BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

Cong hoa xi hgi chu nghia,Viét Nam (VN) (11)
CUC SO HUU TRI TUE

1-0024576
(51) CO07D 241/18; CO7D 241/20; A61K (13) B
31/495; A61P 35/04
(21) 1-2016-03049 (22) 16/01/2015
(86) PCT/IB2015/050345 16/01/2015 (87) W0O2015/107495 23/07/2015
(30) 61/928,754 17/01/2014 US; 61/991,129 09/05/2014 US
(45) 27/07/2020 388 (43) 25/10/2016 343A

(73) NOVARTIS AG (CH)
Lichtstrasse 35, CH-4056 Basel, Switzerland

(72) CHEN, Christine Hiu-tung (US); CHEN, Zhuoliang (CN); DORE, Michael (CA);
FORTANET, Jorge Garcia (ES); KARKI, Rajesh (CA); KATO, Mitsunori (JP);
LAMARCHE, Matthew J. (US); PEREZ, Lawrence Blas (US); SMITH, Troy
Douglas (GB); WILLIAMS, Sarah (GB); GIRALDES, John William (US); TOURE,
Bakary-barry (CA); SENDZIK, Martin (US).

(74) Coéng ty TNHH Ban Ca (BANCA)

(54) HOP CHAT N-HETEROARYL DUQC THE BANG N-
AZASPRIROXYCLOALKAN VA DUQC PHAM CHUA HOP CHAT NAY HOAC
MUOI DUGC DUNG CUA NO

(57) Sang ché d& cap dén cac hop chat co cong thic I:

NH»

trong do p, q, Yl, Y5, Ry, Roa, Rop, Ria, R3b, R4a, Rap, Rsa, Rs,, Ry va Rg duoc xac dinh
trong phan ban chat ky thuat cia sang ché; c6 kha ‘nang trc ché hoat tinh cta Src
homology-2-phosphastaza (SHP2). Sang ché con dé Xuat quy trinh dé diéu ché hop chit
nay va dugce pham chita né trong viéc quan 1y bénh va rdi loan lién quan dén hoat tinh bat
thuong ciia SHP2.
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Linh vire ky thuit dwoe dé cip

Sang ché dé cap dén hop chét c6 kha ning tre ché hoat tinh ctia SHP2. Ngoai ra,
sang ché con dé xuét quy trinh dé diéu ché hop chét theo sang ché, va duge phim chta
hop chit nay dé dung trong viéc quan 1y bénh va rdi loan lién quan dén hoat tinh bat

thuong cua SHP2.
Tinh trang k§ thuit ciia sang ché

Src Homolgy-2 phosphataza (SHP2) 1a protein tyrosin phosphataza khong phai
thu thé duoc ma hoa bang gen PTPN11 ma g6p phan vao nhiéu chure ning té bao bao
gbm ting sinh, biét hoa, duy tri chu trinh té bao va sy di chuyén cia té bao. SHP2 lién
quan dén viéc truyén tin hiéu thong qua con duong protein kinaza duoc hoat héa boi

Ras-mitogen, JAK—STAT hodc phosphoinositol 3-kinaza—AKT.

SHP2 c6 hai mién Src twong déng 2 & diu N (N-SH2 va C-SH2), mot mién xtic
tac (PTP), va mdt dudi chira dau C. Hai mién SH2 kiém soat su dinh vi duéi t& bao va
diéu hoa chirc ning ctia SHP2. Phan tir nay ton tai & dang bét hoat, tu Grc ché duoc 6n
dinh boi mot mang ludi lién két gdm cac gde ciia ca hai mién N-SH2 va PTP. Su kich
thich boi, vi dy, xytokin hoac cac yéu to ting truong dan dén su tiép xuc cua vi tri xac

tac dan dén sy kich hoat enzym ctia SHP2.

Céac dot bién & gen PTPNI11 va sau d6 & SHP2 da dugc xac dinh & mdt vai bénh
& ngudi, chang han nhu hdi chimg Noonan, hoi ching Leopard, bénh bach ciu tay don
bao ¢ nguoi tré, u nguyén bao than kinh, u sic t5, bénh bach ciu dong tiy cép tinh va
cac bénh ung thu vu, phéi va rudt gia. SHP2, vi thé, 1a muc tiéu rat dugc quan tam dbi
v6i su phat trién cac phuong phap tri liéu méi dé diéu tri rat nhiéu bénh. Cac hop chét

theo sang ché déap tng yéu ciu cac phan ttr nhé ma e ché hoat tinh ctia SHP2.
Ban chit k§ thuit ciia sang ché

Muc dich cua sang ché 1a d& xudt hop chat c6 kha ning trc ché hoat tinh cia
SHP2. Ngoai ra, sang ché con dé xut quy trinh dé diéu ché hop chét theo sang ché, va
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duge phdm chira hop chét ndy trong viéc quan ly bénh va rdi loan lién quan dén hoat

tinh bat thuong cia SHP2.

Theo mdt khia canh, sing ché dé xuét hop chét ¢6 cong thie I:

trong do: p dugc chon tir 0 va 1; q duge chon tir 0 va 1; Y, duge chon tir CH va N; Y,
duoc chon tr CRs va N; Ry 1a —XRy,; trong d6 R;, dugc chon tur Ce.10aryl, Cs.
gxycloalkyl, C;.gxycloalkenyl va nhom heteroaryl c6 5-9 canh chtra tir 1 dén 4 nguyén
tir khac loai hodc nhém doc 1ap duge chon tir N, C(O), O va S; trong d6 aryl hodc
heteroaryl 1a R, néu trén dugc thé béng 1 dén 5 nhém Ry doc 1dp dugce chon tir halo,
amino, hydroxy, N3, C,4alkyl, dimetyl-amino, C;_4alkyl duoc thé hydroxy, C;_salkyl
dugc thé halo, va Cyalkyl dugc thé amino; va X duge chon tir lién két, S(O),, O,
C(0), CORyy, CRypaR gp, NRyy; trong d6 m duoce chon tir 0, 1 va 2; mdi Ryg, va Rygp
ddc 1ap duogc chon tir halo va Cy4alkyl; va Ry; duoc chon tir hydro va Ciqalkyl; Ry, va
Ryp doc 18p duoc chon tir hydro, Cy.alkyl, C;_salkoxy, amino, hydroxy, C;gxycloalkyl
va Cpqalkyl-amino; Rz, va Ry, doc 14p dugc chon tir halo, cacbonyl, Ciqalkyl, Cy.
salkoxy, amino, hydroxy, C;gxycloalkyl va Cjalkyl-amino; Ry, va Ry, doc 1ap duoc
chon tir hydro, halo, cacbonyl, Cy4alkyl, Ci_alkoxy, amino, hydroxy, Cs.gxycloalkyl
va Cysalkyl-amino; Rs, va Rs, doc 14p dugc chon tir hydro, cacbonyl, Ciqalkyl, Ci.
salkoxy, amino, hydroxy, Csgxycloalkyl va C,.4alkyl-amino; trong dé hai nhém bét ky
dugc chon tir Ry,, Rop, Raa, Rap, Ryas Rup, Rsas Rsp va Ry ¢6 thé tao thanh vong khong no
hodc no mét ph?m c6 5 dén 6 canh; Rg dugc chon tir hydro, halo, xyano, Cy_4alkyl, C,.
salkoxy, amino-cacbonyl, C;_4alkyl dugc thé halo, Ci.salkoxy dugc thé halo, Ci.4alkyl
dugc thé hydroxy, Cyqalkyl dugc thé amino, -S(O);,Re, -C(S)Res -C(O)NRg,Rep, -
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C(NH)NRgRg, va -NRg,C(O)Rgp; trong d6 Re, va Rg, doc 14p duge chon tir hydro va
Cialkyl; R; va Rg cung v6i nguyén tir cacbon ma ching gin vao tao thanh vong no
hodc khong no mot phén c6 3 dén 7 canh ma c6 thé tuy y chira 1 dén 3 nguyén ti khac
loai hodc nhém doc 1ap duge chon tir N, C(O), O va S(O)m; trong d6 m dugc chon tir
0, 1 va 2; trong d6 vong no duoc tao thanh béi R; va Rg néu trén cé thé khong dugc
thé hoic duogc thé béng 1 dén 3 nhém doc 1ap dugc chon tir amino, hydroxy, metoxy,

halo, metyl, metyl-amino va isobutyryloxy hoic mudi duoc dung cta no.

Theo khia canh thi hai, sang ché dé xuét dugc pham chtra hop chit ¢6 cong
thtre T hodic mudi duogc dung cta nd, trong hén hop véi mot hodc nhiéu ta dugc thich

hop.

Theo khia canh thtt ba, sang ché dé xuét hop chét ¢ cong thirc I, hodc mudi
duoc dung cua no, dé sur dung trong diéu tri bénh & dong vat trong do su diéu bién
hoat tinh SHP2 c6 thé ngin ngira, Grc ché hodc cai thién tinh trang bénh ly va/hoic
triéu chimg cta cac bénh, trong dé hop chét co cong thire I, hoic mudi dugc dung cia

nd dugc dung cho dong vat voi luwong co hiéu qua diéu tri bénh.

Theo khia canh thir tu, sang ché dé& xuét hop chét ¢6 cong thic I, hoic mubi
duoc dung cta no, dé su dung trong diéu tri bénh & dong vat trong do su diéu bién
hoat tinh SHP2 c6 thé ngin ngira, Gc ché hodc cai thién tinh trang bénh ly va/hoac
triéu chirng ctia céc bénh, trong d6 hop chit c¢6 cong thie I, hodc mudi duoc dung cda
n6 dugce dung cho dong vat véi lugng co hiéu qua diéu tri bénh va dung két hop d@)ng
thoi hodc lién tiép v6i chat chéng ung thu.

M5 ta chi tiét sang ché
Céc dinh nghia:

Cac thuét nglt chung dugc st dung trén ddy va dudi ddy uu tién 1a c6 cic y
nghia sau day trong pham vi clia badn mo t4, trir phi ¢6 quy dinh khac, trong d6 nhiéu
thuat ngit chung co thé sir dung & bét ky dau, doc 1ap v6i nhau, dugce thay thé béng
nhiéu dinh nghia cu thé hon hoic twong tu, do d6 xé4c dinh nhiéu phuong an chi tiét

theo sang ché:

“Alkyl” dung dé chi gbc hydrocacbon phén nhanh hodc khong phan nhanh bao

hoa hoan toan ¢6 t6i 20 nguyén tir cacbon. Trir phi ¢6 quy dinh khéc, alkyl ding dé chi
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céc gbe hydrocacbon ¢6 1 dén 7 nguyén tir cacbon (C;_salkyl), hodc 1 dén 4 nguyén tir
cacbon (Cjalkyl). Cac vi du dai dién cho alkyl bao gém, nhung khong gidi han 6,
metyl, etyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl,
isopentyl, neopentyl, n-hexyl, 3-metylhexyl, 2,2- dimetylpentyl, 2,3-dimetylpentyl, n-
heptyl, n-octyl, n-nonyl, n-dexyl va tuong tu. Alkyl dugc thé 14 nhom alkyl chtra mét
hodc nhiéu, chéng han nhu mot, hai hodc ba phén ttr thé duoc chon tir cdc nhom
halogen, hydroxy hodc alkoxy. Alkyl duoc thé halo va alkoxy dugc thé halo, ¢6 thé
hodc 1a mach théng hoac 1a phin nhanh va bao gém, metoxy, etoxy, diflometyl,

triflometyl, pentafloetyl, diflometoxy, triflometoxy, va tuong tu.

“Aryl” nghia Ia tap hop vong thom mdt vong hodc hai vong ngung tu chira sau
dén muoi nguyén tir cacbon trén vong. Vi du, aryl c6 thé 1a phenyl hoic naphtyl, tot

hon 1a phenyl. “Arylen” nghia 13 gbc hoa tri hai sinh ra tir nhém aryl.

“Heteroaryl” 1a nhu duoc xac dinh déi véi aryl & trén trong d6 mot hozc nhiéu
nguyén tir ctia vong la nguyén tt khéc loai. Vi du Cs.jpheteroaryl tbi thiéu c6 5 canh
nhu duge xac dinh boi cac nguyén tir cacbon nhung nhitng nguyén tir cacbon nay cé
thé dugc thay thé bing nguyén tir khac loai. Do dé, Cs.joheteroaryl bao gébm pyridyl,
indolyl, indazolyl, quinoxalinyl, quinolinyl, benzofuranyl, benzopyranyl,
benzothiopyranyl, benzo[1,3]dioxol, imidazolyl, benzo-imidazolyl, pyrimidinyl,

furanyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl, thienyl, v.v.

“Xycloalkyl” nghia la tap hop vong don vong, da vong ngung tu hoic da vong
c¢6 cau bio hoa hodc khong bao hoa mot phan chua sb luong nguyén tir ctia vong xac
dinh. Vi du, Cjjoxycloalkyl bao gdm xyclopropyl, xyclobutyl, xyclopentyl,

xyclohexyl, xyclohexenyl, v.v.

“Heteroxycloalkyl” nghia la xycloalkyl, nhu dugc x4c dinh trong don nay, mién
12 mot hodc nhiéu cacbon cua vong xac dinh, dugc thay thé béng géc duoc chon
tr -O-, -N=, -NR-, -C(O)-, -S-, -8(0) — hodc -S(O),-, trong d6 R 1a hydro, C,_4alkyl
hodc nhom bao v€ nito. Vi du, C;gheteroxycloalkyl nhu dugce st dung trong don nay
dé mé ta cac hop chét theo sang ché bao gdbm morpholino, pyrolidinyl, pyrolidinyl-2-
on, piperazinyl, piperidinyl, piperidinylon, 1,4-dioxa-8-aza-spiro[4.5]dec-8-yl,

thiomorpholino, sulfanomorpholino, sulfonomorpholino, v.v.
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“Halogen” (hay halo) wu tién 1a clo hogc flo, nhung ciing c6 thé 1a bromo hoic

10do.

“SHP2” nghia 1a “Src Homolgy-2 phosphataza” va ciing dugc biét dén nhu 1a
SH-PTP2, SH-PTP3, Syp, PTP1D, PTP2C, SAP-2 hodc PTPNI11.

Céc bénh ung thu chtra “cac dot bién PTPN11” bao gdm nhung khong gi6i han
&: N58Y; D61Y, V; E69K; A72V, T, D; E76G, Q, K (ALL); G60A; D61Y; E69V:;
F71K; A72V; T731; E76G, K; R289G; G503V (AML); G60R, D61Y, V, N; Y62D:;
E69K; A72T, V; T731; E76K, V, G, A, Q; E139D; G503A, R; Q506P (JMML); G60V:
D61V; E69K; F71L; A72V; E76A (MDS); Y63C (CMML); Y62C; E69K; T507K (u
nguyén bao than kinh); V46L; N58S; E76V (ung thu phdi); R138Q (u sic t6); E76G
(ung thu rudt gia).

Céc hop chat c6 cong thuc I c6 thé c6 cac dang ddng phan khac nhau. Vi du,
nguyén tir cacbon khong déi xtmg bt ky c6 thé c¢6 mit trong cAu hinh (R)-, (S)- hoic
(R,S)-, tot hon 14 trong c4u hinh (R)- hodc (S)-. C4c phin tir thé & lién két d6i hoiic dic
biét 1a & vong c6 thé c6 mat & dang cis- (= Z-) hodc trans (= E-). Do d6, cac hop chét
c6 thé c6 mat dudi dang hdn hop céc chit dong phan hodc tdt hon 1a duéi dang cac
chat dong phan tinh khiét, tot hon 1a dudi dang cac chét dong phan khong déi quang
tinh khiét hodc cac chit ddng phan ddi anh tinh khiét.

Truong hop dang s6 nhiéu (vi du céc hop chét, cac muéi) duoc sir dung, n6 bao
gdm ca dang sé it (vi du mdt hop chit don 1¢, mot mudi don 18). “Mot hop chit” khong
loai trir rang (vi du & dang dugc pham) nhiéu hon mot hop chit ¢6 cong thic I (hodc
mudi ctia né) c6 mit.

Khi mot hop chét hodc cac hop chét co cong thic I dugc d cap, nd ciing dung

dé d€ cap dén ca N-oxit cua cac hop chat ndy va/hodc cic tautome cia ching.

Thudt ngit “va/hodc N-oxit clia no, tautome cta nd va/hoic mudi (tét hon Ia
mudi duoe dung) ciia n6” dic biét co y nghia 12 hop chit co6 cong thirc I ¢ thé c6 mit
dudi dang N-oxit hodc trong hdn hop véi N-oxit ciia n6, dudi dang tautome (vi du nho
vao hién tuong hd bién keto-enol, lactam-lactim, axit amit-imidic hodc enamin-imin)
hodc trong hdn hop véi tautome ctia n6 (vi du gay ra béi phan ung tuong duong), hoac
duéi dang mudi ciia hop chat ¢6 cong thire I va/hodc bat ky dang nao trong s cac dang
nay hodc hon hop clia hai hodc nhidu hon cac dang nhu thé.
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Dbi v6i cac hop chét sau day, nhém NH2 gin vao vong pyrazin 13 quan trong
dé co6 hiéu nghiém. Phén tich cdu trac tinh thé chi ra nhom NH2 trong su tuong tac ndi

phan tir v6i nhém cacbonyl chinh cta gbe E250 cua SHP2:

Hop chit IC50 cua SHP2
Cl
g 70nM
=N
0L
NH,
Cl
¢ 5,7uM
N
0L
NH,

Sang ché ciing bao gom tat ca cac bién thé ddng vi thich hop ctia cac hop chat
theo sang ché, hoéc cac mudi duge dung cta ching. Bién thé ddng vi ctia hop chét
theo sang ché hodc mubi dugc dung cia n6 duge xéac dinh la mot trong do it nhét mot
nguyén tir dugc thay thé bang nguyén tir c¢6 cing sd nguyén ti nhung khdi lugng
nguyén ti khac véi khdi luong nguyén tir thudng duoce tim thdy trong tu nhién. Vi du
vé cac ddng vi ma c6 thé duoc két hop vao cac hop chat theo sang ché va cic mubi
duge dung ctia chiing bao gdm, nhung khéng giéi han &, cac ddng vi cua hydro,
cacbon, nito va oxy chiang han nhu *H, *H, ''C, *C, "c, "N, "0, ®0, 3°s, *F, **Cl1 va
12 Céc bién thé ddng vi nhét dinh cua cac hop chét theo sang ché va cac mudi dugc
dung ciia ching, vi du, 1 cac bién thé ma trong d6 két hop ca dong vi phong xa chang
han nhu ‘H hoac 14C, rat hitu ich trong nghién ctru phan phéi dugc chét va/hoac mo co
cht. Trong cac vi du cu thé, cac déng Vi SHva "C c6 thé dugc st dung dé d& diéu ché
va phét hién. Trong c4c vi du khéc, sy thé bang cac dong vi ching han nhu *H c6 thé

tao ra céc loi ich diéu tri bénh nhét dinh do kha nang 6n dinh chuyén hoa 16n hon,
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chang han nhu tang chu ky ban huy in vivo hodc giam yéu cau liéu luong. Céc bién thé
ddng vi ctia cac hop chét theo sang ché hodc cac mubi dugc dung cta chung néi chung
c¢6 thé duge didu ché bang cac quy trinh thong thudng st dung cic bién thé dong vi
thich hop clia cic chat phan tmg thich hop. Vi du, hop chit theo sang ché co thé tdn tai

& dang doteri héa nhu duge thé hién duéi dy:
N/ CF3N%N NHz

Sang ché dé cap dén cac hop chit c6 kha nang irc ché hoat tinh ctia SHP2. Theo
mot khia canh cia sang ché, dbi voi cac hop chét ¢ cong thuce I, —XR;, 1a -SR;, va

dugc chon tur:

CFQ’ cl ci cl
cl

NH,

. Q[C& ’ Ny | or, TN NS cl
NH, CF

3

Theo khia canh khéc cua sang ché, -XR,, 1a —SR;, va duoc chon tu:

7 I S}%{' 7 | 7 | S}é\_
N o N o N oF,
cl NH,

NH,
OIS
I ;

N Ner, SN e
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Theo khia canh khac, sdng ché dé xuat hgp chat, hodc mudi duge dung cia no,

NH,

H,N

Cl

Cl

NH,

Cl

(S

Cl

(@

duogc chon tur:

Cl

Cl

NH,

Cl

Cl

Cl
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Theo khia canh khac, d6i vdi cac hop chit co cong thic I, 13 cac hop chit co

cong thtrc la:

NH,
(Rsﬁ)\n\ S%N
SRS

Ia

o
R7
9 Ry

trong do: n duoc chon tir 1, 2, 3 va 4; p dugc chon tir 0 va 1; q duge chon tir 0 va 1; Y,y
duoc chon tir CH va N; Y, duoc chon tir CRg va N; Y, doc 1ap dugce chon tir N, C(O)
va CRy; trong d6 chi mot Y, la C(O); R¢ duge chon tir hydro, halo, metyl va amino-
cacbonyl; R; va Rg cuing vé&i nguyén tir cacbon ma ching gan vao tao thanh vong no
hodc khong no mot phan c6 3 dén 7 canh ma c6 thé tiy y chira mot nguyén tr khac
loai dugc chon tr N, O va S(O)m; trong d6 m dugc chon tir 0, 1 va 2; trong d6 vong
no dugec tao thanh boi R, va Rg néu trén c6 thé khong duoc thé hoac duoc thé béng 1
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dén 3 nhom doc 1ap duoc chon tir amino, halo, hydroxy, amino-metyl va metyl-amino;
hodc

R; va Rg cuing v6i nguyén tir cacbon ma ching ciing gin vao tao thanh vong no
hoic khong no mot phin c6 5 canh ma c6 thé tlly y chira 1 dén 2 nguyén tt khéc loai
hodc nhém dugc chon tir N, O, C(O) va S(O)m; trong d6 m duoc chon tir 0, 1 va 2;
trong d6 vong no dugc tao thanh béi R; va Rg néu trén dugc thé béng 1 dn 3 nhém
ddc 1ap duoc chon tir amino, hydroxy, metoxy, halo, metyl, metyl-amino va
isobutylryloxy, hodc R; va Rg ciing v6i nguyén ti cacbon ma ching cling gén vao tao
thanh vong no c6 6 canh ma c6 thé ty y chira mot nguyeén tu khac loai dugce chon tir
N, O va S(O)m; trong d6 m dugc chon tr 0, 1 va 2; trong d6 néu trén duge tao thanh
bdi R; va Rg vong no dugce thé béng nhém duge chon tir amino, amino-metyl va
metyl-amino, hodc R; va Rg cling v6i nguyén tir cacbon ma ching cling gén vao tao
thanh vong no c¢6 4 canh ma c6 thé tuy y chira mot nguyeén tir khac loai dugce chon tir
N, O va S(O)m; trong d6 m dugc chon tir 0, 1 va 2; trong d6 vong no duge tao thanh

bdi Ry va Rg dugc the bang nhom duoc chon tir amino, amino-metyl va metyl-amino;

Ry duoc qhon tur halo, amino, dimetyl-amino, hydroxy, N3, Cyalkyl, C;_4alkyl
duogc thé halo, Ciqalkoxy, -C(O)OR;y va -NHC(O)Ry¢; Rjo dugc chon tir hydro,
phenyl va naphtyl; trong d6 phenyl la Ry néu trén khong dugc thé hodc duoc thé bang

metoxy; hodc muoi dugc dung ctia nd.

Theo mot khia canh nita clia sang ché, cac hop chat, hoic muoi dugce dung cua

ching, dugc chon tir:
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NH,
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OMe
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NH,
HAN S A
T A
cl %m\
)

Khia canh khéc ctia sang ché 1a cac hop chit c¢6 cong thire IT:
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IT

trong do: p dugc chon tir 0 va 1; q duge chon tir 0 va 1; Y, dugce chon tr CH va N; Y,
dugce chon tir CRg va N; Ry dugc chon tir Cg.jaryl, Csgxycloalkyl, C;.gxycloalkenyl va
nhom heteroaryl c6 5-9 canh chtra tir 1 dén 4 nguyén tr khac loai dugc chon tr N, O
va S; trong do6 aryl hodc heteroaryl la Ry, néu trén duoc thé béng 1 dén 5 nhém Ry doc
lap dugc chon tir halo, amino, hydroxy, N3, Cy4alkyl, Ci_salkyl dugc thé hydroxy, C;.
salkyl dugc thé halo va Cyqalkyl dugc thé amino; Ry, va Ry, doc 14p duoc chon tir
hydro, Cy.4alkyl, C4alkoxy, amino, hydroxy, C;gxycloalkyl va Cy_4alkyl-amino; Rs,
va Ry, doc 14p dugc chon tir halo, cacbonyl, Cysalkyl, Cy_4alkoxy, amino, hydroxy, C;.
gxycloalkyl va Cyalkyl-amino; Ry, va Ry, doc 1dp dugc chon tir hydro, halo, cacbonyl,
Cialkyl, Cj4alkoxy, amino, hydroxy, C;gxycloalkyl va Cj4alkyl-amino; Rs, va Rs;,
doc 1ap duoc chon tir hydro, cacbonyl, C;4alkyl, C;4alkoxy, amino, hydroxy, C;.
gxycloalkyl va C;_alkyl-amino; trong d6 hai nhom bét ky dugc chon tir Ry, Ri,, Ry,
Rs, Rg, va Ry, 6 thé tao thanh vong khong no hoac khong no mot phén c6 5 dén 6
canh; Rg dugc chon tir hydro, halo, xyano, Calkyl, C;.4alkoxy, amino-cacbonyl, C,.
salkyl dugce thé halo, Cialkoxy dugc thé halo, Ci.4alkyl dugc thé hydroxy va C_salkyl
dugc thé amino; R, va Rg cung véi nguyén tir cacbon ma chiing gén vao tao thanh
vong no hoic khong no mot phan c6 3 dén 7 canh ma c6 thé tuy y chira mdt nguyén tir
khac loai dugc chon tir N, O va S(O)m; trong d6 m dugc chon tir 0, 1 va 2; trong d6
vong no duoc tao thanh bdi R; va Rg néu trén ¢6 thé khong duoc thé hoic duge thé
béng tr 1 dén 3 nhém doc 1ap dugc chon tir amino, halo, hydroxy, amino-metyl va

metyl-amino; hodc mudi dugc dung cua no.

Khia canh nita ctia sdng ché la cac hgp chat ¢ céng thirc Ila:
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trong do: n duoc chon twr 1, 2, 3 va 4; p dugc chon tir 0 va 1; q duoc chon tir 0 va 1;

Y, dugc chon tir CH va N; Y, dugce chon tir CRg va N; Y, dugce chon tir N va CRy; Ry

dugc chon tr hydro, halo, metyl va amino-cacbonyl;

R; va Rg cling véi nguyén tir cacbon ma chiing gin vao tao thanh vong no hoic khong
no mot phan cé 3 dén 7 canh ma c6 thé tuy y chira mot nguyén tir khac loai dugc chon
tr N, O va S(O)m; trong d6 m dugc chon tur 0, 1 va 2; trong d6 vong no dugce tao
thanh bo1 R; va Rg néu trén co thé khong dugc thé hoic duoc thé béng nhom duoc
chon tr amino, amino-metyl va metyl-amino; hoéc

R; va Rg cling v6i nguyén tir cacbon ma chiing ciing gin vao tao thanh vong no
¢6 5 canh ma c6 thé tuy y chra mot nguyén tr khac loai dugce chon tir N, O va S(O)m;
trong d6 m dugc chon tir 0, 1 va 2; trong d6 vong no duogc tao thanh bai Ry va Rg néu

trén duoc thé bang nhém duoc chon tir amino, amino-metyl, va metyl-amino, ho#c

R; va Rg cling véi nguyén tir cacbon ma ching ciing gén vao tao thanh vong no
¢6 6 canh ma c6 thé tuy y chira mot nguyén tir khac loai dugce chon tir N, O va S(O)m;
trong d6 m dugc chon tir 0, 1 va 2; trong d6 vong no dugc tao thanh bai R; va Rg néu
trén dugc thé béng nhom dugc chon tir amino, amino-metyl va metyl-amino, hodc

R; va Rg cling v6i nguyén tir cacbon ma chiing ciing gén vao tao thanh vong no
¢6 4 canh ma c6 thé tiy y chira mot nguyén tir khac loai dwge chon tir N, O va S(O)m;
trong d6 m dugc chon tr 0, 1 va 2; trong d6 vong no dugc tao thanh bdi R; va Rgnéu

trén dugc thé bang amino;

Ry dugce chon tir halo, amino, hydroxy, N3, C_4alkyl, C;alkyl duoc thé halo,
C.salkoxy, -C(O)OR | va -NHC(O)R;o; Ryy dugc chon tir hydro, phenyl va naphtyl;
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trong do phenyl 1a Ry néu trén khong duogc thé hoic duoc thé béng metoxy; hoac

mudi duogc dung cua chung.

Khia canh nita cua sang ché 1a hop chat, hodc mudi dugce dung ctia chung, duoc

chon tur:

Cl N%N NH, cn@\l/gw

Cl | ~N

NH,
cl SN
cl N\fJ\T:::¥:§:Z
0=S

Khia canh nita cua sang ché la hop chat, hodc mudi dugc dung cua né, duge

chon tur:

3
NH, :;: :CIN\Cfi\N NH,
(\/8\[)\\1 Cl
[\ //L N| P NH
N CFE\/\K?I/\. Pz
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NH,
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-19-



24576

N N
N T T
o~ T = P (@) =2
T Z—
N?.
pd
- =
pd T b4 _
N —
£ 7 £ P £
zZ Z = / / /
—/ \ z
h z
%) O ) O .
[s2]
L
72 7 S N
—_ —_— N|
N N
~ T T
T ~ P =z
N:. W?. O
pd
= =
= T . = >
N pu—
£ i z % T A
z Z / / =z
— /
Z o z / =
[ rEY —
w O @ 0O w O
N
— ==

-20-



24576

Z va NH,

l N~ ~CF N
N 3
N7 CF;SQ\N NH
P F F
OH
NH,
| SN N
I
N
N” CRy S
CF, NH, NH,
;\ S%N AN SN
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NH,

NH,

/

Khia canh nita cta sang ché la hop chat, hodac muoi dugc dung ctia nod, dugc

chon tu:
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NH,
HaN S S
N N~
c
C

-
-
-

Khia chon troc dung ctia €€tn 1a hchon tirge dung ctia é€é
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OMe

hodc mudi dugc dung ctia no,

hozc hop chat 1a:

hodc mudi duge dung ctia no,

hozc hop chit la:

o—

hodc mudi duge dung cua no,
hodc hgp chat la:

NH,

\S/N

|
NH, s
O

hodc mudi dugce dung cua no,

hozc hop chat la:
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NH,
S > N
N2 NJ\ NH,
cl N A
NH,

hodc mudi dugc dung cia no.
Duoc ly va lgi ich:

Src Homolgy-2 phosphataza (SHP2) la protein tyrosin phosphataza dugc ma
héa bang gen PTPN11 ma g6p phan vao nhidu chirc ning té bao, bao gdém su ting
sinh, biét hoa, duy tri chu ky té bao va su di chuyén cua té bao. SHP2 tham gia qua
trinh truyén tin hiéu thong qua cac con dudng protein kinaza dugc hoat héa bédi tac
nhdn phin bao Ras (Ras-mitogen-activated protein kinase), JAK-STAT hoic
phosphoinositol 3-kinaza—AKT. SHP2 gdy ra hoat dong ctia Erkl va Erk2 (Erkl/2, Erk)
MAP kinaza boi tyrosin kinaza 14 thu thé ching han nhu ErbBl, ErbB2 va c-Met.

SHP2 c6 hai mién Src homology 2 d4u N (N-SH2 va C-SH2), mot mién xtc tac
(PTP), va mot dudi dau C. Hai mién SH2 kiém soat vi tri duéi té bao va su didu hoa
chtrc ndng ctia SHP2. Phan tr tdn tai & cu dang bét hoat, e ché hoat tinh ctia chinh
n6 thong qua mang ludi lién két lién quan dén cac gbe tir ¢4 hai mién N-SH2 va PTP.
Dé dap ung vai kich thich tb tang truong, SHP2 lién két vdi cac vi tri duoc phosphoryl
héa biang thyroxin cu thé trén cac protein gin két ching han nhu Gabl va Gab2 qua
cac mién SH2 cta né. Diéu nay gy ra su thay ddi vé cdu dang ma tao nén hoat dong

cua SHP2.

Cac dot bién 6 PTPN11 dugc xdc dinh & mot vai bénh & nguoi, ching han nhu
ho1 chimg Noonan, hdi ching Leopard, bénh bach cau tuy don bao & nguoi tré, u
nguyén bao than kinh, u sic td, bénh bach ciu dong tiy cip tinh va cac bénh ung thu
vii, phdi va rudt gia. SHP2 1a phén ti truyén tin hiéu xuéi dong quan trong cho mét
loat tyrosin kinaza 1a thu thé, bao gdm cac thu thé 1a yéu t6 tang trudng co ngudn gbc
tir tiéu cdu (PDGF-R), yéu t6 ting trudng nguyén bao sgi (FGF-R) va yéu td tang
truéng biéu bi (EGF-R). SHP2 ciing 1a phan tir truyén tin hiéu xudi dong trong con
dudng protein kinaza hoat héa béi mitogen din dén su bién nap té bao, cta protein

kinaza dugc hoat hoa béi tc nhan phan bao (MAP) ma c6 thé din dén bién dbi té bao,
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didu kién tién quyét cho sy phét trién cua bénh ung thu. Viéc lam cam gen (knock-
down) SHP2 trc ché dang ké su ting trudng té bao ctia dong té bao ung thu phdi chira
dot bién SHP2 hogc chuyén vi EML4/ALK ciing nhu céc bénh ung thu vi va ung thu
thue quan bi khuéch dai gen EGFR. SHP2 ciing 14 dong dudi bi kich hoat ctia gen gay
ung thu & bénh ung thu biéu mé da day, u lympho té bao 16n thoai san va u nguyén

bao than kinh dém.

Hoi ching Noonan (NS) va hoi ching Leopard (LS) — cac dot bién PTPN11
gdy ra LS (da tan nhang, bat thudng truyén dan dién tim, tat hai mét cach xa, hep dong
mach phéi, co quan sinh duc bat thuong, chdm tang truéng, diéc than kinh giac quan)
va NS (di tat bam sinh bao gém di tat tim, bét thuong so va mit va tim véc ngén). Ca
hai ri loan 12 mot phan ctia ho cac rdi loan gen trdi trén nhidm séc thé thuong gay ra
boi dot bién dong mam trong cac thanh phin cta con duong protein kinaza hoat héa
bdi tic nhan phan bao RAS/RAF/MEK/ERK, yéu cau ddi véi su ting trudng va biét
hoéa té bao thuong. Quy dinh khac thudng cia con dudng nay co6 tac dung sau rong,
dac biét ddi v6i sy phat trién tim, gay nén rét nhidu bt thuong, bao gdm khiém khuyét
vach ngin van tim va/hodc bénh co tim phi dai (HCM). Su nhiéu loan con dudng
truyén tin hiéu MAPK dugc thiét 1ap nhu Ia trung tdm d6i véi cac rbi loan nay va mot
vai gen Umg & vién cung v6i con dudng ndy duoc xac dinh & ngudi, bao gém cac dot
bién & KRAS, NRAS, SOS1, RAF1, BRAF, MEK1, MEK2, SHOC2, va CBL. Cac
gen chi yéu bj dot bién & NS va LS 1a PTPNI1. Dot bién dong mdm & PTPN11
(SHP2) dugc phat hién & ~50% trong s cac truong hop mic NS va gin nhu & tit ca
cac bénh nhan mic LS ma c6 chung cac dic tinh nhat dinh voi NS. Dbi voi NS, su
thay thé Y62D va Y63C & protein phan 16n 12 bit bién va nim trong sb cac dot bién
phd bién nhat. Ca hai dot bién nay tac dong dén cdu dang khong ¢6 hoat tinh xtc tac
ctia SHP2 1am nhiéu loan su két nbi cta phosphataza véi cac ddi tac truyén tin hiéu

phosphoryl hoa cuia noé.

Bénh bach ciu tiy don bao & ngudi tré (JMML) — cac dot bién soma & PTPN11
(SHP2) xay ra & khoang 35% s6 bénh nhan mic JMML, rdi loan ting sinh tiy thoi tho
au (MPD). Céc dot bién lam tang chirc nang nay thuong 1a cac dot bién diém & mién
N-SH2 hodc & mién phosphataza, chiing ngin chin su tu tc ché gilta mién xuc tac va

mién N-SH2, tao nén hoat tinh SHP2.
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Bénh bach cau dong tiy cdp tinh — dot bién PTPN11 dugc xac dinh &: ~10%
trong sb ca bénh bach cau cip tinh & tré em, chang han nhu hoi ching rdi loan sinh tuy
(MDS); ~7% trong sd ca bénh bach cdu nguyén bao lympho cép tinh t& bao B (B-
ALL); va ~4% trong s6 ca bénh bach ciu dong tay cép tinh (AML).

Cac dot bién bénh NS va bénh bach ciu gdy ra cac thay dbi trong cac amino
axit nim & bé mit chung dugc tao thanh boi cdc mién N-SH2 va PTP trong ciu dang
SHP2 tu trc ché, pha v& twong tac ndi phan tir e ché, din dén ting hoat tinh ctia mién

xuc tac.

SHP2 hoat dong nhu 14 chit didu hoa duong tinh trong truyén tin hiéu tyrosin
kinaza thu thé (RTK). Céc bénh ung thu chira sy thay ddi RTK (EGFR*™, Her2™™,
FGFR™, Met™™, RTK doi chd/kich hoat, nghia 1a ALK, BCR/ABL) bao gdm céc

bénh ung thu thuc quan, vu, phéi, rudt gia, da day, than kinh dém, dau va cb.

Bénh ung thu thuc quén 13 bénh thuc quan 4c tinh. C6 rat nhidu phin nhém
khac nhau, bénh ung thu té bao vay chinh (<50%) va bénh ung thur tuyén. C6 mot ty 18
cao cac biéu hién RTK & bénh ung thu tuyén thuc quan va bénh ung thu té bao vay.
Chét trc ché SHP2 theo sang ché, vi vay, co thé dugc st dung cho cac chién luoc didu
tri cai tién.

Bénh ung thu vu Ia loai bénh ung thu chinh va la nguyén nhan tr vong hang
dau & phu nft, trong dé cac bénh nhan tré nén khang cac loai thude hién nay. C6 bbn
phan nhém chinh trong bénh ung thu phdi bao gdbm luminal A, luminal B, thé Her2, va
thé co ban/bd ba 4m tinh. Bénh ung thu va thé bd ba Am tinh (triple negative breast
cancer - TNBC) 1a bénh ung thu va ting trién thiéu lidu phap diéu tri nhim dich cu
thé. Thu thé cua yéu t6 tang trudong biéu bi I (EGFR) da xuét hién nhu 12 muc tidu htra
hen trong TNBC. Su @c ché Her2 ciing nhu EGFR thong qua SHP2 ¢6 thé 1a lidu phap

day hira hen d6i v6i bénh ung thu vi.

Bénh ung thu phdi — NSCLC hién nay 14 nguyén nhan chinh trong sb cac ca tir
vong lién quan dén bénh ung thu. Tinh toan cho khoang 85% trong sd cac bénh ung
thu phoi (ch yéu 14 ung thu tuyén va ung thu biéu mé té bao vay). Mac du hoa tri liéu
bang cach giy doc té bao van déng vai trd quan trong trong diéu tri bénh, phuong phap
diéu tri nham dich dwa trén bién ddi gen ching han nhu EGFR va ALK trong cac khoi

u c6 nhidu kha nang huéng loi tir [iéu phap nhim dich.
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Bénh ung thu rudt gia — khodng 30% dén 50% trong s6 cac khdi u truc trang
duoc biét dén 1a c6 KRAS dot bién (bit thuong), va sy dot bién BRAF xay ra & 10 dén
15% trong s& cac bénh ung thu truc trang. D6i voi mot nhém nhod cac bénh nhan co
cac khéi u truc trang duoc ching minh la biéu hién qua muc EGFR, cic bénh nhan

nay biéu hién dap tng 1am sang thuén loi dbi véi liéu phap khang EGFR.

Bénh ung thu da day 1a mot trong s6 cac loai bénh ung thu phd bién. Su biéu
hién khac thuong cua céc tyrosin kinaza, nhu dugce phan anh boi qua trinh phosphoryl
héa tyrosin khac thuong trong cac té bao ung thu da day, da duoc biét dén trong linh
vuc ndy. Ba tyrosin kinaza 1a thu thé, c-mer (thu thé HGF), thu thé FGF 2, va
erbB2/neu thuong bi khuéch dai trong ung thu biéu mé da day. Vi vay, su pha hoai cac
con dudng tin hiéu khic nhau c6 thé déng gbép vao qué trinh tién trién cta cac loai

bénh ung thu da day khac nhau.

U nguyén bao than kinh 1a khéi u nhi cta hé théng than kinh giao cam phat
trién, chiém khoang 8% trong sd cac bénh ung thu & tré em. Cac bién ddi gen cda gen
huyét bao kinaza tu ghép (ALK) dugc cong nhan 1a gép phin vao sinh bénh hoc u
nguyén bao than kinh.

Ung thu biéu mo t& bao vay ving ddu va ¢ (SCCHN). Mtc do cao clia bibu
hién EGFR c¢6 mbi twong quan véi tién lugng bénh x4u va su khang lai qua trinh xa tri
& hang loat céc bénh ung thu, cht yéu & bénh ung thu biéu mé té bao vay ving dau va
c6 (SCCHN). Ngan chan céc tin hi¢u EGFR gay trc ché kich thich thu thé, su ting sinh
té bao, va giam xam I4n va di can. EGFR, do dé, 1a muc ti€u chinh cho liéu phap

chéng ung thu méi & bénh SCCHN.

Sang ché dé cap dén cac hop chét co kha ning e ché hoat tinh ctia SHP2. Sang
ché con boc 16 quy trinh dé diéu ché hop chat theo sang ché va duogc pham chta hop
chat nay. Khia canh khéc cta sang ché dé cap dén hop chit c6 cong thire I, dé sir dung
trong diéu tri cac rdi loan gy ra bdi SHP2 bao gdm budc dung cho bénh nhan cin
diéu tri lugng c6 hi€u qua diéu tri bénh cua hop chét co cong thirc I nhu duogce xac dinh

trong phan Ban chit k§ thuit cta sang ché.

Theo cac phuong 4n nhat dinh, sang ché dé cap dén hop chit dé su dung nhu
néu trén, trong do6 cac r6i loan gay ra béi SHP2 da néu la cac bénh ung thu dugc chon

ttr, nhung khong bi giéi han ¢: IMML; AML; MDS; B-ALL; u nguyén bao than kinh;
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bénh ung thu thuc quan; bénh ung thu vi; bénh ung thu phdi; bénh ung thu rudt gia;

bénh ung thu da day, ung thu dau va cb, hodc

trong do6 bénh va rdi loan do hoat tinh cia SHP2 gy ra dugc chon tir hdi ching
Noonan, hoi ching da bdo, bénh bach ciu tiy bao thiéu nién, u nguyén bao than kinh,
khéi u 4c tinh, ung thu bach ciu tay cAp tinh, ung thu vu, ung thu thuc quan, ung thu
phoi, ung thu rudt két, ung thu diu, u nguyén bao than kinh, ung thu bidu mé té bao
vay viing dau va cb, ung thu biéu mé té bao rudt, u lympho té bao 16n thoai san va u

nguyén bao than kinh dém.

Céac hop chét theo sang ché cling ¢6 thé hitu ich trong diéu tri cac bénh hoic
tinh trang khac ¢6 lién quan dén hoat tinh khéc thuong cia SHP2. Do do6, nhu 1a khia
canh tiép theo, sang ché dé cap dén hop chit theo sang ché dé sir dung trong diéu tri
rbi loan duoc chon tir: NS; LS; IMML; AML; MDS; B-ALL; u nguyén bao than kinh;
bénh ung thu thuc quan; bénh ung thu vi; bénh ung thu phéi; bénh ung thu rudt gia;
bénh ung thu da day; bénh ung thu dau va cb.

Chat trc ché SHP2 theo sang ché c¢6 thé dugc két hop mot cach hitu ich véi hop
chét c6 hoat tinh duoc ly khac, hodc v4i hai hodc nhiéu céc hop chét c6 hoat tinh duoc
ly khac, ddc biét 1a trong diéu tri bénh ung thu. Vi du, hop chit c6 cong thire (I), hodc
mudi duge dung cta no, nhu duogc xac dinh & trén, c6 thé dugc dung déng thoi, tudn tu
hodc riéng biét khi két hop v6i mot hodc nhiéu chit duoc chon tir cac chat héa tri licu,
vi du, cac chit tc ché phan bao chéng han nhu taxan, vinca alkaloit, paclitaxel,
docetaxel, vincristin, vinblastin, vinorelbin hoic vinflunin, va céc chét chéng ung thu
khac, vi du cisplatin, 5-floracil hodc 5-flo-2-4(1 H,3H)-pyrimidindion (5FU), flutamit
hodc gemcitabin. Do d6, sang ché dé xuét t5 hop chit tc ché SHP2 theo sang ché, va
mdt hodc nhiéu hop chit c6 hoat tinh duoc, cu thé, trong d6 hop chét hodc cac hop
chit c6 hoat tinh duogc khac dé s dung trong diéu tri ung thu, va cu thé hon 1a hop
chit hoic céc hop chét c6 hoat tinh dugc khac dugc chon tir vinca alkaloit, paclitaxel,
docetaxel, vincristin, vinblastin, vinorelbin, vinflunin, cisplatin, 5-flouraxil, 5-flo-2-

4(1 H,3H)-pyrimidindion (5FU), flutamit va gemcitabin.

Céc t6 hop nhu vay c6 thé dem lai loi ich déng ké, bao gdm hoat tinh hiép

dong, trong dicu tri.
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Theo cac phuong 4n nhét dinh, sang ché dé cap dén hop chét dé sur dung da néu

& trén, trong d6 hop chit da néu duoc dung ngoai duong ti€u hoa.

Theo cac phuong 4n nhét dinh, sang ché dé cap dén hop chét dé sur dung da néu
& trén, trong d6 hop chit da néu duoc dung theo dudng tiém bép, tiém tinh mach, tiém

duéi da, duong miéng, dudong phoi, tiém trong vo, tai cho hodc dudng miii.

Theo céc phuong 4n nhat dinh, sang ché dé cap dén hop chét dé sur dung da néu

& trén, trong d6 hop chit da néu dugce dung mot cach hé théng.

Theo céc phwong 4n nhat dinh, sang ché dé cap dén hop chét dé su dung da néu

O trén, trong d6 bénh nhan da néu 1a dong vat co vu.

Theo céc phurong 4n nhat dinh, sang ché dé cap dén hop chét dé sur dung da néu

& trén, trong d6 bénh nhan da néu 1a loai linh trudng.

Theo céc phuong 4n nhat dinh, sang ché dé cap dén hop chét dé su dung da néu

¢ trén, trong d6 bénh nhéan da néu la con nguoi.

Theo khia canh khéc, sang ché dé cap dén hop chét c6 cong thie I dé didu tri
rdi loan gy ra boi SHP2, bao gdém budc: ding cho bénh nhan cin didu tri lugng c6
hiéu qua diu tri ciia chat hoéa tri lidu khi két hop véi lwong c6 hidu qua didu tri cia

hop chat ¢6 cong thirc I nhu duge xac dinh trong phan Ban chét k§ thuat cta sang ché.
Duoc phim

Theo khia canh khac, sang ché @& xut ché phém dugc dung chtra lvgng c6 hiéu
qua diéu tri cta mdt hodc nhiéu trong sd cac hop chit dugc mo ta & trén, dugc bao ché
cling v6i mdt hodc nhidu chit mang (chét phu tr¢) va/hodc chit pha lodng dugc dung.
Nhu duoc md ta chi tiét dudi day, duoc phém theo sang ché c6 thé duoc bao ché dac
biét dé dung & dang rin hodc 16ng, bao gdm cac duoc pham phd hop vé6i cac duong
dung sau: (1) dung qua dudng miéng, vi du, thudc nudc (dung dich hogc huyén phu
chtra nude hodc khong chira nuéc), vién nén, vi du, cac vién nén nhim dé hép thu qua
miéng, dudi ludi, va toan thin, tiém tinh mach nhanh, bot, hat, bot nhio dé dung cho
ludi; (2) ding ngoai dudng tiéu hoa, vi du, bang cach tiém dudi da, tiém bip, tiém tinh
mach hodc tiém ngoai mang cung nhu 13, vi du, dung dich hoic huyén phu vo trung,
hodc ché phim giai phéng bén vitng; (3) dung tai chd, vi du, nhu 13 kem, thubc m®,

hodc miéng bang dugc giai phéng duge kiém soat hodc phun 1én da; (4) trong am dao
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hodc trong truc trang, vi du, nhu 1a vién dat am dao, kem hodc bot; (5) dudi ludi; (6)
dung cho mat; (7) dung qua da; (8) ding cho miii; (9) ding cho phdi; hodc (10) tiém

trong vo.

Cum tir "lwong c¢6 hiéu qua diéu tri" nhu dugc sir dung & day nghia la lugng cia
hop chét, nguyén liéu, hodc ché phdm chira hop chét theo sang ché ma co hidu qua dé
tao ra tac dung diéu tri mong muén & it nhit mot tiéu qur?m thé té bao & dong vat & ty 1€

loi ich/rii ro chap nhan duoc ap dung dugc cho bat ky qua trinh diéu trji y khoa nao.

Cum tir "duoc dung" dugc ding dé chi cac hop chit, nguyén liéu, ché phim,
va/hodc dang lidu ma, nim trong pham vi cua su danh gia y khoa, thich hop dé sir
dung khi tiép xuc véi cac mod ciia con ngudi va dong vat ma khong c6 ddc tinh, kich
thich, phan tmg di tmg qua mtrc, hodc cic vin dé hoic bién ching khac, tuong xung

v6i ty 1€ 1gi ich/rui ro chap nhan dugc.

Cum tir "chét mang dugc dung" nhu duoc st dung & day nghia la vat liéu, ché
phém hoac chit dan thubc dugc dung, chéng han nhu chét 1am déy, chét pha loang, ta
duoc 1éng hodc chét ran hd tro san xut (vi du, chét 1am tron, talc magie, canxi hoac
kém stearat, hodc axit steric), hodc vat liéu bao goi dung moi, tham gia vao viéc mang
hodc van chuyén hop chét da néu tir mét co quan, hodc phan cta co thé, dén co quan,
hodc phan khac ctia co thé. Mdi chat mang phai "chip nhan dwoc" xét trén y nghia
tuong thich véi céc thanh phan khac ctia ché phdm va khong gay nguy hai cho bénh
nhan. Mot sb vi du vé cac vat lidu c6 thé doéng vai tro lam chat mang dugc dung bao
gém: (1) duong, chéng han nhu lactoza, glucoza va sucroza; (2) tinh bot, chéng han
nhu tinh bot ngd va tinh bot khoai tay; (3) xenluloza, va cac din xuét cta né, chéng
han nhu natri carboxymetyl xenluloza, etyl xenluloza va xenluloza axetat; (4) nhua
tragacan dang bot; (5) mach nha; (6) gelatin; (7) talc; (8) ta dugc, ching han nhu bo ca
cao va sap dan; (9) dau, chéng han nhu dau lac, dau hat bong, dau cay rum, dau vung,
diu oliu, ddu ngd va dau dau nanh; (10) glycol, ching han nhu propylen glycol; (11)
polyol, ching han nhu glyxerin, sorbitol, manitol va polyetylen glycol; (12) este,
ching han nhu etyl oleat va etyl laurat; (13) aga; (14) chét dém, chang han nhu magie
hydroxit va nhom hydroxit; (15) axit alginic; (16) nudc khong chira pyrogen; (17)
nudc mudi ding truong; (18) dung dich Ringer; (19) ruou etyl; (20) dung dich dém
pH; (21) polyeste, polycarbonat va/hodic polyanhydrit; va (22) cac chét tuong thich

khong doc khac dugc st dung trong ché pham duge.
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Nhu da néu trén, cidc phuong 4n nhat dinh vé céc hop chat nay c6 thé chta
nhom chirc bazo, chéng han nhu amino hodc alkylamino, va do dé, c6 kha ning tao
thanh cac mudi duogc dung voi cac axit dugc dung. Thuat ngir "mudi duge dung" vé
mat nay, dung dé chi cac mudi cong axit vO co hodc hitu co, trong ddi khong ddc cuia
cic hop chét theo sang ché. Cac mudi nay c6 thé duge didu ché tai chd khi st dung
chat dan thudc hodc trong quy trinh san xut dang lidu, hoic bang cach cho hop chét
theo sang ché da duoc lam sach & dang bazo ty do ctia né phan Gng riéng voi axit hitu
co hodc vo co thich hop, va do d6 su tach mudi duge tao thanh trong subt qué trinh
tinh ché tiép theo. Cac mudi dién hinh bao gdbm mudi hydrobromua, hydroclorua,
sulfat, bisulfat, phosphat, nitrat, axetat, valerat, oleat, palmitat, stearat, laurat, benzoat,
lactat, phosphat, tosylat, xitrat, maleat, fumarat, suxinat, tartrat, naptylat, mesylat,
glucoheptonat, lactobionat, va laurylsulphonat va twong tu. (Xem, vi du, Berge et al.

