong dé tao ra hop chét néu & d& muc nay & dang mudi
TFA (494mg, 100%) dudi dang diu mau nau. ESI-MS m/z [M+H]" 411,4.
Quy trinh didu ché 108: (5-clo-2-ﬂophenyl)(l-(2-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)piperidin-4-yl)metanon

Hon hop gdm mudi TFA cua (5-clo-2-flophenyl)(piperidin-4-yl)metanon
hydroclorua (69,7mg, 0,251mmol), 6-benzy1-3-clo-N-isopropy1-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin (90mg, 0,209mmol), natri tert-butoxit
(60,2mg, 0,627mmol), BINAP (19,5mg, 0,031mmol) va Pdx(dba); (9,6mg, 10,4umol)
trong toluen (1,04ml) dwgc dun néng & 100°C trong thoi gian 16 gio. Hon hop nay
dugc tinh ché bang Phuwong phiap HPLC A dé thu duoc (1-(6-benzyl-2-
(isopropylamino)-5,6,7 ,8-tetrahydropyrido[3,4-b]pyrazin-3 -yl)piperidin-4-yl)(5-clo-2-
flophenyl)metanon & dang mudi TFA cta n6 (48,9mg, 36,8%) dudi dang diu mau
vang. ESI-MS m/z [M+H]" 523,4.

-58-



26953

Hén hop gom mubdi TFA cua (1-(6-benzyl-2-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)piperidin—4-yl)(5-clo-2-ﬂopheny1)metanon
(48,9mg, 0,077mmol) va Pd(OH), trén than (20% trong luong, 5Smg, 0,036mmol)
trong THF (384pL) dugc khudy & nhiét d¢ trong phong trong moi truong khi hydro
(binh céu). Sau 3 gio, hdn hop nay dugc pha lodng v6i MeOH, loc qua dém Celite™,
ria b%mg MeOH, va cd dé thu dugc hop chét néu & dé muc nay & dang mudi TFA cua
n6 (37,1mg, 88%) dudi dang mang mau vang, ma nd dugc stir dung khong can tinh ché
thém. ESI-MS m/z [M+H]" 432,3.

Quy trinh didu ché 109: 3-(4-(2,4-diﬂophenoxy)piperidin-1-yl)-N-isopropyl-S,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin

Hdn hop gbm mudi TFA cua 4-(2,4-diflophenoxy)piperidin hydroclorua
(62,6mg, 0,251mmol), 6-benzyl-3-clo-N-isopropyl-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-amin (90mg, 0,209mmol), natri fert-butoxit (60,2mg, 0,627mmol),
BINAP (19,5mg, 0,031mmol) va Pdx(dba)s (9,6mg, 10,4pmol) trong toluen (1,04ml)
duge dun néng & 100°C trong thoi gian 16 gio. Hdn hop nay dugc tinh ché bing
Phuong phap HPLC A dé thu dugc 6-benzyl-3-(4-(2,4-diﬂophenoxy)piperidin—1-y1)—
N-isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin & dang mudi TFA cia n6
(73,0mg, 57,5%) dudi dang dAu mau vang. ESI-MS m/z [M+H]" 494.4.

Hbn hop gdm mudi TFA cla 6-benzyl-3-(4-(2,4-diﬂophenoxy)piperidin-l-yl)-
N-isopropy1-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin—2-amin (73,0mg, 0,120mmol) va
Pd(OH), trén than (20% trong luong, 7mg, 9,97 pmol) trong THF (601pL) dugc khudy
& nhiét d6 trong phong trong méi trudng hydro (binh cau). Sau 3 gio, hdn hop nay
duoc pha loang v6i MeOH, loc qua dém Celite™, rira b%tng MeOH, va cd dé thu duge
hop chét néu & @& muc nay & dang mubdi TFA cia né (62,3mg, 100%) dudi dang dau
mau vang, ma né duge sir dung khong can tinh ché thém. ESI-MS m/z [M+H]" 404,3.
Quy trinh didu ché 110: N-(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

Dung dich chtra mudi TFA cia 6-benzyl-3-clo-N-(2,2-difloetyl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin (150mg, 0,33 1mmol), 4-(2,4-
diflophenoxy)piperidin  hydroclorua (99mg, 0,398mmol), Pdx(dba); (15,2mg,
0,017mmol), BINAP (20,63mg, 0,033mmol), va natri tert-butoxit (96mg,
0,994mmol), trong toluen (1104puL) duoc khudy & nhiét d0 90°C qua dém. Dung moi
duoc loai bo va san phém thd pha loang trong DMF, loc qua mang loc PTFE 0,45um
ra nue (Millipore® Millex-LCR), va tinh ché bing Phuong phap HPLC A dé tao ra
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6-benzyl-N-(2,2-diﬂoetyl)—3-(4-(2,4-diﬂophenoxy)piperidin-1-yl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin ¢ dang mudi TFA (152mg).

Dung dich chua mubdi TFA cua 6-benzyl-N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-y1)-5,6,7,8-tetrahydropyrido[3 ,/4-blpyrazin-2-amin (152mg,
0,241mmol) va Pd(OH), trén than (33,9mg, 0,048mmol) trong THF (2,41ml) dugc
lam sach bing hydro va cho vao mdi truong hydro (binh cau) & nhiét d trong phong
trong thoi gian 2 gio. Tiép theo, hdn hop nay dugc loc qua Celite™ va cd dé tao ra
hop chit néu & d& myc nay & dang mubi TFA (115mg, 0,213mmol).

Quy trinh didu ché 111: N-(tert-butyl)-3-(4-(2,4-diflophenoxy)piperidin-1-y1)-5,6,7.8-
tetrahydropyrido[3,4-b]pyrazin-2-amin

Dung dich chira natri fert-butoxit (81mg, 0,843mmol), mudi TFA cua 6-benzyl-
N-(tert-butyl)-3-clo-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin (125mg,
0,281mmol), Pdx(dba); (12,86mg, 0,014mmol), 4-(2,4-diflophenoxy)piperidin
hydroclorua (84mg, 0,337mmol), va BINAP (17,50mg, 0,028mmol) trong toluen
(937uL) dugc khudy & nhiét d6 90°C qua dém. Hdn hop phan tmg thd nay dugce pha
loang trong DMF, loc qua mang loc PTFE 0,45um ua nuée (Millipore® Millex-LCR),
va tinh ché bing Phuong phap HPLC A d€ tao ra 6-benzyl-N-(tert-butyl)-3-(4-(2,4-
diﬂophenoxy)piperidin-1-yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin & dang
mudi TFA (155mg).

Dung dich chira mubi TFA cia 6-benzyl-N-(fert-butyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5,6,7 ,8-tetrahydropyrido[3,4-b]pyrazin-2-amin (155mg,
0,249mmol) va Pd(OH); trén than (35,0mg, 0,050mmol) trong THF (2,49ml) dugc
lam sach va cho vao moi truong hydro (binh cAu) trong 2 gid. Loc qua Celite™ va cb
tao ra hop chét néu & dé muc nay & dang mudi TFA (125mg).

Quy trinh didu ché 112: N-xyclobuty1-3-(4-(2-ﬂo-4-metoxyphenoxy)piperidin-l-yl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

Hon hop gdbm  2,3-diclopyrido[3,4-b]pyrazin  (100mg, 0,500mmol),
xyclobutanamin (47,0pL, 0,550mmol) va DIPEA (260uL, 1,500mmol) dugc khqu 4]
nhiét @6 0°C trong thoi gian 15 phut tiép theo, & nhiét do trong phong trong thoi gian
30 phit. BS sung dung dich nwéc NH4Cl béo hoa vao hén hop nay va san pham dugc
chiét bang EtOAc. Gom cic 16p hitu co, loc qua dém silic oxit (EtOAc wash) va dich
loc dugc ¢d @ thu duge 3-clo-N-xyclobutylpyrido[3,4-b]pyrazin-2-amin (116,1mg,
99%) dudi dang chét rin mau vang, ma n6 dugc sir dung khong can tinh ché thém.
ESI-MS m/z [M+H]" 235,2.
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Hdn hop gom 3-clo-N-xyclobutylpyrido[3,4-b]pyrazin-2-amin  (116mg,
0,494mmol) va benzyl bromua (59,1uL, 0,494mmol) trong ACN (2,47ml) dugc dun ‘
néng & 80°C trong thoi gian 3 gio. Sau khi lam mat xudng nhiét do trong phong, hdn
hop nay dugc xu ly bing natri triaxetoxybohydrua (314mg, 1,483mmol) & nhiét do
trong phong. Hon hop nay dugc tinh ché bing Phwong phap HPLC A dé thu duoc 6-
benzy1-3-clo-N—xyclobutyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin 6 dang
mudi TFA ciia n6 (135,3mg, 61,8%) dudi dang chét ran mau vang. ESI-MS m/z
[M+H]" 329,3.

Hdn hop gdm 4-(2-flo-4-metoxyphenoxy)piperidin hydroclorua (56,7mg,
0,217mmol), 6-benzy1-3-clo-N—xyclobutyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-
amin mubi TFA (80mg, 0,18 1mmol), natri tert-butoxit (52,1mg, 0,542mmol), BINAP
(16,9mg, 0,027mmol) va Pdx(dba)s (24,8mg, 0,027mmol) trong toluen (602pL) dugc
dun néng & 90°C trong 6ng bit kin trong thoi gian 16 gio. Hon hop nay dugc tinh ché
bing Phuong phap HPLC A d& thu dwoc 6-benzyl-N-xyclobutyl-3-(4-(2-flo-4-
metoxyphenoxy)piperidin-1-yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin & dang
mudi TFA cua né6 (85,2mg, 74,7%) dudi dang bot mau vang. ESI-MS m/z [M+H]*
518,4. '

Hén hop gdm mudi TFA ctia 6-benzyl-N-xyclobutyl-3-(4-(2-flo-4-
metoxyphenoxy)piperidin-1-y1)-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-2-amin
(85,2mg, 0,135mmol) va Pd(OH), trén than (10mg, 0,07 1mmol) trong THF (674uL)
duoc khudy & nhiét do trong phong trong mdi truong khi hydro (binh cau). Sau 4 gio,
hdn hop nay dugce loc, rira bang MeOH, va ¢ 8 thu dugc hop chit néu & dé muc nay
& dang mudi TFA cta n6 (73mg, 100%) dudi dang chét rin mau vang, ma n6 dugc su
dung khéng can tinh ché thém. ESI-MS m/z [M+H]" 428,4.

Quy trinh didu ché 113: N-xyclopropyl-3-(4-(2,4-diﬂophenoxy)piperidin-1-y1)-5- :
metyl-5 ,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

Bé sung 2,3-diclo-5-metylpyrido[3,4-b]pyrazin (1,700g, 7,94mmol) vao dioxan
(15,88ml), tiép theo, xyclopropanamin (0,864ml, 12,71mmol) va DIPEA (2,24ml,
13,50mmol) dugc bd sung vao lién tiép. Hon hop nay duogc khudy trong thoi gian 12
gi® & nhiét do trong phong tiép theo, co trong diéu kién 4p suét giam. Phép sic ky cot
bang cach st dung gradien tr 10% dén 75% FEtOAc trong hexan tao ra 3-clo-N-
xyclopropyl-5 -metylpyrido[3,4-b]pyrazin-2-amin (1,3g) duéi dang chit rin mau nau.

Két hop 3-clo-N—xyclopropy1-5-metylpyrido[3,4-b]pyrazin-2-amin (350mg,
1,491mmol) va benzyl bromua (177pL, 1,491mmol) trong ACN (5,97ml) dugc dun
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néng ¢ 80°C qua dém, tiép theo, 1am mat xudng nhiét d trong phong va natri
triaxetoxybohydrua (948mg, 4,47mmol) dugc bb sung vio. Sau khi khudy trong thoi
gian 1 gid, hén hop phén tmg nay dugc rét vao dung dich NaOH 1M, chiét bang etyl
axetat (2x), c¢d trong chdn khéng, va dugc tinh ché bang Phuong phap HPLC A tao ra
6-benzyl-3-clo-N—xyclopropyl—5-mety1-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin—2-amin
& dang mudi TFA (424mg).

Két hop mubdi TFA cua 6-benzyl-3-clo-N-xyclopropyl-5-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin (106mg, 0,239mmol), 4-(2,4-
diflophenoxy)piperidin hydroclorua (65,7mg, 0,263mmol), Pdx(dba); (21,9mg,
0,024mmol), natri fert-butoxit (57,5mg, 0,598mmol), va BINAP (29,8mg,
0,048mmol) trong toluen (798pL) duge dun néng & 90°C qua dém. Viée tinh ché bang
Phuong phip HPLC A tao ra 6-benzyl-N-xyclopropyl-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5-metyl-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-2-amin
& dang mudi TFA (110mg).

Két hop mudi TFA cla 6-benzyl-N-xyclopropyl-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5-metyl-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-2-amin
(110mg, 0,178mmol) va Pd(OH): (20% trong lugng, 12,5mg, 0,018mmol) trong THF
(888uL) dugc lam sach bang hydro va duge khudy trong mdi trudng hydro (binh cau)
qua dém. Hdn hgp phan Gmg nay duoc loc qua Celite™, rira bing EtOAc, va c0 trong
didu kién 4p suét giam 2 tao ra hop chét néu & d& muc nay & dang mubi TFA (78mg).
Quy trinh didu ché 114: 3-(4-(2,4-diﬂophenoxy)p’iperidin—1-yl)-N-isopropyl-S-metyl-
5.,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

Dung dich chira mubi TFA cia 6-benzyl-3-(4-(2,4-diflophenoxy)piperidin-1-
y1)-N-isopropyl-5-metyl-5,6,7,8-tetrahydropyrido[3 ,4-b]pyrazin-2-amin (150mg,
0,241mmol) va Pd(OH), trén than (16,9mg, 0,024mmol) trong THF (1,21ml) dugc
lam sach va cho vao mdi trudng hydro (binh cau) qua dém. Tiép theo, hon hop nay
duoc loc qua Celite™ va co dé tao ra hop chit néu & d& muc ndy & dang mubi TFA
ctia no (132mg).

Quy trinh didu ché 115: N—(2,2-diﬂoetyl)-3-(4-(2,4-diﬂophenoxy)piperidin—1-yl)-S-
metyl-S,6,7,8-tetrahydropyrido[3,4-b]pyrazin—2-amin

Dung dich chira 6-benzy1—N-(2,2-diﬂoetyl)-3-(4-(2,4-diﬂophenoxy)piperidin—1-
yl)-5-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin mudi TFA (160mg,
0,249mmol) va Pd(OH), trén than (17,5mg, 0,025mmol) trong THF (1,24ml) duoc
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lam sach va cho vao mdi truong hydro (binh cdu) qua dém. Hon hop nay dugc loc qua
Celite™ va ¢ dé tao ra hop chit néu & d& muc nay & dang mudi TFA cua n6 (136mg).
Quy trinh didu ché 116: N-(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7-
metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

Dung dich chtra 2,3-diclo-7-metylpyrido[3,4-b]pyrazin (125mg, 0,584mmol),
2,2-difloetanamin (53,6puL, 0,701mmol), va DIPEA (306uL, 1,752mmol) trong DCM
(1,17ml) duoc khudy & nhiét @6 trong phong trong thoi gian 48 gio, tiép theo, rét vao
dung dich nuéc bio hoa NHsCl va chiét hai 1an bang EtOAc. Gom dich chiét, loc qua
MgSOs, va ¢d dé tao ra 3-clo-N-(2,2-difloetyl)-7-metylpyrido[3,4-b]pyrazin-2-amin
(143mg, 95%).

Dung dich chua 3-clo-N—(2,2-diﬂoetyl)-7-mety1pyrido[3,4-b]pyrazin—2-amin
(143mg, 0,553mmol) va benzyl bromua (65,8uL, 0,553mmol) trong ACN (2,76ml)
dwoc khudy & nhiét 4o 100°C qua dém, 1am mat xubng nhiét do trong phong, tiép
theo, xir Iy bing natri triaxetoxyhydroborat (352mg, 1,6 59mmol) va khudy trong thoi
gian 3 gid. Hon hop ndy duge rét vao dung dich NaOH 1M, chiét hai 14n bang EtOAc,
va dich chiét EtOAc dugc két hop va cd. Chét thé tao ra dugc pha loéng trong DMF,
loc qua mang loc PTFE 0,45um wa nu6c (Millipore® Millex-LCR), va tinh ché bing
Phuong phap HPLC A d tao ra 6-benzyl-N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-7-metyl-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-2-amin
& dang mudi TFA (120mg, 46,5%).

Dung dich chua mubi TFA cua 6-benzyl-3-clo-N-(2,2-difloetyl)-7-metyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin  (120mg, 0,257mmol), 4-(2,4-
diflophenoxy)piperidin hydroclorua (77mg, 0,308mmol), Pdz(dba); (23,5mg,
0,026mmol), BINAP (32,0mg, 0,051mmol), va natri fert-butoxit (74,1mg,
0,77 1mmol), trong toluen (1,28ml) dugc khudy & nhiét d0 100°C qua dém. Hbdn hop
phan tng thd ndy dugc pha loang trong DMF, loc qua mang loc PTFE 0,45pm va
nuée (Millipore® Millex-LCR), va tinh ché bang Phuong phap HPLC A & tao ra 6-
benzyl-N-(2,2-diﬂoety1)-3-(4-(2,4-diﬂophenoxy)piperidin- 1-yl)-7-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin ¢ dang mubi TFA (135mg, 82%).

Dung dich chia mudi TFA  6-benzyl-N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-7-metyl-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-2-amin
(135mg, 0,210mmol) va Pd(OH), trén than (14,7mg, 0,021mmol) trong THF (1,05ml)

duoc lam sach va dugce khudy trong méi trudng hydro trong thoi gian 3 git. Hon hop
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phan {mg nay dugc loc qua Celite™ va dung moi dugc loai bd 8 tao ra hop chit néu
& d& muc nay & dang mudi TFA (107mg, 92%).
Vi du 1: xyclopropyl(2-(4-(2,4-diﬂophenoxy)piperidin—1-yl)-3-(isopropylamino)-7 ,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)metanon
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B sung trietylamin (14,5pL, 0,104mmol) va xyclopropancacbonyl clorua
(6,4pL, 0,070mmol) vao dung dich chua 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-
isopropy1-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin mudi TFA  (18,0mg,
0,035mmol) trong DCM (348puL) & nhiét do trong phong. Hon hop phan ung nay
dugc khudy trong thoi gian 10 phut & nhigt d trong phong. Hoén hop phén (mg nay
duoc cd trong diéu kién ap suit giam va dugc tinh ché bing Phuong phéap HPLC B,
v6i ngoai trir 12 cot Waters SunFire™ C18, Spm, ID 30 x 75mm duoc sir dung, bang
céach sir dung ACN véi gradien tir 50% dén 90% d8 tao ra hop chét néu & dé muc nay,
¢ dang mudi TFA, duéi dang mang mau vang (3,3mg, 16%). 'H NMR (400 MHz,
metanol-d4, hdn hop cac chét déng phan hinh hoc) & ppm 0,81-0,96 (m, 4H), 1,29 (m,
7H), 1,90-2,18 (m, 4H), 2,73 (m, 0,7H), 2,87 (m, 1,3H), 3,07 (m, 2H), 3,42 (m, 2H),
3,88 (m, 0,7H), 4,06 (t, J= 5,7 Hz, 1,3H), 4,14 (m, 1H), 4,49 (m, 1H), 4,62 (s, 1,3H),
4,80 (s, 0,7H), 6,88 (m, 1H), 6,99 (ddd, J = 11,2, 8,5, 3,0 Hz, 1H), 7,18 ppm (td, J =
9,2, 5,6 Hz, 1H); ESI-MS m/z [M+H]" 472,5.
Vi du  2: 1-(2-(4-(2,4-diﬂophenoxy)piperidin-1-y1)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxyetan-1-on

o]
F/©/ UIN\]@
HN” N7 N\[(\OCHa
HsC”~ “CH, © \

B6 sung trietylamin (31,5pL, 0,226mmol) va 2-metoxyaxetyl clorua (13,8uL,
0,151mmol) vao dung dich chira 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin mubdi TFA (39,0mg, 0,075mmol) trong
DCM (754pL) ¢ nhiét do 0°C. Hb6n hgp phén tmg nay duogc khudy & nhiét o 0°C
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trong thoi gian 30 phut. Hon hop phan g nay dugc cb trong diéu kién 4p suit giam
va duoc tinh ché bing Phuong phap HPLC B, véi ngoai trir 1a cot Waters SunFire™
C18, 5pm, ID 30 x 75mm dugc sit dung, bing cach st dung ACN véi gradien tir 55%
dén 80% dé tao ra hop chét néu & dé muc nay, ¢ dang mudi TFA, duéi dang dau mau
vang (14,0mg, 31,5%). 'H NMR (400 MHz, metanol-d4, hén hop céc chit déng phan
hinh hoc) & ppm 1,30 (m, 6H), 1,96 (m, 2H), 2,13 (m, 2H), 2,75 (t, J= 5,7 Hz, 0,7H),
2,83 (t, J= 5,7 Hz, 1,3H), 3,08 (m, 2H), 3,44 (m, 5H), 3,77 (t, J= 5,8 Hz, 1,3H), 3,88
(t, J=5,9 Hz, 0,7H), 4,14 (m, 1H), 4,24 (s, 0,7H), 4,28 (s, 1,3H), 4,49 (td, J= 17,1, 3,5
Hz, 1H), 4,56 (s, 0,7H), 4,63 (s, 1,3H), 6,88 (m, 1H), 6,99 (ddd, J= 11,2, 8,5, 3,0 Hz,
1H), 7,18 (td, J=9,2, 5,6 Hz, 1H); ESI-MS m/z [M+H]" 476,5.

Vi du 3: 2—(4-(2,4-diﬂophenoxy)piperidin-1-yl)-N-isopropyl-6-(metylsu1fony1)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin
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Dung dich chua 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5 ,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin mubi TFA (735,3mg, 1,421mmol) trong DCM
(14,2ml) & nhiét 4 0°C duoc xtt ly bang trietylamin (0,594ml, 4,26mmol), tiép theo
12 metansulfonyl clorua (0,221ml, 2,84mmol). Hon hop phan Gmg nay dugc khudy &
nhiét @6 0°C trong thoi gian 1 gio. Hon hop phéan Gng nay dugc cd trong diéu kién 4p
suét giam. Cén dugc hép thu trong MeOH, loc qua b loc xyranh Millipore® 0,45um,
va duoc tinh ché bang Phwong phap HPLC A. Gom céc phan doan tuong ung va cd
trong diéu kién ap suét giam. Cin thu dugc duoc hdp thu trong DCM va rira bang
dung dich nudc bao hoa K2COs3 dé tao ra bazo tu do. L6p hitu co duoge tach, lam kho
trén Na>SOs, va loc. Lam bay hoi dich loc va lam dong kho nhanh tao ra hop chét néu
& d& muc ndy duéi dang chét rin mau tring duc (229,6mg, 33,6%). 'H NMR (500
MHz, DMSO-d6) 1,18 (d, J = 6,3 Hz, 6H), 1,88 (m, 2H), 2,07 (m, 2H), 2,75, J=35,9
Hz, 2H), 2,89 (m, 2H), 2,97 (s, 3H), 3,29 (m, 2H), 3,45 (t, /= 5,9 Hz, 2H), 4,09 (m,
1H), 4,16 (s, 2H), 4,52 (tt, J= 8,1, 3,9 Hz, 1H), 5,57 (d, J = 8,3 Hz, 1H), 7,01 (m, 1H),
7,30 (m, 2H); ESI-MS mv/z [M+H]" 481,90.
Vi du 4: 2—(4-(2,4-diﬂophenoxy)piperidin-l-yl)—3-(isopropylamino)-N—(Z-
metoxyetyl)-7,8-dihydropyrido[3,4-b]pyrazin—6(5H)-carboxamit

-65-



26953

o Dm "

H3C Hs

Bb sung trietylamin (31,5puL, 0,226mmol) va 1-isoxyanato-2-metoxyetan
(11,8pL, 0,113mmol) vao dung dich chtra mudi TFA cua 2-(4-2.4-
diﬂophenoxy)piperidin-1-yl)-N—isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-
amin (39,0mg, 0,075mmol) trong DCM (754uL) & nhiét do 0°C. Hon hop phéan tmg
nay dugc khudy trong thoi gian 1 gio' & nhiét do 0°C. Hon hop phan tng nay dugc cb
trong diéu kién &p sudt giam va dugc tinh ché bang Phwong phdp HPLC B, véi ngoai
trir 12 cdt Waters SunFire™ C18, Spm, ID 30 x 75mm duoc st dung, br?mg cach su
dung ACN véi gradien tir 45% dén 70% & tao ra hop chit néu & dé muc nay, & dang
mudi TFA, duéi dang diu mau vang (24,5mg, 52,6%). 'H NMR (400 MHz, metanol-
d4) & ppm 1,32 (d, J = 6,6 Hz, 6H), 1,97 (m, 2H), 2,14 (m, 2H), 2,77 (t, J = 5,8 Hz,
2H), 3,12 (m, 2H), 3,37 (m, 5H), 3,46 (m, 4H), 3,71 (t, J = 5,8 Hz, 2H), 4,13 (m, 1H),
4,50 (m, 3H), 6,88 (m, 1H), 6,98 (ddd, J= 11,2, 8,5, 3,0 Hz, 1H), 7,17 (td, J=9,2, 5,6
Hz, 1H); ESI-MS m/z [M+H]" 505,6.
Vi du 5: (2-(4-(2,4-diflophenoxy)piperidin-1-y1)-3 -(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(SH)-yl)(tetrahydrofuran-2-yl)metanon

ﬁj@lﬁp

Bb sung DIPEA (39,5pL, 0,226mm01), tlep theo 13 HATU (43,0mg,
0,113mmol) vao dung dich chira axit tetrahydrofuran-2-carboxylic (10,9pL,
0,113mmol) trong DMA (0,35ml) & nhiét d9 trong phong. Sau khi khudy trong thoi
gian 5 phit, hdn hop phan ing ndy dugc xir ly bang dung dich chira mudi TFA 2-(4-
(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5 ,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-3-amin (39,0mg, 0,075mmol) trong DMA (0,4ml). Hon hop phén ung nay
duoc khudy & nhiét do 60°C trong thoi gian 30 phut. Hon hop phan Gng nay dugc aé
cho ngudi xubng nhiét d trong phong va dugc tinh ché truc tiép bang Phuong phap
HPLC B, vé6i ngoai trr [a cot Waters SunFire™ C18, 5um, ID 30 x 75mm dugc st
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dung, bing c4ch sit dung ACN véi gradien tir 55% dén 80% @ tao ra hop chit néu &
d muc nay, & dang mudi TFA, dudi dang dau mau vang (16,0mg, 34,5%). 'H NMR
(400 MHz, metanol-d4) § ppm 1,31 (m, 6H), 1,97 (m, 4H), 2,16 (m, 4H) 2,82 (m, 2H),
3,10 (m, 2H), 3,45 (m, 2H), 3,89 (m, 4H), 4,14 (m, 1H), 4,44-4,87 (m, 4H), 6,88 (m,
1H), 6,99 (ddd, J= 11,2, 8,5, 3,0 Hz, 1H), 7,18 (td, /= 9.2, 5,3 Hz, 1H); ESI-MS m/z
[M+H]" 502,6.

Vi du 6 3-(2-(4-(2,4-diﬂophenoxy)piperidin—1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-3-oxopropannitril
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B4 sung DIPEA (33,9uL, 0,194mmol), tiép theo 1a HATU (36,9mg,
0,097mmol) vao dung dich chira axit 2-xyanoaxetic (8,3mg, 0,097mmol) trong DMA
(0,3ml) & nhiét do trong phong. Hon hop nay duogc khudy trong thoi gian 5 phit, tiép
theo, duwgc xt ly béng dung dich chira mudi TFA cioa 2-(4-(2,4-
diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-3-
amin (33,5mg, 0,065mmol) trong DMA (0,35ml). Hon hop phan Gng ndy duoc dun
néng & 60°C trong thoi gian 30 phut. Hon hop phan ung nay dugce tinh ché truc tiép
bang Phuong phap HPLC B, véi ngoai trx 1a c6t Waters SunFire™ C18, Spum, ID 30 X
75mm duge st dung, bing cach sit dung ACN véi gradien tir 55% dén 80% dé tao ra
hop chit néu & dé muc nay, & dang mudi TFA, duéi dang dau mau vang (5,5mg,
14%). 'H NMR (400 MHz, metanol-d4, hdn hop céc chét dong phan hinh hoc) 3 ppm
1,27 (m, 6H), 1,96 (m, 2H), 2,12 (m, 2H), 2,75 (t, J = 5,9 Hz, 0,8H), 2,85 (m, 1,2H),
3,01 (m, 2H), 3,39 (m, 2H), 3,75 (t, J= 5.8 Hz, 1,2H), 3,89 (t, J= 5,9 Hz, 0,8H), 4,00
(m, 2H); 4,14 (m, 1H), 4,48 (m, 1H), 4,50 (s, 0,8H), 4,60 (s, 1,2H), 6,88 (m, 1H), 6,98
(ddd, J = 11,4, 8,6, 3,0 Hz, 1H), 7,17 (td, J = 9.2, 5,6 Hz, 1H); ESI-MS m/z [M+H]"
471,5. _ |
Vidu7: 4-((1-(6-axetyl-3-(isopropylamino)-S,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-
yl)piperidin-4-yl)oxy)-3-flobenzonitril
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B sung pyridin (15,5pL, 0,192mmol), tiép theo 1a axetic anhydrit (12,0puL,
0,128mmol) vao dung dich chira mubdi TFA 3-flo-4-((1-(3-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-yl)piperidin-4-y1)oxy)benzonitril (33,5mg,
0,064mmol) trong DCM (639puL) & nhigt do 0°C. Hbn hop phan tmg dugc khudy
trong 45 phut, duoc lam 4m din din dén nhiét do trong phong. Hon hop phéan tng
dugc cd trong ditu kién &p suat giam va tinh ché truc tiép bang Phuong phap HPLC
B, v&i ngoai trir 12 ¢t Waters SunFire™ C18, Spm, ID 30 x 75mm dugc su dyng,
bang cach sir dung ACN véi gradien tir 40% dén 70% @& tao ra hop chat néu & dé muc
nay, & dang mudi TFA, du6i dang chit rin mau vang (7,1mg, 20%). 'H NMR (400
MHz, metanol-d4, hon hop céc chit ddng phan hinh hoc) & ppm 1,31 (m, 6H), 2,02
(m, 2H), 2,20 (m, 5SH), 2,74 (t, J = 5,9 Hz, 0,7H), 2,85 (m, 1,3H), 3,14 (m, 2H), 3,43
(m, 2H), 3,83 (t, J=5,9 Hz, 1,3H), 3,87 (t, J = 5,9 Hz, 0,7H), 4,14 (m, 1H), 4,60 (s,
0,7H), 4,64 (s, 1,3H), 4,80 (m, 1H), 7,34 (m, 1H), 7,54 (m, 2H); ESI-MS m/z [M+H]"
453.5.

Vi du 8: 1-(2-(4—(2,4-diﬂophcnoxy)piperidin—1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxypropan- 1-on
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Bb sung DIPEA (45,5uL, 0,261mmol) va HATU (42,9mg, 0,113mmol) vao

dung dich chira axit 2-metoxypropanoic (10,8pL, 0,113mmol) trong DMA (0,4ml) &
nhiét do trong phong. Bb sung dung dich chira mudi TFA 2-(4-(2,4-

3

diﬂophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8—tetrahydropyrido[3,4-b]pyrazin-3-

amin (45,0mg, 0,087mmol) trong DMA (0,47ml) vao hdn hop nay. Hon hop phan tng
thu dwgc dugce khudy & nhiét do 60°C trong thoi gian 45 phut. Hon hop phéan Gmg nay
duge dé cho ngudi xubng nhiét d trong phong va dugc tinh ché truc tiép bang
Phuong phap HPLC B, v6i ngoai trir la cot Waters SunFire™ C18, Spm, ID 30 x
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75mm duoc st dung, bing céch sit dung ACN v6i gradien tir 50% dén 80% d€ tao ra
hop chit néu & d& muc nay, & dang mudi TFA, duédi dang chét rén mau vang nhat
(11,2mg, 21,4%). '"H NMR (400 MHz, metanol-d4) 5 ppm 1,36 (m, 9H), 1,98 (m, 2H),
2,14 (m, 2H), 2,83 (m, 2H), 3,16 (m, 2H), 3,35 (s, 3H), 3,49 (m, 2H), 3,90 (m, 1H),
3,93 (t, J= 5,8 Hz, 1H), 4,12 (m, 1H), 4,35 (m, 1H), 4,52 (m, 1H), 4,59-4,79 (m, 2H),
6,88 (m, 1H), 6,99 (ddd, J= 11,4, 8,6, 3,0 Hz, 1H), 7,18 (td, J = 9,2, 5,6 Hz, 1H); ESI-
MS m/z [M+H]" 490,5.

Vi du 9: xyclopropy1(3-(4-(2,4-diﬂophenoxy)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5 H)-yl)metanon
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B6 sung clorua cua axit xyclopropancarboxylic (10,8pL, 0,119mmol) & nhi€t
d6 0°C vao dung dich chira mudi TFA cua 3-(4-(2,4-diflophenoxy)piperidin-1-y1)-N-
isopropyl-S,6,7,8-tetrahydropyrido[3,4-b]pyrazin—2-amin (34,2mg, 0,059mmol) va
trietylamin (0,025ml, 0,178 mmol) trong DCM (0,5ml). Hon hop phan tng nay dugc
khudy & nhiét d6 0°C trong thoi gian 30 phit va tiép theo, ¢d trén thiét bi 1am bay hoi
kiéu quay. Chét tho tao ra dugc pha lodng v6i DMSO, loc, rira bang DMSO, va duoc
tinh ché bang Phuong phap HPLC B, véi ngoai trir 1a cot Waters XSelect® CSH C18,
Sum, ID 4,6 x 50mm dugc st dung, bang cach sir dung ACN véi gradien tir 30% dén
70% dé tao ra hop chit néu & d& muc ndy & dang mubi TFA (17,7mg, 51,0%) duéi
dang diu mau vang. "H NMR (400 MHz, DMSO-dé, hon hop céc chét ddng phéan hinh
hoc) & ppm 0,67-0,81 (m, 4H), 1,19 (d, J= 6,3 Hz, 6H), 1,80-1,95 (m, 2H), 2,01-2,07
(m, 2H), 2,51-2,56 (m, 1H), 2,57-2,66 (m, 0,9H), 2,72-2,79 (m, 1,1H), 2,84-2,94 (m,
2H), 3,23-3,33 (m, 2H), 3,70-3,79 (m, 0,9H), 3,92-3,98 (m, 1,1H), 4,08-4,18 (m, 1H),
4,42 (brs, 1,1H), 4,48-4,56 (m, 1H), 4,67 (br s, 0,9H), 5,71 (br s, 1H), 6,99-7,05 (m,
1H), 7,26-7,34 (m, 2H); ESI-MS m/z [M+H]" 472,5.
Vi duy 10: 1-(3-(4-(2,4-diﬂophenoxy)piperidin—1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxyetan- 1-on
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B4 sung metoxyaxetyl clorua (10,8uL, 0,119mmol) & nhiét do 0°C vao dung
dich chtra mudi TFA cua 3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin (34,2mg, 0,059mmol) va trietylamin (0,025ml,
0,178mmol) trong DCM (0,5ml). Ho6n hop phan ing nay dugc khudy & nhiét d6 0°C
trong thoi gian 30 phut va tiép theo, cd trén thiét bi 1am bay hoi kiéu quay. Chét thd
tao ra dugc pha lodng v6i DMSO, rira bang DMSO, va dugc tinh ché bang Phuong
phap HPLC B, v6i ngoai trir 1a cot Waters XSelect® CSH C18, 5um, ID 4,6 x 50mm
duoc sit dung, bing cach st dung ACN véi gradien tir 30% dén 70% dé tao ra hop
chét néu & d& muc niy & dang muéi TFA (19,0mg, 54,4%) duéi dang dau mau vang.
IH NMR (400 MHz, DMSO-ds, hdn hop cc chit déng phan hinh hoc) § ppm 1,18 (d,
J= 6,6 Hz, 6H), 1,83-1,93 (m, 2H), 2,03-2,11 (m, 2H), 2,63 (t, /= 5,8 Hz, 0,9H), 2,72
(t, J=15,3 Hz, 1,1H), 2,84-2,93 (m, 2H), 3,22-3,36 (m, SH), 3,66 (t, J = 5,8 Hz, 1,1H),
3,74 (t, J = 6,1 Hz, 0,9H), 4,10-4,16 (m, 1H), 4,17 (br s, 0,9H), 4,19 (s, 1,1H), 4,49-
4,56 (m, 1H), 5,65-5,72 (m, 1H), 6,99-7,05 (m, 1H), 7,26-7,35 (m, 2H); ESI-MS m/z
[M+H]" 476,5.
Vi du 11: 3-(4-(2,4-diﬂophenoxy)piperidin—1-yl)-N-isopropyl-6—(metylsulfonyl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

QUI ]Q“;is
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B4 sung metansulfonyl clorua (6,9uL, 0,089mmol) & nhiét do 0°C vao dung
dich chira mudi TFA cua 3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin (34,2mg, 0,059mmol) va trietylamin (0,025ml,
0,178mmol) trong DCM (0,5ml). Hon hop phan ing nay dugc khudy & nhiét do 0°C
trong thoi gian 30 phuat va tiép theo, co trén thiét bi 1am bay hoi kiéu quay. Chét tho
tao ra dugc pha loang véi DMSO, loc, rira bﬁng DMSO, va dugc tinh ché bﬁng
Phuong phdp HPLC B, vé6i ngoai trir 12 cft Waters XSelect® CSH C18, Spm, ID 4,6 x
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50mm duoc st dung, bing cach sit dung ACN véi gradien tir 30% dén 70% dé tao ra
hop chét néu & d& muc nay & dang mudi TFA (14,7mg, 41,6%) duéi dang diu mau
vang. '"H NMR (400 MHz, DMSO-de) 6 ppm 1,19 (d, J = 6,6 Hz, 6H), 1,82-1,93 (m,
2H), 2,02-2,08 (m, 2H), 2,77 (t, J = 5,7 Hz, 2H), 2,84-2,93 (m, 2H), 2,98 (s, 3H),
3,24-3,32 (m, 2H), 3,45 (t, J = 5,9 Hz, 2H), 4,10-4,18 (m, 3H), 4,50-4,55 (m, 1H),
5,67 (br s, 1H), 6,99-7,04 (m, 1H), 7,26-7,35 (m, 2H); ESI-MS m/z [M+H]" 482,4.

Vi du 12: 2-(4-(4-xyano-2-flophenoxy)piperidin-1-y1)-3-(isopropylamino)-N, N-
dimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit
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Dung dich chua mudi TFA cua 3-flo-4-((1-(3-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-y1)piperidin—4-yl)oxy)benzonitril | (32,5mg,
0,062mmol) trong DCM (620pL) & nhiét do 0°C duoc xir Iy bang trietylamin (25,9uL,
0,186mmol) va dimetylcarbamic clorua (11,4uL, 0,124mmol). Hon hop phan ung nay
dugc @& cho 4m din dén nhiét do trong phong va khudy trong thoi gian 1 gio. Hon
hop phan Gng ndy dugc cd trong didu kién 4p suét giam va tinh ché truc tiép bang
Phuong phap HPLC B, v6i ngoai trir 1a cdt Waters SunF ire™ C18, 5um, ID 30 x
75mm duogc st dung, bang céach sir dung ACN véi gradien tr 40% dén 70% dé tao ra
hop chit néu & d& muc nay (do tinh khiét khoang 90%), & dang mubi TFA, duéi dang
chét rin mau vang (6,8mg, 18%). '"H NMR (400 MHz, metanol-d4) & ppm 1,29 (m,
6H), 2,02 (m, 2H), 2,19 (m, 2H), 2,81 (t, J = 5,3 Hz, 2H), 2,91 (s, 5H), 3,17 (m, 3H),
3,43 (m, 2H), 3,56 (t, J = 5,6 Hz, 2H), 4,13 (m, 1H), 4,32 (s, 2H), 4,80 (m, 1H), 7,34
(m, 1H), 7,54 (t, J= 10,9 Hz, 2H); ESI-MS nv/z [M+H]" 482,5.

Vi duy 13: 3-ﬂo-4-((1-(3-(isopropylamino)-6-metyl-5,6,7,8-tetrahydr0pyrido[3,4-
b]pyrazin-2-yl)piperidin-4-yl)oxy)benzonitril
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Dung dich chta mudi TFA cua 3-flo-4-((1-(3-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin—2-yl)piperidin-4-yl)oxy)benzonitril (12,8mg,
0,024mmol) va formaldehyt (2,2mg, 0,027mmol) trong MeOH (244pL) ¢ nhiét do
trong phong dugc xut ly bang DIPEA (8,5pL, 0,049mmol) va natri
triaxetoxyhydroborat (10,3mg, 0,049mmol). Hon hop phan tmg nay dugc khudy trong
thoi gian 45 phut & nhiét do trong phong. Hon hop phan g thd nay duoc tinh ché
truc tiép bang Phuong phap HPLC B, véi ngoai trir 13 cot Waters SunFire™ C18,
Spm, ID 30 x 75mm duogc sir dung, bang cach st dung ACN véi gradien tir 30% dén
55% dé tao ra hop chit néu & dé muc nay ( o tinh khiét khoang 90%), & dang mubi
TFA, duéi dang chit rin mau vang nhat. (6,0mg, 46%). I'H NMR (400 MHz, metanol-
d4) & ppm 1,24 (d, J = 6,6 Hz, 6H), 1,98 (m, 2H), 2,19 (m, 2H), 3,08 (m, 7H), 3,38
(m, 3H), 3,76 (br s, 1H), 4,16 (m, 1H), 4,29 (m, 2H), 4,79 (m, 1H), 7,34 (m, 1H), 7,53
(m, 2H); ESI-MS m/z [M+H]" 425,5.