(1977) "Pharmaceutical Salts", J. Pharm. Sci. 66:1-19).

Cac mudi duoc dung cua cac hop chit theo sang ché bao g6m cac mudi khong
doc thong thuong hoic cic mubi amoni bac bdn cia cac hop chit nay, vi du, tir cac
axit hiru co hodc vo co khong doc. Vi du, cdc mudi khong doc thong thuong nhu vay
bao gdm cic mudi c6 ngudn gbe tir cac axit vo co chang han nhu hydroclorua,
hydrobromic, sulfuric, sulfamic, phosphoric, nitric, va twong tu; va cac mudi duge
didu ché tir cac axit hitu co chang han nhu axetic, propionic, suxinic, glycolic, stearic,
lactic, malic, tartaric, xitric, ascorbic, palmitic, maleic, hydroxymaleic, phenylaxetic,
glutamic, benzoic, salixyclic, sulfanilic, 2-axetoxybenzoic, fumaric, toluensulfonic,

metansulfonic, etan disulfonic, oxalic, isothionic, va tuong tu.

Trong céc trudng hop khac, cac hgp chat theo sang ché ¢6 thé chia mot hodc
nhiéu nhém chire axit va, do do, c6 kha nang tao thanh mudi dugc dung véi cac bazo
dugc dung. Thuat ngit "mudi dugc dung" trong cc truong hop nay dung dé chi céc
mudi cong bazo vo co va hitu co, tuong ddi khong doc cia cac hop chit theo sang ché.
Tuong tur, cac mudi nay co thé duoc diéu ché tai chd trong quy trinh san xut sir dung
ta dugc 16ng hodc dang lidu, hoac béng cach cho hop chat da duoc lam sach & dang
axit tu do cia n6 phan ung riéng ré voi bazo thich hop, ching han nhu hydroxit,
carbonat hodc bicarbonat hodc cation kim loai dugc dung, v&i amoniac, hodc véi amin
bic mdt, bac hai hodc bac ba hitu co dugc dung. Céc mudi kim loai kiém hoac kiém
thd tiéu biéu gém cac mudi liti, natri, kali, canxi, magie, va nhém va tuwong tu. Cac
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amin hiru co tiéu bi€u hitu ich cho su tao thanh cidc mubi cong bazo bao gom etylamin,
dietylamin, etylendiamin, etanolamin, dietanolamin, piperazin va twong tu. (Xem, vi

du, Berge et al., supra)

Chét thAm u6t, chit nhii hoa va chit lam tron, chéng han nhu natri lauryl sulfat
va magie stearat, cling nhu cac chit tao mau, chét giai phoéng, chét bao, chat lam ngot,
chat tao huong va mii thom, chét bao quan va chét chéng oxy hoa cling ¢6 thé c6 mat

trong cac ché pham nay.

Vi du vé cac chat chdng oxy hoa duge dung bao gdm: (1) chét chéng oxy héa
hoa tan dugc trong nuGe, chang han nhu axit ascorbic, xystein hydroclorua, natri
bisulfat, natri metabisulfit, natri sulfit va tvong tw; (2) chit chéng oxy hoéa hoa tan
dugc trong diu, ching han nhu ascorbyl palmitat, hydroxyanisol butyl hoa (BHA),
hydroxytoluen butyl héa (BHT), lexithin, propyl galat, alpha-tocopherol, va twong tu;
va (3) chét chelat hoa kim loai, ching han nhu axit xitric, axit etylenediamin

tetraaxetic (EDTA), sorbitol, axit tartaric, axit phosphoric, va tuong tu.

Céac ché phdm theo sang ché bao gdm cac ché pham thich hop dé dung qua
duong miéng, dudng mili, tai chd (bao gém vung miéng va dudi ludi), truc trang, Am
dao va/hodc ngoai duong tidu hoa. Cac ché phdm nay c6 thé thuan loi 1a ¢6 mdt & dang
lidu va c6 thé dugc bao ché bang phuong phép bat ky da biét trong linh vuc duoc.
Luong thanh phén hoat tinh ma c6 thé duogc két hop véi vat liéu mang dé tao ra dang
liéu don s& thay dbi phu thudc vao vt cht duge diéu tri, ché do ap dung cu thé. Luong
thanh phén hoat tinh ma c6 thé duoc két hop vai vét liéu mang dé tao ra dang lidu don
n6i chung s& 1a lugng hop chit ma tao ra hiéu qua didu tri. N6i chung, khong phai
100%, lwgng nay s& c6 pham vi thay ddi tir khoang 0,1 phan tram dén khoang 99 phin
trim thanh phan hoat tinh, t6t hon néu tir khoang 5 phan trim dén khoang 70 phan
tram, t6t nhét 1a tir khoang 10 phin tram dén khoang 30 phén trim.

Theo cac phuong 4n nhét dinh, ché phdm theo sang ché chira ta duoc duoc chon
tr nhém bao gém xyclodextrin, xenluloza, liposom, chét tao mixen, vi du, axit mat, va
chat mang dang polyme, vi du, polyeste va polyanhydrit; va hop chét theo sang ché.
Theo cac phuong 4n nhit dinh, ché phdm néu trén tao ra hop chit theo sang ché kha

dung sinh hoc khi dung qua duong miéng.
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Phuong phap bao ché cac ché phim hoic cac duoc pham nay bao gdm budc két
hop hop chit theo sdng ché vé6i chit mang va, tiy ¥ mot hodc nhidu thanh phan phu.
Nhin chung, cic ché phdm dugc bao ché bang cach két hop thong nhéit va mat thiét
hop chét theo sang ché v6i chét mang dang 16ng, hodc chit mang dang rén dugc chia

nhé min, hodc ¢4 hai, va sau d6, n€u can, tao hinh san pham.

Céc ché phdm theo sang ché thich hop dé ding qua duong miéng c6 thé 1a &
dang vién nang, vién nhdng, vién tron, vién nén, vién hinh thoi (st dung chit nén co
mui huong, thudng 1a sucroza va acacia hodc nhya tragacan), bot, hat, hodc duéi dang
dung dich hodc huyén phu trong chét léng chira nudc hodc khong chira nude, hodc
duéi dang nhii trong l1éng diu trong nudc hoic nude trong dau, hoic duéi dang con
ngot hodc xi ro, hodc dudi dang vién ngdm (st dung chit nén tro, chéng han nhu
gelatin va glyxerin, hodc sucroza va acacia) va/hodc dudi dang nude sic miéng va
tuong tu, moi ché phdm chira luong x4c dinh truée cla hop chat theo sang ché dudi
dang thanh phan hoat tinh. Hop chét theo sang ché ciing c6 thé duoc dung nhu 1a dang

vién 16n, thuoc té hoac bot nhio.

O dang liéu rén theo sang ché dé dung qua dudng miéng (vién nang, vién nén,
vién tron, vién bao duong, bot, hat, vién ngdm det va tuong tu), thanh phén hoat tinh
duoc tron v4i mét hodc nhiu chét mang dugc dung, chéng han nhu natri xitrat hodc
dicanxi phosphat, va/hodc chit bt ky sau day: (1) chat lam day hodc hodc chét kéo
dai, chrfmg han nhu tinh bdt, lactoza, sucroza, glucoza, manitol, va/hodc axit silicic; (2)
chét két dinh, chéng han nhu, vi dy, carboxymetylxenluloza, alginat, gelatin, polyvinyl
pyrolidon, sucroza va/hodc acacia; (3) chét giit 4m, ching han nhu glyxerol; (4) chit
phén r3, chéng han nhu aga-aga, canxi carbonat, tinh bdt khoai tiy hodc tinh bot ning,
axit alginic, silicat nhét dinh, va natri carbonat; (5) chit kim ham dung dich, chéng han
nhu parafin; (6) chét thic déy hép thu, chéng han nhu céc hop chit amoni bac bdn va
chét hoat dong bé mit, chéng han nhu poloxamer va natri lauryl sulfat; (7) chit thAm
uot, chéng han nhu, vi du, rurou xetyl, glyxerol monostearat, va chit hoat dong bé mat
khong ion; (8) chét hép thu, chéng han nhu cao lanh va dit sét bentonit; (9) chit lam
tron, chang han nhu talc, canxi stearat, magie stearat, polyetylen glycol rin, natri
lauryl sulfat, kém stearat, natri stearat, axit stearic, va cac hon hop cta chung; (10)
chat tao mau; va (11) chét giai phong kiém soat ching han nhu crospovidon hoic etyl
xenluloza. Trong truong hop ciia vién nang, vién nén va vién tron, duge pham ciing c6
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thé chira chat dém. Ché phdm rén cua loai trong tur ciing ¢6 thé duge st dung nhu 1a
chat 1am dy ¢ dang vién nang gelatin mém va vo cing sur dung t4 dugce nhu 1a lactoza

hogc dudng sira, cling nhu polyetylen glycol khbi lwong phan tir 1on va tuong tu.

Vién nén c6 thé duge bao ché bang cach dap thanh vién hoic duc, tiy y véi mot
hodc nhiéu thanh phén phu tro. Vién nén dugc dép thanh vién cé thé duoc bao ché st
dung chit két dinh (vi du, gelatin hoic hydroxypropylmetyl xenluloza), chit lam tron,
chat pha loang tro, chit bao quan, chét phén ra (vi dy, tinh bt natri glycolat hodc natri
carboxymetyl xenluloza lién két chéo), chét co hoat tinh bé mat hodc chét phan tan.
Vién nén duoc dic c6 thé duge san xudt bing cach dac hdn hop clia cac hop chit da

dugce tao bot dugc lam 4m bing chét pha lodng 16ng tro trong may thich hop.

Vién nén, va cac dang liéu rin khéc cua duoc phim theo sang ché, chang han
nhu vién bao duong, vién nang, vién tron va hat, ¢ thé tuy y dugc xé ranh hoac dugce
bao ché c6 16p bao phu va vo, ching han nhu bao rudt va bao kiéu khac da duoc biét
rd trong nganh bao ché duge phim. Chung cling c¢6 thé duoc bao ché dé giai phong
cham hoic c6 kim soat thanh phén hoat tinh st dung trong do, vi du,
hydroxypropylmetyl xenluloza theo cac ty 1& khac nhau dé thu duogc dic trung giai
phéng mong mudn, chit nén polyme khéc, liposom va/hodc cac vi ciu. Ching c6 thé
duoc bao ché dé giai phéng nhanh, vi du, dong kho. Chung ¢6 thé dugc khir tring
béng cach, vi du, loc qua bd loc giit lai vi khuén, hoac béng cach két hop cac chit khur
tring & dang ché pham rin tiét tring ma c6 thé dugc hoa tan trong nudc ti€t trung,
hozc mot sé6 moi trudong tiém duoc tiét tring khac ngay trude khi str dung. Cac ché
phim nay c6 thé tuy y chtra chit can quang va c6 thé 1a ché phim ma chung giai
phéng (c4c) thanh phéan hoat tinh chi, hodc wu tién, hoic mot phan nhit dinh cia
dudng tiéu hoa, thy y, mot cach cham rdi. Vi du vé cac ché phim nhting ma c6 thé
dugc st dung bao gém cac chit polyme va sap. Thanh phan hoat tinh cling c6 thé &
dang vi doéng goi, néu thich hop, voi mot hoac nhiéu trong sb cac ta dugc duge mo ta &

trén.

Dang liéu 1ong dé dung qua dudng miéng cia cac hop chat theo sang ché bao
gém nhil tvong, vi nhil twong, dung dich, huyén phu, xi rd va cdn ngot duoc dung.
Ngoai thanh phan hoat tinh, dang lidu long c6 thé chira chét pha loang tro dugc st
dung phé bién trong linh vuc nay, chéng han nhu, vi du, nudc hodc dung moi khac,

chit hoa tan va chit nhii hoa, chéng han nhu ruou etyl, ruou isopropyl, etyl carbonat,
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etyl axetat, rugu benzyl, benzyl benzoat, propylen glycol, 1,3-butylen glycol, ddu (cu
thé 1a, dau hat bong, dau dau phong, dau ngo, diu mam, diu 6 liu, dau thau diu va dau
vung), glyxerol, ruou tetrahydrofuryl, polyetylen glycol va este axit béo cuia sorbitan,

va cac hon hop cua ching.

Bén canh céc chit pha lodng tro, ché pham ding qua dudng miéng ciing c6 thé
bao gdm chit phu trg ching han nhu chit thAm uét, chit nhii hoéa va chét tao huyén

phu, chét tao ngot, chét tao huong, chit tao mau, chat tao mui thom va chét bao quan.

Huyén phu, ngoai cac hoat chét, c6 thé chua chit tao huyén phu nhu 1a, vi du,
rugu isostearyl etoxyl hda, polyoxyetylen sorbitol va sorbitan este, xenluloza vi tinh
thé, nhom metahydroxit, bentonit, aga-aga va nhya tragancan, va cac hon hop cula

ching.

Ché phidm bao ché cia duogc pham theo sang ché dé dung theo duodng truc trang
hodc 4m dao co thé & dang vién dan, ma co thé duogc bao ché béng cach tron mot hodc
nhiéu hop chét theo sang ché v&i mot hodc nhiéu ta duoc hodc chat mang khong gy
kich tng thich hop bao gbm, vi du, bo ca cao, polyetylen glycol, sap dan hodc
salixylat, va chit & thé rin & nhiét do phong, nhung & thé 16ng & nhiét do co thé va, vi

vdy, s& tan chay trong khoang truc trang hodc &m dao va giai phong hoat chét.

Ché pham theo sang ché thich hop dé ding cho dudng 4m dao con bao gdm
vong tranh thai, tampon, kem, gel, bdt nhdo, bot hodc ché phém phun chira cac chét

mang nhu da biét 12 thich hop trong linh vuc nay.

Dang liéu dé ding tai chd hodc qua da ctia hgp chat theo sang ché bao g6m
thudc bot, thube xit, thubc md, bot nhio, kem, thubc nude, gel, dung dich, miéng dép
va thubce hit. Hoat chét c6 thé trong diéu kién v6 trung vai chét mang dugc dung, va

v6i chét bio quan, chit dém, hodc chit ddy bat ky ma cin thiét.

Thudc md, bot nhao, kem va gel ¢6 thé chura, ngoai hoat chét theo sang ché, ta
duoc, chéng han nhu chét béo dong vat va thuc vat, dau, sap, parafin, tinh bdt, nhua
tragancan, dan xuit xenluloza, polyetylen glycol, silicon, bentonit, axit silicic, talc va

kém oxit, hodc hdn hgp ctia chung.

Thude bot va va thube Xit c6 thé chua, ngoai hgp chét theo sang ché, ta duoc

chang han nhu lactoza, talc, axit silicic, nhém hydroxit, canxi silicat va bot polyamit,
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hozc hdn hop cia cac chat nay. Ngoai ra, thudc xit c6 thé chira thude diy truyén théng,
chang han nhu cloflohydrocacbon va hydrocacbon khong dugc thé bay hoi, ching han

nhu butan va propan.

Miéng dip thdm thiu qua da c6 loi ich bd sung 1a dem lai su van chuyén duoc
kiém soat ctia hop chét theo sang ché dén co thé. Dang lidu nhu vay c6 thé dugc bao
ché bang cach hoa tan hoic phan tan hop chit trong mai truong thich hop. Cac chét
tang cuong hap thu ciing ¢ thé duoc st dung dé tang dong hop chit qua da. Téc do
ctia dong hop chét nay c6 thé dugc kiém soat hoic bang cach trang bi mang kiém so4t

tbc d6 hodc bang cach phan tan hop chat trong chét nén polymer hoic gel.

Céc ché phém dung cho mét, thubc mo mét, bot, dung dich va tuong tu, cling

dugc du liéu la nam trong pham vi clia sang ché.

Dugc pham theo sang ché thich hop dé ding ngoai duong tiéu hoa chira mot
hodc nhiéu hop chét theo sang ché két hop véi mét hodic nhiéu dung dich, dang phan
tan, huyén phu hodc nhii twong chira nude hodc khéng chira nuéc dang truong tiét
trung dugc dung hodc bot tiét tring ma ¢ thé dugc hoan nguyén vao dung dich hoac
dang phan tan tiét tring c6 thé tiém dugc ngay trude khi sir dung, ma c6 thé chira
duong, ruou, chat chéng oxy hoa, chit dém, chit kim ham vi khuén, chit hoa tan ma
c6 thé 1am cho ché phdm ding truong v6i méu cla ngudi nhan chi dinh hoic ding

truong véi cac chét lo ltng hodc chit 1am dic.

Vi du vé cac chit mang chtra nude va khong chira nuée thich hgp ma c6 thé
dugc st dung trong duge phdm theo sang ché bao gdm nudc, etanol, polyol (ching
han nhu glyxerol, propylen glycol, polyetylen glycol, va tuong tu), va cac hon hop
thich hop ctia chung, dau thuc vit, chéng han nhu dau 6 liu, va este hitu co tiém duoc,
ching han nhu etyl oleat. Trang thai 16ng thich hop c6 thé dugc duy tri, vi du, bing
céch stt dung céc vat liéu bao phu, chiang han nhu lexithin, bang su duy tri kich thuéc
hat yéu ciu trong trudong hop cac dang phan tan, va bang cach sir dung chét hoat dong
bé mat.

Céc ché pham nay con c6 thé chira chit phu tr¢ ching han nhu chét bao quan,
chit thAm u6t, chit nhii hoa va chét phén tan. Sy ngan chin hoat dong cua vi khuin
dua trén céc hop chit di néu co6 thé duoc dam bao bing cach thém rat nhidu chit

khang khuén va chat khac nam khac nhau, vi du, paraben, clobutanol, axit phenol
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sorbic, va tuong tu. N6 cling dugec mong mudn 1a bao gdm ca cac chat dang truong,
chang han nhu duong, natri clorua, va tuong tu vao cdc ché pham nay. Ngoai ra, su
hap thu kéo dai ciia dang duoc pham tiém dugc c6 thé duge mang vé bdi su dua vao

cc chit ma tri hoan su hép thu chéng han nhu nhém monostearat va gelatin.

Trong mét sd trudng hop, dé kéo dai tac dung ctia duoc chit, nguoi ta among
mudn 1am chiam su hép thu cta dugc chét tir viéc tiém dudi da hodc tiém bép. Viéc
nay c6 thé dugc hoan tit bang cach st dung huyén phu 10ng cta vat liéu tinh thé hodc
v0 dinh hinh c6 do hoa tan trong nudc kém. Téc do hép thu dugc chat do d6 phu thudc
vao tbc dod hoa tan ma, 1an luot, phu thudce vao kich thude tinh thé va dang tinh thé.
Noi cach khac, su hép thu bi tri hoan cda dang duoc chét duoc dung theo duong ngoai
tiéu hoa duoc hoan tit bang cach hoa tan hodc tao huyén ph dugc chét nay trong ta

duoc 16ng chira dau.

Dang mau cy phong thich chdm duéi da (depot) tiém dugc duge bao ché bang
cach tao chat nén vi bao cia hop chét da néu trong polyme c6 thé phan huy sinh hoc
chiang han nhu polylactit-polyglycolit. Tuy thudc vao ty 1é cta duoc chit so véi
polyme, va ban chit cua polymer cu thé duoc st dung, tde dod cua dugc chét giai
phéng c6 thé duoc kiém soat. Vi du vé polyme c6 thé phan huy sinh hoc khéc bao gdm
poly(ortoeste) va poly(anhydrit). Ché phdm tiém duoc dang depot ciing duoc bao ché
bang cach thu gift duoc chét trong liposom hodc vi nhii twong ma thich hop véi mo co

thé.

Khi cac hop chit theo sang ché duge dung nhu 13 dugc pham, cho ngudi va
dong vat, chiing c6 thé duoc xac dinh tu ban than chung hoac nhu 1a duoc phém chira,
vi du, 0,1 dén 99% (tét hon 13, 10 dén 30%) thanh phan hoat tinh két hop véi chit

mang duoc dung.

Cac ché phim theo sang ché co6 thé duoc dua vao theo duong miéng, duong
ngoai tiéu hoéa, tai chd, hoic duong truc trang. Chung duong nhién dugc dua vao &
dang thich hop ddi v6i mbi con dudong st dung. Vi du, ching dugc st dung ¢ dang
vién nén hodc vién nang, béng céch tiém, hit, dung dich lam sach mét, thudc m®, thude
dan, v.v. dugc ding bing cich tiém, truyén hodc hit; dung tai chd bang thubc nudce
hozc thuéc md; va dung theo dudng truc trang bing thubc dan. Uu tién dung qua

dudng miéng.
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Cum tr "dung ngoai duong tiéu hoa" va "dugc ding ngoai dudong tiéu hoa" nhu
dugce st dung ¢ diy nghia la cdc cach dung khéac ngoai dung theo duong rudt va dung
tai chd, thuong bang cach tiém, va bao gbém, ma khong han ché & tiém va truyén trong
tinh mach, trong bép, trong dong mach, ndi tdy mac, trong vo, trong héc mét, trong
tim, trong da, trong phiic mac, qua khi quan, dudi da, dudi biéu bi, trong khop, dudi

v0, du6i mang nhén, trong cdt song va trong xwong tc.

Cum tu "dung hé théng", "dugc dung mdt cach c6 hé théng", "dung ngoai bién"
va "dugc dung ngoai bién" nhu dugc sir dung & diy nghia 1a viéc dung hop chit, dugc
chit hodc vat liéu khac ngoai cach dung truc tiép vao hé théng than kinh trung uong,
sao cho n6 di vao co thé cua bénh nhan va, do d6, dan tdi qué trinh chuyén héa va céac

quy trinh twong tu khéac, vi du, dung duéi da.

Céc hop chét nay c6 thé duoc dung cho ngudi va céc dong vat khac dé diéu tri
bang dudng ding thich hop bat ky, bao gdm dudng miéng, dudng mii, nhu 13 bang, vi
du, thudc xit, dudng truc trang, trong Am dao, ngoai duong tiéu hoa, trong bé chira va
tai chd, nhur 1a bang thube bot, thude md hodc thude nhé, bao gbém ving miéng va dudi
ludi.

Bit ké 1a chon dudng dung nao, cic hop chit theo sang ché, co thé duoc sit
dung & dang hydrat thich hop, va/hodc dugc pham theo sang ché, duge bao ché thanh
dang lidu duoc dung bing cac phuong phap thong thudng da biét dbi voi ngudi co

hiéu biét trung binh trong linh vuc nay.

Mirc do lidu thuc té cta cac thanh phan hoat tinh trong dugc phdm theo sang
ché co thé dugc thay dbi dé dat duge lugng thanh phan hoat tinh ¢6 hiéu qua dé dat
dugc dap tng diéu tri mong mudn ddi v&i bénh nhan cu thé, ché pham, va cach thuc

dung, ma khong gay doc cho bénh nhan.

Mic d6 lidu duge chon sé phu thudc vao hang loat cac yéu td bao gém hoat tinh
cua hop chét cu thé theo sang ché dugc st dung, hodc este, mubi hodc amit cua hop
chét, duong dung, thdi gian dung, tdc dd bai tiét hoac chuyén hoa cia hop chit cu thé
dugc str dung, tbe do va muc do hép thuy, thoi gian diéu tri, cac duogc chét khac, cac
hop chit va/hodc vat liéu duoc st dung két hop véi hop chét cu thé duoc dung, do
tudi, 2161 tinh, can né@ng, tinh trang, strc khoe téng quat va tién st bénh cuia bénh nhin

dang duogc diéu tri, va cac yéu td tuong tu da biét trong linh vuc y khoa.
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Mot bac si hodc bac si thi y co hiéu biét trung binh trong linh vuc ¢ thé xac
dinh dé dang va ké don luong hiéu qua ciia duoc phdm duge yéu ciu. Vi du, bac si
hozc béc si tha y nay c6 thé bat dau ké liéu cua hop chit theo sang ché duogc st dung
trong dugc phdm & mirc thap hon yéu cdu dé dat dugc hiéu qua diéu tri mong muébn va

tang liéu dan cho dén khi dat duoc hiéu qua mong mudn.

N6i chung, liéu hang ngay thich hop ctia hop chit theo sang ché sé la luong hop
cht ma 1a lidu thdp nhét c6 hidu qua dé dem lai tic dung didu tri. Liéu hidu qua nhu
vy nhin chung s& phu thudc vao cac yéu td dugc mo ta & trén. Noéi chung, liéu cta
hop chit theo sang ché dé dung qua duong miéng, tinh mach trong nio that va dudi da
cho bénh nhén, khi dugc st dung dé c6 tac dung gidm dau dugc chi dinh, s& thay dbi

tir khoang 0,0001 dén khoang 100mg/kilogam trong lwong co thé/ngay.

Néu mubn, lidu hing ngay thich hop cuia hoat chét ¢6 thé duge dung 1a hai, ba,
bon, ndm, sdu hodc nhiéu hon céc lidu nho dugc dung riéng biét & céc khoang thoi
gian trong ngdy, mot cach tiy ¥, & dang liéu don vi. Liéu uu tién 1a ding mot 14n mot
ngay.

Trong khi c6 thé diing hop chét theo sang ché mot minh, nguoi ta vu tién dung

hop chét nay dudi dang duoc phdm (ché phim).

Céc hop chét theo sang ché c¢6 thé duge bao ché dé dung theo con dudng thuin
tién bat ky dé sir dung lam thudc cho nguol hodc tha y, theo cach tuong tu voi cic

dugc pham khéc.

Theo khia canh khéc, sang ché dé xuét ché phém dugce dung chira lugng c6 hiéu
qua diéu tri cta mét hodc nhiéu hop chét da néu, nhu dugc mo ta & trén, duoc bao ché
cling v6i mot hodc nhidu chit mang duoc dung (chat phu gia) va/hodc chat pha loang.
Nhu duge mo ta chi tiét dudi day, dugc phdm theo sang ché c6 thé duoc bao ché dic
biét dé st dung & dang rén hodc long, bao gdm cac duoc pham duoc ung dung theo
cac cach sau: (1) dung qua duong miéng, vi du, thube nuée (dung dich hogc huyén phu
chira nuGe hodc khong chira nude), vién nén, vién thude loai to, bot, hat, bot nhdo dé
dung cho ludi; (2) dung theo dudng ngoai tiéu hoa, vi du, bang cach tiém dudi da, tiém
bép hodc ti€ém trong tinh mach injection, vi du nhu, dung dich hoic huyén phu tiét
trung; (3) dung tai chd, vi du nhu kem, thudc m& hoic thudc xit dugc dung 1én da,

phoi, hodc mang nhay; hodc (4) trong 4&m dao hodc trong truc trang, vi du nhu vién dat
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am dao, kem hodc bot; (5) dudi ludi hodc viing miéng; (6) viing mat; (7) qua da; hodc

(8) duong miii.

Thuat ngit "diéu tri" con nhim bao gdm phwong phap phong bénh, tri liéu va

chita tri.

Bénh nhéin nhén su diéu tri nay la dong vat bat ky c6 nhu cau, bao gom loai linh
trudng, cu thé 1a loai nguoi, va dong vat c6 vl khac chang han nhu ngua, gia stc, lon

va clru; va gia cam va tha cung néi chung.

Hop chét theo sang ché c¢o thé st dung doc lap hoic trong hdn hop véi chét
mang dugc dung va ciing c6 thé duoc sir dung lién két v6i chét khang vi khuan ching
han nhu penixilin, xephalosporin, aminoglycosit va glycopeptit. Tri liéu két hop, do dé
bao gom sir dung tudn tw, ddng thoi va riéng biét hoat chit theo cach ma tac dung tri
liéu cta hoat chat duoc st dung dau tién khong hoan toan bi bién mét khi chét tiép

theo dugc st dung.

Cong nghé vi nhil hoéa c6 thé cai thién st kha dung sinh hoc ctia mot sb chét co
dugc tinh wa béo (khong tan trong nudce). Céc vi du bao gdm trimetrin (Dordunoo, S.
K., et al., Drug Development va Industrial Pharmacy, 17(12), 1685-1713, 1991 va
REV 5901 (Sheen, P. C., et al., J Pharm Sci 80(7), 712-714, 1991). Trong s6 cic cong
nghé khéc, vi nhii héa dem lai sy kha dung sinh hoc dugc ting cuong béng cach hép
thu uu tién truc tiép td1 hé bach huyét thay vi hé théng tudn hoan, sau d6 di qua gan, va

ngan can sy pha hily cac hop chét trong sy Iuu théng gan-6ng mat.

Trong khi t4t ca cac chit mang Iudng tinh thich hop duoc cling dugc du liéu,
chit mang dugc vu tién hién nay thuong 1a cac chit ma co trang thai nhin chung duogc
nhén biét 12 an toan (Generally-Recognized-as-Safe - GRAS), va ¢6 thé hoa tan ca hop
chit theo sang ché va vi nhii héa né & giai doan sau do6 khi dung dich di vao tiép xuc
v6i pha nuéc chira phirc hop (ching han nhu pha dugc tim thiy & duong da day-rudt
ctia ngudi). Thudng thuong, cac thanh phin amphiphilic ma dap Gng céac yéu ciu nay
c6 gia tri HLB (can bang wa nudc trén wa béo) 1a 2-20, va ciu trac cia ching chira gbc
béo mach thing trong pham vi C-6 dén C-20. Cac vi du la glyxerit béo duoc
polyetylen-glycol hoa va polyetylen glycol.

Céc chét mang ludng tinh san c6 trén thi truong dac biét dugc du liéu, bao gém

chudi Gelucire, Labrafil, Labrasol, hoic Lauroglycol (tét ca dugc san xuit va phan
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phéi bai Gattefosse Corporation, Saint Priest, France), PEG-mono-oleat, PEG-di-oleat,
PEG-mono-laurat va di-laurat, Lexithin, Polysorbat 80, v.v (dugc san Xuit va phan
phdi boi mot sé cong ty & USA va trén toan thé gi6i).

Polyme wa nuéc thich hop dé sir dung trong sang ché 1a céc polyme dé hoa tan
trong nuédc, co thé duoc lién két hoa tri véi lipit tao thanh tdi chtra, va dugc dung nap
in vivo ma khong c6 tac dung doc hai (nghia 13, twong thich sinh hoc). Polyme thich
hop bao gém polyetylen glycol (PEG), polylactic (con dugc goi 1a polylactit), axit
polyglycolic (con duge goi la polyglycolit),copolyme ctia axit polylactic-polyglycolic,
va rugu polyvinyl. Polyme dwgc wu tién 1a céc polyme c6 khdi lwong phan tir tir
khoang 100 hodc 120 dalton Ién t6i khoang 5.000 hodc 10.000 dalton, va tot hon 1a tir
khoang 300 dalton dén khoang 5.000. Theo phuong 4n dugc uu tién dic biét, polyme
1a polyetylenglycol ¢6 khdi lwgng phan tir tir khoang 100 dén khoang 5.000 dalton, va
tot hon 1a c6 khdi lugng phéan tir tir khoang 300 dén khoang 5.000 dalton. Theo
phuong 4n dugc uu tién dic biét, polyme la polyetylenglycol 750 dalton (PEG(750)).
Polyme ciing c6 thé duoc xac dinh bing sé monomer cta chung; phuong an duoc wu
tién ciia sang ché sir dung polyme c6 it nhét khoang ba monome, polyme PEG nhu vay

bao gdm ba monome (x4p xi 150 dalton).

Polyme wa nuéc khac ma c6 thé thich hop dé sir dung trong sang ché bao gdm
polyvinylpyrolidon, ~ polymetoxazolin,  polyetyloxazolin,  polyhydroxypropyl
metacrylamit, polymetacrylamit, polydimetylacrylamit, va xenluloza dugc din xuit

chang han nhu hydroxymetylxenluloza hoic hydroxyetylxenluloza.

Theo cac phuong 4n nhét dinh, ché phdm theo sang ché chira polyme tuong
thich sinh hoc dugc chon tir nhém bao gdm polyamit, polycarbonat, polyalkylen,
polyme cua acrylic va metacrylic este, polyvinyl polyme, polyglycolit, polysiloxan,
polyuretan vacopolyme cua ching, xenluloza, polypropylen, polyetylen, polystyren,
polyme cua axit lactic va axit glycolic, polyanhydrit, poly(orto)este, poly(axit butic),
poly(axit  wvaleric), poly(lactit-co-caprolacton),  polysacarit, protein,  axit
polyhyaluronic, polyxyanoacrylat, va hdn hop pha tron, hdn hop, hodccopolyme ciia

ching.

Xyclodextrin 1a cac oligosacarit vong, bao gém 6, 7 hodc 8 don vi glucoza,

dugc xac dinh boi chit cai hé Hy Lap alpha, beta hodc gama, twong tng. Xyclodextrin
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c6 it hon sau don vi glucoza khong duoc biét 1a ton tai. Céc don vi glucoza dugc lién
két boi céc lién két alpha-1,4-glucosidic. Nhu 1a két qua cua céu tric dang ghé cua cac
don vi dudng, tat ca cidc nhom hydroxyl bac hai (¢ C-2, C-3) dugc dat trén mot phia
clia vong, trong khi tit ca cic nhom hydroxyl bac mot & C-6 nam & phia con lai. Két
qua 1a, bé mat ngoai la va nudce, lam cho xyclodextrin tan dugc trong nuée. Nguoc lai,
phan trong ctia xyclodextrin 12 ky nude, vi ching duge xép canh hydro cua cac nguyén
ttr C-3 va C-5, va canh oxy tuong tw nhu ete. Cac chit nén nay cho phép su tao phuc
vGi mot loat cac hop chat tuong dbi ky nudc, bao gém, vi du, cac hop chét steroit
chang han nhu 17.beta.-estradiol (xem, vi du, van Uden et al. Plant Cell Tiss. Org.
Cult. 38:1-3-113 (1994)). Sy tao phtrc xay ra do twong tdc Van der Waals va do su tao
thanh lién két hydro. D& danh gia chung vé héa hoc cla xyclodextrin, xem, Wenz,

Agnew. Chem. Int. Ed. Engl., 33:803-822 (1994).

Dic tinh 1y hoa cia din xudt xyclodextrin phu thudc chi yéu vao loai va mirc
do thé. Vi du, do hoa tan trong nude thay doi tir khong thé hoa tan (vi du, triaxetyl-
beta-xyclodextrin) dén hoa tan duoc 147% (trong lugng/thé tich) (G-2-beta-
xyclodextrin). Ngoai ra, chung hoa tan dugc trong nhiéu loai dung méi hitu co. Dic
tinh cta xyclodextrin cho phép kiém soat do hoa tan cta cac thanh phan ché phim

khac nhau bang céach ting hoic giam do hoa tan cia ching.

Nhiéu xyclodextrin va phuong phap diéu ché chung da dugc mo ta. Vi du,
Parmeter (I), et al. (U.S. Pat. No. 3,453,259) va Gramera, et al. (U.S. Pat. No.
3,459,731) da md ta xyclodextrin mang dién tir trung hoa. Cac dan xuit khac bao gom
xyclodextrin chttra cdc dic tinh cation [Parmeter (II), U.S. Pat. No. 3,453,257],
xyclodextrin lién két chéo khong tan dugc (Solms, U.S. Pat. No. 3,420,788), va
xyclodextrin chira cdc ddc tinh anion [Parmeter (III), U.S. Pat. No. 3,426,011]. Trong
sb cac dan xuét xyclodextrin chira déc tinh anion, axit carboxylic, axit phosphoro, axit
phosphinic, axit phosphonic, axit phosphoric, axit thiophosphonic, axit thiosulphinic,
va axit sulfonic di dwoc ndi thém véi xyclodextrin gbc [xem, Parmeter (I1I), supra].
Hon nita, cac din xut sulfoalkyl ete xyclodextrin da dugc mé ta boi Stella, et al. (U.S.

Pat. No. 5,134,127).

Liposom bao gdm it nhit mot mang hai [6p lipit kém theo mot khoang bén
trong chtta nuéc. Liposom c6 thé duge dic trung boi loai mang va kich thudec.

Liposom nhé mét 16p (SUVs) ¢6 mang don va thuong c6 duong kinh thay d6i trong
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khoang gitra 0,02 va 0,05um; liposom mdt 16p 16n (LUVS) thudng 16n hon 0,05um.
Liposom 16n it 16p va liposom nhiéu 16p c6 nhiéu 16p mang, thuong 13 dong tdm, va
thuong 16n hon 0,1pum. Liposom ¢6 mot sb mang khong déng tam, nghia 13, mot sb tai

nho hon duoc chira trong ti 16n hon, con dugce goi 1a ti ¢6 nhiéu tui nho.

Mot khia canh ctia sang ché d& cap dén cac ché phim chira liposom chira hop
chét theo sang ché, trong d6 mang liposom dugc tao thanh dé tao ra liposom c6 kha
ning van chuyén tang. Noi cach khéc hay ngoai ra, hop chét theo sang ché c6 thé duge
chira trong, hodc duoc hip phu 1én trén, hai 16p liposom hogc liposom. Hop chét theo
sang ché c6 thé duoc téng hop véi chat hoat dong bé mat lipit va dugc mang vao
khong gian bén trong liposom; trong cac trudng hop nay, mang liposom duoc tao

thanh dé chéng lai tac dong pha vy clia su két hop hoat chat-chat hoat dong bé mit.

Theo mdt phuong 4n cuia sang ché, 16p kép lipit cua liposom chtra lipit duoc
dén xuét véi polyetylen glycol (PEG), sao cho chudi PEG mé rong tir bé mit bén trong
cta hai 16p lipit vao khong gian bén trong dugce bao bdi liposom, va mé rong tir bé mit

bén ngoai cua 16p lipit vao moi trudong xung quanh.

Céc hoat chéat duoc chira trong liposom theo sang ché 14 & dang da hoa tan. Su
két hop chét hoat dong bé mit va hoat chét (chéng han nhu nhii twong hodc mixen
chira hoat chét quan tdm) c¢6 thé dugc thu gilt bén trong khong gian cua liposom theo
sang ché. Chét hoat dong bé mat hoat dong dé phan tan va hoa tan hoat chit, va c6 thé
duoc chon tir chét hoat dong bé mit béo, xycloaliphatic hodc thom thich hop bét ky,
bao gdm nhung khéng gi6i han & lysophosphatidylcholin (LPCs) twong thich sinh hoc
ctia viéc thay dbi chiéu dai chudi (vi du, tir khoéng C.sub.14 dén khoang C.sub.20).
Lipit dugc dan xuét tir polyme ching han nhu PEG-lipit ciing c6 thé duoc st dung dé
tao thanh mixen vi ching s& hoat dong dé wrc ché dung hgp mixen/mang, va vi su bd
sung polyme vao phan tir hoat dong bé mat 1am giam CMC clia chét hoat dong bé mit
va hd tro viée tao thanh mixen. Pugc wu tién 14 céc chat hoat dong bé mdt chira CMCs
trong pham vi micromol; chit hoat dong bé mit CMC cao hon c6 thé dugc st dung dé
diéu ché mixen thu duoc trong liposom ctia sang ché, tuy nhién, monome hoat dong bé
mit mixen c6 thé gy anh huéng dén sy dn dinh 16p kép ctia liposom va s& 1a yéu tb

trong viéc thiét ké liposom c6 d9 6n dinh mong mudn.
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Liposom theo sang ché c¢6 thé duge san xuit theo ky thuat bét ky trong sb hang
loat cac k§ thuat dd biét trong linh vuc nay. Xem, vi du, bang sang ché U.S. sb
4,235,871; don PCT ¢6 s cong bd WO 96/14057; New RRC, Liposom: A practical
approach, IRL Press, Oxford (1990), cac trang 33-104; Lasic DD, Liposomes from
physics to applications, Elsevier Science Publishers BV, Amsterdam, 1993.

Vi du, liposom theo sang ché co thé duoc san xuAt bang cach khuéch tan lipit
duoc din xuit v6i polymer wa nude vao liposom dugc hinh thanh truée, ching han
nhur bang cach cho liposom hinh thanh truée tiép xic véi mixen dugc tao thanh boi
polyme duoc ghép lipit, & ndng do lipit trong ting v&i phan trim phén tir cubi cung
ctia lipit duge din xuit ma dwoc mong mubn trong liposom. Liposom chtra polyme wa
nuée cling c6 thé duge tao thanh béi su ddng nhat hoa, hydrat héa truong lipit, hodc

cac k¥ thuat ép dun, nhu di biét trong linh vuc nay.

Theo mdt khia canh cia sang ché, liposom duge san xuit dé c6 céc kich thudc
gin nhu ddng nhat trong pham vi kich thuée dugc chon. Mot phuong phap dinh co
hiéu qua lién quan dén viéc ép dun huyén phu chira nuéc cta liposom thong qua mot
chudi mang polycarbonat c6 kich thude 16 ddng nhét dugc chon; kich thudc 15 cia
mang s& gan nhu twong Gng vdi kich thude 16n nhét cua liposom durge tao ra bang

cach ép dun qua mang d6. Xem vi du, U.S. Pat. No. 4,737,323 (Apr. 12, 1988).

Tinh chét giai phong cia ché pham theo sang ché phu thudc vao vat liéu bao,
néng d6 cta duge chit duge bao, va su ¢6 mit cta chét diéu bién giai phéng. Vi du, su
gidi phong c6 thé dugc diéu khién dé phu thude vao pH, vi du, sir dung 16p phit nhay
v6i pH ma chi giai phéng & do pH thap, nhu trong da day, hodc do pH cao hon, nhu
trong rudt. Lép bao rudt c¢6 thé dugce sir dung dé ngin giai phéng xay ra dén tan sau
khi di qua da day. Nhiéu 16p phii hoic hdn hop cla xyanamit duge bao bing cac vat
lidu khac nhau c6 thé duoc st dung dé thu duoc su giai phong ban dau trong da day,
sau d6 1a sy giadi phong trong rudt. Su giai phong ciing c6 thé dugc didu khién do bao
gém ca cac mudi hodc cac chit tao 161, ma c6 thé 1am tdng su hép thu nudc hodc giai
phéng duoce chat bang sw khuéch tan tir vién nang. T4 duogc didu bién do hoa tan cta
duoc chét cling c6 thé dugc st dung dé kiém soat tbc d¢ giai phong. Cac chét 1am tang
cudng su phan hity chit nén hodc giai phong tir chét nén cling c6 thé duoc két hop vao.
Chang c6 thé duoc thém vao duogc chét, dugc thém vao nhu la pha riéng biét (nghia la,

dudi dang hat), hodc c6 thé duoc ddng hoa tan trong pha polymer tuy thudc vao hop
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chat. Trong tit ca cac trudng hop luong nay nén nim trong khoang 0,1 va ba muoi
phan trim (trong luong/trong lugng polyme). Céc loai chit ting cudng phéan huy bao
gém cac mubi vo co chéng han nhu amoni sulfat va amoni clorua, cic axit hitu co
chéng han nhu axit xitric, axit benzoic, va axit ascorbic, cic bazo v co chéng han nhu
natri carbonat, kali carbonat, canxi carbonat, kém carbonat, va k&m hydroxit, va cac
bazo hitu co ching han nhu protamin sulfat, spermin, cholin, etanolamin,
dietanolamin, va trietanolamin va céc chét hoat dong bé mat chéng han nhu Tween®
va Pluronic®. Chét tao 15i ma b sung vi cAu trac vao cac chit nén (nghia la, cac hop
chat tan dugc trong nude ching han nhu cac mudi vo co va duong) dugc thém vao
duéi dang hat. Pham vi nén nim trong khoang mot va ba muoi phan trim (trong

luong/trong luong polyme).

Su hép thu ciing c6 thé duoc didu khién bang cach thay dbi thoi gian cu tra cua cac hat
trong rudt. Diu nay co thé dat duogc, vi du, bang cach bao hat voi polyme dinh thudc
niém mac, hodc chon loc lam vét liéu bao vo. Cac vi du bao gém phén 16n céc polyme
chita nhém carboxyl tu do, chéng han nhu chitosan, xenluloza, va dic biét a
polyacrylat (nhu dugc st dung & ddy, polyacrylat ding dé chi polyme bao gém nhém

acrylat va nhom acrylat dugc bién dbi ching han nhu Xyanoacrylat va metacrylat).

Séang ché dic biét dé cap dén hop chat ¢6 cong thac I (hodc duoc phérn chira
hop chat c6 cong thirc I) dé sir dung trong didu tri mot hodc nhidu bénh dugc dé cap &
day; trong d6 phan tng véi su diéu tri 12 c¢6 loi nhu da chirng minh, vi dy, bang cach
loai bé mot phén hodc hoan toan mot hodc nhiéu triéu chung cia bénh cho dén khi

chita khoi hoan toan hodc thuyén giam.

Hop chét c6 cong thie (I) ciing c6 thé duge si dung két hop véi cac hop chét
va céac thé tiép hop khang thé-dugc chit sau:

Cac chit wc ché BCR-ABL: Imatinib (Gleevec®); Inilotinib hydroclorua;
Nilotinib (Tasigna®); Dasatinib (BMS-345825); Bosutinib (SKI-606); Ponatinib
(AP24534);  Bafetinib (INNO406); Danusertib (PHA-739358), AT9283 (CAS
1133385-83-7); Saracatinib (AZD0530); va N-[2-[(1S,4R)-6-[[4-(Xyclobutylamino)-5-
(triflometyl)-2-pyrimidinyl]Jamino]-1,2,3,4-tetrahydronaphtalen-1,4-imin-9-y1]-2-
oxoetyl]-axetamit (PF-03814735, CAS 942487-16-3); va LGX818.
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Céac chit &rc ché ALK: PF-2341066 (XALKORI®, crizotinib); 5-clo-N4-(2-
(isopropylsulfonyl)phenyl)-N2-(2-metoxy-4-(4-(4-metylpiperazin-1-yl)piperidin-1-
yl)phenyl)pyrimidin-2,4-diamin; GSK1838705A; va CH5424802.

Céc chét trc ché BRAF: Vemurafanib (PLX4032); va Dabrafenib.

Céc chit tc ché FLT3 — sunitinib malat (dugc ban duéi tén thuong mai
Sutent® bdi Pfizer); PKC412 (midostaurin); tanutinib, sorafenib, sunitinib,
midostaurin, lestaurtinib, KW-2449, quizartinib (AC220) va crenolanib.

Céc chét rc ché MEK — trametinib.

Céac chat tic ché thy thé yéu td ting trudng ndi mac mach mau (VEGF):
Bevacizumab (dugc ban dudi nhan hi¢u Avastin® cua hing Genentech/Roche),
axitinib, (N-metyl-2-[[3-[(E)-2-pyridin-2-yletenyl]-1H-indazol-6-yl]sulfanyl]benzamit,
ciing duoc biét dén nhu 1a AG013736, va duge md ta trong cong bd don PCT s§ WO
01/002369), Brivanib Alaninate ((S)-((R)-1-(4-(4-flo-2-metyl-1H-indol-5-yloxy)-5-
metylpyrolo[2,1-f][1,2,4]triazin-6-yloxy)propan-2-yl)2-aminopropanoat, cling duoc
biét dén nhu 12 BMS-582664), motesanib (N-(2,3-dihydro-3,3-dimetyl-1H-indol-6-yl)-
2-[(4-pyridinylmetyl)amino]-3-pyridincarboxamit, va dugc mo ta trong coéng bd don
PCT s6 WO 02/066470), pasireotit (ciing duoc biét dén nhu 1a SOM230, va duge mbd
ta trong cong bd don PCT s WO 02/010192), sorafenib (duge ban duéi tén thuong

mai Nexavar®);

Cac chat e ché thu thé HER2: Trastuzumab (dwgc ban du6i nhan hiéu
Herceptin® ctia hiang Genentech/Roche), neratinib (ciing duoc biét dén nhu 13 HKI-
272, (2E)-N-[4-[[3-clo-4-[(pyridin-2-yl)metoxy |phenyl]amino]-3-xyano-7-
etoxyquinolin-6-yl]-4-(dimetylamino)but-2-enamit, va dugc md ta trong cong bd don
PCT s6 WO 05/028443), lapatinib hodc lapatinib ditosylat (dugc ban dudi nhian hiéu
Tykerb® bdi GlaxoSmithKline); Trastuzumab emtansine (¢ MJ, ado-trastuzumab
emtansine, tén thuong mai Kadcyla) — thé lién hop khang thé-dugce chit bao gom
khang thé don dong trastuzumab (Herceptin) duoc lién két voi chit gay doc té bao

mertansin (DM1);

Céac khang thé CD20: Rituximab (dwgc ban dugi nhdn hius Riuxan® va

MabThera® cia hiang Genentech/Roche), tositumomab (dugc ban dudi nhan hiéu
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Bexxar® cua hang GlaxoSmithKline), ofatumumab (dugc ban duéi nhin hiéu

Arzerra® cua hang GlaxoSmithKline);

Céc chét tc ché tyrosin kinaza: Erlotinib hydroclorua (dugc ban dudi nhan hiéu
Tarceva® cua hang Genentech/Roche), Linifanib (N-[4-(3-amino-1H-indazol-4-
yD)phenyl]-N'-(2-flo-5-metylphenyl)ure, ciing duoc biét dén nhu 12 ABT 869, sin c6 tir
Genentech), sunitinib malat (dugc ban duéi tén thuong mai Sutent® cta hang Pfizer),
bosutinib  (4-[(2,4-diclo-5-metoxyphenyl)amino]-6-metoxy-7-[3-(4-metylpiperazin-1-
yl)propoxy]quinolin-3-carbonitril, cling dugc biét dén nhu 1a SKI-606, va duge md ta
trong béng sang ché M§ sb 6,780,996), dasatinib (dugc ban dudi tén thuong mai
Sprycel® boi Bristol-Myers Squibb), armala (ciing dugc biét dén nhu 13 pazopanib,
duoc ban dudi tén thuong mai Votrient® ctia hing GlaxoSmithKline), imatinib va
imatinib mesylat (dugc ban duéi tén thuong mai Gilvec® va Gleevec® clia hing

Novartis);

Cac chit trc ché téng hop ADN: Capecitabine (dugc ban dudi nhan hiéu
Xeloda® cua hang Roche), gemcitabine hydroclorua (dwgc ban dudi nhin hiéu
Gemzar® cua hang Eli Lilly and Company), nelarabine ((2R,3S,4R,5R)-2-(2-amino-6-
metoxy-purin-9-yl)-5-(hydroxymetyl)oxolan-3,4-diol, dugc ban dudi tén thuong mai

Arranon® va Atriance® cia hang GlaxoSmithKline);

Céc chit chong ung thu: oxaliplatin (dugc ban dudi tén thuong mai Eloxatin®

ay Sanofi-Aventis va dugc md ta trong bang sang ché My s6 4,169,846);

Céc chét tc ché thu thé yéu t6 tang trudng biéu bi (EGFR): Gefitnib (dugc ban
dudi tén thuong mai Iressa®), N-[4-[(3-Clo-4-flophenyl)amino]-7-[[(3"S")-tetrahydro-
3-furanyl]oxy]-6-quinazolinyl]-4(dimetylamino)-2-butenamit, dugc ban dudi tén
thuong mai Tovok® cia hang Boehringer Ingelheim), cetuximab (duwgc ban dudi tén
thuong mai Erbitux® cua hang Bristol-Myers Squibb), panitumumab (dugc ban dudi

tén thurong mai Vectibix® cuia hang Amgen);

Cac chit wc ché dime héa HER: Pertuzumab (dugc ban dudi nhan hiéu

Omnitarg®, cua hang Genentech);

Céc chét diéu bién yéu t kich thich tao dong bach cdu hat (G-CSF) & ngudi:

Filgrastim (dugc ban dudi tén thuong mai Neupogen® ctia hding Amgen);
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Céc chét diéu bién mién dich: Afutuzumab (s&n c6 tir Roche®), pegfilgrastim
(dugc ban dudi tén thuong mai Neulasta® cuia hang Amgen), lenalidomide (ciing duoc
biét dén nhu 1a CC-5013, duoc ban dudi tén thuwong mai Revlimid®), thalidomide

(duoc ban dudi tén thuong mai Thalomid®);

Céc chat rc ché CD40: Dacetuzumab (ciing duge biét dén nhu 12 SGN-40 hay

huS2C6, sin c6 tir Seattle Genetics, Inc);

Céc chit chu van thu thé c6 kha ning gay chét t& bao theo chuong trinh sém
(pro-apoptotic receptor agonists - PARAS): Dulanermin (ciing duoc biét dén nhu 1a

AMG-951, san c6 tir hing Amgen/Genentech);

Céc chdt ddi khang Hedgehog: 2-clo-N-[4-clo-3-(2-pyridinyl)phenyl]-4-
(metylsulfonyl)- benzamit (cling dugc biét dén nhu 1a GDC-0449, va duoc md ta trong
cong bd don PCT s6 WO 06/028958);

Céc chat rc ché PI3K: 4-[2-(1H-Indazol-4-y1)-6-[[4-(metylsulfonyl)piperazin-
1-ylJmetyl]thieno[3,2-d]pyrimidin-4-ylJmorpholin (ciing duoc biét dén nhu 1a GDC
0941 va da dugc mo ta trong cic cong bd don PCT sé WO 09/036082 va WO
09/055730),  2-metyl-2-[4-[3-metyl-2-0x0-8-(quinolin-3-yl)-2,3-dihydroimidazo[4,5-
c]quinolin-1-yl]phenyl]propionitril (ciing dwgc biét dén nhu 1a BEZ 235 hoic NVP-
BEZ 235, va dugc md ta trong cong bd don PCT s6 WO 06/122806);

Céc chét e ché phospholipaza A2: Anagrelide (dugce ban dudi tén thuong mai
Agrylin®);

Céc chat (e ché BCL-2: 4-[4-[[2-(4-clophenyl)-5,5-dimetyl-1-xyclohexen-1-
yl]metyl]-1-piperazinyl]-N-[[4-[[(1R)-3-(4-morpholiny])-1-
[(phenylthio)metyl]propyl]amino]-3-[(triflometyl)sulfonyl]phenyl]sulfonyl]benzamit
(cling dugc biét dén nhu 13 ABT-263 va dugc mé ta trong cong bd don PCT s6 WO
09/155386);

Céc chét trc ché protein kinaza duoc hoat héa béi tac nhan phin bao (MEK):
X1L-518 (s6 dang ky Cas 1029872-29-4, s&n c6 tir ACC Corp.);

Céc chat uc ché aromataza: Exemestane (dugc ban duéi nhan hiéu Aromasin®
cia hang Pfizer), letrozole (dugc ban dudi tén thwong mai Femara® cia hing

Novartis), anastrozole (dugc ban duéi tén thuong mai Arimidex®);
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Cac chit tGc ché Topoisomeraza I: Irinotecan (duoc ban dudi nhin hiéu
Camptosar® cua héng Pfizer), topotecan hydroclorua (dugc ban dudi tén thuong mai

Hycamtin® ctia hang GlaxoSmithKline);

Céc chét trc ché Topoisomeraza II: etoposide (cling duge biét dén nhu 1a VP-16
va Etoposide phosphat, duoc ban dudi tén thuong mai Toposar®, VePesid® va
Etopophos®), teniposide (ciing dugc biét dn nhu la VM-26, dugc ban dudi tén

thuong mai Vumon®);

Céc chét rc ché mTOR: Temsirolimus (duoc ban dudi tén thuong mai Torisel®
ctia hiang Pfizer), ridaforolimus (tién than 13 deferolimus, (1R,2R,4S)-4-[(2R)-2
[(1R,98,12S5,15R,16E,18R,19R,21R, 23S,24E,26E,287,308,32S,35R)-1,18-dihydroxy-
19,30-dimetoxy-15,17,21,23, 29,35-hexametyl-2,3,10,14,20-pentaoxo-11,36-dioxa-4-
azatrixyclo[30.3.1.0*’] hexatriaconta-16,24,26,28-tetraen-12-yl|propyl]-2-
metoxyxyclohexyl dimetylphosphinat, ciing dugc biét dén nhu 1a AP23573 va
MK8669, va duge md ta trong cong bd don PCT sé6 WO 03/064383), everolimus

(duoc ban dudi tén thuong mai Afinitor® cta hing Novartis);

Céc chét trc ché tai hap thu trén té bao hiy xwong: monohydrat cua axit 1-
Hydroxy-2-imidazol-1-yl-phosphonoetyl) phosphonic (dwgc ban duéi tén thwong mai
Zometa® cua hang Novartis);

Thé lién hop khang thé duoc chit CD33: Gemtuzumab ozogamicin (dugc ban

dudi tén thuong mai Mylotarg® cia hang Pfizer/Wyeth);

Thé lién hop khang thé duoc chdt CD22: Inotuzumab ozogamicin (cling dugc
dé cap & day 1a CMC-544 va WAY-207294, sin c6 tir Hangzhou Sage Chemical Co.,
Ltd.);

Thé lién hop khéng thé dugc chit CD20: Ibritumomab tiuxetan (dugce ban dudi

tén thurong mai Zevalin®));

Céc chit trong ty Somatostain: octreotide (cling duogc biét dén nhu 1 octreotide

axetat, dugc ban dudi tén thuong mai Sandostatin® va Sandostatin LAR®);

Interleukin-11 (IL-11) téng hop: oprelvekin (dugc ban dudi tén thwong mai
Neumega® cua hiang Pfizer/Wyeth);
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Erythropoietin téng hop: Darbepoetin alfa (dugc ban dudi tén thuong mai

Aranesp® cua hang Amgen);

Céc chit e ché chit hoat hoa thu thé dbi véi yéu t6 nhan « B (RANK):

Denosumab (dugc ban dudi tén thwong mai Prolia® ctiia hang Amgen);

Thrombopoietin mimetic peptibodies: Romiplostim (dugc ban dudi tén thuong

mai Nplat® cua hang Amgen);

Céc chét kich thich ting trudng té bao: Palifermin (dugc ban duéi tén thuong

mai Kepivance® cia hang Amgen);

Khang thé khang thu thé yéu tb tang truong tuong ty Insulin 1 (IGF-1R)
antibodies: Figitumumab (cling dugc biét dén nhu 1a CP-751,871, san c6 tr ACC
Corp), robatumumab (s ding ky CAS 934235-44-6);

Khéng thé khéang CS1: Elotuzumab (HuLuc63, sé dang ky CAS 915296-00-3);
Khéng thé CD52: Alemtuzumab (duoc ban duéi tén thuong mai Campath®);

Céc chét trc ché CTLA-4: Tremelimumab (khang thé don dong IgG2 sin c6 tir
Pfizer, tién than 14 ticilimumab, CP-675,206), ipilimumab (khang thé CTLA-4, ciing
dugc biét dén nhur 1A MDX-010, S6 ding ky CAS 477202-00-9);

Céc chét trc ché PD1: Nivolumab (ciing duoc dé cap dén ¢ day la MDX-1106,
MDX-1106-04, ONO-4538, BMS0936558, s6 ding ky CAS: 946414-94-4) da dugc
boc 10 trong, vi du, US 8,008,449, va c6 trinh ty dugc boc 10 ¢ day (hoic trinh tu vé co
ban giéng hodc tuong tu, vi du, trinh tu ¢6 it nhét 85%, 90%, 95% giéng hodc 16n hon
trinh tu dugc xac dinh trong US 8,008,449); Pembrolizumab (cling duoc dé cap dén &
day la Lambrolizumab, MK-3475, MK03475, SCH-900475 hoic KEYTRUDA), da
dugce boc 19 trong, vi du, US 8,354,509 va WO 2009/114335, va c6 trinh tu duoc boc
16 & day (hoic trinh tw vé& co ban gidng hodc tuong tu, vi du, trinh tw c6 it nhét 85%,
90%, 95% giéng hodc 16n hon trinh tgy dugc xac dinh trong US 8,354,509 va
W02009/114335); chét két dinh mién dich (vi du, cht két dinh mién dich chira ngoai
bao hodc phan lién két PD-1 cta PD-L1 hodc PD-L2 dung hop v&i ving hiang dinh (vi
dy, vung Fc cta trinh tu immunoglobulin); Pidilizumab (CT-011; Cure Tech) 1a khang
thé don dong IgGlk duge nhan ban lién két voi PD1 (Pidilizumab va cdc khang thé
don dong khang PD-1 dugc nhan ban khac dugc boc 16t trong WO2009/101611); va
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AMP-224 (B7-DClg; Amplimmune), dd dugc bdc 10 trong WO2010/027827 va
WO02011/066342), 1 thu thé hoa tan dung hop Fc PD-L2 ma ngén chin sy tuong tac
gitta PD1 va B7-H1; céc chét trc ché PD-1 khac, vi dy, cac khang thé khang PD1 da
duoc boc 16 trong US 8,609,089, US 2010028330, va/hodc US 20120114649.

Cac chat e ché PDL1: MSB0010718C (ciing duoc d& cap dén 1a A09-246-2;
Merck Serono) la khang thé don dong ma lién két v6i PD-L1 va da dugc bdc 10 trong,
vi du, WO 2013/0179174, (va c6 trinh tw vé co ban gidng hodc twong tu, vi du, trinh tur
cO it nhét 85%, 90%, 95% giéng hodc 16n hon trinh ty dugc xac dinh trong WO
2013/0179174); va chit chii van lién két khang PD-LI dugc chon tir YW243.55.570,
MPDL3280A (Genetech/Roche) 1a khang thé don dong tbi uu héa Fe cua nguoi 1gG1
ma lién két véi PD-L1 (MDPL3280A va cac khang thé don dong khac & nguoi lién két
vo1 PD-L1 da dugce bdc 10 trong béng sang ché M§ sb: 7,943,743 va cong bd don séng
ché My sé: 20120039906); MEDI-4736, MSB-0010718C, hodc MDX-1105 (MDX-
1105, ciing dugc biét dén nhu 14 BMS-936559, 14 khang thé khang PD-LI1 dugc mo ta
trong WO2007/005874; khang thé YW243.55.870 14 khang thé khang PD-LI duoc mo
ta trong WO 2010/077634).

Céc chit rc ché LAG-3: BMS-986016 (ciing duoc dé cap dén 12 BMS986016;
Bristol-Myers Squibb) 1a khang thé don dong ma lién két v6i LAG-3. BMS-986016 va
cac khéang thé khang LAG-3 dugc nhdn ban khic d3 dugc bdc 10 trong US
2011/0150892, W02010/019570, va W0O2014/008218.

Céc chét chi van GITR: céc chit chi van GITR minh hoa bao gdm, vi du,
protein dung hop GITR va khang thé khang GITR (vi du, khang thé khang GITR héa
tri hai), chang han nhu, khang thé dung hop GITR dugc mo ta trong biang sang ché My
s0: 6,111,090, bang sang ché chau Au s6: 090505B1, bing séng ché M¥ sb: 8,586,023,
cac cong bd don PCT sb: WO 2010/003118 va 2011/090754, hoic khang thé khang
GITR da dugc md ta, vi du, trong bang sang ché My sb: 7,025,962, bing sang ché
chiu Au sb: 1947183B1, bing sang ché My sb: 7,812,135, bing sang ché My sb:
8,388,967, bing sang ché My s6: 8,591,886, bang sang ché chau Au sé: EP 1866339,
cong b don PCT sb: WO 2011/028683, cong bd don PCT sb: WO 2013/039954, cong
b6 don PCT sé: WO2005/007190, cong bd don PCT sb: WO 2007/133822, cong b
don PCT s6: WO2005/055808, cong bd don PCT s6: WO 99/40196, cong bé don PCT

s6: WO 2001/03720, cong bd don PCT sb: W099/20758, cong b don PCT sb:
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W02006/083289, cong bd don PCT sb: WO 2005/115451, bing sang ché My sé:
7,618,632, va cong bd don PCT sb: WO 2011/051726.

Cac chét tc ché histon deaxetylaza (HDI): Voninostat (dwoc ban dudi tén

thuong mai Zolinza® cia hang Merck).

Céc khang thé khang CTLA4 bao gébm Tremelimumab (khang thé don dong
IgG2 sin co tur Pfizer, tién than 1a ticilimumab, CP-675,206); va Ipilimumab (khang
thé CTLA-4, ciing dugc biét dén nhu 1a MDX-010, sé diang ky CAS 477202-00-9).

Khang thé khang TIM-3 hoic manh lién két khang nguyén cua no.

Céc chét alkyl hoa: Temozolomide (duge ban dudi tén thuong mais Temodar®
va Temodal® ctia hang Schering-Plough/Merck), dactinomyxin (ciing dugc biét dén
nhu 1a actinomyxin-D va dugc ban dudi tén thuong mai Cosmegen®), melphalan
(cling duoc biét dén nhu 1a L-PAM, L-sarcolysin, va phenylalanin mustard, dugc ban
dudi tén thuong mai Alkeran®), altretamin (cling dugc biét dén nhu la
hexametylmelamin (HMM), duoc ban duéi tén thuong mai Hexalen®), carmustin
(dugc ban duéi tén thuong mai BICNU®), bendamustin (dugc ban dudi tén thuong
mai Treanda®), busulfan (dugc ban dudi tén thuong mais Busulfex® va Myleran®),
carboplatin (dugc ban dudi tén thuong mai Paraplatin®), lomustin (cling duoc biét dén
nhu 1a CCNU, dugc ban dudi tén thwong mai CeeNU®), cisplatin (ciing dugc biét dén
nhue & CDDP, duoc ban duéi tén thuong mais Platinol® va Platinol®-AQ),
chlorambucil (dugc ban dudi tén thuong mai Leukeran®), xyclophosphamit (dugc ban
dudi tén thuong mai Cytoxan® va Neosar®), dacarbazin (cling duge biét dén nhu 1a
DTIC, DIC va imidazol carboxamit, dugc ban dudi tén thuong mai DTIC-Dome®),
altretamin (ciing dugc biét dén nhu 13 hexametylmelamin (HMM) duoc ban dudi tén
thuong mai Hexalen®), ifosfamit (dugc ban dudi tén thuong mai Ifex®), procarbazin
(dugc ban dudi tén thuong mai Matulane®), mecloetamin (cling dugc biét dén nhu 1a
nito mustard, mustin va mecloetamin hydroclorua, dugc ban dudi tén thwong mai
Mustargen®), streptozocin (duoc ban dudi tén thuong mai Zanosar®), thiotepa (cling
duge biét dén nhu 1a thiophosphoamit, TESPA va TSPA, duoc ban dudi tén thuong
mai Thioplex®;
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Céc chét diéu chinh dap g sinh hoc: bacillus calmette-guerin (dugc ban duédi
tén thuong mai theraCys® va TICE® BCG), denileukin diftitox (dwoc ban dudi tén
thuong mai Ontak®);

Céc chét khang sinh chéng khdi u: doxorubicin (duoc ban dudi tén thuong mai
Adriamycin® va Rubex®), bleomycin (dugc ban dudi tén thuong mai lenoxane®),
daunorubicin (ciing duge biét dén nhu 1a dauorubicin hydroclorua, daunomycin, va
rubidomycin hydroclorua, dugc ban dudi tén thuong mai Cerubidine®), daunorubicin
liposomal (daunorubicin xitrat liposom, dugc ban dudi tén thuwong mai
DaunoXome®), mitoxantron (ciing dugc biét dén nhu 1a DHAD, duoc ban dudi tén
thuong mai Novantrone®), epirubicin (dugc ban dudi tén thwong mai Ellence™),
idarubicin (dugc ban duéi tén thuong mai Idamycin®, Idamycin PFS®), mitomyxin C

(duoc ban dudi tén thwong mai Mutamycin®);

Céc chat chdng hinh thanh vi quan: Estramustine (dugc ban dudi tén thuong

mai Emcyl®);

Céc chét trc ché cathepsin K: Odanacatib (ciing duge biét dén 1a MK-0822, N-
(1-xyanoxyclopropyl)-4-flo-N-{(1S)-2,2,2-triflo-1- [4'-(metylsulfonyl)biphenyl-4-
ylletyl}-L-leucinamit, sdn c6 tr Lanzhou Chon Chemicals, ACC Corp., va
ChemieTek, va dugc md ta trong cong bd don PCT s§ WO 03/075836);

Céc chit tuong tu Epothilon B: Ixabepilon (dugc ban duédi tén thuong mai
Lxempra® bdi Bristol-Myers Squibb);

Céac chit ¢ ché protein sbc nhiét (HSP): Tanespimyxin (17-alylamino-17-
demetoxygeldanamyxin, ciing duoc biét dén nhu 14 KOS-953 va 17-AAG, sin c6 tir
SIGMA, va da dugc mo ta trong bang sang ché My s6 4,261,989);

Céc chit chii van TpoR: Eltrombopag (duoc ban dudi tén thwong mai
Promacta® va Revolade® cua hang GlaxoSmithKline);

Céc chét chong phén bao: Docetaxel (dugc ban dudi tén thwong mai Taxotere®

ctia hang Sanofi-Aventis);

Céac chét tc ché steroit & thuong than: aminoglutethimit (dugc ban dudi tén

thuong mai Cytadren®);
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Cic chit khang androgen: Nilutamit (dugc ban dudi tén thuong mai
Nilandron® va Anandron®), bicalutamit (dugc ban dudi tén thuong mai Casodex®),

flutamit (duoc ban dudi tén thuwong mai Fulexin™);

Cac chat androgen: Fluoxymesteon (dugc ban dudi tén thuong mai

Halotestin®));

Céac chit tic ché proteasom: Bortezomib (dugc ban dudi tén thwong mai

Velcade®);

Céc chit trc ché CDK1: Alvocidib (cling dugc biét dén nhu 1a flovopirdol hodc
HMR-1275, 2-(2-clophenyl)-5,7-dihydroxy-8-[(3S,4R)-3-hydroxy-1-metyl-4-
piperidinyl]-4-chromenon, va dd dugc mo ta trong bang sang ché My s6 5,621,002);

Céc chét chi van thu thé hormon giai phong gonadotropin (GnRH): Leuprolide
hogc leuprolide axetat (dugc ban dudi tén thwong mai Viadure® cuia hing Bayer AG,

Eligard® ctia hang Sanofi-Aventis va Lupron® ctia hing Abbott Lab);

Cac chat chéng ung thu nhoém Taxane: Cabazitaxel (1-hydroxy-7p,10B-
dimetoxy-9-0x0-58,20-epoxytax-11-en-2a,4,13a-triyl-4-axetat-2-benzoat-13-[(2R,3S)-
3-{[(tert-butoxy)cacbonyl]amino}-2-hydroxy-3-phenylpropanoat), larotaxel
((20,3&,40,5B,70,10B,130)-4,10-bis(axetyloxy)-13-({(2R,3S)-3- [(tert-butoxycacbonyl)
amino]-2-hydroxy-3-phenylpropanoyl} oxy)-1- hydroxy-9-o0x0-5,20-epoxy-7,19-

xyclotax-11-en-2-yl benzoat);

Cac chit chi van thu thd 5HTla: Xaliproden (cling duoc biét dén nhu 13
SR57746, 1-[2-(2-naphtyl)etyl]-4-[3-(triflometyl)phenyl]-1,2,3,6-tetrahydropyridin, va
da dugc mo ta trong bang sang ché My s6 5,266,573);

Vacxin HPC: Cervarix® dugc ban boi GlaxoSmithKline, Gardasil® dugc ban
bdi Merck;

Céc chat chelat hoa sit: Deferasinox (dwoc ban duéi tén thuong mai Exjade®

b&i Novartis);

Céc chét chéng chuyén hoa: Claribine (2-clodeoxyadenosin, dugc ban dudi tén
thuong mai leustatin®), 5-flouraxil (dugc ban dudi tén thwong mai Adrucil®), 6-
thioguanin (duoc ban dudi tén thuong mai Purinethol®), pemetrexed (duoc ban dudi

tén thuong mai Alimta®), cytarabine (cling dugc biét dén nhu 1a arabinosylcytosine
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(Ara-C), dugce ban dudi tén thuong mai Cytosar-U®), cytarabine liposomal (ciing
dugc biét dén nhu 1 Liposomal Ara-C, dugc ban dudi tén thuong mai DepoCyt™),
decitabine (duoc ban dudi tén thuong mai Dacogen®), hydroxyure (dugc ban dudi tén
thuong mai Hydrea®, Droxia™ va Mylocel™), fludarabine (duogc ban dudi tén
thuong mai Fludara®), floxuridine (dugc ban dud¢i tén thuong mai FUDR®),
cladribine (cling dugc biét dén nhu 1a 2-clodeoxyadenosine (2-CdA) duoc ban dudi
tén thuong mai Leustatin™), metotrexat (cling dugc biét dén nhu 1a ametopterin,
metotrexat sodim (MTX), dugc ban dudi tén thuong mai Rheumatrex® va Trexall™),

pentostatin (duoc ban dudi tén thuong mai Nipent®);

Bisphosphonat: Pamidronat (dwgc ban dudi tén thuong mai Aredia®), axit

zoledronic (duoc ban dudi tén thuong mai Zometa®);

Céc chat khur metyl hoa: 5-azaxitidin (dugc ban dudi tén thuong mai Vidaza®),

decitabin (dugc ban dudi tén thuong mai Dacogen®);

Alkaloit thuc vat: Paclitaxel duoc lién két véi protein (dugc ban dudi tén
thuong mai Abraxane®), vinblastine (ciing dugc biét dén nhu 1a vinblastine sulfat,
vincaleukoblastine va VLB, dugc ban dudi tén thuong mai Alkaban-AQ® va
Velban®), vincristine (cling duoc biét dén nhu 1a vincristine sulfat, LCR, va VCR,
dugc ban dudi tén thuong mai Oncovin® va Vincasar Pfs®), vinorelbine (dugc ban
dudi tén thuong mai Navelbine®), paclitaxel (dugc ban duéi tén thuong mai Taxol va

Onxal™);

Retinoit: Alitretinoin (dugc ban dudi tén thuong mai Panretin®), tretinoin (axit
all-trans retinoic, cling duoc biét dén nhu 1a ATRA, dugc ban duédi tén thuong mai
Vesanoid®), Isotretinoin (axit 13-cis-retinoic, dugc ban dudi tén thwong mai
Accutane®, Amnesteem®, Claravis®, Clarus®, Decutan®, Isotan®, Izotech®,
Oratane®, Isotret®, va Sotret®), bexaroten (dwgc ban dudi tén thuwong mai

Targretin®);

Glucocorticosteroit: Hydrocortison (ciing dugc biét dén nhu 13 cortison,
hydrocortison natri suxinat, hydrocortison natri phosphat, va dugc ban duéi tén thuong
mai Ala-Cort®, Hydrocortison Phosphat, Solu-Cortef®, Hydrocort Axetat® va
Lanacort®), dexametazon ((8S,9R,108,118,13S,14S,16R,17R)-9-flo-11, 17-dihydroxy-
17-(2-hydroxyaxetyl)-10,13,16-trimetyl-6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-
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3H-xyclopenta[a]phenanthren-3-on), prednisolon (dugc ban dudi tén thuwong mai
Delta-Cortel®, Orapred®, Pediapred® va Prelone®), prednison (dugc ban duédi tén
thuong mai Deltason®, Liquid Red®, Meticorten® va Orasone®), metylprednisolon
(cling dugc biét dén nhu la 6-metylprednisolon, metylprednisolon axetat,
metylprednisolon natri suxinat, dugc ban dudi tén thwong mai Duralone®,

Medralone®, Medrol®, M-Prednisol® va Solu-Medrol®);

Xytokin: interleukin-2 (cling duogc biét dén nhu 12 aldesleukin va IL-2, duoc
ban dudi tén thuong mai Proleukin®), interleukin-11 (cling duoc biét dén nhu la
oprevelkin, dugc ban dudi tén thuong mai Neumega®), alpha interferon alfa (cfing
duoc biét dén nhu 1a IFN-alpha, dugc ban dudi tén thuong mai Intron® A, va

Roferon-A®);

Chat giam diéu hoa thu thé estrogen: Fulvestrant (dugc ban dudi tén thuong

mai Faslodex®);
Chat chéng estrogen: tamoxifen (duoc ban dudi tén thuong mai Novaldex®);
Toremifen (dugc ban dudi tén thuong mai Fareston®);

Chét diéu bién thu thé estrogen chon loc (SERMs): Raloxifen (dugc ban dudi

tén thuong mai Evista®);

Chat chi vin hormon giai phong hormon kich thich thé vang (LHRH):
Gozarelin (dugce ban dudi tén thuong mai Zoladex®);

Progesteon: megestrol (ciing duwge biét dén nhu 14 megestrol axetat, dugc ban
duéi tén thurong mai Megace®);

Céc chat giy doc té bao khac: Arsen trioxit (dugc ban dudi tén thuong mai
Trisenox®), asparaginaza (ciing dugc biét dén nhu la L-asparaginaza, Erwinia L-
asparaginaza, duoc ban dudi tén thuong mai Elspar® va Kidrolase®);

Hop chét c6 cong thuc (1) cling c6 thé dugce st dung két hop véi cac lidu phap
diéu tri phu tr¢ sau day:

Thubc chdng budn nodn: chét chi van thu thé NK-1: Casopitant (dugc ban dudi

tén thuong mai Rezonic® va Zunrisa® béi GlaxoSmithKline); va
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Céc chat bao vé té bao: Amifostin (dugc ban dudi tén thuong mai Ethyol®),
leucovorin (ciing duge biét dén nhu 13 canxi leucovorin, yéu td citrovorum factor va

axit folinic).

Cac chét tc ché diém kiém soat mién dich: Theo mot phuong 4n, céc liéu phap
két hop duoc boc 16 & diy bao gém chit trc ché cua phan tt trc ché ctia phén tir kiém
soat mién dich. Thuat ngit "diém kiém soat mién dich" dung dé chi nhom céc phan tir
trén bé mit té bao cla cac té bao T la CD4 va CDS. Cac phan tir nay c6 thé dong vai
tro hiéu qua nhu 1a "phan tir him" dé diéu chinh gidm hodc tc ché dap tmg dot bién
chéng khdi u. Cdc phan tir kiém soat dot bién bao gdm, nhung khong gi6i han &, Cai
chét da dugc 1ap trinh 1 (PD-1), khang nguyén cua té bao bach huyét T gdy doc té bao
4 (CTLA-4), BTH1, B7H4, 0X-40, CD137, CD40, va LAG3, ma truc tiép trc ché cac
t€ bao mién dich, cac chit mién dich ma ¢6 thé hoat dong nhu 13 cac chit Gre ché kiém
soat mién dich hitu ich trong cac phuong phép theo sang ché, bao gdm, nhung khong
giéi han &, cdc chit we ché PD-L1, PD-L2, CTLA4, TIM3, LAG3, VISTA, BTLA,
TIGIT, LAIR1, CD160, 2B4 va/hoic TGFR beta. Su trc ché phan tir (tc ché co thé
duoc thuc hién béng su trc ché & cép do DNA, RNA hodc protein. Theo cac phuong
an, axit nucleic tc chéo (vi du, dsRNA, siRNA hodc shRNA), cé thé duoc st dung dé
trc ché sy biéu hién ctia phén tir Gre ché. Theo cac phuong 4n khéc, chét tc ché cta tin
higu e ché 1a, polypeptit vi du, phéi tir hoa tan, hoic khang thé hodc manh lién két
khang nguyén ctia n6, ma lién két v6i phan tr tre ché.

Theo céc phuong 4n nhét dinh, cac phan tir khéang PD-1 dugc mo ta ¢ day duoc
str dung két hop véi mot hodc nhidu cac chat e ché PD-1, PD-L1 va/hodc PD-L2 khéc
da biét trong linh vuc nay. Chat chi van c6 thé 1a khang thé, manh lién két khang

nguyén ctia nd, chit két dinh mién dich, protein dung hop, hodc oligopeptit.

Theo cac phuong 4n nhét dinh, cac liéu phap két hop duoc boc 16 & day bao
gdm chét diéu bién phan tir ddng kich thich hodc phan tir trc ché, vi du, phdi tir hodc
thu thé dong tre ché.

Theo mdt phuong an, chét diéu bién déng kich thich, vi du, chét chu van, cua
phén tr déng kich thich duoc lua chon tir chat chu van (vi du, khang thé chi van hodc
manh lién két khang nguyén ciia n6, hodc chat dung hop hoa tan) ctia phdi tir OX40,
CD2, CD27, CDS, ICAM-1, LFA-1 (CD11a/CD18), ICOS (CD278), 4-1BB (CD137),
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GITR, CD30, CD40, BAFFR, HVEM, CD7, LIGHT, NKG2C, SLAMF7, NKp80,
CD160, B7-H3 hodc CD&3.

Theo phuong én khéc, céac lidu phap két hop dugc boc 16 & day bao gdm phén
tir dong kich thich, vi du, chdt chi van lién két véi tin hiéu duong ma bao gdm mién

dong kich thich CD28, CD27, ICOS va GITR.

Theo mot phuong 4n, phan tir khang thé khang PD-1 dwoc st dung sau khi diéu
tri, vi du, sau khi diéu tri u sic td, bing khang thé khang CTLA4 (vi duy, ipilimumab)
chira hoic khong chira chat rc ché BRAF (vi du, vemurafenib hoic dabrafenib). Liéu
minh hoa ma c6 thé st dung bao gdm lidu phan tir khang thé khang PD-1 khoang 1
dén 10mg/kg, vi du, 3mg/ke, va lidu khang thé khang CTLA-4, vi du, ipilimumab,
khoang 3mg/kg.

Theo phuong 4n khac, phan tir khang thé khang PD-1 hoic PD-L1 duoc st
dung két hop v6i khang thé khang LAG-3 hodc manh lién két khang nguyén cia no.
Theo phuong 4n khéc, phan tir khang thé khang PD-1 hodc PD-L1 duogc st dung két
hop véi khang thé khang TIM-3 hodc manh lién két khang nguyén cua nd. Theo cac
phuong 4n khic nita, phan tir khang thé khang PD-1 hodc PD-L1 duoc sir dung két
hop v6i khang thé khang LAG-3 va khéng thé khang TIM-3, hodc manh lién két khang
nguyén cda chung. Su két hop céac khang thé dugc trich dan lai & day co thé dugc sir
dung riéng biét, vi dy, nhu 1a cac khang thé riéng biét, hoic lién két, vi du, nhu 1a phan
tir khang thé dac hiéu kép hogc dic hiéu ba. Theo mot phuong 4n, khang thé dic hicu
kép ma bao gdm phan tir khéng thé khang PD-1 hoic PD-L1 va khéang thé khang TIM-
3 hoidc khang LAG-3, hodc manh lién két khang nguyén cua nd, dugc st dung. Theo
cac phuong an nhét dinh, su két hop céc khang thé dugc trich din & day dugc st dung
d€ diéu tri bénh ung thu, vi dy, bénh ung thu nhu dugc moé ta & day (vi du, khéi u rén).
Hiéu qua ctia cac su két hop néu trén c¢6 thé duoc kiém nghiém & cdc miu dong vat da
biét trong linh vuc ndy. Vi du, cac miu dong vat dé kiém nghiém tac dung hiép dong
cua khang PD-1 va khang LAG-3 da dugc mé ta, vi dy, trong Woo ef al. (2012)
Cancer Res. 72(4):917-27).

Theo mot sé phwong 4n, liéu phép két hop duoc boc 16 & day (vi du, phan tu
khang thé khang PD-1 hodc PD-L1, mdt minh hodc két hop voi chit diéu bién mién
dich khéc (vi du, phan tt khéang thé khang LAG-3, hodc khang TIM-3). Theo mot
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phuong 4n, phan tir khang thé khang PD-1 hodc PD-L1 duoc st dung két hop véi
khang thé khang LAG-3 hodc manh lién két khang nguyén cta né. Theo phuong 4n
khac, phan tir khang thé khdng PD-1 hodc PD-L1 dugc st dung két hop v6i khang thé
khang TIM-3 hoic manh lién két khang nguyén cta n6. Theo céc phuong an khéac nita,
phan tir khéng thé khang PD-1 hogc PD-L1 dugc sit dung két hop véi khang thé khéng
LAG-3 va khang thé khang TIM-3, hodc manh lién két khang nguyén cta ching. Su
két hop céc khéhg thé duoc trich dan & day co thé dugc sir dung riéng biét, vi du, nhu
1 céc khang thé riéng biét, hodc lién két, vi du, nhu 1a phén tir khang thé dic hidu kép
hodc dic hiéu ba. Theo mdt phuong 4n, khang thé dic hiéu kép ma bao gdm phén tix
khang thé khang PD-1 hodc PD-L1 va khang thé khang TIM-3 hoac khang LAG-3,
hodc manh lién két khang nguyén cia chung, duoc st dung. Theo cac phuong 4n nhit
dinh, su két hop cac khang thé duoc trich din & day duge str dung dé diéu tri bénh ung
thu, vi du, bénh ung thu nhu dugc mé ta & day (vi du, khdiu rén). Hiéu qua cta sy két
hop néu trén co thé duogc kiém nghiém trén cic mau dong vat da biét trong linh vuc
nay. Vi du, cac miu dong vat dé kiém nghiém tac dung hiép dong cua khang PD-1 va
khang LAG-3 da duoc mo ta, vi du, trong Woo ef al. (2012) Cancer Res. 72(4):917-
27).24

Theo céc phurong 4n nhét dinh, phén tir khang thé & dang phén tt khang thé dic
hiéu kép hodc da dic hiéu. Theo mdt phuong an, phan tir khang thé ddc hiéu kép c¢o
lién két ddc hiéu dau tién v6i PD-1 hode PD-L1 va lién két dic hiéu thir hai, vi du, lién
két dac hiéu tht hai véi TIM-3, LAG-3, hodc PD-L2. Theo mdt phuong an, phan t
khang thé dic hiéu kép lién két voi PD-1 hodic PD-L1 va TIM-3. Theo phuong an
khéc, phan t& khang thé dic hiéu kép lién két voi PD-1 hodc PD-L1 va LAG-3. Theo
phuong én khac, phan tir khang thé dic hiéu kép lién két véi PD-1 hosic PD-L1. Theo
phuong 4n khéc nita, phan tir khdng thé dic hiéu kép lién két v6i PD-1 va PD-
L2. Theo phuong 4n khéc, phan tir khang thé dac hiéu kép lién két v6i TIM-3 va LAG-
3. Su két hop bit ky ciia cac phan tir néu trén c6 thé duoc thuc hién trong phan t&
khang thé da dic hiéu, vi du, khang thé dic hiéu ba ma bao g@)m lién két dac hiéu dau
tién v6i PD-1 hodc PD-1, va céac lién két dic hai va ba dén hai hoic nhiéu trong sb:

TIM-3, LAG-3, hodc PD-L2.

Quy trinh diéu ché cac hop chét theo sang ché
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Sang ché ciing boc 16 cac quy trinh dé diéu ché cac hop chét theo sang ché.
Trong cac phan tmg dugc mo ta, c6 thé 1a can thiét phai bao vé cac nhém chire phéan
ung, vi du cac nhém hydroxy, amino, imino, thio hodc carboxy, trong d6 chung duoc
mong muén c6 trong san phim cudi cing, dé tranh sy tham gia khong mong mudn
trong cac phan tmg. Céc nhém bao vé thong thuong c6 thé duge st dung phit hop véi
thuc hanh tiéu chudn, vi du, xem T.W. Greene va P. G. M. Wuts trong “Protective

Groups in Organic Chemistry”, John Wiley va Sons, 1991.

Céac hop chét c6 cong thirc I ¢6 thé duge didu ché bang cach tién hanh nhu

trong so d6 phan tng I sau day:

So do phan tng I:
R2a R
] ZbRsa
HN pR3b
RSa R7
R5bR Rs
4a Ryp NH, Ri—X NH
2
Q
5 NH2 3 h\ Rza RZbR 5 R1 | Rza R
r \C= 2 “R
ﬁ\ _— s Y SRy ——— Y4 Y/)\N ’;
Y, — 2 p3b
v > Rsa Ry
q Rsa R
Rsp Rs R 1 R’
Ria Ry 5b R/ . 8

trong d6 p, 9, Y1, Y2, Roa Rop, R3a, R3p, Rya, Rap, Rsa Rsp, R va Rg 1a nhu duoc xac
dinh ddi v6i cong thic I trong phin Ban chét k§ thuat cua sang ché, Q 1a halogen (nhu
brom) hodc thiol, boronat hogc stanat ma phan {mg vé6i halogen trén hop chét 5, va X
la nhém phan Gng ma phan Gng vdi Q (chéng han nhu boronat, stanan, rugu, thiol,
halogen, va tuong tu). Hop chét 4 c6 thé duoc diéu ché bang cach cho hop chét 2 phén
ting v6i hop chat 3 théng qua phan tng trong diéu kién axit hodc bazo thich hop khi ¢6
mit hoic khong c6 mat kim loai chuyén tiép trong diéu kién nhiét do moi truong xung
quanh, hodc trong diéu kién nhiét hodc vi song. Theo cach khac, halogen ctia hop chét
2 ¢6 thé duoc thay thé bang cac halogen hodc cac nhom hoat dong thich hop khac
chéng han nhu triflat, mesylat, tosylat, nonaflat, boronat, organostanan, organosilyl,

organozingc, liti, magie, va tuong tu.

Hop chét c6 cong thire 1 ¢6 thé duge didu ché bang cach cho hop chit 4 phan
g v&i ddi tac bat cap phi hop (vi du hop chét 5) tuy thude vao X. Vi du, hop chat 5
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dugc biéu dién trong so dd phan tng [ dudi dang nhoém phenyl dugc thé duoc lién két
thong qua X. Theo cach khac, hop chat 5 ¢ thé 1a ruou aryl, aryl-thio, aryl-boronat,
aryl-stanat, rugu heteroaryl, aryl-thiol, heteroaryl-thiol, aryl-boronat, aryl-stanan,
olefin, hodc cdc aryl kim loai hodc heteroaryl kim loai khac, va twong tu. Cac dbi tac
bét cdp cling co thé duogc thé. Phan ing nay co thé duoc thuc hién trong diéu kién axit
hodc bazo thich hgp, khi c6 mit hodc khéng c¢6 mit kim loai chuyén tiép chéng han
nhu paladi, trong diéu kién nhi€t do moi truong xung quanh, hodc trong diéu kién
nhiét hodc vi soéng. Cac halogen hodc nhom hoat dong thich hop khac (vi du, triflat,
mesylat, tosylat, va nonaflat) cé thé duoc st dung & vi tri ctia Br ddi véi cac bién ddi

nay.

Theo cach khéc, cac dbi tac bit cap co thé dugc ddo nguoc va hop chit 2 co thé
duoc dan xuét thanh stanan, boronat, organo-kém, organo-liti, organo-magie, organo-
silic, organo-cuprat va dugc bat cdp v6i aryl-halogenua, heteroaryl-halogenua, olefin
thich hgp hodc nhém chirc phdn Gng thich hop (vi duy, triflat, mesylat, tosylat va

Nonaflat), va tuong tu.

Céac phéan tng nay co thé duoc thuc hién theo tht t dd md ta hodc theo thu tu
ngugc lai, trong cac didu kién dung modi, nhiét do, ap suét, va trong diéu kién khi
quyén thich hgp. Cac phan tng cé thé duogc thuc hién trong diéu kién axit, bazo, va

hozc kim loai chuyén tiép.

Vi du chi tiét vé& su tong hop cac hop chét ¢ cong thie I ¢6 thé duge tim thay
trong phan Vi du thuc hién sang ché dudi day.

Quy trinh bd sung dé diéu ché cac hop chét theo sang ché

Hop chit theo sang ché c6 thé dugc diéu ché duéi dang mudi cong axit dugc
dung bang cach cho dang bazo tu do cla hop chét phan tmg véi axit v co hodc hitu
co duge dung. Theo cach khac, mudi cong bazo dugc dung ctia hgp chét theo sang ché
c6 thé duge diéu ché bang cach cho dang axit tu do ctia hop chét phan tng v6i bazo vo

co hodc hitu co dugc dung.

Céc hop chit ¢ cong thirc I cling c6 thé dugc thay doi bang cach thém vao cac
chtrc nang phu hop dé tang cuong ddc tinh sinh hoc chon loc. Su thay dbi loai nay da
dugc biét dén trong linh vuc nay va bao gdm cac thay dbi ma lam tang su tham nhép
vao hé théng sinh hoc cho trudce (vi du mau, hé bach huyét, hé than kinh trung uong,
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tinh hoan), tdng su kha dung sinh hoc, ting kha ning hoa tan dé cho phép st dung
ngoai duong tiéu héa (vi du tiém, truyén), thay dbi chuyén héa va/hoic thay ddi tdc do
bai tiét. Vi du vé loai thay déi nay bao gbdm nhung khong gigi han & qua trinh este hoa,
vi du véi polyetylen glycol, din xuét véi pivaloyloxy hodc cac phan tir thé axit béo, su
chuyén ddi thanh carbamat, hydroxyl héa cc vong thom va su thé nguyén tir khac loai
trong cac vong thom. Trong truong hop bat ky cac hop chit c6 cong thtrc I, va’hoac N-
oxit, tautome va/hodc mudi (uvu tién 12 mudi duoc dung) ctia chiing dugc dé cap, viéc
nay bao goém ca cong thirc da thay doi nhu thé, dong thoi nghia 14 vu tién cac phén tir

¢o cong thire I, N-oxit cuia chung, tautome ctia ching va/hodc mudi cia chung.

Theo céch khéc, cac dang mudi ctia cac hop chit theo sang ché c6 thé duogc didu
ché sir dung mubi cia cac vat liéu ban dau hoic cac chét trung gian. Khi xem xét mdi
quan hé gin gili giita cac hop chat méi ¢6 cong thic I & dang tu do va & dang mudi cua
ching, bao gdm cac mudi ma c6 thé duge s dung 1am chét trung gian, vi du trong qua
trinh tinh ché hodc x4c dinh c4c hop chit mdi, bét ky sw tham chiéu nao dén cdc hop
chat hodc hop chit c6 cong thirc I trén diy va dudi day dugc hiéu 1a d& cap dén hop
chét & dang tu do va/hodc cling dé cap dén mdt hodc nhiéu mudi cta ching, mdt cach

thich hop va thiét thuc, cling nhu dé cap dén mot hodc nhiéu solvat, vi du hydrat.

Céac mubi duoc tao thanh, vi du, nhu 13 cac mudi cong axit, tdt hon 12 véi cac
axit hitu co hodc v6 co, tir cdc hop chét ¢6 cong thire I chira nito nguyén tir gbe, dic
biét 12 cac mubi dugc dung. Céc axit vd co thich hop 13, vi du, axit halogen, chéng han
nhu axit clohydric, axit sulfuric, hodc axit phosphoric. Cac axit hitu co thich hop 13, vi
du, axit carboxylic, phosphonic, sulfonic hodc sulfamic, vi du axit axetic, axit pro-
pionic, axit octanoic, axit decanoic, axit dodecanoic, axit glycolic, axit lactic, axit
fumaric, axit suxinic, axit malonic, axit adipic, axit pimelic, axit suberic, axit azelaic,
axit malic, axit tartaric, axit xitric, amino axit, chéng han nhu axit glutamic hodc axit
aspartic, axit maleic, axit hydroxymaleic, axit metylmaleic, axit xyclohexancarboxylic,
axit adamantancarboxylic, axit benzoic, axit salixylic, axit 4-aminosalixylic, axit
phtalic, axit phenylaxetic, axit mandelic, axit xinamic, axit metan- hodc etan-sulfonic,
axit 2-hydroxyetansulfonic, axit etan-1,2-disulfonic, axit benzensulfonic, axit 4-
toluensulfonic, axit 2-naphtalensulfonic, axit 1,5-naphtalen-disulfonic, axit 2- hodc 3-

metylbenzenesulfonic, axit metylsulfuric, axit etylsulfuric, axit dodexylsulfuric, axit
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N-xyclohexylsulfamic, axit N-metyl-, N-etyl- hodc N-propyl-sulfamic, axit protonic

hftu co khac, chang han nhu axit ascorbic.

Nham muc dich phén 1ap hogc tinh ché c6 thé sir dung céc muébi khong duoc
dung, vi du picrat hodc perclorat. Nhim muc dich diéu tri, chi st dung céc mudi duoc
dung hoic céc hop chit tu do (trong trudong hop c6 kha ning 4p dung dang ché phim

duoc), va vi vay day la cac dang duoc wu tién.

Cac dang axit tu do hodc bazo tu do cua cac hop chét theo sdng ché co thé duoc
didu ché tir mudi cong bazo hodc mubi cOng axit, twong tmg. Vi du hop chét theo sang
ché & dang mubi cong axit ¢ thé dugc chuyén ddi thanh bazo tu do tuong tng bing
cach xu ly v6i bazo thich hop (vi du, dung dich amoni hydroxit, natri hydroxit, va
twong tu). Hop chét theo sang ché ¢ dang mudi cong bazo c6 thé duge chuyén dbi
thanh axit tu do twong tng bang cach xir Iy véi axit thich hop (vi du, axit clohydric,

V.V.).

Cac hop chit theo sang ché & dang khong duoc oxy hoa co thé duoc didu ché tr
N-oxit ctia cac hop chat theo sang ché bang cach xir Iy v6i chét khir (vi dy, luu huynh,
lvu huynh vdioxit, triphenyl phosphin, liti bohydrua, natri bohydrua, phosphorus
triclorua, tribromua, hodc twong tu) trong dung méi hitu co tro thich hop (vi du

axetonitril, etanol, dioxan chira nudc, hodc trong tw) ¢ 0 dén 80°C.

Cac din xuét tién dugc chit cta cac hop chét theo sang ché co thé dugc diéu
ché bang cac phuong phap da biét ddi voi ngudi ¢ hiéu biét trung binh trong linh vuc
nay (vi du, dé chi tiét thém, xem Saulnier et al., (1994), Bioorganic and Medicinal
Chemistry Letters, Vol. 4, p. 1985). Vi du, cac tién thudc thich hop c6 thé duoc didu
ché cho hop chit theo sang ché khong duoc din xut phan tmg v&i chit carbamyl hoa
thich hop (vi du, 1,1-acyloxyalkylcarbanocloridat, para-nitrophenyl carbonat, hoic

tuong tu).

Cac dan xuit dugc bao v€ cua cac hop chét theo sang ché co thé duoc diéu ché
bang cac phuong phap da biét ddi véi ngudi c6 hidu biét trung binh trong linh vuc nay.
MO ta chi tiét cac ky thuat c6 kha nang 4ap dung dbi vai su tao thanh cac nhom bao vé
va su loai bo clia chung c6 thé dugc tim thiy trong T. W. Greene, “Protecting Groups

in Organic Chemistry”, 31 edition, John Wiley and Sons, Inc., 1999.
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Céc hop chét theo sang ché c6 thé duoc diéu ché mot cach thuan loi, hoac duoc
tao thanh trong suét quy trinh theo sang ché, dudi dang solvat (vi du, hydrat). Hydrat
cua céac hop chét theo sang ché c6 thé duge didu ché mot cach thuan loi béng cach két
tinh lai tir hén hop dung méi chira nude/hitu co, sir dung cac dung moi hitu co chang

han nhu dioxin, tetrahydrofuran hodc metanol.

Céc hop chét theo sang ché c6 thé duoc didu ché dudi dang cac chit dong phan
lap thé doc lap cua chung bang cach cho hdn hop raxemic cua hop chit phan tng vdi
chét phan giai hoat quang dé tao ra mot cip cac hop chit dong phan khong dbi quang,
tach riéng céc chit dong phan khéng dbi quang va thu hdi cac chit ddng phéan dbi anh
tinh khiét quang hoc. Trong khi su phan giai cac chét dong phan ddi anh c6 thé dugc
thuc hién bang cach st dung cac din xuét ddng phan khong dbi quang cOng hda tri cua
cac hop chit theo sang ché, wu tién cac phirc c6 kha ning phan ly (vi du, cac mudi
dong phan khong d6i quang tinh thé). Chét dong phan khéng ddi quang c6 cac dic tinh
vat 1y phan biét (vi du, diém nong chay, diém sbi, do hoa tan, kha nang phan tng, v.v.)
va c6 thé tach ra d& dang bang cach tin dung cac diém khong giéng nhau nay. Cac
chat dong phan khong ddi quang c6 thé dugc phan tach bing phuong phép sic ky,
hodc tdt hon 14, béng cac k¥ thuat tach/phan giai dua trén su khac biét vé do hoa tan.
Chét dong phan dbi anh hoat quang sau d6 dugc thu hdi, cing v6i chét phan gidi, bing
cac phuong phéap thuc hanh bt ky ma s& khong gy ra qué trinh raxemic hoa. Mb ta
chi tiét hon cia cac k¥ thudt co kha ning 4p dung dbi véi qué trinh phan giai cta cac
chét ddng phan 1ap thé cta cac hop chét tir hdn hop racemic ciia chiing ¢6 thé dugc tim
théy ¢ Jean Jacques, Andre Collet, Samuel H. Wilen, “Enantiomers, Racemates and

Resolutions”, John Wiley And Sons, Inc., 1981.

Tém lai, cac hop chit c6 cong thirc I ¢6 thé duge didu ché bang quy trinh, bao

(a) quy trinh theo so @6 phan tng I; va

(b) chuyén ddi tiry y hop chét theo sang ché thanh mudi dugc dung;

(c) chuyén doi tly y dang mudi ctia hop chét theo sang ché thanh dang
khoéng phai mudi;

(d) chuyén dbi tiy y dang khong dugc oxy héa cia hop chit theo sang ché

thanh N-oxit dugc dung;
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(e) chuyén dbi tuy y dang N-oxit cla hop chat theo sang ché thanh dang

khong dugc oxy hoa cia no;

(f) phéan gidi thy y chit déng phan riéng biét ctia hop chét theo sang ché tir
hén hop cac chit dong phén;

(g) chuyén dbi tiry y hop chét khong duoc din xuét theo sang ché thanh din

xuat tién thuoc dugc dung; va

(h) chuyén ddi tiy y dan xuét tién thube cua hop chit theo sang ché to thanh

dang khong dugc dan xuat cia no.

O mot chiirng myuc nao d6 qua trinh san xult cac vt liéu ban dau khong dugc
mé ta cu thé, cac hop chat da duoc biét hodc c6 thé duoc diéu ché tuong tu véi cac
phwong phap di biét trong linh vuc nay hodc nhu 1a duoc boc 10 trong phan Vi du thuc
hién sang ché dudi day.