Vi du 14: (2-(4-(2,4-diﬂophenoxy)piperidin—1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)(morpholino)metanon
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B sung trietylamin (30,8uL, 0,221mmol), tiép theo 1a morpholin-4-cacbonyl
clorua (17,2pL, 0,147mmol) vao dung dich chira mubdi TFA cia 2-(4-(2,4-
diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-3-
amin (38,1mg, 0,074mmol) trong DCM (736pL) & nhiét dd6 0°C. Hon hop phan Gng
nay dugc dé cho 4m dén nhiét do trong phong va dugc khudy trong thoi gian 30 phut.
Hon hop phén Gng nay dugc cd trong didu kién 4p suét giam va tinh ché truc tiép bing
Phwong phap HPLC B, v6i ngoai trir la cot Phenomenex Gemini® C18, S5pm, ID 30 x
75mm duge st dung, bing cach st dung ACN véi gradien 50% dén 75% dé tao ra hop
chét néu & d& muc nay, & dang mudi TFA, duéi dang chét rin mau vang (11,9mg,
25,6%). 'H NMR (400 MHz, metanol-d4) & ppm 1,31 (d, J = 6,6 Hz, 6H), 1,96 (m,
2H), 2,13 (m, 2H), 2,81 (t, J= 5,8 Hz, 2H), 3,10 (m, 2H), 3,33 (m, 4H), 3,45 (m, 2H),
3,59 (t, J = 5,9 Hz, 2H), 3,70 (m, 4H), 4,13 (m, 1H), 4,37 (s, 2H), 4,50 (tt, J= 17,2, 3,5
Hz, 1H), 6,88 (m, 1H), 6,99 (ddd, J=11,2, 8,5, 3,0 Hz, 1H), 7,17 (td, J=9,2, 5,6 Hz,
1H); ESI-MS m/z [M+H]" 517,5.
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Vi du 15:  3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-N-(2-
metoxyetyl)-7,8-dihydropyrido[3,4-b]pyrazin-6(5 H)-carboxamit

F
@f i
@ i
. NN NJJ\N/\/OCH3
g i
N N
CH

3

H
H3C
Bb sung 1-isoxyanato-2-metoxyetan (11,0pL, 0,105mmol) & nhiét d6 0°C vao
dung dich chua mubdi TFA 3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin (42,8mg, 0,070mmol) va trietylamin
(0,029ml, 0,211mmol) trong DCM (0,75ml). H6n hop phén tmg nay duogc khudy &
nhiét @6 0°C trong thoi gian 30 phut va tiép theo, cb trén thiét bi 1am bay hoi kiéu
quay. Chét thé tao ra duoc pha lodng véi DMSO, loc, rira bﬁng DMSO, va dugc tinh
ché bing Phuong phap HPLC B, v6i ngoai trir 1a cot Waters XSelect® CSH Cl8,
Sum, ID 4,6 x 50mm dugc sir dung, bang cach sit dung ACN véi gradien tir 30% dén
70% dé tao ra hop chat néu & d& muc nay & dang mubi TFA (26,3mg, 60,5%) du6i
dang cht rin mau vang hat 4m. '"H NMR (400 MHz, DMSO-ds) 8 ppm 1,18 (d, J =
6,3 Hz, 6H), 1,83-1,93 (m, 2H), 2,02-2,11 (m, 2H), 2,61 (t, J=5,6 Hz, 2H), 2,82-2,93
(m, 2H), 3,14-3,21 (m, 2H), 3,23 (s, 3H), 3,24-3,31 (m, 2H), 3,31-3,37 (m, 2H), 3,60
(t, J= 5,8 Hz, 2H), 4,08-4,17 (m, 1H), 4,29 (s, 2H), 4,49-4,56 (m, 1H), 5,61-5,70 (m,
1H), 6,66-6,73 (m, 1H), 6,99-7,05 (m, 1H), 7,26-7,34 (m, 2H); ESI-MS m/z [M+H]"
505,0.
Vi du 16: 3 -(4-(2,4-diﬂophenoxy)piperidin-1-yl)—2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(SH)-yl)(tetrahydrofuran-2-yl)metan0n

F
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H3C)\CH3

B sung DIPEA (0,037ml, 0,211mmol) ¢ nhiét 46 23°C vao huyén phu chira

mubi TFA  cua 3-(4-(2,4-diﬂophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin (42,8mg, 0,07 Ommol), axit 2-tetrahydrofuroic
(10,1pL, 0,105mmol), HATU (40,0mg, 0,105mmol) trong DMA (0,75ml). Hon hop
nay dugc khudy & nhiét do 60°C trong thoi gian 30 phut, lam mat xubng 23°C, loc,
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rira bing DMSO, va dugc tinh ché bang Phuong phip HPLC B, v6i ngoai trlr 1a cot
Waters XSelect® CSH C18, Sum, ID 4,6 x 50mm dugc st dung, bang cach st dung
ACN véi gradien tir 30% dén 70% dé tao ra hop chit néu & d& muc nay & dang mudi
TFA (20,8mg, 48,1%) dudi dang chét rin mau vang hat am. 'H NMR (400 MHz,
DMSO-ds, hdn hop céc chit ddng phan hinh hoc) 8 ppm 1,19 (d, J = 6,3 Hz, 6H),
1,78-1,94 (m, 4H), 1,97-2,13 (m, 4H), 2,63 (t, J = 5,7 Hz, 0,9H), 2,71-2,77 (m, 1,1H),
2,85-2,95 (m, 2H), 3,24-3,33 (m, 2H), 3,69-3,85 (m, 4H), 4,11 (dt, J = 12,9, 6,4 Hz,
1H), 4,38-4,57 (m, 3H), 4,75 (ddd, J = 14,0, 7.8, 5,7 Hz, 1H), 5,81 (br s, 1H), 6,99-
7,05 (m, 1H), 7,25-7,34 (m, 2H); ESI-MS m/z [M+H]* 502,5.

Vi du 17: 3-(3-(4-(2,4-diﬂophenoxy)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-3-oxopropannitril

ﬁjw@j@
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B4 sung DIPEA (36,7uL, 0,211mmol) & nhiét d 23°C vao huyén phil chita’
mudi TFA 3-(4-(2,4-diﬂophenoxy)piperidin—1—yl)-N-isopropyl-S,6,7,8-

tetrahydropyrido[3,4-b]pyrazin-2-amin  (42,8mg, 0,070mmol), axit Xyanoaxetic
(9,0mg, 0,105mmol), HATU (40,0mg, 0,105mmol) trong DMA. Hbn hop nay duoc
khudy & nhiét do 60°C trong thoi gian 30 phut, lam mat xubng 23°C, loc, rira bing
DMSO, va dugc tinh ché bing Phwong phdp HPLC B, véi ngoai trr la cot Waters
XSelect® CSH C18, Sum, ID 4,6 x 50mm dugc st dung, bang cach st dung ACN véi
gradien tir 30% dén 70% dé tao ra hop chit néu & d& muc nay & dang mubi TFA
(21,0mg, 51,2%) dudi dang chit rin mau vang. "H NMR (400 MHz, DMSO-ds, hén
hop céc chét ddng phan hinh hoc) § ppm 1,19 (d, J = 6,6 Hz, 6H), 1,80-1,96 (m, 2H),
2,00-2,17 (m, 2H), 2,64 (t, J= 5,6 Hz, 0,9H), 2,76 (t, /= 5,7 Hz, 1,1H), 2,84-2,97 (m,
2H), 3,22-3,34 (m, 2H), 3,64 (t, J = 5,8 Hz, 1,1H), 3,75 (t, J= 5,9 Hz, 0,9H), 4,08-
4,14 (m, 1H), 4,16 (s, 0,9H), 4,17 (s, 1,1H), 4,37 (s, 0,9H), 4,43 (s, 1,1H), 4,48-4,57
(m, 1H), 5,76 (br s, 1H), 6,98-7,06 (m, 1H), 7,24-7,36 (m, 2H); ESI-MS m/z [M+H]"
471,5.

Vi du 18: (2-(4-(2,4-diflophenoxy)piperidin-1-y1)-3 -(isopropylamino)-7,8-
dihydropyrid0[3,4-b]pyrazin-6(5H)-y1)(isoxazol-5-yl)metanon
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Dung dich chura mudi TFA cia 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-
isopropy1-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (38,1mg, 0,074mmol) trong
DCM (736pL) & nhiét 46 0°C duge xu ly bing trietylamin (30,8uL, 0,221mmol), tiép
theo 13 isoxazol-5-cacbonyl clorua (14,2pL, 0,147mmol). Hon hop phan tng nay dugc
dé cho Am dén nhiét do trong phong va khudy trong thoi gian 45 phit. Hon hop phan
ung nay dugc cd trong diéu kién ap sudt giam va tinh ché truc tiép bang Phuong phap
HPLC B, véi ngoai trlr 12 cdt Phenomenex Gemini® C18, Sum, ID 30 x 75mm dugc
st dung, bang cach st dung ACN véi gradien tir 55% dén 90% dé tao ra hop chit néu
& d& muc nay, & dang mudi TFA, duéi dang diu mau vang néu (18,6mg, 41,2%). H
NMR (400 MHz, metanol-d4) & ppm 1,30 (m, 6H), 1,96 (m, 2H), 2,13 (m, 2H), 2,89
(m, 2H), 3,11 (m, 2H), 3,46 (m, 2H), 3,91-4,21 (m, 3H), 4,49 (m, 1H), 4,78 (br s, 2H),
6,87 (m, 1H), 6,92 (s, 1H), 6,98 (ddd, J=11,2, 8,5, 3,0 Hz, 1H), 7,17 (td, J=9,2, 5,6
Hz, 1H), 8,55 (s, 1H); ESI-MS m/z [M+H]" 499.5.
Vi du 19: 4-((1-(6-axety1-2-(isopropylamino)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-
3-yl)piperidin-4-yl)oxy)-3-flobenzonitril

F
Ij"@ g
= NN N” “CHjs
N |
N\
HN N
/kCH

HsC 3

B4 sung axetyl clorua (0,013ml, 0,188mmol) & nhiét 6 0°C vao dung dich
chta mudi TFA cla 3-ﬂo-4-((1-(2-(isopropylamino)-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-3-yl)piperidin—4-yl)oxy)benzonitril (98,6mg, 0,094mmol) va trietylamin
(0,039ml, 0,283mmol) trong DCM (1,0ml). Ho6n hgp phan Gng ndy dugc khudy &
nhiét do 0°C trong thoi gian 30 phut va tiép theo, co trén thiét bi 1am bay hoi kiéu
quay. Chét tho tao ra duge pha lodng véi DMSO, loc, rira bing DMSO, va duogc tinh
ché bing Phuong phap HPLC B, v6i ngoai trix 1a cot Waters XSelect® CSH CI8,
Sum, ID 4,6 x 50mm duogc sir dung, bang cach st dung ACN véi gradien tir 30% dén
70% dé tao ra hop chét néu & dé muc nay & dang mubi TFA (8,7mg, 16%) dudi dang
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chét rén mau vang. "H NMR (400 MHz, DMSO-ds, hén hop c4c chat dong phan hinh
hoc) & ppm 1,18 (d, J = 6,6 Hz, 6H), 1,86-1,96 (m, 2H), 2,08 (s, 1,3H), 2,09 (s, 1,7H),
2,10-2,21 (m, 2H), 2,61 (t, J= 5,6 Hz, 0,9H), 2,73 (t, J= 5,2 Hz, 1,1H), 2,88-2,98 (m,
2H), 3,23-3,31 (m, 2H), 3,66-3,76 (m, 2H), 4,09-4,17 (m, 1H), 4,40 (s, 1,1H), 4,43 (s,
0,9H) 4,80-4,87 (m, 1H), 5,59-5,67 (m, 1H), 7,50 (t, J = 8,6 Hz, 1H), 7,68 (dq, J =
8,6, 1,7 Hz, 1H), 7,86 (dt, J= 11,2, 1,7 Hz, 1H); ESI-MS m/z [M+H]" 453,5.

Vi du 20: 4-((1-(6-(xyclopropancacbonyl)-2-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin—3-yl)piperidin-4-y1)oxy)-3-ﬂobenzonitril
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B sung clorua cta axit xyclopropancarboxylic (0,017ml, 0,188mmol) & nhiét
dd 0°C vao dung dich chua mudi TFA 3-flo-4-((1-(2-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin—3-yl)piperidin-4-yl)oxy)benzonitril (98,6mg,
0,094mmol) va trietylamin (0,039ml, 0,283mmol) trong DCM (0,5ml). Hon hop nay
duoc khudy & nhiét do 0°C trong thoi gian 30 phit va tiép theo, cd trén thiét bi lam
bay hoi kiéu quay. Chét thd tao ra dugc pha loang v6i DMSO, loc, rira bang DMSO,
va dugc tinh ché bing Phuong phép HPLC B, véi ngoai trir 1a ¢t Waters XSelect®
CSH C18, 5um, ID 4,6 x 50mm dugc sir dung, bing cach st dung ACN véi gradien tir
30% dén 70% dé tao ra hop chit néu & d& muc nay & dang mubi TFA (8,1mg, 15%)
duéi dang chit rin mau vang. 'H NMR (400 MHz, DMSO-ds, h&n hop cac chét dong
phan hinh hoc) & ppm 0,69-0,79 (m, 4H), 1,18 (d, J= 6,6 Hz, 6H), 1,91 (dd, J= 19,5,
5.6 Hz, 2H), 2,13 (dd, J = 14,3, 6,2 Hz, 2H), 2,52-2,53 (m, 1H), 2,57-2,64 (m, 0,9H),
2,75 (t, J= 6,2 Hz, 1,1H), 2,88-2,99 (m, 2H), 3,22-3,31 (m, 2H), 3,72-3,77 (m, 0,9H),
3,95 (t, J = 5,8 Hz, 1H), 4,10-4,16 (m, 1H), 4,42 (br s, 1,1H), 4,67 (br s, 0,9H), 4,80-
4,87 (m, 1H), 5,61-5,67 (m, 1H), 7,50 (t, J= 8,5 Hz, 1H), 7,65-7,70 (m, 1H), 7,86 (dd,
J=11,2, 1,9 Hz, 1H); ESI-MS m/z [M+H]* 479,5.
Vi du 21: 2-(4-(2,4-diﬂophenoxy)p‘iperidin-1-yl)—N—isopropyl-6-(isopropylsu1fonyl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin
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Dung dich chua mubdi TFA 2-(4-(2,4-diﬂophenoxy)piperidin-l-yl)-N-
isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (47mg, 0,091mmol) trong
DCM (908uL) & nhiét d6 0°C dugc xtt ly bﬁng trietylamin (38,0pL, 0,272mmol), tiép
theo 1a propan-2-sulfonyl clorua (15,3uL, 0,136mmol). Hbn hop phéan ing nay dugc
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khudy trong thoi gian 45 phut, duogc lam 4m din din dén nhiét do trong phong. Hon
hop phén Gng nay dugc cd trong didu kién 4p suit giam va dugc tinh ché bing
Phwong phap HPLC B, v6i ngoai trir 1a ct Waters SunFire™ C18, 5pum, ID 30 x
75mm duge st dung, bang cich st dung ACN véi gradien tir 60% dén 95% dé tao ra
hop chét néu & d& muc ndy, & dang mubi TFA, duéi dang diu mau vang (16,4mg,
29,0%). 'H NMR (400 MHz, metanol-d4) & ppm 1,29 (d, J= 6,6 Hz, 6H), 1,35(d, J=
6.8 Hz, 6H), 1,95 (m, 2H), 2,13 (m, 2H), 2,82 (t, J = 5,9 Hz, 2H), 3,07 (m, 2H), 3,42
(m, 3H), 3,67 (t, J= 5,8 Hz, 2H), 4,12 (septet, J = 6,5 Hz, 1H), 4,41 (s, 2H), 4,48 (dt,
J=1.5, 3,6 Hz, 1H) 6,87 (m, 1H), 6,98 (ddd, /= 11,3, 8,5, 2,9 Hz, 1H), 7,17 (td, J =
9,2, 5,6 Hz, 1H); ESI-MS m/z [M+H]" 510,5.

Vi du 22 2-(4-(2,4-diﬂophenoxy)piperidin—1-yl)-3-(isopropylamino)-6-(metyl-L-
prolyl)-5,6,7,8-tetrahydropyrido[3 4-b]lpyrazin

iﬁt&p$3
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Dung dich chtra axit (S)-1-metylpyrolidin-2-carboxylic (16,8mg, 0,130mmol)
trong DMA (0,4ml) dugc xt ly bang HATU (49,6mg, 0,130mmol) va DIPEA
(45,6uL, 0,261mmol) 6 nhiét d6 trong phong. Bé sung dung dich chta mudi TFA cta
2-(4-(2,4-diﬂophenoxy)piperidin—1-yl)-N-isopropyl-S,6,7,8-tetrahydropyrido[3,4-
blpyrazin-3-amin (45mg, 0,087mmol) trong DMA (0,47ml) vao hdn hop nay. Hon
hop phan Gng nay dugc khudy & nhiét 9 60°C trong thoi gian 45 phit. Hon hop phéan
uing nay duoc dé cho ngudi xubng nhiét d trong phong va dugc tinh ché tryc tiép

bang Phwong phap HPLC B, véi ngoai trlr 12 cot Phenomenex Gemini® C18, Sum, ID
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30 x 75mm duoc sit dung, bing céch sit dung ACN v6i gradien tir 25% dén 60% dé
tao ra hop chit néu & d& muc nay, & dang mubi TFA, duéi dang chét rin mau tra“'mg
(2,8mg, 5,1%). '"H NMR (400 MHz, metanol-d4) 8 ppm 1,26 (dd, /= 6,6, 4,5 Hz, 6H),
1,97 (m, 4H), 2,09 (m, 3H), 2,24 (m, 1H), 2,76 (m, 3H), 2,93 (app d, /= 7,6 Hz, 3H),
3,03 (m, 2H), 3,20 (m, 1H), 3,40 (m, 2H), 3,69-4,19 (m, 4H), 4,48 (m, 2H), 4,66 (m,
2H), 6,87 (m, 1H), 6,98 (ddd, J=11,2, 8,5, 3,0 Hz, 1H), 7,17 (td, /= 9,2, 5,6 Hz, 1H);
ESI-MS m/z [M+H]" 515,6.

Vi du 23: (2-(4-(2,4-diflophenoxy)piperidin-1-y1)-3 -(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)(pyrrolidin-1-yl)metanon
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Dung dich chtra mubi TFA cia 2-(4-(2,4-diflophenoxy)piperidin-1-y1)-N-
isopropyl-S,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (45mg, 0,087mmol) trong
DCM (870pL) & nhiét o 0°C duge xtt Iy bang trietylamin (36,4uL, 0,26 1mmol), tiép
theo 1 pyrolidin-1-cacbonyl clorua (19,2uL, 0,174mmol). Hon hgp phan Gng nay

3

dugc khudy trong thoi gian 30 phut, dugc 1am 4m dan dAn dén nhiét @6 trong phong.
Ho6n hop phén ung ndy duoc co trong didu kién 4p sut giam va tinh ché tryc tiép bing
Phuong phap HPLC B, v6i ngoai trir 1a cot Phenomenex Gemini® C18, Sum, ID 30 x
75mm dugc st dung, bang cach st dung ACN véi gradien tir 50% dén 80% dé tao ra
hop chét néu & dé& muc nay, & dang mubi TFA, duéi dang chit rdn mau vang nhat
(10,6mg, 19,8%). 'H NMR (400 MHz, metanol-d4) & ppm 1,33 (d, J = 6,3 Hz, 6H),
1,89 (m, 4H), 1,97 (m, 2H), 2,14 (m, 2H), 2,81 (t, /= 5,8 Hz, 2H), 3,13 (m, 2H), 3,46
(m, 6H), 3,61 (t, J=5,8 Hz, 2H), 4,12 (septet, J = 6,4 Hz, 1H), 4,38 (s, 2H), 4,51 (tt, J
=172, 3,6 Hz, 1H), 6,88 (m, 1H), 6,99 (ddd, J= 11,4, 8,5, 3,0 Hz, 1H), 7,18 (td, J =
9.2, 5,6 Hz, 1H); ESI-MS m/z [M+H]" 501,6.

Vi du 24 1-(2-(4-(2,4-diﬂophenoxy)piperidin-1-yl)—3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2,2-difloetan-1-on
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Dung dich chtra axit 2,2-difloaxetic (8,2uL, 0,13mmol) trong DMA (0,4ml)
duoc xit Iy bing HATU (49,6mg, 0,130mmol) va DIPEA (45,6uL, 0,261mmol). B6
sung dung dich chua mubdi TFA cua 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-
isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (45mg, 0,087mmol) trong
DMA (0,47ml) vao hén hop nay. Hon hop phéan img nay dugc dun néng ¢ 60°C trong
thoi gian 50 phat. Hon hop phan tng nay dugce dé cho ngudi xubng nhiét d6 trong
phong va dugc tinh ché truc tiép bang Phuong phap HPLC B, v6i ngoai trlr 1a cot
Phenomenex Gemini® C18, Spm, ID 30 x 75mm dugc st dung, bang cach st dung
ACN véi gradien tir 55% dén 90% d& tao ra hop chét néu & dé muc nay, & dang mudi
TFA, dudi dang chit rén mau vang (10,0mg, 19,3%). 'H NMR (400 MHz, metanol-
d4, hdn hop cac chét ddng phan hinh hoc) § ppm 1,28 (m, 6H), 1,96 (m, 2H), 2,12 (m,
2H), 2,79 (t, J = 5,9 Hz, 0,7H), 2,85 (t, J= 5,8 Hz, 1,3H), 3,05 (m, 2H), 3,42 (m, 2H),
3,92 (dt, J=11,3, 5,8 Hz, 2H), 4,15 (m, 1H), 4,48 (m, 1H), 4,65 (s, 2H), 6,56 (m, 1H),
6,88 (m, 1H), 6,98 (ddd, J= 11,3, 8,5, 2,9 Hz, 1H), 7,17 (td, J = 9,2, 5,3 Hz, 1H); ESI-
MS m/z [M+H]" 482,5.

Vi du 25: 3-flo-4-((1-(2-(isopropylamino)-6-(metylsulfonyl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)piperidin-4-yl)oxy)benzonitril _
F
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Bé sung metansulfonyl clorua (10,9uL, 0,141mmol) & nhiét d6 0°C vao dung
dich chira mudi TFA cua 3-flo-4-((1-(2-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin—3-yl)piperidin-4-yl)oxy)benzonitril (98,6mg,
0,094mmol) va trietylamin (0,039ml, 0,283mmol) trong DCM (1,0ml). Hon hop nay
duoc khudy & nhiét do 0°C trong thoi gian 30 phut va tiép theo, b trén thiét bi 1am
bay hoi kiéu quay. Chét thé tao ra dugc pha lodng véi DMSO, lgc, rira bing DMSO,
va duge tinh ché biang Phuong phap HPLC B, véi ngoai trir 1a cot Waters XSelect®
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CSH C18, 5um, ID 4,6 x 50mm dugc sir dung, bang cach sir dung ACN véi gradien tir
30% dén 70% d& tao ra hop chit néu & d& muc nay & dang mubi TFA (3,5mg, 6,2%)
duéi dang chét rin mau vang. 'H NMR (400 MHz, DMSO-de) 6 ppm 1,18 (d, J= 6,3
Hz, 6H), 1,88-1,96 (m, 2H), 2,09-2,16 (m, 2H), 2,76 (t, J= 5,9 Hz, 2H), 2,89-2,96 (m,
2H), 2,97 (s, 3H), 3,24-3,30 (m, 2H), 3,45 (t, J = 5,9 Hz, 2H), 4,10-4,16 (m, 3H),
4,81-4,85 (m, 1H), 5,66 (d, J = 8,3 Hz, 1H), 7,50 (t, J = 8,7 Hz, 1H), 7,68 (ddd, J =
8,6, 2,0, 1,3 Hz, 1H), 7,86 (dd, J= 11,4, 2,0 Hz, 1H); ESI-MS m/z [M+H]" 489,5.

Vi du 26: 3-flo-4-((1-(2-(isopropylamino)-6-(2-metoxyaxetyl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)piperidin-4-yl)oxy)benzonitril

F
O i
P N._N N/U\/OCH3
v X,
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HsC 3

Bb sung metoxyaxetyl clorua (0,017ml, 0,188mmol) & nhiét do 0°C vao dung
dich chua 3-ﬂo-4-((1-(2-(isopropylamino)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-
yl)piperidin-4-yl)oxy)benzonitril ~ 2,2,2-trifloaxetat ~ (98,6mg, 0,094mmol) va
trietylamin (0,039ml, 0,283mmol) trong DCM (1,0ml). Hbn hop nay duge khudy &
nhiét do 0°C trong thoi gian 30 phut va tiép theo, cd trén thiét bi 1am bay hoi kiéu
quay. Chét thd tao ra duoc pha loang véi DMSO, loc, rira b?mg DMSO, va duogc tinh
ché bing Phuong phap HPLC B, véi ngoai trlr 1a cot Waters XSelect® CSH C18,
Spm, ID 4,6 x 50mm duoc st dung, bang cach sit duyng ACN v6i gradien tir 30% dén
70% d8 tao ra hop chit néu & d& muc nay & dang mubi TFA (2,9mg, 5,2%) dudi dang
chét rin mau vang. '"H NMR (400 MHz, DMSO-de, hon hop céc chét ddng phan hinh
hoc) & ppm 1,18 (d, J = 6,6 Hz, 6H), 1,87-1,97 (m, 2H), 2,08-2,16 (m, 2H), 2,62 (t, J=
5,8 Hz, 0,9H), 2,72 (t, J = 6,1 Hz, 1,1H), 2,89-2,97 (m, 2H), 3,22-3,28 (m, 1H), 3,29
(br s, 1,3H), 3,30 (s, 1,7H), 3,64-3,67 (m, 1,1H), 3,72-3,75 (m, 0,9H), 4,10-4,16 (m,
1H), 4,17 (br s, 0,9H), 4,19 (s, 1,1H), 4,36 (br s, 0,9H), 4,41 (s, 1,1H), 4,80-4,86 (m,
1H), 5,58-5,63 (m, 1H), 7,50 (t, J= 8,7 Hz, 1H), 7,66-7,70 (m, 1H), 7,87 (dd, J=11,2,
1,9 Hz, 1H); ESI-MS m/z [M+H]" 483,5.
Vi du 27: 3-flo-4-((1-(2-(isopropylamino)-6-metyl-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-3-yl)piperidin-4-yl)oxy)benzonitril
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Bb sung DIPEA (0,014ml, 0,079mmol) va natri triaxetoxybohydrua (16,7mg,
0,079mmol) & nhiét do 23°C vao dung dich chua mubi TFA cta 3-flo-4-((1-(2-
(isopropylamino)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-yl)piperidin-4-
yl)oxy)benzonitril (20,7mg, 0,039mmol) va formaldehyt (3,2pL, 0,043mmol) trong
MeOH (0,5ml). Hén hop ndy dugc khudy & nhiét do 23°C trong thdi gian 2 gios va tiép
theo, ¢b trén thiét bi 1am bay hoi kiéu quay. Chét thd tao ra dwgc pha lodng véi
DMSO, loc, rira b%mg DMSO, va dugc tinh ché béng v6i ngoai trir 1a cot Waters
XSelect® CSH C18, 5um, ID 4,6 x 50mm dugc st dung, bang cach st dung ACN véi
gradien tir 30% dén 40% dé tao ra hop chat néu & dé muc nay & dang mubi TFA
(5,3mg, 25%) duéi dang chit rén mau vang nhat. 'H NMR (400 MHz, DMSO-dé, hdn
hop céc chit ddng phan hinh hoc) 8 ppm 1,16-1,24 (m, 6H), 1,87-1,96 (m, 2H), 2,08-
2,16 (m, 2H), 2,74-2,85 (m, 0,9H), 2,85-2,92 (m, 1,1H), 2,95 (br s, 1,3H), 2,96 br s,
1,7H), 2,97-3,00 (m, 1H), 3,25-3,42 (m, 3H), 3,65-3,71 (m, 1H), 4,12-4,19 (m, 2H),
4,25-431 (m, 1H), 4,82-4,88 (m, 1H), 5,89 (d, J = 8,3 Hz, 1H), 7,50 (t, J = 8,6 Hz,
1H), 7,66-7,71 (m, 1H), 7,87 (dd, J= 11,4, 2,0 Hz, 1H), 9,96 (br s, 1H); ESI-MS m/z
[M+H]" 425,5.
Vi du 28: 3-(4-(4-xyano-2-flophenoxy)piperidin-1-yl)-2-(isopropylamino)-N,N-
dimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

F
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H4C 5

Bd sung dimetylcarbamoyl clorua (7,3pL, 0,079mmol) & nhiét do 0°C vao
dung dich chtra mudi TFA cia 3-flo-4-((1-(2-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)piperidin-4-yl)oxy)benzonitril (20,7mg,
0,039mmol) va trietylamin (0,017ml, 0,118mmol) trong DCM (0,5ml). Hon hop nay
duoc khudy & nhiét do 0°C trong thoi gian 30 phit va tiép theo, c6 trén thiét bi lam
bay hoi kiéu quay. Chét thé tao ra dugc pha lodng véi DMSO, loc, rira bing DMSO,
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va dugce tinh ché bang Phuong phap HPLC B, véi ngoai trir 1a cft Waters XSelect®
CSH C18, 5um, ID 4,6 x 50mm duogc str dung, bang cach sir dung ACN véi gradien tir
30% dén 70% d& tao ra hop chit néu & dé muc ndy & dang mudi TFA (11,6mg,
49,4%) dudi dang chét rin mau vang nhat. 'H NMR (400 MHz, DMSO-ds) & ppm
1,13-1,26 (m, 6H), 1,87-1,96 (m, 2H), 2,08-2,16 (m, 2H), 2,81-2,99 (m, 6H), 3,25-
3,42 (m, 3H), 3,65-3,71 (m, 1H), 4,12-4,19 (m, 2H), 4,25-4,31 (m, 1H), 4,82-4,88 (m,
1H), 5,89 (d, J = 8,3 Hz, 1H), 7,50 (t, J = 8,6 Hz, 1H), 7,66-7,71 (m, 1H), 7,87 (dd, J
=11,4, 2,0 Hz, 1H), 9,96 (br s, 1H); ESI-MS m/z [M+H]" 482,5.

Vi du 29: 1-(3-(2,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-yI)-5-metyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

F/©/ UIN]\/;\]
F\;\l " CH3\([)]/

F
Dung dich chtra mudi TFA cua  N-(2,2-difloetyl)-2-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin
(15mg, 0,027mmol), DIPEA (14,20pL, 0,081mmol), va axetic anhydrit (3,8pL,
0,041mmol) trong DCM (271pL) duoc khudy & nhiét dd trong phong qua dém. Viéc
tinh ché bing Phuong phap HPLC A tao ra hop chit néu & @& muc nay & dang mudi
TFA (8,9mg) dudi dang mang mau tring duc. 'TH NMR (500 MHz, metanol-d4, hdn
hop céc chit dong phan hinh hoc) 8 ppm 1,45 (d, J = 6,8 Hz, 1,9H), 1,58 (d, J = 6,8
Hz, 1,1H), 1,93-2,02 (m, 2H), 2,14 (dd, J = 12,7, 3,4 Hz, 2H), 2,19-2,23 (m, 3H),
2,62-2,83 (m, 1,5H), 2,87-3,08 (m, 3,2H), 3,35-3,43 (m, 2H), 3,48-3,55 (m, 0,7H),
3,78 (sxtd, J = 14,4, 4,2 Hz, 2H), 4,06 (dd, J = 14,2, 5,4 Hz, 0,6H), 4,46 (dt, J = 7.6,
3,5, Hz, 1H), 4,73 (dd, J = 13,2, 5,4 Hz, 0,4H), 5,34 (q, J = 6,8 Hz, 0,6H), 5,92-5,97
(m, 1H), 6,06 (dt, J = 9,0, 4,3, Hz, 1H), 6,15-6,20 (m, 1H), 6,86-6,91 (m, 1H), 6,99
(ddd, J= 11,2, 8,5, 3,2 Hz, 1H), 7,18 (td, J = 9,3, 5.4 Hz, 1H); ESI-MS n/z [M+H]"
482, '
Vi du  30: N-(2,2-difloetyl)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-metyl-6-
(metylsulfonyl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

CHg
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F
Dung dich chua mudi TFA cia  N-(2,2-difloetyl)-2-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3 -amin
(15mg, 0,027mmol), DIPEA (14,2uL, 0,081mmol), va metansulfonyl clorua (3,2pL,
0,041mmol) trong DCM (271pL) duoc khufly qua dém. Viéc tinh ché bing Phuong
phap HPLC A tao ra hop chét néu & @& muc nay & dang mudi TFA (6,4mg) duéi dang
mang mau tring. '"H NMR (500 MHz, metanol-d4) 8 ppm 1,54 (d, J = 6,8 Hz, 3H),
1,91-2,02 (m, 2H), 2,07-2,19 (m, 2H), 2,66 (dd, J = 16,8, 3,2 Hz, 1H), 2,91 (s, 3H),
2,93-3,06 (m, 3H), 3,34-3,48 (m, 3H), 3,68-3,88 (m, 2H), 3,98 (dd, J = 14,2, 6,4 Hz,
1H), 4,45 (dt, J= 7,4, 3,8, Hz, 1H), 4,77 (q, J = 6,8 Hz, 1H), 5,87-6,21 (m, 1H), 6,82-
6,92 (m, 1H), 6,98 (ddd, J= 11,4, 8,7, 2,9 Hz, 1H), 7,17 (td, J = 9,2, 5,6 Hz, 1H); ESI-
MS m/z [M+H]* 518,80.
Vi du 31: 1-(3-(2,2-diﬂoetylamino)-2-(4-(2,4-diﬂophenoxy)piperidin—1-y1)-5-mety1-—
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxyetanon

fene
Ij;mo%

Dung dich chira axit 2-metoxyaxetic (2,4mg, 0,027mmol), HATU (10,3mg,
0,027mmol), va DIPEA (14,2pL, 0,081mmol) trong DMF (271uL) dugc khudy &
nhiét d6 trong phong trong thoi gian 10 phut. Tiép theo, bd sung mubi TFA cta N-
(2,2-difloetyl)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin (15mg, 0,027mmol) trong DCM (271pL) vao

j? ”\\

CH300

hdn hop nay va hdn hop phan ung nay duogc khudy qua dém. Viéc tinh ché bing
Phuong phap HPLC A tao ra hop chét néu & d& muc nay & dang mubi TFA (7,4mg)
dué6i dang mang mau tring duc. '"H NMR (500 MHz, metanol-d4, hén hop cac chét
ddng phan hinh hoc) & ppm 1,47 (d, J = 6,8 Hz, 2H), 1,58 (d, J = 6,8 Hz, 1H), 1,93-
2,03 (m, 2H), 2,10-2,18 (m, 2H), 2,63-3,06 (m, 4,1H), 3,12 (td, J = 12,9, 3,9 Hz,
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0,3H), 3,36-3,51 (m, 5,6H), 3,70-3,88 (m, 2H), 4,02 (dd, J=13,9, 5,6 Hz, 0,7H), 4,18-
4,33 (m, 2H), 4,46 (dt, J = 7,3, 3,7 Hz, 1H), 4,71 (dd, J = 13,4, 5,6 Hz, 0,3H), 4,79-
4,84 (m, 0,3H), 5,30 (q, J = 6,8 Hz, 0,7H), 5,91-6,21 (m, 1H), 6,85-6,92 (m, 1H), 6,99
(ddd, J = 11,3, 8,7, 2,9 Hz, 1H), 7,18 (td, J= 9,2, 5,6 Hz, 1H); ESI-MS m/z [M+H]"
512,85.

Vi du 32: 1-(2-(2,2-diﬂoetylamino)-3-(4-(2,4-diﬂophenoxy)piperidin—1-y1)-5-metyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

F
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F
Hop chit néu & @ muc nay dugc diéu ché du6i dang mang mau tréng duc theo
cach twong ty voi Vi du 29 bang cich st dung N-(2,2-difloetyl)-3-(4-(2,4-
diﬂophenoxy)piperidin-1-yl)—S-metyl-5,6,7,8-tetrahydr0pyrido[3,4-b]pyrazin—2-amin.
I'H NMR (500 MHz, metanol-d4, hdn hop cac chét ddng phén hinh hoc) & ppm 1,43
(d, J = 6,8 Hz, 1,8H), 1,56 (d, J = 6,8 Hz, 1,2H), 1,95-2,03 (m, 2H), 2,10-2,23 (m,
5H), 2,63-2,83 (m, 1,6H), 2,88-3,10 (m, 3,2H), 3,35-3,47 (m, 2H), 3,48-3,57 (m,
0,5H), 3,78 (td, J = 14,4, 4,4 Hz, 2H), 4,05 (dd, J= 13,9, 5,6 Hz, 0,6H), 4,42-4,51 (m,
1H), 4,73 (dd, J = 13,7, 5,9 Hz, 0,6H), 5,35 (q, /= 6,7 Hz, 0,5H), 5,92-6,20 (m, 1H),
6,84-6,93 (m, 1H), 6,96-7,04 (m, 1H), 7,14-7,23 (m, 1H); ESI-MS m/z [M+H]" 482.
Vi du 33 N—(2,2-diﬂoety1)—3-(4-(2,4-diﬂophenoxy)piperidin—1-y1)-5-metyl-6-
(metylsulfonyl)—S,6,7,8-tetrahydr0pyrido[3,4-b]pyrazin-2-amin

Hop chat néu & dé muc ndy duge didu ché duéi dang mang mau tréng theo
cach twong ty v6i Vi du 30 bang cach st dung N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5-metyl-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-2-amin.
IH NMR (500 MHz, metanol-d4) 6 ppm 1,52 (d, J = 6,8 Hz, 3H), 1,91-2,01 (m, 2H),
2,08-2,19 (m, 2H), 2,66 (dd, J = 17,1, 2,9 Hz, 1H), 2,91 (s, 3H), 2,93-3,08 (m, 3H),

-84-



26953

3,34-3,48 (m, 3H), 3,77 (td, J = 14,4, 4,4 Hz, 2H), 3,97 (dd, J = 14,2, 6,4 Hz, 1H),
4,40-4,51 (m, 1H), 4,78 (q, J = 6,7 Hz, 1H), 5,88-6,21 (m, 1H), 6,82-6,92 (m, 1H),
6,98 (ddd, J = 11,2, 8,3, 2,9 Hz, 1H), 7,17 (td, J = 9,2, 5,6 Hz, 1H); ESI-MS m/z
[M+H]" 518,80.

Vi du 34: 1-(2-(2,2-difloetylamino)-3-(4-(2,4- d1ﬂophenoxy)p1per1dm— -yl)-5-metyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxyetanon

o Oy lom

F

Hop chit néu & d& muc nay duoc didu ché duéi dang mang mau tréng duc theo
cach twong ty véi Vi du 31 bing cach st dung N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5-metyl-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-2-amin.
'H NMR (500 MHz, metanol-d4, hdn hop cac chét ddng phan hinh hoc) 8 ppm 1,45
(d, J = 6,8 Hz, 2H), 1,56 (d, J = 6,8 Hz, 1H), 1,93-2,02 (m, 2H), 2,11-2,18 (m, 2H),
2,63-3,18 (m, 4,5H), 3,35-3,51 (m, 5,5H), 3,78 (td, /= 14,5, 4,1 Hz, 2H), 4,01 (dd, J=
13,7, 5,4 Hz, 0,7H), 4,19-4,33 (m, 2H), 4,47 (dd, J= 7.3, 3,9 Hz, 1H), 4,70 (dd, J =
13,2, 5,9 Hz, 0,3H), 4,80-4,84 (m, 0,3H), 5,31 (q, J = 6,7 Hz, 0,7H), 5,93-6,20 (m,
1H), 6,85-6,92 (m, 1 H), 6,99 (ddd, J = 11,3, 8,7, 2,9 Hz, 1H), 7,18 (td, J=9,2, 5,6
Hz, 1H); ESI-MS m/z [M+H]" 512,80.
Vi du 35: 1-(3-(4-(2,4-diﬂophenoxy)piperidin—1-yl)-2-(isopr0pylamin0)-5-metyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)—y1)etanon

ﬁj@ e

HaC” “CHs

Hop chét néu & d& muc nay dugc didu ché duéi dang mang mau vang nhat theo
cich tuwong tu véi Vi du 29 bing cich st dung mubi TFA cia 3-(4-(2,4-
diﬂophenoxy)piperidin-1-yl)—N-isopropyl-S—mety1-5,6,7 ,8-tetrahydropyrido[3,4-
b]pyrazin-2-amin. 'H NMR (500 MHz, metanol-d4, hdn hop cac chét ddng phan hinh
hoc) & ppm 1,30-1,36 (m, 6H), 1,45 (d, J= 6,8 Hz, 1,8H), 1,58 (d, J = 6,8 Hz, 1,2H),
1,98 (d, J = 6,8 Hz, 2H), 2,15 (dd, J = 8.5, 4,6 Hz, 2H), 2,19-2,23 (m, 3H), 2,70-2,85
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(m, 1,4H), 2,91-3,17 (m, 3,3H), 3,44-3,57 (m, 2,7H), 4,06-4,19 (m, 1,6H), 4,48-4,55
(m, 1H), 4,76 (dd, J = 13,7, 5,4 Hz, 0,4H), 5,35 (q, J = 6,8 Hz, 0,6H), 6,86-6,92 (m,
1H), 7,00 (ddd, J = 11,3, 8,7, 2,9 Hz, 1H), 7,19 (td, /= 9.2, 5,6 Hz, 1H); ESI-MS m/z
[M+H]" 460,2.

Vi du 36: 3-(4-(2,4-diﬂophenoxy)piperidin-1-yl)-N-isopropyl-S-mety1-6-
(metylsulfonyl)-S,6,7,8-tetrahydropyrido[3 4-b)pyrazin-2-amin

ij @

HiC™ "CHs

Hop chét néu & d& muc nay dugc didu ché duéi dang mang mau tring duc theo
cach twong ty véi Vi du 30 bang cach st dung mubi TFA cita 3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-N-isopropyl-5-metyl-5 ,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-amin. '"H NMR (500 MHz, metanol-d4) § ppm 1,25-1,31 (m, 6H), 1,52 (d,
J = 6,4 Hz, 3H), 1,90-2,02 (m, 2H), 2,09-2,19 (m, 2H), 2,70 (dd, J = 17,3, 3,2 Hz,
1H), 2,88-3,13 (m, 6H), 3,37-3,50 (m, 3H), 3,98 (dd, J= 14,2, 6,4 Hz, 1H), 4,15 (dt, J
= 13,1, 6,4 Hz, 1H), 4,48 (dt, /=74, 3,8 Hz, 1H), 4,77 (¢, /= 7,0 Hz, 1H), 6,84-6,92
(m, 1H), 6,99 (ddd, J= 11,4, 8,7, 2,9 Hz, 1H), 7,18 (td, J = 9,2, 5,6 Hz, 1H); ESI-MS
m/z [M+H]" 496,90.
Vi du 37: 1-(3-(4-(2,4-diﬂophenoxy)piperidin-1-yl)-2-(isopropylamino)-5-metyl-7,8—
dihydropyrido[3,4-b]pyrazin-6(5H)-y1)-2-metoxyetanon

@@ P

HsC~ “CHs

Hop chét néu & dé muyc nay dugc didu ché duéi dang mang mau tring duc theo
cach twong ty véi Vi du 31 bing cach st dung N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5-metyl-5,6,7, 8-tetrahydropyrido[3,4-b]pyrazin-2-amin.
'H NMR (500 MHz, metanol-d4, hdn hop cac chét ddng phan hinh hoc) & ppm 1,29-
1,37 (m, 6H), 1,47 (d, J = 6,8 Hz, 2H), 1,58 (d, J = 6,8 Hz, 1H), 1,98 (d, J =9,8 Hz,
2H), 2,14 (br s, 2H), 2,72-2,88 (m, 1,5H), 2,92-3,00 (m, 0,8H), 3,09-3,17 (m, 2,5H),
3,41-3,53 (m, 5,7H), 4,06 (dd, J = 14,2, 5,4 Hz, 0,8H), 4,10-4,33 (m, 3,2H), 4,52 (d, J
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= 3,4 Hz, 1H), 4,72 (dd, J = 13,4, 5,6 Hz, 0,4H), 4,80-4,84 (m, 0,4H), 5,31 (q, J= 6,3
Hz, 0,7H), 6,89 (t, J = 8,5 Hz, 1H), 7,00 (ddd, J= 11,2, 8,5, 3,2 Hz, 1H), 7,19 (td, J =
9,3, 5,4 Hz, 1H); ESI-MS m/z [M-+H]" 490,95.