Ngudi c6 hiéu biét trung binh trong linh vuc nay s& nhén ra rang sy thay déi &
trén chi 12 dai dién cho cac phuong phap didu ché cac hop chét theo sang ché, va cac

phuong phap di biét khac c¢6 thé duge sir dung tuong tu.
Vi du thwe hién sang ché

Céac vi du va cic chét trung gian sau nhdm muc dich minh hoa sang ché ma
khong gi¢i han pham vi ciia n6. Mot sb chit viét tit dugc st dung trong cac vi du la
nhu sau: axit axetic (AcOH); trietylamin (TEA); tetrahydrofuran (THF); chira nuéc
(aq.); atmosphe (atm.); 2,2'-bis-diphenylphosphanyl-[1,1'Jbinaphtalenyl (BINAP); 4-
dimetylaminopyridin (DMAP); tert-butoxycacbonyl (Boc); 1,1-cacbonyldiimidazol
(CDI); di-tert-butyl dicarbonat (BOC,0); benzotriazol-1-yl-oxy-tris-(dimetylamino)-
phosphoni hexaflophosphat (BOP); diclometan (DCM); dietyl ete (Et,0); axit p-toluen
sulfonic (PTSA); etyl axetat (EtOAc); etanol (EtOH); liti bis(trimetylsilyl)amit
(LHMDS); diisopropyl azodicarboxylat (DIAD); N,N-diisopropyl-etylamin (DIEA
hoic DIPEA); N N-dimetylformamit (DMF); dimetyl sulfoxit (DMSO);
diphenylphosphoryl azit (DPPA); (nhiéu) gio (h); 2-(1H-7-azabenzotriazol-1-yl)-
1,1,3,3-tetrametyluroni hexaflophosphat (HATU); Sic ky léng hiéu nang cao (HPLC);
liti nhom hydrua (LAH); sic ky long lién két voi khéi phd (LCMS); liti
diisopropylamit (LDA); metanol (MeOH); mililit(s) (mL); (nhiéu) phut (min); vi song
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(MW);  n-butylliti  (n-BuLi); 1,1-bis(diphenylphosphino)-feroxendiclopaladi (II)
(PdCly(dpp1)); tris(dibenzylideneaxeton)dipaladi (0) (Pdy(dba)y);
diclobis(triphenylphosphin)paladi (II) (PdCly(PPh;),); nhiét d0 phong (RT); axit
trifloaxetic (TFA); tetrahydrofuran (THF); sdc ky 16p moéng (TLC); thoi gian hdi luu
(tr); & 4,5-bis(diphenylphosphino)-9,9-dimetylxanthen (Xantophos).

Chét trung gian 1

6-clo-3-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-amin

AN Br a A S\A[(O\j\/\/ b N SH Yk
N~ "CFj N~ "CFj N CF; Cl

Budce a: Thém 2-etylhexyl-3-mercaptopropanoat (1,1mL, 4,87mmol) vao dung
dich chta 3-bromo-2-(triflometyl)pyridin (1,0g, 4,42mmol), XantPhos (256mg,
0,442mmol), Pdy(dba); (203mg, 0,221mmol) trong dioxan (12mL) (& RT va trong diéu
kién N,) sau d6 thém DIPEA (1,55mL, 8,85mmol). Khudy dung dich tao thanh trong
10 phan ung vi song trong 1h & 110°C. Sau khi 1am nguoi dén RT, loc phan ung qua
miéng dém Xelit sau d6 rira EtOAc (25mL). Cb dic cac dich loc két hop va tinh ché
phan cin tao thanh bing phuong phép séc ky silica (gradien EtOAc/heptan 0 dén 30%)
dé tao ra 2-etylhexyl 3-((2-(triflometyl)pyridin-3-yl)thio)propanoat (1,41g, 3,88mmol).
MS m/z 364,0 (M+H)".

Budce b: Thém kali ferz-butoxit (1M trong THF, 8,25ml, 8,25mmol) vao dung
dich 2-etylhexyl 3-((2-(triflometyl)pyridin-3-yl)thio)propanoat (1,0g, 2,75mmol) trong
THF (8mL) ¢ -78°C va trong diéu kién N,. Sau khi khuéy manh & -78°C trong 20min,
dap tat phan tng bang K,CO5 aq (2M, 500uL) va loai bd cac chét bay hoi trong didu
kién &p suét giam. D6 phan cin tao thanh vao phéu tach chira K,CO5 aq (2M, 30mL)
va chiét bang EtpO (2 x 20mL). Axit hoa pha chira nuée bang HCI 6M cho dén khi do
pH = 4 va chiét huyén phu duc tao thanh bang CHCI3:IPA (9:1; 3 x 20 mL) dé tao ra
2-(triflometyl)pyridin-3-thiol (380mg, 2,12Mmol). MS m/z 180,0 (M+H)".

Budc c¢: Thém DIPEA (556pL, 3,18mmol) vao dung dich chtra 2-
(triflometyl)pyridin-3-thiol ~ (285mg, 1,591Mmol), 3-bromo-6-clopyrazin-2-amin
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(414mg, 1,988mmol), XantPhos (101Mg, 0,175mmol), va Pd,(dba); (72,8mg,
0,08mmol) trong dioxan (2ML) (& RT va trong diéu kién N,). Khudy dung dich tao
thanh trong 16 phan tmg vi séng trong 1,5h & 130°C. Sau khi lam nguoi dén RT, pha
loang phan tmg bang EtOAc va loc qua miéng dém Xelit sau do ria EtOAc (25mL).
Co dic cac dich loc két hop va tinh ché phdn cin tao thanh bang phuong phap sic ky
silica (gradien EtOAc/heptan 0 dén 30%) dé tao ra 6-clo-3-((2-(triflometyl)pyridin-3-
yD)thio)pyrazin-2-amin (1,41g, 3,88mmol). '"H NMR (400MHz, CLOROFORM-d) 6
ppm 8,64 (dd, J=4,55, 1,26 Hz, 1 H), 7,90 (s, 1 H), 7,82 (dd, J=8,08, 0,76 Hz, 1 H),
7,46 (dd, J=8,08, 4,80 Hz, 1 H); "°’F NMR (376MHz, CLOROFORM-d) 6 ppm -64,34
(s, 1 F). MS m/z 307,1 (M+H)".

Chét trung gian 2

6-(4-amino-4-metylpiperidin-1-yl)-3-(2,3-diclophenyl)pyrazin-2-amin

NH, NH,
B“\WJQN _ Cl SN

N\&A\CI ¢ N\fJ\u

Khudy huyén pht gdm 3-bromo-6-clopyrazin-2-amin (1,2g, 5,76Mmol), axit
(2,3-diclophenyl)boronic (1,1g, 5,76Mmol), kali phosphat (3,67g, 17,27mmol), va san
pham cong PdCl,(dppf)-DCM (235mg, 0,288mmol) trong MeCN:H,O (9:1, 15mL, da
khtr khi) trong 10 phan tmg vi séng trong 4h & 120°C. Sau khi 1am ngudi dén RT, loc
phan g qua miéng dém Xelit sau d6 rira EtOAc (25mL). C6 dic cac dich loc két hop
va tinh ché phén cin tao thanh bang phuong phép séc ky silica (gradien EtOAc/heptan
0 dén 30%) dé tao ra 6-(4-amino-4-metylpiperidin-1-yl)-3-(2,3-diclophenyl)pyrazin-2-
amin (633mg, 2,306Mmol). MS m/z 276,4 (M+H)".

Chét trung gian 3

6-clo-3-((2,3-diclophenyl)thio)pyrazin-2-amin

NH NH
B \/]\2 SH S%N
I A !
N + —_—
il N
N g, Cl :; :CI \fJ\m
Cl Cl
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Khuidy hdn hop gdm 3-bromo-6-clopyrazin-2-amin (5,0g, 23,99mmol), 2,3-
diclobenzenethiol (6,44g, 36,0mmol), dong(I)iodua (914mg, 4,80mmol), kali phosphat
(10,18¢g, 48,0mmol), va 1,10-phenanthrolin (1,73mg, 9,59mmol) trong dioxan (50mL,
da khir khi) trong 16h & 85°C. Sau khi lam ngudi dén RT, pha lodng phan g bing
EtOAc, va loc qua miéng dém Xelit sau d6 rira EtOAc (50mL). Loai bo cac chét bay
hoi trong diéu kién 4p suit giam va tinh ché phén cin tao thanh bing phuong phép sic
ky silica (gradien DCM/toluen 0 dén 25%) & tao ra 6-clo-3-((2,3-
diclophenyl)thio)pyrazin-2-amin (3,7g, 12,07mmol). MS m/z 306,0 (M+H)".

Chét trung gian 4

(R) va (S)-2-(7-azaspiro[3.5]nonan-1-yl)isoindolin-1,3-dion
°C-N NH, i 5 S
O™ =70 = g =« g

Bu6c a: Khudy huyén phu gdm tert-butyl l-amino-7-azaspiro[3.5]nonan-7-

(5‘)

carboxylat (250mg, 1,04mmol), anhydrit phtalic (193mg, 1,3mmol), rdy phan tir hoat
tinh (3angstrom, 250mg), va DIPEA (545pL, 3,12Mmol) trong toluen (4mL) trong
16h & 105°C. Sau khi lam ngudi dén RT, loc hdn hop qua miéng dém Xelit sau do rira
EtOAc (10mL). Loai bo cac chét bay hoi trong diéu kién 4p suit giam va tinh ché phéan
cin tao thanh bang phuong phap sic ky silica (gradien EtOAc/heptan 5 dén 40%) dé
tao ra fert-butyl 1-(1,3-dioxoisoindolin-2-yl)-7-azaspiro[3.5]nonan-7-carboxylat

(233mg, 0,629mmol). MS m/z 370,4 (M+H)".

Bugc b: Khudy dung dich chua tert-butyl 1-(1,3-dioxoisoindolin-2-yl)-7-
azaspiro[3.5]nonan-7-carboxylat (233mg, 0,629mmol) va HCl (4M trong dioxan,
800uL, 3,21Mmol) trong dioxan (5mL) trong 16h & RT. Loai bd cac chat bay hoi trén
rotavap dé tao ra mudi HCI cta hop chét néu trong dé muc (195mg, 0,636Mmol). MS
m/z 270,3 (M+H)".

Budc c: Thuc hién tinh ché SFC khong dbi xing trong cac diéu kién sau; cot:

Xenluloza LUX-2 21x250mm, luu lugng: 75g/min, pha dong: MeOH 50% va NH,OH
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10mM trong CO,, qua trinh do: 220nm UV c¢6 dugc hai dinh R, (P1)= 3,6min (chét
ddng phan dbi anh R); R, (P2)= 7,4min (chat ddng phan ddi 4nh S).

Chét trung gian 5

2-(1,1-dioxido-1-thia-8-azaspiro[4.5]decan-4-yl)isoindolin-1,3-dion

_4bude Qg % O@ ©. Boony 0% iy o
(6]

Boc theo Carrezra e
et al. 3

Buéc a: Khudy dung dich chira axit 8-(tert-butoxycacbonyl)-1-thia-8-
azaspiro[4.5]decan-4-carboxylic 1,1-dioxit (dugc diéu ché tir fers-butyl 4-
oxopiperidin-1-carboxylat theo 4 buéc nhu da mo ta trong Carreira et al., Org Lett.,
2011, 13, 6134-6136; 2,00g, 6,00mmol), diphenyl phosphorazidat (2,0g, 7,26mmol),
va E;N (1,0mL, 7,26mmol) trong toluen (37mL) trong 1,5h ¢ 115°C. Thém rugu
benzyl (1,50mL, 14,52mmol) va khudy hdn hop tao thanh trong 16h ¢ 100°C. Sau khi
lam ngudi dén RT, d6 hdn hop phan tng vao phéu tach chira NaHCO; sat. aq. (30mL)
va chiét bang FtOAc (3 x 20 mL). Siy kho cAc pha hitu co két hop trén MgSO,, loc va
loai bod cac chit bay hoi trong diéu kién ap sudt giam. Tinh ché phan can tao thanh
bang phuong phép sic ky silica (gradien EtOAc/heptan 10 dén 90%) dé tao ra rert-
butyl 4-(((benzyloxy)cacbonyl)amino)-1-thia-8-azaspiro[4.5]decan-8-carboxylat 1,1-
dioxit (1,57g, 3,58mmol) duéi dang chit rin mau tring. MS m/z 339,4 (M+H)".

Buéc b: Khudy manh  huyén pht  gébm  fert-butyl  4-
(((benzyloxy)cacbonyl)amino)-1-thia-8-azaspiro[4.5]decan-8-carboxylat 1,1-dioxit
(570mg, 1,30mmol) va Pd/C (10% trén than hoat tinh, 138mg) trong THF (8mL) trong
diéu kién khi quyén H, trong 16h. Loc phéan ung qua nut Xelit sau d6 rira EtOAc
(20mL). Loai bé cac chét bay hoi trong diéu kién ap suit giam dé tao ra tert-butyl 4-
amino- 1-thia-8-azaspiro[4.5]decan-8-carboxylat 1,1-dioxit, chit nay dugc sir dung

trong budc tiép theo ma khoéng tinh ché thém.

Buéc c: Khudy manh huyén phu gdm tert-butyl 4-amino-1-thia-8-
azaspiro[4.5]decan-8-carboxylat 1,1-dioxit (415mg, 1,363mmol), anhydrit phtalic
(252mg, 1,704mmol), va ry phan tir hoat tinh (3angstrom, 500mg) trong toluen (7mL)
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trong 16h & 115°C. Sau khi 1am ngudi dén RT, loc hdn hop qua miéng dém Xelit sau
d6 rira EtOAc (10ml), va loai bé cac chét bay hoi trong diéu kién 4p sudt giam. Tinh
ché phin cin tao thanh bing phuong phap sic ky silica (gradien MeOH/DCM 0 dén
10%) dé tao ra tert-butyl 4-( 1,3-dioxoisoindolin-2-yl)-1-thia-8-azaspiro[4.5]decan-8-
carboxylat 1,1-dioxit (385mg, 0,886Mmol) dudi dang bot mau tréng. MS m/z 433,1
(M-H)".

Budce d: Khudy dung dich gom fert-butyl 4-(1,3-dioxoisoindolin-2-yl)-1-thia-8-
azaspiro[4.5]decan-8-carboxylat 1,1-dioxit (385mg, 0,886Mmol) va HCI (4M trong
dioxan, 2,22ml, 8,86mmol) trong dioxan (4mL) trong 16h & RT. Pha loang hdon hop
bang dioxan (20mL) va loc dé tao ra 2-(1,1-dioxido-1-thia-8-azaspiro[4.5]decan-4-
yDjisoindolin-1,3-dion (mudi HCI, 328mg, 0,884Mmol) dudi dang chit rén mau tring.
MS m/z 335.4 (M+H)".

Chét trung gian 6

(R)-2-metyl-N-((S)-7-azaspiro[ 3.5 nonan-1-yl)propan-2-sulfinamit

0 0

Boc. Boc. / /
’\Qﬁo , Boe ,\OdHN—Sf b HN HN—S:
//V //v

Budc a: Khudy dung dich chira fert-butyl 1-ox0-7-azaspiro[3.5]nonan-7-
carboxylat (5,24g, 21,9mmol), titan(IV) isopropoxit (16,2mL, 54,7mmol), va (R)-2-
metylpropan-2-sulfinamit (3,45g, 28,5mmol) trong THF (99mL) trong 12h & 65°C.
Sau khi lam lanh dn -78°C, thém MeOH (9,9mL) sau d6 thém liti bohydrua (1,43g,
65,7mmol). Khudy hdn hop tao thanh & -78°C trong 3h va & RT trong 1h. Thém tur tur
MeOH dé dap tit phan du bohydrua sau d6 thém nudc mudi. Khudy hdn hop tao thanh
trong 15min va sau d6 loc qua Xelit. Chiét hdn hop chira nude bing EtOAc (3 x
20mL). Sdy khd cic pha hitu co trén MgSO,, loc, va loai bd cac chét bay hoi trong
didu kién 4p suat giam. Tinh ché phan can tao thanh bing phuong phap sic ky silica
(gradien EtOAc/heptan 0 dén 50% dé tao ra (S)-fert-butyl 1-((R)-1,1-
dimetyletylsulfinamido)-7-azaspiro[3.5 |nonan-7-carboxylat (4,79g, 13,90mmol) duéi
dang chat rin mau tring. MS m/z 345,3 (M+H)".
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Bu6c b: Khudy dung dich chia  (S)-fer-butyl  1-((R)-1,1-
dimetyletylsulfinamido)-7-azaspiro[3.5nonan-7-carboxylat (0,4g, 1,16mmol) va TFA
(450uL, 5,81Mmol) trong DCM (3,5mL) trong 30min & 40°C. Thém Na,COj; sat. aq.
dén khi do pH = 11 va chiét hdn hop chira nudc bing DCM (3 x 15mL). Rira c4c pha
hitu co két hop béng nuée mudi, séy kho trén Na,SO,, loc, va loai bod cac chat bay hoi
trong diéu kién 4p sudt giam dé tao ra (R)-2-metyl-N-((S)-7-azaspiro[3.5]nonan-1-
yl)propan-2-sulfinamit (237mg, 0,97mmol) duéi dang chét rin mau trang. MS m/z
245.5 (M+H)".

Chét trung gian 7

N-(4-metoxybenzyl)-8-azaspiro[4.5]decan-1-amin

)

/
SIS ol
OYN —_— [\(p E—— HN
\,< HN

O\K )
o)

Budce a: Thém natri Xyanobohydrua (2,23g, 35,5mmol) vao dung dich chira fert-
butyl  1-oxo-8-azaspiro[4.5]decan-8-carboxylat (1,8g, 7,11Mmol), va (4-
metoxyphenyl)metanamin (1,07g, 7,82Mmol) trong DCE (7mL) trong cac phan va
khudy & RT trong 65h. Pha lodng hon hop bang dung dich natri bicarbonat chira nuéc
bdo hoa (10mL) va chiét bang EtOAc (3 x 20mL). Rira cac pha hitu co két hop béng
nuée mudi réi ¢d dic. Tinh ché phin cin tao thanh bing phuong phap sic ky silica
(gradien MeOH/DCM 0 dén 2%, dugc didu chinh bing Et;N 0,25%, sau d6 gradien
EtOAc/heptan 1a 0 dén 50%) dé tao ra fert-butyl 1-((4-metoxybenzyl)amino)-8-
azaspiro[4.5]decan-8-carboxylat (1,1g, 2,94mmol) dudi dang sap khong mau. MS m/z
375,3 (M+H)".

Buéc b: Khudy dung dich chua tert-butyl 1-((4-metoxybenzyl)amino)-8-
azaspiro[4.5]decan-8-carboxylat (1,1g, 2,94Mmol) va TFA (2ML) trong DCM (2ML)
trong 15min & 0°C. Loai bo cac chit bay hoi trong diéu kién ap suat giam. Pha loang
phan cin tao thanh bing NaHCOj; chta nude (10mL) va chiét bang EtOAc (4 x 10mL)
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dé tao ra N-(4-metoxybenzyl)-8-azaspiro[4.5]decan-1-amin (0,8g, 2,92mmol) 1a dau
khong mau. MS m/z 2752 (M+H)".

Thu dugc N-(4-metoxybenzyl)-3-azaspiro[5.5]Jundecan-7-amin sau quy trinh

trén bat dau tir fers-butyl 7-0x0-3-azaspiro[5.5Jundecan-3-carboxylat.
Chét trung gian 8

N-((R)-1-(4-metoxyphenyl)etyl)-8-azaspiro[4.5]decan-1-amin

O

$
™ ©
a b y (R)
OYN o — HN
N
j< HN

O\’< @)
@)

Bude a: Thém natri xyanobohydrua vao dung dich chua ters-butyl 1-oxo-8-
azaspiro[4.5]decan-8-carboxylat (1,15g, 4,54Mmol), va (R)-1-(4-
metoxyphenyl)etanamin (961Mg, 6,36Mmol) trong DCE (3mL) trong cic phin va
khudy trong 16h & RT. Pha loang hdn hop bang dung dich natri bicarbonat chira nuéc
bao hoa (5mL) va chiét bang EtOAc (3 x 10mL). Rira cic pha hitu co két hop bing
nude mudi roi ¢d dic. Tinh ché phén cin tao thanh chira hdn hop 9:1 céac chét déng
phan khong d6i quang bing phuong phap sic ky silica (gradien EtOAc/heptan 0 dén
20%) dé tao ra tert-butyl 1-(((R)-1-(4-metoxyphenyl)etyl)amino)-8-
azaspiro[4.5]decan-8-carboxylat (chit ddng phin khong dbi quang chinh; 431mg,
1,11mmol) tinh khiét. '"H NMR (400 MHz, DMSO-dg) & ppm 7,18-7,24 (m, 2 H),
6,81-6,86 (m, 2 H), 3,76 (d, J=13,64 Hz, 1 H), 3,72 (s, 3 H), 3,64-3,70 (m, 2 H), 2,65-
2,92 (m, 2 H), 2,05-2,14 (m, 1 H), 1,80-1,91 (m, 1 H), 1,65-1,75 (m, 1 H), 1,42-1,60
(m, 4 H), 1,40 (s, 9 H), 1,28-1,35 (m, 1 H), 1,20 (d, J/=6,57 Hz, 3 H), 1,09-1,17 (m, 2
H), 0,80 (d, J/=11,37 Hz, 1 H). MS m/z 389,6 (M+H)".

Budc b: Thém TFA (2ml) vao dung dich chira tert-butyl 1-(((R)-1-(4-
metoxyphenyl)etyl)amino)-8-azaspiro[4.5]decan-8-carboxylat (chat ddng phan khong
d6i quang chinh; 431mg, 1,11Mmol) trong DCM (2ML) va khudy trong 10min & RT.
Co dic phan tng bang cach thém tiép DCM, sau d6 pha lodng bang NaHCO; chua
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nude bio hoa va chiét bang DCM (3 x 20mL). Rira cac chét hiru co bang nude mudi,
sy kho trén Na,SO,, loc va ¢o dic dé tao ra N-((R)-1-(4-metoxyphenyl)etyl)-8-
azaspiro[4.5]decan-1-amin. 'H NMR (400 MHz, METANOL-dy) 6 7,25 (d, J=8,6 Hz,
2 H), 6,87 (d, J=8,7 Hz, 2 H), 3,85-3,78 (m, 1 H), 3,78 (s, 3 H), 3,35 (m, 1 H), 3,28
(m, 1 H), 3,03 (m, 2 H), 2,63 (dd, J=9,6, 7,3 Hz, 1 H), 2,06-1,85 (m, 2 H), 1,83-1,69
(m, 2 H), 1,62 (m, 1 H), 1,54-1,38 (m, 4 H), 1,33 (d, J=6,6 Hz, 3 H), 1,31-1,23 (m, 1
H). MS m/z 289,5 (M+H)".

Chét trung gian 9

N-((R)-1-(4-metoxyphenyl)etyl)-1-oxa-8-azaspiro[4.5]decan-4-amin

S
o . /
7 5 HN //Q/ °
OYN 3 budce o o a b H'\,I(R)
theo Y 0O - Y Z ;
Oj< Carreira etal (0) O~__N duoc ,dlel‘l ché chi
j< E’ 0 tir chét déng phan

2 chét ddng phén khong khong dbi quang

ddi quang ty 18 9:1 chinh

Budc a: Thém natri xyanobohydrua vao dung dich chua rers-butyl 4-oxo-1-oxa-
8-azaspiro[4.5]decan-8-carboxylat (dwgc didu ché tir tert-butyl 4-oxopiperidin-1-
carboxylat theo 3 budc nhu duge mo ta trong Carreira et al., Org Lett., 2013, 15, 4766-
4769; 200mg, 0,78mmol), va (R)-1-(4-metoxyphenyl)etanamin (474mg, 3,13mmol)
trong DCE (IML) trong céc phan (393mg, 3,13mmol). Khudy phan ung tao thanh
trong 16h & RT. Thém liti bohydrua (34mg, 1,6mmol) va khudy hdn hop trong 30min
& RT. Pha loang hdn hop ndy bang MeOH (2ml) v loai bé cac chét bay hoi trong diéu
kién 4p suit giam (hai 1an). Thém NaHCOj sat. aq. (SmL) va chiét hdn hop bing DCM
(3 x 20mL). Say kho cac pha hitu co két hop trén Na,SO,, loc, va loai béd cac chit bay
hoi trong diéu kién ap suét giam. Tinh ché hdn hop 9:1 tao thanh ctia cac chit dong
phén khong déi quang bang phuwong phép sic ky silica (gradien EtOAc/heptan 0 dén
40%) dé tao ra tert-butyl  4-(((R)-1-(4-metoxyphenyl)etyl)amino)-1-oxa-8-
azaspiro[4.5]decan-8-carboxylat (65mg, 0,17mmol) tinh khiét khong dbi quang. Chét
ddng phan khong déi quang chinh: 'H NMR (400 MHz, CDCl;) 6 ppm 7,15 (d, J=8,6
Hz, 2 H), 6,79 (d, J=8,6 Hz, 2 H), 3,96-3,76 (m, 2 H), 3,77-3,66 (m, 5 H), 3,60 (t,
J=8,1 Hz, 1 H), 2,98 (m, 2 H), 2,76 (t, J=7,8 Hz, 1 H), 1,95 (m, 1 H), 1,67-1,41 (m, 4
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H), 1,40 (s, 9 H), 1,33 (d, J=3,1 Hz, 1 H), 1,21 (d, J=6,5 Hz, 3 H), 1,08-0,92 (m, 1 H).
MS m/z 391,6 (M+H)".

Buéc b: Khudy dung dich chua tert-butyl  4-(((R)-1-(4-
metoxyphenyl)etyl)amino)-1-oxa-8-azaspiro[4.5]decan-8-carboxylat (chét ddng phéan
khong dbi quang chinh, 65mg, 0,17mmol) va TFA (2mL) trong DCM (2mL) trong 10
min & RT. Loai bé cac chit bay hoi trong diéu kién ap suat giam, pha loéing bang
NaHCO; sat. aq. (SmL), va chiét bing DCM (3 x 20mL). Rira cac pha hitu co két hop
béng nude mudi, séy khd trén Na,SOy, loc va loai bd cac chat bay hoi trong diéu kién
ap suit giam dé tao ra N-((R)-1-(4-metoxyphenyl)etyl)-1-oxa-8-azaspiro[4.5]decan-4-
amin (40mg, 0,13mmol) dugc st dung ma khong tinh ché thém. MS m/z 291,5
(M+H)".

Chét trung gian 10
3-((2-amino-3-clopyridin-4-yl)thio)-6-clopyrazin-2-amin

NH,

HS%N

| | N\AC! NH,
X X S
N a N b o %N
Z >l Z >l TN A NN
NH,

Cl

Buéc a: Bién dbi 2,3-diclo-4-iodopyridin san c6 trén thi truong thanh 3-clo-4-
iodopyridin-2-amin bang quy trinh nhu dugc mé ta trong Marie et al., Molecules,

2012, 17,10683-10707.

Bud6c b: Thém DIPEA (324pL, 1,856Mmol) vao dung dich chra 3-amino-5-
clopyrazin-2-thiol ~ (100mg, 0,619mmol), 3-clo-4-iodopyridin-2-amin  (315mg,
1,238mmol), XantPhos (35,8mg, 0,062Mmol), va Pd,(dba); (28,3mg, 0,03mmol) trong
dioxan (3mL) (& RT va trong diéu kién N,). Khudy dung dich tao thanh trong 10 phan
ng vi soéng trong 2,5h & 100°C. Sau khi 1am ngudi dén RT, pha lodng phan ting bing
EtOAc va loc qua miéng dém Xelit sau do6 rira EtOAc (10mL). C6 dic cac dich loc két
hgp va tinh ché phin cin tao thanh bing phuong phap sic ky silica (gradien
MeOH/DCM 0 dén 5%) dé tao ra 3-((2-amino-3-clopyridin-4-yl)thio)-6-clopyrazin-2-
amin (1,41g, 3,88mmol). 'H NMR (400 MHz, METANOL-d,) & ppm 7,88 (s, 1 H),
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7,68 (d, J/=5,56 Hz, 1 H), 6,06 (d, J=5,56 Hz, 1 H), 1,35-1,43 (m, 2 H). MS m/z 288.,2
(M+H)".

Chét trung gian 11

3-amino-5-clopyrazin-2-thiol

N

) NH, W(/O . NH, NH,

NGEN a _ HS
mcf’ E(V mm—b> \@CI
Budce a: Phun nito vao dung dich chira 3-bromo-6-clopyrazin-2-amin (4,95g,
23,74mmol) trong dioxan (119mL) trong 10min. Sau d6, thém 2-etylhexyl 3-
mercaptopropanoat (3,79mL, 24,92Mmol), Xantphos (1,37g, 2,37mmol), Pd,(dba);
(1,08g, 1,19mmol), va DIPEA (8,29mL, 47,5mmol). Khudy hdn hop tao thanh &
105°C trong 24h va loc hdn hop phin tng qua Xelit rdi ¢d dic. Tinh ché phén tho
bang phuong phap sic ky silica (gradien EtOAc/heptan 0-40%) dé thu dugc 2-
etylhexyl 3-((3-amino-5-clopyrazin-2-yl)thio)propanoat (6,24g, 18,04mmol) dudi
dang dau mau vang. "H NMR (400 MHz, CLOFORM-d) & ppm 7,82 (s, 1 H), 4,93 (br,
s,, 2 H), 4,14-3,96 (m, 2 H), 3,47 (t, /=6,9 Hz, 2 H), 2,78 (t, J/=6,9 Hz, 2 H), 1,67-1,51

(m, 1 H), 1,44-1,20 (m, 8 H), 0,90 (t, /<7.,4 Hz, 6 H). MS m/z 346,0 (M+H)".

Budgc b: Thém kali terz-butoxit (1M trong THF, 19,95mL, 19,95mmol) vao
dung dich chtra 2-etylhexyl 3-((3-amino-5-clopyrazin-2-yl)thio)propanoat (2,3g,
6,65mmol) trong THF (33mL) ¢ -78°C, va khuéiy hén hop tao thanh & -78°C trong 1h.
Thém MeOH (20mL) va c6 dic hdn hop tao thanh. Hoa tan phén tho trong MeOH, loc,
va tinh ché bang phuong phap HPLC (rtra gidi gradien 5-20%, axetonitril trong nudc,
chat diéu chinh TFA 0,1%) d& thu dugc 3-amino-5-clopyrazin-2-thiol (mudi TFA:
1,3g, 4,72mmol) duéi dang chét rin mau vang. MS m/z 162,0 (M+H)".

Chét trung gian 12
6-clo-3-((3-clopyridin-4-yl)thio)pyrazin-2-amin

NH NH,

| — |
N%CI NP Ny\m
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Phun nito vao dung dich 3-amino-5-clopyrazin-2-thiol (mubi TFA: 0,158g,
0,978mmol) trong dioxan (4,9mL) trong 10min. Sau d6, thém 3-clo-4-iodopyridin
(0,468g, 1,955mmol), Xantphos (0,057g, 0,098mmol), Pdy(dba); (0,045g,
0,049mmol), va DIPEA (0,512ML, 2,93mmol). Khudy hdn hop tao thanh & 105°C
trong 10h, loc qua Xelit va ¢d dic. Tinh ché phan thod bing phuong phép sic ky silica
(gradien EtOAc/heptan 0-40%; heptan chita 2% Et;N) dé thu dugc 6-clo-3-((3-
clopyridin-4-yl)thio)pyrazin-2-amin (75mg, 0,274mmol) duéi dang chdt rin mau
trang. "H NMR (400 MHz, CLOROFORM-d) & ppm 8,46 (s, 1 H), 8,22 (d, J=5,3 Hz,
1 H), 7,96 (s, 1 H), 6,68 (d, /=5,3 Hz, 1 H), 5,17 (br, s,, 2 H). MS m/z 273,0 M+H)".

Chét trung gian 13

6-clo-3-((2-clopyridin-3-yl)thio)pyrazin-2-amin

NH, NH;
HS%N @S%N
| |
Ny\m NZ el N%Cl

Phun nito vao dung dich chira 3-amino-5-clopyrazin-2-thiol (mubi TFA: 0,2g,
1,238mmol) trong dioxan (6,2mL) trong 10min. Sau d6, thém 2-clo-3-iodopyridin
(0,593g, 2,475mmol), Xantphos (0,072g, 0,124Mmol), Pd,(dba); (0,057g,
0,062Mmol), va DIPEA (0,65mL, 3,71Mmol). Khudy hdn hop tao thanh & 105°C
trong 10h, loc qua Xelit va ¢d dic. Tinh ché phan tho bang phuong phép sic ky silica
(gradien EtOAc/heptan 0-40%, chita 2% Et;N) dé thu duoc 6-clo-3-((2-clopyridin-3-
yl)thio)pyrazin-2-amin (95mg, 0,348mmol) duéi dang chét rin mau tréng. 'H NMR
(400 MHz, CLOROFORM-d) 6 ppm 8,28-8,38 (m, 1 H), 7,91 (s, 1 H), 7,51-7,59 (m, 1
H), 7,22 (dd, /=79, 4,6 Hz, 1 H), 5,25 (br, s,, 2 H). MS m/z 273,0 (M+H)".

Chét trung gian 14

6-clo-3-((2,3-diclopyridin-4-yl)thio)pyrazin-2-amin

NH, NH,
| |
NVKCI NF e N*)\m
Cl

Khtr khi dung dich chira 3-amino-5-clopyrazin-2-thiol (mubi TFA: 0,50g,
1,814mmol) trong dioxan (90mL) bang nito trong 10min. Sau do6, thém 2,3-diclo-4-
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iodopyridin (0.0.99g, 3,63mmol), Xantphos (0,105g, 0,18 1mmol), Pd,(dba); (0,083,
0,091mmol), va DIPEA (0,95mL, 5,44mmol). Khuéy hdn hop tao thanh & 105°C trong
10h, loc qua Xelit va c¢& dic. Tinh ché phin thd bing phuong phép sic ky silica
(gradien EtOAc/DCM 0-10%). 'H NMR (400 MHz, DMSO-dg) 6 ppm 8,13 (d, J=5,3
Hz, 1 H), 7,95 (s, 1 H), 7,30 (br, s, 2 H), 6,83 (d, J/=5,3 Hz, 1 H). MS m/z 306,9
(M+H)".

Chét trung gian 15
6-clo-3-((3-clo-2-flopyridin-4-yl)thio)pyrazin-2-amin

NH, NH;

HS\f)\N ~ S\f)\N
| —_— 1
N*/km N A e N\/km
F

Phun nito vao dung dich 3-amino-5-clopyrazin-2-thiol (mudi TFA: 50mg,
0,181mmol) trong dioxan (1,8mL) trong 10min. Sau d6, thém 3-clo-2-flo-4-
iodopyridin (0,140g, 0,544mmol), Xantphos (11Mg, 0,018mmol), Pd,(dba); (8mg,
0,009mmol), va DIPEA (95uL, 0,544mmol). Khudy hdn hop tao thanh & 100°C trong
10h, loc qua Xelit, ri ¢6 dic. Tinh ché phan thdé bing phuong phép sic ky silica
(gradien EtOAc/heptan 0 dén 40%; heptan chira 2% Et;N) dé thu duoc 6-clo-3-((3-clo-
2-flopyridin-4-yl)thio)pyrazin-2-amin (41mg, 0,137mmol) dud¢i dang chét rin mau
trang. "H NMR (400 MHz, CLOFORM-d) & ppm 8,06 (s, 1 H), 7,91 (d, J=5,3 Hz, 1
H), 6,63 (d, J=5,3 Hz, 1 H), 5,30 (br. s, 2 H). MS m/z 291,0 (M+H)".

Chét trung gian 17

2-(2-oxa-8-azaspiro[4.5]decan-4-yl)isoindolin-1,3-dion

o HO 0 o
F
b O N od;\o

theo Dirat et al

o\’< Oj< O N
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Sau cic quy trinh cta Dirat et al., don quéc té PCT s6 20044078750, 16 thang 9
nim 2004, diéu ché tert-butyl 4-hydroxy-2-oxa-8-azaspiro[4.5]decan-8-carboxylat. 'H
NMR (400 MHz, Cloform-d) é 4,13 (dd, J=10,1, 4,6 Hz, 1 H), 4,03 (dd, J=4,6, 2,0 Hz,
1 H), 3,78-3,71 (m, 2 H), 3,69 (d, J=8,6 Hz, 1 H), 3,67-3,58 (m, 2 H), 3,29 (m, 1 H),
3,16 (m, 1 H), 1,78 (m, 2 H), 1,58 (m, 1 H), 1,50 (m, 2 H), 1,47 (s, 9 H). MS m/z 258.1
(M-H)" tir 1-tert-butyl 4-etyl piperidin-1,4-dicarboxylat trong bon budc, sau d6 chuyén
d6i thanh 2-(2-oxa-8-azaspiro[4.5]decan-4-yl)isoindolin-1,3-dion trong hai buéc nhu

sau.

Budc a: Thém diisopropylazadicarboxylat (0,374mL, 1,78mmol) vao dung dich
chira  fert-butyl  4-hydroxy-2-oxa-8-azaspiro[4.5]decan-8-carboxylat ~ (306mg,
1,19mmol), phtalimit (262mg, 1,78mmol) va triphenylphosphin (468mg, 1,78mmol)
trong THF (10mL) va khudy 16h. C6 dic va tinh ché bang phuong phap sic ky silica
(gradien etyl axetat/heptan 0 dén 50%) thu dugc raxemic tert-butyl 4-(1,3-
dioxoisoindolin-2-yl)-2-oxa-8-azaspiro[4.5]decan-8-carboxylat (190mg, 0,49mmol).
'H NMR (400 MHz, Cloroform-d) & 7,88 (dd, J=5.4, 3,0 Hz, 2 H), 7,77 (dd, J=5,5, 3,0
Hz, 2 H), 4,65 (dd, J=8,7, 5,6 Hz, 1 H), 4,40 (dd, J=9,5, 5,6 Hz, 1 H), 4,26 (t, J=9,0
Hz, 1 H), 4,08 (d, J=8,5 Hz, 1 H), 3,98 (d, J=8,5 Hz, 1 H), 3,84 (m, 1 H), 3,58 (m, 1
H), 3,20 (m, 1 H), 2,94 (m, 1 H), 1,73 (m, 2 H), 1,56 (s, 9 H), 1,42-1,36 (m, 2 H).

Budc b: Thém axit trifloaxetic (1ImL) vao dung dich chira raxemic ferz-butyl 4-
(1,3-dioxoisoindolin-2-yl)-2-oxa-8-azaspiro[4.5]decan-8-carboxylat (190mg,
0,49mmol) trong diclometan (3mL). C6 dic bang cich thém tiép diclometan, sau do
thém axetonitril dé thu duoc 2-(2-oxa-8-azaspiro[4.5]decan-4-yl)isoindolin-1,3-dion 1a
mudi TFA (dinh luong). MS m/z 287,0 (M+H)". St dung ma khéng phén tich dic

diém thém.
Chét trung gian 18

2-clo-3-mercaptobenzamit

SH

F S s)<
Cl a Cl b Cl (¢} Cl
HS - =
+ —— —_—
)v HoN HoN
N// N//
0]

(0]
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Budc a: Khudy hén hop gdém 2-clo-3-flobenzonitril (3,15g, 20,25mmol), 2-
metylpropan-2-thiol (2,283mL, 20,25mmol) va Cs,COj; (6,598g, 20,25mmol) trong
DMF (100mL) trong 48h ¢ 22°C. Pha lodng hon hgp phan ung bang nude (200mL) va
EtOAc (300mL). Rira 16p EtOAc bang nuée (3 x 300 mL), nude mudi (3 x 100 mL),
séiy kho trén Na,SO,, loc va ¢b dic. Tinh ché phén can tao thanh br?lng phuong phép
HPLC (rira giai gradien: 45 dén 70% axetonitril trong nudc, chat diéu chinh NH,OH
SmM), dé tao ra 3-(tert-butylthio)-2-clobenzonitril (1,33g, 5,89mmol). MS m/z 226,1
(M+H)".

Bu6c b: Chiéu xa hdn hop gdm 3-(tert-butylthio)-2-clobenzonitril (217mg,
0,96Immol) va NaOH (1IN, 2,88mL, 2,88mmol) trong MeOH (11mL) trong 1o phan
g vi song trong 35min & 90°C. Sau khi lam ngudi dén RT, ¢d dic phan Uing va hoa
tan trong MeOH. Loc chét rin ra va c6 dic phan dich loc dén gin nhu khé va tinh ché
bang phuong phap HPLC (rira gidi gradien: 25 dén 50% axetonitril trong nude, chét
didu chinh NH,OH 5mM), dé tao ra 3-(tert-butylthio)-2-clobenzamit (93,6mg,
0,384mmol). MS m/z 244 (M+H)".

Budc c: Khudy hdn hop gdbm  3-(fert-butylthio)-2-clobenzamit (190mg,
0,779mmol) va HCI dam déc (2,36mL, 78mmol) trong 45min & 85°C. Sau khi lam
ngudi dén RT, ¢o dic phan g dén kho dé tao ra 2-clo-3-mercaptobenzamit tho (mubi

HCI: 156mg, 0,651mmol). MS m/z 188 (M+H)".

Chét trung gian 19

2-(8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2-oxa-8-

azaspiro[4.5]decan-4-yl)isoindolin-1,3-dion

Ghép cap mudi TFA 2-(2-oxa-8-azaspiro[4.5]decan-4-yl)isoindolin-1,3-dion
vGi 6-clo-3-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-amin (151mg, 0,492mmol) st
dung cac quy trinh thong thuong da mé t& & trén. Pha lodng bing DCM va tinh ché
bang phuong phap sic ky silica (gradien etyl axetat/heptan 0 dén 60%) dé thu dugc 2-
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(8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2-oxa-8-

azaspiro[4.5]decan-4-yl)isoindolin-1,3-dion (0,140g, 0,178mmol). MS m/z 557,1
(M+H)". Qua trinh tinh ché SFC khong dbi ximg dugc thuc hién nhu sau; cot: OJ-H
21x250mm, luu lwgng: 80g/min, pha dong: MeOH 45% va NH,OH 5mM trong CO,,
qua trinh do: khéi lugng dugc kich hoat dé thu duge chit dong phan dbi anh don dinh
1 (P1), R¢: 2,77min. MS m/z 557,1 (M+H)", va dinh 2 (P2), R: 3,9 1min. MS m/z 557.2
(M+H)". Sy khtr bao v€ phtalimit dugc thuc hién trén mdi chit ddng phan dbi anh

riéng r& ma khong phan tich dic diém thém.
Chét trung gian 20

3-clo-4-iodo-N,N-dimetylpyridin-2-amin

;S ;S
. N

N >al >0l

F /N\

Khudy dung dich chua 3-clo-2-flo-4-iodopyridin (0,26g, 1,01lmmol) va
dimetylamin (2M trong THF, 1,5mL, 3,03mmol) trong DMSO (3,4mL) trong 2h &
70°C. Sau khi 1am ngudi dén RT, thém nudc va chiét hdn hop chira nuée bang EtOAc.
Rira cac pha hitu co két hop bang nude, nudc mudi, sdy kho bang Na,SO,, loc va ¢d
dic trong diéu kién ap suit giam dé tao ra 3-clo-4-iodo-N,N-dimetylpyridin-2-amin
(0,26g,‘ 0,922mmol) duéi dang diu khéng mau. '"H NMR (400 MHz, CLOROFORM-
d) 6 ppm 7,75 (d, J=5,3 Hz, 1 H), 7,33 (d, J=5,0 Hz, 1 H), 3,00 (s, 6 H). MS m/z 282,9
(M+H)".

Chét trung gian 21

3-clo-4-10do-2-metoxypyridin

. [
. N

N A Z ¢

OMe

Khudy dung dich 3-clo-2-flo-4-i0odopyridin (150mg, 0,571mmol) va NaOMe
(0,5M trong MeOH, 3,4mL, 1,71mmol) trong DMSO (1,9mL) trong 1h & 70°C. Sau

khi 1am ngudi dén RT, thém nuéc va chiét hdn hop chita nuée bang EtOAc. Rira cac
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pha hitu co két hop béng nude, nuée mudi, séy kho trén Na,SO,, loc, va ¢ dic trong
diéu kién 4p sudt giam dé tao ra 3-clo-4-iodo-2-metoxypyridin (123mg, 0,456mmol)
dudi dang dau khong mau. 'H NMR (400 MHz, DMSO-dg) 6 ppm 7,81 (d, J=5,3 Hz, 1
H), 7,55 (d, /=5,3 Hz, 1 H), 3,92 (s, 3 H). MS m/z 269,9 (M+H)".

Chét trung gian 22

6-clo-3-((3-(triflometyl)pyridin-4-yl)thio)pyrazin-2-amin

NH, NH,

~ Br HS%N ~ sw/gN
| —

+
N
Nk, y\CI N~ CF’:\%CI

Khudy hén hop gdm 3-amino-5-clopyrazin-2-thiol (750mg, 4,09mmol), 4-
bromo-3-(triflometyl)pyridin (1,63g, 5,31mmol), Xantphos (236mg, 0,409mmol),
Pdy(dba); (187mg, 0,204mmol), va DIPEA (2,14mL, 12,26mmol) trong dioxan (da
khu khi, 50mL) trong 16h & 100°C. Sau khi lam ngudi dén RT, loc phan tng qua
miéng dém Xelit sau d6 rira EtOAc (25mL). C6 dic cac dich loc két hop trong didu
kién 4p sudt giam va tinh ché phan cin tao thanh bang phuong phép sic ky silica
(gradien EtOAC/DCM 0 dén 40%) dé tao ra 6-clo-3-((3-(triflometyl)pyridin-4-
yDthio)pyrazin-2-amin (722mg, 2,35mmol) dudi dang chit rin mau vang sang. MS
m/z 307,0 M+H)".

Céc hop chét sau day dugc tdng hop st dung cdc quy trinh & trén hoic cac diéu
chinh theo cic quy trinh & trén sir dung iodo- hodc bromo-pyridyl va thiolat twong

ung.

Bang 1
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Chét trung gian 23

6-clo-3-((3-clopyridazin-4-yl)thio)pyrazin-2-amin

NH, NH,
N

~ cl ) HS%N qs%
_—
N
N o N

NNl Na g Vlkm

Khudy hén hop gdém 3-amino-5-clopyrazin-2-thiol (100mg, 0,545mmol), 3,4-
diclopyridazin (81mg, 0,545mmol), va DIPEA (0,142mL, 0,817mmol) trong MeCN
(5,5mL) trong 12h & 50°C. Sau khi lam nguéi dén RT, thu 1iy két tua bing qua trinh
loc chan khong dé tao ra 6-clo-3-((3-clopyridazin-4-yl)thio)pyrazin-2-amin (101mg,
0,368mmol) duéi dang chét rin mau nau. 'H NMR (400 MHz, DMSO-ds) § ppm 8,90
(d, /=5,4 Hz, 1 H), 7,95 (s, 1 H), 7,31 (s, 2 H), 7,15 (d, J/=5,3 Hz, 1 H). MS m/z 274,1
(M+H)".

Chét trung gian 24

tert-butyl 1-oxo-8-azaspiro[4.5]dec-2-en-8-carboxylat

Boc\N . Boc\N X Boc\N OH . Boc\N (o) ) Boc\N o)
Q\ e CHO = = = —_a _ f
CHO
\ \ \

Budc a: Khudy hdn hop gdm fert-butyl 4-formylpiperidin-1-carboxylat (35,0g,

164mmol), liti feri-butoxyt (15,77g, 197mmol), va alylbromua (11,54mL, 189mmol)
trong DMF (328mlL) trong 1h & 0°C. P hdn hop vao phéu tach chiaa NH,CI sat.
aq:H,O (1:1, 500mL) va chiét bang Et,O (5 x 50 mL). Sdy khé cac pha hitu co két hop

trén MgSOy, loc, va loai bo cac chat bay hoi trong diéu kién ap suét gidm. Tinh ché
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phin cin tao thanh bing phuong phéap sic ky silica (gradien EtOAc/heptan 0 dén 25%)
dé tao ra rert-butyl 4-alyl-4-formylpiperidin-1-carboxylat (24g, 95mmol) duéi dang
dau khong mau. 'H NMR (400 MHz, CLOROFORM-d) & ppm 9,52 (s, 1 H), 5,53-5,76
(m, 1 H), 4,96-5,19 (m, 2 H), 3,80 (br, s,, 2 H), 2,97 (t, J=11,49 Hz, 2 H), 2,26 (d,
J=1,33 Hz, 2 H), 1,95 (dt, J=13,71, 3,13 Hz, 2 H), 1,38-1,58 (m, 11 H).

Buége b: Thém vinyl magie bromua (1M trong THF, 118mL, 118mmol) vao
dung dich chtra ferz-butyl 4-alyl-4-formylpiperidin-1-carboxylat (24g, 95mmol) trong
THF (300mL) (& -78°C va trong diéu kién N,). Tir tir [am 4m dung dich tao thanh 1én
dén RT trong vong 1h. Pd hdn hop vao phéu tach chira NH,CI sat. aq (250mL) va
chiét bang EtOAc (4 x 50mL). Say kho cac pha hitu co két hop trén MgSQy, loc va
loai b cac chét bay hoi trong diéu kién ap sudt giam dé tao ra rers-butyl 4-alyl-4-(1-
hydroxyalyl)piperidin-1-carboxylat (26,7g, 95mmol) duéi dang diu khéng mau. 'H
NMR (400 MHz, CLOROFORM-d) & ppm 9,52 (s, 1 H), 5,56-5,75 (m, 1 H), 5,05-
5,18 (m, 2 H), 3,80 (br, s,, 2 H), 2,97 (t, /11,49 Hz, 2 H), 2,26 (d, J=7,33 Hz, 2 H),
1,96 (dt, /=13,83, 3,06 Hz, 2 H), 1,49-1,60 (m, 2 H), 1,41-1,49 (m, 9 H). St dung hop

chit nay trong budc tiép theo ma khong tinh ché thém.

Bud6e c: Khudy hén hop gdm fert-butyl 4-alyl-4-(1-hydroxyalyl)piperidin-1-
carboxylat (26,7g, 95mmol) va Dess-Martin periodinan (44,3g, 105mmol) trong DCM
(380mL) trong 1h & RT. P4 hdn hop vao phéu tach chira NaHCOj sat. aq:Na,SO; (1:1,
300mL) va chiét bang DCM (4 x 50 mL). Sy kho cac pha hitu co két hop trén MgSO,,
loc, va loai bé cac chit bay hoi trong diéu kién ap suét giam dé tao ra chét rin mau
trang. Tao huyén phu chét rén ndy trong heptan (250ml) va nghién bang séng 4m trong
Smin. Loc huyén phii mau tring qua miéng dém Xelit va loai bo cac chat bay hoi trong
diéu kién 4p suét giam dé tao ra tert-butyl 4-acryloyl-4-alylpiperidin-1-carboxylat
(26,5g, 95mmol) duéi dang diu mau vang. 'H NMR (400 MHz, CLOROFORM-d) &
ppm 6,81 (dd, /=16,93, 10,36 Hz, 1 H), 6,40 (dd, J=16,80, 1,89 Hz, 1 H), 5,71 (dd,
J=10,36, 2,02 Hz, 1 H), 5,46-5,66 (m, 1 H), 4,91-5,14 (m, 2 H), 3,78 (br, s,, 2 H), 2,96
(br, s,, 2 H), 2,25-2,39 (m, 2 H), 1,97-2,15 (m, 2 H), 1,37-1,57 (m, 11 H). St dung hop
chit nay trong budc tiép theo ma khong tinh ché thém.

Bué6e d: Thém chét xuc tdc Grubbs II (2,02g, 2,38mmol) trong toluen (da khir
khi, 100mL) vao dung dich chira tert-butyl 4-acryloyl-4-alylpiperidin-1-carboxylat

(26,5g, 95mmol) trong toluen (da khir khi, 850mL). Khudy hdn hop tao thanh trong
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45min & 85°C. Loai bo phan dung mbi trong diéu kién &p suat giam va tinh ché phan
cin tao thanh bang phuong phap sic ky silica (gradien EtOAc/heptan 0 dén 40%) dé
tao ra tert-butyl 1-oxo-8-azaspiro[4.5]dec-2-en-8-carboxylat (20,76g, 83mmol) dudi
dang chit rin mau nau. Khudy dung dich chta hop chit nay va DDQ (565mg,
2,49mmol) trong toluen (540mL) trong 15min & RT. Loc dung dich mau do twoi tao
thanh qua miéng dém Xelit. Thém than hoat tinh (200g) va khudy huyén phi tao thanh
trong 2h & RT. Loc hon hop qua miéng dém Xelit va loai bd cac chit bay hoi trong
diéu kién ap sudt giam. Tinh ché phan cin tao thanh bang phuong phap sic ky silica
(gradien EtOAc/heptan 0 dén 40%) dé tao ra tert-butyl 1-oxo0-8-azaspiro[4.5]dec-2-en-
8-carboxylat (15,62, 62,3mmol) dudi dang chét rin mau tring. "H NMR (400 MHz,
CLOROFORM-d) 6 ppm 7,63-7,74 (m, 1 H), 6,20 (dt, J=5,81, 2,15 Hz, 1 H), 3,99-
4,25 (m, 2 H), 2,92 (t, J/=11,62 Hz, 2 H), 2,63 (s, 2 H), 1,72-1,86 (m, 2 H), 1,49 (s, 9
H), 1,29 (d, /=12,88 Hz, 2 H).

Chét trung gian 25

tert-butyl 1-(1,1-dimetyletylsulfinamido)-3-metyl-8-azaspiro[4.5]decan-8-carboxylat

O
é/
Boc. HN-
Boc..
Boc\N: o) . Nj 0 o N 7{
E—— _
Me Me

Budgc a: Thém MeLi (1,6M trong THF, 31,3mL, 50,1mmol) vao huyén phu
g0m tert-butyl 1-ox0-8-azaspiro[4.5]dec-2-en-8-carboxylat (4,2g, 16,71mmol) va Cul
(6,37g, 33,4mmol) trong Et,O (100mL) (& 0°C va trong diéu kién N,). Sau khi khudy
trong 90min & 0°C, d6 hdn hop vao phéu tich chira NH,CI sat. aq va chiét bing
EtOAc (3 x 15mL). Siy kho céc pha hitu co két hop trén MgSOy,, loc va loai bo cac
chit bay hoi trong diéu kién 4p suét giam. Tinh ché phan cin tao thanh bang phwong
phap sic ky silica (gradien EtOAc/heptan 0 dén 50%) dé tao ra tert-butyl 3-metyl-1-
oxo-8-azaspiro[4.5]dec-2-en-8-carboxylat (4,23g, 15,82mmol) dudi dang diu khong
mau. 'H NMR (400 MHz, CLOROFORM-d) & ppm 3,89-4,00 (m, 1 H), 3,83 (d,
J=13,39 Hz, 1 H), 3,11 (ddd, J=13,64, 10,36, 3,28 Hz, 1 H), 2,99 (ddd, J=13,58, 10,42,
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3,54 Hz, 1 H), 2,47-2,59 (m, 1 H), 2,19-2,36 (m, 2 H), 1,74-1,97 (m, 2 H), 1,50-1,65
(m, 2 H), 1,48 (s, 9 H), 1,33-1,44 (m, 2 H), 1,17 (d, J=6,32 Hz, 3 H).

Bué6c b: Khudy dung dich chira ers-butyl 3-metyl-1-ox0-8-azaspiro[4.5]dec-2-
en-8-carboxylat (502mg, 1,878mmol), titan(IV) etoxit (1,57mL, 7,51mmol), va 2-
metylpropan-2-sulfinamit (455mg, 3,76mmol) trong THF (12,5mL) trong 16h & 65°C.
Sau khi 1am lanh dén 0°C, thém MeOH (3mL) sau d6 thém liti bohydrua (123mg,
5,63mmol). Khudy hén hop tao thanh & 0°C trong 1h. Thém tir tir NH,CI sat. aq dé
dap tat luong du bohydrua sau d6 thém EtOAc (30mL). Khuéy manh hdn hop tao
thanh trong 15min va sau d6 loc qua miéng dém Xelit. Loai bd cac chét bay hoi trong
diéu kién ap sudt giam va tinh ché phan cin tao thanh bang phuong phép sic ky silica
(gradien EtOAc/heptan 0 dén 75%) dé tao ra tert-butyl 1-(1,1-dimetyletylsulfinamido)-
3-metyl-8-azaspiro[4.5]decan-8-carboxylat (463mg, 1,243mmol) dudi dang chit rin

mau tring.
Chat trung gian 26a/b

(1R,3S)-benzyl 1-((R)-1,1-dimetyletylsulfinamido)-3-metyl-8-azaspiro[4.5]decan-8-
carboxylat & (1R,3R)-benzyl 1-((R)-1,1-dimetyletylsulfinamido)-3-metyl-8-

azaspiro[4.5]decan-8-carboxylat

(0]
11
-S.
Cbz\N 0 Cbz\N ng /<
(S)
_°c . Me
é?
Cbz . 0] Cbz . HN~—*-.
N N = /
Me Me f : /<
(R) B
Me

Budc a: Khudy hdn hop gdm tert-butyl 3-metyl-1-ox0-8-azaspiro[4.5]dec-2-en-
8-carboxylat (4,23g, 15,82mmol) va TFA (17mL) trong DCM (80mL) trong 30min &
RT. Loai bo céc chat bay hoi trong didu kién ap suat giam. Khudy hdn hop gdm phin
cén tao thanh, DIPEA (13,82mL, 79mmol), va benzyl cloformat (3,39mL, 23,73mmol)
trong DCM (80mL) trong 16h & RT. 6 hon hop vao phéu tach chira NH,CI sat. aq va
chiét bang DCM (3 x 25mL). Sdy khé céac pha hitu co két hop trén MgSOy, loc va loai

b6 cac chét bay hoi trong diéu kién ap suat giam. Tinh ché phan cin tao thanh bang
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phuong phap sic ky silica (gradien EtOAc/heptan 0 dén 40%) dé tao ra benzyl 3-
metyl-1-oxo-8-azaspiro[4.5]decan-8-carboxylat (4,58g, 15,20mmol) duéi dang dau
mau vang sang. MS m/z 302,2 (M+H)".

Budc b: Tinh ché tiép benzyl 3-metyl-1-ox0-8-azaspiro[4.5]decan-8-carboxylat
(4,58g, 15,20mmol) bang phuong phap SFC khong ddi xing nhu sau: cot: IA 21 x 250
mm, luu lugng: 70g/min, pha dong: 45% (9:1 EtOH:MeCN) trong CO,, qua trinh do:
220nm UV tao ra (R)-benzyl 3-metyl-1-oxo-8-azaspiro[4.5]decan-8-carboxylat (2,02g,
6,70mmol), Ry 2,0min; va (S)-benzyl 3-metyl-1-ox0-8-azaspiro[4.5]decan-8-
carboxylat (2,11g, 7,0mmol), R;: 3,6min.

Budc ¢: Khudy dung dich chtra (R)-benzyl 3-metyl-1-ox0-8-azaspiro[4.5]decan-
8-carboxylat (2,02g, 6,70mmol), titan(IV) etoxit (5,62mL, 26,8mmol), va (R)-2-
metylpropan-2-sulfinamit (1,625g, 13,4mmol) trong THF (67mL) trong 16h & 65°C.
Sau khi 1am lanh dén -78°C, thém MeOH (12mL) sau d6 thém liti bohydrua (0,438g,
20,11mmol). Khudy hdn hop tao thanh trong 16h & -78°C dén RT. Thém tir tir NH,Cl
sat. aq dé dap tat luong du bohydrua sau d6 bd sung EtOAc (100mL). Khudy manh
hdn hop tao thanh trong 15min va sau d6 loc qua miéng dém Xelit. Loai bé cac chit
bay hoi trong diéu kién ap sudt giam va tinh ché phan cin tao thanh bang phuong phap
sic ky silica (gradien EtOAc/heptan 5 dén 90%) dé tao ra (1R,3R)-benzyl 1-((R)-1,1-
dimetyletylsulfinamido)-3-metyl-8-azaspiro[4.5]decan-8-carboxylat (1,94¢g,
4,77mmol) dudi dang chat rin mau trang. MS m/z 407,3 (M+H)".

Buée ¢ (tir chat dong phan dbi anh): Quy trinh tuong tu duoc tiép ndi bat dau tir
(S)-benzyl 3-metyl-1-o0x0-8-azaspiro[4.5]decan-8-carboxylat dé tao ra (1R,35)-benzyl
1-((R)-1,1-dimetyletylsulfinamido)-3-metyl-8-azaspiro[4.5]decan-8-carboxylat.

Chét trung gian 27
(1R,3R)-tert-butyl 3-((tert-butyldimetylsilyl)oxy)-1-((R)-1,1-dimetyletylsulfinamido)-
8-azaspiro[4.5]decan-8-carboxylat)

o}
S/I
Boc.. Boc.. Boc. -9,
°°~N 1 Ou a N l /O/ b N H.[‘\l /<
/(R) L
OTBS OTBS
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Bu6c a: Khudy hdn hop gébm CuCl (142mg, 1,432mmol), (S)-TolBINAP
(972mg, 1,432mmol), va natri fert-butoxit (138mg, 1,432mmol) trong THF (60mL)
trong 30min & RT. Thém B,pin, (13,34, 52,5mmol) trong THF (20mL) va khudy hén
hop tao thanh trong 10min & RT. Thém fert-butyl 1-oxo-8-azaspiro[4.5]dec-2-en-8-
carboxylat (12,0g, 47,7mmol) trong THF (50mL) sau d6 thém MeOH (3,9mL,
95mmol). Khudy hdn hop tao thanh trong 16h & RT. Thém H,0 (150mL) sau d6 thém
natri perborat (36,7g, 239mmol) va khudy manh hdn hop tao thanh trong 1h ¢ RT. Loc
huyén phil mau xanh tao thanh qua miéng dém Xelit, d6 vao phéu tach chira NaHCOs
sat. aq: Na,SOj sat. aq (1:1, 300mL) va chiét bing EtOAc (4 x 40 mL). Sdy kho céc
pha hitu co két hop trén MgSOy,, loc, va loai bo cac chét bay hoi trong diéu kién ap
suat giam dé tao ra (R)-tert-butyl 3-hydroxy-1-oxo-8-azaspiro[4.5]decan-8-carboxylat
thd. Qud trinh xdc dinh chit dong phan dbi an ctia hdn hop nay cho thdy 90% ee
(R(S): 1,59min, Ry(R): 1,80 min; SFC khong ddi xtng; cot: IA 4.6 x 100 mm, luu
lugng: 70g/min, pha dong: MeOH 5-55% trong CO,, qua trinh do: 220 nm UV).

Khudy hon hop gdm (R)-tert-butyl 3-hydroxy-1-oxo-8-azaspiro[4.5]decan-8-
carboxylat th6é (theor 47,7mmol), imidazol (4,87g, 71,6mmol), va TBSCI (8,99¢,
59,6mmol) trong DMF (120mL) trong 16h & RT. D6 hdn hop phan g vao phéu tach
chita NH,Cl sat. ag:H,0 (1:1, 250ml) va chiét bang Et,0 (5 x 50 mL). Siy kho cac pha
hitu co két hop trén MgSO,, loc va loai bd cac chit bay hoi trong didu kién ap suét
giam. Tinh ché phin cin tao thanh bing phuong phap sic ky silica (gradien
EtOAc/heptan 0 dén 30%) dé tao ra (R)-fert-butyl 3-((tert-butyldimetylsilyl)oxy)-1-
ox0-8-azaspiro[4.5]decan-8-carboxylat (13,115g, 34,2mmol) du6i dang diu khong
mau ma héa rin khi dung yén.

Budc b: Khudy duhg dich chua (R)-tert-butyl 3-((tert-butyldimetylsilyl)oxy)-1-
oxo0-8-azaspiro[4.5]decan-8-carboxylat (8g, 20,86mmol), titan(IV) etoxit (17,49mL,
83,0mmol), va (R)-2-metylpropan-2-sulfinamit (5,06g, 41,7mmol) trong THF (100mL)
trong 16h & 65°C. Sau khi lam lanh dén -78°C, thém MeOH (15mL) sau d6 thém liti
bohydrua (1,363g, 62,6mmol). Khudy hdn hop tao thanh trong 16h & -78°C. Thém tir
tir NH,Cl sat. aq dé dap tit lugng du bohydrua sau d6 bd sung EtOAc (100mL). Khudy
manh hdn hop tao thanh trong 15min va sau d6 loc qua miéng dém Xelit. Loai bé cac
chat bay hoi trong diéu kién ap sudt giam va tinh ché phan cin tao thanh bing phuong
phép sic ky silica (gradien EtOAc/heptan 0 dén 50%) dé tao ra ( 1R,3R)-tert-butyl 3-
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((zert-butyldimetylsilyl)oxy)-1-((R)-1,1-dimetyletylsulfinamido)-8-azaspiro[4.5]decan-
8-carboxylat (5,3g, 10,84Mmol) dudi dang chat rin mau tring. MS m/z 4893 (M+H)".

Chét trung gian 28
(1R,35)-tert-butyl 1-((R)-1,1-dimetyletylsulfinamido)-3-hydroxy-8-

azaspiro[4.5]decan-8-carboxylat)

O
Boc. HN/S
N’S

HN S Boc\
K= (N IN

oTBS oH 71/% OH

Budc a: Khudy hdn hop gébm (1R,3R)-tert-butyl 3-((tert-butyldimetylsilyl)oxy)-

N’S

1-((R)-1,1-dimetyletylsulfinamido)-8-azaspiro[4.5]decan-8-carboxylat (3,84g,
7,86mmol) va TBAF (IM trong THF; 8,64mL, 8,64mmol) trong THF (40mL) trong
30min & RT. Loai bé cdc chat bay hoi trong didu kién 4p sudt giam va tinh ché phan
can tao thanh bang phuong phéap sic ky silica (gradien MeOH/DCM 0 dén 10%) dé tao
ra (1R, 3R)-tert-butyl 1-((R)-1,1-dimetyletylsulfinamido)-3-hydroxy-8-
azaspiro[4.5]decan-8-carboxylat (2,94g, 7,86mmol). MS m/z 375,3 (M+H)".

Buéc b: Thém DIAD (3,1mL, 16,02mmol) vao dung dich chtra (1R,3R)-tert-
butyl 1-((R)-1,1-dimetyletylsulfinamido)-3-hydroxy-8-azaspiro[4.5]decan-8-
carboxylat (3,0g, 8,0lmmol), triphenylphosphin (4,2g, 16,02mmol), va axit
isoquinolin-1-carboxylic (4,16g, 24,03mmol) trong THF (80mL). Khudy hdn hop tao
thanh trong 1h & RT. Pha lodng phan tmg bing EtOAc (50mL), loc qua miéng dém
Xelit, @6 vao phéu tach chira NaHCOj5 sat. aq va chiét bang EtOAc (3 x 25mL). Sy
kho cac pha hiru co két hop trén MgSO,, loc va loai bd cac chét bay hoi trong diéu
kién 4p suit giam. Tinh ché phan cin tao thanh bang phuong phép sic ky silica
(gradien MeOH/DCM 0 dén 4%) dé tao ra (2S5,4R)-8-(tert-butoxycacbonyl)-4-((R)-1,1-
dimetyletylsulfinamido)-8-azaspiro[4.5]decan-2-yl isoquinolin-1-carboxylat (3,65g,
6,89mmol) dudi dang chét rin mau cam. MS m/z 530,3 (M+H)".

Budc c¢: Khudy hdén hop gbém (2S,4R)-8-(tert-butoxycacbonyl)-4-((R)-1,1-
dimetyletylsulfinamido)-8-azaspiro[4.5]decan-2-yl isoquinolin-1-carboxylat (3,65g,
6,89mmol) va liti hydroxit (2,95g, 68,9mmol) trong THF:H,O (1:1, 70mL) trong 2h &
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RT. B6 hdn hop vao phéu tach chira NH,CI sat. aq va chiét bang EtOAc (3 x 15mL).
Sy kho cac pha hitu co két hop trén MgSO,, loc va loai b cac chét bay hoi trong diéu
kién 4p suit giam. Tinh ché phin cin tao thanh bang phuong phap sic ky silica
(gradien MeOH/DCM 0 dén 10%) dé tao ra (1R,35)-tert-butyl 1-((R)-1,1-
dimetyletylsulfinamido)-3-hydroxy-8-azaspiro[4.5]decan-8-carboxylat (2,35¢,
6,27mmol) dudi dang chit rin mau tring. MS m/z 275,2 (M+H-Boc)".

Chat trung gian 29

(1R,3S)-tert-butyl 1-((R)-1,1-dimetyletylsulfinamido)-3-(isobutyryloxy)-8-

azaspiro[4.5]decan-8-carboxylat)

Thém DIAD (208uL, 1,068mmol) vao dung dich chia (1R,3R)-tert-butyl 1-
((R)-1,1-dimetyletylsulfinamido)-3-hydroxy-8-azaspiro[4.5]decan-8-carboxylat
(200mg, 0,534mmol), triphenylphosphin (280mg, 1,068mmol), va axit isobutyric
(146pL, 1,602mmol) trong THF (5SmL). Khudy hdn hop tao thanh trong 16h & RT. Pha
lodng phan g bang EtOAc (50mL), loc qua miéng dém Xelit, db vao phéu tach chtra
NaHCOj; sat. aq, va chiét bang EtOAc (3 x 10mL). Say kho cac pha hitu co két hop
trén MgSOy, loc, va loai bo céc chét bay hoi trong diéu kién ap suét gidam. Tinh ché
phan cin tao thanh bang phuong phap sic ky silica (gradien MeOH/DCM 0 dén 7%)
dé tao ra (1R,3S)-tert-butyl 1-((R)-1,1-dimetyletylsulfinamido)-3-(isobutyryloxy)-8-
azaspiro[4.5]decan-8-carboxylat) (237mg, 0,534mmol). MS m/z 345,3 (M+H-Boc)".

Chét trung gian 30a/b/c

(1R,3R)-tert-butyl 1-((R)-N,2-dimetylpropan-2-ylsulfinamido)-3-hydroxy-8-
azaspiro[4.5]decan-8-carboxylat, (1R,3R)-tert-butyl 1-((R)-1,1-
dimetyletylsulfinamido)-3-metoxy-8-azaspiro[4.5]decan-8-carboxylat, & (1R,3R)-tert-
butyl 1-((R)-N,2-dimetylpropan-2-ylsulfinamido)-3-metoxy-8-azaspiro[4.5]decan-8-
carboxylat
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Khudy hdn hop gébm (1R,3R)-tert-butyl 1-((R)-1,1-dimetyletylsulfinamido)-3-
hydroxy-8-azaspiro[4.5]decan-8-carboxylat (142mg, 0,378mmol) va NaH (phan tan
60% trong dau khoang, 19mg, 0,473mmol) trong THF trong 20min & 0°C. Thém
iodometan (47uL, 0,756Mmol) va khudy hdn hop tao thanh trong 4h & RT. Loai bo
cac chat bay hoi trong diéu kién 4p suét giam va tinh ché phan can tao thanh bang
phuong phap HPLC (rtra gii gradien 25-50% axetonitril trong nudc, chit diéu chinh
NH,OH 5mM) dé tao ra (1R,3R)-fert-butyl I-((R)-N.2-dimetylpropan-2-
ylsulfinamido)-3-hydroxy-8-azaspiro[4.5]decan-8-carboxylat (15,0mg, 0,039mmol).
MS m/z 289,2 (M+H-Boc)"; (1R,3R)-tert-butyl 1-((R)-1,1-dimetyletylsulfinamido)-3-
metoxy-8-azaspiro[4.5]decan-8-carboxylat. MS m/z 289,2 (M+H-Boc)"; va (1R,3R)-
tert-butyl 1-((R)-N,2-dimetylpfopan-2—ylsu1ﬁnamido)-3-metoxy-8-azaspiro[4.S]decan-
8-carboxylat. MS m/z 303,2 (M+H-Boc)".

Chét trung gian 31

(1R,3S)-tert-butyl 1-((R)-1,1-dimetyletylsulfinamido)-3-metoxy-8-azaspiro[4.5]decan-
8-carboxylat

Khudy (duge bao vé khoi anh sang) hdn hop gdm (1R,3S)-tert-butyl 1-((R)-1,1-
dimetyletylsulfinamido)-3-hydroxy-8-azaspiro[4.5]decan-8-carboxylat (500mg,
1,335mmol), bac (I) oxit (340mg, 1,468mmol), va iodometan (250uL, 4,0mmol) trong
DCM (5mL) trong 24h & RT va 24h & 45°C. Sau khi 1am ngudi dén RT, loc hén hop
qua miéng dém Xelit, loai bo cac chit bay hoi trong diéu kién ap sudt giam, va tinh

ché phan can tao thanh bing phuong phép sic ky silica (gradien MeOH/DCM 0 dén
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5%) dé tao ra (IR,38)-tert-butyl 1-((R)-1,1-dimetyletylsulfinamido)-3-metoxy-8-
azaspiro[4.5]decan-8-carboxylat (248mg, 0,638mmol). MS m/z 289,2 (M+H-Boc)".

Chét trung gian 32

raxemic tert-butyl 1-((tert-butoxycacbonyl)amino)-3,3-diflo-8-azaspiro[4.5]decan-8-

carboxylat
39 B Boc\N HN-Boc .
- Boc.. -Boc R -Boc
Boc\N HN 7< s oC\ HN b 1 . Boc N HN
© F
OTBS OH F

Bué6e a: Khudy hdn hop gdm tert-butyl 3-((fert-butyldimetylsilyl)oxy)-1-(1,1-
dimetyletylsulfinamido)-8-azaspiro[4.5]decan-8-carboxylat (365mg, 0,746mmol) va
HCI (4M trong dioxan, 1,86mL, 7,46mmol) trong MeOH (4mL) trong 1h & 40°C. Sau
khi lam ngudi dén RT, loai bo céc chét bay hoi trong diéu kién ap suét giam dé tao ra
chat rdn mau trang. MS m/z 171,1 (M+H)". Khuiy hdn hop gdm phan cin nay, DIPEA
(2,6mL, 14,92mmol), va Boc,0 (407mg, 1,865mMol) trong THF (15mL) trong 16h &
RT. D6 hén hop vao phéu tach chira NH,CI sat. aq va chiét bang Et,O (5 x 10mL). Sy
kho cac pha hitu co két hop trén MgSO,, loc va loai bd cac chét bay hoi trong diéu
kién ap suit giam. Tinh ché phdn cin tao thanh bang phuong phap sic ky silica
(gradien EtOAc/heptan 10 dén 80%) dé tao ra tert-butyl  1-((tert-
butoxycacbonyl)amino)-3-hydroxy-8-azaspiro[4.5]decan-8-carboxylat (275mg,
0,742mmol). MS m/z 271,3 (M+H-Boc)".

Bu6c b: Khudy hdén hop gém tert-butyl 1-((fert-butoxycacbonyl)amino)-3-
hydroxy-8-azaspiro[4.5]decan-8-carboxylat (275mg, 0,742mmol) va Dess-Martin
periodinan (472mg, 1,113mmol) trong DCM (7,5mL) trong 2h & 0°C. D6 hén hop vao
phéu tach chira NaHCOj sat. aq va chiét bing DCM (3 x 10mL). S4y kho cac pha hitu
co két hop trén MgSO,, loc va loai bo céac chét bay hoi trong diéu kién ap suét giam.
Tinh ché phan cin tao thanh bing phuong phép sic ky silica (gradien EtOAc/heptan 5
dén  75%) @& tao ra tert-butyl 1-((zert-butoxycacbonyl)amino)-3-0xo-8-
azaspiro[4.5]decan-8-carboxylat (135mg, 0,366mmol). 'H NMR (400 MHz,
CLOROFORM-d) 6 ppm 4,57 (d, J/=9,09 Hz, 1 H), 4,16 (d, /=8,08 Hz, 1 H), 3,89-4,08
(m, 2 H), 2,77-2,93 (m, 2 H), 2,71 (dd, J=18,95, 8,08 Hz, 1 H), 2,50 (d, /=18,19 Hz, 1
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H), 2,07-2,24 (m, 2 H), 1,76 (td, J=12,82, 4,67 Hz, 1 H), 1,58-1,70 (m, 1 H), 1,42-1,53
(m, 18 H), 1,25-1,38 (m, 1 H).

Budce c: Khudy hdn hop gdm tert-butyl 1-((fert-butoxycacbonyl)amino)-3-oxo-
8-azaspiro[4.5]decan-8-carboxylat (95mg, 0,258mmol) va DeoxoFlo (190puL,
1,031Mmol) trong DCM (1ml) trong 48h & 50°C. B6 hdn hop vao phdu tach chtra
NaHCO; sat. aq /da va chiét bang EtOAc (3 x 5mlL). Sy kho cac pha hitu co két hop
trén MgSO,, loc va loai bd cac chit bay hoi trong diu kién 4p sudt gidm. Tinh ché
phan cin tao thanh bing phuong phép sic ky silica (gradien EtOAc/heptan 0 dén 30%)
dé tao ra tert-butyl 1-((tert-butoxycacbonyl)amino)-3,3-diflo-8-azaspiro[4.5]decan-8-
carboxylat (52mg, 0,133mmol). "H NMR (400 MHz, CLOROFORM-d) 6 ppm 4,55 (d,
J=9,35 Hz, 1 H), 3,78-4,02 (m, 3 H), 2,64-2,86 (m, 2 H), 2,38-2,59 (m, 1 H), 2,10-2,32
(m, 1 H), 1,79-2,10 (m, 2 H), 1,58 (qd, J=12,72, 3,79 Hz, 1 H), 1,27-1,52 (m, 21 H).

Céc hop chat sau day duoc téng hop sir dung céc quy trinh & trén hoic cac diéu
chinh theo cic quy trinh & trén st dung (1R,3R)-fert-butyl 3-((tert-
butyldimetylsilyl)oxy)-1-((R)-1,1-dimetyletylsulfinamido)-8-azaspiro[4.5]decan-8-

carboxylat tinh khiét khong dbi xtng 1am vt liéu ban dau.

Bang 2

Chat trung gian 33

I-amino-2,8-diazaspiro[4.5]dec-1-en-3-on
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Budc a: Lam lanh dung dich chtra diisopropylamin (0,320mL, 2,245mmol)
trong THF (4mL) dén -78°C va xtr ly bang n-butylliti (1,3mL, 2,080mmol) sau d6
khudy trong Smin & -78°C va lam 4m 1én dén 0°C tao ra dung dich chira LDA dé st
dung sau d6. Thém timng giot dung dich chita LDA (2,8mL) da diéu ché vao dung dich
-78°C chira fert-butyl 4-xyanopiperidin-1-carboxylat (153mg, 0,728mmol) trong THF
(10mL) va khudy hdn hop tao thanh trong 10min & -78°C, sau d6 trong 10min & -10°C.
Lam lanh lai phan tmg xubng -78°C va thém timg giot dung dich chtra alyl-Br (80uL,
0,924mmol) trong THF (2mL). Khudy hén hop phan tng tao thanh trong 1h & RT va
loai bo cac chat bay hoi trong diéu kién 4p sudt giam. Chiét phan nudc bang EtOAc,
rira cac pha hiru co két hop bang nuée, nude mudi, sdy kho trén Na,SOy, loc va ¢o dic
trong diéu kién &p suit giam. Tinh ché phin cin bing phuong phdp sic ky silica
(gradien EtOAc/heptan 0 dén 50%) dé tao ra tert-butyl 4-alyl-4-xyanopiperidin-1-
carboxylat (40mg, 0,16mmol) dudi dang dau khong mau. "H NMR (400MHz, DMSO-
ds) 6 ppm 5,99-5,70 (m, 1 H), 5,23 (q, J=1,1 Hz, 1 H), 5,20 (dtd, J=3,3, 2,1, 1,1 Hz, 1
H), 3,96 (d, J=13,7 Hz, 2 H), 2,86 (s, 2 H), 2,36 (dt, /=7,5, 1,3 Hz, 2 H), 1,84 (dq,
J=13,7,2,6 Hz, 2 H), 1,40 (s, 11 H).

Budc b: Suc khi dung dich chira tert-butyl 4-alyl-4-xyanopiperidin-1-carboxylat
(22mg, 0,088mmol) trong DCM (1,5mL) va NaOH (2,5M trong MeOH, 0,176mL,
0,439mmol) bang ozon (may suc khi khuéch tan) & -78°C trong 30min. Lam sach hdn
hop phan ting bang oxy sau d6 phan chia giita nu6c va DCM. Phan chia cac pha, thu
ldy pha hitu co va chiét pha nuéc bang DCM (2 x 5mL). C6 dic cac pha hitu co két
hop trong didu kién ap sudt giam. Hip thu phin cin tao thanh trong MeOH va khudy
trong 24h & 65°C. Sau khi lam nguoi dén RT, loai bé cac chit bay hoi trong didu kién
4p suét giam va tinh ché phan can tao thanh bing phuong phép séic ky silica (gradien
EtOAc/heptan 0 dén 70%) dé tao ra fert-butyl 4-xyano-4-(2-metoxy-2-
oxoetyl)piperidin-1-carboxylat (21mg, 0,074mmol) dudi dang dau khéng mau. 'H
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NMR (400 MHz, CLOROFORM-d) 6 ppm 4,14 (s, 2 H), 3,75 (s, 3 H), 3,08 (t, /=12,9
Hz, 2 H), 2,62 (s, 2 H), 2,15-2,02 (m, 2 H), 1,59-1,48 (m, 2 H), 1,46 (s, 9 H). TLC
(50% EtOAc/heptan (w/ KMnO4 dugc nhudm mau), R¢=0,5).

Buéc c: Khudy dung dich chira fert-butyl 4-xyano-4-(2-metoxy-2-
oxoetyl)piperidin-1-carboxylat (287mg, 1,017mmol) va NH; (7N trong MeOH,
3,0mL, 21,00mmol) trong MeOH (5mL) trong 6ng bit kin trong 48h & 120°C. Sau khi
lam nguoi dén RT, loai bo cac chit bay hoi trong didu kién ap suat giam dé tao ra chét
rin mau tring. Nghién nho chit rin nay bing EtOAc va loc dé tao ra tert-butyl 1-
amino-3-o0xo0-2,8-diazaspiro[4.5]dec-1-en-8-carboxylat (157mg, 0,587mmol) dudi
dang chét rin mau tring. "H NMR (400 MHz, DMSO-ds) & ppm 8,44 (s, 1 H), 8,02 (s,
1 H), 3,98 (d, /=13,3 Hz, 2 H), 2,71 (s, 2 H), 2,34 (s, 2 H), 1,81 (td, /~12,9, 4,6 Hz, 2
H), 1,49-1,30 (m, 11 H). MS m/z 268 (M+H)".

Chat trung gian 34a/b

raxemic tert-butyl 2-flo-1-ox0-8-azaspiro[4.5]decan-8-carboxylat & fert-butyl 2,2-

diflo-1-ox0-8-azaspiro[4.5]decan-8-carboxylat
O 0 0 F
O\\]/N: j — 0N * N

Thém dung dich chtra ferz-butyl 1-oxo0-8-azaspiro[4.5]decan-8-carboxylat (2,0g,
7,89mmol) trong THF (5mL) vao dung dich -78°C chirta NaHMDS (1M trong THF,
8,68mL, 8,68mmol). Sau khi khuéy trong 30min & nhiét do nay, thém dung dich chira
N-flobenzensulfonamit (2,49g, 7,89mmol) trong THF (10mL). Sau khi khudy 3h & -
78°C, n6 dugc pha loang bang NaHCO; sat. aq (100mL) va chiét bing DCM (3 x 100
mL). Rira cac pha hitu co két hop bang nuéc mudi, sdy kho trén Na,SO,, loc, va ¢d
dic trong diéu kién 4p suit giam. Tinh ché phén cin tao thanh bing phuong phap sic
ky silica (gradien EtOAc/heptan 0 dén 25%) dé tao ra raxemic tert-butyl 2-flo-1-oxo-
8-azaspiro[4.5]decan-8-carboxylat (351mg, 1,29mmol). MS m/z 272,1 (M+H)" va

diflo keton ma dong rtra gidi voi vat liéu ban dau. Cac phan dong rua giai két hop cia

-96-



24576

diflo keton/vat liéu ban déu dugc tinh ché lai bang phuong phép séc ky silica (gradien
MeOH/DCM 0 dén 5%) dé tao ra tert-butyl 2,2-diflo-1-ox0-8-azaspiro[4.5]decan-8-
carboxylat (573mg, 1,98mmol). MS m/z 290,1 (M+H)".

Chét trung gian 35

(S)-tert-butyl 4-((R)-1,1-dimetyletylsulfinamido)-2-oxa-8-azaspiro[4.5]decan-8-

carboxylat

Bu6c a: Khudy dung dich chtra tert-butyl  4-hydroxy-2-oxa-8-
azaspiro[4.5]decan-8-carboxylat (544mg, 2,11mmol) va Dess-Martin periodinan
(1,39g, 3,17mmol) trong DCM (10mL) trong 2h ¢ 0°C. Thém NaHCOs; sat. aq:
Na,S,0; sat. aq (1:1, 10mL), tach pha hitu co va chiét pha chira nu6e bang DCM (3 x
10mL). Sy kho céc pha hitu co két hop trén Na,SO,, loc va loai bo cac chit bay hoi
trong didu kién 4p sudt giam. Tinh ché phan can tao thanh bang phuong phép sic ky
silica (gradien EtOAc/heptan 0 dén 50%) dé tao ra tert-butyl 4-oxo-2-oxa-8-
azaspiro[4.5]decan-8-carboxylat (470mg, 1,84mmol) duéi dang dau khéng mau ma
dugc két tinh khi dang yén. '"H NMR (400 MHz, CLOROFORM-d) & ppm 4,08 (s, 2
H), 4,05 (s, 2 H), 3,88 (dt, J = 13,7, 4,9 Hz, 2 H), 3,12 (ddd, J= 13,6, 9.8, 3,6 Hz, 2
H), 1,75 (ddd, J = 13,9, 9,7, 4,2 Hz, 2 H), 1,58-1,51 (m, 2 H), 1,48 (s, 9 H). MS m/z
256,2 (M+H)".

Budce b: Khudy dung dich chira fert-butyl 4-o0x0-2-oxa-8-azaspiro[4.5]decan-8-
carboxylat (220ﬁ1g, 0,86mmol), titan(IV) etoxit (725uL, 3.,45mmol), va (R)-2-
metylpropan-2-sulfinamit (209mg, 1,72Mmol) trong THF (4mL) trong 1h & 90°C. Sau
khi 1am lanh dén 0°C, thém liti bohydrua (23mg, 1,06mmol). Sau khi khudy trong
30min, dép tat hdn hop phan tng nay bang cach thém MeOH. Loai bé cac chét bay hoi
trong didu kién ap suét giam. Pha lodng phan cin tao thanh bang nudc mudi va chiét

bing EtOAc (4 x 10mL). Sdy kho cac pha hitu co két hop trén Na,SO, loc, loai b6 cac
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chat bay hoi trong diéu kién ap suat giam, va tinh ché phén can tao thanh bang phuong
phép séc ky silica (gradien EtOAc/heptan 0 dén 100%) dé tao ra (S)-tert-butyl 4-((R)-
1,1-dimetyletylsulfinamido)-2-oxa-8-azaspiro[4.5]decan-8-carboxylat (170mg,
0,47mmol). MS m/z 361,1 (M+H)".

Céc hop chit sau day dugc tong hop st dung céc quy trinh & trén hoic cac diéu

chinh theo cac quy trinh & trén sir dung keton va sulfonamit twong tng.

Bang 3
0, O,

WP P

Chat trung gian 36

(LR)-tert-butyl 1-((R)-1,1-dimetyletylsulfinamido)-2-metyl-8-azaspiro[4.5]decan-8-

carboxylat

O

11

Boc\N 0] Boc.. o Boc ... HN/S',,
a N b N 3 /<
—_— —_—

Budc a: Thém LiHMDS (1M trong THF, 8,68mL, 8,68mmol) vao dung dich
chira fert-butyl 1-oxo0-8-azaspiro[4.5]decan-8-carboxylat (2,2g, 8,68mmol) trong THF
(24mL) & 0-5°C. Sau khi khudy hén hop trong 30min & nhiét d§ nay, thém iodometan
(0,543mL, 8,68mmol). Lam 4m hén hop tao thanh dén RT va khudy trong 2h. Pha
lodng hdn hgp phan ting tao thanh bang EtOAc va dap tit bang NaHCO; sat. ag. Rtra
pha hitu co béng nuée mubi, séy kho trén Na,SOy, loc va cd dac trong diéu kién ap
sudt giam. Tinh ché ddu mau nau tao thanh bang phuong phap sic ky silica (gradien
EtOAc/heptan 0 dén 25%) dé tao ra tert-butyl 2-metyl-1-oxo-8-azaspiro[4.5]decan-8-
carboxylat (1,3g, 4,86mmol). MS m/z 268,1. (M+H)".
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Bué6e b: Khudy dung dich chira fert-butyl 2-metyl-1-ox0-8-azaspiro[4.5]decan-
8-carboxylat (267mg, 0,999mmol), titan(IV) etoxit (837uL, 3,99mmol), va (R)-2-
metylpropan-2-sulfinamit (242mg, 1,997mmol) trong THF (10mL) trong 24h & 85°C.
Sau khi 1am lanh dén -78°C, thém MeOH (12ml) sau d6 thém liti bohydrua (65,3mg,
3,00mmol). Khudy hdn hop tao thanh & -78°C dén RT trong 16h. Thém tir tir NH,CI
sat. aq dé dap tat luong du sau d6 bd sung EtOAc (100mL). Khudy manh hdn hop tao
thanh trong 15min va sau d6 loc qua miéng dém Xelit. Loai bé cac chat bay hoi trong
diéu kién 4p suét giam va tinh ché phan can tao thanh bing phuong phép sic ky silica
(gradien EtOAc/heptan 0 dén 60% (chtra 0,25% Et;N)) dé tao ra (1R)-tert-butyl 1-((R)-
1,1-dimetyletylsulfinamido)-2-metyl-8-azaspiro[4.5]decan-8-carboxylat (92mg,
0,247mmol). MS m/z 373,1 (M+H)".

Chét trung gian 37a/b
(35,4S)-tert-butyl 4-((R)-1,1-dimetyletylsulfinamido)-3-metyl-2-oxa- 8-
azaspiro[4.5]decan-8-carboxylat & (3R,4S)-tert-butyl 4-((R)-1,1-
dimetyletylsulfinamido)-3-metyl-2-oxa-8-azaspiro[4.5]decan-8-carboxylat

(R)’(’)
B

s
oc. HN-S-,

0 N s

S (@.,K

Boc. 0 Boc.. o) Boc. HN-S-,
a N b z /< c ]
0] Me (R) 9
0 0 Boc\N HN/S"/
PEAN
R
0]

Buéce a: Thém LiHMDS (1M trong THF, 9,67mL, 9,67mmol) vao dung dich
chira fert-butyl 4-oxo-2-oxa-8-azaspiro[4.5]decan-8- (2,47g, 9,67mmol) trong THF
(24mL) & -78°C. Sau khi khudy hén hop trong 30min & nhiét dJ nay, thém iodometan
(0,605mL, 9,67mmol) trong THF (10mL). Lam 4m hdn hop tao thanh dén RT va
khudy trong 1h. Pha lodng hdn hop phan tng tao thanh bang EtOAc va dap tit bang
NaHCO;j sat. aq. Rira pha hitu co béng nude mudi, séy kho trén Na,SOy, loc, va ¢ dic
trong diéu kién ap suét giam. Tinh ché diu mau nu tao thanh bang phwong phap sic
ky silica (gradien EtOAc/heptan 0 dén 20%) dé tao ra fert-butyl 3-metyl-4-0x0-2-oxa-
8-azaspiro[4.5]decan-8-carboxylat (318mg, 1,18 1mmol). MS m/z 270,2. (M+H)".
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Buéc b: Khudy dung dich chta tert-butyl 3-metyl-4-0x0-2-0xa-8-
azaspiro[4.5]decan-8-carboxylat (318mg, 1,181mmol), titan(IV) etoxit (990uL,
4,72mmol), va (R)-2-metylpropan-2-sulfinamit (286mg, 2,361mmol) trong THF
(4mL) trong 90min & 90°C. Sau khi lam lanh dén 0°C, thém liti bohydrua (65,3mg,
3,00mmol) trong mot phan va khudy hdn hop tao thanh trong 16h & RT. Thém tir tir
NH,CI sat. aq dé dap tit lvong du sau d6 bd sung EtOAc (25mL). Khudy manh hdn
hop tao thanh trong 15min va sau d6 loc qua miéng dém Xelit. Rira pha hitu co bang
NaHCOj; sat. aq, nudc mudi, séiy khod trén Na,SO,, loc, va loai bd cic chit bay hoi
trong diéu kién 4p suit giam. Tinh ché phan cin tao thanh bang phuong phép sic ky
silica (gradien EtOAc/heptan 0 dén 100%) dé tao ra (4S)-fers-butyl 4-((R)-1,1-
dimetyletylsulfinamido)-3-metyl-2-oxa-8-azaspiro[4.5]decan-8-carboxylat (88mg,
0,235mmol). MS m/z 375,2 (M+H)".

Budc c: Tach cac chit déng phan khong dbi quang bang phuong phap SFC
khong ddi xtng nhu sau: c¢ot: LUXC4 30 x 250 mm, Iuu lugng: 80g/min, pha déng:
MeOH 20% trong CO,, qué trinh do: 210nm tao ra (3R,4S)-tert-butyl 4-((R)-1,1-
dimetyletylsulfinamido)-3-metyl-2-oxa-8-azaspiro[4.5]decan-8-carboxylat, R&=
4,0min; va (35,45)-tert-butyl 4-((R)-1,1-dimetyletylsulfinamido)-3-metyl-2-oxa-8-
azaspiro[4.5]decan-8-carboxylat, R= 4,55min.

Chét trung gian 38

(35,48)-tert-butyl 4-((R)-1,1-dimetyletylsulfinamido)-3-metyl-2-oxa-8-

azaspiro[4.5]decan-8-carboxylat

(0]
5. OTBS
H)LY Boc. Boc. OH Boc. OH
Boc. N b,c N d N
r\O\ a , CO\2Et , \ -
CO,Et o
S H S
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=S, =S
0C+ HN—*-, Boc. HN-°-, Boc.. (o)
N = = /)
o, [S o U e N %
(Shi NET i
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Hdn hop ddng phan khong déi quang 95:5

Budc a: Thém ting giot nBuLi (2,5M trong hexan, 64,IML, 160mmol) vao

dung dich -10°C chura diisopropylamin (23,4mL, 166mmol) trong THF (220mL). Sau
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khi khudy trong 30min & nhiét do nay, thém tung giot 1-tert-butyl 4-etyl piperidin-1,4-
dicarboxylat (27,5g, 107mmol) trong THF (50mL) va khudy hdn hop tao thanh trong
30min ¢ 0°C. Thém (S)-2-((tert-butyldimetylsilyl)oxy)propanal (20,47mL, 102mmol)
va khudy hén hop trong 1h & 0°C va 1h & RT. Pha loAng phan tmg bang NaHCOj sat.
aq:H,O (1:4, 125mL), thém EtOAc (50mL), va phéan chia cac pha. Chiét tiép pha nudc
bang EtOAc (3 x 100mL). Sy kho céc pha hitu co két hop trén Na,SOy, loc, va loai bod
phan dung méi trong diéu kién ap suat giam. Phin cdn tao thanh dugc sir dung trong

bude tiép theo ma khong tinh ché thém. MS m/z 346.4 (M+H-Boc)".

Bué6c b: Thém timg phan LiBH, (7,0g, 321mmol) vao dung dich chtra 1-fert-
butyl 4-etyl 4-((2S)-2-((tert-butyldimetylsilyl)oxy)-1-hydroxypropyl)piperidin-1,4-
dicarboxylat (95g, 214mmol) thd trong THF (600mL) va khudy hdn hop tao thanh
trong 16h & RT. Sau khi lam lanh dén 0°C, thém NaHCOj sat. aq:H,O (1:2, 150mL)
va khudy manh hdn hop tao thanh cho dén khi khong quan sat thdy bot khi nita. Thém
EtOAc (100mL), loc hdn hgp, phan chia cic pha, va chiét tiép pha chta nudce bang
EtOAc (3 x 50mL). Rtra cac pha hitu co két hop bing nude mudi, sdy kho trén
Na,SOy4, loc, va loai bd cac chit bay hoi trong diéu kién ap suét gidm dé tao ra fert-
butyl 4-((25)-2-((tert-butyldimetylsilyl)oxy)-1-hydroxypropyl)-4-(2-
hydroxyetyl)piperidin-1-carboxylat (64,8g, 161mmol) dugc st dung trong budc tiép
theo ma khéng tinh ché thém.

Buéc c¢: Khudy dung dich chua tert-butyl  4-((25)-2-((tert-
butyldimetylsilyl)oxy)-1-hydroxypropyl)-4-(2-hydroxyetyl)piperidin-1-carboxylat
(64,8g, 161mmol) va TBAF (1M trong THF, 242mL, 242mmol) trong THF (500mL)
trong 2h & RT. Thém NaHCO; sat. aq:H,O (1:2, 150mL), phan chia cac pha, va chiét
tiép pha chira nudc bing EtOAc (3 x 100mL). Rira cac pha hitu co két hop bing nude
mudi, séy kho trén Na,SOy, loc, va loai bd cac chét bay hoi trong diéu kién ap suét
giam. Tinh ché phan can tao thanh bing phuong phép sic ky silica (gradien
EtOAc/heptan 20 dén 100%) dé tao ra tert-butyl 4-((2S5)-1,2-dihydroxypropyl)-4-(2-
hydroxyetyl)piperidin-1-carboxylat (39,25g, 136mmol) duéi dang diu khong mau ban

ran.

Buéc d: Thém tung giot dung dich chta fert-butyl 4-((25)-1,2-
dihydroxypropyl)-4-(2-hydroxyetyl)piperidin-1-carboxylat (35,06g, 121mmol) va

TsCl (23,10g, 121mmol) trong THF (200mL) vao huyén phu 0°C ctia NaH (10,60g,
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424mmol) trong THF (600mL). Khudy hdn hop tao thanh trong 1h & 0°C. Thém tir tir
NH,CI sat. aq (~5mL) & -20°C va khudy manh phan tng dén khi khong con quan sat
thdy bot khi. O diém nay, thém NH,CI sat. aq (100mL) sau d6 thém nuéc mudi
(100mL) va chiét hdn hop bang EtOAc (3 x 100mL). Sy khé c4c pha hitu co két hop
trén Na,SOy, loc, va loai b phan dung méi trong diu kién ap suét giam dé tao ra (35)-
tert-butyl  4-hydroxy-3-metyl-2-oxa-8-azaspiro[4.5]decan-8-carboxylat ~ (32,19g,
119mmol) dugc sit dung trong budc tiép theo ma khéng tinh ché thém. MS m/z
171,1(M-Boc).

Budc e: Khudy dung dich chira (3S)-tert-butyl 4-hydroxy-3-metyl-2-oxa-8-
azaspiro[4.5]decan-8-carboxylat (32,19g, 119mmol) va Dess-Martin periodinan
(67,4g, 154mmol) trong DCM (300mL) trong 2h & 0°C. Sau khi lam 4m dén RT, loai
bd cac chét bay hoi trong diéu kién ap suit giam va tinh ché phan can tao thanh bang
phuong phap séc ky silica (gradien EtOAc/heptan 0 dén 40%) dé tao ra (S)-tert-butyl
3-metyl-4-0x0-2-0xa-8-azaspiro[4.5]decan-8-carboxylat (27,682, 92mmol) dudi dang
dau mau vang nhat. 'H NMR (400 MHz, CLOROFORM-d) 6 ppm 4,09 (d, J=9,60 Hz,
1 H), 3,66-3,86 (m, 4 H), 3,03 (ddd, J=13,77, 9,73, 3,79 Hz, 1 H), 2,90 (ddd, J=13,64,
10,23, 3,41 Hz, 1 H), 1,68 (ddd, J=13,83, 9,92, 4,29 Hz, 1 H), 1,41-1,59 (m, 2 H),
1,30-1,40 (m, 10 H), 1,20-1,25 (m, 3 H).

Busc f: Khudy dung dich chia (3S)-fert-butyl 3-metyl-4-ox0-2-0xa-8-
azaspiro[4.5]decan-8-carboxylat (22,52g, 84mmol), titan(IV) etoxit (70,1ml,
334mmol), va (R)-2-metylpropan-2-sulfinamit (21g, 173mmol) trong THF (300mL)
trong 21h & 90°C. Sau khi lam lanh dén -4°C, thém MeOH (30mL), sau d6 thém ting
giot (duy tri nhiét dd phan tmg dudi 2°C) liti bohydrua (1,82g, 84mmol) va khudy hdn
hop tao thanh trong 1h & -4°C. Thém tir tir NH,Cl sat. aq dé dép tit lugng du bohydrua
(kiéu gelatin duoc tao thanh) sau d6 bd sung EtOAc (500mL). Khudy manh hén hop
tao thanh trong 15min & RT va sau dé loc qua miéng dém Xelit sau do rira EtOAc
(500mL). Loai b6 cac chit bay hoi trong diéu kién 4p suét gidm va tinh ché phan cin
tao thanh bang phuong phap sic ky silica (gradien EtOAc/heptan 0 dén 100%) dé tao
ra (35.45)-tert-butyl 4-((R)-1,1-dimetyletylsulfinamido)-3-metyl-2-oxa-8-
azaspiro[4.5]decan-8-carboxylat 1a hén hop dong phan khong ddi quang 95:5 (ddng
phan khong ddi quang nho (3R.4S)-tert-butyl 4-((R)-1,1-dimetyletylsulfinamido)-3-
metyl-2-oxa-8-azaspiro[4.5]decan-8-carboxylat).
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Bué6c g: Tach cac chat ddng phan khong dbi quang bing phuong phap SFC
khong dbi xtmg nhu sau: ¢ot: LC-4 30 x 250 mm, luu lugng: 100g/min, pha dong:
MeOH 30% trong CO,, qua trinh do: 225nm, R: 0,95min (d6ng phan khong dbi quang
phu R 0,55min) tao ra (3S5,4S)-tert-butyl 4-((R)-1,1-dimetyletylsulfinamido)-3-metyl-
2-oxa-8-azaspiro[4.5]decan-8-carboxylat (19g, 50,68mmol). MS m/z 375,2.

Chét trung gian 39

(4R)-4-amino-2-metyl-8-azaspiro[4.5]decan-2-ol
o o L)
HoN, HN HN

OQ"'OH . OO"'OH LA O&O
HN (@) N O N
7 A7
O 0]

oL
c HN, d HaN,,
i :r &OH i :r &OH
OYN HN
W

Buéc a: Khudy manh hén hop gdbm mudi (2R4R)-4-amino-8-
azaspiro[4.5]decan-2-ol ~dihydroclorua (623mg, 2,56mmol), Na,CO; (1357mg,
12,80mmol), va CbzCl (1048mg, 6,14mmol) trong H,O (5mL) trong 30min & RT.
Thém THF (0,5mL) va khudy hdn hop tao thanh trong 18h & RT. Pha lodng hdn hop
bang nuéc va DCM. Chiét pha chira nude da tach bing DCM (2 x 10mL). Say kho cac
pha hitu co két hop trén Na,SOy, loc, va cd dic trong diéu kién ap sut gidm, va tinh
ché phan can tao thanh bang phuong phap sic ky silica (gradien EtOAc/heptan 0 dén
100%) dé tao ra (1R,3R)-benzyl 1-(((benzyloxy)cacbonyl)amino)-3-hydroxy-8-
azaspiro[4.5]decan-8-carboxylat (940mg, 2,14mmol) duéi dang bot mau tring. MS
m/z 439,3 (M+H)".