Vi du 38: xyclopropyl(3-(2,2-diﬂoetylamino)-2-(4-(2,4-diﬂophenoxy)piperidin-1-y1)-
5-mety1-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)metanon
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Hop chit néu & dé muc nay dugc didu ché dudi dang mang mau tring duc theo
céch twong tw véi Vi du 31 bing céch sir dung mudi TFA cia N-(2,2-difloetyl)-2-(4-
(2,4-diflophenoxy)piperidin-1-yl)-5-metyl-5 ,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-
amin. 'H NMR (500 MHz, metanol-d4, hdn hop céc chét ddng phan hinh hoc) & ppm
0,81-1,05 (m, 4H), 1,45 (d, J = 6,8 Hz, 1,6H), 1,64 (d, J = 6,8 Hz, 1,4H), 1,94-2,18
(m, 5,4H), 2,61-2,83 (m, 1,6H), 2,89-3,12 (m, 3,2H), 3,35-3,44 (m, 2,1H), 3,51-3,60
(m, 0,6H), 3,71-3,86 (m, 2H), 4,42-4,51 (m, 1,6H), 4,70 (dd, J= 13,2, 4,9 Hz, 0,5H),
521-5,37 (m, 1H), 5,91-6,20 (m, 1H), 6,85-6,91 (m, 1H), 6,99 (ddd, J=11,3,8,7,2,9
Hz, 1H), 7,18 (td, J=9,3, 5,4 Hz, 1H); ESI-MS m/z [M+H]* 508,85.
Vi du 39: xyclopropy1(2-(2,2-diﬂoetylamino)-3-(4-(2,4-diﬂophenoxy)piperidin—l-yl)-
5-metyl-7,8-dihydropyridol3, 4-blpyrazin-6(5H)-yl)metanon

ﬁjiiﬁ%

F

Hop chét néu ¢ d& muc nay dugc didu ché dudi dang mang mau tring theo
cach twong tu voi Vi du 31 bang cach st dung mudi TFA cta N-(2,2-difloetyl)-3-(4-
(2,4-diﬂophenoxy)piperidin-1-yl)-S-metyl-S,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-
amin. '"H NMR (500 MHz, metanol-d4, hdn hop céc chit ddng phan hinh hoc) & ppm
0,80-1,06 (m, 4H), 1,43 (d, J = 6,8 Hz, 1,5H), 1,62 (d, J = 6,8 Hz, 1,5H), 1,91-2,20
(m, 5,5H), 2,62-2,83 (m, 1,6H), 2,90-3,13 (m, 3,2H), 3,35-3,48 (m, 2,1H), 3,52-3,61
(m, 0,5H), 3,78 (td, J= 14,4, 3,9 Hz, 2H), 4,46 (dd, J= 8,3, 4,4 Hz, 1,6H), 4,69 (dd, J
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= 13,2, 4,9 Hz, 0,5H), 5,21-5,38 (m, 1H), 5,92-6,20 (m, 1H), 6,88 (t, J = 8,5 Hz, 1H),
6,96-7,03 (m, 1H), 7,18 (td, J=9,2, 5,6 Hz, 1H); ESI-MS m/z [M+H]" 508,85.

Vi du 40: xyclopropy1(3-(4-(2,4-diﬂophenoxy)piperidin-1-yl)—2-(isopropylamino)-S-
metyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)metanon

gpiﬁ”ﬁ

H3C Hs

Hop chét néu & dé muc nay duge didu ché duédi dang mang mau vang nhat theo
cach twong ty v6i Vi du 31 bang cach st dung mubi TFA cia 3-(4-(2,4-
diﬂophenoxy)piperidin-1-yl)—N—isopropyl-S-metyl-S,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-amin. 'H NMR (500 MHz, metanol-d4, hdn hop céac chit ddng phan hinh
hoc) & ppm 0,79-1,05 (m, 4H), 1,30 (t, J = 6,3 Hz, 6H), 1,44 (d, J= 6,8 Hz, 1,5H),
1,63 (d, J = 6,8 Hz, 1,5H), 1,92-2,18 (m, 5,1H), 2,67-2,84 (m, 1,5H), 2,91-3,13 (m,
3H), 3,44 (td, J = 7,9, 3,7 Hz, 2H), 3,53-3,61 (m, 0,5H), 4,16 (dt, J = 11,8, 6,0 Hz,
1H), 4,49 (d, J= 7,3 Hz, 1,5H), 4,70 (dd, J= 12,9, 5,1 Hz, 0,4H), 5,21-5,37 (m, 1H),
6,89 (t, J = 8,3 Hz, 1H), 6,96-7,04 (m, 1H), 7,19 (td, J = 9,3, 5.4 Hz, 1H); ESI-MS
m/z [M+H]" 486,90.
Vi du 41: 1-(3—(2,2-diﬂoetylamino)—2-(4-(2,4-diﬂophenoxy)piperidin-l-yl)-S-metyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2,2-difloetanon

@r@ F

Dung dich chira axit 2,2-diﬂoaxet1c (2,86mg, 0,030mmol), HATU (11,3mg,
0,030mmol), va DIPEA (14,2pL, 0,081mmol) trong DMF (136puL) dugc khudy &
nhiét dd trong phong trong thoi gian 10 phut. Tiép theo, bd sung mudi TFA cua N-
(2,2-diﬂoety1)—2-(4-(2,4-diﬂophenoxy)piperidin—1-y1)-5-mety1-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin (15mg, 0,027mmol) vao va tiép tuc khudy qua
dém. Khong phéat hién thiy san phim mong mubn bang LCMS. Bb sung 2,2-
difloaxetic anhydrit (7,08mg, 0,041mmol) vao hdn hop nay va sau 1 gio, tinh ché
bing Phuong phép HPLC A tao ra hop chét néu & dé muc nay & dang mubi TFA
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(4,4mg) duéi dang mang mau tring duc. 'H NMR (500 MHz, metanol-d4, hén hop
céc chét ddng phan hinh hoc) & ppm 1,51 (d, J = 6,8 Hz, 2,1H), 1,62 (d, J = 6,8 Hz,
0,9H), 1,94-2,02 (m, 2H), 2,10-2,18 (m, 2H), 2,68-2,78 (m, 1H), 2,82-3,06 (m, 3,2H),
3,36-3,44'(m, 2H), 3,53-3,61 (m, 0,7H), 3,71-3,88 (m, 2,1H), 4,16 (dd, J = 14,2, 5,4
Hz, 0,7H), 4,46 (dt, J= 7,4, 3,8 Hz, 1H), 4,67 (dd, J=13,2, 5,9 Hz, 0,3H), 4,97 (9, /=
6,7 Hz, 0,3H), 5,27 (q, J = 6,8 Hz, 0,7H), 5,93-6,20 (m, 1H), 6,43-6,70 (m, 1H), 6,85-
6,92 (m, 1H), 6,99 (ddd, J= 11,3, 8,4, 3,2 Hz, 1H), 7,18 (td, J=9.3, 5,4 Hz, 1H); ESI-
MS m/z [M+H]" 518,80.

Vi du 42: 1-(2-(2,2—diﬂoety1amino)-3-(4-(2,4-diﬂophenoxy)piperidin—l-yl)-S-metyl-
7,8-dihydropyrido[3,4-b]pyrazin—6(5H)—yl)-2 2-difloetanon

Q/Oﬁp

HN
Y
Hop chét néu & dé muyc nay dugc didu ché duéi dang mang mau tréng duc theo
cach tuong ty véi Vi du 41 bing cach sir dung mubdi TFA cua N-(2,2-difloetyl)-3-(4-
(2,4-diﬂophenoxy)piperidin-1-yl)-5-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-
amin. 'H NMR (500 MHz, metanol-d4, hdn hop cac chat dbng phan hinh hoc) 8 ppm
1,50 (d, J = 6,8 Hz, 2,1H), 1,60 (d, J = 6,8 Hz, 0,9H), 1,92-2,03 (m, 2H), 2,11-2,18
(m, 2H), 2,68-2,77 (m, 1H), 2,82-3,08 (m, 3H), 3,26 (td, J = 12,9, 12,9, 3,9 Hz, 0,4H),
3,36-3,47 (m, 2H), 3,53-3,62 (m, 0,6H), 3,78 (td, J = 14,4, 4,4 Hz, 2H), 4,15 (dd, J =
13,9, 5,6 Hz, 0,7H), 4,43-4,49 (m, 1H), 4,66 (dd, J = 13,2, 5,9 Hz, 0,3H), 4,98 (q, J=
6,8 Hz, 0,3H), 5,28 (q, J = 6,8 Hz, 0,7H), 5,93-6,19 (m, 1H), 6,43-6,69 (m, 1H), 6,86-
6,91 (m, 1H), 6,99 (ddd, J= 11,2, 8,3, 2,9 Hz, 1H), 7,18 (td, J=9.2, 5,6 Hz, 1H); ESI-
MS m/z [M+H]" 518,85.
Vi du 43: 1-(2-(2,2—diﬂoetylamino)—3-(4-(2,4-diﬂophenoxy)piperidin-l-yl)-S-metyl-
7 ,8-dihydropyrido[3,4-b]pyrazin-6(5H)-y1)—2 2-difloetanon

@@gp

F

HasC”~ “CHj
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Hop chit néu & dé muc nay dugc didu ché dudi dang mang mau tring duc theo
cach tuwong ty véi Vi du 41 bang cach sit dung mubi TFA cua 3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-N-isopropyl-5-metyl-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-amin. 'H NMR (500 MHz, metanol-d4, hdn hop cac chét d6ng phan hinh
hoc) & ppm 1,25-1,30 (m, 6H), 1,49 (d, J = 6,8 Hz, 2H), 1,60 (d, J = 6,3 Hz, 1H),
1,91-2,01 (m, 2H), 2,10-2,18 (m, 2H), 2,70-2,80 (m, 1H), 2,81-3,09 (m, 3H), 3,22-
3,30 (m, 0,5H), 3,37-3,47 (m, 2H), 3,54-3,62 (m, 0,6H), 4,12-4,21 (m, 1,6H), 4,45-
4,52 (m, 1H), 4,66 (dd, J = 13,4, 6,1 Hz, 0,3H), 4,93-4,99 (m, 0,3H), 5,26 (q, J = 6,5
Hz, 0,7H), 6,43-6,69 (m, 1H), 6,86-6,92 (m, 1H), 7,00 (ddd, J = 11,3, 8,7, 2,9 Hz,
1H), 7,19 (td, J= 9,3, 5,4 Hz, 1H); ESI-MS m/z [M+H]" 496,90.

Vi du 44: 1-(3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

ﬁj@

H3C Hs

JQ

B6 sung axetic anhydrit (9uL, 0,095mmol) vao dung dich chira mudi TFA ctlia
3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin (25,2mg, 0,048mmol) va pyridin (11,5pL,
0,143mmol) trong DCM (500pL) & nhiét do trong phong. Sau 1 gid, hdn hop nay
dugce tinh ché bang Phuong phap HPLC A d2 tao ra hop chét néu & dé muc nay & dang
mubi TFA (25,2mg, 93%) dudi dang mang mau vang. 1H NMR (400 MHz, metanol-
ds, hdn hop cac chit ddng phan hinh hoc) & ppm 1,32 (d, J = 6,6 Hz, 6H), 1,89-2,00
(m, 2H), 2,06-2,15 (m, 2H), 2,19 (s, 1,4H), 2,21 (s, 1,6H), 2,77-2,83 (m, 0,9H), 2,87-
2,93 (m, 1,1H), 3,04-3,14 (m, 2H), 3,42-3,50 (m, 2H), 3,75 (s, 3H), 3,80-3,85 (m,
1,1H), 3,85-3,90 (m, 0,9H), 4,09-4,19 (m, 1H), 4,35-4,42 (m, 1H), 4,55 (br s, 2H),
6,67 (dt, J=9,0, 1,4 Hz, 1H), 6,74 (dd, J = 12,8, 2,9 Hz, 1H), 7,08 (t, /= 9,2 Hz, 1H);
ESI-MS m/z [M+H]* 458.4.

Vi du 45: 1-(2-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon
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Hop chét néu & d& muc nay duogc diéu ché theo cach twong tw véi Vi du 29
bing cach sir dung mubi TFA cia 2-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-N-
isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin. ~ ESI-MS m/z [M+H]*
458,40.

Vi du 46: 2-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-3-(isopropylamino)-N,N-
dimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

@r@ j@

\n/ “CHj
H3C H3

B sung dimetylcarbamic clorua (4,9mg, 0,046mmol) vao dung dich chira 2-(4-
(2-flo-4-metoxyphenoxy)piperidin-1-yl)-N-isopropyl-5 ,6,7, 8-tetrahydropyrido[3,4-
b]pyrazin-3-amin mudi TFA (12,1mg, 0,023mmol) va trietylamin (10pL, 0,069mmol)
trong DCM (230pL) & nhiét do trong phong. Sau 1 gio, hdn hop nay duge tinh ché
bing Phuong phap HPLC A dé tao ra hop chit néu & dé muc nay & dang mudi TFA
(12,1mg, 88%) dudi dang mang mau vang. 'H NMR (400 MHz, metanol-ds) 8 ppm
1,27-1,32 (m, 6H), 1,89-1,99 (m, 2H), 2,06-2,15 (m, 2H), 2,81 (s, 2H), 2,91 (s, 6H),
3,00-3,09 (m, 2H), 3,39-3,46 (m, 2H), 3,55 (t, J = 5,8 Hz, 2H), 3,75 (s, 3H), 4,13
(quin, J = 6,4 Hz, 1H), 4,30 (s, 2H), 4,34-4,40 (m, 1H), 6,67 (ddd, J = 8,9, 3,0, 1,5 Hz,
1H), 6,74 (dd, J = 12,8, 2,9 Hz, 1 H), 7,08 (t, J = 9,2 Hz, 1H); ESI-MS m/z [M+H]*
487.4.

Vi du 47:  1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

ﬁj@I

H3C Hs

J@
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Hon hop gébm 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropylpyrido[3,4-
b]pyrazin-3-amin (100mg, 0,250mmol), axetic anhydrit (0,09ml, 1,00mmol) va 10%
Pd/C (9,0mg) trong hdn hop gdm dioxan (2,5ml) va axeton (1,5ml) dwoc khudy &
nhiét do trong phong trong thoi gian 24 gio. Tiép theo, bd sung 4,0 duong lugng
axetic anhydrit vao va tiép tuc khudy trong 2 ngdy. Sau khi loc, dung dich phan ting
dugc t6i bing dung dich bdo hoa NaHCO; va 16p nude duge chiét bang etyl axetat (3
x 5ml). Gom cac pha hitu co, 1am kho bang khan Na,SO4 va cb trong chan khong.
Viéc tinh ché bing phép séc ky cot silicagel bing cach sir dung EtOAc v6i gradien tir
30% dén 100% trong heptan tao ra hop chét néu & d& muc ndy (57mg, 51%) dudi
dang chit rin mau tring. 'H NMR (400 MHz, metanol-da, hén hop cac chit dong
phan hinh hoc) § ppm 1,23 (d, J = 6,6 Hz, 3,3H), 1,24 (d, J = 6,6 Hz, 2,7H), 1,93 (m,
2H), 2,11 (m, 2H), 2,18 (s, 1,3H), 2,20 (s, 1,7H), 2,71 (t, J = 6,1 Hz, 0,9H), 2,80 (t, J
= 6,1 Hz, 1,1H), 2,95 (m, 2H), 3,34 (m, 2H), 3,79 (t, J= 5,9 Hz, 1,1H), 3,84 (t, J=6,1
Hz, 0,9H), 4,15 (m, 1H), 4,44 (tt, J = 7.5, 3,7 Hz, 1H), 4,53 (s, 0,9H), 4,54 (s, 1,1H), |
6,86 (m, 1H), 6,97 (ddd, J= 11,2, 8,5, 3,2 Hz, 1H), 7,16 (td, J= 9,2, 5,6 Hz, 1H); ESI-
MS m/z [M+H]" 446,00.

Vi du 49: 2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N,N-dimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

Dung dich chira mubi TFA N-(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-
1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin (15mg, 0,028mmol) trong DCM
(278uL) & nhiét do trong phong duogc xir ly bing dimetylcarbamic clorua (3,0mg,
0,028mmol) va DIPEA (4,9uL, 0,028mmol), va hdn hgp phan tng thu duoc duoc
khudy qua dém. Hon hop phan ung thd ndy dugc pha loang trong DMF, loc qua mang
loc PTFE 0,45um wa nuée (Millipore® Millex-LCR), va tinh ché bang Phuong phép
HPLC A d tao ra hop chit néu & d& muc nay & dang mubi TFA (7mg) duéi dang chét
rén mau tréng. '"H NMR (400 MHz, metanol-ds) § ppm 1,92-2,02 (m, 2H), 2,09-2,18
(m, 2H), 2,81-2,86 (m, 2H), 2,90 (s, 6H), 2,96-3,04 (m, 2H), 3,34-3,42 (m, 2H), 3,54
(t, J = 5,9 Hz, 2H), 3,74-3,84 (m, 2H), 4,28 (s, 2H), 4,46 (it, J = 7.7, 3,9 Hz, 1H),
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5,90-6,22 (m, 1H), 6,88 (dddd, J=9,1, 8,1, 3,2, 1,9 Hz, 1H), 6,99 (ddd, J = 11.4, 8,6,
3,0 Hz, 1 H), 7,18 (td, J=9,2, 5,6 Hz, 1H); ESI-MS m/z [M+H]" 497.4.

Vi du 50: 1-(2-((2,2-difloetyl)amino)-3-(4-(2,4-diflophenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxyetanon

@@

F

Dung dich chua mudi TFA cua  N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5,6,7,8-tetrahydropyrido[3 ,/4-b]pyrazin-2-amin  (17mg,
0,032mmol), DIPEA (12,2mg, 0,095mmol), va 2-metoxyaxetyl clorua (5,1lmg,
0,047mmol) trong DCM (315pL) duoc khudy & nhiét do trong phong qua dém. Hdn

I jQ /U\/OCHs

hop phan ting thé nay dugc pha loang trong DMF, loc qua mang loc PTFE 0,45pm wa
nuéc (Millipore® Millex-LCR), va tinh ché bang Phuong phap HPLC A dé tao ra hop
chét néu & d& muc nay & dang mudi TFA (7mg) duéi dang diu trong subt. 'TH NMR
(400 MHz, metanol-ds, hdn hop cac cht ddng phan hinh hoc) & ppm 1,92-2,03 (m,
2H), 2,09-2,18 (m, 2H), 2,77 (t, J = 5,8 Hz, 0,9H), 2,84 (t , J = 5,8 Hz, 1,1H), 2,96-
3,04 (m, 2H), 3,37 (d, J = 10,4 Hz, 2H), 3,41 (s, 1,5H), 3,42 (s, 1,5H), 3,73-3,83 (m,
3H), 3,88 (t, J= 5,9 Hz, 1H), 4,24 (s, 0,9H), 4,27 (s, 1,1H), 4,41-4,49 (m, 1H), 4,50 (s,
0,9H), 4,53 (s, 1,1H), 5,89-6,21 (m, 1H), 6,84-6,91 (m, 1H), 6,98 (ddd, J = 11,2, 8,5,
3,0 Hz, 1H), 7,17 (td, J= 9.2, 5,6 Hz, 1H); ESI-MS m/z [M+H]" 498,3.

Vi du 51: (R)-1—(2-(2,2-diﬂoetylamino)-3-(4-(2,4-diﬂophenoxy)piperidin—1-yl)-7,8-
dihydropyrido[3,4-5] pyrazin-6(5H)-y1)-2-met0xypropan- 1-on

Dung dich chua mudi TFA cua  N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-y1)-5,6,7,8-tetrahydropyrido[3 ,4-blpyrazin-2-amin  (17mg,
0,032mmol), DIPEA (12,2mg, 0,095mmol), va HATU (13,2mg, 0,035mmol) trong
DMF (158uL) dugc khudy trong thoi gian 10 phut & nhiét do trong phong. B6 sung
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axit (R)-2-metoxypropanoic (3,6mg, 0,035mmol) vao hén hop nay, va hén hop phan
ung thu dugc dugce khudy qua dém. Hon hop phan tng thd nay dugc pha lodng trong
DMF, loc qua mang loc PTFE 0,45um wa nuée (Millipore® Millex-LCR), va tinh ché
bing Phuong phap HPLC A dé tao ra hop chét néu & d& muc ndy & dang mudi TFA
(6mg) dudi dang diu trong subt. 'H NMR (400 MHz, metanol-ds, hon hop céc chét
ddng phén hinh hoc) & ppm 1,32 (d, J= 6,8 Hz, 1,3 H), 1,38 (d, J = 6,6 Hz, 1,7H),
1,92-2,03 (m, 2H), 2,09-2,18 (m, 2H), 2,78 (t, J= 6,2 Hz, 0,9H), 2,86 (m, 1,1H), 2,97-
3,06 (m, 2H), 3,33 (s, 3H), 3,35-3,43 (m, 2H), 3,79 (td, J = 14,5, 4,3 Hz, 2H), 3,85-
3,97 (m, 2H), 4,36 (dq, J = 12,7, 6,5 Hz, 1H), 4,42-4,49 (m, 1H), 4,58 (m, 0,9H), 4,68
(m, 1,1H), 5,90-6,22 (m, 1H), 6,84-6,91 (m, 1H), 6,98 (ddd, J = 11,4, 8,5,3,0Hz, 1
H), 7,18 (td, J= 9,2, 5,3 Hz, 1H); ESI-MS m/z [M+H]" 512,4.

Vi du 52: 1-(2-(4-(2,4-diﬂophenoxy)piperidin—l-yl)-3-(isopropylamino)-S-metyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

2O

LT

HsC” “CHj

CHj

Hop chit néu & d& muc nay duoc didu ché dudi dang mang mau vang theo cach
tuong tu v6i Vi du 29 bing cach st dung mubi TFA cua 2-(4-(2,4-
diflophenoxy)piperidin-1-yl)-N-isopropyl-5-metyl-5,6,7, 8-tetrahydropyrido[3,4-
b]pyrazin-3-amin. '"H NMR (500 MHz, metanol-d4, hén hop céc chét ddng phan hinh
hoc) & ppm 1,24-1,31 (m, 6H), 1,46 (d, J = 6,8 Hz, 2H), 1,59 (d, J= 6,8 Hz, 1H),
1,92-2,00 (m, 2H), 2,09-2,17 (m, 2H), 2,19-2,23 (m, 3H), 2,61-2,82 (m, 1,5H), 2,87-
2,96 (m, 0,7H), 2,99-3,09 (m, 2,4H), 3,40 (td, J = 7,7, 3,7 Hz, 2H), 3,49-3,57 (m,
0,6H), 4,06 (dd, J = 13,9, 5,6 Hz, 0,6H), 4,13-4,20 (m, 1H), 4,48 (td, J=17,2, 3,7 Hz,
1H), 4,73 (dd, J = 13,4, 5,6 Hz, 0,4H), 4,84 (br s, 0,2H), 5,39 (q, J = 6,5 Hz, 0,6H),
6,85-6,91 (m, 1H), 6,99 (ddd, J=11,2, 8,3, 2,9 Hz, 1H), 7,18 (td, /= 9,3, 5,4 Hz, 1H);
ESI-MS m/z [M+H]" 460,90.

Vi du 53: 1-(2-(4-(2,4-diﬂophenoxy)piperidin—1-yl)—3-(isopropylamino)-5-metyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2,2-difloetanon
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Dung dich chtra mudi TFA cuia 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-
isopropyl-5-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (15mg,

0,028mmol), 2,2-difloaxetic anhydrit (7,4mg, 0,042mmol), va DIPEA (10,94mg,
0,085mmol) trong DCM (141pL) dugc khudy & nhiét do trong phong trong thoi gian 1
gi¢. Viéc tinh ché bing Phuwong phap HPLC A tao ra hop chét néu & dé muc nay &
dang mudi TFA (8,2mg) du6i dang mang mau tring duc. 'H NMR (500 MHz,
metanol-d4, hdn hop cac chét déng phan hinh hoc) & ppm 1,27 (dd, J = 7,6, 6,6 Hz,
6H), 1,51 (d, J = 6,8 Hz, 2,1H), 1,62 (d, J = 6,8 Hz, 0,9H), 1,90-2,00 (m, 2H), 2,09-
2,17 (m, 2H), 2,65-2,75 (m, 1H), 2,80-3,03 (m, 3H), 3,25 (td, J= 12,9, 3,9 Hz, 0,3H),
3,34-3,42 (m, 2H), 3,52-3,61 (m, 0,7H), 4,11-4,21 (m, 1,7H), 4,46 (dt, J=17,3, 3,7 Hz,
1H), 4,66 (dd, J= 13,4, 5,6 Hz, 0,3H), 4,91-4,98 (m, 0,3H), 5,25 (q, J =6,7 Hz, 0,7H),
6,44-6,69 (m, 1H), 6,84-6,92 (m, 1H), 6,99 (ddd, J=11,3, 8,4, 3,2 Hz, 1H), 7,18 (td, J
=93, 5,4 Hz, 1H); ESI-MS m/z [M+H]" 496,90.

Vi du 54: 2—(4-(2,4-diﬂophenoxy)piperidin—1-yl)-N-isopropyl—5-metyl-6-
(metylsulfonyl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

ﬁj@ 3?

CH;0 ©

Hop chét néu & d& muc nay duqc diéu ché du6i dang mang mau tréng duc theo
cach twong tw v6i Vi du 30 bang cach st dung mudi TFA 2-(4-(2,4-
diflophenoxy)piperidin-1-yl)-N-isopropyl-5-metyl-5,6,7, 8-tetrahydropyrido[3,4-
b]pyrazin-3-amin. 'H NMR (500 MHz, metanol-d4) & ppm 1,26 (dd, J= 10,7, 6,4 Hz,
6H), 1,54 (d, J = 6,8 Hz, 3H), 1,88-2,00 (m, 2H), 2,07-2,18 (m, 2H), 2,64 (dd, J =
16,6, 2,9 Hz, 1H), 2,89-2,92 (m, 4H), 2,94-3,03 (m, 3H), 3,34-3,48 (m, 3H), 3,97 (dd,
J=1472, 6,4 Hz, 1H), 4,15 (quin, J = 6,5 Hz, 1H), 4,46 (dt, J=7.4, 3,8 Hz, 1H), 4,76
(q, J= 6,7 Hz, 1H), 6,81-6,92 (m, 1H), 6,98 (ddd, J = 11,4, 8,4, 3,2 Hz, 1H), 7,17 (td,
J=92, 5,6 Hz, 1H); ESI-MS m/z [M+H]" 496,95.
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Vi du 55: 2-(4—(2,4-diﬂophenoxy)piperidin—1—yl)-3-(isopropylamino)-N,N,S-trimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

H3C)\CH3 CHs O
Dung dich chtra mubi TFA 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-
isopropyl-5-metyl-5,6,7,8-tetrahydropyrido[3 ,4-b]pyrazin-3-amin (15mg,

0,028mmol), dimetylcarbamic clorua (6,1mg, 0,056mmol), va DIPEA (10,9mg,
0,085mmol) trong DCM (282pL) duoc khudy & nhiét do trong phong qua dém. Viéc
tinh ché bang Phuong phap HPLC A tao ra hop chét néu & dé muc nay & dang mubi
TFA (6,1mg) dudi dang mang mau tréng duc. "H NMR (500 MHz, metanol-d4) & ppm
1,26 (dd, J=9,3, 6,4 Hz, 6H), 1,50 (d, J= 6,8 Hz, 3H), 1,89-1,98 (m, 2H), 2,12 (dq, J
= 13,2, 3,6 Hz, 2H), 2,55-2,64 (m, 1H), 2,88 (s, 6H), 2,94-3,03 (m, 3H), 3,34-3,41 (m,
3H), 3,72-3,82 (m, 1H), 4,14 (quin, J = 6,5 Hz, 1H), 4,45 (dt, J = 7,4, 3,8 Hz, 1H),
4,67 (q, J = 6,8 Hz, 1H), 6,83-6,91 (m, 1H), 6,98 (ddd, /=114, 8.4, 3,2 Hz, 1H), 7,17
(td, J=9,3, 5,4 Hz, 1H); ESI-MS m/z [M+H]" 489,90.

Vi du 56: 3-(4-(2,4-diﬂophenoxy)piperidin-1-yl)-2-(isopropylamino)-N,N,S-trimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

F
o
. N:[/N]ik)NJL,TI,CH3
HN” SN s
' HsC” “CHj
Hop chit néu & d& muc nay duoc didu ché dudi dang mang mau vang nhat theo
cach twong ty véi Vi du 55 bang cach s dung mubi TFA cua 3-(4-(2.4-
diflophenoxy)piperidin-1-yl)-N-isopropyl-5-metyl-5,6,7 ,8-tetrahydropyrido[3,4-
b]pyrazin-2-amin. '"H NMR (500 MHz, metanol-¢4) & ppm 1,34 (dd, J = 6,4, 5,4 Hz,
6H), 1,51 (d, J = 6,8 Hz, 3H), 1,91-2,03 (m, 2H), 2,10-2,18 (m, 2H), 2,70 (dd, J =
17,1, 2,9 Hz, 1H), 2,89 (s, 6H), 3,03 (s, 1H), 3,09-3,19 (m, 2H), 3,33-3,39 (m, 1H),
3,43-3,53 (m, 2H), 3,79 (dd, J = 14,2, 5,8 Hz, 1H), 4,08-4,18 (m, 1H), 4,46-4,57 (m,
1H), 4,62 (d, J = 6,8 Hz, 1H), 6,84-6,93 (m, 1H), 6,99 (ddd, /= 11,2, 8,3,2,9 Hz, 1H),
7,18 (td, J=9,3, 5,4 Hz, 1H); ESI-MS m/z [M+H]" 489,95.
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Vi du 57: 2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N,N,5-
trimety1-7,8-dihydropyrido[3 4-b]pyrazin-6(5H)-carboxamit

c:|-|3
l
HN CHa
Fﬁ)

Hop chit néu & d& muc nay dugc diéu ché du6i dang mang mau tring duc theo
cach twong ty v6i Vi du 55 bing cach sir dung mudi TFA cta N-(2,2-difloetyl)-3-(4-
(2,4-diflophenoxy)piperidin-1-yl)-5-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-
amin. '"H NMR (500 MHz, metanol-d4) 8 ppm 1,47 (d, J = 6,8 Hz, 3H), 1,96 (d, J =
8,3 Hz, 2H), 2,12 (d, J = 3,4 Hz, 2H), 2,64 (s, 1H), 2,88 (s, 6H), 2,97 (d, /= 11,7 Hz,
3H), 3,34-3,45 (m, 3H), 3,71-3,83 (m, 3H), 4,41-4,49 (m, 1H), 4,67 (d, J = 6,8 Hz,
1H), 6,05 (s, 1H), 6,87 (s, 1H), 6,95-7,02 (m, 1H), 7,13-7,21 (m, 1H); ESI-MS m/z
[M+H]" 511,90.

Vi du 58: 3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-N-isopropyl-6-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin

@rﬁmm

H3C Hs

B sung natri triaxetoxybohydrua (22,3mg, 0,105mmol) vao hdn hop gdém
DIPEA (18uL, 0,105mmol), mubi TFA cuta 3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-
yl)-N—isopropyl-S,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin (27,9mg, 0,053mmol)
va formaldehyt (4pL, 0,053mmol) trong MeOH (550pL) & nhigt dd trong phong. Sau
30 phut, hén hop nay dugoc tinh ché bing Phuong phap HPLC A dé tao ra hop chét
néu & d& muc ndy & dang mudi TFA (27,9mg, 97%) dudi dang mang mau vang. H
NMR (400 MHz, metanol-ds) 8 ppm 1,25 (d, J = 6,3 Hz, 6H), 1,88-1,98 (m, 2H),
2,04-2,14 (m, 2H), 2,93-3,05 (m, 3H), 3,07 (br s, 4H), 3,33-3,40 (m, 2H), 3,41-3,69
(m, 2H), 3,75 (s, 3H), 4,15-4,32 (m, 3H), 4,32-4,39 (m, 1H), 6,66 (ddd, J = 8,9, 3,0,
1,5 Hz, 1 H), 6,73 (dd, J = 12,8, 2,9 Hz, 1H), 7,07 (t, J = 9,2 Hz, 1H); ESI-MS m/z
[M+H]" 430,4.
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Vi du 59: 1-(3-((2,2-difloetyl)amino)-2-(4-(2,4-diflophenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on
F

o
Jepew -
HN™ N7 N\H/CH3

Fﬁ) 0
F

Dung dich chua mubdi TFA cia  N-(2,2-difloetyl)-2-(4-(2,4-
diflophenoxy)piperidin-1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3 -amin (114mg,
0,211mmol) trong DCM (2,11ml) & nhiét d6 0°C dugc xur ly bang pyridin (0,051ml,
0,63mmol) va axetic anhydrit (0,040ml, 0,42mmol). Hoén hop phan ung nay dugc
khudy trong thoi gian 30 phut & nhiét do 0°C. Hon hop phan ung nay dugc co trong
didu kién ap suit giam. Cin dugc hép thy trong MeOH, loc, va dugc tinh ché bing
Phuong phap HPLC B, bing cach sir dung ACN v6i gradien tir 40% dén 70% dé tao
ra hop chit néu & dé muc ndy, & dang mubi TFA, dué6i dang chit rin mau vang
(39,7mg, 32,3%). 'H NMR (500 MHz, metanol-d4, hdn hop cac chét déng phéan hinh
hoc) & ppm 1,96 (m, 2H), 2,12 (m, 2H), 2,18 (s, 1,3H), 2,20 (s, 1,7H), 2,73 (t, J = 5,9
Hz, 0,8H), 2,83 (t, J = 5,9Hz, 1,2H), 3,01 (m, 2H), 3,39 (m, 2H), 3,80 (m, 4H), 4,45
(dt, J=1,0, 3,6 Hz, 1H), 4,57 (app d, 2H), 6,05 (m, 1H), 6,86 (m, 1H), 6,96 (ddd, J=
11,2, 8,5, 3,2 Hz, 1H), 7,15 (td, J= 9,2, 5,6 Hz, 1H); ESI-MS m/z [M+H]" 468,4.
Vi du 60: N-(2,2-diﬂoetyl)-2—(4-(2,4-diﬂophenoxy)piperidin-1-y1)-6-mety1-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin

F
o0
F 0
AN N >N,

F

Dung dich chira mubi TFA N-(2,2-difloetyl)-2-(4-(2,4-diflophenoxy)piperidin-
1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin  (155mg, 0,287mmol) trong
MeOH (2,87ml) duge xir ly bang DIPEA (0,100ml, 0,575mmol), formaldehyt
(0,021ml, 0,29mmol), va sau khi khqu trong thoi gian 5 phat, natri
triaxetoxybohydrua (122mg, 0,575mmol). Hon hop phan ing nay duoc khudy trong
thoi gian 30 phut & nhiét do trong phong. Hén hop phéan ung nay dugc loc va dugc
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tinh ché bing HPLC (Bom: Waters 2525 hodc 2545; MS: ZQ; phin mém: MassLynx.
A Xbridge™ C18, 5um, ID 30 x 75mm cdt duoc sir dung va ria giai bing nuéc/ACN
véi ty 16 20/80 (v/v) v6i ndng dd 40% dén 95% (10mmol NHsHCOs, pH 9,5-10) va
nuée (10mmol NHJHCO3, pH 9,5-10)) dé tao ra hop chét néu & d& muc nay dudi dang
chét ban rén mau tring duc (35,4mg, 28,0%). 'H NMR (500 MHz, metanol-d4) 3 ppm
1,95 (m, 2H), 2,12 (m, 2H), 2,47 (s, 3H), 2,79 (m, 4H), 2,96 (ddd, J = 12,4, 8,8, 3,2
Hz, 2H), 3,35 (m, 2H), 3,49 (s, 2H), 3,75 (td, J = 14,6, 4,4 Hz, 2H), 4,43 (tt, J= 7.7,
3,5 Hz, 1H), 6,03 (m, 1H), 6,86 (m, 1H), 6,97 (ddd, J = 11,2, 8,5, 3,2 Hz, 1H), 7,16
(td, J=9,3, 5,4 Hz, 1H); ESI-MS m/z [M+H]" 440,4.

Vi du 61: metyl 3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-carboxylat

ﬁjom

H3C Hs

B& sung metyl cacbonocloridat (9,3uL, 0,121mmol) & nhi¢t do 0°C vao dung
dich chita mudi TFA 3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin (50mg, 0,080mmol) va trietylamin (0,026ml,
0,185mmol) trong DCM (0,75ml). Hon hop phan tng nay dugc khudy & nhiét d6 0°C
trong thoi gian 1 gio, lam 4m dén 23°C, va c6 trén thiét bi 1am bay hoi kiéu quay.
Chét liéu tho thu duge dugc hoan nguyén trong DMSO, ria biang DMSO, va dugc
tinh ché bing Phuong phap HPLC B bang cach str dung ACN véi gradien tir 30% dén
70% d& tao ra hop chit néu & d& muc ndy & dang mudi TFA (11,0mg, 23,8%) dudi
dang chét rin mau vang. 'H NMR (500 MHz, DMSO-ds) & ppm 1,18 (d, J = 6,8 Hz,
6H), 1,82-1,94 (m, 2H), 2,02-2,12 (m, 2H), 2,65 (t, J = 5,9 Hz, 2H), 2,83-2,93 (m,
2H), 3,21-3,33 (m, 2H), 3,63 (s, 3H), 3,64-3,68 (m, 2H), 4,06-4,17 (m, 1H), 4,34 (br s,
2H), 4,51 (tt, J = 8,1, 3,9 Hz, 1H), 5,51-5,65 (m, 1H), 6,99-7,05 (m, 1H), 7,25-7,35
(m, 2H); ESI-MS m/z [M+H]" 462,4.
Vi du 62: 3-(4-(2,4-diflophenoxy)piperidin-1-y1)-6-(2-floetyl)-N-isopropy!-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin '
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D/O DNF

Bb sung 1-bromo-2-floetan (5,4uL, 0,072mmol) & nhiét 4o 23°C vao huyén
phi chita mubi TFA 3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin (50mg, 0,080mmol) va K>COs; (44,4mg, .
0,322mmol) trong axeton (2,0ml). H6n hop phan tng nay dugc khudy & nhiét d6 23°C
trong thoi gian 1 gid va tiép theo, & 50°C trong thoi gian 3 ngdy. Hon hop phan ting
ndy dugc lam mat xubng 23°C, mot luong b sung 1-bromo-2-floetan (2,7pL,
0,036mmol) dugce bd sung vao, va hdn hop phan tng nay dugc duoc dun néng trong
1,5 gior nita & nhiét do 50°C, 1am mat xudng 23°C, va ¢ trén thiét bi 1am bay hoi kiéu
quay. Chét liéu tho thu dugc dugc hoan nguyén trong DMSO, loc, rira bing DMSO,
va dugc tinh ché bang Phuong phdp HPLC B bang céach sir dung ACN véi gradien tir
30% dén 70% dé tao ra hop chit néu & dé muc nay & dang mudi TFA (10,7mg,
23,6%) duéi dang mang mau vang. 'H NMR (500 MHz, DMSO-db, hén hop cac chét
déng phan hinh hoc) § ppm 1,19 (d, J = 6,8 Hz, 6H), 1,83-1,92 (m, 2H), 2,02-2,13 (m,
2H), 2,79-2,96 (m, 3H), 2,96-3,11 (m, 0,9H), 3,24-3,36 (m, 2H), 3,38-3,55 (m, 1,1 H)
3,65 (br s, 1,1H), 3,71 (m, 0,9H), 3,73-3,84 (m, 1H), 4,12-4,19 (m, 1H), 4,28 (br s,
0,9H), 4,30 (br s, 1,1H), 4,54 (ddd, J = 11,7, 7,8, 3,9 Hz, 1H), 4,87 (t, J = 4,4 Hz,
0,9H), 4,88-4,95 (m, 1H), 4,97 (t, J = 4,4 Hz, 1,1H), 5,86 (d, J = 8,3 Hz, 1H), 6,97-
7,08 (m, 1H), 7,25-7,37 (m, 2H); ESI-MS m/z [M+H]" 450,5.

Vi du 63: (R)-1-(2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-3-(isopropylamino)-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on
F F

mej@
HN” N7 N\H/CH3
o

HaC” “CHj
Axetic anhydrit (14,1pL,’ 0,149mmol) va axit formic (38,1uL, 0,994mmol)
duogc két hop trong THF (99uL) va khudy & nhiét do trbng phong trong thoi gian 10
phit. Dung dich nay duoc lam mat xubng 0°C va dugc bd sung vao dung dich chira
(R)-2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin (41,7mg, 0,099mmol) trong THF (895uL) &
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nhiét d@ 0°C trong khi khudy. Sau 10 phtt, UPLC-MS cho thiy su chuyén héa khong
tao thanh san phdm formyl héa, ma thanh san phim axetyl héa. Hn hop phéan tng
nay duge xu ly bing MeOH, cb trong didu kién 4p suét giam, hép thy trong MeOH,
loc, va duoc tinh ché bing Phwong phép HPLC B d8 tao ra hop chét néu & dé muc
ndy, & dang mudi TFA, duéi dang chét rin mau vang nhat (17,5mg, 30,6%). IH NMR
(500 MHz, metanol-d4, hdn hop céc chét ddng phan hinh hoc) § ppm 1,28 (m, 6H),
1,45 (d, J = 12,7 Hz, 1H), 1,65 (m, 2H), 2,01 (m, 1H), 2,09 (m, 1H), 2,18 (s, 1,1H),
2,20 (s, 1,9H), 2,76 (m, 4H), 3,49 (m, 2H), 3,81 (t, /= 6,1 Hz, 1,3H), 3,85 (t, /=59
Hz, 0,7H), 4,13 (m, 1H), 4,57 (s, 0,7H), 4,61 (s, 1,3H), 5,52 (m, 1H), 7,02 (m, 2H),
7,50 (m, 1H); ESI-MS m/z [M+H]" 462,4.

Vi dy 65: N-xyclopropyl-2-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-6-metyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

F
HiC NN
I' N.
HN” N CHj

Hdn hop gdm xyclopropanamin (13,6mg, 0,237mmol), mudi TFA cta 3-clo-2-
(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-6-metyl-5,6,7,8-tetrahydropyrido[3,4-
blpyrazin (30,9mg, 0,059mmol), natri fert-butoxit (11,4mg, 0,119mmol), BINAP
(5,5mg, 8,90pumol) va Pdx(dba)s (2,7mg, 2,97pmol) trong toluen (200uL) duge dun
néng & 90°C trong thoi gian 14 gid. Hon hop nay dugce tinh ché truc tiép bing Phuong
phap HPLC A d& tao ra hop chét néu ¢ d& myc nay & dang mudi TFA (12,9mg,
40,2%) duéi dang mang mau vang. 'H NMR (400 MHz, metanol-ds) 6 ppm 0,53-0,58
(m, 2H), 0,75-0,81 (m, 2H), 1,86-1,96 (m, 2H), 2,02-2,12 (m, 2H), 2,64-2,70 (m, 1H),
2,94-3,02 (m, 1H), 3,08-3,12 (m, 3H), 3,17-3,27 (m, 3H), 3,34-3,42 (m, 2H), 3,59-
3,68 (m, 2H), 3,75 (s, 3H), 4,25-4,41 (m, 3H), 6,64-6,69 (m, 1H), 6,70-6,76 (m, 1H),
7,03-7,10 (m, 1H); ESI-MS m/z [M+H]* 428,4.

Vi du 66: N-xyclopropyl-3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-6-metyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

-101-



26953

F
jone
H3C\O NIND/CH;;
NS
PZ N

Hén hop gdm 4-(2-flo-4-metoxyphenoxy)piperidin hydroclorua (15,8mg,
0,060mmol), 3-clo-N-xyclopropyl-6-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-
amin (12mg, 0,050mmol), natri zert-butoxit (14,5mg, 0,151mmol), BINAP (4,7mg,
7,54pumol) va Pdy(dba); (2,3mg, 2,51umol) trong toluen (250uL) dugc dun néng &
90°C trong thoi gian 14 gid. Hon hop niy dugc tinh ché bing Phuong phap HPLC A
& tao ra hop chit néu & d& muc nay & dang mudi TFA (14,4mg, 52,9%) duéi dang
mang mau vang. 'H NMR (400 MHz, metanol-ds) § ppm 0,56-0,62 (m, 2H), 0,79-0,87
(m, 2H), 1,85-1,96 (m, 2H), 2,02-2,11 (m, 2H), 2,66-2,75 (m, 1H), 2,94-3,02 (m, 2H),
3,08-3,12 (m, 3H), 3,13-3,27 (m, 2H), 3,33-3,43 (m, 2H), 3,53-3,69 (m, 2H), 3,75 (s,
3H), 4,19-4,42 (m, 3H), 6,63-6,69 (m, 1H) 6,73 (dd, J = 12,9, 3,0 Hz, 1H), 7,02-7,09
(m, 1H); ESI-MS m/z [M+H]* 428 4.