Buéc b: Khudy hdn hop gém (1R,3R)-benzyl 1-(((benzyloxy)cacbonyl)amino)-
3-hydroxy-8-azaspiro[4.5]decan-8-carboxylat (440mg, 1,003mmol) va Dess-Martin
periodinan (638mg, 1,505mmol) trong DCM (6ml) trong 1h & 0°C va trong 18h & RT.
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Pha loing hdn hop phan Gng tao thanh béng NaHCOj sat. aq: Na,S,05 sat. aq (1:1,
25mL). Chiét pha chira nu6c da phan tach bing DCM (3 x 15mL). Rira cac pha hitu co
két hop bang nudc mudi, sdy kho trén MgSOy, va cd dic trong diéu kién 4p sut giam.
Tinh ché phan cin tao thanh bang phuong phép sic ky silica (gradien EtOAc/heptan 0
dén 70%) dé tao ra (R)-benzyl 1-(((benzyloxy)cacbonyl)amino)-3-o0xo-8-
azaspiro[4.5]decan-8-carboxylat (415mg, 0,951mmol) duéi dang bot mau tring. MS
m/z 4372 (M+H)".

Budc ¢: Thém tung giot (R)-benzyl 1-(((benzyloxy)cacbonyl)amino)-3-oxo-8-
azaspiro[4.5]decan-8-carboxylat (415mg, 0,951mmol) trong THF (5mL) vao dung
dich chira MeLi (1,2M trong THF, 2,61mL, 3,13mmol) trong THF (15mL) ¢ -30 dén -
40°C. Khudy hdn hop tao thanh trong 20min ¢ -30 dén -40°C. Pha loéing hdn hop bing
NaHSO, (dung dich 10% trong H,0), pha lodng bang EtOAc, va dugc lam 4m 1én dén
RT trong diéu kién khudy manh. Pha lodng hdn hgp bang NaHCO; sat. aq va chiét pha
chtta nuéc da phéan tach bing EtOAc (1 x 15mlL). Sy kho cac pha hitu co két hop trén
Na,SOy, loc, va c¢6 dac trong diéu kién ap suét giam. Khuéy manh dung dich chira
phin cian tao thanh (313mg), Na,CO; (498mg, 4,70mmol), va CbzCl (295mg,
1,729mmol) trong nude (10mL) va THF (1ml) trong 3 ngay ¢ RT. Pha lodng hon hop
bang EtOAc va chiét pha chtta nuéc da phén tach bang EtOAc (3 x 15mL). C6 dac cac
pha hitu co két hop trong didu kién ap suat giam. Tinh ché phan cin tao thanh bang
phuong phép sic ky silica (gradien EtOAc/heptan 0 dén 50%) dé tao ra hai chét ddng
phan khong dbi quang: chét ddng phan khong dbi quang A (112mg, 0,25mmol) 13 chét
ban ran khong mau, MS m/z 453,3 (M+H)" va chét dong phan khong dbi quang B
(45mg, 0,010mmol) 12 bot/chét rdn mau tring, MS m/z 453,3 (M+H)".

Budc d: Khudy manh hén hop gdm chét dong phan khong ddi quang A (50mg,
0,11mmol) va Pd/C (10% theo trong luong; 12mg, 0,01 Immol) trong MeOH (8mL)
trong didu kién khi quyén hydro trong 2h. Thém Xelit va loc hdn hop qua miéng dém
Xelit sau d6 rita DCM. C6 dic phan dich loc trong diéu kién 4p suét giam dé tao ra
(4R)-4-amino-2-metyl-8-azaspiro[4.5]decan-2-o0l dudi dang chit rin khéng mau duoc

st dung ma khong tinh ché thém. MS m/z 185,2 (M+H)".
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Chét trung gian 40

(1R,3S)-tert-butyl 1-((R)-1,1-dimetyletylsulfinamido)-3-flo-8-azaspiro[4.5]decan-8-

carboxylat
O
: :
Boc\N H_[N /< oc\N
OH

Khudy hén hop (IR,3R)-tert-butyl 1-((R)-1,1-dimetyletylsulfinamido)-3-
hydroxy-8-azaspiro[4.5]decan-8-carboxylat (400mg, 1,068mmol) va DAST (1M trong
DCM, 1,87mL, 1,87mmol) trong DCM (8,5mL) trong 90min & 0°C. Dap tat hdn hop
phan @ng nay bing cach thém NaHCOj sat. aq (5mL). Sau khi khudy trong 10min &
0°C, phan chia cac pha va phan tan pha chira nuéc DCM (2 x 5mL). Sdy kho céc pha
hitu co két hop trén MgSOy, loc, va loai bd cac chét bay hoi trong diéu kién ap suét
giam dé tao ra (IR,3S)-tert-butyl  1-((R)-1,1-dimetyletylsulfinamido)-3-flo-8-
azaspiro[4.5]decan-8-carboxylat dugc sir dung trong buéce tiép theo ma khong tinh ché

thém. MS m/z 277,2 (M+H-Boc)".
Chét trung gian 41
(1R,3R)-tert-butyl 1-((R)-1,1-dimetyletylsulfinamido)-3-flo-8-azaspiro[4.5]decan-8-

carboxylat

O

1

Boc.. HN-S-,
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F

Khudy hdn hop (IR,38)-tert-butyl  1-((R)-1,1-dimetyletylsulfinamido)-3-
hydroxy-8-azaspiro[4.5]decan-8-carboxylat (200mg, 0,534Mmol) va DAST (1M trong
DCM, 934uL, 0,934Mmol) trong DCM (5mL) trong 90min & 0°C. Dap tit hdn hop
phan ting nay bang cach thém NaHCO; sat. aq (5mL). Sau khi khudy trong 10min &
RT, phén chia c4c pha va phan tdn pha chtta nuéc bang DCM (2 x S5mL). Sdy kho cac

pha hitu co két hop trén MgSO,, loc, va loai bo cac chét bay hoi trong didu kién ap
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suat gidm dé tao ra (1R,3R)-fert-butyl 1-((R)-1,1-dimetyletylsulfinamido)-3-flo-8-
azaspiro[4.5]decan-8-carboxylat dugc st dung trong buée tiép theo ma khong tinh ché

thém. MS m/z 277,2 (M+H-Boc)".
Chét trung gian 42

3-((6-amino-2,3-diclopyridin-4-yl)thio)-6-clopyrazin-2-amin
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X a XI:NI& b Xl—i\l\f I NaS ’
N| . I X . | N + | SN
=
Cl N~ cl N~ Cl N\)\CI
Cl

cl
H NH, NH,
c N H,N S
— . >(OT 7 NS LI i G
N N
O No g Nash, s A g N g
Cl cl

Bué6c a: Thém LiHMDS (1M trong THF, 7,96ml, 7,96mmol) vao dung dich
chtra 5,6-diclopyridin-2-amin (590mg, 3,62mmol) trong THF (5mL) & 0°C. Khudy
phéan mg trong 10min ¢ 0°C sau d6 thém dung dich chira Boc,0O (869mg, 3,98mmol)
trong THF (5mL) vao hdn hgp phin tmg. Khudy dung dich tao thanh trong 15min &
0°C sau d6 hap thu dén khi d pH = 4 bing cach thém HCI 1M. Pha loang dung dich
béng EtOAc, ria bf'ing NaHCOj sat. ag, nudc mudi, séy kho trén Na,SO,, loc, va co
dic trong diéu kién 4p suit giam. Tinh ché phén cdn tao thanh bing phuwong phép sic
ky silica (gradien EtOAc/heptan 0 dén 40%) dé tao ra tert-butyl (5,6-diclopyridin-2-
yl)carbamate (790mg, 3,00mmol). '"H NMR (400 MHz, CLOROFORM-d) 6 ppm 7,86
(d, /=8,7 Hz, 1 H), 7,70 (d, J=8,7 Hz, 1 H), 7,20 (br s, 1 H), 1,51 (s, 9 H). MS m/z
232,9 (M+H-1Bu)".

Budc b: Thém n-BuLi (2,5M trong hexan, 2,83mL, 7,07mmol) vao dung dich
chtra diisopropylamin (1ml, 7,07mmol) trong THF (5mL) & -78°C va khudy dung dich
tao thanh trong 1h & nhiét d6 nay. Thém fterz-butyl (5,6-diclopyridin-2-yl)carbamat
(930mg, 3,53mmol) trong THF (5mL) & -78°C. Sau khi khuéy ¢ nhi€t do nay trong 2h,
thém iot (987mg, 3,89mmol) trong THF (5mL) va khudy hdn hop tao thanh trong
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30min & -78°C. Sau khi 1am 4m dén RT, pha loang hon hop phan mg bang nuée va
chiét bang EtOAc (2 x 50mL). Rira cac pha hitu co két hop bang Na,S,0s5 sat. ag, nugc
mudi, séy kho trén Na,SOy, loc, va co dic trong diéu kién ap suét gidm. Tinh ché phﬁn
cin tao thanh bang phuong phép sic ky silica (gradien EtOAc/heptan 0 dén 40%) dé
tao ra tert-butyl (5,6-diclo-4-iodopyridin-2-yl)carbamat ( 813mg, 2,09mmol). "H NMR
(400 MHz, CLOROFORM-d) 6 ppm 8,45 (s, 1 H), 7,12 (s, 1 H), 1,52 (s, 9 H). MS m/z
332,9 (M+H-1Bu)".

Bué6c c: Khudy hdn hop gdm rert-butyl (5,6-diclo-4-iodopyridin-2-yl)carbamat
(610mg, 1,57mmol), natri 3-amino-5-clopyrazin-2-thiolat (302mg, 1,65mmol),
Pdy(dba); (72mg, 0,08mmol), Xantphos (91mg, 0,16mmol), va DIPEA (0,55mL,
3,14mmol) trong dioxan (7,8mL) trong 8h & 110°C. Sau khi lam nguoi dén RT, loc
hdn hop phan tmg qua miéng dém Xelit va loai bo cac chét bay hoi trong didu kién ap
suit giam. Tinh ché phin cin tao thanh bang phuong phap sic ky silica (gradien
EtOAc/heptan 0 dén 40%) dé tao ra tert-butyl (4-((3-amino-5-clopyrazin-2-yl)thio)-
5,6-diclopyridin-2-yl)carbamat (470mg, 1,11Mmol). 'H NMR (400 MHz, DMSO) &
ppm 10,24 (s, 1 H), 7,96 (s, 1 H), 7,31 (br s, 2 H), 7,16 (s, 1 H), 1,38 (s, 9 H). MS m/z
321,9 (M+H-Boc)".

Budc d: Khudy hén hop gdm fert-butyl (4-((3-amino-5-clopyrazin-2-yl)thio)-
5,6-diclopyridin-2-yl)carbamat (470mg, 1,1 1mmol) va HCI (4M trong dioxan, 5,56ml,
22,24mmol) trong 1h & RT. Loai bd cac chit bay hoi trong diéu kién ap suat giam dé
tao ra 3-((6-amino-2,3-diclopyridin-4-yl)thio)-6-clopyrazin-2-amin dihydroclorua
(411mg, 1,04mmol) dugc sir dung ma khong tinh ché thém. MS m/z 324,0 (M+H)".
Vidul

(S) va (R) 8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-8-

azaspiro[4.5]decan-1-amin
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Buéc a: Khudy dung dich chira 6-clo-3-((2-(triflometyl)pyridin-3-

\

=z
&)Z
T
N
\
=z

yDthio)pyrazin-2-amin ~ (200mg, 0,652mmol)  va  N-(4-metoxybenzyl)-8-
azaspiro[4.5]decan-1-amin (358mg, 1,304mmol) trong DIPEA (3mL) trong 60h &
130°C. Sau khi lam ngudi dén RT, loai bd cac chét bay hoi trong didu kién &p sudt
giam. Hoa tan phan cin tao thanh trong TFA (3mL) va khudy dung dich trong 16 phan
g vi soéng trong 1h & 160°C va trong 15min & 180°C. Loai bo cac chét bay hoi trong
diéu kién 4p suét giam va tinh ché phan can tao thanh bang phuong phap HPLC (rtra
giai gradien 25-50% axetonitril trong nuéc, chit diéu chinh NH,OH 5mM) dé tao ra 8-
(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-
amin (73mg, 0,482mmol; 83% tinh khiét dwa trén HRMS). Tinh ché tiép 19mg ciia
hop chit nay bing phuong phéap HPLC (rra gidi gradien 25-50% axetonitril trong
nuéce, chit diéu chinh TFA 0,1%) dé tao ra hop chit néu trong d& muc tinh khiét
(9,5mg). "H NMR (400 MHz, METANOL-d,) & ppm 8,29 (dd, J=4,42, 1,39 Hz, 1 H),
7,48 (s, 1 H), 7,19-7,41 (m, 2 H), 4,06-4,26 (m, 2 H), 2,89-3,14 (m, 2 H), 2,71 (t,
J=7,33 Hz, 1 H), 1,86-2,00 (m, 1 H), 1,73-1,84 (m, 1 H), 1,43-1,72 (m, 5 H), 1,27-1,42
(m, 2 H), 1,17-1,27 (m, 1 H). "F NMR (376MHz, METANOL-d,) & ppm -66,45 (s).
HRMS duogc tinh cho CioHyyNgF3S (M+H)" 425,1735, duoc phét hién 1a 425,1753.
ICs0 12 0,023 uM.

Bué6e b: Qua trinh tinh ché SFC khong dbi xting ctia hop chit néu trong dé muc
0 trén duge thuc hién nhu sau; cot: ID 21x250 mm, luu luong: 75g/min, pha dong:
MeOH 35%va NH4OH 10mM trong CO,, qua trinh do: 270nm UV thu duge chat dong
phan dbi anh don R (P1)= 4.9min; ICs¢ 1a 0,011uM va R; (P2)= 6,4min; ICs, 12
0,167uM.
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Céc hop chét sau c6 cong thirc I, nhu duoc x4c dinh trong bang 4, duoc tao ra

bang cach sir dung cac quy trinh & trén hodc cac diéu chinh theo céc quy trinh & trén st

dung dan xuat tiopyrazin-2-amin va amin duoc bao vé tuong ung.

Bang 4

Vidu

Hop chét

M0 ta dac diem

ICs
(M)

Cl

Cl

@: N%Ni NH,
raxemic

'H NMR (400 MHz,
DMSO-ds) 6 ppm 7,62
(s, 1 H), 7,39 (d, J=7,83
Hz, 1 H), 7,22 (t, J=8,08
Hz, 1 H), 6,57 (d, /~=7,83
Hz, 1 H), 6,13 (s, 2 H),
4,03-4,21 (m, 2 H), 2,96-
3,13 (m, 2 H), 2,63-2,72
(m, 1 H), 1,73-1,89 (m, 2
H), 1,48-1,69 (m, 3 H),
1,13-1,40 (m, 5 H).
HRMS duoc tinh cho
CioH2CLNsS  (M+H)"
424,1129, dugc phat hién
424,1131.

0,025

'H NMR (400 MHz,
DMSO-ds) & ppm 7,63
(s, 1 H), 7,39 (d, J=8,08
Hz, 1 H), 7,22 (t, J=7,96
Hz, 1 H), 6,58 (d, J=8,08
Hz, 1 H), 6,13 (s, 2 H),
4,06-4,21 (m, 2 H), 2,96-
3,13 (m, 2 H), 2,71 (4,
J=745 Hz, 1 H), 1,71-
1,93 (m, 2 H), 1,45-1,64

0,010
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(m, 3 H), 1,13-1,42 (m, 5
H). HRMS dugc tinh cho
C1oHpCLNsS  (M+H)"
424,1129, duoc tinh cho
424,1129.

'H NMR (400 MHz,
DMSO-dg) & ppm 7,59
(s, 1 H), 7,39 (dd,
J=8,08, 1,26 Hz, 1 H),
7,18-7,25 (m, 1 H), 6,57
(dd, J=8,08, 1,52 Hz, 1
H), 6,11 (s, 2 H), 3,94-
4,05 (m, 2 H), 3,07-3,21
(m, 2 H), 2,40 (d, J=4,55
Hz, 1 H), 1,81-2,00 (m, 2
H), 1,13-1,67 (m, 9 H),
0,96-1,07 (m, 1 H).
HRMS duoc tinh cho
CooHpeCLNsS  (M+H)"
438,1286, dugc phat hién
438,1283.

0,032

'H NMR (400 MHz,
CDCl;) & ppm 8,35 (dd,
J=4,5,1,5Hz, 1 H), 7,58
(s, 1 H), 7,42 (d, J=8,1
Hz, 1 H), 7,24-7,15 (m, 1
H), 4,77 (s, 2 H), 4,13
(m, 2 H), 3,90 (m, 1 H),
3,78 (m, 1 H), 3,28-3,17
(m, 2 H), 3,06 (t, J=6,9
Hz, 1 H), 2,27 (2, 1 H),
1,74-1,63 (m, 1 H), 1,63-

0,349
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1,54 (m, 3 H), 1,53-1,46
(m, 1 H), 1,21 (br. s, 2
H). HRMS dugec tinh cho
CisHpnF3NgOS  (M+H)"
427,1528, dugce phat hién
427,1526.

'H NMR (400 MHz, | 0,074

NH,
CIWN DMSO-dg) 6 ppm 7,61
cl N\/\N NH, | (dd, J=7,96, 1,39 Hz, 1
% H), 7,43-7,48 (m, 1 H),
raxemic 7,35-7,42 (m, 1 H), 7.27-
7,33 (m, 1 H), 5,57 (br,
s, 2 H), 394 (dd,
J=12,76, 5,18 Hz, 2 H),
3,00-3,14 (m, 2 H), 2,40
d, J=4,55 Hz, 1 H),
1,79-1,99 (m, 2 H), 1,15-
1,66 (m, 9 H), 0,96-1,07
(m, 1 H). HRMS duoc
tinh  cho Cy,H,6ClNj5
(M+H)" 406,1565, duoc
phat hién 406,1563

'H NMR (400 MHz | 0,073
DMSO-dg) & ppm 7,61
o N A NH, | (dd, J=7,96, 1,64 Hz 1
. % H), 7,48 (s, 1 H), 7,35-
raxemic

7,42 (m, 1 H), 7,28-7,33

(m, 1 H), 5,53-5,63 (m, 2
H), 4,01-4,13 (m, 2 H),
2,99 (qd, J=12,38, 2,78
Hz, 2 H), 1,71-1,91 (m, 2
H), 1,47-1,66 (m, 4 H),

Cl
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L13-140 (m, 5 1)
HRMS duogc tinh cho
C19H24CI,N;s (M+H)"
392,1409, dugce phat hién
392,1417.

Vidu 8

(R) va (S5)-2-(6-amino-5-((2,3-diclophenyl)thio)pyrazin-2-yl)-2-azaspiro[3.3 Jheptan-5-

amin
NH,
s A
NH, s NH, CIN\AN NH,
s :
jl/gN , ™7 NHBoc a Wi;“\ b cl \1@
cl"~F e clF ey NH, . NH,
§ o o

Buge a: Khudy dung dich chira 6-clo-3-((2,3-diclophenyl)thio)pyrazin-2-amin
(140mg, 0,457mmol) va tert-butyl 2-azaspiro[3.3]heptan-5-ylcarbamat (mudi HCI,
125mg, 0,502mmol) trong DIPEA (I1ml) trong 24h & 130°C. Sau khi lam ngudi dén
RT, loai bo cac chit bay hoi trong diéu kién ap sudt giam. Hoa tan phn cin tao thanh
trong DCM (5mL), thém TFA (0,5mL) va khudy hén hop tao thanh trong 30min & RT.
Loai bé céc chét bay hoi trong diéu kién ap suit giam va tinh ché phan cin tao thanh
bang phwong phap HPLC (rira giai gradien 25-50% axetonitril trong nudc, chét didu
chinh NH,OH 5mM) dé tao ra 2-(6-amino-5-((2,3-diclophenyl)thio)pyrazin-2-yl)-2-
azaspiro[3.3]Theptan-5-amin (75mg, 0,186mmol). '"H NMR (400 MHz, METANOL-d,)
o ppm 7,31 (dd, J=8,03, 1,51 Hz, 1 H), 7,18 (s, 1 H), 7,11 (t, /=8,03 Hz, 1 H), 6,60
(dd, J=8,03, 1,51 Hz, 1 H), 4,45 (d, J=8,78 Hz, 1 H), 4,03 (d, J=9,03 Hz, 1 H), 3,96 (d,
J=9,03 Hz, 1 H), 3,90 (d, J=8,78 Hz, 1 H), 3,34-3,39 (partially overlapped with
solvent, m, 1 H), 2,12-2,25 (m, 1 H), 1,90-2,11 (m, 2 H), 1,52-1,67 (m, 1 H). HRMS
dugc tinh cho C;¢H;sCLINsS (M+H)" 382,0660, duoc phat hién 382,0585. ICs, 1a
5,36 uM.
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Buéc b: Tinh ché thém 2-(6-amino-5-((2,3-diclophenyl)thio)pyrazin-2-yl)-2-
azaspiro[3.3]heptan-5-amin (53,9mg, 0,141Mmol) bing phuong phép SFC khong dbi
xtng; cot: OJ-H 21x250 mm, Ivu lugng: 80g/min, pha dong: MeOH 26% va NH,OH
10mM trong CO,, qua trinh do: 269nm UV thu dugc mot chat déng phan ddi anh R,
(P1)=3,7min; ICs la 17,49uM va R, (P2)= 4,7min.; ICs 12 3,31 uM.

Céc hop chét sau ¢6 cong thirc I, nhu duge xac dinh trong bang 5, duogc didu
ché bang céch st dung cac quy trinh & trén hodic cac diéu chinh theo cac quy trinh &

trén st dung dan xuat pyrazin-2-amin va amin dugc bao vé twong ting.

Béang 5
Vi du Hop chét MO ta dic diém ICso (LM)
9 'H NMR (400 MHz | 1,106
NH
? METANOL-d;) & ppm
Cl ~N
& Nk NH, | 750 (dd, J=7.91, 1,63

N
. Qd Hz, 1 H), 7,29 (t, J=7,91
raxemic

Hz, 1 H), 7,21 (dd,
J=7,65, 1,63 Hz, 1 H),
6,98 (s, 1 H), 4,29 (d,
J=8,53 Hz, 1 H), 3,89 (d,
J=8,53 Hz, 1 H), 3,82 (d,
J=8,53 Hz, 1 H), 3,76 (d,
J=8,78 Hz, 1 H), 3,27
(tring mot phén véi dung
moi, t, J/=8,41 Hz, 1 H),
2,03-2,16 (m, 1 H), 1,92-
2,03 (m, 1 H), 1,82-1,92
(m, 1 H), 1,45-1,61 (m, 1
H). HRMS duogc tinh cho
C16H13CLN;s (M+H)"
350,0939, dugc phat hién
350,0876.
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10a &
10b

Cl &
N\%N
8.,
Wz
Cl ~N H,oN
| 2
Ccl N R
%N .
(R)
NH,
Cl l ~N HoN
I (S)
C N%N

Quéd trinh tinh ché SFC
khong dbi xung duge
thuc hién nhu sau; cot:
Xenluloza LUX-2
21x250 mm, luu luong:
75g/min, pha  ddng:
MeOH 45% va NH,OH
10mM trong CO,, qua
trinh do: 354nm UV thu
duoc chit dong phan dbi
anh don R, (P1)=3,3min,
R, (P2)=5,6Min. 'H
NMR (400 MHz,
METANOL-d,) & ppm
7,61 (dd, J=7,78, 1,76
Hz, 1 H), 7,40 (t, J=7,78
Hz, 1 H), 7,35 (dd,
J=7,53, 1,76 Hz, 1 H),
7,22 (s, 1 H), 3,80 (d,
J=10,79 Hz, 1 H), 3,35-
3,61 (m, 4 H), 2,18-2,36
(m, 1 H), 2,05-2,18 (m, 1
H), 1,95-2,05 (m, 1 H),
1,66-190 (m, 3 H).
HRMS duoc tinh cho
C17H0CLN5s (M+H)"
364,1096, dugc phat hién
364,1078.

Pl1=
0,548
P2=
0,189
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11a

& 11b

Cl

Cl N R
\%N
(8-,
NH,
Cl | N H,N
Cl N R
\%N .
(R)
NH,
Cl ] ~N HoN
[ (S
C N%N

Qua trinh tinh ché SFC
khong dbi ximg duoc
thuc hién nhu sau; cot:
AD-H 21x250 mm, luu
luong:  75g/min, pha
dong: MeOH 50% va
NH,OH 10mM trong
CO,, qué trinh do: 354nm
UV thu dugce chit ddng
phan d&i 4nh don R,
(P1)=2,2Min, R;
(P2)=3,6Min. 'H NMR
(400 MHz, METANOL-
dy) & ppm 7.48 (dd,
J=7,78, 1,76 Hz, 1 H),
7,28 (t, J=7,78 Hz, 1 H),
7,22 (dd, J=7,53, 1,76
Hz, 1 H), 7,04 (s, 1 H),
3,55 (br, s,, 1 H), 3,28-
3,42 (m, 4 H), 2,05-2,20
(m, 2 H), 1,79-1,89 (m, 1
H), 1,60-1,73 (m, 3 H).
HRMS dugc tinh cho
C17H20C1N5s (M+H)"
364,1096, dugc phat hién
364,1082.

P1=
0,365

0,145
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12a &
12b

Qua trinh tinh ché SFC
khong ddi ximg duoc
thuc hién nhu sau; cot:
AS-H 21x250 mm, luu
lugng:  75g/min, pha
dong: IPA 40% wva
dietylamin 0,2% trong
CO,, qua trinh do: 354nm
UV thu dugc chét ddng
phan ddi anh don R,
(P1)=2,0min, R;
(P2)=3,IMin. 'H NMR
(400 MHz, METANOL-
dy) & ppm 7,23 (s, 1 H),
7,18 (dd, J=8,03, 1,51
Hz, 1 H), 6,93-7,05 (m, 1
H), 6,50 (dd, J=8,03,
1,51 Hz, 1 H), 3,70 (d,

J=11,04 Hz, 1 H), 3,24- |

3,51 (m, 3 H), 2,07-2,24
(m, 1 H), 1,94-2,07 (m, 1
H), 1,89 (d, J=5,77 Hz, 1
H), 1,54-1,82 (m, 4 H).
HRMS dugc tinh cho
Ci7HyCLNsS  (M+H)"
396,0816, dugc phat hién
396,0798.

Pl=
5,787
P2=
3,933
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13a & " Qua trinh, tinh ché SFC| Pl=
13b S W/KN o khong db6i xtmg dugc| 0,354
CIN%N o (S) thuc hién nhu sau; cot: pPo=
\H, AS-H 21x250 mm, luu 1,510
S lugng:  75g/min, pha
%N HoN
N V/LN ~ ®  |dong: IPA 45% va
XH, ' dietylamin 0,2% trong
S W/g'\‘ . CO,, qué trinh d(‘):’354‘nm
o Ny N\ SO UV thu duge chét déng
N phan do6i anh don R,
S %N o (P1)=2,1Min, R, (P2)=3,5
N %N ~ (9) min. 'H NMR (400 MHz,
K METANOL-d,) & ppm
7,27-7,32 (m, 2 H), 7,11
(t, J=7,91 Hz, 1 H), 6,60
(dd, J=8,16, 1,38 Hz, 1
H), 3,64-3,76 (m, 1 H),
3,39-3,57 (m, 4 H), 2,14-
2,32 (m, 2 H), 1,88-2,04
(m, 2 H), 1,68-1,88 (m, 2
H). HRMS duoc tinh cho
Ci7HCLNsS — (M+H)"
396,0816, dugc phat hién
396,0799.
Vi du 14

7-(6-amino-5-((2,3-diclophenyl)thio)pyrazin-2-yl)-7-azaspiro[3.5]nonan-1-amin
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Khudy dung dich chira 6-clo-3-((2,3-diclophenyl)thio)pyrazin-2-amin (140mg,
0,457mmol) va 2-(7-azaspiro[3.5]nonan-1-yl)isoindolin-1,3-dion (mubi HCI, 154mg,
0,502mmol) trong DIPEA (1mL) trong 16h & 130°C. Sau khi lam nguoi dén RT, loai
b6 cac chét bay hoi trong didu kién ap suét giam. Khudy dung dich chira phan cin tao
thanh va hydrazin hydrat (29uL, 0,602mmol) trong THF:MeOH (1:1, ImL) trong 16h
& 55°C. Sau khi 1am nguoi dén RT, loai bd cac chat bay hoi trong diéu kién ap suit
giam va tinh ché phan cin tao thanh bang phuong phap HPLC (rtra giai gradien 35-60%
axetonitril trong nudc, chét diéu chinh NH,;OH 5mM) dé tao ra hop chit néu trong dé
muc (78mg, 0,502mmol). '"H NMR (400 MHz, METANOL-dy) & ppm 7,59 (s, 1 H),
7,31 (dd, J=8,03, 1,51 Hz, 1 H), 7,12 (t, /=8,03 Hz, 1 H), 6,62 (dd, J=8,03, 1,51 Hz, 1
H), 437 (d, J/=13,55 Hz, 1 H), 4,26 (d, J/=13,55 Hz, 1 H), 3,24-3,30 (partially
overlapped with solvent, m, 1 H), 3,07-3,20 (m, 1 H), 2,92 3,06 (m, 1 H), 2,26-2,39
(m, 1 H), 1,87-2,07 (m, 2 H), 1,57-1,87(m, 4 H), 1,34-1,42 (m, 1 H). HRMS duogc tinh
cho Ci3H,,ClLNsS (M+H)" 410,0973, dugc phat hién 410,1018; (raxemic). ICs, 1a
0,056uM.

Qua trinh tinh ché SFC khéng dbi xtng cta hop chat néu trong dé muc & trén
dugc thyc hién nhu sau; cot: AD-H 21x250 mm, lvu lwong: 80g/min, pha dong:
MeOH 46% va NH4OH 10mM trong CO,, qua trinh do: 274nm UV thu dugc chét
ddng phan d6i anh don R, (P1)= 4,0min va R, (P2)= 5,5 min. (P1 (S-chit ddng phan
dbi anh (dugc xdc dinh bang tia X)); ICso 1a 0,019uM; (P2 (R-chat ddng phan déi
anh)); ICs 1a 0,414 M.

Céc hop chét sau co cong thire I, nhu duge x4c dinh trong bang 6, dugc diéu
ché bang céach str dung cac quy trinh & trén hodc cic didu chinh theo céc quy trinh &

trén str dung din xuét pyrazin-2-amin va phthalamit-amin dugc bao vé tuwong tng.
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Bang 6

Vidu

M0 ta ddc diem

ICs
(uM)

15

'H NMR (400MHz,
METANOL-d;) 6 ppm
7,53 (s, 1H), 6,86 (&,
J=8,0 Hz, 1 H), 6,62 (dd,
J=1,3, 8,1 Hz, 1 H), 6,02
(dd, J=1,3, 7,8 Hz, 1 H),
4,37-4,10 (m, 2 H), 3,21-
2,92 (m, 3 H), 2,32-2,18
(m, 1 H), 1,92-1,62 (m, 5
H), 1,61-1,49 (m, 2H).
HRMS duoc tinh cho
CigHpuCINgS  (M+H)"
391,1472, dugc phat hién
391,1486.

0,016

16

Cl | ~N

Cl N \)\ N NH,
raxemic

'H NMR (400 MHz,
DMSO-ds) & ppm 7,61
(dd, J=8,03, 1,51 Hz, 1
H), 7,49 (s, 1 H), 7,38 (4,
J=7,78 Hz, 1 H), 7,30
(dd, /7,53, 1,51 Hz, 1
H), 5,63 (s, 2 H), 4,03-
4,19 (m, 1 H), 3,89-4,03
(m, 1 H), 3,34 (s, 2 H),
3,05 (ddd, J=13.55, 8,53,
5,52 Hz, 1 H), 2,86-2,99
(m, 2 H), 2,00-2,14 (m, 1
H), 1,47-1,71 (m, 5 H),
1,28-1,47 (m, 2 H).

0,145
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HRMS duoc tinh cho
C1sH2,CN;s (M+H)"
378,1252, dugc phat hién
378,1217.

17a &
17b

Cl

Cl

Qué trinh tinh ché SFC
khong dbi xung duogc
thuc hién nhu sau; cot:
AD-H 21x250 mm, luu
luong:  75g/min, pha
dong: IPA 45% va
NH,OH 10mM trong
CO,, qua trinh do:
354nm UV thu dugc chit
ddéng phan d6i anh don
R (P1)=3,4min, R,
(P2)=4,6min. 'H NMR
(400 MHz, DMSO-dy) 5
ppm 7,61 (dd, J=8,03,
1,51 Hz, 1 H), 7,49 (s, 1
H), 7,38 (t, /=7,78 Hz, 1
H), 7,30 (dd, J=7,53,
1,51 Hz, 1 H), 5,63 (s, 2
H), 4,03-4,19 (m, 1 H),
3,89-4,03 (m, 1 H), 3,34
(s, 2 H), 3,05 (ddd,
J=13,55, 8,53, 5,52 Hz, 1
H), 2,86-2,99 (m, 2 H),
2,00-2,14 (m, 1 H), 1,47-
1,71 (m, 5 H), 1,28-1,47
(m, 2 H). HRMS dugc
tinh cho C;gH,CLN;
(M+H)" 378,1252, duoc

Pl1=
0,120
P2=
0,445
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phat hién 378,1245.

18

Cl

'H NMR (400 MHz,
METANOL-d,) & ppm
7,53 (dd, J=8,08, 1,77
Hz, 1 H) 7,41 (s, 1 H)
7,31 (t, J=7,83 Hz, 1 H)
7,23 (dd, J=7,71, 1,64
Hz, 1 H) 4,18 (m, 2 H),
3,73 (t, J=7,20 Hz, 1 H)
3,44-3,61 (m, 2 H) 3,26-
344 (m, 2 H) 2,54
(dddd, J=13,99, 9,32,
6,88, 4,42 Hz, 1 H) 2,03-
2,29 (m, 3 H) 1,86-2,01
(m, 1 H) 1,68-1,86 (m, 1
H). HRMS duogc tinh cho
C1sH»CLNs0,S (M+H)"
442,0871, dugce phat hién
442,0848.

3,552

19

'H NMR (400 MHz,
METANOL-d,) ¢ ppm
7,52 (s, 1 H) 7,21 (dd,
J=8,08, 1,52 Hz, 1 H)
7,01 (t, J=7,96 Hz, 1 H)
6,55 (dd, J=8,08, 1,26
Hz, 1 H) 4,11-4,29 (m, 2
H) 3,73 (t, J=7,20 Hz, 1
H) 3,52 (dtd, J=13,93,
10,97, 10,97, 2,78 Hz, 2
H) 3,34-3,44 (m, 1 H)
3,25-3,34 (m, 1 H) 2,55
(dddd, J=13,93, 9,38,

4,094
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6,88, 4,42 Hz, 1 H) 2,04-
2,28 (m, 3 H) 1,85-2,00
(m, 1 H) 1,68-1,85 (m, 1
H). HRMS duoc tinh cho
C1sHnCLNO,S,
(M+H)" 474,0592, dugc
phét hién 474,0569.

Vi du 20

(8)-7-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-y1)-7-

azaspiro[3.5]nonan-1-amin

NH2 NH2 NH2
—_— e——
N7 CF§\¢¢i\Cl N" CF§\57L\N HN-§ Nig CF?\¢7A\T:::k:§NH2

Budc a: Khudy hdn hop gém 6-clo-3-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-
2-amin (230mg, 0,750mmol) va (R)-2-metyl-N-((S)-7-azaspiro[3.5]nonan-1-yl)propan-
2-sulfinamit (238mg, 0,975mmol) trong DIPEA (3,7mL) trong 10h & 105°C. Sau khi
lam ngudi dén RT, loai bd cac chit bay hoi trong diéu kién ap sudt giam va tinh ché
phén cin tao thanh biang phuong phap séc ky silica (gradien EtOAc/heptan 5 dén 70%)
dé tao ra (R)-N-((S)-7-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-y1)-7-
azaspiro[3.5]nonan-1-yl)-2-metylpropan-2-sulfinamit (172mg, 0,334mmol) duéi dang
chat rdn mau tring. MS m/z 515,2 (M+H)".

Buéc b: Khudy dung dich chia  (R)-N-((S)-7-(6-amino-5-((2-
(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-7-azaspiro[3.5]nonan-1-yl)-2-
metylpropan-2-sulfinamit (142mg, 0,376mmol) va HCl (4M trong dioxan, 414uL,
1,66mmol) trong DCM (1,4mL) trong 20min & 40°C. Sau khi lam ngudi dén RT, thém
HCI (1M trong H,0) va chiét hdn hop chtra nudce tao thanh bang DCM. Bazo hoa pha
chtra nuéc bang NH,OH (28% trong H,0) dén khi d6 pH = 12 va chiét bdng DCM (3
x 20mL). Rira céc 16p hitu co két hop bing nuéc mubi, sdy kho trén MgSO,, loc va
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loai bo cac chét bay hoi trong diéu kién ap suét giam dé tao ra (8)-7-(6-amino-5-((2-
(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-7-azaspiro[ 3.5 Jnonan-1-amin (93mg,
0,227mmol). '"H NMR (400 MHz, DMSO-dj) & ppm 8,40-8,53 (m, 1 H), 7,61-7,69 (m,
1 H), 7,55 (dd, J=8,0, 4,5 Hz, 1 H), 7,29 (d, J=8,0 Hz, 1 H), 6,19 (s, 2 H), 4,11-4,24
(m, 1 H), 3,99-4,06 (m, 1 H), 3,06-3,20 (m, 2 H), 2,90-3,06 (m, 2 H), 1,50-1,74 (m, 4
H), 1,33-1,49 (m, 2 H). HRMS dugc tinh cho CigH,F3NgS (M+H)" 411,1566, dugc
phét hién 411,1579. ICs, 1a 0,038 uM.

Vidu 21
(8)-5-amino-3-(1-amino-8-azaspiro[4.5]decan-8-y1)-6-((2-(triflometyl)pyridin-3-

yDthio)pyrazin-2-carboxamit

NH, NH,

OO

o8]
=

NH2
N (:F3 CF3 ﬁ/k
CN

NH,
>N

posiohy CﬁrQQ“@

Bugc a: Thém NBS (745mg, 4,19mmol) vao dung dich chira 6-clo-3-((2-
(triflometyl)pyridin-3-yl)thio)pyrazin-2-amin (1,2g, 2,119mmol) trong DCM (30mL) &
0°C trong mdt phan. Khudy manh hdn hop tao thanh trong 30min ¢ 0°C va trong 1h &
RT. Dap tit dung dich sach bang nudc va chiét bang DCM. Tiép do, rira cac 16p hitu
co két hop bing nude, nude mudi, sdy kho trén Na,SOy, loc va ¢o dic. Tinh ché phan
cin tao thanh biang phuong phap sic ky silica (gradien EtOAc/heptan 0 dén 50%) dé
tao ra 5-bromo-6-clo-3-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-amin  (938mg,
2,51mmol). MS m/z 387,2 (M+H)".

Buéc b: Khudy hdn hop gdm 5-bromo-6-clo-3 -((2-(triflomety])pyridin-3-
yl)thio)pyrazin-2-amin (750mg, 1,945mmol) va dong(I) xyanua (348mg, 3,89mmol)
trong DMF (7mL) trong 14h & 120°C. Sau khi lam ngudi dén RT, loc phan ung qua
miéng dém Xelit sau d6 riza MeOH (50mL). Loai bd cac chét bay hoi trong diéu kién
4p suat giam va tinh ché phan cin tao thanh bang phuong phap sic ky silica (gradien
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EtOAc/heptan 0 dén 100%) dé thu dugc 5-amino-3-clo-6-((2-(triflometyl)pyridin-3-
yDthio)pyrazin-2-carbonitril (301mg, 0,907mmol). MS m/z 332,3 (M+H)".

Bu6c c: Khudy hén hop gdm 5-amino-3-clo-6-((2-(triflometyl)pyridin-3-
yD)thio)pyrazin-2-carbonitril (52mg, 0,157mmol) va (S)-N-((R)-1-(4-
metoxyphenyl)etyl)-8-azaspiro[4.5]decan-1-amin (90mg, 0,314mmol) trong DIPEA
(0,246mL) trong 1h & 135°C. Sau khi lam ngudi dén RT, loai bé cac chit bay hoi
trong diéu kién 4p sudt gidm va tinh ché phan cin tao thanh bang phuong phép sic ky
silica (gradien EtOAc/heptan 0 dén 100%) dé thu dugc 5-amino-3-((S)-1-(((R)-1-(4-
metoxyphenyl)etyl)amino)-8-azaspiro[4.5]decan-8-yl)-6-((2-(triflometyl)pyridin-3-
yDthio)pyrazin-2-carbonitril (77mg, 0,132mmol). MS m/z 584,5 (M+H)".

Bu6c d:  Khuy hén hop gdbm  5-amino-3-((S)-1-(((R)-1-(4-
metoxyphenyl)etyl)amino)-8-azaspiro[4.5]decan-8-yl)-6-((2-(triflometyl)pyridin-3-
yDthio)pyrazin-2-carbonitril (77mg, 0,132mmol) va NaOH (1M trong H,O, 1,451mL,
1,451Immol) trong MeOH (3,5mL) trong 10 phan tng vi song trong 35min & 110°C.
Sau khi 1am nguoi dén RT, loai bé cac chit bay hoi trong diéu kién 4p suét giam dé tao
ra 5-amino-3-((S)-1-(((R)-1-(4-metoxyphenyl)etyl)amino)-8-azaspiro[4.5]decan-8-yl)-
6-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-carboxamit (79mg, 0,132mmol) dugc st
dung trong budc tiép theo ma khong tinh ché thém. MS m/z 602,5 (M+H)".

Bu6c e: Khudy dung dich chaa 5-amino-3-((S)-1-(((R)-1-(4-
metoxyphenyl)etyl)amino)-8-azaspiro[4.5]decan-8-yl)-6-((2-(triflometyl)pyridin-3-
yDthio)pyrazin-2-carboxamit (79mg, 0,132mmol) trong TFA (1,2mL, 15,76mmol)
trong 16 phan ng vi séng & 100°C dén khi khéng con vét liéu ban dAu (3h, theo di
bang LCMS). Loai bé céac chit bay hoi trong diéu kién ap suét gidm va tinh ché phan
cin tao thanh bing phuong phap HPLC (rtra gidi gradien 25-50% axetonitril trong
nuée, chit didu chinh NH,OH SmM) & tao ra (S)-5-amino-3-(1-amino-8-
azaspiro[4.5]decan-8-yl)-6-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-carboxamit
(18,8mg, 0,039mmol). 'H NMR (400 MHz, METANOL-dy) 6 ppm 8,43 (dd, J=4,5,
1,4 Hz, 1 H), 7,57 (dd, J=8,1, 1,3 Hz, 1 H), 7,46 (dd, J=8,2, 4,5 Hz, 1 H), 3,92-3,88
(m, 2 H), 3,20-3,08 (m, 2 H), 2,77 (t, J=7,4 Hz, 1 H), 2,04-1,96 (m, 1 H), 1,829-1,82
(m, 1 H), 1,78-1,61 (m, 4 H), 1,53 (ddd, J=12,3, 9,2, 5,7 Hz, 1 H), 1,43 (ddd, J=9.8,
4,9, 2,0 Hz, 1 H), 1,39-1,32 (m, 1 H), 1,30-1,23 (m, 1 H). HRMS duoc tinh cho

Ca0HasF3N;0S (M+H)" 468,1715, dugc phét hién 468,1761; ICsp 1a 0,010uM.
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Céac hop chét sau c6 cong thirc I, nhu dugce xac dinh trong bang 7, duoc diéu
ché bang céch sir dung céc quy trinh & trén hoic cac didu chinh theo cac quy trinh &

trén st dung amin va phuong phdp khir bao v€ amin twong tng.

Bang 7
Vi du Hop chét MO ta dic diém ICs,
(uM)
22 'H NMR (400 MHz, | 0,053

@HAN METANOL-d;) & ppm
\ cp’ifN NH, | 833 (dd, J=13, 4,5 Hz,
o NHQd 1 H), 7,50-7,43 (m, 1 H),
7,36 (dd, J=4,5, 8,1 Hz,
1 H), 3,92-3,81 (m, 1 H),
3,81-3,69 (m, 1 H), 3,11-
3,00 (m, 1 H), 3,00-2,86
(m, 2 H), 2,18-2,06 (m, 1
H), 1,76-1,52 (m, 5 H),
1,48-136 (m, 2 H).
HRMS duoc tinh cho
C1oHpF3N;08  (M+H)
454,1673, duoc phat hién
454,1645

Vidu 23

(5)-8-(5-amino-6-((2-(triflometyl)pyridin-3-yl)thio)-1,2,4-triazin-3-yl)-8-

azaspiro[4.5]decan-1-amin

i SN NH, NH, NH, NH,

N‘N/)\C[ Sn Bf\l/gN i N S%N | N S%N

HN o N. - N. - q N., A (I N AL

D?/@ ~_a NTN _b_ NN _S_ NTCR NN _d_NeR N
HN L b
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Budc a: Chiéu xa hdn hop gdm 3-clo-1,2,4-triazin-5-amin (70mg, 0,536mmol),
(S)-N-((R)-1-(4-metoxyphenyl)etyl)-8-azaspiro[4.5]decan-1-amin (247mg,
0,644mmol), va N-metylmorpholin (177pL, 1,609mmol) trong MeCN (ImL) va NMP
(0,1mL) trong 16 phdn tng vi séng trong 45min & 90°C. Sau khi 1am ngudi dén RT,
phan cin tao thanh duogc tinh ché truc tiép bang phuong phap sic ky silica (gradien
MeOH/DCM 0 dén 5%) dé thu dugc (S)-8-(5-amino-1,2,4-triazin-3-yl)-N-((R)-1-(4-
metoxyphenyl)etyl)-8-azaspiro[4.5]decan-1-amin dugc sit dung trong budc tiép theo
ma khong tinh ché thém. MS m/z 383,5 (M+H)",

Bud6e b: Thém NBS (97mg, 0,543mmol) vao dung dich chita (S)-8-(5-amino-
1,2,4-triazin-3-yl)-N-((R)-1-(4-metoxyphenyl)etyl)-8-azaspiro[4.5]decan-1-amin
(194mg, 0,507mmol) trong DCM (8mL), & 0°C, trong mdt phan. Sau khi khudy trong
20min & 0°C, dap tat dung dich sach bing mot vai giot Na,CO; aq. va chiét bing
DCM. Siy khé 16p hitu co két hop trén MgSOq, loc va loai bd céc chét bay hoi trong
diéu kién 4p suét giam. Tinh ché phan cin tao thanh bang phuong phap sic ky silica
(gradien EtOAc/heptan 0 dén 100%) dé tao ra (S)-8-(5-amino-6-bromo-1,2,4-triazin-3-
yD)-N-((R)-1-(4-metoxyphenyl)etyl)-8-azaspiro[4.5]decan-1-amin (77,9mg,
0,169mmol). MS m/z 463,4 (M+H)".

Bude c: Khudy hdn hop gom (S)-8-(5-amino-6-bromo-1,2,4-triazin-3-yl)-N-
((R)-1-(4-metoxyphenyl)etyl)-8-azaspiro[4.5]decan-1-amin (54,1mg, 0,117mmol), 2-
(triflometyl)pyridin-3-thiol (21mg, 0,117mmol), XantPhos (7,46mg, 0,013mmol),
Pdy(dba); (5,37mg, 0,0058mmol), va DIPEA (0,041mL, 0,234mmol) trong dioxan
(ImL) trong 16 phan mg vi séng trong 1,5h ¢ 130°C. Sau khi 1am ngudi dén RT, loc
phan g qua miéng dém Xelit sau d6 rira EtOAc (10mL). Loai bd cac chit bay hoi
trong diéu kién 4ap suét giam dé tao ra (8)-8-(5-amino-6-((2-(triflometyl)pyridin-3-
yDthio)-1,2,4-triazin-3-yl)-N-((R)-1-(4-metoxyphenyl)etyl)-8-azaspiro[4.5]decan-1-
amin (65mg, 0,116Mmol). MS m/z 560,5 (M+H)".

Bu6e d: Khudy dung dich chira (8)-8-(5-amino-6-((2-(triflometyl)pyridin-3-
yDthio)-1,2,4-triazin-3-yl)-N-((R)-1-(4-metoxyphenyl)etyl)-8-azaspiro[4.5]decan-1-
amin (65mg, 0,116mmol) trong TFA (1,253mL, 16,26mmol) & 100°C dén khi khong
con vat lidu ban dau (1,5h, quan sat bang LC/MS), loai bo cac chét bay hoi trong diéu
kién 4p suat giam, pha lodng phan cin tao thanh bang nudc, va chiét bang Et,0 (3 x
10mL). Bazo héa 16p chtra nude dén do pH = 12 sir dung NH,OH (28% trong nudc),
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va chiét bang DCM (3 x 10mL). Rira cac 16p hitu co két hop bing nude mudi, sdy kho
trén Na,SOy, loc va loai bé cac chit bay hoi trong diéu kién ap sudt giam. Tinh ché
phan cin tao thanh bang phuong phiap HPLC (rira giai gradien 25-50% axetonitril
trong nuéc, chat didu chinh NH,OH 5mM) dé tao ra (S)-8-(5-amino-6-((2-
(triflometyl)pyridin-3-yl)thio)-1,2,4-triazin-3-yl)-8-azaspiro[4.5]decan-1-amin
(14,5mg, 0,032mmol). "H NMR (400 MHz, METANOL-d,) & ppm 8,50-8,45 (m, 1 H),
7,60-7,54 (m, 1 H), 7,53-7,46 (m, 1 H), 4,64-4,50 (m, 2 H), 3,22-3,09 (m, 2 H), 2,88 (t,
J=7,3 Hz, 1 H), 2,11-2,00 (m, 1 H), 1,94-1,86 (m, 1 H), 1,84-1,74 (m, 1 H), 1,74-1,63
(m, 3 H), 1,59-1,46 (m, 2 H), 1,45-1,39 (m, 1 H), 1,39-1,31 (m, 1 H). HRMS dugc tinh
cho C1gHp3F5N;S (M+H)™ 426,1688, dugc phat hién 426,1667. ICsq 13 0,290uM.

Vi du 24

(5)-8-(4-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrimidin-2-y1)-8-

azaspiro[4.5]decan-1-amin

HN::J
SH
E\I HN>—< —d k2 e
P & Suy L
| N S (\/E P Pz
N a A ~N b 7
\f;\_»@\m——> N CFsN/)\N —Z> N7 CRNTON
N7 e N7 NCF; N7l

HoN
o]

Buéc a: Khudy hdn hop gdm 2-(triflometyl)pyridin-3-thiol (150mg,
0,837mmol), 2-clo-5-iodopyrimidin-4-amin (267mg, 1,047mmol), XantPhos (53,3mg,
0,092mmol), Pd,(dba); (38,3mg, 0,042mmol), va DIPEA (0,292mL, 1,674mmol)
trong dioxan (Iml) trong 16 phan Ung vi séng trong 1,5h ¢ 130°C. Sau khi 1am ngudi
dén RT, loc phan ting qua miéng dém Xelit sau d6 ria EtOAc (10mL). Loai bo cac
chit bay hoi trong diéu kién 4p suat giam dé tao ra 2-clo-5-((2-(triflometyl)pyridin-3-
yDthio)pyrimidin-4-amin (141mg, 0,460mmol). MS m/z 307,4 (M+H)".

Buéc b: Khudy hdn hop gdm 2-clo-5-((2-(triflometyl)pyridin-3-
yDthio)pyrimidin-4-amin (70mg, 0,228mmol) va (S)-N-((R)-1-(4-metoxyphenyl)etyl)-
8-azaspiro[4.5]decan-1-amin (105mg, 0,274mmol) trong DIPEA (0,359mL) trong 10
phéan tng vi séng trong 1,5h & 135°C. Sau khi lam ngudi dén RT, loai bd cac chét bay
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hoi trong diéu kién 4p suat giam dé tao ra (5)-8-(4-amino-5-((2-(triflometyl)pyridin-3-
yDthio)pyrimidin-2-yl)-N-((R)-1-(4-metoxyphenyl)etyl)-8-azaspiro[4.5]decan-1-amin
(128mg, 0,228mmol). MS m/z 559,5 (M+H)".