Vi du 67: N-xyclopropyl-3-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-6-metyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin
F F

F/(j/‘\G\IIND/CHQ,
NS
1 N

Hoén hop gbm 4-((2,4-diflophenyl)flometyl)piperidin hydroclorua (16,0mg,
0,060mmol), 3-clo-N-xyclopropyl-6-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-
amin (12mg, 0,050mmol), natri ferz-butoxit (14,5mg, 0,151mmol), BINAP (4,7mg,
7,54pmol) va Pda(dba)s (2,3mg, 2,51umol) trong toluen (250uL) duoc dun néng &
90°C trong thoi gian 14 gid. Hon hgp ndy dugc tinh ché bing Phuong phdp HPLC A
dé tao ra hop chét néu & dé muc nay & dang mubi TFA (11,1mg, 40,5%) dudi dang
mang mau vang. 'H NMR (400 MHz, metanol-ds) & ppm 0,57 (dt, J = 3,5, 1,4 Hz,
2H), 0,78-0,85 (m, 2H), 1,36-1,45 (m, 1H), 1,52-1,73 (m, 2H), 1,93-2,15 (m, 2H),
2,60-2,87 (m, 3H), 3,08 (s, 3H), 3,09 - 3,15 (m, 2H), 3,38-3,74 (m, 4H), 4,26 (br s,
2H), 5,51 (dd, J = 46,2, 7,3 Hz, 1H), 6,96-7,08 (m, 2H), 7,45-7,53 (m, 1H); ESI-MS
m/z [M+H]" 432,4.
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Vi du 68: (S)-N-xyclopropyl-3-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-6-metyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin
F F

F/Ej)\O\II/NU/CHQ’
NS
HZ N

Hdn hop gdm (S)-4-((2,4-diflophenyl)flometyl)piperidin hydroclorua (14,7mg,
0,055mmol), 3-clo-N-xyclopropyl-6-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-
amin (11mg, 0,046mmol), natri ferz-butoxit (13,3mg, 0,138mmol), BINAP (4,3mg,
6,91pmol), va Pdx(dba)s (2,1mg, 2,30pumol) trong toluen (230pL) dugc dun noéng 6
90°C trong thoi gian 14 gis. Hon hop nay dugc tinh ché bang Phuong phap HPLC A
dé tao ra hop chét néu & dé muc niy & dang mudi TFA (11,1mg, 44,2%) duéi dang
mang mau vang. 'H NMR (400 MHz, metanol-d4) 8§ ppm 0,56-0,63 (m, 2H), 0,84 (m,
J = 6,8 Hz, 2H), 1,40 (d, J = 12,9 Hz, 1H), 1,52-1,74 (m, 2H), 1,92-2,14 (m, 2H),
2,61-2,75 (m, 3H), 3,08 (s, 3H), 3,09-3,16 (m, 2H), 3,40-3,55 (m, 2H), 3,55-3,80 (m,
2H), 4,31 (br s, 2H), 5,50 (dd, J = 46,0, 7,6 Hz, 1H), 6,96-7,08 (m, 2H), 7,45-7,54 (m,
1H); ESI-MS m/z [M+H]" 432.4.

Vi du 69: (R)-N-xyclopropyl-3-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-6-metyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin
F F

F/mINU/CHQ,
NS
I-Z N

Hdn hop gdm (R)-4-((2,4-diflophenyl)flometyl)piperidin hydroclorua (14,7mg,
0,055mmol), 3-clo-N-xyclopropyl-6-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-
amin (11mg, 0,046mmol), natri fert-butoxit (13,3mg, 0,138mmol), BINAP (4,3mg,
6,91pmol) va Pda(dba); (2,1mg, 2,30pmol) trong toluen (230uL) dugc dun noéng &
90°C trong thoi gian 14 gid. Hon hop nay dugc tinh ché bang Phuong phap HPLC A
dé tao ra hop chét néu & d& muyc nay & dang mudi TFA (10,5mg, 41,8%) dudi dang
mang mau vang. 'H NMR (400 MHz, metanol-ds) § ppm 0,55-0,62 (m, 2H), 0,79-0,87
(m, 2H), 1,40 (br d, J = 12,4 Hz, 1H), 1,52-1,73 (m, 2H), 1,93-2,14 (m, 2H), 2,61-2,74
(m, 3H), 3,08 (s, 3H), 3,10-3,15 (m, 2H), 3,40-3,54 (m, 2H), 3,55-3,81 (m, 2H), 4,26
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(br s, 2H), 5,50 (dd, J = 46,2, 7,8 Hz, 1H), 6,97-7,08 (m, 2H), 7,45-7,53 (m, 1H); ESI-
MS m/z [M+H]" 432,3.
Vi du 70: 3-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-N-isopropyl-6-metyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

F F

FmIND/CHa
\S
e

HsC” “CHs

Bb sung natri triaxetoxybohydrua (15,3mg, 0,072mmol) vao hén hop gdm
DIPEA (9,4mg, 0,072mmol), mudi TFA cla 3-(4-((2,4-
diflophenyl)flometyl)piperidin-1-yl)-N-isopropyl-5,6,7,8-tetrahydropyrido[3,4-
blpyrazin-2-amin (19,3mg, 0,036mmol) va formaldehyt (3pL, 0,036mmol) trong
MeOH (360pL) & nhiét do trong phong. Sau 30 pht, hdn hgp nay dugce tinh ché bang
Phuong phap HPLC A & tao ra hop chit néu & d& muc nay & dang mudi TFA
(19,3mg, 97%) duéi dang mang mau vang. '"H NMR (400 MHz, metanol-ds) 8 ppm
1,24 (dd, J = 6,4, 2,2 Hz, 6H), 1,40-1,48 (m, 1H), 1,53-1,74 (m, 2H), 1,96-2,14 (m,
2H), 2,60-2,73 (m, 2H), 2,93-3,06 (br m, 2H), 3,06 (s, 3H), 3,39-3,54 (m, 3H), 3,69-
3,81 (m, 1H), 4,18 (dt, J = 13,1, 6,4 Hz, 2H), 4,16-4,36 (br m, 1H), 5,52 (dd, J = 46,2,
7,6 Hz, 1H), 6,97-7,08 (m, 2H), 7,47-7,54 (m, 1H); ESI-MS m/z [M+H]" 434,4.
Vi du 71: 1-(3-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

F F

0]

J@?@ e

HNT N

HsC”~ “CHs

Bb sung axetic anhydrit (7uL, 0,075mmol) vao dung dich chira mudi TFA clia
3-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-N-isopropyl-5,6,7,8-

tetrahydropyrido[3,4-b]pyrazin-2-amin  (20,1mg, 0,038mmol) va pyridin (9pL,

0,113mmol) trong DCM (380pL) & nhiét do trong phong. Sau 1 gio, hdn hop nay

dugc tinh ché bing Phwong phap HPLC A d8 tao ra hop chit néu & dé muc nay & dang

mudi TFA (20,1mg, 93%) duéi dang mang mau vang. '"H NMR (400 MHz, metanol-

ds) 8 ppm 1,29 (dd, J= 6,4, 1,9 Hz, 6H), 1,46 (br s, 1H), 1,56-1,77 (m, 2H), 2,00 (d, J
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= 12,9 Hz, 1H), 2,04-2,15 (m, 1H), 2,18 (s, 1,3H), 2,20 (s, 1,7H), 2,76 (qd, J = 12,8,
2,4 Hz, 3H), 2,87 (t, J = 5,9 Hz, 1H), 3,40-3,56 (m, 2H), 3,78-3,83 (m, 1,1H), 3,83-
3,89 (m, 0,9H), 4,09-4,17 (m, 1H), 4,52 (s, 2H), 5,53 (dd, J = 46,7, 7,6 Hz, 1H), 6,97-
7,08 (m, 2H), 7,47-7,55 (m, 1H); ESI-MS m/z [M+H]" 462,4.
Vi du 72: 3-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-2-(isopropylamino)-N,N-
dimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

F F

J@)\@ I
HN SN CHs

HsC~ "CHj

B4 sung dimetylcarbamic clorua (8,4mg, 0,078 mmol) vao dung dich chira 3-(4-
((2,4-diflophenyl)flometyl)piperidin-1-yl)-N-isopropyl-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-amin mudi TFA (20,8mg, 0,039mmol) va trietylamin (16puL, 0,117mmol)
trong DCM (390uL) & nhiét do trong phong. Sau 1 gio, hdn hop nay dugc tinh éhé
bing Phuong phap HPLC A @8 tao ra hop chit néu & d& muc ndy & dang mudi TFA
(20,8mg, 88%) duéi dang mang mau vang. '"H NMR (400 MHz, metanol-ds) 3 ppm
1,31 (dd, J = 6,6, 1,8 Hz, 6H), 1,40-1,48 (m, 1H), 1,58-1,78 (m, 2H), 1,95-2,03 (m,
1H), 2,03-2,18 (m, 1H), 2,71-2,88 (m, 4H), 2,90 (s, 6H), 3,42-3,52 (m, 2H), 3,54 (t, J
= 5,7 Hz, 2H), 4,07-4,16 (m, 1H), 4,22-4,27 (m, 2H), 5,53 (dd, J = 46,5, 7,3 Hz, 1H),
6,97-7,08 (m, 2H), 7,47-7,55 (m, 1H); ESI-MS m/z [M+H]" 491,4.
Vi du 73: 3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-2-(isopropylamino)-N,N-
dimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

/Ej \O jQJLCHc:Hs

H3C Hj
B sung dimetylcarbamic clorua (10,5mg, 0,097mmol) vdo dung dich chua
mubi TFA cua 3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin (25,8mg, 0,049mmol) va trietylamin (20,5uL,
0,146mmol) trong DCM (500uL) & nhiét do trong phong. Sau 1 gio, hdn hop nay
duogc tinh ché bing Phuong phap HPLC A dé tao ra hop chit néu & dé muc nay & dang
mubi TFA (25,8mg, 88%) dudi dang mang mau vang. '"H NMR (400 MHz, metanol-
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ds) & ppm 1,33 (d, J = 6,3 Hz, 6H), 1,89-2,00 (m, 2H), 2,06-2,16 (m, 2H), 2,85-2,89
(m, 2H), 2,90 (s, 6H), 3,04-3,13 (m, 2H), 3,41-3,50 (m, 2H), 3,55 (t, J = 5,8 Hz, 2H),
3,76 (s, 3H), 4,08-4,18 (m, 1H), 4,27 (s, 2H), 4,35-4,42 (m, 1H), 6,67 (ddd, J = 9,0,
2,9, 1,5 Hz, 1H), 6,74 (dd, J= 12,9, 3,0 Hz, 1H), 7,08 (t, J=9,2 Hz, 1H); ESI-MS m/z
[M+H]" 487 4.

Vi du 74: 2-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-N-isopropyl-6-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin |

F
o)
HN” N CH;
HsC” “CHs |
B sung natri triaxetoxyhydroborat (9,7mg, 0,046mmol) vao dung dich chira
DIPEA (8uL, 0,046mmol), mubi TFA cuta 2-(4-(2-flo-4-metoxyphenoxy)piperidin-1-
yl)-N-isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (12,1mg, 0,023mmol)
va formaldehyt (1,9uL, 0,023mmol) trong MeOH (229pL) & nhiét do trong phong.
Sau 30 phut, hdn hop ndy duoc tinh ché bing Phuong phap HPLC A d¢ tao ra hop
chét néu & d& muc nay & dang mudi TFA (12,1mg, 97%) duéi dang mang méau vang.
'H NMR (400 MHz, metanol-ds) & ppm 1,24 (d, J = 6,3 Hz, 6H), 1,88-1,99 (m, 2H),
2,04-2,14 (m, 2H), 2,93-3,04 (m, 3H), 3,08 (br s, 4H), 3,35-3,53 (m, 3H), 3,76 (br s,
4H), 4,10-4,19 (m, 1H), 4,20-4,40 (m, 3H), 6,64-6,69 (m, 1H), 6,74 (dd, J = 12,8, 2,1
Hz, 1H), 7,07 (t, J= 9,2 Hz, 1H); ESI-MS m/z [M+H]" 430,4.
Vi du  75: 2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-N-isopropyl-6-metyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin

F F
|

HN™ N Nech,
C/kC

Bb sung natri triaxetoxyhydroborat (11,0mg, 0,052mmol) vao dung dich chira
DIPEA (9uL, 0,052mmol), mubi TFA cua 2-(4-((2,4-diflophenyl)flometyl)piperidin-
1-yl)-N-isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (13,9mg,
0,026mmol) va formaldehyt (2pL, 0,026mmol) trong MeOH (260uL) & nhiét d) trong
phong. Sau 30 phit, hdn hop nay dugce tinh ché bing Phuong phap HPLC A dé tao ra

Hs Ha
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hop chit néu & d& muc nay & dang mudi TFA (13,9mg, 97%) duéi dang mang mau
vang. 'H NMR (400 MHz, metanol-ds) & ppm 1,23 (dd, J = 6,4, 2,4 Hz, 6H), 1,41-
1,49 (m, 1H), 1,52-1,74 (m, 2H), 1,97-2,15 (m, 2H), 2,61-2,75 (m, 2H), 2,89-3,04 (m,
2H), 3,07 (s, 3H), 3,40-3,56 (m, 3H), 3,75 (br s, 1H), 4,13 (quin, J = 6,5 Hz, 1H),
4,18-4,38 (m, 2H), 5,53 (dd, J = 46,2, 7,6 Hz, 1H), 6,97-7,08 (m, 2H), 7,47-7,54 (m,
1H); ESI-MS m/z [M+H]" 434 4.

Vi du 76: 1-(2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

F F
B sung axetic anhydrit (SpL, 0,054mm0]) vao dung dich chua 2-(4-((2,4-

3C
diflophenyl)flometyl)piperidin-1-yl)-N-isopropyl-5,6,7,8-tetrahydropyrido[ 3,4-
blpyrazin-3-amin mudi TFA (14,3mg, 0,027mmol) va pyridin (6,5uL, 0,080mmol)
trong DCM (270pL) & nhiét do trong phong. Sau 1 gid, hdn hop nay dugc tinh ché
bing Phuong phap HPLC A d tao ra hop chit néu & d& muc nay & dang mudi TFA
(14,3mg, 93%) dudi dang mang mau vang. '"H NMR (400 MHz, metanol-ds, hdn hop
céc chit ddng phan hinh hoc) & ppm 1,23-1,31 (m, 6H), 1,45 (d, J = 12,9 Hz, 1H),
1,53-1,76 (m, 2H), 1,96-2,15 (m, 2H), 2,18 (s, 1,2H), 2,21 (s, 1,8H), 2,67-2,84 (m,
4H), 3,38-3,55 (m, 2H), 3,78-3,83 (m, 1,2H), 3,83-3,87 (m, 0,8H), 4,13 (dq, J = 12,6,
6,3 Hz, 1H), 4,56 (s, 0,8H), 4,59 (s, 1,2H), 5,53 (dd, J = 46,2, 7,6 Hz, 1H), 6,97-7,09
(m, 2H), 7,47-7,55 (m, 1H); ESI-MS m/z [M+H]" 462.4.
Vi du 77: 2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-3-(isopropylamino)-N,N-
dimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

F F
\ﬂ/ “CH,3
3
B6 sung dimetylcarbamic clorua (5,8mg, 0,054mmol) vao dung dich chira 2-(4-

H3C
((2,4-diflophenyl)flometyl)piperidin-1-yl)-N-isopropyl-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-3-amin mubi TFA (14,3mg, 0,027mmol) va trietylamin (11pL, 0,080mmol)
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trong DCM (270pL) & nhiét do trong phong. Sau 1 gi®, hdn hgp nay dugc tinh ché
bing Phwong phap HPLC A dé tao ra hop chit néu & d& muc nay & dang mudi TFA
(14,3mg, 88%) duéi dang mang mau vang. 'H NMR (400 MHz, metanol-ds) 8 ppm
1,29 (dd, J = 6,4, 1,9 Hz, 6H), 1,40-1,49 (m, 1H), 1,55-1,77 (m, 2H), 2,01 (d, J=13,1
Hz, 2H), 2,70-2,84 (m, 4H), 2,87-2,94 (m, 6H), 3,40-3,52 (m, 2H), 3,53-3,57 (m, 2H),
4,11 (quin, J = 6,4 Hz, 1H) 4,29 (s, 2H) 5,53 (dd, J = 46,2, 7,3 Hz, 1H), 6,97-7,09 (m,
2H), 7,47-7,55 (m, 1H); ESI-MS m/z [M+H]" 491.,4.

Vi du 78: (5-clo-2-flophenyl)(1-(2-(isopropylamino)-6-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)piperidin-4-yl)metanon
F O
7 NINDI,CH;;
HN N
Hac)\CHs

Bb sung natri triaxetoxyhydroborat (6,9mg, 0,033mmol) vao dung dich chira
DIPEA (6pL, 0,033mmol), mubi TFA ctia (5-clo-2-flophenyl)(1-(2-(isopropylamino)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-yl)piperidin-4-yl)metanon (8,9mg,
0,016mmol) va formaldehyt (1,5pL, 0,016mmol) trong MeOH (160pL) & nhiét do
trong phong. Sau 30 phit, hdn hop nay dugc tinh ché bang Phuong phap HPLC A aé
tao ra hop chét néu & dé muc ndy & dang mubi TFA (2,2mg, 24,1%) duéi dang mang
mau vang. '"H NMR (400 MHz, metanol-d4) 8 ppm 1,24 (d, J= 6,6 Hz, 6H), 1,81-1,94
(m, 2H), 1,96-2,05 (m, 2H), 2,85 (t, J = 11,5 Hz, 2H), 3,00 (d, J = 6,3 Hz, 2H), 3,07
(s, 3H), 3,44-3,53 (m, 4H), 3,71-3,82 (m, 1H), 4,14-4,23 (m, 2H), 4,28-4,37 (m, 1H),
7,28 (dd, J= 10,6, 8,8 Hz, 1H), 7,61 (ddd, J= 8,8, 4,1, 2,8 Hz, 1H), 7,75 (dd, J = 6,1,
2,8 Hz, 1H); ESI-MS m/z [M+H]" 446,3.

Vi du 79: 1-(3-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon
F O

(0]
NS
HN N
PN

Bb sung axetic anhydrit (3uL, 0,034mmol) vao dung dich chira mudi TFA cia

Cl

Hj CH3

(5-clo-2-flophenyl)(1-(2-(isopropylamino)-5,6,7,8-tetrahydropyrido[ 3,4-b]pyrazin-3-
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yl)piperidin-4-yl)metanon (9,2mg, 0,017mmol) va pyridin (4uL, 0,051mmol) trong
DCM (170pL) & nhiét d6 trong phong. Sau 1 gio, hdn hop nay dugc tinh ché bing
Phuong phap HPLC A d8 tao ra hop chit néu & dé muc nay & dang mubi TFA (4,0mg,
40,4%) duéi dang mang mau vang. 'H NMR (400 MHz, metanol-da, hén hop cac chit
déng phan hinh hoc) & ppm 1,30-1,34 (m, 6H), 1,88-2,04 (m, 4H), 2,19 (s, 1,4H), 2,21
(s, 1,6H), 2,77-2,83 (m, 0,9H), 2,87-2,92 (m, 1,1H), 2,93-3,02 (m, 2H), 3,34-3,43 (m,
1H), 3,50-3,59 (m, 2H), 3,80-3,85 (m, 1,1H), 3,85-3,90 (m, 0,9H), 4,08-4,17 (m, 1H),
4,54 (br s, 2H), 7,25-7,32 (m, 1H), 7,59-7,63 (m, 1H), 7,76 (dd, J = 6,1, 2,8 Hz, 1H);
ESI-MS m/z [M+H]" 474,3.

Vi du 80: 3-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-2-(isopropylamino)-N,N-dimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

F O

)L 3
Cl I :Q CH:H

H3C Hs

B4 sung dimetylcarbamic clorua (3,8mg, 0,036mmol) vao dung dich chira (5-
clo-2-ﬂopheny1)(1-(2-(isopropylamino)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-
yl)piperidin-4-yl)metanon mubi TFA (9,7mg, 0,018mmol) va trietylamin (7pL,
0,053mmol) trong DCM (180uL) & nhiét d trong phong. Sau 1 gio, hdn hop nay
duoc tinh ché bang Phuong phap HPLC A dé tao ra hop chét néu & d& muyc nay & dang
mudi TFA (3,6mg, 32,8%) dudi dang mang mau vang. TH NMR (400 MHz, metanol-
ds) & ppm 1,31-1,34 (m, 6H), 1,89-2,06 (m, 4H), 2,85-2,89 (m, 2H), 2,90-2,92 (m,
6H), 2,93-3,02 (m, 2H), 3,35-3,41 (m, 1H), 3,50-3,58 (m, 4H), 4,08-4,16 (m, 1H),
4,27 (s, 2H), 7,29 (dd, J = 10,6, 8,8 Hz, 1H), 7,61 (ddd, J = 8,8, 4,0, 2,8 Hz, 1H), 7,76
(dd, J= 6,1, 2,8 Hz, 1H); ESI-MS m/z [M+H]" 504,4.
Vi du 81: 3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-6-metyl-5,6,7,8-
tetrahydropyrid0[3,4-b]pyrazin-2-amin

@Um%

H3C Ha

-109-



26953

B sung natri triaxetoxyhydroborat (12,3mg, 0,058mmol) vao dung dich chira
DIPEA (10uL, 0,058mmol), mudi TFA cua 3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-
isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin (15,0mg, 0,029mmol) va
formaldehyt (2uL, 0,029mmol) trong MeOH (290pL) & nhiét do trong phong. Sau 30
phut, hdn hop nay duoc tinh ché bang Phuong phap HPLC A 8 tao ra hop chit néu &
d& muc nay & dang mubi TFA (12,3mg, 80%) duéi dang mang mau vang. 'H NMR
(400 MHz, metanol-ds) 8 ppm 1,25 (d, J= 6,6 Hz, 6H), 1,90-2,00 (m, 2H), 2,07-2,16
(m, 2H), 2,96-3,05 (m, 3H), 3,08 (br s, 4H), 3,33-3,42 (m, 2H), 3,43-3,85 (m, 2H),
4,14-4,38 (m, 3H), 4,44-4,51 (m, 1H), 6,84-6,91 (m, 1H), 6,95-7,02 (m, 1H), 7,17 (td,
J=9,2,5,6 Hz, 1H); ESI-MS m/z [M+H]" 418,3.

Vi du 82: 1-(3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

@@

H3C Ha

JQ

Bb sung axetic anhydrit (SpL, 0,058mmol) vao dung dich chira mudi TFA cua
3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-tetrahydropyrido[ 3,4-
blpyrazin-2-amin (15,1mg, 0,029mmol) va pyridin (7pL, 0,088mmol) trong DCM
(290pL) & nhiét do trong phong. Sau 1 gio, hdn hop nay duge tinh ché bang Phuong
phép HPLC A @8 tao ra hop chit néu & d& muc ndy & dang mubi TFA (12,7mg, 78%)
duéi dang mang mau vang. '"H NMR (400 MHz, metanol-ds, hdn hop céc chét dong
phan hinh hoc) & ppm 1,33 (d, J = 6,6 Hz, 6H), 1,91-2,02 (m, 2H), 2,09-2,18 (m, 2H),
2,19 (s, 1,4H), 2,21 (s, 1,6H), 2,77-2,83 (m, 0,9H), 2,88-2,94 (m, 1,1H), 3,12 (td, J =
8,5, 4,0 Hz, 2H), 3,43-3,51 (m, 2H), 3,80-3,85 (m, 1,1H), 3,86-3,91 (m, 0,9H), 4,10-
4,18 (m, 1H), 4,47-4,54 (m, 1H), 4,55 (br s, 2H), 6,85-6,92 (m, 1H), 6,99 (ddd, J =
11,4, 8,6, 3,0 Hz, 1H), 7,18 (td, J=9,2, 5,6 Hz, 1H); ESI-MS m/z [M+H]" 446,4.

Vi du 83: 3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-N,N-dimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit
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H3 Hs

B6 sung dimetylcarbamic clorua (6,4mg, 0,059mmol) vao dung dich chira 3-(4-
(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-amin mudi TFA (15,3mg, 0,030mmol) v trietylamin (12puL, 0,089mmol)
trong DCM (300pL) & nhiét do trong phong. Sau 1 gid, hdn hop nay dwgc tinh ché
bang Phuong phap HPLC A dé tao ra hop chit néu & d& myc nay & dang mubi TFA
(11,1mg, 63,8%) duéi dang mang mau vang. 'H NMR (400 MHz, metanol-ds) & ppm
1,31 (d, J = 6,3 Hz, 6H), 1,91-2,01 (m, 2H), 2,09-2,18 (m, 2H), 2,86 (t, J = 5,7 Hz,
2H), 2,90 (s, 6H), 3,03-3,11 (m, 2H), 3,39-3,47 (m, 2H), 3,55 (t, J= 5,7 Hz, 2H), 4,14
(quin, J = 6,4 Hz, 1H), 4,27 (s, 2H), 4,49 (tt, J= 7,3, 3,6 Hz, 1H), 6,84-6,91 (m, 1H),
6,99 (ddd, J = 11,2, 8,5, 3,0 Hz, 1H), 7,18 (td, J = 9,2, 5,6 Hz, 1H); ESI-MS m/z
[M+H]" 475 4.
Vi du 84: 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-6-metyl-5,6,7,8-
tetrahydropyrido|[3,4-b]pyrazin-3-amin

Jﬁt&p%

H3C Hj

B6 sung natri triaxetoxyhydroborat (9,9mg, 0,047mmol) vao dung dich chtra
DIPEA (8uL, 0,047mmol), mubi TFA 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-
isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (12,1mg, 0,023mmol) va
formaldehyt (2uL, 0,023mmol) trong MeOH (230puL) & nhiét 4§ trong phong. Sau 30
phut, hdn hop nay duoc tinh ché bing Phuong phap HPLC A dé tao ra hop chét néu &
dé muc nay & dang mudi TFA (8,9mg, 71,6%) duéi dang mang mau vang. 'H NMR
(400 MHz, metanol-ds) & ppm 1,24 (d, J= 6,3 Hz, 6H), 1,90-2,00 (m, 2H), 2,08-2,17
(m, 2H), 2,95-3,06 (m, 3H), 3,12 (br s, 4H), 3,35-3,53 (m, 3H), 3,76 (br s, 1H), 4,15
(dt, J=13,1, 6,5, 6,5 Hz, 1H), 4,19-4,38 (m, 2H), 4,48 (tt, J= 7,3, 3,7 Hz, 1H), 6,85-
6,92 (m, 1H), 6,99 (ddd, J=11,4, 8,5, 3,0 Hz, 1H), 7,17 (td, J=9,2, 5,6 Hz, 1H); ESI-
MS m/z [M+H]* 418,3.
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Vi du 85: 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-N,N-dimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

@m@ p

\n/ CH
H3C H3

Bé sung dimetylcarbamic clorua (5,2mg, 0,049mmol) vao dung dich chira 2-(4-
(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-tetrahydropyrido[3,4-
blpyrazin-3-amin mubi TFA (12,6mg, 0,024mmol) va trietylamin (10pL, 0,073mmol)
trong DCM (240pL) ¢ nhiét d9 trong phong. Sau 1 gio, hdn hop nay dugc tinh ché
bang Phuong phap HPLC A d8 tao ra hop chit néu & dé muc nay & dang mudi TFA
(8,0mg, 55,8%) dudi dang mang mau vang. 'H NMR (400 MHz, metanol-ds) 8 ppm
1,28 (d, J = 6,6 Hz, 6H), 1,90-2,00 (m, 2H), 2,08-2,17 (m, 2H), 2,77-2,84 (m, 2H),
2,91 (s, 6H), 2,99-3,08 (m, 2H), 3,35-3,44 (m, 2H), 3,55 (t, J = 5,8 Hz, 2H), 4,09-4,17
(m, 1H), 4,29 (s, 2H), 4,44-4,51 (m, 1H), 6,84-6,91 (m, 1H), 6,99 (s, 1H), 7,18 (td, J=
9,2, 5,3 Hz, 1H); ESI-MS m/z [M+H]" 475,4.

Vi du 86: (5-clo-2-flophenyl)(1-(3-(isopropylamino)-6-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-yl)piperidin-4-yl)metanon
F 0]
L
cl HN” N NCH,
Hs;C CHj3

Bé sung natri triaxetoxyhydroborat (6,5mg, 0,031mmol) vao dung dich chira
DIPEA (5uL, 0,03 1mmol), mubi TFA cua (5-clo-2-flophenyl)(1-(3-(isopropylamino)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-yl)piperidin-4-yl)metanon (8,4mg,
0,015mmol) va formaldehyt (1,5uL, 0,015mmol) trong MeOH (150pL) & nhiét 4o
trong phong. Sau 30 phit, hdn hop nay dugce tinh ché bing Phuong phép HPLC A aé
tao ra hop chit néu & d& muc nay & dang mudi TFA (4,7mg, 54,6%) duéi dang chat
rén mau vang. '"H NMR (400 MHz, metanol-ds) 8 ppm 1,24 (d, J = 6,6 Hz, 6H), 1,82-
1,93 (m, 2H), 1,97-2,05 (m, 2H), 2,81-3,05 (m, 4H), 3,08 (s, 3H), 3,35-3,54 (m, 4H),
3,72-3,83 (m, 1H), 4,10-4,18 (m, 1H), 4,19-4,40 (m, 2H), 7,25-7,32 (m, 1H), 7,61
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(ddd, J = 8.8, 4,3, 2,8 Hz, 1H), 7,75 (dd, J = 6,1, 2,8 Hz, 1H); ESI-MS m/z [M+H]"
446,3.
Vi du 87: 1-(2-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

F O

N.__N
LI
Cl HN \N N\n/CH
0

HsC” “CH,

B& sung axetic anhydrit (3pL, 0,029mmol) vao dung dich chira mudi TFA cia
(5-clo-2-flophenyl)(1-(3-(isopropylamino)-5,6,7,8-tetrahydropyrido[ 3,4-b]pyrazin-2-
yl)piperidin-4-yl)metanon (8,0mg, 0,015mmol) va pyridin (4uL, 0,044mmol) trong
DCM (150uL) & nhiét do trong phong. Sau 1 gid, hén hop ndy dugc tinh ché bang
Phuong phap HPLC A dé tao ra hop chit néu & dé muc ne‘ly.(’r dang mubi TFA (3,6mg,
42%) dué6i dang chét rin mau vang. '"H NMR (400 MHz, metanol-ds, hdn hop cac chét
déng phan hinh hoc) é ppm 1,26-1,32 (m, 6H), 1,84-1,96 (m, 2H), 1,97-2,06 (m, 2H),
2,19 (s, 1,1H), 2,21 (s, 1,9H), 2,70-2,76 (m, 0,7H), 2,80-2,86 (m, 1,3H), 2,87-3,00 (m,
2H), 3,34-3,41 (m, 1H), 3,46-3,56 (m, 2H), 3,79-3,84 (m, 1,3H), 3,84-3,89 (m, 0,7H),
4,07-4,18 (m, 1H), 4,57 (s, 1,1H), 4,62 (s, 0,9H), 7,28 (dd, J = 10,4, 8,8 Hz, 1H), 7,61
(ddd, J = 8,9, 4,2, 2,9 Hz, 1H), 7,76 (dd, J = 6,1, 2,8 Hz, 1H); ESI-MS m/z [M+H]"
474.3.

Vi du 88: 2-(4-(5-clo-2-flobenzoyl)piperidin-1-yl)-3-(isopropylamino)-N,N-dimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit
F O

cl I D 0

\H/CH

Hac Hs
B6 sung dimetylcarbamic clorua (3,2mg, 0,029mmol) vao dung dich chira _muéi
TFA cta (5-clo-2-flophenyl)(1-(3-(isopropylamino)-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-yl)piperidin-4-yl)metanon (8,0mg, 0,015mmol) va trietylamin (6pL,
0,044mmol) trong DCM (150pL) & nhiét d§ trong phong. Sau 1 gid, hdn hop nay
dugc tinh ché bing Phuong phap HPLC A dé tao ra hop chét néu ¢ dé muc nay & dang
mudi TFA (3,9mg, 43,1%) du6i dang chét rin mau vang. 'H NMR (400 MHz,
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metanol-ds) § ppm 1,31 (d, J = 6,6 Hz, 6H), 1,85-2,05 (m, 4H), 2,77-2,84 (m, 2H),
2,91 (s, 6H), 2,93-3,01 (m, 2H), 3,36-3,41 (m, 1H), 3,51-3,59 (m, 4H), 4,07-4,15 (m,
1H), 4,31 (s, 2H), 7,28 (dd, J= 10,4, 8,8 Hz, 1H), 7,61 (ddd, J= 8,8, 4,3, 2,8 Hz, 1H),
7,76 (dd, J= 6,1, 2,8 Hz, 1H); ESI-MS m/z [M+H]" 504,4.

Vi du 89:  1-(2-(tert-butylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

ijt&n

c/i:gHa

Dung dich chira mudi TFA ctia N-(tert-butyl)-3-(4-(2,4-diflophenoxy)piperidin-
1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin  (16mg, -0,030mmol), axetic
anhydrit (5,7uL, 0,060mmol), va DIPEA (15,8uL, 0,090mmol) trong DCM (151pL)
dugc khudy & nhiét d6 trong phong qua dém. Hon hgp phan Gng thdé ndy dugc pha
loang trong DMF, loc qua mang loc PTFE 0,45um va nuée (Millipore® Millex-LCR),
va tinh ché bing Phuong phap HPLC A d tao ra hop chit néu & d& muc nay & dang
mubi TFA (15mg) duéi dang ddu trong subt. '"H NMR (400 MHz, metanol-ds, hdn
hop céc chit ddng phan hinh hoc) & ppm 1,48 (s, 9H), 1,87-1,98 (m, 2H), 2,07-2,17
(m, 2H), 2,19 (s, 1,3H), 2,21 (s, 1,7H), 2,74 (t, J = 5,9 Hz, 0,9H), 2,84 (t, J=5,9 Hz,
1,1H), 2,97 (ddd, J = 12,4, 8,6, 3,3 Hz, 2H), 3,33-3,37 (m, 2H), 3,80 (t, J = 5,9 Hz,
1,1H), 3,85 (t, J = 5,9 Hz, 0,9H), 4,43-4,51 (m, 1H), 4,53 (d, J = 1,3 Hz, 2H), 6,88
(ddddd, J=9,1, 8,1, 2,9, 1,9, 0,8 Hz, 1H), 6,95-7,02 (m, 1H), 7,18 (td, J=9,2, 5,3 Hz,
1H); ESI-MS m/z [M+H]* 460,4.

Vi du 90: 2-(fert-butylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N,N-dimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

Lﬁt&iﬁ%

HaC CHg,Hs
Dung dich chira mubi TFA ctia N-(tert-butyl)-3-(4-(2,4-diflophenoxy)piperidin-
1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin (16mg, 0,030mmol),

dimetylcarbamic clorua (3,2mg, 0,030mmol), va DIPEA (5,3pL, 0,030mmol) trong

-114-



26953

DCM (151uL) duge khudy & nhiét do trong phong qua dém. Hén hop phan ung tho
nay dugc pha loing trong DMF, loc qua mang loc PTFE 0,45um ua nuéc (Millipore®
Millex-LCR), v tinh ché bing Phuong phép HPLC A d& tao ra hop chit néu & dé
muc ndy & dang mubi TFA (10mg) duéi dang dau trong sudt. '"H NMR (400 MHz,
metanol-ds) & ppm 1,48 (s, 9H), 1,87-1,97 (m, 2H), 2,07-2,17 (m, 2H), 2,82 (t, J=5,9
Hz, 2H), 2,90 (s, 6H), 2,95 (ddd, J= 12,2, 8,5, 3,3 Hz, 2H), 3,29-3,35 (m, 2H), 3,53 (t,
J =58 Hz, 2H), 4,25 (s, 2H), 4,46 (tt, J= 7,5, 3,8 Hz, 1H), 6,84-6,91 (m, 1H), 6,99
(ddd, J = 11,4, 8,6, 3,0 Hz, 1H), 7,18 (td, J = 9,3, 5,4 Hz, 1H); ESI-MS m/z [M+H]*
489.,4.

Vi du 91: 1-(2-((2,2-diﬂoetyl)amino)-3-(4-(2,4-diﬂophenoxy)piperidin—1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

e

Ol
- N :[N \ji\)NJ\CHa
HN" N7

Y
F
Dung dich chira mudi TFA  cua  N-(2,2-difloetyl)-3-(4-(2,4-

diflophenoxy)piperidin-1-yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin  (15mg,
0,028mmol), axetic anhydrit (5,2uL, 0,056mmol), va DIPEA (14,6uL, 0,083mmol)
trong DCM (139pL) duoc khudy & nhiét d trong phong qua dém. Hon hop phén tng
thd nay dugc pha lodng trong DMF, loc qua mang loc PTFE 0,45um ua nudc
(Millipore® Millex-LCR), va tinh ché bing Phwong phap HPLC A d€ tao ra hop chat
néu & d& muc nay & dang mudi TFA (13mg) duéi dang dau trong subt. "H NMR (400
MHz, metanol-ds, hn hop céc chét déng phan hinh hoc) 8 ppm 1,91-2,03 (m, 2H),
2,09-2,17 (m, 2H), 2,19 (s, 1,3H), 2,21 (s, 1,7H), 2,75 (t, J= 5,9 Hz, 0,9H), 2,85 (t, J
= 5,9 Hz, 1,1H), 2,95-3,05 (m, 2H), 3,34-3,42 (m, 2H), 3,73-3,79 (m, 2H), 3,81 (t, /=
5,9 Hz, 1,2H), 3,86 (t, J = 6,1 Hz, 0,8H), 4,46 (tq, J = 7,9, 3,9 Hz, 1H), 4,56 (d, J =
0,8 Hz, 2H), 5,89-6,22 (m, 1H), 6,84-6,91 (m, 1H), 6,98 (dddd, J = 11,4, 8,5, 3,0, 1,0
Hz, 1H), 7,17 (td, J=9,2, 5,3 Hz, 1H); ESI-MS m/z [M+H]" 468,3.
Vi du 92: 1-(2-(xyclobutylamino)-3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon
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Hén hop gdbm mudi TFA cia  N-xyclobutyl-3-(4-(2-flo-4-
metoxyphenoxy)piperidin-1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin
(10mg, 0,018mmol), axetic anhydrit (3,8mg, 0,037mmol) va pyridin (4,4mg,
0,055mmol) trong DCM (190uL) dugc khudy & nhiét do trong phong trong thoi gian
30 phtt. Hon hop ndy dugc tinh ché bang Phuong phép HPLC A d tao ra hop chat
néu & d& muc ndy & dang mudi TFA (6,4mg, 59%) duéi dang mang mau vang. 'H
NMR (400 MHz, metanol-ds, hdn hop céc chat ddng phan hinh hoc) 8 ppm 1,76-1,86
(m, 2H), 1,89-2,00 (m, 2H), 2,01-2,15 (m, 4H), 2,19 (s, 1,4H), 2,20 (s, 1,6H), 2,38-
2,48 (m, 2H), 2,73-2,79 (m, 0,9H), 2,81-2,88 (m, 1,1H), 2,99-3,08 (m, 2H), 3,38-3,47
(m, 2H), 3,76 (s, 3H), 3,78-3,83 (m, 1,1H), 3,83-3,88 (m, 0,9H), 4,32-4,48 (m, 2H),
4,54 (s, 2H), 6,64-6,70 (m, 1H), 6,74 (dd, J = 12,8, 2,9 Hz, 1H), 7,08 (t, /= 9,2 Hz,
1H); ESI-MS m/z [M+H]* 470,4.
Vi du 93: 2-(xyclobutylamino)-3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-N,N-
dimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

15t&£ﬁ$
&

Hon hop gbébm N-xyclobutyl-3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin mubéi TFA (10,6mg, 0,020mmol),
dimetylcarbamic clorua (4,2mg, 0,039mmol) va trietylamin (5,9mg, 0,059mmol) trong
DCM (200pL) duge khudy & nhiét do trong phong trong thoi gian 30 phit. Hén hop
nay dugc tinh ché biang Phuong phap HPLC A dé tao ra hop chét néu & dé muc nay &
dang mudi TFA (7,1mg, 59,2%) duéi dang mang mau vang. 'H NMR (400 MHz,
metanol-ds) & ppm 1,77-1,87 (m, 2H), 1,90-2,00 (m, 2H), 2,03-2,15 (m, 4H), 2,39-
2,49 (m, 2H), 2,81-2,87 (m, 2H), 2,90 (s, 6H), 2,98-3,08 (m, 2H), 3,38-3,47 (m, 2H),
3,54 (t, J = 5,8 Hz, 2H), 3,76 (s, 3H), 4,26 (s, 2H), 4,33-4,47 (m, 2H), 6,67 (dd, J =
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9,1, 1,5 Hz, 1H), 6,74 (dd, J= 12,8, 2,9 Hz, 1H), 7,08 (t, J= 9,2 Hz, 1H); ESI-MS m/z
[M+H]* 499.4.

Vi du 94: 1-(3-(xyclobutylamino)-2-(4-(2-flo-4-metoxyphenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

@@IDT
&

o}

Hén hop gbm mudi TFA  cia  N-xyclobutyl-2-(4-(2-flo-4-
metoxyphenoxy)piperidin-1-yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin
(10,1mg, 0,019mmol), axetic anhydrit (3,8mg, 0,037mmol) va pyridin (4mg,
0,056mmol) trong DCM (190uL) dugc khudy & nhiét do trong phong trong thdi gian
30 phut. Hén hgp nay dugc tinh ché bing Phuong phap HPLC A @& tao ra hop chét
néu & d& muc nay & dang mubi TFA (9,7mg, 89%) duéi dang mang mau vang. H
NMR (400 MHz, metanol-ds, hdn hop céc chét ddng phéan hinh hoc) & ppm 1,78-1,87
(m, 2H), 1,91-2,01 (m, 2H), 2,03-2,16 (m, 4H), 2,19 (s, 1,2H), 2,21 (s, 1,8H), 2,38~
2,50 (m, 2H), 2,70-2,76 (m, 0,8H), 2,80-2,87 (m, 1,2H), 3,00-3,11 (m, 2H), 3,40-3,50
(m, 2H), 3,76 (s, 3H), 3,79-3,83 (m, 1,2H), 3,84-3,88 (m, 0,8H), 4,34-4,48 (m, 2H),
4,57 (s, 0,8H), 4,61 (s, 1,2H), 6,64-6,69 (m, 1H), 6,74 (dd, J= 12,8, 2,9 Hz, 1H), 7,08
(t, J=9,2 Hz, 1H); ESI-MS m/z [M+H]" 470,4.

Vi du 95: 3-(xyclobutylamino)-2-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-N,N-
dimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

ﬁj@ P

\H/CH

Hén hop gdm mudi TFA  cia  N-xyclobutyl-2-(4-(2-flo-4-
metoxyphenoxy)piperidin-1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin
(9,1mg, 0,017mmol), dimetylcarbamic clorua (3,6mg, 0,034mmol) va trietylamin
(5,1mg, 0,050mmol) trong DCM (170pL) dugc khudy & nhiét do trong phong trong
thoi gian 30 phat. Hon hop nay dugc tinh ché bang Phuong phap HPLC A dé tao ra
hop chit néu & dé& muc ndy & dang mubi TFA (6,0mg, 58,3%) duéi dang mang mau
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vang. 'H NMR (400 MHz, metanol-ds) & ppm 1,74-1,84 (m, 2H), 1,89-2,04 (m, 4H),
2,06-2,15 (m, 2H), 2,36-2,46 (m, 2H), 2,79 (t, J= 5,7 Hz, 2H), 2,90 (s, 6H), 2,94-3,02
(m, 2H), 3,34-3,43 (m, 2H), 3,51-3,56 (m, 2H), 3,76 (s, 3H), 4,26 (s, 2H), 4,43 (s,
2H), 6,64-6,69 (m, 1H), 6,74 (dd, J= 12,9, 3,0 Hz, 1H), 7,08 (t, /= 9,2 Hz, 1H); ESI-
MS m/z [M+H]" 499 4.

Vi du 96: 3-(2,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N,N-dimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

F
jone
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Dung dich chra mudi TFA cia N-(2,2-difloetyl)-2-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin  (15mg,
0,028mmol), dimetylcarbamic clorua (3,0mg, 0,028mmol), vd DIPEA (4,9pL,
0,028mmol) trong DCM (278uL) dugc khudy & nhiét d6 trong phong qua dém. Hén
hop phan ng thé nay dugc pha lodng trong DMF, loc qua mang loc PTFE 0,45um wa
nuée (Millipore® Millex-LCR), va tinh ché bing Phuong phap HPLC A d tao ra hop
chét néu & dé muc nay & dang mubi TFA (5mg) duéi dang dau trong subt. 'H NMR
(400 MHz, metanol-ds) & ppm 1,92-2,02 (m, 2H), 2,09-2,18 (m, 2H), 2,82 (t, J = 5,8
Hz, 2H), 2,90 (s, 6H), 2,99 (ddd, J= 12,4, 8,6, 3,4 Hz, 2H), 3,34-3,41 (m, 2H), 3,55 (1,
J=5,8Hz, 2H), 3,77 (td, J= 14,5, 4,3 Hz, 2H), 4,28 (s, 2H), 4,42-4,49 (m, 1H), 5,89-
6,21 (m, 1H), 6,84-6,91 (m, 1H), 6,98 (ddd, J= 11,4, 8,6, 3,0 Hz, 1H), 7,17 (td, J =
9,2, 5,3 Hz, 1H); ESI-MS m/z [M+H]* 497 4.
Vi du 97: N-(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(metylsulfonyl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin

o @I oy

Dung dich chira mudi TFA cua  N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin  (17mg,
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0,032mmol), DIPEA (12,2mg, 0,095mmol) va metansulfonyl clorua (4,9pL,
0,063mmol) trong DCM (315uL) duoc khudy & nhiét do trong phong qua dém. Hén
hop phéan Umg thdé nay dugc pha lodng trong DMF, loc qua mang loc PTFE 0,45pm va
nuée (Millipore® Millex-LCR), va tinh ché bang Phuong phap HPLC A d tao ra hop
chét néu & dé muc nay & dang mudi TFA (6mg) duéi dang dau trong sudt. 'H NMR
(400 MHz, metanol-ds) & ppm 1,92-2,02 (m, 2H), 2,09-2,18 (m, 2H), 2,88 (t, J = 5,9
Hz, 2H), 2,93 (s, 3H), 3,00 (ddd, J= 12,4, 8.8, 3,3 Hz, 2H), 3,34-3,42 (m, 2H), 3,57 (t,
J=15,9 Hz, 2H), 3,78 (td, J= 14,5, 4,3 Hz, 2H), 4,28 (s, 2H), 4,46 (tt, /= 17,5, 3,6 Hz,
1H), 5,89-6,22 (m, 1H), 6,84-6,91 (m, 1H), 6,98 (ddd, /= 11,4, 8,6, 3,0 Hz, 1H), 7,17
(td, J=9,2, 5,6 Hz, 1H); ESI-MS m/z [M+H]* 504,3.

Vi du 98: 1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2,2-difloetanon

@@

F

Dung dich chra mudi TFA cua  N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5,6,7,8-tetrahydropyrido[3,4-b|pyrazin-2-amin  (17mg,
0,032mmol), DIPEA (12,2mg, 0,095mmol), va 2,2-difloaxetic anhydrit (8,2mg,
0,047mmol) trong DCM (315pL) duoc khudy & nhiét do trong phong qua dém. Hén

Y

hop phén tng tho nay dugc pha loang trong DMF, loc qua mang loc PTFE 0,45pm uwa
nuée (Millipore® Millex-LCR), va tinh ché bang Phuong phap HPLC A dé tao ra hop
chit néu & dé muc nay & dang mudi TFA (5mg) duéi dang dau trong subt. 'H NMR
(400 MHz, metanol-ds, hdn hop céc chit ddng phan hinh hoc) & ppm 1,92-2,02 (m,
2H), 2,09-2,18 (m, 2H), 2,81 (t, J = 5,9 Hz, 0,8H), 2,87 (t, J = 5,9 Hz, 1,2H), 2,97-
3,05 (m, 2H), 3,35-3,43 (m, 2H), 3,78 (td, J = 14,5, 4,3 Hz, 2H), 3,87-3,96 (m, 2H),
4,42-4,50 (m, 1H), 4,60 (s, 1,2H), 4,62 (s, 0,8H), 5,89-6,22 (m, 1H), 6,41-6,71 (m,
1H), 6,84-6,91 (m, 1H), 6,98 (ddd, J= 11,4, 8,6, 3,0 Hz, 1H), 7,17 (td, J= 9,2, 5,3 Hz,
1H); ESI-MS m/z [M+H]" 504,3.

Vi du 99: (5)-1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxypropan-1-on
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Dung dich chta mudi TFA cua  N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-yl1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin  (17mg,
0,032mmol), HATU (13,2mg, 0,035mmol), va DIPEA (12,2mg, 0,095mmol) trong
DMF (158uL) duoc khudy trong thdi gian 10 phat. Tip theo, bd sung axit (S)-2-
metoxypropanoic (3,6mg, 0,035mmol) vao & nhi¢t do trong phong va hdén hop phan
tmg thu duoc duoc khudy qua dém. HOn hop phan Gmg thd nay dugc pha loang trong
DMF, loc qua mang loc PTFE 0,45pm wa nude (Millipore® Millex-LCR), va tinh ché
bing Phuong phap HPLC A d tao ra hop chét néu ¢ d& muc nay & dang mudi TFA
(6mg) dudi dang dau trong subt. 'H NMR (400 MHz, metanol-ds, hdn hop céc chit
déng phan hinh hoc) & ppm 1,32 (d, J = 6,6 Hz, 1,3H), 1,38 (d, J = 6,6 Hz, 1,7H),
1,91-2,02 (m, 2H), 2,09-2,18 (m, 2H), 2,77 (t, J = 5,8 Hz, 0,9H), 2,85 (t, J = 4,9 Hz,
1,1H), 2,96-3,05 (m, 2H), 3,33 (s, 3H), 3,35-3,43 (m, 2H), 3,78 (td, J = 14,5, 4,3 Hz,
2H), 3,84-3,97 (m, 2H), 4,31-4,40 (m, 1H), 4,42-4,49 (m, 1H), 4,59 (m, 0,9H), 4,67
(m, 1,1H), 5,90-6,22 (m, 1H), 6,84-6,91 (m, 1H), 6,98 (ddd, /= 11,4, 8,6, 3,0 Hz, 1H),
7,18 (td, J=9,2, 5,3 Hz, 1H); ESI-MS m/z [M+H]" 512,4.
Vi du 100: 1-(3-(2,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2,2-difloetanon

Dung dich chua mubi TFA cua  N-(2,2-difloetyl)-2-(4-(2,4-
diflophenoxy)piperidin-1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin  (15mg,
0,028mmol), DIPEA (10,8mg, 0,083mmol) va metansulfonyl clorua (4,3pL,
0,056mmol) trong DCM (280uL) dugc khudy & nhiét d6 trong phong trong thoi gian 2
gid. Hon hop phan ung thd ndy dugc pha loang trong DMF, loc qua mang loc PTFE
0,45pm wa nuéc (Millipore® Millex-LCR), va tinh ché bang Phuwong phap HPLC A
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dé tao ra hop chét néu & dé_ muc ndy & dang mudi TFA (3mg) duéi dang dau trong
subt. 'H NMR (400 MHz, metanol-ds) & ppm 1,92-2,02 (m, 2H), 2,09-2,18 (m, 2H),
2,87 (t, J=5,9 Hz, 2H), 2,93 (s, 3H), 2,96-3,04 (m, 2H), 3,34-3,42 (m, 2H), 3,57 (t, J
= 5,8 Hz, 2H), 3,76 (td, J = 14,5, 4,3 Hz, 2H), 4,28 (s, 2H), 4,42-4,49 (m, 1H), 5,89-
6,21 (m, 1H), 6,85-6,91 (m, 1H), 6,98 (ddd, J = 11,2, 8,5, 3,0 Hz, 1H), 7,17 (td, J
=9,2, 5,6 Hz, 1H); ESI-MS m/z [M+H]" 504,4.

Vi du 101: 1-(3-(2;,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1 -yl) -7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2,2-difloetanon

15@1 vl

F
Dung dich chua mubi TFA cia  N-(2,2-difloetyl)-2-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin  (15mg,
0,028mmol), DIPEA (10,8mg, 0,083mmol), va 2,2-difloaxetic anhydrit (7,3mg,
0,042mmol) trong DCM (278pL) dugc khudy & nhiét d6 trong phong trong thoi gian 2
gid. Hon hop phan tng tho ndy duge pha lodng trong DMF, loc qua mang loc PTFE
0,45um wa nuée (Millipore® Millex-LCR), va tinh ché bang Phuong phap HPLC A
dé tao ra hop chét néu & dé muc nay & dang mudi TFA (3mg) duéi dang dau trong
subt. 'H NMR (400 MHz, metanol-ds, hdn hop céc chat ddng phan hinh hoc) & ppm
1,92-2,02 (m, 2H), 2,09-2,17 (m, 2H), 2,80 (t, J = 5,9 Hz, 0,8H), 2,86 (t, J = 5,4 Hz,
1,2H), 2,96-3,04 (m, 2H), 3,34-3,43 (m, 2H), 3,77 (td, J = 14,3, 4,0 Hz, 2H), 3,90 (t, J
= 5,8 Hz, 1,2H), 3,93 (t, J = 6,1 Hz, 0,8H), 4,46 (tt, J = 7,6, 3,7 Hz, 1H), 4,61 (s,
0,8H), 4,63 (s, 1,2H), 5,89-6,21 (m, 1H), 6,42-6,71 (m, 1H), 6,84-6,91 (m, 1H), 6,98
(ddd, J= 11,2, 8,5, 3,0 Hz, 1H), 7,17 (td, J = 9,2, 5,6 Hz, 1H); ESI-MS m/z [M+H]"
504,4.
Vi du 102: (S)-1-(3-(2,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-y1)-7,8-
dihydropyrido|[3,4-b]pyrazin-6(5 H)-yl)-2-metoxypropan-1-on
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Dung dich chitra axit (S)-2-metoxypropanoic (2,9mg, 0,028mmol), DIPEA
(3,9mg, 0,028mmol), va HATU (10,6mg, 0,028mmol) trong DMF (278uL) duoc
khudy & nhiét d6 trong phong trong thdi gian 10 phut tiép theo, xir Iy bang mudi TFA
cua N-(2,2-difloetyl)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin (15mg, 0,028mmol). Tiép tuc khudy qua dém.
Hén hop phan tmg thd ndy dugc pha lodng trong DMF, loc qua mang loc PTFE
0,45pm wa nuée (Millipore® Millex-LCR), va tinh ché bing Phuong phép HPLC A
dé tao ra hop chit néu ¢ dé& muc nay & dang mudi TFA (3mg) dudi dang dau trong
subt. 'H NMR (400 MHz, metanol-ds, hdn hop cac chit déng phan hinh hoc) § ppm
1,32 (d, J = 6,6 Hz, 1,3H), 1,38 (d, J = 6,6 Hz, 1,7H), 1,91-2,04 (m, 2H), 2,09-2,19
(m, 2H), 2,76 (t, J= 6,2 Hz, 0,9H), 2,84 (t, J = 5,4 Hz, 1,1H), 2,95-3,05 (m, 2H), 3,33
(s, 3H), 3,35-3,43 (m, 2H), 3,78 (td, J = 14,6, 4,3 Hz, 2H), 3,83-3,98 (m, 2H), 4,32-
4,41 (m, 1H), 4,42-4,49 (m, 1H), 4,56 (m, 1,1H), 4,68 (m, 0,9H), 5,89-6,22 (m, 1H),
6,85-6,91 (m, 1H), 6,98 (ddd, /= 11,2, 8,5, 3,0 Hz, 1H), 7,17 (td, J=9,2, 5,6 Hz, 1H);
ESI-MS m/z [M+H]* 512 4.

Vi du 103: (R)-1-(3-(2,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxypropan-1-on

ﬂj@ LT
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Dung dich chtta axit (R)-2-metoxypropanoic (2,9mg, 0,028mmol), DIPEA
(10,8mg, 0,083mmol), va HATU (10,6mg, 0,028mmol) trong DMF (278uL) dugc
khudy & nhiét do trong phong trong thdi gian 10 phut tiép theo, bd sung N-(2,2-
difloetyl)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-5,6,7,8-tetrahydropyrido[3,4-
b)pyrazin-3-amin mudi TFA (15mg, 0,028mmol) va khudy qua dém. Hon hop phan
tmg thd ndy dugc pha lodng trong DMF, loc qua mang loc PTFE 0,45pm wa nudc
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(Millipore® Millex-LCR), v tinh ché bing Phuong phap HPLC A dé tao ra hop chét
néu & d& muc nay & dang mudi TFA (3mg) dudi dang dau trong subt. 'TH NMR (400
MHz, metanol-ds, hdn hop céc chit ddng phan hinh hoc) & ppm 1,32 (d, J = 6,8 Hz,
1,3H), 1,38 (d, J = 6,6 Hz, 1,6H), 1,90-2,04 (m, 2H), 2,09-2,18 (m, 2H), 2,76 (t, J ="
6,6 Hz, 0,9H), 2,84 (t, J= 6,1 Hz, 1,1H), 3,00 (ddd, J = 12,3, 8,6, 3,3 Hz, 2H), 3,33 (s,
3H), 3,34-3,43 (m, 2H), 3,72-3,84 (m, 2H), 3,84-3,98 (m, 2H), 4,32-4,41 (m, 1H),
4,42-4,50 (m, 1H), 4,51-4,55 (m, 0,6H), 4,62-4,69 (m, 1,4H), 5,89-6,22 (m, 1H), 6,84-
6,91 (m, 1H), 6,98 (ddd, J= 11,2, 8,5, 3,0 Hz, 1H), 7,17 (td, J = 9,2, 5,6 Hz, 1H); ESI-
MS m/z [M+H]" 512,4.

Vi du 104: 1-(2-(xyclopropylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-metyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

F
joaeTNS!
N

NS
HN™ N

Hop chét néu & d& muc nay dugc diéu ché theo céach twong tw véi Vi du 29
bang cach st dung mudi TFA ctia N-xyclopropyl-3-(4-(2,4-diflophenoxy)piperidin-1-
yl)-5-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin. 'H NMR (400 MHz,
metanol-d4, hdn hop céc chat dong phan hinh hoc) § ppm 0,78-0,84 (m, 2H), 1,01-
1,07 (m, 2H), 1,47 (d, J = 6,8 Hz, 2H), 1,60 (d, J = 6,8 Hz, 1H), 1,90-2,03 (m, 2H),
2,09-2,19 (m, 2H), 2,23 (s, 3H), 2,76 (tt, J= 6,9, 3,5 Hz, 1H), 2,85-2,96 (m, 2H), 2,99-
3,20 (m, 3H), 3,46-3,60 (m, 3H), 4,14 (dd, J = 13,6, 5,6 Hz, 0,5H), 4,52 (td, J = 7.4,
3,4 Hz, 1H), 5,38 (q, J = 6,6 Hz, 0,5H), 6,86-6,94 (m, 1H), 7,01 (ddd, J = 11,2, 8,5,
3,0 Hz, 1H), 7,19 (td, J = 9,2, 5,3 Hz, 1H); ESI-MS m/z [M+H]" 458,35.

Vi du 105: 2-(xyclopropylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-y1)-N,N,5-
trimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit
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Hop chit néu & @ muc nay dugc diéu ché theo céach twong tu v6i Vi du 55

bing cach st dung mubi TFA ctia N-xyclopropyl-3-(4-(2,4-diflophenoxy)piperidin-1-
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yl)-5-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin. 'H NMR (400 MHz,
metanol-d4) § ppm 0,82-0,89 (m, 1H), 1,05-1,12 (m, 1H), 1,53-1,58 (m, 3H), 1,92-
2,04 (m, 2H), 2,10-2,20 (m, 2H), 2,63-2,87 (m, 2H), 2,91-2,94 (m, 5H), 3,02-3,25 (m,
3H), 3,35-3,59 (m, 3H), 3,78-3,86 (m, 1H), 4,49-4,57 (m, 1H), 4,66 (q, J = 6,8 Hz,
1H), 6,86-6,94 (m, 1H), 6,97-7,05 (m, 1H), 7,15-7,25 (m, 1H); ESI-MS m/z [M+H]"
487,40.

Vi du 106: N-xyclopropyl-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-5,6-dimetyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin

QOI]@

Dung dich chta muél TFA  cua  N-xyclopropyl-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-5-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin
(15mg, 0,028mmol), formaldehyt (1,5uL, 0,057mmol), va DIPEA (5,0uL,
0,028mmol) trong DCM (283pL) dugc khudy trong thoi gian 10 phut. Tiép theo, b '
sung natri triaxetoxybohydrua (18,0mg, 0,085mmol) vao hdn hop nay va hdn hop
phén tmg nay duoc khuiy qua dém. Viée tinh ché bing Phuong phap HPLC A tao ra
hop chit néu & d& muc nay & dang mubi TFA (4mg). 'H NMR (400 MHz, metanol-
d4) § ppm 0,60-0,67 (m, 2H), 0,83-0,92 (m, 2H), 1,64-1,80 (m, 3H), 1,87-2,04 (m,
2H), 2,05-2,21 (m, 2H), 2,74 (tt, J = 7,0, 3,6 Hz, 1H), 2,98-3,21 (m, 7H), 3,35-3,51
(m, 2H), 3,59 (d, J= 6,6 Hz, 1H), 3,78 (br s, 1H), 4,42 (br s, 1H), 4,49 (td, J=7,4, 3,7
Hz, 1H), 6,86-6,93 (m, 1H), 6,96-7,05 (m, 1H), 7,18 (td, J=9,2, 5,3 Hz, 1H).

Vi du 107: 1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7-metyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

S0t
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Dung dich chua mubi TFA cia  N-(2,2-difloetyl)-3-(4-(2,4-

diflophenoxy)piperidin-1-yl)-7-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin
(15mg, 0,027mmol), axetic anhydrit (5,1pL, 0,054mmol), va DIPEA (14,2pL,
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0,08 1mmol) trong DCM (136pL) duoc khudy & nhiét do trong phong qua dém. Hén
hop phan ting thd ndy dugc pha lodng trong DMF, loc qua mang loc PTFE 0,45pm wa
nuée (Millipore® Millex-LCR), va tinh ché bing Phuong phap HPLC A d€ tao ra hop
chét néu & dé muc nay & dang mudi TFA (8mg) dudi dang diu trong subt. '"H NMR
(400 MHz, metanol-ds, hdn hop céc chit ddng phan hinh hoc) 8 ppm 1,13 (d, J = 6,8
Hz, 1,4H), 1,23 (d, J = 6,8 Hz, 1,6H), 1,92-2,03 (m, 2H), 2,09-2,17 (m, 2H), 2,18 (s,
1,4H), 2,22 (s, 1,6H), 2,54-2,67 (m, 1H), 2,95-3,04 (m, 2,4H), 3,13 (dd, J= 16,7, 6,3
Hz, 0,6H), 3,34-3,44 (m, 2H), 3,74-3,83 (m, 2,4H), 3,99 (d, J= 18,2 Hz, 0,6H), 4,40-
4,49 (m, 1H), 4,55 (quin, J = 6,6 Hz, 0,5H), 4,66 (d, J = 16,7 Hz, 0,5H), 5,07 (d, J =
17,7 Hz, 0,5H), 5,18 (m, 0,5H), 5,90-6,22 (m, 1H), 6,84-6,91 (m, 1H), 6,98 (ddd, J =
11,2, 8,5, 3,0 Hz, 1H), 7,18 (td, J= 9,2, 5,3 Hz, 1H); ESI-MS m/z [M+H]" 481,9.

Vi du 108: 2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yI)-N,N,7-
trimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit

Dung dich chua mubi TFA  coa  N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-7-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin
(15mg, 0,027mmol), dimetylcarbamic clorua (5,8mg, 0,054mmol), va DIPEA
(14,2pL, 0,081mmol) trong DCM (136uL) dugc khudy & nhiét do trong phong qua
dém. HOn hop phan g thd nay dugc pha lodng trong DMF, loc qua mang loc PTFE
0,45um wa nuée (Millipore® Millex-LCR), va tinh ché bang Phuong phap HPLC A
d8 tao ra hop chét néu & & muc ndy & dang mubi TFA (10mg) duéi dang dau trong
subt. 'H NMR (400 MHz, metanol-ds) & ppm 1,19 (d, J = 6,8 Hz, 3H), 1,92-2,02 (m,
2H), 2,09-2,19 (m, 2H), 2,53 (d, J = 17,2 Hz, 1H), 2,88 (s, 6H), 3,00 (ddd, J = 12,3,
8.6, 3,3 Hz, 2H), 3,15 (dd, J = 16,8, 5,9 Hz, 1H), 3,34-3,42 (m, 2H), 3,73-3,84 (m,
2H), 4,2 -4,34 (m, 3H), 4,46 (tt, J= 7,6, 3,6 Hz, 1H), 5,89-6,22 (m, 1H), 6,85-6,91 (m,
1H), 6,98 (ddd, J = 11,2, 8,5, 3,0 Hz, 1H), 7,18 (td, J =9,2, 5,6 Hz, 1H); ESI-MS m/z
[M+H]" 511,1.

Vi du 109: N-(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-1-y1)-6,7-dimetyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin
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Dung dich chta mudi TFA cia  N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-7-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin
(15mg, 0,027mmol), formaldehyt (4,0uL, 0,054mmol), va DIPEA (4,7uL,
0,027mmol) trong DCM (136puL) dugc khudy trong thoi gian 10 phiit & nhiét d trong

F.

phong tiép theo, xir 1y bang natri triaxetoxybohydrua (17,2mg, 0,08 1 mmol). Hén hop
phan tng thu dugce dugce khudy qua dém. Hon hop phan ting thd nay dugc pha lodng
trong DMF, loc qua mang loc PTFE 0,45um wa nudc (Millipore® Millex-LCR), va
tinh ché bdng Phuong phap HPLC A d tao ra hop chit néu & d& muc nay & dang
mudi TFA (8mg) dudi dang diu trong sudt. 'TH NMR (400 MHz, metanol-ds) § ppm
1,39-1,57 (m, 3H), 1,92-2,03 (m, 2H), 2,08-2,18 (m, 2H), 2,82-3,09 (m, 6H), 3,16 (d,
J =14,9 Hz, 1H), 3,35-3,44 (m, 2H), 3,67-3,85 (m, 3H), 4,11-4,29 (m, 1H), 4,37-4,44
(m, 1H), 4,44-4,52 (m, 1H), 5,90-6,22 (m, 1H), 6,85-6,91 (m, 1H), 6,98 (ddd, J =
11,2, 8,5, 3,0 Hz, 1H), 7,17 (td, J=9,2, 5,3 Hz, 1H); ESI-MS m/z [M+H]" 453,9.

Vi du 110: 1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7-metyl-
7,8-dihydropyrido[4,3-b]pyrazin-6(5H)-yl)-2,2-difloetanon
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Dung dich chua mudi TFA cia  N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-7-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin
(10mg, 0,018mmol), 2,2-difloaxetic anhydrit (4,7mg, 0,027mmol), va DIPEA (7,0mg,
0,054mmol) trong DCM (90puL) dugc khudy & nhiét d6 trong phong trong thoi gian 2
gi®. Hon hop phan tng thd nay dugc pha lodng trong DMF, loc qlia mang loc PTFE
0,45pum wa nudc (Millipore® Millex-LCR), va tinh ché bang Phwong phap HPLC A
& tao ra hop chét néu & dé muc nay & dang mudi TFA (5mg) duéi dang chét rin mau
tring. 'H NMR (400 MHz, metanol-ds, hdn hop céc chét ddng phan hinh hoc) & ppm
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1,21 (d, J= 7,1 Hz, 1,2H), 1,29 (d, J = 6,6 Hz, 1,8H), 1,92-2,03 (m, 2H), 2,09-2,19
(m, 2H), 2,58-2,69 (m, 1H), 2,98-3,07 (m, 2,4H), 3,11-3,17 (m, 0,6H), 3,35-3,44 (m,
2H), 3,78 (td, J = 14,5, 4,3 Hz, 2H), 4,11 (d, J = 17,2 Hz, 1H), 4,42-4,51 (m, 1H),
4,60-4,67 (m, 0,6H), 4,73-4,77 (m, 0,4H), 5,05 (d, J = 17,7 Hz, 0,6H), 5,11-5,18 (m,
0,4H), 5,89-6,22 (m, 1H), 6,39-6,73 (m, 1H), 6,85-6,91 (m, 1H), 6,99 (ddd, J= 11,4,
8,6, 3,0 Hz, 1H), 7,18 (td, J= 9,3, 5,4 Hz, 1H); ESI-MS m/z [M+H]* 517,9.

Vi du 111: 1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7-metyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxyetanon

ﬁj@ e

3
F

Dung dich chua mubi TFA cua  N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-7-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin
(10mg, 0,018mmol), 2-metoxyaxetyl clorua (2,9mg, 0,027mmol), va DIPEA (7,0mg,
0,054mmol) trong DCM (90pnL) dugc khudy & nhiét d6 trong phong trong thoi gian 2
gid. Hon hop phan ting thd ndy dugc pha loang trong DMF, loc qua mang loc PTFE
0,45um wa nude (Millipore® Millex-LCR), va tinh ché biang Phuong phdp HPLC A
dé tao ra hop chit néu & dé muc nay & dang mudi TFA (4mg) dudi dang chat rin mau
tring. '"H NMR (400 MHz, metanol-ds, hdn hop céc chit ddng phan hinh hoc) & ppm
1,16 (d, J = 6,8 Hz, 1,4H), 1,24 (d, J = 6,6 Hz, 1,6H), 1,91-2,04 (m, 2H), 2,09-2,19
(m, 2H), 2,59 (dd, J = 16,9, 10,6 Hz, 1H), 2,97-3,00 (m, 2,4H), 3,09-3,15 (m, 0,6H),
3,35-3,41 (m, 2H), 3,43 (s, 3H), 3,78 (td, J = 14,6, 4,3 Hz, 2H), 4,03 (d, J = 17,9 Hz,
0,6H), 4,19-4,27 (m, 1,4H), 4,29-4,39 (m, 1H), 4,46-4,52 (m, 1,5H), 4,58-4,62 (m,
0,5H), 5,07 (d, J= 18,8 Hz, 0,5H), 5,18 (t, J= 5,3 Hz, 0,5H), 5,89-6,22 (m, 1H), 6,85-
6,91 (m, 1H), 6,99 (ddd, J= 11,2, 8,5, 3,0 Hz, 1H), 7,18 (td, /= 9,2, 5,6 Hz, 1H); ESI-
MS m/z [M+H]* 511,9.
Vi du 112:  N-(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7-metyl-6-
(metylsulfonyl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin
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Dung dich chra mudi TFA cia N-(2,2-difloetyl)-3-(4-(2,4-
diflophenoxy)piperidin-1-yl)-7-metyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin
(10mg, 0,018mmol), metansulfonyl clorua (3,1mg, 0,027mmol), va DIPEA (7,0mg,
0,054mmol) trong DCM (181pL) duoc khudy & nhiét d6 trong phong trong thoi gian 2

3

3

gi®d. Hon hop phan tmg thd ndy duoc pha losing trong DMF, loc qua mang loc PTFE
0,45pum wa nude (Millipore® Millex-LCR), va tinh ché bang Phuong phap HPLC A
@& tao ra hop chit néu & @& muc nay & dang mudi TFA (4mg) dudi dang chét rin mau
trang. '"H NMR (400 MHz, metanol-ds) 8 ppm 1,25 (d, J= 6,8 Hz, 3H), 1,92-2,03 (m,
2H), 2,09-2,19 (m, 2H), 2,57 (d, J = 16,9 Hz, 1H), 2,94 (s, 3H), 3,01 (t, J = 10,9 Hz,
2H), 3,14 (dd, J = 16,7, 6,3 Hz, 1H), 3,34-3,43 (m, 2H), 3,78 (td, J = 14,5, 4,3 Hz,
2H), 4,17-4,25 (m, 1H), 4,43-4,55 (m, 3H), 5,89-6,22 (m, 1H), 6,84-6,91 (m, 1H),
6,99 (ddd, J = 11,2, 8,5, 3,0 Hz, 1H), 7,18 (td, J = 9,2, 5,3 Hz, 1H); ESI-MS m/z
[M+H]*" 517.9.

Vi du 113: (285)-1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7-
metyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5 H)-yl)-2-metoxypropan-1-on
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Dung dich chira axit (S)-2-metoxypropanoic (1,9mg, 0,018mmol), DIPEA

(7,0mg, 0,054mmol), va HATU (6,9mg, 0,018mmol) trong DMF (90uL) dugc khuéy
& nhiét d6 trong phong trong thoi gian 10 phit, tiép theo, xir Iy bang mudi TFA cia N-
(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin (10mg, 0,018mmol). Hon hgp phén tmg thu
duoc duoc khudy trong thoi gian 2 gid. Hon hop phan tng tho ndy dugc pha loang
trong DMF, loc qua mang loc PTFE 0,45um wa nudc (Millipore® Millex-LCR), va
tinh ché bang Phuong phap HPLC A d tao ra hop chét néu & d& muc nay & dang
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mudi TFA (5mg) duéi dang chit rin mau tring. '"H NMR (400 MHz, metanol-da, hén
hop céc chit ddng phan hinh hoc) & ppm 1,17 (t, J = 6,7 Hz, 1,4H), 1,27 (dd, J = 6,7,
2,7 Hz, 1,6H), 1,33 (dd, J=11,5, 6,7 Hz, 1,4H), 1,38 (dd, J= 6,7, 2,7 Hz, 1,6H), 1,92-
2,03 (m, 2H), 2,09-2,19 (m, 2H), 2,58 (m, 0,6H), 2,64 (m, 0,4H), 2,95-3,05 (m, 2H),
3,08-3,10 (m, 0,5H), 3,12-3,14 (m, 0,5H), 3,35 (s, 3H), 3,37-3,44 (m, 2H), 3,71-3,86
(m, 2H), 4,03 (t, J = 18,3 Hz, 1H), 4,30-4,41 (m, 1H), 4,43-4,50 (m, 1H), 4,70-4,83
(m, 1H), 5,08 (m, 0,5H), 5,21 (m, 0,5H), 5,89-6,21 (m, 1H), 6,84-6,91 (m, 1H), 6,99
(ddd, J= 11,2, 8,5, 3,0 Hz, 1H), 7,18 (td, J= 9,2, 5,3 Hz, 1H); ESI-MS m/z [M+H]"
525.9.

Vi du 114: (2R)-1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7-
metyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxypropan-1-on
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Dung dich chira axit (R)-2-metoxypropanoic (1,9mg, 0,018mmol), DIPEA
(7,0mg, 0,054mmol), va HATU (6,9mg, 0,018mmol) trong DMF (90uL) dugc khudy
trong thoi gian 10 phit & nhiét do trong phong tiép theo, xir 1y bing mudi TFA ctia N-
(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin (10mg, 0,018mmol). Hén hop phan ung thu
dugce dugce khudy trong thoi gian 2 gio. Hon hop phén tmg thd nay duoc pha loang
trong DMF, loc qua mang loc PTFE 0,45pm wa nuéc (Millipore® Millex-LCR), va
tinh ché bang Phwong phap HPLC A d8 tao ra hop chét néu & d& muc nay & dang
mudi TFA (5mg) duéi dang chét rin mau tring. '"H NMR (400 MHz, metanol-da, hdn
hop cac chit ddng phan hinh hoc) 8 ppm 1,17 (t, J = 6,6 Hz, 1,4H), 1,27 (dd, J = 6.7,
2,7 Hz, 1,6H), 1,33 (dd, J= 11,6, 6,8 Hz, 1,4H), 1,38 (dd, J = 6,7, 2,7 Hz, 1,6H), 1,92-
2,03 (m, 2H), 2,09-2,18 (m, 2H), 2,53-2,68 (m, 1H), 2,94-3,05 (m, 2H), 3,08-3,10 (m,
0,5H), 3,12-3,14 (m, 0,5H), 3,35 (s, 3H), 3,37-3,42 (m, 2H), 3,78 (td, J= 14,5, 4,2 Hz,
2H), 4,03 (t, J = 18,8 Hz, 1H), 4,30-4,41 (m, 1H), 4,43-4,51 (m, 1H), 4,70-4,82 (m,
1H), 5,03-5,14 (m, 0,5H), 5,18-5,23 (m, 0,5H), 5,90-6,22 (m, 1H), 6,85-6,91 (m, 1H),
6,99 (ddd, J = 11,3, 8,5, 2,9 Hz, 1H), 7,18 (td, J = 9,2, 5,4 Hz, 1H); ESI-MS m/z
[M+H]" 525,9.
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Vi du 115: xyclopropyl(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-
yl)-7-metyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5 H)-yl)metanon

F
Dung dich chira axit xyclopropancarboxylic (1,6mg, 0,018mmol), DIPEA
(7,0mg, 0,054mmol), va HATU (6,9mg, 0,018mmol) trong DMF (181uL) dugc khudy
& nhiét do trong phong trong thoi gian 10 phit, tiép theo, bd sung mudi TFA cua N-
(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin (10mg, 0,018mmol). Hon hgp phan tmg thu
duge dugc khudy trong thoi gian 2 gid. Hon hop phan tng thd nay dugc pha lodng
trong DMF, loc qua mang loc PTFE 0,45um wva nudc (Millipore® Millex-LCR), va
tinh ché bang Phuong phap HPLC A dé tao ra hop chét néu & dé muc nay & dang
mudi TFA (5mg) duéi dang chét rin mau tring. '"H NMR (400 MHz, metanol-ds, hdn
hop céc chit dong phan hinh hoc) & ppm 0,80-1,01 (m, 4H), 1,13 (d, J = 6,6 Hz,
1,4H), 1,27 (d, J= 6,3 Hz, 1,6H), 1,91-2,04 (m, 2H), 2,06-2,20 (m, 2H), 2,56-2,60 (m,
0,5H), 2,66-2,70 (m, 0,5H), 3,02 (br s, 2H), 3,13-3,15 (m, 0,5H), 3,16-3,20 (m, 0,5H),
3,34-3,46 (m, 2H), 3,72-3,87 (m, 2H), 4,04 (d, J = 18,2 Hz, 1H), 4,41-4,58 (m, 2H),
5,02 (d, J = 17,4 Hz, 1,4H), 5,15-5,19 (m, 0,6H), 5,90-6,23 (m, 1H), 6,84-6,91 (m,
1H), 6,99 (ddd, J= 11,4, 8,6, 3,0 Hz, 1H), 7,18 (td, /= 9,2, 5,3 Hz, 1H); ESI-MS m/z
[M+H]* 507.,9. ‘
Vi du 116: 6-(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-
5,6,7,8-tetrahydropyrido[ 3,4-b]pyrazin-2-amin

F
jone
N.__N F
F Ty
HN™ N
HsC” “CH,
B4 sung 1,1-diflo-2-iodoetan (0,071ml, 0,804mmol) & nhiét d6 23°C vao huyén
phii chita mudi TFA ctia 3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin (50mg, 0,080mmol) va Cs2CO; (92mg,

0,28 1mmol) trong DMF (0,5ml). Hon hop phan ing ndy dugc khudy & nhiét do 80°C
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trong thoi gian 18 gid. Chét lidu tho thu dwoc duoc loc, rira bing DMSO (2 x 0,5ml),
va duoc tinh ché bing Phuong phap HPLC B bang cach str dung ACN véi gradien tir
30% dén 70% dé tao ra hop chit néu & d& muc nay & dang mudi TFA (6,1mg, 13%)
duéi dang mang mau vang. 'H NMR (500 MHz, DMSO-ds) § ppm 1,19 (d, J = 6,4
Hz, 6H), 1,82-1,93 (m, 2H), 2,03-2,10 (m, 2H), 2,79-2,98 (m, 4H), 3,24-3,32 (m, 2H),
3,33-3,75 (m, 4H), 4,05-4,18 (m, 3H), 4,52-4,55 (m, 1H), 5,76-5,82 (m, 1H), 6,39-
6,72 (m, 1H), 7,00-7,04 (m, 1H), 7,25-7,34 (m, 2H); ESI-MS m/z [M+H]" 468,3.

Vi du 117: (S)-1-(2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-3-(isopropylamino)-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on

F F
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Dung dich chira mudi TFA ciia (S)-2-(4-((2,4-diflophenyl)flometyl)piperidin-1-
yl)-N-isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (56,0mg, 0,105mmol)
trong DCM (1,05ml) ¢ nhiét dd 0°C dugc xu ly bing axetic anhydrit (19,8uL,
0,210mmol) va pyridin (25,5uL, 0,315mmol). Hon hop phén tmg nay dugc cd trong
didu kién 4p suét giam, hip thu trong MeOH, loc, va dugc tinh ché bang Phuong phép
HPLC B. Cé4c phan doan chtra san phim dugc cb trong didu kién ap suit giam. Cac
chét thu duge duge tinh ché lai bang Phuong phap HPLC A dé tao ra hop chét néu &
dé muc ndy, ¢ dang mubi TFA, duéi dang chit rén mau vang nhat (5,4mg, 8,9%). 'H
NMR (500 MHz, metanol-d4, hdn hop cac chit dong phan hinh hoc) § ppm 1,31 (m,
6H), 1,45 (d, J = 11,7 Hz, 1H), 1,67 (m, 2H), 2,00 (m, 1H), 2,11 (m, 1H), 2,19 (s,
1,1H), 2,21 (s, 1,9H), 2,80 (m, 4H), 3,53 (m, 2H), 3,82 (t, /= 5,9 Hz, 1,3H), 3,86 (t, J
= 5,9 Hz, 0,7H), 4,11 (m, 1H), 4,60 (s, 0,7H), 4,64 (s, 1,3H), 5,53 (m, 1H), 7,02 (m,
2H), 7,50 (m, 1H); ESI-MS m/z [M+H]" 462,5.
Vi du 118: (S)-2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-3-(isopropylamino)-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carbaldehyt
F F

HNIND\ITH
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|
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Dung dich chta (S)-2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-N-
isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (30,5mg, 0,073mmol) trong
THF (364pL) & nhiét d6 trong phong dwoc xir 1y bing phenyl format (140pL,
1,09mmol). Hon hop phan tmg nay dwoc khudy & nhiét d6 60°C trong thoi gian 1 gio.
Hdn hop phan tmg duogc tinh ché bing Phuong phap HPLC B bang cach sir dung
ACN véi gradien tir 50% dén 80% dé tao ra hop chit néu & dé muc nay, & dang mubi
TFA, dudi dang chat rdn mau vang nhat (9,4mg, 23%). 'H NMR (500 MHz, metanol-
d4, hdn hop cac chit ddng phéan hinh hoc) & ppm 1,29 (m, 6H), 1,45 (d, J = 12,7 Hz,
1H), 1,66 (m, 2H), 2,00 (m, 1H), 2,10 (m, 1H), 2,77 (m, 4H), 3,49 (m, 2H), 3,76 (t, J
=5,9Hz, 1,4H), 3,82 (t, J= 6,1 Hz, 0,6H), 4,12 (m, 1H), 4,48 (s, 0,6H), 4,52 (s, 1,4H),
5,53 (m, 1H), 7,02 (m, 2H), 7,50 (td, J = 8,3, 6,3 Hz, 1H), 8,18 (s, 0,7H), 8,24 (s,
0,3H); ESI-MS m/z [M+H]" 447,90.

Vi du 119: (R)-2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-3-(isopropylamino)-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carbaldehyt
F F
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Dung dich chita (R)-2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-N-
isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (50,5mg, 0,120mmol) trong
THF (602pL) & nhiét d§ trong phong duge xir Iy bing phenyl format (232pL,
1,806mmol). Hon hop phan ting nay dugc khudy & nhiét do 60°C trong thoi gian 15

3

phut. Hon hop phén tmg nay dugc loai bé khoi ngudn nhiét va tiép tuc khudy & nhiét
do trong phong trong thoi gian 2 gid. Hon hop phan ting duoc tinh ché biang Phuong
phap HPLC B bing céch sir dung ACN véi gradien tir 50% dén 80% dé tao ra hop
chét néu & dé muc nay, & dang mudi TFA, duéi dang chit rin mau vang nhat (6,0mg,
hiéu suit 8,9%). 'H NMR (500 MHz, metanol-d4, hdn hop céc chit déng phan hinh
hoc) & ppm 1,30 (m, 7H), 1,45 (d, J = 13,2 Hz, 1H), 1,67 (m, 2H), 2,01 (m, 1H), 2,11
(m, 1H), 2,79 (m, 4H), 3,51 (m, 2H), 3,77 (t, J = 5,9 Hz, 1,4H), 3,83 (t, J = 6,1 Hz,
0,6H), 4,13 (m, 1H), 4,51 (s, 0,6H), 4,56 (s, 1,4H), 5,53 (m, 1H), 7,02 (m, 2H), 7,50
(m, 1H), 8,19 (s, 0,7H), 8,24 (s, 0,3H); ESI-MS m/z [M+H]" 447,95.

Vi du 120: 1-(3-(4-(3-flophenylsulfonyl)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon ‘
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Két hop 6-benzy1-3-clo-N-isopropy1-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-
amin (55mg, 0,174mmol), 4-((3-flophenyl)sulfonyl)piperidin, HCI (58,3mg,
0,208mmol)), Pdx(dba); (8,0mg, 8,68umol), BINAP (16,2mg, 0,026mmol) va natri
tert-butoxit (66,7mg, 0,694mmol) va toluen (868pL). Huyén phii ndy dwgc dun néng
& 100°C trong thoi gian 3,5 gio, tiép theo, pha lodng trong DMF, loc qua mang loc
PTFE 0,45um wa nudc (Millipore® Millex-LCR), va tinh ché bang Phuong phéap
HPLC A dé tao ra 6-benzyl-3-(4-((3-flophenyl)sulfonyl)piperidin-1-yl)-N-isopropyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin & dang mudi TFA (68mg) dudi dang
mang mau vang.

Bb sung Pd(OH), (20% trong lugng, 22,5mg, 0,032mmol) vao dung dich chira
mubéi TFA cua 6-benzyl-3-(4-((3-flophenyl)sulfonyl)piperidin-1-yl)-N-isopropyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin  (68mg, 0,107mmol) trong THF
(1333uL). Binh phan ung dugc lam sach bing nito, tiép theo, dugc khudy trong mdi
truong hydro (binh cdu) trong thoi gian 2 gio. Hon hop phan ing néy duoc loc qua
thiét bi loc PTFE 0,45 um wa nuéc (Millipore® Millex-LCR) va rira bang EtOAc.
Chit thd tao ra dugc cO trong chin khong dé tao ra 3-(4-((3-
flophenyl)sulfonyl)piperidin-1-yl)-N-isopropyl-5,6,7,8-tetrahydropyrido[3,4-
blpyrazin-2-amin & dang mudi TFA (58mg) duéi dang mang mau vang.