Buéc c: Khudy dung dich chaa (8)-8-(4-amino-5-((2-(triflometyl)pyridin-3-
yDthio)pyrimidin-2-yl)-N-((R)-1-(4-metoxyphenyl)etyl)-8-azaspiro[4.5]decan-1-amin
(128mg, 0,229mmol) trong TFA (2,471ml, 32,1mmol) & 100°C dén khi khong con vat
liéu ban du (1,5h, theo doi bing LCMS), loai bo cac chét bay hoi trong didu kién ap
suét gidm, pha loang phén can tao thanh béng nude, va sau do chiét béng Et,O (3 x
10mL). Bazo héa 16p chtra nuée dén do pH = 12 st dung NH,OH (28% trong nudc),
va chiét bang DCM (3 x 10mL). Rira céc 16p hitu co két hop bing nuée mudi, siy kho
trén Na,SO,, loc va loai bé cac chat bay hoi trong diéu kién ap suit giam. Tinh ché
phan cin tao thanh bing phuong phap HPLC (rra giai gradien 35-60% axetonitril
trong nuc, chat diéu chinh NH,OH 5mM), dé tao ra (S)-8-(4-amino-5-((2-
(triflometyl)pyridin-3-yl)thio)pyrimidin-2-yl)-8-azaspiro[4.5]decan-1-amin (32mg,
0,072mmol). "H NMR (400MHz, METANOL-d,) 6 ppm 8,41-8,35 (m, 1 H), 8,00 (s, 1
H), 7,47-7,43 (m, 2 H), 4,66-4,45 (m, 2 H), 3,18-3,06 (m, 2 H), 2,81 (t, J=7,3 Hz, 1
H), 2,09-1,97 (m, 1 H), 1,94-1,86 (m, 1 H), 1,81-1,72 (m, 1 H), 1,69-1,62 (m, 2 H),
1,59-1,53 (m, 2 H), 1,49-1,44 (m, 1 H), 1,40-1,35 (m, 1 H), 1,33-1,25 (m, 1 H). HRMS
dugc tinh cho CjoHyF3NgS (M+H)" 425,1735, dugc phat hién 425,1741; ICs, 1a
2,78uM.

Vidu 25
(R)-5-amino-3-(1-amino-8-azaspiro[4.5]decan-8-yl)-6-((3-clo-2-(triflometyl)pyridin-4-
Py
yl)thio)pyrazin-2-carboxamit

NH, NH, NH,

By v SIS
a : b ;
SN N%N HN N Ay HN N Ay
e T
0 O™ "NH, 07 "NH
ld
NH, NH, \/\L NH, NH,
SYL HSYK o S\!)\ Br 7)\
X ~ ~ .
Q TN g N Boc, f \ﬂ/\/ | oN Boc\ [ N
=

CINI/LN NH, = Nf\N NH =~ 0 Nf\N Nf\N
CF
3 07ONH, 07 "NH; 07 NH, 07 NH,
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Buéc a: Khudy dung dich chira 5-amino-3-clopyrazin-2-carbonitril (1,55g,
10,0mmol)  va  (R)-N-((R)-1-(4-metoxyphenyl)etyl)-8-azaspiro[4.5]decan-1-amin
(2,88g, 10,0mmol) trong DIPEA (10uL) vda NMP (5mL) trong 16h & 110°C. Sau khi
lam ngudi dén RT, d6 hén hop phan tmg vao phéu tich chira NaHCO; aq. va chiét
bang EtOAc. Sy khd cdc pha hitu co két hop trén MgSOy, loc v loai bd cac chit bay
hoi trong didu kién 4p suit giam. Tinh ché phan can tao thanh bing phuong phép sic
ky silica (gradien MeOH/DCM 0 dén 5%) dé tao ra 5-amino-3-((R)-1-(((R)-1-(4-
metoxyphenyl)etyl)amino)-8-azaspiro[4.5]decan-8-yl)pyrazin-2-carbonitril (2,74¢,
6,74mmol). MS m/z 407,3 (M+H)".

Budce b: (Chu y: Tién hanh phan tng nay theo 4 mé, mdi mé 500mg). Khudy
dung dich chtra 5-amino-3-((R)-1-(((R)-1-(4-metoxyphenyl)etyl)amino)-8-
azaspiro[4.5]decan-8-yl)pyrazin-2-carbonitril (500mg, 1,23mmol) trong MeOH (8mL)
va NaOH (2,5M trong H,O, 5mL, 12,3mmol) trong 10 phan tng vi séng trong 90min &
130°C. Sau khi lam ngudi dén RT, tinh ché hdn hop tao thanh bang phuong phap
HPLC (gradien axetonitril/nude 35-60%, chat diéu chinh NH,OH S5mM) d tao ra 5-
amino-3-((R)-1-(((R)-1-(4-metoxyphenyl)etyl)amino)-8-azaspiro[4.5]decan-8§-
yl)pyrazin-2-carboxamit (160mg/phan tmg, 640mg téng cong, 1,5Immol). MS m/z
425.3 (M+H)".

Bu6c ¢ Khudy dung dich chita  5-amino-3-((R)-1-(((R)-1-(4-
metoxyphenyl)etyl)amino)-8-azaspiro[4.5]decan-8-yl)pyrazin-2-carboxamit  (615mg,
1,45mmol) trong TFA (11ml) trong 1h & 100°C. Loai b6 cac chét bay hoi trong didu
kién 4p sudt gidm. Khudy dung dich chtra phdn cin tao thanh, DIPEA (1,2ml,
6,89mmol), va Boc,O (330mg, 1,516mmol) trong DCM (15mL) trong 2h & RT. Loai
bd céc chét bay hoi trong diéu kién 4p suit giam va tinh ché phan cin tao thanh bang
phuong phép séc ky silica (gradien MeOH/DCM 1 dén 10%) dé tao ra (R)-tert-butyl
(8-(6-amino-3-carbamoylpyrazin-2-yl)-8-azaspiro[4.5]decan-1-yl)carbamat  (538mg,
1,378mmol). MS m/z 391,0 (M+H)".

Buée d: Khudy dung dich chira (R)-tert-butyl (8-(6-amino-3-carbamoylpyrazin-
2-yl)-8-azaspiro[4.5]decan-1-yl)carbamat (538mg, 1,378mmol), va NBS (270mg,
1,516mmol) trong DCM (5mL) trong 20min & 0°C. Dap tit hdn hop phan mg bing
MeOH (2ml) va khudy trong 20min & RT. P4 hdn hop tao thanh vao phéu tach chaa

NaHCO; aq. va chiét baing DCM. Sy kho cac pha hitu co két hop trén MgSO,, loc va
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loai bo céc chat bay hoi trong diéu kién ap suit giam dé tao ra (R)-tert-butyl (8-(6-
amino-5-bromo-3-carbamoylpyrazin-2-yl)-8-azaspiro[4.5]decan-1-yl)carbamat

(627mg, 1,336mmol). MS m/z 471,2 (M+H)".

Budc e: Thém 2-etylhexyl-3-mercaptopropanoat (334pL, 1,469mmol) vao dung
dich chira (R)-tert-butyl (8-(6-amino-5-bromo-3-carbamoylpyrazin-2-yl)-8-
azaspiro[4.5]decan-1-yl)carbamat ~ (627mg,  1,336mmol), XantPhos (77mg,
0,134mmol), va Pdy(dba); (61,2mg, 0,067mmol) trong dioxan (3mL) (& RT va trong
didu kién N) sau d6 thém DIPEA (467uL, 2,67mmol). Khudy dung dich tao thanh
trong 10 phéan tmg vi séng trong 1h & 90°C. Sau khi 1am ngudi dén RT, loc phan ung
qua miéng dém Xelit sau d6 rira EtOAc (5mL). Co dic cac dich loc két hop va tinh ché
phan cin tao thanh bang phuong phap sic ky silica (gradien MeOH/DCM 0 dén 10%)
dé tao ra 2-etylhexyl  3-((3-amino-5-((R)-1-((tert-butoxycacbonyl)amino)-8-
azaspiro[4.5]decan-8-yl)-6-carbamoylpyrazin-2-yl)thio)propanoat (574mg,
0,946mmol). MS m/z 607,4 (M+H)".

Budce f: Thém kali zert-butoxit (1M trong THF, 2,84mL, 2,84mmol) vio dung
dich  chtra  2-etylhexyl  3-((3-amino-5-((R)-1-((tert-butoxycacbonyl)amino)-8-
azaspiro[4.5]decan-8-yl)-6-carbamoylpyrazin-2-yl)thio)propanoat (574mg,
0,946mmol) trong THF (3mL) (& -78°C va trong diéu kién N,). Sau khi khudy manh &
-78°C trong 10min, d4p tat phan tmg bang K,CO; aq. (2M, 500uL) va loai bé céc chat
bay hoi trong diéu kién 4p suét giam. Tinh ché phan cin tao thanh bang phuong phap
HPLC (gradien axetonitril/nuée 15 dén 40%, chét diéu chinh NH,OH 5mM) dé tao ra
(R)-tert-butyl (8-(6-amino-3-carbamoyl-5-mercaptopyrazin-2-yl)-8-
azaspiro[4.5]decan-1-yl)carbamat (280mg, 0,663 mmol). MS m/z 423,4 (M+H)".

Budce g: Thém DIPEA (110pL, 0,625mmol) vao dung dich chtra (R)-fert-butyl
(8-(6-amino-3-carbamoyl-5-mercaptopyrazin-2-yl)-8-azaspiro[4.5]decan-1-
yDcarbamat  (88mg, 0,208mmol),  3-clo-4-iodo-2-(triflometyl)pyridin  (80mg,
0,260mmol), XantPhos (12,1mg, 0,021mmol), va Pd,(dba); (9,6mg, 0,01mmol) trong
dioxan (0,5mL) (& RT va trong diéu kién N»). Khqu dung dich tao thanh trong 10
phan tng vi séng trong 1h & 90°C. Sau khi lam nguodi dén RT, pha lodng phan tng
bang EtOAc va loc qua miéng dém Xelit sau d6 rira EtOAc (SmL). Co dic cac dich loc
két hop va sdy kho trong diéu kién chan khong. Khudy dung dich chira phan can tao
thanh trong DCM (1ml) va TFA (400pL) trong 10min & RT. Loai bd cac chét bay hoi
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trong diéu kién 4p suét giam va tinh ché phan cin tao thanh bang phuong phéap HPLC
(rira giai gradien 25-50% axetonitril trong nude, chit didu chinh NH,OH 5mM) dé tao
ra (R)-5-amino-3-(1-amino-8-azaspiro[4.5]decan-8-y1)-6-((3-clo-2-
(triflometyl)pyridin-4-yl)thio)pyrazin-2-carboxamit (60mg, 0,120mmol). 'H NMR
(400 MHz, METANOL-d}) 6 ppm 8,18 (d, /=5,05 Hz, 1 H), 6,85 (d, J=5,31 Hz, 1 H),
3,87 (t, J/~13,89 Hz, 2 H), 2,98-3,14 (m, 2 H), 2,72 (t, J/=7,33 Hz, 1 H), 1,86-2,02 (m, 1
H), 1,73-1,81 (m, 1 H), 1,43-1,72 (m, 5 H), 1,17-1,41 (m, 3 H). F NMR (376MHz,
METANOL-d}) 8 ppm -67,22 (s, 1F). HRMS dugc tinh cho C,oH,4CIF;N;0S (M+H)"
502,1404, dugc phat hién 502,1398. ICs, 1a 0,058uM

Vidu 26

(R)-8-(6-amino-5-((2-amino-3-clopyridin-4-yl)thio)pyrazin-2-yl)-8-

azaspiro[4.5]decan-1-amin

NH, NH,
[ Sﬁl/g"‘ S S%N
P
N A N N A N
NH

N NH;
NH, 2

Khudy hén hop gdm 3-((2-amino-3-clopyridin-4-yl)thio)-6-clopyrazin-2-amin
(67mg, 0,233mmol) va (R)-2-metyl-N-((R)-8-azaspiro[4.5]decan-1-yl)propan-2-
sulfinamit (120mg, 0,465mmol) trong DIPEA (2ml) trong 5h & 130°C. Sau khi 1am
ngudi dén RT, loai bé cac chat bay hoi trong diéu kién ap sudt giam. Khudy dung dich
chira phan can tao thanh trong dioxan (5mL) va HCI (4M trong dioxan, 1ml) trong 1h
& 40°C. Loai bo cc chit bay hoi trong diéu kién ap suét giam va tinh ché phén cin tao
thanh bing phuong phap HPLC (rira giai gradien 25-50% axetonitril trong nudc, chat
diéu chinh NH,;OH SmM). Phin can tao thanh dugc tinh ché tiép bing phuong phap
SFC (Prinxeton DEAP 20x150mm, luu lugng: 80g/min, pha dong: MeOH 20-40%
trong CO, trong vong 5,7min, qua trinh thu duoc kich hoat khéi luong, nhiét do 1o
40°C, dbdi ap 120bar) d& tao ra (R)-8-(6-amino-5-((2-amino-3-clopyridin-4-
yDthio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-amin (23mg, 0,057mmol). 'H NMR (400
MHz, METANOL-d,) 6 ppm 7,50-7,64 (m, 2 H), 5,91 (d, J=5,77 Hz, 1 H), 4,26 (4,
J=13,18 Hz, 2 H), 3,03-3,20 (m, 2 H), 2,79 (t, /=7,53 Hz, 1 H), 1,95-2,11 (m, 1 H),
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1,83-1,95 (m, 1 H), 1,52-1,82 (m, 5 H), 1,37-1,52 (m, 2 H), 1,32 (dd, J=13,30, 2,01
Hz, 1 H). HRMS dugc tinh cho CigHysCIN;S (M+H)™ 406,1581, dugc phét hién
406,1576. 1Cs 12 0,0 14pM.

Céc hop chit sau diy duoc tong hop sir dung cic quy trinh & trén hodc cac diéu

chinh theo cic quy trinh & trén str dung amin dugc bao vé tuong ing.

Béang 8
Vi du Hop chét M5 ta dic diém ICs (LM)
27 - 'H NMR (400 MHz, | 0,042
~ sYgN METANOL-d;) & ppm

NH, (d, J=5,52 Hz, 1 H),
4,30 (d, J=13,55 Hz, 1
H), 4,19 (d, J~13,55 Hz,
1 H), 2,94-3,19 (m, 3
H), 2,15-2,29 (m, 1 H),
1,60-1,89 (m, 5 H),
1,47-1,60 (m, 2 H).
HRMS duoc tinh cho
C17Hy;CIN,S  (M+H)"
392,1424, duoc phat
hién 392,1434.

N~ ClN\ANQﬂNHZ 7,50-7,64 (m, 2 H), 5,90

Vi du 28

(R)-8-(6-amino-5-((3-clopyridin-4-yl)thio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-amin

NH, NH, NH,
S ~
OO~ OO0, Wd = OO
N N =S, e
R N~ Cl N%/kN H[-\l /< @CIN%'\O(%HZ
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Budéc a:  Thém  (R)-2-metyl-N-((R)-8-azaspiro[4.5]decan-1-yl)propan-2-
sulfinamit (65mg, 0,252mmol) vao huyén phi cua 6-clo-3-((3-clopyridin-4-
yDthio)pyrazin-2-amin (53mg, 0,194mmol) trong DIPEA (2ml). Khudy hdn hop tao
thanh & 90°C trong 10h va sau d6 c6 dic. Tinh ché phan thé bang phuong phap sic ky
silica (gradien EtOAc/heptan 0-50%; EtOAc chira 10% MeOH, heptan chtra 2% Et;N)
@ thu duogc (R)-N-((R)-8-(6-amino-5-((3-clopyridin-4-yl)thio)pyrazin-2-yl)-8-
azaspiro[4.5]decan-1-yl)-2-metylpropan-2-sulfinamit (40mg, 0,081mmol) dudi dang
chit rin mau tring nhat. MS m/z 495,0 (M+H)*.

Budce b: Thém dung dich chira HC1 (4M trong dioxan, 101uL, 0,404mmol) vao
dung dich chira (R)-N-((R)-8-(6-amino-5-((3-clopyridin-4-yl)thio)pyrazin-2-yl)-8-
azaspiro[4.5]decan-1-yl)-2-metylpropan-2-sulfinamit (40mg, 0,08 1mmol) trong DCM
(0,8mL), va khudy hdn hop tao thanh & 40°C trong 1h. Thém dung dich chtra nudc
chira HCI (2M, 2ml) va chiét hdn hop tao thanh bing DCM (2x). Bazo héa hén hop
chra nudc bang amoni hydroxit (28% trong nuéc) cho dén khi d6 pH = 12 va chiét
bing DCM (3x). Két hop cac 16p hitu co, rira bang nudc mudi, sdy khod bang Na,SO,,
loc va ¢6 dic dé thu duoc (R)-8-(6-amino-5-((3-clopyridin-4-yl)thio)pyrazin-2-yl)-8-
azaspiro[4.5]decan-1-amin (24mg, 0,061mmol). '"H NMR (400 MHz, DMSO-d) 6
ppm 8,49 (s, 1 H), 8,25 (d, J=5,3 Hz, 1 H), 7,66 (s, 1 H), 6,56 (d, /=5,3 Hz, 1 H), 6,24
(s, 2 H), 4,07-4,26 (m, 2 H), 2,98-3,13 (m, 2 H), 2,70 (t, J=7,4 Hz, 1 H), 1,11-1,94 (m,
10 H). HRMS duoc tinh cho C;gHpCINgS (M+H)" 391,1472, duoc phat hién
391,1480. IC5¢ 12 0,023uM
Vi du 29

(R)-8-(6-amino-5-((2-clopyridin-3-yl)thio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-amin

NH, NH,
N S%N a N % 0
| N
N7 >Cl cl N

. NH,
Z N N S _
| /S”( b q \’)\lN
CIN%N: HN < — |N/ ClN\/kN NH,

Buoc a: Thém  (R)-2-metyl-N-((R)-8-azaspiro[4.5]decan-1-yl)propan-2-
sulfinamit (105mg, 0,405mmol) vao huyén phu cuia 6-clo-3-((2-clopyridin-3-
yl)thio)pyrazin-2-amin (85mg, 0,311mmol) trong DIPEA (1,6mL). Khudy hdn hop tao
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thanh & 90°C trong 10h va sau d6 co dic. Tinh ché phan tho bang phuong phap sic ky
silica (gradien EtOAc/heptan 0-50%; EtOAc chtra 10% MeOH, heptan chira 2% Et;N)
d¢ thu duogc (R)-N-((R)-8-(6-amino-5-((2-clopyridin-3-yl)thio)pyrazin-2-yl)-8-
azaspiro[4.5]decan-1-yl)-2-metylpropan-2-sul finamit (40mg, 0,081mmol) dudi dang
chit rin mau trdng nhat. '"H NMR (400 MHz, CLOROFORM-d) § ppm 8,15 (dd,
J=4,5, 1,8 Hz, 1 H), 7,64 (s, 1 H), 7,01-7,18 (m, 2 H), 4,87 (br, s, 2 H), 4,24 (s, 2 H),
3,29-3,45 (m, 1 H), 3,20 (d, J=5,8 Hz, 1 H) 2,98-3,13 (m, 2 H), 1,98-2,21 (m, 1 H),
1,36-1,94 (m, 9 H), 1,22 (s, 9 H). MS m/z 495,0 (M+H)".

Budce b: Thém dung dich chira HCI (4M trong dioxan, 167uL, 0,667mmol) vao
dung dich chtra (R)-N-((R)-8-(6-amino-5-((2-clopyridin-3-yl)thio)pyrazin-2-yl)-8-
azaspiro[4.5]decan-1-yl)-2-metylpropan-2-sulfinamit (66mg, 0,133mmol) trong DCM
(2ml), va khudy hdn hop tao thanh & 40°C trong 1h. Thém dung dich chira nuéce chira
HCI (2M, 2ml) va chiét hdn hop tao thanh bang DCM (2x). Bazo héa hdn hop chtra
nuée bang amoni hydroxit (28% trong nuéc) cho dén khi @6 pH = 12 va chiét bang
DCM (3x). Két hop cac 16p hitu co, ria bing nudc mudi, sdy kho bang Na,SO,, loc va
cd dic dé thu duoc (R)-8-(6-amino-5-((2-clopyridin-3-yl)thio)pyrazin-2-yl)-8-
azaspiro[4.5]decan-1-amin (24mg, 0,062mmol) 14 chit rin mau niu vang. 'H NMR
(400 MHz, METANOL-d,) 6 ppm 8,01 (dd, J=4,8, 1,8 Hz, 1 H), 7,43-7,52 (m, 1 H),
7,12 (dd, J=7,9, 4,6 Hz, 1 H), 7,00 (dd, /=79, 1,6 Hz, 1 H), 4,11-4,26 (m, 2 H), 2,96-
3,10 (m, 2 H), 2,67-2,81 (m, 1 H), 1,06-2,05 (m, 10 H). HRMS duoc tinh cho
C1sH4CINGS (M+H)™ 391,1472, duge phat hién 391,1470. ICs 12 0,015uM.

Vidu 30

(R)-8-(6-amino-5-((2,3-diclopyridin-4-yl)thio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-
amin

NH,

X S%N

NH,
S
o} S
l N a2 %lN c ) N %N
_ — |
Cl

Cl

Buoc a:  Thém  (R)-2-metyl-N-((R)-8-azaspiro[4.5]decan-1-yl)propan-2-
sulfinamit (37mg, 0,144mmol) vao huyén phi 6-clo-3-((2,3-diclopyridin-4-
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yDthio)pyrazin-2-amin (34mg, 0,111mmol) trong DIPEA (0,55mL). Khudy hdn hop
tao thanh & 90°C trong 10h va sau d6 c6 dic. Tinh ché phan tho bang phuong phap séc
ky silica (gradien EtOAc/heptan 0-50%; EtOAc chta 10% MeOH, heptan chta 2%
Et;N) dé thu duoc (R)-N-((R)-8-(6-amino-5-((2,3-diclopyridin-4-yl)thio)pyrazin-2-yl)-
8-azaspiro[4.5]decan-1-yl)-2-metylpropan-2-sulfinamit (33mg, 0,062mmol) dudi dang
chit rin mau trdng nhat. 'H NMR (400 MHz, CLOROFORM-d) 5ppm 8,02 (d, J=5.3
Hz, 1 H), 7,66 (s, 1 H), 6,60 (d, /=5,3 Hz, 1 H), 4,82 (s, 2 H), 4,21-4,34 (m, 2 H),
3,34-3,42 (m, 1 H), 3,20 (d, J=5,8 Hz, 1 H), 2,99-3,15 (m, 2 H), 2,08-2,21 (m, 1 H),
1,26-1,97 (m, 9 H), 1,23 (s, 9 H). MS m/z 529,1 (M+H)".

Budce b: Thém dung dich chira HCI (4M trong dioxan, 47uL, 0,189mmol) vao
dung dich chaa (R)-N-((R)-8-(6-amino-5-((2,3-diclopyridin-4-yl)thio)pyrazin-2-yl)-8-
azaspiro[4.5]decan-1-yl)-2-metylpropan-2-sulfinamit (20mg, 0,038mmol) trong DCM
(0,38mL), va khudy hdn hop tao thanh & 40°C trong 1h. C6 ddc hén hop phan tng vi
hoa tan trong MeOH. Tinh ché phan tho bing phuong phap HPLC (rtra giai gradien
15-40% axetonitril trong nudc, chit diéu chinh NH,OH S5SmM) dé thu duoc (R)-8-(6-
amino-5-((2,3-diclopyridin-4-yl)thio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-amin (7mg,
0,016mmol) dudi dang chat rin mau tring. 'H NMR (400 MHz, METANOL-d,) &
ppm 7,91-8,04 (m, 1 H), 7,52-7,65 (m, 1 H), 6,61 (d, J=5,3 Hz, 1 H), 4,29 (t, /~=14,2
Hz, 2 H), 3,06-3,22 (m, 2 H), 2,88 (t, /7,4 Hz, 1 H), 1,21-2,17 (m, 10 H). HRMS
duoc tinh cho CigHyCLNGS (M+H)™ 425,1082, dwgc phat hién 425,1095. ICs, 1a
0,003uM.

Vidu31

(8)-7-(6-amino-5-((2,3-diclopyridin-4-yl)thio)pyrazin-2-yl)-7-azaspiro[3.5Jnonan-1-

amin

NH, NH, NH,
S S S
N ~ "N a A Z N X ==
| W/H e % b %N
| o __ b |
N@CI NVKCI (;[CI NVKN HN—S; N__~ cl N N NH,
Cl cl N Cl

Buée a:  Thém  (R)-2-metyl-N-((R)-8-azaspiro[4.5]decan-1-yl)propan-2-
sulfinamit  (86mg, 0,351mmol) vao huyén phu 6-clo-3-((2,3-diclopyridin-4-
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yDthio)pyrazin-2-amin (54mg, 0,176mmol) trong DIPEA (1,8mL). Khudy hén hop tao
thanh & 90°C trong 10h va sau d6 c6 dic. Tinh ché phan tho bing phuong phép sic ky
silica (gradien EtOAc/heptan 0-50%; EtOAc chira 10% MeOH, heptan chira 2% Et;N)
dé thu duoc (R)-N-((S)-7-(6-amino-5-((2,3-diclopyridin-4-yl)thio)pyrazin-2-y1)-7-
azaspiro[3.5]nonan-1-yl)-2-metylpropan-2-sulfinamit (52mg, 0,102mmol) duéi dang
chét rin mau tring nhat. MS m/z 514,9 (M+H)".

Buge b: Thém dung dich chira HCI (4M trong dioxan, 47uL, 0,189mmol) vao
dung dich chtra (R)-N-((S)-7-(6-amino-5-((2,3-diclopyridin-4-yl)thio)pyrazin-2-yl)-7-
azaspiro[3.5]nonan-1-yl)-2-metylpropan-2-sulfinamit (20mg, 0,039mmol) trong DCM
(0,38mL), va khudy hén hop tao thanh & 40°C trong 1h. Co dic hon hop phan tng va
hoa tan trong MeOH. Tinh ché phan tho bing phuong phap HPLC (rlra giai gradien
15-40% axetonitril trong nudc, chit didu chinh NH,OH 5SmM) dé thu duogc (S)-7-(6-
amino-5-((2,3-diclopyridin-4-yl)thio)pyrazin-2-yl)-7-azaspiro[3.5]nonan-1-amin (7mg,
0,017mmol) duéi dang chat ran mau tring. '"H NMR (400 MHz, METANOL-d,) &
ppm 7,89 (d, /=5,5 Hz, 1 H), 7,50 (s, 1 H), 6,51 (d, J=5,5 Hz, 1 H), 3,94-4,31 (m, 2
H), 2,76-3,11 (m, 3 H), 2,06-2,24 (m, 1 H), 1,36-1,82 (m, 7 H). HRMS dugc tinh cho
C17Hy1CLLNgS (M+H)" 411,0925, duge phat hién 411,0938. ICs 12 0,028uM.

Vidu 32

(R)-8-(6-amino-5-((2,3-diclopyridin-4-yl)thio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-

amin
. NH, NH, NH,
%lN a S%N o X S\%\N
N ' _S. —
oM oM < (;[c;NvlkNj NH,
NH, NH, NH, 8

Buoc a: Thém  (R)-2-metyl-N-((R)-8-azaspiro[4.5]decan-1-yl)propan-2-
sulfinamit (70mg, 0,272Mmol) vao huyén phu 3-((3-amino-2-clophenyl)thio)-6-
clopyrazin-2-amin (60mg, 0,209mmol) trong DIPEA (1,5mL). Khudy hdn hop tao
thanh & 90°C trong 10h va sau d6 ¢ dgc. Tinh ché phan tho bang phuwong phép séc ky
silica (gradien EtOAc/heptan 0-50%; heptan chira 2% Et;N) dé thu dugc (R)-N-((R)-8-
(6-amino-5-((3-amino-2-clophenyl)thio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-yl)-2-
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metylpropan-2-sulfinamit (31mg, 0,06 1mmol) dudi dang chit rin mau trang nhat. MS
m/z509,0 (M+H)".

Budce b: Thém dung dich chira HCI (4M trong dioxan, 76ul, 0,304mmol) vio
dung dich chira (R)-N-((R)-8-(6-amino-5-((3-amino-2-clophenyl)thio)pyrazin-2-yl)-8-
azaspiro[4.5]decan-1-yl)-2-metylpropan-2-sulfinamit (31mg, 0,061mmol) trong DCM
(0,6mL) va khudy hdn hgp tao thanh ¢ 40°C trong 1h. Thém dung dich chirta nudc
chira HCI (2M, 2ml) va chiét hon hop tao thanh bing DCM (2x). Bazo héa hdn hop
chira nude bang amoni hydroxit (28% trong nuéc) cho dén khi do pH = 12 va chiét
bang DCM (3x). Két hop cac 16p hitu co, rira bing nuée mudi, siy kho trén Na,SO,,
loc, va ¢co dic dé thu duoc (R)-8-(6-amino-5-((3-amino-2-clophenyl)thio)pyrazin-2-
yl)-8-azaspiro[4.5]decan-1-amin (18mg, 0,042mmol) duéi dang chét rin mau vang. 'H
NMR (400 MHz, METANOL-d,) & ppm 7,40 (s, 1 H), 6,73 (t, J=8,0 Hz, 1 H), 6,50
(dd, J=8,1, 1,3 Hz, 1 H), 5,90 (dd, J=7.8, 1,3 Hz, 1 H), 4,02-4,18 (m, 2 H), 3,21 (dt,
J=3.,2, 1,5hz, 1 H), 2,98 (d, /=11,4 Hz, 2 H), 2,67 (t, /<7,5 Hz, 1 H), 1,04-2,02 (m, 10
H). HRMS dugc tinh cho Cy9HysCINgS (M+H)" 405,1628, dugc phat hién 405,1639.
ICs5012 0,01 1uM.

Vidu33

(R)-8-(6-amino-5-((3-clo-2-flopyridin-4-yl)thio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-

amin

N s
"@Em N\/k @ N X l

Thém (R)-2-metyl-N-((R)-8-azaspiro[4.5]decan-1-yl)propan-2-sulfinamit
(71Mg, 0,0275mMol) vao huyén phu 6-clo-3-((3-clo-2-flopyridin-4-yl)thio)pyrazin-2-
amin (40mg, 0,137mmol) trong DIPEA (0,7mL). Khudy hdn hop tao thanh & 90°C
trong 10h va sau d6 c6 dic. Hoa tan phén tho trong DCM (0,7mL), thém dung dich
chtra HCI (4M trong dioxan, 34uL, 0,137mmol) va khudy hon hop tao thanh & 40°C
trong 1h. Co6 ddc hdn hop phan tng va tinh ché phan tho bang phuong phap HPLC
(rira giai gradien 15 dén 40% axetonitril trong nudc, chit didu chinh TFA 0,1%) dé thu
duoc (R)-8-(6-amino-5-((3-clo-2-flopyridin-4-yl)thio)pyrazin-2-yl)-8-
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azaspiro[4.5]decan-1-amin (mudi TFA: 17mg, 0,042mmol). 'H NMR (400 MHz,
DMSO-ds) 6 ppm 7,94 (d, J=5,3 Hz, 1 H), 7,79 (br, s,, 3 H), 7,69 (br, s,, 1 H), 6,51 (d,
J=5,5 Hz, 1 H), 6,34 (br, s,, 2 H), 4,12-4,32 (m, 2 H), 2,99-3,24 (m, 3 H), 2,00-2,12
(m, 1 H), 1,30-1,90 (m, 9 H). HRMS duogc tinh cho Ci3gH,;CIFNGS (M+H)" 409,1377,
dugc phat hién 409,1385. ICs, 1a 0,005uM.

Vidu 34

Boc. @)
N a BOC\N S b Boc\N NH,
o NH %N
CF

3 NH,
o H»OCsz d @S%N
N - NVIKN NH,
CH,

Budc a: Thém phosphorus pentasulfit (110mg, 0,495mmol) vao dung dich RT
chira fert-butyl 2-oxo-1,8-diazaspiro[4.5]decan-8-carboxylat (300mg, 1,180mmol)
trong diclometan (3mL) sau d6 thém hexametyldisiloxan (2,256ml, 10,62mmol).
Khuly phén tmg trong 3h & RT sau d6 pha lodng bang EtOAc va loc qua Xelit. Co dac
phan dich loc trong didu kién 4p suit giam. Tinh ché san phim tho bing phuong phap
sic ky silica (gradien EtOAc/heptan 0 dén 80%) tao ra tert-butyl 1-thioxo-2,8-
diazaspiro[4.5]decan-8-carboxylat (0,290g, 1,07mmol) duéi dang chét rin mau tring.
'H NMR (400 MHz, DMSO-dy) & 10,39 (s, 1 H), 3,66 (dt, J=13,6, 4,9 Hz, 2 H), 3,09
(s, 2 H), 2,78 (t, /~7,8 Hz, 2 H), 1,95 (t, J=7,8 Hz, 2 H), 1,57 (dd, J=6.,6, 4,8 Hz, 4 H),
1,39 (s, 9 H). MS m/z 271 (M+H)".

Budgc b: Thém ting giot iodometan (0,23 1ml, 3,70mmol) vao dung dich chtra
1-thioxo-2,8-diazaspiro[4.5]decan-8-carboxylat (100mg, 0,370mmol) trong THF
(3mL). Khudy dung dich tao thanh & RT trong 16h. Trong sut qua trinh phan ting hon
hop din din tré thanh mau vang va tao thanh chit két tia mau vang sang sau khi
khudy trong thoi gian phan tmg dugc phan bd. C6 dac hdn hop phan ting va sy kho
trong didu kién chan khong tao ra chit rin mau vang. Héap thu chét rin mau vang trong

MeOH (2ML) va xtt Iy bang amoniac 7M trong metanol (3mL) sau d6 lam nong trong

-138-



24576

6ng bit kin dén 100°C trong 8h. Lam nguoi phan ung dén RT va cb dic trong diéu kién
4p suAt giam tao ra chét ran, nghién chét rén nay bang séng 4m voi axetonitril va loc.
Co dic phan dich loc va tinh ché phan cin bing phuong phap sic ky silica (gradien
MeOH/DCM 0 dén 30%) tao ra fert-butyl 1-amino-2,8-diazaspiro[4.5]dec-1-en-8-
carboxylat (87mg, 0,343mmol). 'H NMR (400 MHz, DMSO-dg) 6 9,38 (s, 1 H), 8,81
(d, /=25,2 Hz, 2 H), 3,98 (s, 2 H), 3,55 (t, /=7,0 Hz, 2 H), 2,82 (s, 2 H), 2,12 (t, J=7,1
Hz, 2 H), 1,74 (td, J=12,9, 4,7 Hz, 2 H), 1,57 (d, J=12,7 Hz, 2H), 1,41 (s, 9 H). MS
m/z 254 (M+H)".

Buéc ¢: Thém HCI trong dioxan (4M, 0,500mL, 2,0mmol) vao dung dich chira
tert-butyl 1-amino-2,8-diazaspiro[4.5]dec-1-en-8-carboxylat (86mg, 0,339mmol) trong
DCM (3mL) & RT va khudy phan tng trong 16h. C6 dic hdn hop phan Gng va nghién
nhé phﬁn can tur axetonitril va loc tao ra 2,8-diazaspiro[4.5]dec-1-en-1-amin (57,7mg,
0,254mmol) 14 chat rdn mau nau vang. "H NMR (400 MHz, DMSO-dy) § 9,64 (s, 1 H),
9,39-9,23 (m, 1 H), 9,15 (s, 1 H), 9,07 (s, 1 H), 8,70 (d, /=12,5 Hz, 1 H), 3,54 (t, J=6,9
Hz, 2 H), 3,32 (d, J=13,3 Hz, 2 H), 3,05-2,88 (m, 2 H), 2,18 (t, J=6,9 Hz, 2 H), 2,01
(td, J/=13,7, 4,3 Hz, 2 H), 1,80 (d, /~13,8 Hz, 2 H). MS m/z 154 (M+H)".

Budc d: Thém DIPEA (1,4mL, 8,02mmol) vido huyén phu 6-clo-3-((2-
(triflometyl)pyridin-3-yl)thio)pyrazin-2-amin ~ (250mg,  0,815mmol) va 2.8-
diazaspiro[4.5]dec-1-en-1-amin (210mg, 1,371mmol) trong N-metyl-2-pyrolidinon
(4mL) va lam néng phan ting dén 140°C trong 16h. Lam ngudi hdn hop phan tng sdm
mau tao thanh dén RT va pha loéng bang EtOAc va nudce. Phan chia céc 16p va loai bo
16p hitu co. Chiét 16p chira nudc bing hdn hop isopropanol 20%/cloroform (2 x 30
mL), séy kho céc chét hitu co két hop trén Na,SO,, loc va ¢o dic. Tinh ché phén can
thd st dung phuong phap HPLC diéu ché (rtra giai gradien, 5 dén 40% ACN trong
nuée, chét diéu chinh TFA 0,1%) va déng kho cac phdn chung tao ra 8-(6-amino-5-
((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2,8-diazaspiro[4.5]dec-1-en-1-amin
(mudi TFA: 61,4mg, 0,082mmol). Két hop cac phan con lai va trung hoa bing cach
khuéy manh trong 10min v6i NaHCOj; bdo hoa 50%. Chiét dung dich tao thanh bing
hdn hgp isopropanol 20% /cloroform (3 x 30mL), sdy kho céc chat hitu co két hop trén
Na,SO,, loc va ¢b dic tao ra 8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-
2-yl)-2,8-diazaspiro[4.5]dec-1-en-1-amin (22mg, 0,052mmol) nhu 13 bazo tu do. 'H
NMR (400 MHz, DMSO-dp) 6 8,46 (d, J=4,4 Hz, 1 H), 7,67 (s, 1 H), 7,55 (dd, J=8.2,
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4,5 Hz, 1 H), 7,31 (d, J=8,1 Hz, 1 H), 6,19 (s, 2 H), 5,74 (s, 2 H), 4,40 (d, J=13,4 Hz, 2
H), 3,43 - 3,34 (m, 2 H), 2,90 (t, /~12,2 Hz, 2 H), 1,97-1,89 (m, 2 H), 1,83 (td, /=130,
4,1 Hz, 2 H), 1,36 (d, J=12,9 Hz, 2 H). MS m/z 424,1541 (M+H)". ICs, 1 0,032M.

Hop chét sau dugc didu ché sir dung amin & trén va ghép cdp st dung cic quy

trinh thong thudong da mo ta ¢ day.

Vi du Hop chit Mo ta dic diém ICs
(LM)
35 'H NMR (400 MHz | 0232
NH, CLOROFORM-d) & 8,35 (dd,
SN J=4,5, 1,5hz, 1 H), 7,58 (s, 1

H), 7,42 (d, J=8,1 Hz, 1 H),
7,24-7,15 (m, 1 H), 4,77 (s, 2
H), 4,13 (m, 2 H), 3,90 (m, 1
H), 3,78 (m, 1 H), 3,28-3,17
(m, 2 H), 3,06 (t, /~6,9 Hz, 1
H), 2,27 (2, 1 H), 1,74-1,63
(m, 1 H), 1,63-1,54 (m, 3 H),
1,53-1,46 (m, 1 H), 1,21 (br.
s, 2 H). HRMS duogc tinh cho
C18HxnF3NgOS (M+H)"
427,1528, dugc phat hién
427,1526.

Vidu 36

raxemic-8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2-oxa-8-

azaspiro[4.5]decan-4-amin
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Hoa tan raxemic-2-(8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-
yl)-2-oxa-8-azaspiro[4.5]decan-4-yl)isoindolin-1,3-dion (40mg, 0,072mmol) trong
etanol (Iml) trong lo vi séng hinh nén 5ml, thém hydrazin hydrat (0,070mL,
1,44mmol), bit nit va lam néng trén binh hat nhom 90°C trong 2h. Huyén phi duge
loc chan khong qua mang PTFE 0,45um va rira bang etanol. Tinh ché HPLC (rira giai
gradien 15 dén 40% axetonitril trong nuéc, chit diéu chinh TFA 0,1%), sau d6 pha
lodng bang EtOAc va rira bang bicarbonat sat. aq, sau d6 bang nude mudi. Co dic, pha
loang bang 1ml DCM va thém HCI (100pL, 4M trong dioxan) dé thu dugc két tia. Co
dic dé thu duoc 8-(6-amino-5-((2-(triflometyl) pyridin-3-yl)thio)pyrazin-2-yl)-2-oxa-
8-azaspiro[4.5]decan-4-amin (mubi HCI: Img, 0,002mmol). 'H NMR (400 MHz,
Metanol-dy) 6 8,43-8,39 (m, 1 H), 7,65 (s, 1 H), 7,46-7,39 (m, 2 H), 4,35-4,14 (m, 2
H), 3,98 (d, J=9,2 Hz, 1 H), 3,90 (d, /=9,2 Hz, 1 H), 3,58 (d, J=5,3 Hz, 1 H), 3,29—
3,12 (m, 3 H), 1,76 (m, 4 H). HRMS duoc tinh cho Ci3H,,F;NqOS (M+H)™ 427,1528,
duoc phat hién 427,1537. ICsy 14 0,07uM.

Vidu 37

(R) va (S) - 8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2-oxa-8-

azaspiro[4.5]decan-4-amin

Hoa tan chit ddng phan d6i anh don PI, 2-(8-(6-amino-5-((2-
(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2-oxa-8-azaspiro[4.5]decan-4-
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yDisoindolin-1,3-dion (49mg, 0,088mmol) trong etanol (Iml) trong lo vi séng 5ml
hinh nén, thém hydrazin hydrat (0,080mL, 1,65mmol), bit ntit va lam néng trén binh
hat nhém 90°C trong 2h. Loc chan khong huyén phit qua mang PTFE 0,45 um va rtra
bang etanol. Qua trinh tinh ché HPLC (rira giai gradien 15 dén 40% axetonitril trong
nuGe, chit diéu chinh NH,OH 5mM) da din dén sy phan l4p 8-(6-amino-5-((2-
(triflometyl) pyridin-3-yl)thio)pyrazin-2-yl)-2-oxa-8-azaspiro[4.5]decan-4-amin
(13mg, 0,029mmol). HPLC phan tich khong dbi ximg: LC-3 4,6x100mm, Spum, pha
dong: MeOH 45% chtra amoniac 10mM, SmL/min, chat ddng phan dbi anh don dinh 1
(P1), Ry 0,88min, >99% chét déng phan dbi anh don. "H NMR (400 MHz, Metanol-
d4) 6 8,39 (dd, J=4,3, 1,6 Hz, 1 H), 7,60 (s, 1 H), 7,41 (m, 2 H), 4,21-4,07 (m, 3 H),
3,86 (d, J=8,7 Hz, 1 H), 3,79 (d, J=8,7 Hz, 1 H), 3,51 (dd, J=9,0, 5,2 Hz, 1 H), 3,24
(m, 2 H), 3,15 (m, 1 H), 1,73 (m, 2 H), 1,59 (m, 1,8 Hz, 2 H). HRMS dugc tinh cho
C1sHpF3NgOS (M+H)+ 427,1528, dugce phét hién 427,1542. ICsq 12 0,025uM.

Vidu 38

(R) va (S) - 8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2-oxa-8-

azaspiro[4.5]decan-4-amin

Hoa tan chit dong phan d6i anh don P2, 2-(8-(6-amino-5-((2-
(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2-oxa-8-azaspiro[4.5]decan-4-
yDisoindolin-1,3-dion (42mg, 0,075mmol) trong etanol (1ml) trong 1o vi séng 5ml
hinh nén, thém hydrazin hydrat (0,080mL, 1,65mmol), bit ntt va 1am néng trén binh
hat nhém 90°C trong 2h. Loc chan khong huyén phu qua mang PTFE 0,45 pum va rira
bang etanol. Qud trinh tinh ché HPLC (rtra giai gradien 15 dén 40% axetonitril trong
nuée, chit diéu chinh NH,OH 5mM) din dén su phan lap 8-(6-amino-5-((2-
(triflometyl) pyridin-3-yl)thio)pyrazin-2-yl)-2-oxa-8-azaspiro[4.5]decan-4-amin
(13mg, 0,029mmol). HPLC phan tich khong dbi xing: LC-3 4,6x100mm, 5 um, pha
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dong: MeOH 45% chtra amoniac 10mM, 5mL/min, chit dong phan d6i anh don dinh 2
(P2), R¢: 1,33min, >99% chat déng phan ddi anh don. 'H NMR (400 MHz, Metanol-
d4) 6 8,39 (dd, J=4,3, 1,6 Hz, 1 H), 7,60 (s, 1 H), 7,41 (m, 2 H), 4,21-4,07 (m, 3 H),
3,86 (d, /=8,6 Hz, 1 H), 3,79 (d, J=8,8 Hz, 1 H), 3,50 (dd, J=9,0, 5,2 Hz, 1 H), 3,24
(m, 2 H), 3,15 (m, 1 H), 1,80-1,67 (m, 2 H), 1,64-1,50 (m, 2 H). HRMS duogc tinh cho
C1sHxF3NgOS (M+H)" 427,1528, duoc phat hién 427,1536. ICs, 12 0,983 uM.

Vidu 39

(R)-6-amino-2-(1-amino-8-azaspiro[4.5]decan-8-yl)-5-((2-(triflometyl)pyridin-3-

yl)thio)nicotinamit

cl cl :
LA
N H"J_/\@\o/ { ; o’
% / /N
NH,
07 NH, c

Ph

BocHN

BocHN ey sy Cg\ NQG
\ / NQG _— \ NQ'G —\ CF3

Bude a: Thém N-metyl morpholin (1,14mL, 10,40mmol) va (R)-N-((R)-1-(4-
metoxyphenyl)etyl)-8-azaspiro[4.5]decan-1-amin (1g, 3,47mmol) vao dung dich chua
2,6-diclopyridin-3-carboxamit (0,728g, 3,81mmol) trong 1-metyl pyrolidinon (7mL).
Lam néng hdn hop tao thanh dén 100°C trong diéu kién héi luu trong 24h. Pha loang
hdn hop phan ting tao thanh bang etyl axetat, xir Iy bang c6 dic natri bicarbonat va loc.

Téch 16p hitu co, séy kho trén natri sulfat, loc va cd dic trong diéu kién ap suét gidm.
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Tinh ché diu mau dé sim tao thanh bing phuong phap sic ky silica (gradien etyl
axetat/heptan 0 dén 50% chua 0,25% trietylamin) dé tao ra 6-clo-2-((R)-1-(((R)-1-(4-
metoxyphenyl)etyl)amino)-8-azaspiro[4.5]decan-8-yl)nicotinamit (0,998g, 2,25mmol).
'H NMR (400 MHz, Metanol-d;) § 7,81 (d, /~7,8 Hz, 1 H), 7,26 (d, /=8,6 Hz, 2 H),
6,86 (m, 3 H), 3,82 (m, 1 H), 3,77 (s, 3 H), 3,75-3,63 (m, 2 H), 3,03 (m, 2 H), 2,59 (m,
1 H), 2,01-1,92 (m, 1 H), 1,88-1,52 (m, 5 H), 1,51-1,36 (m, 3 H), 1,32 (d, J=6,5 Hz, 3
H), 1,25 (m, 2 H). MS m/z 442,9 (M+H)".

Buéc b: Thém Pdy(dba); (97mg, 0,169mmol), va (oxybis(2,1-
phenylen))bis(diphenylphosphin) (103mg, 0,191mmol) vao dung dich chta 6-clo-2-
((R)-1-(((R)-1-(4-metoxyphenyl)etyl)amino)-8-azaspiro[4.5]decan-8-yl)nicotinamit
(242mg, 0,546mmol), trong toluen (11mL). Phun nito vao hdn hgp phan tng, va thém
benzophenon imin (0,11ml, 0,656mmol) va kali ferz-butoxit (0,710mL, 1M trong
tetrahydrofuran, 0,710mmol) trong diéu kién nito. Lam néng hon hop phan tng dén
80°C trong 2h, va lam nguoi hdn hop dén RT, loc qua miéng dém Xelit, va rira bang
etyl axetat. Co dac phén dich loc trong diéu kién ap suét giam, va tinh ché phén can
bang phuong phép sic ky silica (gradien etyl axetat/heptan 0 dén 50%) dé tao ra 6-
((diphenylmetylen)amino)-2-((R)-1-(((R)-1-(4-metoxyphenyl)etyl)amino)-8-
azaspiro[4.5]decan-8-yl)nicotinamit (250mg, 0,425mMol). MS m/z 588,3 (M+H)".

Buéc ¢: Thém HCI (2M, 0,Iml, 0,200mmol) vao huyén phu 6-
((diphenylmetylen)amino)-2-((R)-1-(((R)-1-(4-metoxyphenyl)etyl)amino)-8-
azaspiro[4.5]decan-8-yl)nicotinamit (130mg, 0,221mmol) trong THF (6ml), va khudy
dung dich tao thanh ¢ RT trong 30min. C6 ddc hdn hgp phan tng trong didu kién ap
sut giam va tinh ché phan cin bing phuong phap sic ky silica (gradien etyl
axetat/heptan 0 dén 50%, chira 0,25% trietylamin) dé tao ra 6-amino-2-((R)-1-(((R)-1-
(4-metoxyphenyl)etyl)amino)-8-azaspiro[4.5]decan-8-yl)nicotinamit (43mg,
0,102mmol). MS m/z 424,1 (M+H)".

Buéc d: Lam néng dung dich chtra 6-amino-2-((R)-1-(((R)-1-(4-
metoxyphenyl)etyl)amino)-8-azaspiro[4.5]decan-8-yl)nicotinamit (199mg,
0,470mmol) trong axit trifloaxetic (3mL) dén 100°C trong 30min. C6 dic hdn hop
trong diéu kién 4p sudt giam va st dung phan cin trong budc tiép theo ma khong tinh
ché thém. (R)-6-amino-2-(1-amino-8-azaspiro[4.5]decan-8-yl)nicotinamit. MS m/z
290,2 (M+H)".
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Budc e: Thém trietylamin (0,196mL, 1,410mmol) va di-tert-butyl dicarbonat
(113mg, 0,517mmol) vao dung dich chta (R)-6-amino-2-(1-amino-8-
azaspiro[4.5]decan-8-yl)nicotinamit trong diclometan (2mL) va khudy hén hop tao
thanh trong 2h & RT. C6 dic hon hop phan tng trong didu kién ap suit giam, va tinh
ché phin cin bang phuong phap sic ky silica (gradien etyl axetat/heptan 0 dén 50%,
chira 0,25% trietylamin) dé tao ra (R)-tert-butyl(8-(6-amino-3-carbamoylpyridin-2-yl)-
8-azaspiro[4.5]decan-1-yl)carbamat (147mg, 0,377mmol). 'H NMR (400 MHz,
Metanol-d,) 6 7,88 (d, J/=8,5 Hz, 1 H), 6,19 (d, J/=8,5 Hz, 1 H), 3,66 (t, J=7,7 Hz, 1 H),
3,27-3,15 (m, 2 H), 2,98 (t, J/512,4 Hz, 2 H), 2,05-1,94 (m, 1 H), 1,86-1,46 (m, 8 H),
1,45 (s, 9 H), 1,41 (d, J=6,0 Hz, 1 H). MS m/z 390,3 (M+H)".