Bé sung axetic anhydrit (20,0uL, 0,212mmol) va pyridin (25,7pL, 0,318mmol)
vao dung dich chira mubi TFA cta 3-(4-((3-flophenyl)sulfonyl)piperidin-1-yl)-N-
isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin (58mg, 0,106mmol) trong
DCM (1059uL) & nhiét 6 0°C. Sau khi khudy & 0°C trong thoi gian 30 phut, hén hop
phan tng nay dugc cd trong chdn khong. Chét liéu thé thu dugce duge hoa tan trong
DCM va tinh ché bang phép séc ky nhanh trén silicagel ty dong bang cach st dung
gradien tir 0% dén 100% EtOAc trong heptan dé tao ra hop chét néu & @& muc nay
(19,2mg) duéi dang dau khong mau. '"H NMR (500 MHz, metanol-d4) & ppm 0,85-
0,94 (m, 3H), 1,21-1,24 (m, 6H), 1,90-1,99 (m, 2H), 2,19 (d, J = 13,7 Hz, 3H), 2,67-
2,76 (m, 3H), 2,81 (t, J = 5,9 Hz, 1 H), 3,34-3,42 (m, 1 H), 3,46-3,55 (m, 2H), 3,78 (¢,
J=6,1 Hz, 1H), 3,84 (t, J= 5,9 Hz, 1 H), 4,16 (td, J= 6,5, 3,7 Hz, 1H), 4,49 (d, J =
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2,4 Hz, 2H), 7,51-7,57 (m, 1H), 7,68-7,75 (m, 2H), 7,76-7,80 (m, 1H); ESI-MS m/z
[M+H]" 476,90.

Vi du 121: 1-(2-(isopropylamino)-3-(4-(3-metoxyphenylsulfonyl)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon '

HsC” “CHs3

Hop chit néu & d& muc nay duoc didu ché theo cach twong tu véi Vi du 120
bang cach sir dung 4-((3-metoxyphenyl)sulfonyl)piperidin, HCI d& tao ra hop chét néu
& d& muc nay duéi dang chét rin mau tring. "H NMR (500 MHz, metanol-d4) & ppm
0,82-0,94 (m, 2H), 1,21-1,24 (m, 6H), 1,87-1,98 (m, 4H), 2,19 (d, J = 13,2 Hz, 3H),
2,66-2,75 (m, 3H), 2,81 (t, J = 6,1 Hz, 1H), 3,46-3,54 (m, 2H), 3,78 (t, /= 5,9 Hz,
1H), 3,84 (t, J= 5,9 Hz, 1H), 3,91 (s, 3H), 4,15 (dd, J = 10,7, 4,4 Hz, 1H), 4,46-4,50
(m, 2H), 7,29-7,34 (m, 1H), 7,42-7,44 (m, 1H), 7,48-7,52 (m, 1H), 7,56-7,61 (m, 1H);
ESI-MS m/z [M+H]* 488,90.
Vi du 122: 1-(3-(4-((2-flophenyl)sulfonyl)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on

il 3

o
\G\'INDQ\I /U\CH3
HN N
H3C)\CH3
Hop chit néu & d& muc nay duoc didu ché theo cach tuong tw vé6i Vi du 120
bang céch sit dung 4-((2-flophenyl)sulfonyl)piperidin dé tao ra hop chét néu & dé muc
ndy, & dang mudi TFA, dué6i dang chét rén mau vang nhat (26,6mg, 28,9% qua hai
bude, hdn hop céc chit ddng phan hinh hoc). 'H NMR (500 MHz, DMSO-d6) 6 ppm
1,16 (d, J= 6,8 Hz, 6H), 1,95 (m, 4H), 2,07 (app d, 3H), 2,65 (m, 4H), 3,49 (m, 3H),
3,69 (m, 2H), 4,13 (m, 1H), 4,37 (app d, 2H), 5,69 (br s, 1H), 7,52 (m, 2H), 7,87 (m,
2H); ESI-MS m/z [M+H]" 476,00.
Vi du 123: 1-(3-(4-(4-flophenylsulfonyl)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon
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Hop chét néu & d& muc nay duoc diéu ché theo cach tuong tw véi Vi du 120
bling céch sir dung 4-((4-flophenyl)sulfonyl)piperidin, HCI d€ tao ra hop chét néu & dé
muc ndy duéi dang dau khong mau. 'H NMR (500 MHz, metanol-d4) & ppm 0,90 (d,
J= 6,8 Hz, 1H), 1,20-1,24 (m, 6H), 1,90-1,99 (m, 2H), 1,99-2,06 (m, 2H), 2,19 (d, J=
13,7 Hz, 3H), 2,67-2,76 (m, 3H), 2,82 (t, J= 5,9 Hz, 1H), 3,45-3,55 (m, 2H), 3,79 (t, J
= 5,9 Hz, 1H), 3,84 (t, J= 5,9 Hz, 1H), 4,12-4,20 (m, 1H), 4,49 (s, 2H), 4,58 (s, 1H),
7,42 (td, T = 8,7, 1,7 Hz, 2H), 7,97-8,02 (m, 2H); ESI-MS m/z [M+H]+ 476,90.

Vi du 124: 3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-carbaldehyt

ﬁjﬁm

H3 Hs

Hon hop gdm mubi TFA cla 3-(4-(2,4-diﬂophenoxy)piperidin-l-yl)-N-
isopropyl-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin (36mg, 0,058mmol), Cs2CO;3
(66,0mg, 0,203mmol), va difloiodometan (0,051ml, 0,579mmol) trong DMA (0,5ml)
dugc dun nong trong 10 vi song & mirc -hép thu cao trong 15 phat & nhiét 4o 50°C.
Chét liéu thé thu dugc duoc loc, rira bing DMSO (2 x 0,5ml), va dugc tinh ché bang
Phuong phap HPLC B bang céch st dung ACN véi gradien tir 30% dén 70% dé tao ra
hop chét néu & dé muc nay & dang mudi TFA (11,2mg, 35,5%) dudi dang chét rén
mau vang. 'H NMR (500 MHz, metanol-d4) & ppm 1,29 (d, J= 6,4 Hz, 6H), 1,90-2,01
(m, 2H), 2,07-2,18 (m, 2H), 2,78-2,89 (m, 2H), 3,02-3,10 (m, 2H), 3,39-3,45 (m, 2H),
3,76-3,86 (m, 2H), 4,14 (quin, J = 6,4 Hz, 1H), 4,46-4,49 (m, 3H), 6,85-6,91 (m, 1H),
6,95-7,01 (m, 1H), 7,14-7,21 (m, 1H), 8,16-8,27 (m, 1H); ESI-MS m/z [M+H]" 432.4.
Vi du 125: 1-(3-(4-(2-flo-4-metoxyphenylsulfonyl)piperidin-1-yl)-2-
(isopropylamino)-7,8-dihydropyrido[4,3-b]pyrazin-6(5SH)-yl)etanon
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Hop chit néu & dé muc nay dugc didu ché theo cach tuong tw véi Vi du 120
bang céach st dung 4-((2-flo-4-metoxyphenyl)sulfonyl)piperidin, HCI dé tao ra hop
chét néu & d& muc nay duéi dang ddu khong mau. '"H NMR (500 MHz, metanol-d4) &
ppm 0,87-0,90 (m, 2H), 1,23 (dd, J= 6,8, 1,0 Hz, 6H), 1,95-2,02 (m, 3H), 2,19 (d, J=
12,2 Hz, 3H), 2,69-2,79 (m, 3H), 2,82 (t, J = 5,9 Hz, 1H), 3,35-3,42 (m, 1H), 3,52 (td,
J =83, 4,4 Hz, 2H), 3,79 (t, J= 5,9 Hz, 1H), 3,85 (t, J = 6,1 Hz, 1H), 3,93 (s, 3H),
4,17 (dtt, J= 9,8, 6,4, 3,3 Hz, 1H), 4,50 (s, 2H), 6,95-7,02 (m, 2H), 7,78-7,84 (m, 1H);
ESI-MS m/z [M+H]* 506,90.

Vi du 126: (S)-1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-((1-metoxypropan-2-
yl)amino)-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on

Lir@j@

H3CO

Dung dich chira mubi TFA cia (S)-6-benzyl-2-(4-(2,4-diﬂophenoxy)piperidin—
1-y1)-N-(1-metoxypropan-2-yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin
(127,7mg, 0,200mmol) trong THF (2,00ml) & nhiét d9 trong phong dugc xir ly bing
Pd(OH), (20% trong lugng, 42,2mg, 0,060mmol). Khi hydro (binh cau) dugc suc qua
hdn hop phan {ng ndy trong thoi gian 5 phut. Kim thong khi duge 14y di va hén hop
phan mg nay dugc khudy trong mdi trudng hydro trong thoi gian 1 gid. Hon hop
phan tng nay duoc cho tiép xic véi khong khi va duge loc qua dém Celite™, rira giai
bang EtOAc va MeOH. Dich loc duge ¢ trong didu kién 4p suét giam dé tao ra (S)-2-
(4-(2,4-diflophenoxy)piperidin-1-yl)-N-(1-metoxypropan-2-yl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin, & dang mudi TFA, du6i dang diu mau vang,
ma né duge ding trong budc tiép theo ma khong can tinh ché thém. ESI-MS m/z
[M+H]" 434,5.

Dung dich chira mubi TFA cua (S)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-
(1-metoxypropan-2-yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin trong DCM
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(2,009ml) & nhiét 6 0°C dugc xir Iy bing pyridin (0,049ml, 0,603mmol), tiép theo 1a
axetic anhydrit (0,038ml, 0,402mmol). Hon hop phan tng ndy duoc khudy trong thoi
gian 1 gi® 30 phut & nhiét @ 0°C. Hon hop phan ung nay duogc cb trong diéu kién 4p
sudt giam va hép thu trong MeOH, loc qua bd loc xyranh Millipore® 0,45um, va dugc
tinh ché bang Phwong phép HPLC A d8 tao ra hop chit néu & dé& muc nay, & dang
mubi TFA, duéi dang mau vang cam chét ban rén (46,7mg, 39,4% qua hai budc). 'H
NMR (500 MHz, metanol-d4, hdn hop céc chét déng phan hinh hoc) & ppm 1,27 (m,
3H), 1,95 (m, 2H), 2,13 (m, 2H), 2,19 (s, 1,1H), 2,21 (s, 1,9H), 2,79 (app t, 0,7H),
2,84 (app t, 1,3H), 3,05 (m, 2H), 3,39 (m, 3H), 3,43 (m, 2H), 3,51 (dt, J=5,5, 3,5 Hz,
2H), 3,82 (app t, 1,3H), 3,86 (app t, 0,7H), 4,25 (m, 1H), 4,49 (m, 1H), 4,57 (s, 0,7H),
4,60 (s, 1,3H), 6,88 (m, 1H), 6,99 (ddd, J = 11,2, 8,3; 2,9 Hz, 1H), 7,18 (td, J = 9,3,
5,4 Hz, 1H); ESI-MS m/z [M+H]" 476,00.

Vi du 127: (R)-1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-((1-metoxypropan-2-
yl)amino)-7,8-dihydropyrido[3,4-b]pyrazin-6(5 H)-yl)etan-1-on

F

fone™

Dung dich chtra mudi TFA cua (R)-6-benzyl-2-(4-(2,4-diflophenoxy)piperidin-
1-yl)-N-(1-metoxypropan-2-yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin
(161,4mg, 0,253mmol) trong THF (2,53ml) dugc xur ly bang Pd(OH), (20% trong
lwong, 53,3mg, 0,076mmol). Khi hydro (binh cAu) duogc suc qua hdn hgp phéan tmg
nay trong thoi gian 5 phut. Kim thong khi dugc 14y di va hdn hop phan tng nay duoc
khudy trong mdi truong hydro & nhiét do trong phong trong thoi gian 2 gio. Hén hop
phan Gng nay duoc cho tiép xtic v6i khong khi va loc qua dém Celite™, rira gidi bang
MeOH va EtOAc. Dich loc dugc gom va cd trong didu kién 4p suit giam dé tao ra
(R)-2-(4-(2,4-diflophenoxy)piperidin-1-y1)-N-(1-metoxypropan-2-yl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin, & dang mudi TFA, du6i dang ddu mau vang,
ma n6 dugc dung trong budc tiép theo ma khong can tinh ché thém. ESI-MS m/z
[M+H]" 434,5.

Dung dich chtra mudi TFA cia (R)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-
(1-metoxypropan-2-yl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin  trong DCM
(2,539ml) & nhiét d 0°C dugc xit Iy bing pyridin (0,062ml, 0,762mmol), tiép theo 1a
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axetic anhydrit (0,048ml, 0,508mmol). Hon hgp phén (mg ndy duoc khudy & nhiét do
0°C trong thoi gian 1 gir 30 phat. Hon hop phéan tmg nay duoc cd trong diéu kién 4ap
suét gidm va hdp thu trong MeOH, loc qua thiét bi loc kiéu xyranh Millipore®
0,45pm, va dugc tinh ché bang Phuong phap HPLC A d8 tao ra hop chét néu & dé
muc nay, & dang mudi TFA, duéi dang chét ban rin mau vang (41,4mg, 27,7% qua
hai buéc). 'H NMR (500 MHz, metanol-d4, hdn hop céc chit ddng phéan hinh hoc) &
ppm 1,29 (m, 3H), 1,95 (m, 2H), 2,13 (m, 2H), 2,19 (s, 1,1H), 2,21 (s, 1,9H), 2,74 (t, J
= 5,9 Hz, 0,7H), 2,84 (app t, 1,3H), 3,09 (m, 2H), 3,38 (m, 3H), 3,47 (m, 4H), 3,82 (t,
J=6,1 Hz, 1,3H), 3,86 (t, J = 5,9 Hz, 0,7H), 4,26 (m, 1H), 4,49 (m, 1H), 4,59 (br s,
0,7H), 4,62 (s, 1,3H), 6,87 (m, 1H), 6,98 (ddd, J=11,3, 8,7, 2,9 Hz, 1H), 7,27 (td, J =
9,3, 5,4 Hz, 1H); ESI-MS m/z [M+H]" 476,00.

Vi du 128: 1-(3-(xyclobutylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on

Jone

N._N
O
HN N/ N\n/CHa
&

Dung dich chura mubi TFA cia N-xyclobutyl-2-(4-(2,4-diflophenoxy)piperidin-
1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (144mg, 0,272mmol) trong DCM
(2,72ml) & nhiét do 0°C duoc xi Iy bang pyridin (66,0uL, 0,816mmol), tiép theo 1
axetic anhydrit (51,3puL, 0,544mmol). Hon hop phan tng nay duoc khudy & nhiét do
0°C trong thoi gian 2 gid. Hon hop phan tmg nay dugc cd trong didu kién 4p suét
giam va hép thu trong MeOH, loc qua thiét bi loc kiéu xyranh Millipore® 0,45um, va
tinh ché bang Phuong phap HPLC A d8 tao ra hop chét néu & dé muc nay, & dang
mudi TFA, du6i dang chit rin mau vang (74,9mg, 48,2%). 'H NMR (500 MHz,
metanol-d4, hdn hop cc chit ddng phan hinh hoc) § ppm 1,82 (m, 2H), 1,97 (m, 2H),
2,11 (m, 4H), 2,19 (s, 1,1H), 2,21 (s, 1,9H), 2,45 (m, 2H), 2,73 (t, J= 5,9 Hz, 0,7H),
2,84 (t, J=5,9 Hz, 1,3H), 3,11 (m, 2H), 3,47 (m, 2H), 3,81 (t, /= 5,9 Hz, 1,3 H), 3,85
(t, J= 5,9 Hz, 0,7H), 4,40 (m, 1H), 4,49 (m, 1H), 4,59 (s, 0,7H), 4,63 (s, 1,3H), 6,87
(m, 1H), 6,97 (ddd, J = 11,2, 8,5, 3,2 Hz, 1H), 7,17 (td, J= 9,2, 5,6 Hz, 1H); ESI-MS
m/z [M+H]" 458,00.

Vi du 128A: 1-(3-(xyclobutylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on
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B sung Ac2O (30ml, 318mmol) va Pd/C (1,80g, 16,91mmol) vao dung dich
chira N-xyclobutyl-2-(4-(2,4-diflophenoxy)piperidin-1-yl)pyrido[ 3,4-b]pyrazin-3-
amin (12,0g, 29,2mmol) trong axeton (200ml) va dioxan (300ml). Tiép theo, khudy
hdn hop phan tng & 60°C trong moi trudong Ha (345 kPa) trong 72 gio. Tiép theo, hdn
hop nay dugc loc qua dém Celite™, rira bang EtOAc. Dung dich phan tng dugc pha
logng v&i EtOAc (50ml) va rét vao dung dich nuée bdo hoa NaHCOs (50ml), tiép
theo, rira bing nuéc mudi (2 x 30ml). Lép hitu co duge 1am kho trén NazSOs va ¢d
trong chan khéng. San phdm thé dwoc két tinh lai bang PE/EtOAc, lam dong khd
nhanh va rira bing PE/EtOAc (5:1) d tao ra hop chit tinh khiét néu & d& muc nay
(6,1g). 'TH NMR (500 MHz, DMSO-ds, hdn hop céc chét ddng phan hinh hoc) § ppm
1,57-1,74 (m, 2H), 1,85-1,95 (m, 2H), 1,97-2,08 (m, 4H), 2,08 (s, 1,3H),.2,09 (s,
1,7H), 2,19-2,30 (m, 2H), 2,58 (t, /= 5,9 Hz, 0,9H), 2,71 (t, J= 5,9 Hz, 1,1H), 2,88 (t,
J = 10,5 Hz, 2H), 3,23-3,33 (m, 2H), 3,70 (dt, J = 11,7, 5,9 Hz, 2H), 4,32-4,47 (m,
3H), 4,52 (i, J= 8,1, 3,8 Hz, 1H), 6,05 (d, J=7,8 Hz, 0,4H), 6,08 (d, /= 8,3 Hz, 0,6H
6,96-7,07 (m, 1H), 7,24-7,36 (m, 2H); ESI-MS m/z [M+H]" 458,00.

Vi du 129: (S5)-1-(3-(sec-butylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on

F
jone
F B¢
CH o

HN
HyC I

Dung dich chua mubi TFA cua (S)-6-benzyl-N-(sec-butyl)-2-(4-(2,4-
diflophenoxy)piperidin-1-yl1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin
(212,2mg, 0,341mmol) trong THF (3,4ml) dugc xir ly bing Pd(OH), (20% trong
luong, 71,9mg, 0,102mmol). Khi hydro (binh ciu) duoc suc qua hdn hop phan ung

3

ndy trong thoi gian 5 phat. Kim thong khi dugc 14y di va hdn hop phan g nay dugc
khudy & nhiét do trong phong trong mdi truong hydro trong thoi gian 3 gio. Hén hop

phan ing nay dugc cho tiép xtic v6i khong khi va loc qua dém Celite™, rira giai bang
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EtOAc va MeOH. Dich loc dugc gom va co trong diéu kién ap sut giam dé tao ra (S)-
N-(sec-butyl)—2-’(4-(2,4-diﬂophenoxy)piperidin—1-yl)-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-3-amin & dang mubi TFA (169,0mg) duéi dang ddu mau ving, ma né dugce
dung trong bude tiép theo ma khong can tinh ché thém. ESI-MS m/z [M+H]" 418,5.
Dung dich chta mudi TFA cia  (S)-N-(sec-butyl)-2-(4-(2,4-
diflophenoxy)piperidin-1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin
(169,0mg) trong DCM (3,18ml) & nhiét d§ 0°C duoc xir ly bang pyridin (0,077ml,
0,954mmol), tiép theo 13 axetic anhydrit (0,060ml, 0,636mmol). Hon hop phan ing
nay duoc khudy trong théi gian 1 gid. Hon hop phén tmg nay duoc b trong diéu kién
ap suit giam. Cin duoc hép thy trong MeOH, loc qua bd loc xyranh Millipore®
0,45um, va dugc tinh ché bing Phuong phap HPLC A dé tao ra hop chét néu & dé
muc ndy, & dang mudi TFA, dudi dang chét ban rin mau vang (84,9mg, 43,4% qua
hai buéc). 'H NMR (500 MHz, metanol-d4, hdn hop céc chit dong phén hinh hoc)
ppm 0,98 (m, 3H), 1,27 (m, 3H), 1,68 (m, 2H), 1,97 (m, 2H), 2,13 (m, 2H), 2,19 (s,
1,1H), 2,21 (s, 1,9H), 2,74 (td, J= 5,9, 1,5 Hz, 0,7H), 2,84 (td, J = 5,9, 1,5 Hz, 1,3H),
3,11 (m, 2H), 3,45 (m, 2H), 3,82 (t, J = 5,9 Hz, 1,3H), 3,86 (m, 0,7H), 3,97 (m, 1H), -
4,50 (m, 1H), 4,61 (d, J = 3,9 Hz, 0,7H), 4,64 (s, 1,3H), 6,87 (m, 1H), 6,97 (ddd, J =
11,3, 8,7, 2,9 Hz, 1H), 7,17 (td, J=9,2, 5,6 Hz, 1H); ESI-MS m/z [M+H]" 460,00.
Vi du 130: (R)-1-(3-(sec-butylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on

gﬁm

H3C\/\CH3

Dung dich chua mubdi TFA cua (R)-6-benzyl-N-(sec-butyl)-2-(4-(2,4-
diflophenoxy)piperidin-1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin
(174,6mg, 0,281mmol) trong THF (2,81ml) dugc xir ly bang Pd(OH), (20% trong
lugng, 59,2mg, 0,084mmol). Khi hydro (binh cdu) dugc suc qua hdén hop phan ung
nay trong thoi gian 5 phut. Kim thong khi dugc 1y di va hdn hop phan tGng dugc
khudy & nhiét d trong phong trong mdi trudng hydro trong thoi gian 1 gio. Hén hop
phan Gng nay dugc cho tiép xtic voi khong khi va loc qua dém Celite™, rira giai bing
EtOAc/MeOH. Dich loc duge gom va c6 trong didu kién 4p suét giam dé tao ra (R)-N-
(sec-butyl)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-5,6,7,8-tetrahydropyrido[3,4-
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blpyrazin-3-amin & dang mubi TFA (136,4mg) dué6i dang ddu mau vang, ma n6 dugc
dung trong buéc tiép theo ma khong cn tinh ché thém. ESI-MS m/z [M+H]" 418,5.

Dung dich chua mudi TFA cia  (R)-N-(sec-butyl)-2-(4-(2,4-
diflophenoxy)piperidin-1-y1)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin
(136,4mg) trong DCM (2,57ml) & nhiét ¢ 0°C dugc xur ly bing pyridin (0,062ml,
0,770mmol), tiép theo 13 axetic anhydrit (0,048ml, 0,513mmol). Hon hop phéan tng
ndy dugc khudy trong thoi gian 1 gis. Hon hop phan tmg nay dugc cd trong diéu kién
4p sudt giam. Cin duogc hép thu trong MeOH, loc qua bd loc xyranh Millipore®
0,45um, va duge tinh ché bing Phuong phip HPLC A d tao ra hop chat néu & dé
muc ndy, & dang mubi TFA, duéi dang chéit rin mau vang (52,0mg, 32,2% qua hai
buée). 'H NMR (500 MHz, metanol-d4) § ppm 0,98 (m, 3H), 1,26 (m, 3H), 1,67 (m,
2H), 1,96 (m, 2H), 2,13 (m, 2H), 2,19 (s, 1,1H), 2,21 (s, 1,9H), 2,73 (td, J = 5,9, 1,5
Hz, 0,7H), 2,84 (td, J= 5,9, 1,5 Hz, 1,3H), 3,08 (m, 2H), 3,43 (m, 2H), 3,82 (t, J=35,9
Hz, 1,3H), 3,86 (m, 0,7H), 3,97 (m, 1H), 4,49 (m, 1H), 4,59 (m, 0,7H), 4,63 (s, 1,3H),
6,87 (m, 1H), 6,98 (ddd, J=11,3, 8,4, 3,2 Hz, 1H), 7,17 (td, J= 9,3, 5,4 Hz, 1H); ESI-
MS m/z [M+H]" 460,0.
Vi du 131: 1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)propan-1-on

F

F/©/ \GH:I:D"j]/\CHs

HsC” “CHj

Bb sung DIPEA (32,5uL, 0,186mmol) va propionic anhydrit (19,2pL,
0,149mmol) vao dung dich chira 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin (50mg, 0,124mmol) trong DCM
(1,24ml) & nhiét do 0°C. Dung dich thu dugc duoc khqu & nhiét dd nay trong 2 gio.
Viéc tinh ché biang phép sic ky cot silicagel bing cach st dung 0% dén 100% EtOAc
trong heptan tao ra hop chit néu & d& muc nay duéi dang chit rin mau tring (53mg,
93%). 'H NMR (400 MHz, metanol-ds, hdn hop céc chét ddng phan hinh hoc) 8 ppm
IH NMR (400 MHz, metanol-ds, hdn hop céc chit ddng phéan hinh hoc) § ppm 1,10-
1,20 (m, 3H), 1,25 (d, J = 6,8 Hz, 3H), 1,26 (d, J = 6,8 Hz, 3H), 1,90-2,00 (m, 2H),
2,09-2,18 (m, 2H), 2,47-2,58 (m, 2H), 2,72 (t, J = 5,9 Hz, 0,8 H), 2,81 (t, /= 5,9 Hz,
1,2H), 2,92-3,01 (m, 2H), 3,81 (t, J= 5,9 Hz, 1,2H), 3,87 (t, J = 6,1 Hz, 0,8H), 4,13-
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4,21 (m, 1H), 4,46 (tt, J= 7,5, 3,7 Hz, 1H), 4,55 (s, 0,8H), 4,56 (s, 1,2H), 6,85-6,92
(m, 1H), 6,99 (m, 1H), 7,18 (m, 1H); ESI-MS m/z [M+Na]* 482,9.

Vi du 132: Metyl 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-carboxylat

Jone

N._N
LI

i Sy N\H/OCH3
CH ©

Bb sung metyl cacbonocloridat (0,013ml, 0,170mmol) & nhiét d6 0°C vao dung
dich chira 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-

tetrahydropyrido[3,4-b]pyrazin-3-amin (45,6mg, 0,113mmol) va trietylamin (0,039ml,
0,283mmol) trong DCM (0,75ml). Hn hop phan ung nay dugc khudy & nhiét d6 0°C
trong thoi gian 1 gid, lam 4m dén 23°C, va cb trén thiét bi 1am bay hoi kiéu quay.
Chét liéu thé thu duoc duge cho phan bb giita EtOAc va H20. Pha hitu co dugc rira
bing nuéc mubi, 1am khé trén NaySOs, loc, rira bang EtOAc, va cb trén thiét bi 1am
bay hoi kiéu quay. Chét tho tao ra dugc hoa tan trong toluen (0,5ml) va tinh ché bang
phép sic ky & ap sut trung binh bang céch st dung chét rira giai EtOAc trong heptan
véi gradien tir 2% dén 80% trén cot silicagel 12g (Single Step™) dé tao ra hop chét
néu & d& muc ndy (48,7mg, 93%) dudi dang bot mau tring. 'H NMR (500 MHz,
DMSO-ds) & ppm 1,17-1,19 (m, 6H), 1,80-1,94 (m, 2H), 2,06 (ddd, J = 9,5, 5,9, 3,2
Hz, 2H), 2,64 (t, J= 5,9 Hz, 2H), 2,82-2,94 (m, 2H), 3,19-3,31 (m, 2H), 3,64 (s, 3H),
3,64-3,69 (m, 2H), 4,07-4,17 (m, 1H), 4,35 (br s, 2H), 4,51 (tt, J = 8,1, 3,9 Hz, 1H),
5,53 (d, J= 8,3 Hz, 1H), 7,01 (dddd, J=9.3, 8,1, 3,2, 1,5 Hz, 1H), 7,26-7,35 (m, 2H);
ESI-MS m/z [M+H]* 461,9.

Vi du 133: 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(2-floetyl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin

F
ﬁj O
HNT SN SN
CH

HsC
B sung 1-bromo-2-floetan (0,020ml, 0,268mmol) & nhiét d§ 23°C vao huyén
phu chira 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-

3
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tetrahydropyrido[3,4-b]pyrazin-3-amin (98,4mg, 0,244mmol) va K>COs; (135mg,
0,976mmol) trong axeton (4,0ml). Hén hop phan ing nay duoc khuiy & nhiét d§ 50°C
trong thoi gian 1 gid. Hon hop phén tmg nay dugc lam mat xubng 23°C, mot luong bb
sung 1-bromo-2-floetan (8,2uL, 0,110mmol) dugc bd sung vao, va hdn hop phéﬁ ung
ndy dugc duge dun néng trong 1,5 gio nita ¢ nhiét do 50°C, lam mat xubdng 23°C, va
cd trén thiét bi 1am bay hoi kiéu quay. Chét liéu thé thu duge duge hoan nguyén trong
DMSO, loc, rira bing DMSO, va duoc tinh ché bing Phuong phap HPLC B béng céch
sit dung ACN véi gradien tir 30% dén 70% dé tao ra hop chit néu & d& muc nay
(42mg, 38,3%) dudi dang diu mau vang nhat. 'H NMR (500 MHz, DMSO-d, hdn
hop céc chit ddng phan hinh hoc) & ppm 1,17 (d, J = 6,8 Hz, 6H), 1,82-1,93 (m, 2H),
2,02-2,11 (m, 2H), 2,62-2,69 (m, 2H), 2,73-2,80 (m, 3H), 2,81-2,91 (m, 3H), 3,20-
3,29 (m, 2H), 3,48 (s, 2H), 4,04-4,12 (m, 1H), 4,47-4,54 (m, 1H), 4,56 (t, /= 4,9 Hz,
1H), 4,66 (t, J = 4,9 Hz, 1H), 5,38 (d, J = 7,8 Hz, 1H), 6,98-7,05 (m, 1H), 7,26-7,34
(m, 2H); ESI-MS m/z [M+H]* 450,0.

Vi du 134:  1-(2-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on

Eog,

H3 Hj

B6 sung paladi, 10% trong luong trén than hoat tinh (0,053g, 0,502mmol) duéi
dang vita trong dioxan (3ml) trong moi trudng nito vao binh phan mg chiu 4p dang
chta dung dich mau cam d6 chira 2-(4-(2,4-diflobenzyl)piperazin-1-yl)-N-
isopropylpyrido[3,4-b]pyrazin-3-amin (0,5g, 1,255mmol) trong axeton (25ml) va
dioxan (25ml). Tiép theo, bd sung axetic anhydrit (1,179ml, 12,55mmol) vao & 23°C.
Hdn hop nay duoc khudy trong mdi trudng hydro & nhiét do 45°C va 310kPa trong
thoi gian 9,5 giod. Hon hop phan tmg nay dugc loc qua Celite™, rira bang EtOAc, va
cd trén thiét bj 1am bay hoi kiéu quay. Chét thé tao ra dugc hoa tan trong toluen (5ml)
va tinh ché bing phép sic ky & ap sudt trung binh bing cach st dung chit ria giai
EtOAc trong heptan véi gradien tir 10% dén 100% co6t NH 60uM c& 400 (Shoko
Scientific Purif-Pack™) d8 tao ra hop chit néu & d& muc nay (341mg, 61,1%) duéi
dang bot mau tring duc. 'H NMR (500 MHz, DMSO-d, hdn hop céac chit ddng phan
hinh hoc) & ppm 1,14-1,19 (m, 6H), 2,08 (s, 1,2H), 2,09 (s, 1,8H), 2,52-2,65 (m, 5H),
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2,70 (t, J= 5,9 Hz, 1H), 2,98 (br s, 4H), 3,58 (s, 2H), 3,70 (dt, J= 12,0, 5,7 Hz, 2H),
4,00-4,15 (m, 1H), 4,40 (s, 0,8H), 4,43 (s, 1,2H), 5,35 (d, J= 7,8 Hz, 0,4H), 5,38 (d, J
= 8,3 Hz, 0,6H) 7,08 (td, J = 8,3, 2,4 Hz, 1H), 7,21 (td, J = 10,0, 2,4 Hz, 1H), 7,44-
7,51 (m, 1H); ESI-MS m/z [M+H]" 445,0.

Vi du  135:  1-(3-(xyclobutylamino)-2-(4-(2,4-diflobenzyl)piperazin-1-yl)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on

fope

pcew
o)

B6 sung paladi, 10% trong lugng trén than hoat tinh (0,052g, 0,487mmol) dudi
dang vita trong dioxan (3ml) trong mdi trudng nito vao N-xyclobutyl-2-(4-(2,4-
diflobenzyl)piperazin-1-yl)pyrido[3,4-b]pyrazin-3-amin (0,500g, 1,218mmol) trong
axeton (25ml) va dioxan (25ml). Tiép theo, bd sung axetic anhydrit (1,144ml,
12,18mmol) vao & 23°C. Hdn hop nay dugc khudy trong mdi truong hydro & nhiét do
310kPa trong thoi gian 50 gio & nhiét do 45°C. Hon hop thdé ndy duge loc qua
Celite™, rira bing dioxan, va c6 trén thiét bj 1am bay hoi kiéu quay. Chét tho tao ra
duoc tinh ché bang phép sic ky & ap suét trung binh bing cach sir dung chét rira giai
EtOAc trong heptan véi gradien tir 10% dén 100% trén co6t NH 60 pM c& 60 (Shoko
Scientific Purif-Pack™) d& tao ra hop chit néu & dé muc nay 1-(3-(xyclobutylamino)-
2-(4-(2,4-diflobenzyl)piperazin-1-y1)-7,8-dihydropyrido[3,4-b]pyrazin-6(5 H)-
yl)etanon (284mg, 51,1%) duéi dang bot mau vang. TH NMR (500 MHz, DMSO-db,
hén hop céc chit ddng phan hinh hoc) 8 ppm 1,56-1,72 (m, 2H), 1,97-2,06 (m, 2H),
2,07 (s, 1,3H), 2,08 (s, 1,7H), 2,18-2,27 (m, 2H), 2,52-2,66 (m, 4,9H), 2,69 (t, J=5,9
Hz, 1,1H), 2,99 (br s, 4H), 3,59 (s, 2H), 3,69 (dt, J = 11,5, 6,0 Hz, 2H), 4,27-4,46 (m,
3H), 5,89 (d, J = 7,3 Hz, 0,4H), 5,93 (d, J = 7,8 Hz, 0,6H), 7,02-7,13 (m, 1H), 7,17-
7,27 (m, 1H), 7,41-7,55 (m, 1H); ESI-MS m/z [M+H]" 457,0.

Vi du 136: 2-(4-(2,4-diflobenzyl)piperazin-1-yl)-N-isopropyl-6-(metylsulfonyl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin
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B sung metansulfonyl clorua (10,6uL, 0,137mmol) & nhiét d§ 0°C vao dung
dich chira 2-(4-(2,4-diflobenzyl)piperazin-1-yl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin (50mg, 0,124mmol) va DIPEA (0,032ml,
0,186mmol) trong DCM (1ml). Hdn hop phan tng nay duoc khudy & nhiét d6 0°C
trong thoi gian 1 gid va cd trén thiét bi 1am bay hoi kiéu quay. Chit liéu tho thu dugc
dugc cho phan bd gitta EtOAc (2ml) va nuéc (1ml). Pha hitu co dugce rira bing nudc
mudi, 1am khd trén NazSOs, loc, rira bing EtOAc, va ¢b trén thiét bi lam bay hoi kiéu
quay. Chét thé tao ra dugc hoa tan trong EtOAc va MeOH, dugc hép phu trén
silicagel (0,75g), va tinh ché bang phép sic ky & 4p sudt trung binh bang cach st dung
chét rira giai véi gradien tir 50% dén 100% EtOAc trong heptan trén cot silicagel 4g
(Single Step™) @ tao ra hop chét néu & d& muc nay (50,6mg, 85%) dudi dang chit
rin mau tring duc. '"H NMR (500 MHz, DMSO-ds) & ppm 1,12-1,19 (m, 6H), 2,53-
2,61 (m, 4H), 2,74 (t, J= 5,9 Hz, 2H), 2,97 (s, 3H), 3,00 (d, J= 7,3 Hz, 4H), 3,44-3,48
(m, 1H), 3,59 (s, 2H), 4,02-4,10 (m, 1H), 4,16 (s, 2H), 5,41 (d, J = 7,8 Hz, 1H), 7,08
(td, J = 8,4, 2,2 Hz, 1H), 7,22 (td, J = 9,9, 2,7 Hz, 1H), 7,44-7,54 (m, 1H); ESI-MS
m/z [M+H]" 480,9.
Vi du 137:  1-(2-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)propan-1-on

F

joge
- (UNN
HNJ:\Nm \HACH3
H3C)\CH3 °

B sung propionic anhydrit (0,019ml, 0,149mmol) & nhiét d§ 0°C vao dung
dich chira 2-(4-(2,4-diflobenzyl)piperazin-1-yl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin (50mg, 0,124mmol) va DIPEA (0,032ml,
0,186mmol) trong DCM (1ml). Hon hgp phan ung nay dugc khudy & nhiét d§ 0°C
trong thoi gian 1 gio, lam 4m dén 23°C, va cb trén thibt bi 1am bay hoi kiéu quay.

Chét liéu tho thu dugce duge cho phin bd gitta EtOAc va nudc. Pha hitu co dugc rira
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b%mg nuéc mudi, 1am khd trén NaxSOs, loc, rira be"mg EtOAc, va co trén thiét bi lam
bay hoi kiéu quay. Chét tho tao ra dugc hoa tan trong EtOAc va MeOH, dugc hép phu
trén silicagel (0,75g), va tinh ché bang phép sic ky & ap suét trung binh bing cach st
dung EtOAc trong heptan véi gradien tir 20% dén 100% trén cot silicagel 4g (Single
Step™) dé tao ra hop chét néu & d& muc ndy (48mg, 84% hiéu suit) du6i dang bot
mau tréng duc. "H NMR (500 MHz, DMSO-ds, hdn hop c4c chit ddng phan hinh hoc)
8 ppm 0,94-1,05 (m, 3H), 1,16-1,18 (m, 6H), 2,41 (quin, J = 7,8 Hz, 2H), 2,52-2,65
(m, 5H), 2,69 (t, J = 5,6 Hz, 1H), 2,98 (br s, 3H), 3,58 (s, 2H), 3,70 (t, J = 5,9 Hz,
1,1H), 3,73 (t, J= 5,9 Hz, 0,9H), 4,03 (q, J= 7,2 Hz, 2H), 4,06-4,15 (m, 1H), 4,42 (br
s, 2H), 5,34 (d, J= 7,8 Hz, 0,6H), 5,37 (d, J= 8,3 Hz, 0,4H), 7,08 (td, /= 8,5, 2,4 Hz,
1H), 7,21 (td, J=9,9, 2,7 Hz, 1H), 7,44-7,52 (m, 1 H); ESI-MS m/z [M+H]" 459,0.

Vi du 138: tert-butyl 4-(6-axetyl-3-(isopropylamino)-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-yl)piperazin-1-carboxylat

CH; O

HC L
H,c” ~07 N
O

N
H INEG\I\H/CH?,
A 0

N -z
NS
HsC”~ “CH,
B6 sung paladi, 10% trong lugng trén than hoat tinh (0,229g, 2,148mmol) dudi
dang vita trong dioxan (3ml) trong mdi trudng nito vao binh phan (mg chiu ap dang
chira dung dich mau cam dd chua tert-butyl 4-(3-(isopropylamino)pyrido[3,4-
b]pyrazin-2-yl)piperazin-1-carboxylat (2,0g, 5,37mmol) trong axeton (100ml) va
dioxan (100ml). Tiép theo, bd sung axetic anhydrit (5,04ml, 53,7mmol) vao & 23°C.
Hdn hop nay dugc khudy trong mdi trudng hydro ¢ nhiét do 310kPa trong thoi gian
17 gid & nhiét dd 45°C. Hon hop phan Gng nay duoc loc qua Celite™, rira bang
dioxan, va cb trén thiét bi 1am bay hoi kiéu quay. Chét thé tao ra duoc tinh ché bing
phép séc ky & ap sut trung binh bang cach st dung EtOAc trong heptan véi gradien
tir 10% dén 100% trén cot NH 60uM c& 400 (Shoko Scientific Purif-Pack™) dé tao ra
hop chit néu & d muc nay (1,068g, 47,5%) duéi dang bot mau vang. 'H NMR (500
MHz, DMSO-ds, hén hop céc chét dE‘)ng phan hinh hoc) 8 ppm 1,16-1,21 (m, 6H),
1,42 (s, 9H), 2,08 (s, 1,3H), 2,09 (s, 1,7H), 2,58 (t, J = 5,9 Hz, 0,9H), 2,70 (t, J= 5,6
Hz, 1,1H), 2,87-2,98 (m, 4H), 3,51 (br s, 4H), 3,67-3,75 (m, 2H), 4,06-4,15 (m, 1H),
4,41 (s, 1,1H), 4,44 (s, 0,9H), 5,50 (d, J= 7,8 Hz, 1H), 5,53 (d, J= 7,8 Hz, 1H); ESI-
MS m/z [M+H]" 419,0.
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Vi du  139:  (1s,35)-3-((6-axetyl-2-(4-(2,4-diflobenzyl)piperazin-1-yl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)amino)xyclobutyl axetat

s

T

0]

O.__CH,
T

B6 sung paladi, 10% trong lugng trén than hoat tinh (0,030g, 0,28 1mmol) duéi
dang vita trong dioxan (3ml) trong mdi truong nito vao binh phén ung chiu 4p dang
chita dung dich mau cam d6 chta (1s,3s)-3-((2-(4-(2,4-diflobenzyl)piperazin-1-
yl)pyrido[3,4-b]pyrazin-3-yl)amino)xyclobutanol (0,3g, 0,703mmol) trong axeton
(15ml) va dioxan (15ml). Tiép theo, axetic anhydrit (0,66 1ml, 7,03mmol) Bé sung vio
& 23°C. Hbn hop phan tng nay dugc khudy trong mdi trudng hydro & nhiét do 310kPa
trong thoi gian 4 ngdy & nhiét do 45°C. Hon hop phén tmg nay dugc loc qua Celite™,
rira bang dioxan, va ¢ trén thiét bi 1am bay hoi kiéu quay. Chét thé tao ra duge hoa
tan trong toluen (3ml) va tinh ché bang phép sic ky & 4p sut trung binh bang cach st
dung chét rira gii EtOAc trong heptan véi gradien tr 30% dén 100% trén cdt silicagel
90g (Single Step™) dé tao ra hop chat néu & d& muc nay (119,7mg, 33,1%) dudi dang
bot mau vang. 'H NMR (500 MHz, DMSO-ds, hdn hop céc chit ddng phéan hinh hoc)
8 ppm 1,97-2,00 (m, 3H), 2,07 (s, 1,3H), 2,08 (s, 1,7H), 2,10-2,17 (m, 2H), 2,55-2,63
(m, 5H), 2,67-2,74 (m, 3H), 2,90-3,10 (m, 4H), 3,59 (s, 2H), 3,66-3,74 (m, 2H), 4,02-
4,12 (m, 1H), 4,39 (s, 1,1H), 4,42 (s, 0,9H), 4,68 (quind, J= 7,3, 3,4 Hz, 1H), 6,11 (d,
J=1,8 Hz, 0,6H), 6,15 (d, J= 7,8 Hz, 0,4H), 7,08 (td, J= 8,5, 2,4 Hz, 1H), 7,19-7,24
(m, 1H), 7,45-7,51 (m, 1H); ESI-MS m/z [M+H]* 515,0.
Vi du 140: 1-(2-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-(((1s,3s)-3-
hydroxyxyclobutyl)amino)-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on
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B6 sung natri metoxit (5,1pL, 0,028mmol) & nhiét 46 0°C vao dung dich chira
(1s,35)-3-((6-axetyl-2-(4-(2,4-diflobenzyl)piperazin-1-y1)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)amino)xyclobutyl axetat (94,8mg, 0,184mmol)
trong MeOH (2ml). Hon hop phan tng nay dugc khudy & nhiét ¢ 0°C trong thoi gian
1 gid, cb trén thiét bi 1am bay hoi kiéu quay at 30°C, tai hoan nguyén bing MeOH
(2ml), 1am maét xudng 0°C, va toi bing HOAc (0,005ml). Hon hop phan tmg ndy dugc
co trén thiét bi 1am bay hoi kiéu quay, cho phan bb giita EtOAc (4ml) va bdo hoa
NH4CI (1ml), va cac 16p dugc tach. Pha hitu co dugc rira bang nudc mudi (1ml), 1am
kh6 trén Na>SOs, loc, rira b?mg EtOAc, va lam kho trong chdn khong dé tao ra hop
chét néu & d& muc nay (79,3mg, 91%) duéi dang bot mau da cam hoi vang. "H NMR
(500 MHz, DMSO-ds, hdn hgp cac chit ddng phén hinh hoc) & ppm 1,80-1,88 (m,
2H), 2,07 (s, 1,3H), 2,08 (s, 1,7H), 2,54-2,64 (m, 7H), 2,69 (t, J = 5,9 Hz, 1H), 2,99
(br s, 4H), 3,59 (s, 2H), 3,69 (dt, J = 11,5, 6,0 Hz, 2H), 3,77-3,91 (m, 2H), 4,38 (s,
1,1H), 4,41 (s, 0,9H), 4,95-5,00 (m, 1H), 5,82 (d, J= 7,3 Hz, 1H), 5,85 (d, J= 7,8 Hz,
1H) 7,08 (td, J = 8,4, 2,2 Hz, 1H), 7,19-7,24 (m, 1H), 7,45-7,51 (m, 1H); ESI-MS m/z
[M+H]" 473,0.

Vi du 141: 1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-d3-etan-1-on

E
isne
F _ NIN]@
i SN N\H/CD3
HsC”~ “CHj ©
Bé sung axetyl clorua-d3 (0,42ml, 5,95mmol) nho giot vao dung dich chia 2-
(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-tetrahydropyrido[3,4-
blpyrazin-3-amin (2,4g, 5,95mmol) va DIPEA (1,56ml, 8,92mmol) trong DCM
(59,5ml) & nhiét d6 0°C. Dung dich thu dugc dugc khudy & nhiét d6 nay trong 1 gid.
Sau khi 6, tinh ché bing phép sic ky cot silicagel bang cach sir dung 30% dén 100%
EtOAc trong heptan tao ra hop chit néu & d& muc nay (1,89g, 70,8%). 'H NMR (400
MHz, DMSO-ds, hdn hop céc chit ddng phan hinh hoc) & ppm 1,19 (d, J = 6,4 Hz,
2,7H), 1,21 (d, J = 6,4 Hz, 3,3H), 1,82-1,92 (m, 2H), 2,03-2,11 (m, 2H), 2,59 (t, J =
5,9 Hz, 0,9H), 2,71 (t, J = 5,9 Hz, 1,1H), 2,87 (m, 2H), 3,22-3,30 (m, 2H), 3,67-3,74
(m, 2H), 4,06-4,16 (m, 1H), 4,41 (s, 1,1H), 4,43 (s, 0,9H), 4,51 (m, 1H), 5,50 (d, J =
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8,3 Hz, 1,1H), 5,54 (d, J= 7,8 Hz, 0,9H), 6,92-7,06 (m, 1H), 7,21-7,35 (m, 2H); ESI-
MS m/z [M+H]" 449,0.

Vi du 142: (1s,3s)-3-((6-axetyl-2-(4-(2,4-diflophenoxy)piperidin-1-y1)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)amino)xyclobutyl axetat
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B4 sung paladi, 10% trong lwong trén than hoat tinh (0,035g, 0,332mmol) dudi
dang vita trong dioxan (3ml) trong méi trudng nito vao binh phan tng chiu 4p dang
chita dung dich mau cam d6 chua (1s,3s)-3-((2-(4-(2,4-diflophenoxy)piperidin-1-
yl)pyrido[3,4-b]pyrazin-3-yl)amino)xyclobutanol (0,355g, 0,831mmol) trong axeton
(15ml) va dioxan (15ml). Tiép theo, b sung axetic anhydrit (0,780ml, 8,3 1mmol) vao
& 23°C. Hon hop phan ting ndy dugc khudy trong méi truong hydro & nhiét do 310kPa
trong thoi gian 48 gio ¢ nhiét d 45°C. Mot luong bd sung paladi, 10% trong luong
trén than hoat tinh va axetic anhydrit (0,156ml, 1,661mmol) dugc bd sung vao binh
phéan tng chiu 4p va hén hop phan Gng ndy dugc khudy trong mdi truong hydro &
nhiét do 310kPa trong thoi gian 4 ngdy nita & nhiét d6 45°C. Hon hop phan (mg nay
duge loc qua Celite™, rira bing dioxan, va cd trén thiét bi lam bay hoi kiéu quay.
Chét tho tao ra dugce hoa tan trong toluen (3ml) va tinh ché bang phép sic ky & ap suét
trung binh bing cach sir dung chét rira giai EtOAc trong heptan véi gradien tir 30%
dén 100% trén cdt silicagel 90g (Single Step™) dé tao ra hop chét néu & dé muc nay
du6i dang HOAc mudi. Mudi HOAc nay dugc hoa tan trong MeOH, cho qua bng
VariPure™ IPE 200mg (HCOsMP) dé loai b6 HOAc, va éng nay dugc rira bing
MeOH. Dich loc dugc ¢d trén thiét bi 1am bay hoi kiéu quay va lam khd trong chdn
khong & tao ra hop chét néu & dé muc nay (165mg, 38,5%) dudi dang bot mau vang.
IH NMR (500 MHz, DMSO-ds, hdn hop céc chit dong phan hinh hoc) & ppm 1,86-
1,96 (m, 2H), 1,98-2,01 (m, 3H), 2,01-2,08 (m, 2H), 2,08 (s, 1,3H), 2,09 (s, 1,7H),
2,11-2,20 (m, 2H), 2,59 (t, J= 5,9 Hz, 0,9H), 2,67-2,77 (m, 3,1H), 2,83-2,91 (m, 2H),
3,29 (d, J = 10,3 Hz, 2H), 3,70 (dt, J = 11,4, 5,8 Hz, 2H), 4,06-4,13 (m, 1H), 4,40 (s,
1H), 4,43 (s, 1H), 4,52 (dt, J= 8,2, 4,0 Hz, 1H), 4,69 (td, J= 7,3, 2,9 Hz, 1H), 6,24 (d,
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J =173 Hz, 0,6H), 6,28 (d, /=7,8 Hz, 0,4H), 6,98-7,05 (m, 1H), 7,26-7,34 (m, 2H);
ESI-MS m/z [M+H]* 516,0.
Vi du  143:  1-(2-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metylpropan-1-on
F
joge
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B6 sung isobutyryl clorua (0,013ml, 0,124mmol) & nhiét d6 0°C vao dung dich
chira 2-(4-(2,4-diflobenzyl)piperazin-1-yl)-N-isopropyl-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-3-amin (50mg, 0,124mmol) va DIPEA (0,032ml, 0,186mmol) trong DCM
(1ml). Hon hop phan tng ndy dwoc khudy & nhiét do 0°C trong thoi gian 1 gio, lam
4m dén 23°C va khudy trong thoi gian 15,5 gid nita. Hon hop phéan ung nay dugc cb
trén thiét bi 1am bay hoi kiéu quay va cho phan bb gitta EtOAc (4ml) va NH4CI (2ml).
Téach céc 16p va pha hitu co dugce rira bing nuéc mudi (2ml), lam kho trén Na>SOs,
loc, rira b%lng EtOAc, va ¢ trén thiét bi lam bay hoi kiéu quay. Chét thé tao ra dugc
hoa tan trong EtOAc va MeOH, duogc hép phu trén silicagel (0,25g), va tinh ché bang
phép séc ky & ap suét trung binh bang cach st dung EtOAc trong heptan véi gradien
tir 50% dén 100% trén cot silicagel 4g (Single Step™) d tao ra hgp chit néu & &
muc nay (39,3mg, 66,9%) duéi dang bot mau vang. TH NMR (500 MHz, DMSO-ds,
hén hop cac chét ddng phan hinh hoc) & ppm 0,99 (d, J = 6,8 Hz, 2,7H), 1,03 (d, J =
6,8 Hz, 3H), 1,11-1,22 (m, 6H), 2,58 (br s, 3,8H), 2,69 (t, J = 5,4 Hz, 1,2H), 2,88-3,13
(m, 5H), 3,58 (s, 2H), 3,75 (dt, J = 10,9, 5,6 Hz, 2H), 4,05-4,17 (m, 1H), 4,41 (s,
1,1H), 4,49 (s, 0,9H), 5,29-5,42 (m, 1H), 7,08 (td, J = 8,5, 2,4 Hz, 1H), 7,21 (td, J =
9,9, 2,7 Hz, 1H), 7,44-7,52 (m, 1H); ESI-MS m/z [M+H]" 473,0.
Vi du 144 1-(2-(4-(2,4-diflophenoxy)piperidin-1-y1)-3-(((1s,3s)-3-
hydroxyxyclobutyl)amino)-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on
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B6 sung natri metoxit (7,89uL, 0,043mmol) & nhiét d6 0°C vao dung dich chira
(1s,35)-3-((6-axetyl-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)amino)xyclobutyl axetat (146,5mg, 0,284mmol)
trong MeOH (3ml). Hon hop phan tng ndy duoc khudy & nhiét 6 0°C trong thoi gian
1 gidy, cb trén thiét bi 1am bay hoi kiéu quay at 30°C, tai hoan nguyén biang MeOH
(2ml), 1am mat xudng 0°C, va toi bing HOAc (0,005ml). Hon hop phén tmg nay duoc
cd trén thiét bi 1am bay hoi kiéu quay, cho phan bb giita EtOAc (6ml) va bdo hoa
NH4Cl (4ml), va cac 16p duge tach. Pha hitu co duoc rira bang nuéc mubi (2ml), 1am
kho trén NaSOs, loc, rira bing EtOAc, va 1am khd trong chdn khéng dé tao ra hop
chét néu & d& muc nay (119,5mg, 89%) duéi dang diu mau vang. 'TH NMR (500 MHz,
DMSO-ds, hdn hop cac chit ddng phan hinh hoc) § ppm 1,84-1,93 (m, 4H), 2,04-2,11
(m, 5H), 2,56-2,65 (m, 2,9H), 2,71 (t, J = 5,9 Hz, 1,-1H), 2,87 (t, J = 10,3 Hz, 2H),
3,27 (dd, J = 8,1, 4,2 Hz, 2H), 3,70 (dt, J = 11,5, 6,0 Hz, 2H), 3,79-3,91 (m, 2H), 4,40
(s, 1,1H), 4,42 (s, 0,9H), 4,51 (tt, J = 8,2, 4,0 Hz, 1H), 4,99-5,04 (m, 1H), 5,99 (d, J=
7,3 Hz, 1,1H), 6,03 (d, J = 7,8 Hz, 1H), 6,99-7,04 (m, 1H), 7,26-7,33 (m, 2H); ESI-

MS m/z [M+H]" 473,9.
Vi du 145: 1-(2-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-(((17,37)-3-
floxyclobutyl)amino)-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on
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B6 sung DAST (9,1puL, 0,069mmol) du6i dang dung dich trong DCM (0,5ml)
& nhiét @6 -78°C trong thoi gian 2 phut vao dung dich chua 1-(2-(4-(2,4-
diflobenzyl)piperazin-1-y1)-3-(((1s,3s)-3-hydroxyxyclobutyl)amino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon (25mg, 0,053mmol) trong DCM (1ml).
Hén hgp phan ung ndy dugc khudy & nhiét &6 —78°C trong thoi gian 2 gid, lam Am tir
tir dén 23°C, va khudy trong thoi gian 14,5 gid nira & nhiét d6 23°C. Hon hop phan
ung ndy dugc lam mat xudng —78°C va bd sung mot lugng bd sung DAST (0,021ml,
0,159mmol) vao hdn hop nay. Hén hop phan (g nay dugc lam 4m tir tir ¢én 23°C va
khudy trong thoi gian 24 gi® niva, 1am mat xubng 0°C va tdi bang nuée (Sml). San

phém thé duoc chiét bing EtOAc (2 x 10ml), gom dich chiét hitu co, 1am khd trén
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Na,SO04, loc, rita bing EtOAc, va 1am kho trong chdn khéng. Chét lidu thd thu duge
dugc tai hoan nguyén trong DMSO (0,5ml), rira bang DMSO (2 x 0,25ml), va dugc
tinh ché bing Phuong phap HPLC B bing céch sit dung ACN véi gradien tir 20% dén
50% d8 tao ra hop chit néu & dé muc nay & dang mubi TFA (1,2mg, 3,8%) duéi dang
chét rin mau tring duc. "H NMR (500 MHz, metanol-da, hdn hop cac chét dong phan
hinh hoc) & ppm 2,18-2,23 (m, 3H), 2,36-2,50 (m, 2H), 2,55-2,69 (m, 2H), 2,73 (t, /=
5,4 Hz, 0,9H), 2,80-2,86 (m, 1,1H), 3,26-3,30 (m, 4H), 3,47-3,72 (m, 4H), 3,81 (t, J =
5,6 Hz, 1,1H), 3,87 (t, J= 6,1 Hz, 0,9H), 4,49 (s, 2H), 4,55-4,59 (m, 2H), 4,83 (s, 2H),
5,15-5,21 (m, 0,6H), 5,26-5,33 (m, 0,4H), 7,65-7,71 (m, 1H); ESI-MS m/z [M+H]"
474.9.

Vi du 146:  4-((4-(6-axetyl-3-(isopropylamino)-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-yl)piperazin-1-yl)metyl)-3-flobenzonitril
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Két hop  1-(3-(isopropylamino)-2-(piperazin-1-yl)-7,8-dihydropyrido[3,4-
blpyrazin-6(5H)-yl)etanon hydroclorua (132,2mg, 0,218mmol) va 3-flo-4-
formylbenzonitril (32,6mg, 0,218mmol) trong DCE (1ml) va duogc bd sung vao natri
triaxetoxyhydroborat (64,8mg, 0,306mmol) & nhi¢t do 23°C. Hon hop phan ing nay
duge khudy & nhiét d6 23°C trong thoi gian 43 gio. B6 sung mét lugng natri
triaxetoxyhydroborat nita (64,8mg, 0,306mmol) vao hdn hop phan (mg nay va hon
hop nay dugc khudy trong thoi gian 24 gio nita & nhiét do 23°C. Can thu dugc dugce
pha loang véi DCE (1ml), loc, rira bing MeOH, va cb trén thiét bi 1am bay hoi kiéu
quay. Chét liéu tho thu duge dugc hoan nguyén trong DMSO (1ml), loc, rira bang
DMSO (2 x 0,5ml), va dugc tinh ché bing Phuong phap HPLC A dé tao ra hop chét
néu & d& muc ndy & dang mubi TFA (28,0mg, 22,68%) duéi dang chét rén mau vang.
IH NMR (500 MHz, DMSO-ds, hdn hop céc chét déng phén hinh hoc) & ppm 1,13-
1,28 (m, 6H), 2,08 (s, 1,3H), 2,09 (s, 1,7H), 2,59 (t, J= 5,9 Hz, 0,9H), 2,67-2,75 (m,
1,1H), 2,90-3,21 (m, 2H), 3,28-3,63 (m, 6H), 3,67-3,77 (m, 2H), 4,06-4,19 (m, 1H),
4,42 (s, 1,1H), 4,45 (s, 0,9H), 4,50 (br s, 2H), 5,68-5,77 (m, 1H), 7,83-7,87 (m, 1H),
7,87-7,92 (m, 1H), 8,01-8,22 (m, 1H), 10,22 (br s, 1H); ESI-MS m/z [M+H]" 452,0.
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Vi du 1470 (1r,37)-3-((6-axetyl-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)amino)xyclobutyl axetat
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B6 sung paladi, 10% trong lugng trén than hoat tinh (0,100g, 0,936mmol) dudi
dang vita trong dioxan (3ml) trong mdi trudng nito vao binh phan ung chiu ap chira
dung dich mau da cam chira (17,37)-3-((2-(4-(2,4-diflophenoxy)piperidin-1-
yl)pyrido[3,4-b]pyrazin-3-yl)amino)xyclobutanol (0,8g, 1,872mmol) trong axeton
(30ml) va dioxan (30ml). Tiép theo, axetic anhydrit (1,758ml, 18,72mmol) B6 sung
vao & 23°C. Hdn hop nay duge khudy trong méi truong hydro & nhiét do 310kPa
trong thoi gian 3 ngay ¢ nhiét d6 45°C. Mot luong bd sung paladi, 10% trong luong
trén than hoat tinh (0,100g, 0,936mmol) va axetic anhydrit (0,352ml, 3,74mmol) dugc
bd sung vao binh phan tmg va hdn hop nay dugc khudy trong mdi truong hydro &
nhiét d6 45kPa trong thoi gian 2 ngdy nita & nhi¢t dd 45°C. Hon hop phan Gng nay
dugc loc qua Celite™, rira bing dioxan, va cd trén thiét bj lam bay hoi kidu quay.
Chét thd tao ra duoc hoa tan trong toluen (2ml) va tinh ché bing phép sic ky & ap suét
trung binh bing cach sir dung EtOAc vé6i gradien tir 30% dén 100% trong heptan trén
cot silicagel 160g (Single Step™) d8 tao ra hop chit néu & dé muc nay (270mg,
28,0%) duéi dang chit rén mau tring duc. 'H NMR (500 MHz, DMSO-ds, hon hop
céc chit ddng phan hinh hoc) & ppm 1,83-1,97 (m, 2H), 2,03 (s, 3H), 2,04-2,12 (m,
5H), 2,33-2,41 (m, 2H), 2,41-2,49 (m, 2H), 2,59 (t, J = 5,9 Hz, 0,9H), 2,71 (t, J= 5,6
Hz, 1,1H), 2,89 (t, J = 10,0 Hz, 2H), 3,20-3,34 (m, 4H), 3,56-3,79 (m, 2H), 4,40 (s,
1,1H), 4,43 (s, 0,9H), 4,47-4,59 (m, 2H), 5,05 (td, J = 6,9, 3,2 Hz, 1H), 6,24 (d, J =
6,8 Hz, 0,6 H), 6,27 (d, J=6,8 Hz, 0,4H), 6,94-7,11 (m, 1H), 7,22-7,43 (m, 2H); ESI-
MS m/z [M+H]" 515,9.
Vi du 148: 1-(2-(4-(2,4-diflophenoxy)piperidin-1-y1)-3-(((17,37)-3-
hydroxyxyclobutyl)amino)-7,8-dihydropyrido[3 ,4-b]pyrazin-6(5H)-yl)etan-1-on
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B6 sung natri metoxit (5,8puL, 0,031mmol) & nhiét d5 23°C vao huyén phil mau
tring duc chira (17,3r)-3-((6-axetyl-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)amino)xyclobutyl axetat (108mg, 0,209mmol)
trong MeOH (2ml). Hon hop phan tmg ndy dugc khudy & nhiét @6 23°C trong thoi
gian 15 phut, cd trén thiét bi 1am bay hoi kiéu quay at 30°C, tai hoan nguyén bing
MeOH (2ml), 1am mat xubng 23°C, va toi bing HOAc (0,010ml). Hon hop phéan tmg
nay duoc cb trén thiét bi 1am bay hoi kidu quay, cho phan bd giita EtOAc (6ml) va bdo
hoa NH4Cl (4ml), va cac 16p dugc tach. Pha hitu co dugc rira bing nudce mudi (2ml),
1am kho trén NazSOq4, loc, ria bfmg EtOAc, va lam kho trong chdn khong dé tao ra
hop chét néu & d& muc nay (99mg, 100%) dudi dang bot mau vang. 'H NMR (500
MHz, DMSO-ds, hdn hop céc chit dong phan hinh hoc) § ppm 1,87-1,93 (m, 2H),
2,00-2,12 (m, 5H), 2,12-2,20 (m, 2H), 2,21-2,32 (m, 2H), 2,55-2,62 (m, 0,9H), 2,71 (t,
J=5,1Hz, 1,1H), 2,88 (t, J= 10,0 Hz, 2H), 3,28 (br s, 2H), 3,63-3,80 (m, 2H), 4,29
(d, J=3,9 Hz, 1H), 4,40 (s, 1,1H) 4,43 (s, 0,9H), 4,47-4,62 (m, 1H), 4,95 (d, J=4.9
Hz, 1H), 5,99 (d, J = 6,3 Hz, 1H), 6,03 (d, J = 6,8 Hz, 1H), 6,96-7,08 (m, 1H), 7,23-
7,36 (m, 2H); ESI-MS m/z (M+H)* 474,0.
Vi du 149:  (S)-1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(tetrahydrofuran-3-
ylamino)-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

=
O
O Tl
Hy SN N\”/CH3
' (0]
®

B6 sung Ac20 (4,8ml, 50,9mmol) va Pd/C (400mg, 3,76mmol) vao dung dich

chia  (S)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-(tetrahydrofuran-3-yl)pyrido[3,4-
b]pyrazin-3-amin (2,0g, 4,68mmol) trong dioxan:axeton (50ml; 1,5:1); tiép theo, hdn
hop phan Gng dugc khudy & nhiét d6 60°C trong mdi truong H2 (345 kPa) trong 72
gid. Hon hop nay dugc loc qua dém Celite™ va rira bang EtOAc. Dung dich phéan (mg
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dugce pha lodng v6i EtOAc (50ml) va r6t vao dung dich nuéc bdo hoa NaHCO;
(50ml), tiép theo, rtra bing nuwéc mudi (2 x 30ml). Lép hitu co duge 1am kho trén
Na;SO4 va ¢d dé tao ra san phidm tho, ma né dugc tinh ché bang phép séc ky cot
nhanh d& tao ra hop chét néu & d& muc nay (193,4mg) du6i dang chét rin mau tring
duc. 'H NMR (400 MHz, DMSO-d6) & ppm 1,88-1,89 (m, 4H), 2,05-2,09 (m, 4H),
2,60-2,90 (m, 4H), 3,30-3,40 (m, 4H), 3,55-3,57 (m, 1H), 3,68-3,74 (m, 2H), 3,85-
3,95 (m, 2H), 4,38-4,51 (m, 4H), 5,91 (dd, J = 6,0, 4,4 Hz, 1H), 7,01 (m, 1H), 7,25-
7,31 (m, 2H); ESI-MS m/z [M+H]" 474,3.

Vi du 150: (S)-1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(tetrahydrofuran-3-
ylamino)-7,8-dihydropyrido[3,4-b/pyrazin-6(5H)-yl)propan-1-on
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B4 sung propionic anhydrit (7ml, 3,76mmol) va Pd/C (400mg, 3,76mmol) vao
dung dich chta (S)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-(tetrahydrofuran-3-
yDpyrido[3,4-b]pyrazin-3-amin (2,5g, 5,85mmol) trong dioxan:axeton (105ml, 1,5:1);
tiép theo, hdn hgp phan ting dugc khudy & nhiét d§ 60°C va trong mdi truong Hz (345
kPa) trong 72 gid. Hdn hop nay dugc loc qua dém Celite™ va rira bang EtOAc. Dung
dich phan tng dugc pha lodng véi EtOAc (50ml) va rét vao dung dich nude béo hoa
NaHCO3 (50ml) tiép theo, rira bing nudc mudi (2 x 30ml). Lép hitu co duge lam khé
trén NazSO4 va ¢b dé tao ra san phdm thd, ma né dugc tinh ché bing phép sic ky cot
nhanh d& tao ra hop chit néu & d& muc nay (125mg) duéi dang chét rén mau tring
duc. '"H NMR (400 MHz, DMSO-d6) & ppm 0,97-1,03 (m, 3H), 1,87-2,04 (m, 6H),
2,15-2,25 (m, 1H), 2,40-2,43 (m, 2H), 2,58-2,60 (m, 1H), 2,69-2,73 (m, 1H), 2,88 (q,
J =9,6 Hz, 2H), 3,30-3,34 (m, 2H), 3,50-3,60 (m, 1H), 3,70-3,74 (m, 2H), 3,84-3,90
(m, 2H), 4,35-4,60 (m, 4H), 5,88-5,92 (m, 1H), 6,98-7,02 (m, 1H), 7,27-7,30 (m, 2H);
ESI-MS m/z [M+H]" 488,3.
Vi du 151: 1-(3-((3,3-difloxyclobutyl)amino)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on
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B sung paladi, 10% trong luong trén than hoat tinh (23,8mg, 0,223mmol)
duéi dang vita trong dioxan (2ml) trong méi truong nito vao binh phan ung chiu ap
dang chta dung dich mau vang cam chaa N-(3,3-difloxyclobutyl)-2-(4-(2,4-
diflophenoxy)piperidin-1-yl)pyrido[3,4-b]pyrazin-3-amin (250mg, 0,559mmol) trong
axeton (10ml) va dioxan (10ml). Tiép theo, bd sung axetic anhydrit (0,525ml,
5,59mmol) vao & 23°C. Hon hop nay duge khudy trong moi trudng hydro & nhiét do
310kPa trong thoi gian 45 gio & nhiét 49 45°C. Hon hop phéan Gng nay duogc loc qua
Celite™, rira bing dioxan, va co trén thiét bi lam bay hoi kiéu quay. Chat thé tao ra
duoc tinh ché bang phép séc ky & ap suét trung binh bang cach sﬁ:b dung chét rira giai
EtOAc trong heptan véi gradien tir 30% dén 100% trén cot silicagel 80g (Single
Step™) dé tao ra hop chét néu & d& muc nay (145mg, 52,6%) duéi dang chét rin mau
vang. 'H NMR (500 MHz, DMSO-ds, hén hop céc chit déng phan hinh hoc) & ppm
1,80-1,95 (m, 2H), 2,03-2,08 (m, 2H), 2,0 (s, 1,3H), 2,09 (s, 1,7H), 2,60 (t, J= 5,6 Hz,
0,9H), 2,67-2,80 (m, 3,1H), 2,83-2,98 (m, 4H), 3,31-3,38 (m, 2H), 3,71 (dt, J = 11,2,
5,6 Hz, 2H), 4,14-4,27 (m, 1H), 4,42 (s, 1,1H), 4,45 (s, 0,9H), 4,53 (tt, /= 8,2, 3,8 Hz,
1H), 6,46 (dd, J = 14,6, 6,8 Hz, 1H), 6,98-7,06 (m, 1H), 7,25-7,36 (m, 2H); ESI-MS
m/z 493,9 (M+H)" 493,9.

Vi du 152: N-xyclobutyl-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(metylsulfonyl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin
F
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Hop chét néu & d& muc nay dugc diéu ché theo cach tuwong tu vé6i Vi du 11
bing cach st dung N-xyclobutyl-2-(4-(2,4-diflophenoxy)piperidin-1-y1)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin d8 tao ra hop chét néu & dé muyc nay. 'H NMR
(500 MHz, DMSO-ds) & ppm 1,55-1,75 (m, 2H), 1,84-1,96 (m, 2H), 1,96-2,14 (m,

-156-



26953

4H), 2,18-2,32 (m, 2H), 2,75 (t, J = 5,9 Hz, 2H), 2,84-2,95 (m, 2H), 2,95-3,03 (m,
3H), 3,26-3,33 (m, 2H), 3,45 (t, J = 5,9 Hz, 2H), 4,16 (s, 2H), 4,30-4,44 (m, 1H), 4,52
(tt, J = 8,1, 3,8 Hz, 1H), 6,12 (d, J = 7,8 Hz, 1H), 6,95-7,08 (m, 1H), 7,23-7,37 (m,
2H); ESI-MS m/z (M+H)" 494,0.
Vi du 153:  (R)-1-(2-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-(tetrahydrofuran-3-
ylamino)-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon
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Hop chit néu & d& muc nay duoc didu ché theo cach tuong tw véi 149 bing
cach st dung (R)-2-(4-(2,4-diflobenzyl)piperazin-1-yl)-N-(tetrahydrofuran-3-
yl)pyrido[3,4-b]pyrazin-3-amin dé tao ra hop chit néu & dé muc nay duéi dang chét
rin mau vang. 'H NMR (400 MHz, CDCls) & ppm 1,82-1,86 (m, 1H), 2,20 (s, 3H),
2,33-2,36 (m, 1H), 2,59-2,66 (m, 4H), 2,79 (m, 2H), 3,05-3,15 (m, 4H), 3,63 (s, 1H),
3,69-3,72 (m, 2H), 3,85-3,88 (m, 2H), 3,95-3,99 (m, 2H), 4,46-4,64 (m, 3H), 4,87-
4,90 (m, 1H), 6,79-6,90 (m, 2H), 7,39-7,41 (m, 1H); ESI-MS m/z [M+H]" 473,1.
Vi du 154 (5)-1-(2-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-(tetrahydrofuran-3-
ylamino)-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon

o
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Hop chét néu & d& muc nay dugc diéu ché theo cach twong tu véi 149 bing
cach st dung  (S)-2-(4-(2,4-diflobenzyl)piperazin-1-yl)-N-(tetrahydrofuran-3-
yl)pyrido[3,4-b]pyrazin-3-amin dé tao ra hop chét néu & dé myc nay duéi dang chét
rin mau tring duc. '"H NMR (400 MHz, CDCl;) 8 ppm 1,82-1,86 (m, 1H), 2,20 (s,
3H), 2,33-2,36 (m, 1H), 2,59-2,66 (m, 4H), 2,79 (dt, J = 21,6, 5,6 Hz, 2H), 3,05-3,15
(m, 4H), 3,63 (s, 1H), 3,69-3,72 (m, 2H), 3,85-3,88 (m, 2H), 3,98-4,00 (m, 2H), 4,48-
4,64 (m, 3H), 4,88-4,92 (m, 1H), 6,82 (t, J= 9,6 Hz, 1H), 6,84 (t, J = 12,8 Hz, 1H),
7,39 (q, J= 7,2 Hz, 1H); ESI-MS m/z [M+H]" 473,1.
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Vi du  155:  (S)-1-(2-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-(tetrahydrofuran-3-
ylamino)-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)propan-1-on
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Hop chit néu & d& muc nay dugc didu ché theo cach tuong tu véi Vi du 150
bang cach st dung (S)-2-(4-(2,4-diflobenzyl)piperazin-1-yl)-N-(tetrahydrofuran-3-
yl)pyrido[3,4-b]pyrazin-3-amin d& tao ra hop chit néu & d& muc nay duéi dang chét
rin mau tring. "H NMR (400 MHz, CDCl3) & ppm 1,18 (q, J= 7,2 Hz, 3H), 1,75-1,85
(m, 1H), 2,25-2,46 (m, 3H), 2,55-2,65 (m, 4H), 2,75-2,80 (m, 2H), 3,00-3,10 (m, 4H),
3,59-3,70 (m, 4H), 3,87-3,90 (m, 2H), 3,96-3,98 (m, 2H), 4,46-4,62 (m, 3H), 4,85-
4,95 (m, 1H), 6,75-6,90 (m, 2H), 7,35-7,45 (m, 1H); ESI-MS m/z [M+H]" 487,3.

Vi du 156:  1-(3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-7,8- |
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon
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Hop chét néu & dé muc nay duogc diéu ché theo cach twong ty v6i Vi du 120
bing cach st dung 4-(2,4-diflophenoxy)piperidin, HCI @8 tao ra hop chit néu & dé
muc ndy duéi dang mang khong mau. 'H NMR (500 MHz, 157ontrol157-d4) & ppm
0,85-0,93 (m, 1H), 1,25 (d, J = 6,4 Hz, 6H), 1,95 (ddd, J = 12,1, 8,2, 3,7 Hz, 2H),
2,09-2,17 (m, 2H), 2,20 (d, J = 8,8 Hz, 3H), 2,74 (t, J= 5,9 Hz, 1H), 2,84 (t, J = 5,6
Hz, 1H), 2,92-3,02 (m, 2H), 3,35 (dd, J = 8,3, 3,9 Hz, 2H), 3,81 (t, J = 5,6 Hz, 1H),
3,86 (t, J = 5,9 Hz, 1H), 4,12-4,21 (m, 1H), 4,46 (dd, J = 7,1, 3,7 Hz, 1H), 4,54 (s,
2H), 6,85-6,91 (m, 1H), 6,96-7,02 (m, 1H), 7,18 (td, J= 8,8, 5,4 Hz, 1H); ESI-MS m/z
[M+H]* 446,90.

Céac hop chét theo sang ché c6 thé duoc ding riéng ré hoic & dang ché phim
dugc. Trong thuc tién, cc hop chét theo sang ché thuong duge ding & dang céc ché

phim duoc, tc 13, trong hdn hop véi it nhit mot t4 duoc duge dung. Ty 1€ va loai
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(c4c) ta dugc dugc dung bét ky dugc xac dinh bdi cac thude tinh cua hop chét duoc
lya chon theo séng ché, duong dung dwoc lua chon, va thong 1€ dugc tiéu chuin.

Trong mot phuong 4an khéc, sang ché d& xuét cac ché pham dugc bao gdm: hop
chét theo séng ché va it nhat mot ta duge duoc dung.

D& diéu tri mot cach c6 hiéu qua cho bénh nhan can diéu tri, hop chét theo sang
ché c6 thé dugc ding & dang va duong dung bét ky 1am cho hop chét nay sinh kha
dung. Cac hop chét theo sang ché c6 thé dugce dung theo nhidu dudng ding, bao gbm
dudng miéng, cu thé 12 boi cac vién nén va cac vién nang. Cac hop chét theo sang ché
c¢6 thé dugc ding cac dudng ngoai dudng tiéu héa, cu thé hon 12 bang céach hit, duéi
da, trong bép, trong tinh mach, trong dong mach, thAm thu qua da, duong miii, tryc
trang, am dao, mét, tai chd, duéi ludi, va trong m4, trong bung, trong md, tiém 6ng
tuy va thong qua viéc phan phéi cuc bd vi du bang 6ng théng hoic éng nong dong
mach.

Chuyén gia trung binh trong linh vuc k¥ thuat nay cé thé d& dang lua chon
dang va dudng dung thich hop dua trén cic dic tinh cy thé cta hop chat dugc Iya
chon, su rdi loan hoic tinh trang can duoc didu tri, rdi loan hoidc tinh trang, va cac
treong hop lién quan khac. Cac ché phdm duoc theo sang ché c6 thé duge ding cho
bénh nhan, vi du, & dang cic vién nén, vién nang, vién con nhing, giéy, vién hinh
thoi, miéng boc, cdn ngot, thubc md, miéng dan trén da, binh xit, thudc xOng, thude
dan, dung dich, va hdn dich.

Céac ché phém duoc cua sang ché duogc bao ché theo cach thic di biét trong
linh vuc dugc va bao gdm it nhit mot trong s6 céc hop chét theo séng ché 13 thanh
ph?ln hoat tinh. Luong hop chét theo sang ché c6 thé duoc thay dbi dya trén dang cu
thé ciia n6 va dé cho thuan tién, c6 thé ndm trong khoang tir 1% dén khoang 50% cta
khéi lwong cia dang liéu don vi. Thuat ngit “ta dugc dugc dung” dé cap dén cac ta
duoc théng thuong duge sir dung trong bao ché cac ché phdm dugc va nén nguyén
chit v& mat dugc va khong doc véi lugng duge sit dung. Chung thong thuong la
nguyén li¢u rén, ban rin, hodic 16ng ma trong téng thé c6 thé dung 1am ta dugc long
hodc moi truong cho thanh pha“m hoat tinh. Mot sé vi du vé t4 duogc dugc dung dugc
tim thdy trong tdi liéu Remington’s Pharmaceutical Sciences va Handbook of
Pharmaceutical Excipients va bao gbm chét pha lodng, t4 dugc long, chit mang, nén
md, chit gén két, chit phén huy, chét boi tron, chét chay, chéit lam ngot, chét tao mui

thom, nén gel, chét nén giai phéng lién tuc, chét dn dinh, chét bao quan, dung mdi,
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chét tao huyén phu, chit dém, chit nhii hoa, chit nhudm mau, chét déy, chét boc, va
cac ta dugc khéc.

Tét hon 13, cac ché phim dugc bao ché & dang liéu don vi, mdi liéu thong
thuong chura hop chét theo sang ché véi lugng ndm trong khoang tir 0,5mg dén
khoang 100mg. Thuat ngit “dang lidu don vi” d& cap dén don vi riéng 18 vé mit vat ly
chtra s6 luong dinh truéc cia thanh phén hoat tinh, két hop véi ta dugce thich hop, nho
d6 mot hogc nhidu thanh phan duogc st dung trong subt phac db lidu dé tao ra tic dung
tri li€u mong mudn. Mot hodic nhiéu “dang lidu don vi” c6 thé dugc ding dé tac dong
dén 1idu lugng diéu tri, thong thudng theo thoi gian biéu hing ngay.

Theo mot phuong 4n cu thé, ché phim 13 dugc pham dugc diéu chinh phu hop
dé dung qua dudng miéng, ching han vién nén hoic vién nang hodc ché pham 16ng, vi
du, dung dich hogic hdn dich, dugc diéu chinh phit hop cho viéc dung qua duong
miéng. Theo mdt phuong an cu thé khéc nita, ché phim duoc 12 ché phim long dugc
didu chinh ph hop cho dé diing ngoai dudng tiéu hoa.

Céc hop chét theo sang ché 1a chét didu bién GPR6, dic biét 13, co ché dbi
khang hoac co ché chi van dao, va do vay, 1a hitu ich trong diéu tri va phong ngira céc
tinh trang bénh 1y lién quan dén GPR6. Nhur da d& cép trén ddy, cac dich thé van chu
yéu clia viéc phan bb day than kinh sinh dopamin tap trung vao té bao gai trung binh
(MSNs) cta 19 trinh d4u ra ciia dy vé ndo trung gai (gian tiép) va thé van chét den
(tryc tiép). MSNs ciia 19 trinh dAu ra truc tiép bidu hién cac thu thé dopamin D1 trong
khi ching trong 10 trinh gidn tiép biéu hién cac thu thé D2. GPR6 dugc lam giau & thu
th& D2 biéu hién MSNs trong viing vén tai d6 hoat tinh cia GPR6 1a trai nguoc vé mit
chirc ndng véi viéc truyén tin hiéu cta thu thé D2. Co ché dbi khang hoidc co ché chi
van dao cua Gs lién hop véi GPR6 1am giam cAMP trong MSNs va tao ra sy lya chon
vé chirc ning khic véi dopamin dugc hoat hoa bang cac thu thé D2.

Co ché déi khang hodc co ché chi van dao ctia GPR6 lién hop véi Gs tao ra
chirc ning khac cho viéc hoat héa qua trung gian dopamin cta cac thu thé D2. Do d6,
céc hop chét c6 kha ning diéu bién hoat tinh ciia GPR6 1a hiru ich dé diéu tri nhiéu
loai rbi loan than kinh va tdm than. Vi du, cac r6i loan van ddong bao gc“)m bénh
Parkinson va bénh Huntington riéng 1& hodc két hop véi céc chit khac khéc dugc phé
chuin dé diéu tri bénh Parkinson bao gém L-DOPA, chét chu van sinh dopamin, chét
trc ché MAO B, chét &rc ché DOPA decarbokylaza va chéit tc ché C(O)MT. Cac bénh

khac c6 thé didu tri bing cach diéu bién GPR6 bao gdm chiing nghién thudc va rbi
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loan an uéng, r6i loan nhan thtc, chimg tAm than phén liét, 1di loan ludng cuc, va
bénh trAm cam.

Theo mdt phuong én khéc, hop chit theo sang ché dugc d& xuét dé str dung lam -
duoc phim. Sang ché con d& xuit hop chét theo sang ché, bao gdm str dung dé bao
ché dugc phdm, diéu tri c4c tinh trang lién quan dén GPR6 duoc mo ta & day. Cac hop
chét theo sang ché 13 hiru ich lam cic chit didu bién GPR6 cho cic ddi tugng khéc
nhau (vi du, ngudi, dong vat c6 va khong phai nguoi va khong phai dong vét c6 vu).

Nhu dugce st dung & day, cac thudt ngit “tinh trang,” “r6i loan,” va “bénh” dé
cap dén tinh trang khong khoe hodc bit thuong bat ky. Thuat ngit “cac tinh trang bénh
ly lién quan dén GPR6” bao gdm tinh trang, ri loan, va bénh trong d6 chit didu bién
GPR6 tao ra loi ich chita bénh, nhu bénh Parkinson, chimg loan van dong do levodopa
gy ra, va bénh Huntington, ching nghién thubc, r6i loan an uéng, r6i loan nhén thirc,
ching tam than phan liét, roi loan ludng cuc, va bénh trAm cam.

Céac thuat ngi “didu tri,” “su dilu tri,” va “viéc diéu tri” bao gém viéc cai thién
céc trang thai dugc mo ta & day. Cac thuét ngir “didu tri,” “su diéu tri,” va “viéc diéu
_ tri” bao gém tAt ca céc quy trinh 1am chidm, ngan chén, kim ham, kiém soat, hodc
ngung tinh trang hodc sy tién trién cua cac trang thai dugc mod ta & day, nhung khong
nhét thiét biéu thi su loai bé hoan toan tht ca cac triéu chimg ho#c su chita khoi trang
thai. Céac thuat ngi “diu tri,” “su diéu tri,” va “viéc diéu tri” nhidm bao g(‘“)m diéu tri
chita tri cac rdi loan trén. Cac thuit ngit “didu tri,” “su didu tri,” va “viéc didu tri”
nhim bao gdm diéu tri phong ngira cac rdi loan néu trén.

Nhu dugc st dung & day cac thudt nglt “bénh nhan” va “d6i twong” bao gdm
ngudi va cac dong vat khong phai ngudi, vi du, dong vat c6 vu, ching han chuot nhit,
chudt, chudt lang, chd, méo, tho, bo, ngua, ciru, dé, va lon. Thuat ngit cling bao gém
chim, c4, bo sat, ludng cu, va cac dong vat twong ty. Nén hiéu ring bénh nhan cy thé
hon 14 con ngudi. Cling, cdc bénh nhan va d6i twong cu thé hon 13 dong vat c6 vy
khong phai ngudi, chéng han chudt nhit, chudt, va ché.

Nhu duoc st dung & diy, thuat ngit “lugng hitu hi¢u” dé céap dén lugng cua
hop chét theo sang ché didu tri, dva trén viéc sit dung lidu don hodc da lidu, bénh nhan
dang chiu dung tinh trang dugc d& cap. Luong hitu hiéu c6 thé d& dang duoc xac dinh
nh¢ chuyén gia chudn doan bénh tham gia, 14 chuyén gia trung binh trong linh vuc k¥
thut ndy, bang cach st dung céc k¥ thuét da biét va bang cach quan st cac két qua
thu dugc trong céac trudng hop chuin doan. Khi xdc dinh lugng hitu hiéu, lidu, sb

luong céc tic nhan dugc xem xét béi chuyén gia chuin doan bénh tham gia, bao gdm,
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nhung khong chi gidi han &: loai bénh nhén; thé trong, tudi, va tinh trang sirc khoe
chung; tinh trang, r6i loan, hodc bénh cu thé mic phai; muc do hodc mirc mic phai
hodc mirc dd nghiém trong cla tinh trang, 161 loan, hoic bénh, phan hdi cua bénh nhan
riéng biét; hop chét cu thé duoc dung; hinh thitc dung; c4c ddc tinh sinh kha dung cta
ché phém dugc dung; ché @6 lidu dugc lya chon; su sir dung duge phérn di kém; va
cac trudong hop lién quan khéc. Luong hiéu qua cia sang ché, lidu luong diéu tri, duoc
cho 12 nim trong khoang tir 1mg dén 200mg. Cac luong cu thé c6 thé duge x4c dinh
boi chuyén gia trung binh trong linh vuc. Méc du cac lidu luong nay dugc dua trén abi
tugng con ngudi trung binh c6 trong luong nam trong khoang tir 60kg dén 70kg, bac
s§ s€ co thé xac dinh dugc lidu thich hop cho cac bénh nhan khac.

DAu hiéu phéan biét bénh 1y cua bénh Parkinson (PD) la su hao huyt té bao than
kinh trong ving chit den. Sy thoéi bién ciia 16 trinh nhan den thé van s& lam giam
néng d6 thé van ctia dopamin ma s& din dén cac biéu hién 1am sang van dong hodc
khong van dong. Nhidu bénh nhan méc bénh Parkinson dugc didu tri bang levodopa,
mdt tidn dugc chét cho dopamin. Levodopa c6 nhiéu tac dung phu nghiém trong théng
thuong bao gdm rdi loan van dong do levodopa (levodopa induced dyskinesia-LID),
ndi himg, thdi thiuc khong kim ché duoc (impulsive control disorder-ICD), triéu chiing
tAm thin va réi loan gic ngd. LID 12 bénh c6 tién trién (90% cac bénh nhén PD phat
trién thanh LID trong vong 10 ndm). Viéc thich nghi khong thé dao nguoc duge Xuét
hién trong qua trinh truyén tin hidu cia thu. thé D1 trong MSNs & m6 hinh loai gim
nhim ctia LID bao gbm viéc giy t& duge lam giam din dén sy nhay cam qué mirc
trong 10 trinh truc tiép. Viéc lam bét hoat v& mit di truyén clia c4c thu thé D1 chur
khong phai D2 c6 tac dung thu tiéu LID & chudt nhét. Tuy nhién, viéc phong bé su
truyén tin hidu cta thy thé D1 khong lam anh huéng dén hidu qua chéng lai hoi chimg
Parkinson ctia L-DOPA.

Theo phuong 4n cu th8, sang ché dé xuét hop chét theo sang ché dé ding trong
diéu tri bénh Parkinson.

Cac hop chét theo sang ché c6 thé dugc trdn véi mot hodc nhiéu cac hop chét
ho#c liéu phéap hoat dong dugc ly khac @8 dung trong diéu tri bénh Parkinson, chiing
loan van dong do levodopa gay ra, va bénh Huntington, chimg nghién thudc, rdi loan
an uéng, r6i loan nhén thirc, chirng tAm than phén liét, rdi loan ludng cuc, va bénh
trAm cam va hop chit niy c6 thé dugc dung ddng thoi, lién tuc hodc riéng r&. Céc sy
két hop nay cé thé tao ra wu thé liéu phép dang ké, bao gdm it tac dung phy hon, cai
thién kha nang diéu tri cong déng bénh nhin dang dugc diéu tri, hoic hoat tinh hiép
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ddng. Cu thé, hop chit theo séng ché c6 thé dugc ding v6i levodopa dé diéu tri bénh
Parkinson. Sang ché dé xult hop chét nhu xé4c dinh trén day dé dung trong diéu tri
bénh Parkinson trong d6 viéc st dung bao gdm: cho bénh nhan can diéu tri ding hop
chét theo sang ché v6i lugng hitu higu két hop véi levadopa. Séng ché con dé xuit hop
chét theo sang ché két hop véi levadopa, dé dung trong diéu tri bénh Parkinson.

Hoat tinh cta céc hop chit 1am chét didu bién GPR6 c6 thé duoc xéc dinh bing

nhiéu loai phuong phép, bao gbdm phuong phap in vitro va in vivo.

VidyA.1l
Uc ché hoat tinh cAMP cuia thit nghiém GPR6 in vitro

Thir nghiém trén co s& té bao nay do kha ning cua cac hgp chét d& we ché hoat
tinh cAMP chil yéu ciia thy thé GPR6 dugc biéu hién & té bao CHO-K1. Té bao CHO
duoc biéu hién mét cach én dinh véi thu thé GPR6, ma biéu hién ctia né dwgc kiem
soat bang yéu t6 kich thich dugc bang tetraxyclin. Céc té bao dugc nudi cdy trong moi
truong chira F12K, 10% FBS, 1% Penn/Strep, 200ug/mL Hygromycin. Thu thé GPR6
biéu hién dugc kich thich trong 20 hrs with 1pg/ml doxyxyclin (sigma D9891) trong
mdi trudng sinh trudng. 162opamin bd sung doxyxyclin, té bao dugc dan méng véi
mat do 250-500 t& bao trén mdi 18 trong dia day trong subt mau den nira thé tich
(Costar) va cho vao tu 4p (37°, 5% C(O),) trong 20 gid trude thir nghiém cAMP.
Mdi trudng nudi cdy dugc loai bd ra khoi té bao va ching dugc ria bing 50uL dém
Ringer (MgCl, 0,047mg/mL, NaH,POs 0,18mg/mL, Na,HPOs 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 chit dugc tao huyén phii trong DMSO dugc pha lodng trong dém Ringer
chira 0,5% axit béo khong chita BSA va duogc U trong cac té bao trong 45 phut & nhiét
do 37° va 5% C(0O)2. 162opamin 1, cac té bao dugc 1 trong 10 phut & nhiét do trong
phong vé6i dung dich vét Eu-cAMP tir kit thit nghiém Perkin Elmer Lance HTRF
UltracAMP (TRF0264). Tiép theo, dung dich UlightTM-anti-cAMP tir kit Lance
HTRF duoc bd sung va duge G trong may l4c & nhiét @6 trong phong trong 1 gid trude
khi phat hién HTRF trong BMG PolarStar Omega.
Pudng cong ICso duge tao ra véi phuong trinh logistic bbn thong sb bing cach su
dung GraphPad Prism 5,03. Céc tri s6 ICso do duge (UM) cuia cac hop chét vi du trong

thir nghiém nay dugc cung clp trong bang duéi day.

ViduA.2
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Uc ché hoat tinh cAMP ctia thir nghiém GPR6 in vitro

Thir nghi€m trén co s& té bao nay do kha ning ctia cac hop chét @& tc ché hoat
tinh cAMP cht yéu ciia thy thd GPR6 dugc bidu hién & té bao CHO-K1. Té bao CHO
duoc biéu hién mét cach én dinh véi thu thé GPR6, ma biéu hién ciia né duge kiém
soat bang yéu t6 kich thich duoc bang tetraxyclin. Cac té bao dugc nudi cly trong moi
truong chira F12K, 10% FBS, 1% Penn/Strep, 200ug/mL Hygromycin. Viéc biéu hién
thu thé GPR6 duoc kich thich trong 20 gid bing 2pug/ml doxyxyclin (sigma D9891)
trong moi trudng sinh trudng. 163opamin bd sung doxyxyclin, cic té bao dugc dan
moéng véi mat do 450-750 té bao trén mdi 15 trong dia 96 15 day trong subt mau den
ntra thé tich (Costar) va cho vao ti 4p (37°, 5% CO») trong 20 gid trude khi thix
nghiém cAMP.

MBoi trudmg nudi ciy duge loai bo ra khoi té bao va ching dugc rira bang dung
dich dém Ringer véi thé tich 50uL/16 (MgCla 0,047mg/mL, NaH,PO4 0,18mg/mL,
Na;HPO4 0,1mg/mL, KCI 0,34mg/mL, NaHCO3 1,26mg/mL, D-glucoza 1,8mg/mL,
NaCl 7mg/mL; pH=7,4). Céc hop chit dugc tao huyén phu trong DMSO duge pha
loding trong dém Ringer chita 0,5% axit béo khong chira BSA va 300 uM IBMX va
duoc 1 trong cAc t bao trong 45 phit & nhiét do 37° va 5% CO,. 163opamin 1, céc té
bao duoc U trong 10 phit & nhiét d6 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 duoc U trong may lic &
nhiét d6 trong phong trong 1 gio trude khi phat hieén HTRF trong dau doc dia Perkin
Elmer Envision.

Céc duong cong ICso duoc tao ra v6i phuong trinh logistic bbn thong sb bang
cach sir dung GraphPad Prism 5,03. Céc tri s6 ICso do duge (uM) ctia cac hop chat vi

du trong thtr nghi¢m nay dugc cung cép trong Bang 1 dudéi day.
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Béang 1
Vi | Al A2 Vi |Al A2 Vi [Al A2
du | ICso ICso du | ICso ICso du | ICso ICso
sO sO ' sO
1 340,2 53 95 105
2 71,5 54 59,3 106
3 61,8 55 109,6 | 107 | 24,9
4 29,8 56 179,4 |108 {314
5 17,9 57 93,5 109 | 23,2
6 55,2 58 |26,6 110 | 22,1
7 86,6 59 49,7 111 |23
8 16,8 60 >1000 | 112 | 10,4
9 210,6 61 131,7 | 113 | 20,9
10 17,3 62 69,2 114 | 18,5
11 95,6 63 37,8 115 | 23,9
12 116 199,7
13 65 117 27,4
14 |62,6 66 | 145 118 11,4
15 |14,9 67 |94 119 23,6
16 | 19,5 68 |[15,2 120 249.8
17 |18 69 |26,5 121 341,5
18 | 38,7 70 17,1 122 247
19 | 105 71 |85 123 187,7
20 | 122 72 |23,7 124 43,2
21 | 149 73 | 16,6 125 200,2
22 78,1 74 140,2 | 126 107,1
23 |391 75 30,3 127 >1000
24 129,2 76 | 134 128 55
25 77 | 19,7 129 62
26 78 |88 130 319,3
27 79 19,8 131 27,6
28 80 |24,9 132 129,5
29 | 178 81 59,5 133 74,8
30 |87 82 73,7 134 27
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31 |208 83 | 13,8 135 43,7
32 |76 84 90,1 136 27,9
33 |52 85 | 10,4 137 30,9
34 |68 86 | 13,7 138 >1000
35 |88 87 13,8 139 219.,8
36 |98 88 |32,7 140 122
37 |91 89 141 33,7
38 |85 90 142 113,5
39 | 126 91 |11,5 143 29
40 |259 92 |12 144 61,5
41 212,2 93 | 13,8 145 185,9
42 193,3 94 1199 146 362,9
43 115,5 95 |[32,5 147 603,9
44 62,5 9 |26,9 148 78
45 74,1 97 163 149 58,7
46 |35 98 110,6 | 150 39,2
47 24,6 99 |83 151 35,9
100 | 57,2 152 49,3
49 19,1 101 | 78,8 153 63,2
50 79,5 102 | 111 154 97.8
51 |6,6 103 | 64 155 59,1
52 73,2 104 156 | 9,5
ViduB

Chung bit thé do haloperidol gdy ra — mo hinh bénh Parkinson & loai gam nhim in

Vvivo

Triéu ching vdn dong cia bénh Parkinson bao gém chiung mét van dong,
bradykinesia, su cing, su bét thuong v& viéc 1650pa minh va tu thé va két hop vdi su
hao tdn té bao sinh 1650pamine chit xAm va su suy gidm lugng 1650pamine cia thé
van. Viéc dung haloperidol cho loai gam nhidm din dén tinh trang nhu hoi ching
Parkinson tho4ng qua ma c6 thé dao ngugc dugce bang cach ding L-Dopa (Duty, S.;
Jenner, P. Br. J. Pharmacol. (2011), 164, 1357-1391) va céac thubc khac da dugc phé
chuin vé mit 1am sang d& diéu tri bénh Parkinson. Haloperidol d6i khang dopamine

D2 va, & pham vi nho hon, céc thu thé D1 trong c4c noron c6 1650paminel65 binh ma
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bao gdm céc 1an luot 16 trinh gién tiép va truc tiép ciia mach vén dong. Viéc phong bé
tdng lwc két qua truyén 166opamine clia thé van trong qué trinh d6t chay dong xudi
bt thudng trong vong cic mach cia hach nén ma biéu thi & dang triéu ching cua sy
cing co va chimg bét thé. Chimg bét thé da dwgc doi hoi dé phan anh ddu hiéu 1am
1660pa ciia bénh Parkinson, nho d6 cdc bénh nhan thé hién sy bat luc dé bat dau cac
chuyén dong.

Chudt Sprague-Dawley duc (Charles River, Calco, Italy) c6 trong lwgng 175-
200g dugc st dung. Theo cach khac, chudt riht C57B16 duc c6 trong luong 25-35g
dugc st dung. Tinh trang bat thé duoc gy ra bang cach ding duéi da chit d6i khang
thu thé dopamine — haloperidol (0,3mg/kg, du6i da), 90 phut trudc khi thir nghiém céc
con chudt trong thir nghiém luéi thing dimg. Déi véi thir nghiém nay, cac con chudt
hoic chudt nhit duge cho 16n nip dang Iudi ctia chudng thiy tinh plexi c6 kich thude
25cm x 43cm duoc dit nghiéng mot goc khoang 70 dd véi ban thi nghi€ém. Cac con
chudt dugce dit trén ludi sao cho bdn chan dang va dudi ra (“tu thé kidu éch™). Viéc sir
dung tu thé khéng ti nhién nay 13 yéu cdu t6i thiéu vé dic trung clia thit nghiém nay
v& ching bét thé. Thoi gian kéo dai tir khi bé tri chan cho dén khi loai bé xong lan dau
ctia mdt chan (xudng tiém 1660pa) dugc do t6i da trong 120 gidy dbi v6i chuot. Péi
v6i chudt nhit, hai chan trude ciia chudt duoc dit trén thanh kim loai nim ngang dat &
vi tri cao 2 inso (5,08cm) & phia trén bé mit thity tinh plexi va thoi gian duge ghi 1én
dén 30 gidy cho mdi thir nghiém. Thir nghiém két thic khi chan trude cia chudt tré vé
bé& mit hoic sau 30 gidy. Thir nghiém duogc 13p lai ba 14n va két qua trung binh ctia ba
1an thtr nghiém dugc thong béo 1a s liéu cudng do cia ching bit thé.

Chting bét thé dugc do vao thoi diém 30 phut, 120 phut, va/hodc 240 phut sau
khi cho céc con chudt dung qua mang bung lidu 0,3mg/kg haloperidol cing véi hgp
chét thir nghiém 1a chét didu bién GPR6. Nong do hop cht thir nghiém trong huyét
tuong va ndo dugc xac dinh bang cich gom maiu md vao thoi diém cudi coa thir
nghiém, 12 thdi diém 120 hogic 240 phut. Mot sb lwong dai dién hop chét theo sang ché
duge ding véi lidu nim trong khoang tir 0,1 dén 100mg/kg qua mang bung, dudi da
hodc qua duong miéng cung véi haloperidol. Chit dbi khing A2a KW6002
(istradefyllin) dugc dung véi lidu 0,6mg/kg qua mang bung dé 1am dbi chimg dwong.

Két qua do % dao nguoc cla céc hop chét vi du trong thir nghiém nay dugc

cung cip trong Bang 2 duéi day.
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Bang 2

Vidusd |Loai Liéu Puong | % ddo nguoc
(mpk) dung | 30 phut 120 phut

47 Chudt | 30 qua 75,7* 82,1*
mang

bung

10 qua 83,4* 76,5*
mang

bung

1 qua 39,1 57.9*
mang

bung

0,1 qua -5,7 27,3
mang

bung

*_su khac biét c6 y nghia hon dbi chimg chit dan thudc, thir nghiém ANOVA mot

chiéu véi hiéu chinh thir nghiém da bién Bonferroni.

ViduC
M5 hinh bi thuong bai 6-hydroxydopamin— m6 hinh bénh Parkinson & loai gdm nhim
in vivo

Chudt cai truéng thanh (10) truée tién duge dénh gia v& hoat tinh van dong tién
phAu thuét bang céch st dung hé théng theo ddi hoat tinh ty dong ma ghi lai thanh xa
bi gy trén khu vyc san thir nghiém. Viéc thanh xa bi gdy duoc tbng két sau 3 gid dau
tién sau khi cic con chudt dugc cho 1én san thir nghiém va ghi lai s6 1an hoat dong. pé
lam tdn hai mot cach chon loc céc déu tan day than kinh sinh 167opamine trong ving
vén, 20ug 6-hydroxydopamin dugc ti€m truc tiép vao hai bén viing van (tic 13, & hai
bén ndo). Sau 4 tudn phuc hdi, cac con chudt duoc thir nghiém lai vé hoat tinh van
dong, va quan sat thdy su giam déng ké s6 1an hoat dong. Chét din thudc va hop chat
ciia Vi du 47 (0,5% metylxenluloza) dugc ding lidu qua dudng miéng véi liéu 0,1,
1,0, hodic 10mg/kg trong mo hinh nghién ctru chéo (chu ky lam sach 5-10 ngay), va
sau khi ding lidu sb l4n hoat dong dugc do trong 3 gid. Vao cudi giai doan thir
nghiém, khi mdi con chudt da dwoc didu tri mot l4n, dit liéu dugc phén tich. Sé 1an

hoat déng (sai sé chuén ciia tri s6 trung binh) trong nhém tién phéu thuft va hau phiu
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va nhém dugc diéu tri va nhom do6i chung dung chat din dugc x4c dinh va dugc cung

cAp trong Bang 3 dudi day:

Bang 3
Nhém diéu tri Trung binh S.EM
Tién phiu thuat 12171 1601
ding chat dan 7253 768
0,1mg/kg 11422% 1071
1,0mg/kg 15334* 2013
10mg/kg 19368* 1410

*_sw khac biét c6 ¥ nghia hon ddi ching chit din thudc, thir nghiém ANOVA mét

chiéu véi hiéu chinh thir nghiém da bién Bonferroni.
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YEU CAU BAO HQ

1. Hop chét c6 cong thirc I:
RYEX 1/\(1)5 (R
Ny \,\
(RS)p I

hodc mudi duge dung cla né, trong do:

R duoc chon tir nhém bao gém:

Cs.g xycloalkyl tuy y duoc thé bang 1 hodc 3 phan tir thé doc 1ap duge chon tir
nhém bao gdbm: Ci.4 alkoxy, halo, hydroxy, va Ci4 alkyl tuy y duoc thé bang
C1-4 alkoxy, halo, va hydroxy;

C3.¢ heteroxyclyl dugc thé tiy ¥ trén cdc nguyén ti cacbon vong béi 1 dén 4
phén tir thé doc 1ap duge chon tir nhém bao gbm C1.4 alkyl, Ci.4 alkoxy, halo,
va hydroxyl, va dugc thé thy v trén nguyén tit nito vong bat ky boi Ci4 alkyl;
Ce.10 aryl tuy ¥ duge thé bing 1 dén 5 phan tir thé doc 1ap dugc chon tir nhém
bao g(“)m Ci. alkyl, Ci4 alkoxy, xyano, halo, hydroxy, amino, triflometyl, va
triflometoxy; va

Ci-10 heteroaryl tuy y dugc thé biang 1 dén 3 phan tr thé trén nguyén tir cacbon
doc 1ap dugc chon tir nhém bao gém amino, Ci- alkylamino, Ci.9 amit, Ci-4
alkyl, C1.4 alkoxy, xyano, halo, hydroxyl, oxo, triflometyl, va triflometoxy, va
duge thé ty ¥ trén nguyén tit nito vong bodi Ci-4 alkyl;

X;1a N va Xz 1a CH; hodc

X1 1a CH va Xz 1a N; hodc

XilaNvaXzlaN;

khi X; 1a N, thi Z dugc chon tir nhém bao gf‘)m Ci-6 alkylen, C1.6 haloalkylen,
-C(0)-, va -S(0)2-;

khi X 12 CH, thi Z dugc chon tir nhém bao gdm Ci.s alkylen, Ci. haloalkylen,
-0-, -C(0)-, -NH-, -S-, -S(0)-, va -S(0)2-;

q bing 0, 1, hoic 2;

s bing 0, 1, hoic 2;

R2 12 -ORs hodc -NResR7;
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Rs, mdi 1an dugc 1dy, doc 1ap dugc chon tir nhém bao gdbm: Cis alkyl, Css
xycloalkyl, va triflometyl;

p1a 0, 1, hodc 2;

R4, mdi 14n duge léy, doc 1ap dugc chon tir nhém bao gém C1-6 alkyl, hydroxy,
va halo;

r 1a 0 hoac 1;

Rs duoc chon tir nhém bao gdm Ci.s alkyl va Cs.g xycloalkyl;

Re duoc chon tir nhém bao gdm hydro va Ci. alkyl;

R7 dugc chon tir nhém bao gom:

Ci-6 alkyl tuy y dugc thé bang 1 dén 7 phan tix thé doc 1ap duoc chon tir nhom
bao gém Ci4 alkoxy, Ci.9 amit, amino, Cis alkylamino, Ci-s -oxycacbonyl,
xyano, Cs.¢ xycloalkyl, halo, hydroxy, va Cs.¢ heteroxyclyl tuy y duoc thé trén
nguyén tir nito vong bét ky boi Ci alkyl; Ci.10 heteroaryl; va phenyl tuy y
dugc thé bang 1 dén 5 phan tir thé doc 1ap dugc chon tir nhém bao gdm Ci4
alkyl, Ci-4 alkoxy, Ci.9 amit, amino, Ci-s alkylamino, Ci-s oxycacbonyl, xyano,
halo, hydroxyl, nitro, C1.g sulfonyl, va triflometyl;

Cs-g xycloalkyl;

Ce-10 aryl tuy y dugc thé bing 1 dén 5 phan tir thé doc 13p duge chon tir nhém
bao gdbm Ci4 alkyl, Ci4 alkoxy, xyano, halo, hydroxy, amino, triflometyl, va
triflometoxy;

C1.10 heteroaryl tuy y duge thé bing 1 dén 3 phin tir thé trén nguyén tir cacbon
doc 1ap dugc chon tir nhém bao gém amino, Ci-s alkylamino, Ci.9 amit, Ci4
alkyl, Ci1.4 alkoxy, xyano, halo, hydroxyl, oxo, triflometyl, va triflometoxy, va
dugc thé tiy y trén nguyén ti nito vong boi Ci.4 alkyl; va

Cs-6 heteroxyclyl dugc thé tiy ¥ trén cic nguyén tir cacbon vong béi 1 dén 4
phén tir thé doc 1ap duge chon tir nhom bao gbdm C1.4 alkyl, C1.4 alkoxy, halo,
va hydroxyl, va dugc thé tly y trén nguyén ti nito vong bét ky béi C14 alkyl;
X3 dugc chon tir nhém bao gdbm CH, va CHR4 va X4 1a NRs; hodc

X3 13 NRs va X4 duge chon tir nthém bao gdm CH; va CHRy;

Rs duge chon tir nhém bao gdm Ci.s alkyl, Ci haloalkyl, Cs.s xycloalkyl, -
S(0)2-Ry, -C(0)-R10, -C(O)-N(Ri1)(R12), va -C(0)-ORu3;
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Ro dwoc chon tir nhém bao gdm Ci.6 alkyl, Cs.s xycloalkyl, va phenyl tuy y
dwoc thé bing 1 dén 5 phin tir thé doc 1ap dugc chon tir nhém bao gom Ciu4
alkyl, Ci-4 alkoxy, Ci.9 amit, amino, Ci.s alkylamino, Ci.s oxycacbonyl, xyano,
halo, hydroxyl, nitro, C1.g sulfonyl, va triflometyl;

Ri10 duoc chon tir nhdm bao g(‘Sm:

hydro;

Ci-6 alkyl tuy y dugc thé bang 1 dén 7 phan tir thé doc 14p dugc chon tir nhém
bao gém: Ci.4 alkoxy, Ci.9 amit, amino, Ci.s alkylamino, Ci.s oxycacbonyl,
xyano, Cs.g xycloalkyl, halo, hydroxy, va Cs.s heteroxyclyl tuy y dugc thé trén
nguyén tir nito vong bdi Ci.4 alkyl, Ci-10 heteroaryl, va phenyl tuy y duoc thé
bing 1 dén 5 phan tir thé doc 14p duge chon tir nhom bao gdm: C14 alkyl, Ci4
alkoxy, Ci-9 amit, amino, Cis alkylamino, Ci.s oxycacbonyl, xyano, halo,
hydroxyl, nitro, C1.g sulfonyl, va triflometyl;

Cs.g xycloalkyl;

Ce-10 aryl tuy ¥ dugc thé bing 1 dén 5 phan tr thé ddc 1ap duoc chon tir nhém
bao gdm Ci.4 alkyl, Ci4 alkoxy, xyano, halo, hydroxy, amino, triflometyl, va
triflometoxy;

C1-10 heteroaryl tuy y dugc thé bang 1 dén 3 phan tir thé trén nguyén tir cacbon
doc 1ap dugce chon tir nhém bao gém amino, Ci.¢ alkylamino, Ci.9 amit, Ci4
alkyl, C14 alkoxy, xyano, halo, hydroxyl, oxo, triflometyl, va triflometoxy, va
duge thé tily ¥ trén nguyén ti nito vong boi Ci-4 alkyl; va

Cs.6 heteroxyclyl dugc thé thy v trén cic nguyén tir cacbon vong béi 1 dén 4
phﬁn ttr thé doc lap duge chon tir nhom bao gém Ci1-4 alkyl, Ci.4 alkoxy, halo,
va hydroxy, va dugc thé ty y trén nguyén ti¥ nito vong bét ky boi Ci.4 alkyl;
Ri1 dugc chon tir nthém bao gdm hydro va Ci.6 alkyl;

R12 duoc chon tir nhém bao gdm hydro, C1. alkyl va Cs.g xycloalkyl; hodc

Ri1 va Riz cling v6i nguyén tir nito ma ching gén vao tao thanh nhan bao hoa,
¢6 4 d&n 7 canh tiy y c6 thém 1 nguyén tir khéc loai trén nhan dugc chon tir
nhém gdém N, O, va S; trong d6 nhén bdo hoa c6 4 dén 7 canh nay tuy y duoc
thé trén nguyén tir bét ky trong sb cac nguyén tir cacbon trén nhén bang 1 dén 5
ph?m ttr thé doc 1ap dugc chon tir nhém bao gém:

Xyano;
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halo;

hydroxy;

amino;

Cs-6 heteroxyclyl dugc thé thy ¥ trén cac nguyén tir cacbon vong boi 1 dén 4
phan tir thé doc 1ap dugce chon tir nhém bao gbm Ci.4 alkyl, C1.4 alkoxy, halo,
va hydroxy, va dugc thé tiy v trén nguyén tir nito vong bét ky bdi Ci4 alkyl;
Ci9 amit;

Ci-6 alkyl tuy y duogc thé bang 1 dén 7 phan tir thé doc 1ap duoc chon tir nhém
bao gdm: Ci.4 alkoxy; Ci.o amit; amino; Ci-g alkylamino; Ci-s oxycacbonyl;
xyano; Cs.s xycloalkyl; halo; hydroxy; va Cs.¢ heteroxyclyl tuy y duoc thé trén
nguyén tir nito vong boi Ci4 alkyl; Ci-10 heteroaryl; va phenyl tuy y duogc thé
biing 1 dén 5 phan tir th doc 1ap dugc chon tir nhém bao gdm Ci4 alkyl, Ci4
alkoxy, Ci.9 amit, amino, Cis alkylamino, Ci.s oxycacbonyl, xyano, halo,
hydroxyl, nitro, C1.g sulfonyl, va triflometyl;

va Ci-4 alkoxy; va

trong d6 nhan bdo hoa c6 4 dén 7 canh nay duoc thé trén nguyén tir nito trén
nhan bé sung bét ky bang phan tir thé duoc chon tir nhém bao gbm: hydrogen,
Cs.5 xycloalkyl, va Cis alkyl tuy ¥ dugc thé bing 1 dén 7 phan tir thé doc lap
dugce chon tir nhém bao gém: Ci.4 alkoxy; Ci.9 amit; amino; Ci-s alkylamino;
C1.s oxycacbonyl; xyano; Cs.g xycloalkyl; halo; hydroxy; va Cs- heteroxyclyl
tuy v dwoc thé trén nguyén tir nito vong béi Cia alkyl; Ci-10 heteroaryl; va
phenyl tuy y duoc thé bang 1 dén 5 phin tir thé doc 1ap duge chon tir nhém bao
gff)m Cia alkyl, Cis4 alkoxy, Ci9 amit, amino, Ci- alkylamino, Cis
oxycacbonyl, xyano, halo, hydroxyl, nitro, C1.8 sulfonyl, va triflometyl; va

Ris dugc chon tir nhém bao gdm Ci.6 alkyl va Cs.s xycloalkyl.
2. Hop chit theo diém 1 hodc mudi dugc dung cuia né, trong do6 X1 1a CH va Xz 1a N.
3. Hop chét theo diém 1 hodc mubi dugc dung ciia nd, trong d6 Xila N va Xz 1a N.

4. Hop chét hoic mubi dugc dung ciia né theo diém 3, trong d6 X3 dugc chon tir nhém

bao gdbm CH; va CHR4 va X4 12 NRs.
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5. Hop chét theo diém bat ky trong sb cac diém tir 1 dén 4 hoic mudi dugc dung cua
n6, trong d6 Ry 1a Ce.10 aryl tuy y duoc thé bing 1 dén 5 phén tir thé doc 1ap duoc
chon tr nhém bao gém Ci4 alkyl, Ci4 alkoxy, xyano, halo, hydroxy, amino,

triflometyl, va triflometoxy.

6. Hop chét theo diém bt ky trong s6 cac diém tir 1 dén 5 hogc mudi dugc dung cua

no, trong d6 Z 1a Ci.¢ alkylen.

7. Hop chét hodc mudi dugc dung ciia né theo diém bét ky trong s6 cac didm tir 1 dén

5, trong d6 Z 1a -O-.

8. Hop chét theo diém bat ky trong sb cac diém tr 1 dén 5 hoic mudi duoc dyng cla

no, trong d6 Z 1a -C(0O)-.

9. Hop chiét theo diém bat ky trong s6 cac diém tir 1 dén 8 hoic mudi dugc dung cla

nd, trong dé Rz 14 -NReR7.

10. Hop chét theo didm 1 hodc mubi dugc dung clia no, trong d6 hop chit nay dugc

chon tir nhém bao gbdm:
xyclopropyl(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)metanon;
1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxyetan-1-on;
2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-6-(metylsulfonyl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin;
2—(4-(2,4-diﬂophenoxy)piperidin—1-yl)-3-(isopropylamino)-N-(2-metoxyety1)-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)(tetrahydrofuran-2-yl)metanon;
3-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-3-oxopropannitril;
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4-((1-(6-axetyl-3-(isopropylamino)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-
yl)piperidin-4-yl)oxy)-3-flobenzonitril;
1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxypropan-1-on;
xyclopropyl(3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)metanon;
1-(3-(4-(2,4-diflophenoxy)piperidin- l-yl)-2-(isopropylamino)—7, 8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxyetan-1-on;
3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-6-(metylsulfonyl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin;
2-(4-(4-xyano-2-flophenoxy)piperidin-1-y1)-3-(isopropylamino)-N, N-dimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
3-flo-4-((1-(3-(isopropylamino)-6-metyl-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-yl)piperidin-4-yl)oxy)benzonitril;
(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)(morpholino)metanon;
3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-N-(2-metoxyetyl)-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
3-(4-(2,4-diflophenoxy)piperidin-1-y1)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)(tetrahydrofuran-2-yl)metanon;
3-(3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-3-oxopropannitril;
(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)(isoxazol-5-yl)metanon;
4-((1-(6-axetyl-2-(isopropylamino)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-
yl)piperidin-4-yl)oxy)-3-flobenzonitril;
4-((1-(6-(xyclopropancacbonyl)-2-(isopropylamino)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)piperidin-4-yl)oxy)-3-flobenzonitril;
2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-6-(isopropylsulfonyl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin;
2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-6-(metyl-L-prolyl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin; '
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(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)(pyrolidin-1-yl)metanon;
1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2,2-difloetan-1-on;
3-flo-4-((1-(2-(isopropylamino)-6-(metylsulfonyl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)piperidin-4-yl)oxy)benzonitril;
3-flo-4-((1-(2-(isopropylamino)-6-(2-metoxyaxetyl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)piperidin-4-yl)oxy)benzonitril;
3-flo-4-((1-(2-(isopropylamino)-6-metyl-5,6,7,8-tetrahydropyrido(3,4-
b]pyrazin-3-yl)piperidin-4-yl)oxy)benzonitril;
3-(4-(4-xyano-2-flophenoxy)piperidin-1-yl)-2-(isopropylamino)-N,N-dimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit; |
1-(3-(2,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-metyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
N-(2,2-difloetyl)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-metyl-6-
(metylsulfonyl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin;
1-(3-(2,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-metyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxyetanon;
1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-metyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
N-(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-metyl-6-
(metylsulfonyl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin;
1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-metyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxyetanon;
1-(3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-5-metyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5-metyl-6-(metylsulfonyl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin;
1-(3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-5-metyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxyetanon;

xyclopropyl(3 -(2,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-
metyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5 H)-yl)metanon;
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xyclopropyl(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-y1)-5-
metyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)metanon;
xyclopropyl(3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-5-
metyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)metanon;
1-(3-(2,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-5- metyl -7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2,2-difloetanon;
1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-5-metyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2,2-difloetanon;
1-(3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
1-(2-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
2-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-3-(isopropylamino)-N, N-dimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N, N-dimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
1-(2-((2,2-difloetyl)amino)-3-(4-(2,4-diflophenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxyetanon;
(R)-1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxypropan-1-on;
1-(2-(4-(2,4-diflophenoxy)piperidin-1-y1)-3-(isopropylamino)-5-metyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon,;
1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-5-metyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2,2-difloetanon;
2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5-metyl-6-(metylsulfonyl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-3-amin;
2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-N, N,5-trimetyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-N, N,5-trimetyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
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2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N, N,5-trimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-N-isopropyl-6-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin;
1-(3-((2,2-difloetyl)amino)-2-(4-(2,4-diflophenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
N-(2,2-difloetyl)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin,;

metyl 3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-carboxylat;
3-(4-(2,4-diflophenoxy)piperidin-1-y1)-6-(2-floetyl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin,;
(R)-1-(2-(4-((2,4-diflophenyl)flometyl)piperidin-1-y1)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
1-(3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
N-xyclopropyl-2-(4-(2-flo-4-metoxyphenoxy)piperidin-1 -yl)-6-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin;
N-xyclopropyl-3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-6-metyl-5,6,7, 8-
tetrahydropyrido[3,4-b]pyrazin-2-amin,;
N-xyclopropyl-3-(4-((2,4-diflophenyl)flometyl)piperidin-1-y1)-6-metyl-5,6,7, 8-
tetrahydropyrido[3,4-b]pyrazin-2-amin;
(S)-N-xyclopropyl-3-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-6-metyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin; o
(R)-N-xyclopropyl-3-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-6-metyl-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin;
3-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-N-isopropyl-6-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin;
1-(3-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
3-(4-((2,4-diflophenyl)flometyl)piperidin-1 -yl)-2-(isopropylamino)-N,N-'
dimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5 H)-carboxamit;
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3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-2-(isopropylamino)-N,N-
‘dimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
2-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-N-isopropyl-6-metyl-5 ,6,7, 8-
tetrahydropyrido[3,4-b]pyrazin-3-amin;
2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-N-isopropyl-6-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin;
1-(2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon,;
2-(4-((2,4-diflophenyl)flometyl)piperidin-1-y1)-3-(isopropylamino)-N, N-
dimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
(5-chloro-2-flophenyl)(1-(2-(isopropylamino)-6-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)piperidin-4-yl)metanon;
1-(3-(4-(5-chloro-2-flobenzoyl)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
3-(4-(5-chloro-2-flobenzoyl)piperidin-1-y1)-2-(isopropylamino)-N, N-dimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-6-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin,;
1-(3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-N, N-dimetyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-6-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin;
2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-N,N-dimetyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
(5-chloro-2-flophenyl)(1-(3-(isopropylamino)-6-metyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-yl)piperidin-4-yl)metanon;
1-(2-(4-(5-chloro-2-flobenzoyl)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
2-(4-(5-chloro-2-flobenzoyl)piperidin-1-yl)-3-(isopropylamino)-N, N-dimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
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1-(2-(tert-butylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
2-(tert-butylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N,N-dimetyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit; |
1-(2-((2,2-difloetyl)amino)-3-(4-(2,4-diflophenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
1-(2-(xyclobutylamino)-3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
2-(xyclobutylamino)-3-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-N,N-
dimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
1-(3-(xyclobutylamino)-2-(4-(2-flo-4-metoxyphenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
3-(xyclobutylamino)-2-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-N, N-
dimetyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
3-(2,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-N, N-dimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
N-(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(metylsulfonyl)-
5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin;
1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2,2-difloetanon;
(S)-1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxypropan-1-on;
1-(3-(2,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1 -yl) -7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2,2-difloetanon;
1-(3-(2,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2,2-difloetanon;
(S)-1-(3-(2,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxypropan-1-on;
(R)-1-(3-(2,2-difloetylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxypropan-1-on;
1-(2-(xyclopropylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)- S-metyl -7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;

-180-



26953

2-(xyclopropylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N, N, 5-trimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
N-xyclopropyl-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-5,6-dimetyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin;

1-(2-(2,2-difloetylamino)-3 -(4-(2,4-diﬂophenoxy)piperidih— 1-yl)-7-metyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon; '
2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N, N, 7-trimetyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-carboxamit;
N-(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-1-y1)-6,7-dimetyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin;
1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7-metyl-7,8-
dihydropyrido[4,3-b]pyrazin-6(5H)-yl)-2,2-difloetanon;
1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-y1)-7-metyl-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxyetanon;
N-(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7-metyl-6-
(metylsulfonyl)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-amin;
(25)-1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-y1)-7-metyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxypropan-1-on;
(2R)-1-(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7-metyl-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metoxypropan-1-on;
xyclopropyl(2-(2,2-difloetylamino)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-7-
metyl-7,8-dihydropyrido[3,4-b]pyrazin-6(5 H)-yl)metanon;
6-(2,2-difloetyl)-3-(4-(2,4-diflophenoxy)piperidin-1-yl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-2-amin,;
(S)-1-(2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
(8)-2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-carbaldehyt;
(R)-2-(4-((2,4-diflophenyl)flometyl)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-carbaldehyt;
1-(3-(4-(3-flophenylsulfonyl)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
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1-(2-(isopropylamino)-3-(4-(3-metoxyphenylsulfonyl)piperidin-1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
1-(3-(4-((2-flophenyl)sulfonyl)piperidin- 1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
1-(3-(4-(4-flophenylsulfonyl)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
3-(4-(2,4-diflophenoxy)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-carbaldehyt;
1-(3-(4-(2-flo-4-metoxyphenylsulfonyl)piperidin-1-yl)-2-(isopropylamino)-7,8-
dihydropyrido[4,3-b]pyrazin-6(5H)-yl)etanon;
(S)-1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-((1-metoxypropan-2-
yl)amino)-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
(R)-1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-((1-metoxypropan-2-
yl)amino)-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
1-(3-(xyclobutylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
(S)-1-(3-(sec-butylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
(R)-1-(3-(sec-butylamino)-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)propan-1-on;

metyl 2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-carboxylat;
2-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(2-floetyl)-N-isopropyl-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin;
1-(2-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
1-(3-(xyclobutylamino)-2-(4-(2,4-diflobenzyl)piperazin-1-yl)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
2-(4-(2,4-diflobenzyl)piperazin-1-yl)-N-isopropyl-6-(metylsulfonyl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-amin;
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1-(2-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)propan-1-on;

tert-butyl 4-(6-axetyl-3-(isopropylamino)-5,6,7,8-tetrahydropyrido[3,4-
b]pyrazin-2-yl)piperazine-1-carboxylat;
(1s,35)-3-((6-axetyl-2-(4-(2,4-diflobenzyl)piperazin-1-yl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)amino)xyclobutyl axetat;
1-(2-(4-(2,4-diflobenzyl)piperazin-1-y1)-3-(((1s,3s)-3-hydroxyxyclo-
butyl)amino)-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-d3-etan-1-on;
(1s,35)-3-((6-axetyl-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)amino)xyclobutyl axetat;
1-(2-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-(isopropylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)-2-metylpropan-1-on;
1-(2-(4-(2,4-diflophenoxy)piperidin-1-y1)-3-(((1s,3s)-3-hydroxyxyclo-
butyl)amino)-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
1-(2-(4-(2,4-diflobenzyl)piperazin-1-y1)-3-(((17,37)-3-floxyclobutyl)amino)-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
4-((4-(6-axetyl-3-(isopropylamino)-5,6,7,8-tetrahydropyrido[3,4-b]pyrazin-2-
yl)piperazin-1-yl)metyl)-3-flobenzonitril;
(17,37)-3-((6-axetyl-2-(4-(2,4-diflophenoxy)piperidin-1-y1)-5,6,7,8-
tetrahydropyrido[3,4-b]pyrazin-3-yl)amino)xyclobutyl axetat;
1-(2-(4-(2,4-diflophenoxy)piperidin-1-y1)-3-(((17,37)-3-hydroxyxyclobutyl)-
amino)-7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
(S)-1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(tetrahydrofuran-3-ylamino)-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
(S)-1-(2-(4-(2,4-diflophenoxy)piperidin-1-yl)-3-(tetrahydrofuran-3-ylamino)-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)propan-1-on;

1-3-((3 ,3-diﬂoxyclobutyl)amino)-2-(4-(2,4-diﬂophenoxy)piperidin— 1-y1)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etan-1-on;
N-xyclobutyl-2-(4-(2,4-diflophenoxy)piperidin-1-yl)-6-(metylsulfonyl)-5,6,7,8-
tetrahydropyrido[3 ,4-b]pyrazin-3-amin;
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(R)-1-(2-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-(tetrahydrofuran-3-ylamino)-
7,8-dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon;
(S)-1-(2-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-(tetrahydrofuran-3-ylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)etanon; va
(S)-1-(2-(4-(2,4-diflobenzyl)piperazin-1-yl)-3-(tetrahydrofuran-3-ylamino)-7,8-
dihydropyrido[3,4-b]pyrazin-6(5H)-yl)propan-1-on.

11. Hop chét theo diém 1 hodc mudi dugc dung cia né, trong d6 hop chit nay 13 1-(2-
(4-(2,4-diflophenoxy)piperidin-1-y1)-3-(isopropylamino)-7,8-dihydropyrido[3,4-b]-
pyrazin-6(5H)-yl)etanon.

12. Hop chét theo diém 1 hodc mubi dugc dung cta né, trong d6 hop chét nay 13 1-(2-
(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-3-(isopropylamino)-7,8-dihydropyrido-
[3,4-b]pyrazin-6(5H)-yl)etanon.

13. Hop chét theo diém 1 hoic mudi dugc dung ctia né, trong d6 hop chit nay 13 1-(3-
(xyclobutylamino)-2-(4-(2-flo-4-metoxyphenoxy)piperidin-1-yl)-7,8-dihydropyrido-

[3,4-b]pyrazin-6(5H)-yl)etanon.

14. Dugc phdm chtra hop chét theo diém bat ky trong sb cac diém tir 1 dén 13 hoic

mudi dugc dung ciia né va ta duge duge dung.
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