Budce f: Thém N-iodosuxinimit (86mg, 0,384mmol) vao dung dich chtra (R)-
tert-butyl  (8-(6-amino-3-carbamoylpyridin-2-yl)-8-azaspiro[4.5]decan-1-yl)carbamat
(136mg, 0,349mmol) trong diclometan (5mL), lam lanh trén bé d4. Khudy hdn hop tao
thanh & 5°C trong 2h. Dép tit phan tmg bing cach thém 2ml metanol, va lam 4m hdn
hop 1én dén RT. Loai bé dung mbi trong diéu kién 4p sudt giam. Chiét san phAm tho
bang diclometan va rira bing nude mudbi. Sy kho 16p hitu co trén natri sulfat, loc va
cd dic trong diéu kién 4p suit giam dé tao ra (R)-tert-butyl (8-(6-amino-3-carbamoyl-
5-iodopyridin-2-yl)-8-azaspiro[4.5]decan-1-yl)carbamat (170mg, 0,330mmol) dugc st
dung trong budec tiép theo ma khong tinh ché thém. MS m/z 516,1 (M+H)".

Budc g: Thém Pdy(dba); (31,4mg, 0,034mmol), (9,9-dimetyl-9H-xanthen-4,5-
diyl)bis(diphenylphosphin)  (39,7mg, 0,069mmol), 2-(triflometyl)pyridin-3-thiol
(67,7mg, 0,378mmol), va N,N-diisopropyletylamin (0,120mL, 0,687mmol) vao dung
dich chtra (R)-tert-butyl (8-(6-amino-3-carbamoyl-5-iodopyridin-2-y1)-8-
azaspiro[4.5]decan-1-yl)carbamat (177mg, 0,343mmol) trong dioxan (10mL). Lam
néng hon hop tao thanh dén 120°C trong 2h, sau d6 1am ngudi dén RT. Pha lodng hdn
hop phan tmg tao thanh bing etyl axetat va loc qua miéng dém Xelit ngan. Co dic
phan dich loc trong diéu kién ap suét giam va tinh ché bang phuong phép sic ky silica
(gradien etyl axetat/heptan 0 dén 50%, chtra 0,25% trietylamin) dé tao ra (R)-tert-butyl
(8-(6-amino-3-carbamoyl-5-((2-(triflometyl)pyridin-3-yl)thio)pyridin-2-yl)-8-
azaspiro[4.5]decan-1-yl)carbamat (115mg, 0,203mmol). MS m/z 567,2 (M+H)".

Budc h: Thém axit trifloaxetic (2ml, 26mmol) vao dung dich chtra (R)-tert-

butyl  (8-(6-amino-3-carbamoyl-5-((2-(triflometyl)pyridin-3-yl)thio)pyridin-2-yl)-8-
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azaspiro[4.5]decan-1-yl)carbamat (110mL, 0,194mmol) trong diclometan (2ml) va
khudy hén hop tao thanh & RT trong 1h. Loai bé dung mdi trong diéu kién ap suit
giam, va tinh ché phan cin bing phuong phap HPLC (rtra giai gradien: 35 dén 60%
axetonitril trong nuéc, chit didu chinh NH,OH 5mM) dé tao ra (R)-6-amino-2-(1-
amino-8-azaspiro[4.5]decan-8-yl)-5-((2-(triflometyl)pyridin-3-yl)thio)nicotinamit
(40mg, 0,084Mmol). 'H NMR (400 MHz, Metanol-dy) 6 8,38 (dd, J=4,1, 1,9 Hz, 1 H),
7,93 (s, 1 H), 7,56-7,31 (m, 2 H), 3,77-3,55 (m, 2 H), 3,16-2,98 (m, 2 H), 2,82 (t,
J=74 Hz, 1 H), 2,03 (m, 1 H), 1,94-1,60 (m, 5 H), 1,60-1,20 (m, 4 H). ’F NMR
(376MHz, Metanol-d;) & -66,48. HRMS dugc tinh cho C,;HyF;N¢OS (M+H)"
467,1841, dugc phat hién 467,1837. 1Csq 12 0,118uM.

Vi du 40

(R)-3-((3-amino-5-(1-amino-8-azaspiro[4.5]decan-8-yl)pyrazin-2-yl)thio)-2-

clobenzamit
NH, NH, )
S,
. Br\(gN a S%N . Y ﬁ
° SH N A CIN\)\CI QO
NH, Cl o N,
H—Cl
NH, . . NH,
; Sy o Oy
—_—
_ N
Cl N\)\N HN S/< cl \%N N,
07 “NH, 07 “NH,

Bu6c a: Khudy hdn hop gdm 2-clo-3-mercaptobenzamit (mudi HCI, 145mg,
0,647mmol), 3-bromo-6-clopyrazin-2-amin (299mg, 1,436Mmol), dong (I) iodua
(49,3mg, 0,259mmol), kali phosphat (412Mg, 1,941Mmol), va 1,10-phenanthrolin
(58,3mg, 0,324Mmol) trong dioxan (SmL, da khtr khi) trong 16 phan ng vi séng trong
4h & 130°C. Sau khi lam ngudi dén RT, loc phan g qua miéng dém Xelit sau d6 ria
EtOAc (50mL). Co ddc cac dich loc két hop va tinh ché phdn can tao thanh bing
phuong phép sic ky silica (gradien EtOAc/heptan 0 dén 100%) dé thu duogc 3-((3-
amino-5-clopyrazin-2-yl)thio)-2-clobenzamit (140mg, 0,444mmol). MS m/z 315.,0
(M+H)"

-146-



24576

Bu6c b: Khudy hdn hop gdm 3-((3-amino-5-clopyrazin-2-yl)thio)-2-
clobenzamit (130mg, 0,412mmol) va (R)-2-metyl-N-((R)-8-azaspiro[4.5]decan-1-
yDpropan-2-sulfinamit (139mg, 0,536mmol) trong DIPEA (0,648mL) trong 10 phan
mg vi séng trong 14h & 95°C. Sau khi 1am ngudi dén RT, loai bé cac chét bay hoi
trong diéu kién 4p suét giam va tinh ché phan cin tao thanh bang phuong phéap sic ky
silica (gradien MeOH/DCM chira 0,25% TEA 0 dén 100%) dé thu duoc 3-((3-amino-
5-((R)-1-((R)-1,1-dimetyletylsulfinamido)-8-azaspiro[4.5]decan-8-yl)pyrazin-2-
yDthio)-2-clobenzamit (65mg, 0,121mmol). MS m/z 537,2 (M+H)".

Bude c: Hoa tan 3-((3-amino-5-((R)-1-((R)-1,1-dimetyletylsulfinamido)-8-
azaspiro[4.5]decan-8-yl)pyrazin-2-yl)thio)-2-clobenzamit (65mg, 0,121mmol) trong
HCl/dioxan (4M, 0,121mL, 0,484mmol) va khudy & 22°C dén khi khong con vat lidu
ban dau (1h, theo ddi bang LCMS). Loai bo cac chit bay hoi trong didu kién ap suét
giam va tinh ché phan cin tao thanh bang phuong phap HPLC (rtra giai gradien: 25
dén 50% axetonitril trong nuéc, chat didu chinh NH,OH 5SmM), dé tao ra R)-3-((3-
amino-5-(1-amino-8-azaspiro[4.5]decan-8-yl)pyrazin-2-yl)thio)-2-clobenzamit
(25,5mg, 0,058mmol). 'H NMR (400MHz, DMSO-dg) 6 7,90 (s, 1 H), 7,63 (s, 1 H),
7,62 (br, s,, 1 H), 7,28-7,18 (m, 1 H), 7,18-7,09 (m, 1 H), 6,64 (dd, J=1,6, 7.9 Hz, 1
H), 6,08 (s, 2 H), 4,18-4,07 (m, 2 H), 3,12-2,95 (m, 2 H), 2,74-2,64 (m, 1 H), 1,91-
1,73 (m, 2 H), 1,66-1,47 (m, 4 H), 1,39-1,14 (m, 4 H). HRMS duoc tinh cho

C,,H, CIN,OS (M+H)* 433,1577, duge phat hién 433,1598; ICsg 12 0,016 M.
Vi du 41

(2R,4R)-4-amino-8-(6-amino-5-((2-amino-3-clopyridin-4-yl)thio)pyrazin-2-yl)-8-

azaspiro[4.5]decan-2-ol
NH,

o) N Sﬁl/gm
1
X
BOC\N HL\I/S,K HN £\|H2 N~ C}N\/kCI N[ NV”\
' a ' NH, b A el NN NH,
—_— NH,

oTBS OH

Buéc a: Khudy hdn hop gbm (LR,3R)-tert-butyl 3-((tert-butyldimetylsilyl)oxy)-
1-((R)-1,1-dimetyletylsulfinamido)-8-azaspiro[4.5]decan-8-carboxylat (100mg,
0,205mmol) va HCI (4M trong dioxan, 510uL, 2,05mmol) trong MeOH (1mL) trong
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1h & 40°C. Loai bo céc chit bay hoi trong diéu kién ap suat giam va lam kho phan cin
mau tring tao thanh trong diéu kién chan khong trong 1h. MS m/z 171,1 (M+H)".

Bué6c b: Khudy manh hdn hop gdm phan cin nay va 3-((2-amino-3-clopyridin-
4-yDthio)-6-clopyrazin-2-amin (65mg, 0,226mmol) trong DIPEA:NMP (2:1; 1,5mL)
trong 40h & 100°C. Sau khi lam ngudi dén RT, loai b6 céc chit bay hoi trong diéu kién
ap suit giam va tinh ché phan thé tao thanh bang phuong phap HPLC (rtra giai gradien
7,5-20% axetonitril trong nudc, chit diéu chinh TFA 0,1%). Loai bd cac chét bay hoi
trong diéu kién ap sut giam va tinh ché tiép phan cin tao thanh bang phuong phéap
HPLC (rtra giai gradien 15-40% axetonitril trong nudc, chét didu chinh NH,OH S5mM)
dé tao ra (2R, 4R)-4-amino-8-(6-amino-5-((2-amino-3-clopyridin-4-yl)thio)pyrazin-2-
yl)-8-azaspiro[4.5]decan-2-0l (44mg, 0,102mmol) duéi dang chit rin mau trang. 'H
NMR (400 MHz, METANOL-dy)  ppm 7,51-7,64 (m, 2 H), 5,92 (d, J=5,56 Hz, 1 H),
4,16-4,39 (m, 3 H), 3,00-3,21 (m, 2 H), 2,80 (dd, J=8,08, 7,07Hz, 1 H), 2,33 (dt,
J=13,45, 6,79 Hz, 1 H), 1,95 (dd, J=13,89, 7,58 Hz, 1 H), 1,83 (dd, J=14,02, 4,17 Hz,
1 H), 1,61-1,74 (m, 3 H), 1,56 (ddd, /=13,39, 8,08, 5,81 Hz, 1 H), 1,30 (d, /~13,14 Hz,
1 H). HRMS dugc tinh cho C;sHysCIN,OS (M+H)" 422,1557, dwoc phat hién
422,1569. I1Cso 12 0,007pM.

Céac hop chat sau cta bang 9 duoc téng hop st dung cac quy trinh & trén hodc
cac didu chinh theo céc quy trinh ¢ trén st dung amin duoc bao vé va chit trung gian

clo-pyrazin tuong ing.

Bang 9
Vidu Hop chét MO ta dic diém ICs
(uM)
42 'H NMR (400 MHz | 0,007

NH,

S %N METANOL-d,) & ppm 8,39
(NICFEJV'LN NH, | (dd, J=4.42, 1,39 Hz, 1 H), 7.59
QO (s, 1 H), 7,22-7,50 (m, 2 H),

Sy | 420438 (m, 3 H), 2,97-3,22

(m, 2 H), 2,84 (t, /~7,45 Hz, 1

H), 2,34 (dt, J=13,39, 6,69 Hz,
1 H), 1,89-2,07 (m, 1 H), 1,78-
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1,89 (m, 1 H), 1,51-1,75 (m, 4
H), 1,32 (d, J/~=12,88 Hz, 1 H).
Pp NMR (376MHz,
METANOL-d,) & ppm -66,48.
HRMS dugoc  tinh  cho
C1oHp4F3NOS (M+H)"
441,1684, duoc phat hién
441,1657.

43

'H NMR (400 MHz
METANOL-d;) & ppm 8,34-
8,47 (m, 1 H), 7,59 (s, 1 H),
7,32-7,49 (m, 2 H), 4,34 (td,
J=6,69, 3,28 Hz, 3 H), 2,96-
3,18 (m, 3 H), 2,28 (dd,
J=14,15, 7,07Hz, 1 H), 1,99
(ddd, J=13,58, 6,88, 2,53 Hz, 1
H), 1,68-1,87(m, 2 H), 1,52-
1,62 (m, 2 H), 1,49 (dd,
J=13,26, 2,15 Hz, 1 H), 1,24-
1,41 (m, 1 H). "F NMR
(376MHz, METANOL-d;) &
ppm -66,48. HRMS dugc tinh
cho CjoHpF3NOS (M+H)"
441,1684, duogc phat hién
441,1651.

0,006

44

'H NMR (400 MHz,
METANOL-d;) & ppm 8,39
(dd, /~4,42, 1,39 Hz, 1 H), 7,59
(s, 1 H), 7,30-7,50 (m, 2 H),
4,15-4,42 (m, 3 H), 2,98-3,21
(m, 2 H), 2,83 (t, J=7,45 Hz, 1

0,135
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H), 2,34 (dt, /=13,45, 6,79 Hz,
1 H), 1,89-2,04 (m, 1 H), 1,76-
1,89 (m, 1 H), 1,51-1,76 (m, 4
H), 1,32 (d, J=12,88 Hz, 1 H).
UF NMR (376MHz,
METANOL-d,) 6 ppm -66,48.
HRMS dugc  tinh  cho
C1oHp4F3NgOS (M+H)"
441,1684,
441,1721.

dugc phat hién

45

OMe

'H NMR (400 MHz
METANOL-d,) & ppm 7,48-
7,67 (m, 2 H), 5,92 (d, J=5,56
Hz, 1 H), 4,21-4,38 (m, 2 H),
3,92 (dt, /=7,07, 3,54 Hz, 1 H),
3,28 (s, 3 H), 2,94-3,18 (m, 3
H), 2,25 (dd, J=14,02, 7,20 Hz,
1 H), 2,07 (ddd, J/=13,77, 6,95,
2,53 Hz, 1 H), 1,68-1,83 (m, 2
H), 1,51-1,68 (m, 2 H), 1,42
(dd, J=13,14, 2,27 Hz, 1 H),
1,28-1,38 (m, 1 H), 1,08-1,20
(m, 2 H). HRMS duoc tinh cho
C19H,,CIN;0S (M+H)"
436,1686,
436,1666.

dugc phat hién

0,044

46

'H NMR (400 MHz
METANOL-d,) & ppm 7,99 (d,
J=5,31 Hz, 1 H), 7,60 (s, 1 H),
6,61 (d, J=5,31 Hz, 1 H), 4,24-
4,42 (m, 2 H), 3,92 (tt, J=6,88,

0,038
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3,35 Hz, 1 H), 3,28 (s, 3 H),
3,03-3,18 (m, 2 H), 3,00 (dd,
J=8,72, 7,20 Hz, 1 H), 2,25 (dd,
J=14,15, 7,33 Hz, 1 H), 2,08
(ddd, J=13,83, 6,88, 2,53 Hz, 1
H), 1,68-1,82 (m, 2 H), 1,51-
1,68 (m, 2 H), 144 (dd,
J=13,14, 2,27 Hz, 1 H), 1,29-
1,40 (m, 1 H). HRMS dugc tinh
cho CjoH,sCLNGOS  (M+H)"
455,1188, dugc phat hién
455,1166.

47

O
NN NH,

NZ O CRY

raxemic

NH,

'H NMR (400 MHz,
METANOL-d;) & ppm 8,39
(dd, J=4,29, 1,26 Hz, 1 H), 7,60
(s, 1 H), 7,30-7,51 (m, 2 H),
4,20-4,44 (m, 2 H), 2,94-3,20
(m, 3 H), 2,35-2,61 (m, 2 H),
1,94-2,20 (m, 2 H), 1,81 (td,
J=12,69, 4,17 Hz, 1 H), 1,69
(td, J=12,69, 3,92 Hz, 1 H),
1,48-1,59 (m, 1 H), 1,44 (dd,
J=13,39, 2,27 Hz, 1 H), F
NMR (376MHz, METANOL-
d;) 0 ppm -66,46, -84,76, -
85,11. HRMS duoc tinh cho
C1oHaoFsNgS (M+H)"
461,1547, duoc phat hién
461,1548.

0,021
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48

'H NMR (400 MHz
METANOL-d;) & ppm 8,38
(dd, J=4,29, 1,26 Hz, 1 H),
7,54-7,63 (m, 1 H), 7,31-7,49
(m, 2 H), 4,15-4,38 (m, 2 H),
3,81-3,96 (m, 1 H), 3,27-3,29
(m, 3 H), 3,02-3,19 (m, 2 H),
2,82 (t, /~7,58 Hz, 1 H), 2,34
(dt, J=13,71, 6,92 Hz, 1 H),
1,93-2,06 (m, 1 H), 1,75-1,93
(m, 1 H), 1,50-1,75 (m, 4 H),
1,24-1,39 (m, 1 H). F NMR
(376MHz, METANOL-d;) &
ppm -66,43. HRMS dugc tinh
cho CyHyF3NgOS  (M+H)"
455,1841,
455,1801.

dugc phat hién

0,009

49

'H NMR (400 MHz
METANOL-d;) & ppm 8,38
(dd, /~4,29, 1,26 Hz, 1 H), 7,58
(s, 1 H), 7,35-7,46 (m, 2 H),
4,21-4,40 (m, 3 H), 2,97-3,17
(m, 2 H), 2,56 (dd, J=9,22, 6,44
Hz, 1 H), 2,34-2,46 (m, 4 H),
1,91-2,05 (m, 1 H), 1,74-1,91
(m, 2 H), 1,68 (dd, J=7,83, 3,79
Hz, 2 H), 1,56 (ddd, J=12,82,
9,16, 6,57 Hz, 1 H), 1,34 (d,
J=13,39 Hz, 1 H). “F NMR
(376MHz, METANOL-d;) &
ppm -66,46. HRMS duogc tinh

0,234
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cho C20H26F3N6OS
455,1841,
455,1861.

(M+H)"

dugc phat hién

50

'H NMR (400 MHz, DMSO-
dg) 8 8,47 (dd, J=4,4, 1,4 Hz, 1
H), 8,43 (s, 1 H), 8,03 (s, 1 H),
7,70 (s, 1 H), 7,56 (dd, J=8.2,
4,6 Hz, 1 H), 7,31 (d, J=8,1 Hz,
1 H), 6,23 (s, 2 H), 4,44 (d,
J=13,5 Hz, 2 H), 2,97-2,80 (m,
2 H), 2,46 (s, 2 H), 1,94 (td,
J=13,1, 4,3 Hz, 2 H), 1,48 (d,
J=12,6 Hz, 2H). HRMS duoc
tinh  cho  CyH;oF5N,08
(M+H)" 438,1318, duogc phat
hién 438,1418.

0,610

51

'H NMR (400 MHz,
METANOL-d,) & ppm 7,76 (s,
1 H), 7,60 (s, 1 H), 5,90 (s, 1
H), 4,27 (t, /~13,01 Hz, 2 H),
3,08-3,21 (m, 2 H), 2,83 (4,
J=7,45 Hz, 1 H), 1,99-2,11 (m,
1 H), 1,29-1,96 (m, 9 H).
HRMS dugc  tinh  cho
C1sH,sCIN,S (M+H)"
406,1581, phat hién
406,1595.

duoc

0,010
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52

'H NMR (400 MHz
METANOL-d,) 6 7,64-7,59 (m,
2 H), 6,14 (dd, J=6,5, 2,2 Hz, 1
H), 4,36-4,21 (m, 2 H), 4,18
(dd, J=10,6, 5,6 Hz, 1 H), 3,97
(d, J=9,2 Hz, 1 H), 3,90 (d,
J=9,2 Hz, 1 H), 3,84 (dd,
J=10,7, 2,8 Hz, 1 H), 3,58 (dd,
J=5,6, 2,8 Hz, 1 H), 3,28-3,11
(m, 2 H), 1,85-1,71 (m, 4 H).
HRMS dugc  tinh  cho
C17Hp;CIN,OS (M+H)"
408,1373, phat hién
408,1475.

duoc

0,007

53

IH NMR (400 MHz,
METANOL-dy) § 7,65-7,57 (m,
2 H), 6,14 (dd, J=6.5, 2,2 Hz, 1
H), 4,34-421 (m, 2 H), 4,18
(dd, J=10.6, 5,6 Hz, 1 H), 3,97
(d, J=9,2 Hz, 1 H), 3,90 (d,
J=92 Hz, 1 H), 3,84 (dd,
J=10,7, 2,8 Hz, 1 H), 3,58 (dd,
J=5.,6, 2,8 Hz, 1 H), 3,27-3,09
(m, 2 H), 1,85-1,71 (m, 4 H).

HRMS dugc  tinh  cho

C7H,;CIN;0S (M+H)"
408,1373, dwoc phat hién
408,1474.

0,298
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54

'H NMR (400 MHz
METANOL-d,) & 8,10 (dd,
J=4,7, 1,8 Hz, 1 H), 7,58 (s, 1
H), 7,21 (dd, J=7.9, 4,7 Hz, 1
H), 7,11 (dd, J~7.9, 1,7 Hz, 1
H), 4,22-4,07 (m, 3 H), 3,86 (d,
J=8,6 Hz, 1 H), 3,79 (d, J=8.7
Hz, 1 H), 3,50 (dd, J=9,0, 5,2
Hz, 1 H), 3,28-3,11 (m, 3 H),
1,82-1,65 (m, 2 H), 1,65-1,50
(m, 2 H). HRMS dugc tinh cho
C,7H,,CIN,OS (M+H)"
393,1264, dugc phat hién
393,1278.

0,010

55

'H NMR (400 MHz, DMSO-
ds) & 8,86 (d, /=5,3 Hz, 1 H),
7,68 (s, 1 H), 6,83 (d, J=5,4 Hz,
1 H), 6,34 (s, 2 H), 4,11-3,90
(m, 3 H), 3,65 (dd, J=46.4, 8,4
Hz, 2 H), 3,27-3,16 (m, 3 H),
3,05 (t, J=6,2 Hz, 1 H), 1,73-
1,49 (m, 3 H), 1,47-1,35 (m, 2
H). HRMS dugc tinh cho
C1H,,CIN;0S (M+H)"
394,1217, duoc phat hién
394,0713.

0,073
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56

|
N

r\S
N

NH,

y

AN
= N

N

=z

N

1

¢

Hdn hop chat ddng phén

khong dbi quang 2:1

Hy
NQEN;

Chdt dong phin khéng ddi
quang chinh: '"H NMR (400
MHz, METANOL-dy) 6 7,68-
7,48 (m, 2 H), 5,92 (d, J=5,5
Hz, 1 H), 4,21-4,04 (m, 2 H),
3,28-3,10 (m, 2 H), 2,79 (d,
J=5,9 Hz, 1 H), 2,44-2,23 (m, 1
H), 1,94-1,40 (m, 8 H), 1,01 (d,
J=1,0 Hz, 3 H). HRMS duoc
tinh cho C;oH,;CIN;S (M+H)"
420,1737, dugc phat hién
420,1748.

Chdt dong phan khéng  doi
quang phu: 'H NMR (400
MHz, METANOL-d,) 6 7,66-
7,49 (m, 2 H), 5,92 (d, J=5,5
Hz, 1 H), 4,36 (t, /=12,0 Hz, 2
H), 3,16-2,90 (m, 2 H), 2,17 (d,
J=10,0 Hz, 1 H), 1,94-1,53 (m,
6 H), 1,37-1,27 (m, 3 H), 1,08
(d, J=6,5 Hz, 3 H). HRMS
dugc tinh cho C;9H,;CIN,S
(M+H)" 420,1737, dugc phat
hién 420,1748.

0,009

57

'H NMR (400 MHz,
METANOL-d,) & ppm 7,99 (d,
J=5,56 Hz, 1 H), 7,61 (s, 1 H),
6,61 (d, J=5,31 Hz, 1 H), 4,36
(dt, J=6,63, 3,38 Hz, 3 H),
2,99-3,19 (m, 3 H), 2,28 (dd,
J=14,02, 6,95 Hz, 1 H), 1,95-

0,003
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2,08 (m, 1 H), 1,72-1,90 (m, 2
H), 1,44-1,68 (m, 3 H), 1,36 (d,
J=11,12 Hz, 1 H). HRMS dugc
C1gHy3C1L,NgOS
(M+H)" 441,1031, dugc phat
hién 441,0937.

tinh cho

58

'H NMR (400 MHz,
METANOL-d,) & ppm 7,99 (d,
J=5,31 Hz, 1 H), 7,61 (s, 1 H),
6,61 (d, J=5,31 Hz, 1 H), 4,23-
4,39 (m, 3 H), 3,01-3,22 (m, 2
H), 2,85 (t, /~7,33 Hz, 1 H),
2,34 (dt, J=13,39, 6,69 Hz, 1
H), 1,97 (dd, J/=14,15, 7,33 Hz,
1 H), 1,85 (dd, J=14,02, 3,92
Hz, 1 H), 1,50-1,74 (m, 4 H),
1,33 (d, J=13,64 Hz, 1 H).
HRMS dugc  tinh  cho
C15H;CLNGOS 441,1031
(M+H)',
441,1020.

dugc phat hién

0,004

59

'H NMR (400 MHz
METANOL-dy) & ppm 7,51-
7,64 (m, 2 H) 5,91 (d, J=5,56
Hz, 1 H) 4,19-4,37 (m, 2 H)
3,83-3,96 (m, 1 H) 3,28 (s, 3 H)
3,01-3,20 (m, 2 H) 2.80 (¢,
J=7,58 Hz, 1 H) 234 (dt,
J=13,71, 6,92 Hz, 1 H) 1,94-
2,04 (m, 1 H) 1,78-1,90 (m, 1

0,010
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H) 1,53-1,75 (m, 4 H) 1,30 (d,
J=13,39 Hz, 1 H). HRMS duoc
C19H6CINgOS
(M+H)" 436,1686, duoc phat
hién 436,1663.

tinh cho

60

'H NMR (400 MHz,
METANOL-d,) & ppm 7,51-
7,64 (m, 2 H) 5,91 (d, J=5,56
Hz, 1 H) 4,19-437 (m, 2 H)
3,83-3,96 (m, 1 H) 3,28 (s, 3 H)
3,01-3,20 (m, 2 H) 2,80 (¢
J=7,58 Hz, 1 H) 234 (dt,
J=13,71, 6,92 Hz, 1 H) 1,94-
2,04 (m, 1 H) 1,78-1,90 (m, 1
H) 1,53-1,75 (m, 4 H) 1,30 (d,
J=13,39 Hz, 1 H). HRMS duoc
tinh cho C19Hy6CINgOS
(M+H)" 436,1188, duoc phat
hién 455,1234.

0,004

61

Qud trinh tinh ché SFC khong
dbi xung duogc thuc hién nhu
sau; cOt: ADH 21 x 250 mm,
luu lugng: 80g/min, pha dong:
IPA 30% va NH,OH 5mM
trong CO,, qud trinh do: 260nm
UV ¢6 duoc hai dinh Ry(Pinh
1)= 3,5min. NMR 13 hén hop
cac chit dong phan khong dbi
quang (nhu dugc mo ta). Chat
doéng phan khong d6i quang
chinh: 'H NMR (400 MHz,

0,007
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METANOL-d;) 6 ppm 8,38
(dd, J=4,42, 1,39 Hz, 1 H),
7,51-7,66 (m, 1 H), 7,33-7,48
(m, 2 H), 4,14-438 (m, 2 H),
2,95-3,21 (m, 2 H), 2,72-2,95
(m, 1 H), 2,19-2,34 (m, 1 H),
1,86-2,19 (m, 1 H), 1,52-1,81
(m, 3 H), 1,24-1,48 (m, 3 H),
0,93-1,20 (m, 4 H). HRMS
dugc tinh cho C,0HyeF3NgS
(M+H)" 439,1892, duoc phat
hién 439,1897.

Qué trinh tinh ché SFC khéng | 0,100
dbi xung duogc thuc hién nhu
N NH, sau; cOt: ADH 21 x 250 mm,
% luu Iwong: 80g/min, pha dong:
IPA 30% va NH,OH 5mM
INH, trong CO,, qué trinh do: 260nm
UV ¢6 dugce hai dinh R(Pinh
2)= 4,5min. NMR 14 hén hop
céc chat dong phan khong dbi
quang (nhu di md ta). Chét
ddng phén khong ddi quang
chinh: 'H NMR (400 MHz,
METANOL-d,) & ppm 838
(dd, J=4,55, 1,26 Hz, 1 H),
7,54-7,66 (m, 1 H), 7,32-7,49
(m, 2 H), 4,15-4,39 (m, 2 H),
2,98-3,19 (m, 2 H), 2,76-2,98
(m, 1 H), 2,19-2,31 (m, 1 H),
1,91-2,14 (m, 1 H), 1,52-1,81
(m, 3 H), 1,26-1,49 (m, 3 H),
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0,99-1,21 (m, 4 H). HRMS
dugc tinh cho C,HyeF3NgS
(M+H)" 439,1892, dugc phat
hién 439,1927.

63

'H NMR (400 MHz, DMSO-
ds) 6 ppm 8,10 (d, J=5,3 Hz, 1
H), 7,67 (s, 1 H), 6,52-6,62 (m,
1 H), 6,32 (br, s, 2 H), 3,97-
4,11 (m, 2 H), 3,95 (dd, J=8,5,
6,5 Hz, 1 H), 3,71 (d, J=8,5 Hz,
1 H), 3,59 (d, J=8,3 Hz, 1 H),
3,29 (dd, J=8,5, 5,8 Hz, 1 H),
3,15-3,25 (m, 2 H), 3,04 (t,
J=6,1 Hz, 1 H), 1,51-1,70 (m, 4
H), 1,35-1,46 (m, 2 H). HRMS
dugc tinh cho C;7H,,;CL,NOS
(M+H)" 4273513, duoc phat
hién 427,0852.

0,007

64

NH,
|\S|\N
N/CIN/N [}le
F
o

'H NMR (400 MHz, DMSO-
dg) & ppm 7,93 (d, J=5,0 Hz, 1
H), 7,67 (s, 1 H), 6,52 (d, J=5,5
Hz, 1 H), 6,32 (s, 2 H), 3,97-
4,10 (m, 2 H), 3,95 (dd, J=8,5,
6,8 Hz, 1 H), 3,71 (d, J=8,5 Hz,
1 H), 3,60 (d, /=8,3 Hz, 1 H),
3,30 (dd, J=8,5, 5,8 Hz, 1 H),
3,20 (ddd, J=13,4, 10,5, 3,0 Hz,
2 H), 3,05 (t, /=6,1 Hz, 1 H),
1,52-1,70 (m, 2 H), 1,41 (td,
J=8,8, 4,6 Hz, 2 H). HRMS
dugc tinh cho C;;H,;CIFN4OS

0,013
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(M+H)" 411,1170, duoc phat
hién 411,1165.

65

'H NMR (400 MHz,
METANOL-d,) & ppm 8,09 (s,
1 H), 7,62 (s, 1 H), 6,21 (d,
J=1,8 Hz, 1 H), 4,30 (t, J=13,5
Hz, 2 H), 3,22-3,07 (m, 2 H),
2,82 (brs, 1 H), 2,09-1,98 (m, 1
H), 1,95-1,86 (m, 1 H), 1,83-
1,55 (m, 5 H), 1,52-1,28 (m, 3
H). HRMS dugc tinh cho
C1sH;CIFNGS (M+H)*
409,1377, phat
409,1369.

duoc hién

0,310

66

'H NMR (400 MHz,
METANOL-d,) & ppm 7,99 (d,
J=5,52 Hz, 1 H), 7,61 (s, 1 H),
6,61 (d, /=527 Hz, 1 H), 5,19
(td, J=6,84, 3,39 Hz, 1 H),
4,20-4,44 (m, 2 H), 2,96-3,19
(m, 3 H), 2,52 (quin, J=6,96
Hz, 1 H), 2,38 (dd, J=14,56,
7,28 Hz, 1 H), 1,98-2,11 (m, 1
H), 1,86-1,98 (m, 1 H), 1,72-
1,86 (m, 1 H), 1,54-1,72 (m, 2
H), 1,33-1,51 (m, 2 H), 1,05-
1,18 (m, 6 H). HRMS duoc tinh
cho CyHyCLNGO,S (M+H)"
511,1450,
511,1453.

dugc phat hién

0,065
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67 'H NMR (400 MHz | 0,010
METANOL-d;) 6 ppm 7,53-
7,64 (m, 2 H), 5,91 (d, J=5,56
Hz, 1 H), 4,24-4,43 (m, 2 H),
2,95-3,18 (m, 3 H), 2,36-2,61
(m, 2 H), 1,95-2,19 (m, 2 H),
1,81 (td, J=12,76, 4,29 Hz, 1
H), 1,69 (td, J~=12,69, 3,92 Hz,
1 H), 1,54 (dd, J=13,26, 2,15
Hz, 1 H), 1,43 (dd, J=13,39,
2,53 Hz, 1 H). "F NMR
(376MHz, METANOL-d;) §&
ppm -84,69, -85,07. HRMS
duoc tinh cho
C1sH3CIE,N;0,8 (M+H)*
442,1392, duogc phat hién
442,1443.

Vidu 68

(3R,4S)-8-(6-amino-5-((2-amino-3-clopyridin-4-yl)thio)pyrazin-2-yl)-3-metyl-2-oxa-

8-azaspiro[4.5]decan-4-amin

NH,

S S%N

|
N N
9 :ICI §)\CI NH,

Boc~y H!\'/S"K 4 HN NHz  NH, . N S%N
oo B ol
o

NH,

Buéc a: Khudy hdén hop gdm (BRAS)-tert-butyl  4-((R)-1,1-
dimetyletylsulfinamido)-3-metyl-2-oxa-8-azaspiro[4.5]decan-8-carboxylat (53mg,
0,142Mmol) va HCI (4M trong dioxan, 354pL, 1,415mmol) trong MeOH (5mL) trong

1h & 40°C. Sau khi lam ngudi dén RT, loai bo cac chat bay hoi trong diéu kién ap sut
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giam dé tao ra (3R.4S5)-3-metyl-2-oxa-8-azaspiro[4.5]decan-4-amin dugc st dung
trong bude tiép theo ma khong tinh ché thém. MS m/z 171,1 (M+H)".

Bugc b: Khudy hén hop gdm (3R,4S)-3-metyl-2-oxa-8-azaspiro[4.5]decan-4-
amin  crude, 3-((2-amino-3-clopyridin-4-yl)thio)-6-clopyrazin-2-amin  (35,5mg,
0,123mmol), va DIPEA (193pL, 1,11mmol) trong DMSO (600uL) trong 16h & 100°C.
Sau khi 1am ngudi dén RT, loai bo céc chit bay hoi trong didu kién 4p suét giim va
tinh ché phan cin tao thanh bang phuong phip HPLC (rira gidi gradien 15-40%
axetonitril trong nudc, chat diéu chinh NH,OH 5mM) dé tao ra (3R.4S)-8-(6-amino-5-
((2-amino-3-clopyridin-4-yl)thio)pyrazin-2-yl)-3-metyl-2-oxa-8-azaspiro[4.5]decan-4-
amin (13mg, 0,030mmol). "H NMR (400 MHz, METANOL-d,) 6 ppm 7,72-7,51 (m, 2
H), 5,92 (d, J=5,5 Hz, 1 H), 4,31 (m, 2 H), 4,01-3,78 (m, 2 H), 3,58 (dq, J=8,1, 6,0 Hz,
1 H), 3,04 (m, 2 H), 2,48 (d, J=8,1 Hz, 1 H), 1,75 (m, 2 H), 1,61-1,47 (m, 2 H), 1,31
(d, /=6,1 Hz, 3 H). HRMS dugc tinh cho C;gH,sCIN;0S (M+H)" 422,1530, duoc phat
hién 422,1505. 1Cs( 12 0,010uM.

Vidu 69
(385,45)-8-(6-amino-5-((2-amino-3-clopyridin-4-yl)thio)pyrazin-2-yl)-3-metyl-2-oxa-8-

azaspiro[4.5]decan-4-amin

NH,

|\S%N

|

Boc. Hy'S»K Y NHz  NH, X N S%N
% T % B @CINJN NH
0 o %
o

Buéc a: BuGc a: Khudy hdn hop gdm (38,48)-tert-butyl 4-((R)-1,1-

dimetyletylsulfinamido)-3-metyl-2-oxa-8-azaspiro[4.5]decan-8-carboxylat (51mg,
0,36mmol) va HCI (4M trong dioxan, 340uL, 1,362mmol) trong MeOH (5mL) trong
1h & 40°C. Sau khi lam ngudi dén RT, loai bo cac chat bay hoi trong didu kién ap suAt
giam dé tao ra (35.,45)-3-metyl-2-oxa-8-azaspiro[4.5]decan-4-amin dugc st dung trong
budc tiép theo ma khong tinh ché them. MS m/z 171,1 (M+H)".

Bu6c b: Khudy hdn hop gdm (38,4S)-3-metyl-2-oxa-8-azaspiro[4.5]decan-4-
amin  thd,  3-((2-amino-3-clopyridin-4-yl)thio)-6-clopyrazin-2-amin  (35,5mg,
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0,123mmol), va DIPEA (193uL, 1,11mmol) trong DMSO (600uL) trong 16h & 100°C.
Sau khi 1am nguoi dén RT, loai bé cac chit bay hoi trong diéu kién 4p suét giam va
tinh ché phan cin tao thanh bing phuong phip HPLC (rira gidi gradien 15-40%
axetonitril trong nu6c, chat diéu chinh NH,OH 5mM) dé tao ra (35,4.5)-8-(6-amino-5-
((2-amino-3-clopyridin-4-yl)thio)pyrazin-2-yl)-3-metyl-2-oxa-8-azaspiro[4.5]decan-4-
amin (11mg, 0,026mmol). '"H NMR (400 MHz, METANOL-dy) 6 ppm 7,67-7,47 (m,
2H), 5,91 (d, J=5,5Hz, 1H), 4,22 (qd, J=6,4, 4,8Hz, 1H), 4,03 (ddt, J=13,5, 8,9, 4,7Hz,
2H), 3,86 (d, J/=8,7Hz, 1H), 3,71 (d, J=8,7Hz, 1H), 3,37 (td, J=9,9, 4,9Hz, 1H), 3,29-
3,23 (m, 1H), 3,00 (d, J=5,0Hz, 1H) 1,91-1,56 (m, 4H), 1,21 (d, J=6,4Hz, 3H). HRMS
duoc tinh cho CygHysCIN;OS (M+H)"™ 422,1530, dugce phat hién 422,1514. ICs, 1a
0,010uM.

Vidu 70

(1R,3R)-8-(6-amino-5-((2-amino-3-clopyridin-4-yl)thio)pyrazin-2-yl)-3-metyl-8-

azaspiro[4.5]decan-1-amin

S SW/gN

o
1]
Cbz. HN-S., NH
N AN HN S N N
: /< a _ :):CI %N NH,
NH,

=

-

Bu6c a:  Khudy hén hop gdm  (IR3R)-benzyl  1-((R)-1,1-
dimetyletylsulfinamido)-3-metyl-8-azaspiro[4.5]decan-8-carboxylat (100mg,
0,246mmol) va HCl (4M trong dioxan, 1,5mL, 6,5mmol) trong MeOH (1,5mL) trong
10 phan tng vi séng trong 14h & 140°C. Sau khi lam ngudi dén RT, loai bo cac chét
bay hoi trong diéu kién 4p sudt giam dé tao ra (1R,3R)-3-metyl-8-azaspiro[4.5]decan-
1-amin dugc st dung trong budc tiép theo ma khong tinh ché thém. MS m/z 169,2
(M+H)".

Budc b: Khudy hdn hop gdm (1R,3R)-3-metyl-8-azaspiro[4.5]decan-1-amin tho
(theor 0,246mmol) va  3-((2-amino-3-clopyridin-4-yl)thio)-6-clopyrazin-2-amin
(70,9mg, 0,246mmol) trong DIPEA (1mL) va DMSO (0,5mL) trong 2h & 130°C. Sau
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khi 1am nguoi dén RT, loai bo céc chat bay hoi trong diéu kién ap suét gidm va tinh
ché phan cin tao thanh bang phuong phdp HPLC (rtra giai gradien 15-40% axetonitril
trong nuéc, chat diéu chinh NH4OH 5mM) dé tao ra (1R,3R)-8-(6-amino-5-((2-amino-
3-clopyridin-4-yl)thio)pyrazin-2-yl)-3-metyl-8-azaspiro[4.5]decan-1-amin (23mg,
0,055mmol). '"H NMR (400MHz, METANOL-d,) & ppm 7,51-7,64 (m, 2H), 5,91 (d,
J=5,31Hz, 1H), 4,18-4,37 (m, 2H), 3,02-3,18 (m, 2H), 2,82 (dd, J=9,60, 6,32Hz, 1H),
2,09-2,20 (m, 1H), 2,00-2,09 (m, 1H), 1,91-2,00 (m, 1H), 1,58-1,74 (m, 2H), 1,24-1,48
(m, 3H), 1,09-1,20 (m, 1H), 1,01-1,09 (m, 3H). HRMS dugc tinh cho C;oH,,CIN,S
(M+H)" 420,1737, dugc phét hién 420,1719. ICs, 12 0,005uM.

Vidu 71

(1R,35)-8-(6-amino-5-((2-amino-3-clopyridin-4-yl)thio)pyrazin-2-yl)-3-metyl-8-

azaspiro[4.5]decan-1-amin

S. NH, | |

HN- /< a  HN \ b @[C]N\)\N

Buéc a: Khudy manh huyén  phu (1R,3S)-benzyl  1-((R)-1,1-
dimetyletylsulfinamido)-3-metyl-8-azaspiro[4.5]decan-8-carboxylat (600mg,
1,476mmol) va Pd(OH), (104mg, 0,148mmol) trong EtOAc:THF (1:2, 75mL) trong
didu kién khi quyén H, trong 48h. Loc hdn hop phan ng qua miéng dém Xelit sau d6
rira bing MeOH (50mL). Loai bo cc chét bay hoi trong didu kién 4p sudt giam.
Khuéy dung dich chira phén can tao thanh va HCl (4M trong dioxan, 1,0mL, 4,0mmol)
trong 2h & 45°C. Sau khi 1am ngudi dén RT, loai bo cac chit bay hoi trong diéu kién
ap suat giam. Lic huyén phu cua phan cin tao thanh va Pd/C (10% trong than hoat
tinh, 200mg) trong MeOH (20mL) trong 2h trong diéu kién khi quyén H, 60psi. Loc
hdn hop phan g qua miéng dém Xelit sau d6 ria bang MeOH (50mL). Loai bo cac
chit bay hoi trong didu kién 4p suat giam dé thu duoc (1R,3S)-3-metyl-8-
azaspiro[4.5]decan-1-amin dugc st dung trong budc tiép theo ma khong tinh ché

thém. MS m/z 169,1 (M+H)".
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Budce b: Khudy hdn hop gdm (1R,35)-3-metyl-8-azaspiro[4.5]decan-1-amin tho
(0,729mmol) va 3-((2-amino-3-clopyridin-4-yl)thio)-6-clopyrazin-2-amin (150mg,
0,521mmol) trong DIPEA (3,2mL) va DMA (6mL) trong 14h & 100°C. Sau khi lam
ngudi dén RT, loai bé cac chét bay hoi trong didu kién 4p sudt giam va tinh ché phan
can tao thanh bang phuong phiap HPLC (rtra giai gradien 10-30% axetonitril trong
nuée, chat diéu chinh TFA 0,1%) dé tao ra chit rin tho. Chét rén thd nay duoc tinh
ché tiép bing phuong phap HPLC (ria giai gradien 15-40% axetonitril trong nudec,
chit didu chinh NH,OH 5mM) dé tao ra (1R,3S)-8-(6-amino-5-((2-amino-3-
clopyridin-4-yl)thio)pyrazin-2-yl)-3-metyl-8-azaspiro[4.5]decan-1-amin (80mg,
0,189mmol). '"H NMR (400MHz, METANOL-d,) & ppm 7,65-7,49 (m, 2H), 5,91 (d,
J=5,5Hz, 1H), 4,30 (ddt, J=12,4, 9,7, 3,6Hz, 2H), 3,34 (s, 1H), 3,19-2,95 (m, 1H),
2,92-2,80 (m, 1H), 2,34-2,16 (m, 2H), 1,85-1,49 (m, 4H), 1,41 (dq, J=13,5, 2,7Hz,
1H), 1,30 (dq, J=13,5, 2,6Hz, 1H), 1,13-0,92 (m, 4H). HRMS duoc tinh cho
C1oH,CIN;S (M+H)" 420,1737, dugc phat hién 420,1716. ICs 1 0,005 M.

Viduy 72

8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-1-oxa-3,8-

diazaspiro[4.5]dec-2-en-2-amin

CF NH
CFs NHz ? g ’ CF, NH,
Sy
Z N\)\Cl l\(j[OH I/ N\%\I\OE
0
NH,
NH, N>7'

Buéc a: Khudy dung dich chua 6-clo-3-((2-(triflometyl)pyridin-3-
yDthio)pyrazin-2-amin  (70mg, 0,304mmol), fert-butyl ((4-hydroxypiperidin-4-
yDmetyl)carbamat (103mg, 0,336mmol), va DIPEA (2,0mL, 11,45mmol) trong NMP
(1mL) trong 3h & 120°C. Sau khi lam nguoi dén RT, pha lodng phan ung bang EtOAc,
rira pha hitu co béng nude, nude mudi, séy kho trén Na,SO4, va loai bd cac chét bay
hoi trong diéu kién 4p suat giam dé tao ra cin diu mau nau. Hép thu cin nay trong

DCM (5SmL) va thém HCI (4M trong dioxan; 760puL, 3,04mmol) thanh hai phan (mot
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nira & lac bit ddu phan tng va ntra con lai sau 3h). Khudy phan tng trong tong thoi
gian 1a 4h. Loai bo c4c chat bay hoi trong diéu kién 4p sut giam va nghién nhé phan
cin tao thanh véi MeCN dé tao ra chit rén mau nau. Phan tho tao thanh duoc tinh ché
tao huyén phi trong MeOH 5%/DCM va thém NaHCOj; chtra nude bdo hoa. Tach cac
16p tao thanh va chiét lai 16p nude bing MeOH 5%/DCM. C6 dic céc pha hitu co gom
dugc trong didu kién 4p suét giam dé tao ra 1-(6-amino-5-((2-(triflometyl)pyridin-3-
yDthio)pyrazin-2-yl)-4-(aminometyl)piperidin-4-ol (65mg, 0,149mmol) dang chét rin
mau tring ndu vang nhat. '"H NMR (400 MHz, DMSO-ds) 6 ppm 8,47 (dd, J=4,6,
1,4Hz, 1H), 7,68 (s, 1H), 7,55 (dd, /=83, 4,5Hz, 1H) 7,32 (dd, J=8,3, 1,4Hz, 1H), 4,04
(dt, /~13,8, 4,2Hz, 2H), 3,38-3,28 (m, 2H), 2,83 (s, 2H), 1,70-1,48 (m, 4H). MS m/z
401,2 (M+H)"

Budc b: Tiép theo xir Iy dung dich chtra 1-(6-amino-5-((2-(triflometyl)pyridin-
3-yDthio)pyrazin-2-yl)-4-(aminometyl)piperidin-4-ol (65mg, 0,.162mmol) trong EtOH
(3mL) bang xyanogen bromua (0,54mL, 1,623mmol) sau d6 1a NaHCO; (68,2mg,
0m812mmol) va khudy hén hop tao thanh trong 16h & RT. Loai bd cic chit bay hoi
trong diéu kién 4p suét giam va tinh ché phan cin tao thanh bing phuong phéap HPLC
(rtra giai gradien 15-40% axetonitril trong nuée, chit didu chinh NH,OH S5mM) dé tao
ra 8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-1-oxa-3,8-
diazaspiro[4.5]dec-2-en-2-amin (12,5Mg, 0,029mmol). 'H NMR (400 MHz, DMSO-
ds) d ppm 8,46 (dd, J=4,5, 1,4Hz, 1H), 7,68 (s, 1H), 7,55 (dd, J=8,3, 4,6Hz, 1,H), 7,31
(dd, J=8,2, 1,5hz, 1H), 6,22 (s, 2H), 5,78 (s, 2H), 3,94-3,73 (m, 2H), 3,64-3,45 (m,
2H), 3,36 (s, 2H), 1,88-1,56 (m, 4H). HRMS duoc tinh cho C;H;oF3N;0S (M+H)"
426,1318, dugc phét hién 426,1296. ICsq 14 0,193 uM.

Céc hop chét sau & bang 10 dugc téng hop bang cach st dung céc quy trinh &
trén hodc cac didu chinh theo cac quy trinh & trén sir dung amin duoc bao vé va chat

trung gian clo-pyrazin tuong ing.

Bang 10

Vi du Hop chit MBb ta dic diém ICs
(M)
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73 " 'H NMR (400 MHz, DMSO- | 0,020
2
NSy de) & ppm 8,10 (d, J/=5,2 Hz, 1
| |
N A %N N H), 7,69 (s, 1 H), 6,57 (d, J=5,3
c C;>/NHz Hz, 1 H), 6,30 (s, 2 H), 4,06 (s,
2 H), 3,79-3,60 (m, 4 H), 1,75-
1,52 (m, 4 H). HRMS duoc tinh
cho C;¢H;3CLN;0S  (M+H)"
426,0665, dwoc phat hién
426,0628.
74 'H NMR (400 MHz | 0,056
CF,4 NH,
NSy METANOL-d;) & ppm 8,40

(dd, J=4,3, 1,7 Hz, 1 H), 7,64
(s, 1 H), 7,52-7,30 (m, 2 H),
4,72 (s, 2 H), 4,00 (dt, J~14,2,
5,1 Hz, 2 H), 3,54 (ddd, J=13,5,
8,7, 3,8 Hz, 2 H), 1,97 (dtq,
J=17,6, 8,6, 4,1 Hz, 4 H).
HRMS dugc  tinh  cho
C17Hi9F3N;,08 (M)’
426,1318, dugc phat hién
426,1344.
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Vidu75

(R)-8-(6-amino-5-((3-clo-2-(dimetylamino)pyridin-4-yl)thio)pyrazin-2-yl)-8-

azaspiro[4.5]decan-1-amin

NH,

@CD& K :/VLC' \AOQ K :Iul I\OO

N

PN

NH,

BuGe a: Khudy hén hop gdm 6-bromo-3-((3-clo-2-(dimetylamino)pyridin-4-
ylthio)pyrazin-2-amin (124mg, 0,392mmol) va (R)-2-metyl-N-((R)-8-
azaspiro[4.5]decan-1-yl)propan-2-sulfinamit (111mg, 0,431mmol) trong DIPEA
(2,6mL) trong 10h & 90°C. Sau khi lam ngudi dén RT, loai bo cac chét bay hoi trong
diédu kién ap sudt giam va tinh ché phan can tao thanh bang phuong phap sic ky silica
(gradien EtOAc 0 dén 10% (chtra 10% MeOH)/heptan (chtra 25 Et;N)) dé tao ra (R)-
N-((R)-8-(6-amino-5-((3-clo-2-(dimetylamino)pyridin-4-yl)thio)pyrazin-2-yl)-8-
azaspiro[4.5]decan-1-yl)-2-metylpropan-2-sulfinamit (75mg, 0,139mmol). MS m/z
538,3 (M+H)".

Buéc b: Khudy hdén hop gdm  (R)-N-((R)-8-(6-amino-5-((3-clo-2-
(dimetylamino)pyridin-4-yl)thio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-yl)-2-
metylpropan-2-sulfinamit (75mg, 0,139mmol) va HCI (4M trong dioxan, 174pL,
0,697mmol) trong DCM (2mL) trong 30min & RT. Loai b6 céc chét bay hoi trong diéu
kién 4p sut gidm va tinh ché phan cin tao thanh bing phuong phap HPLC (rira giai
gradien 35-60% axetonitril trong nudce, chit didu chinh NH,OH 5SmM) dé tao ra (R)-8-
(6-amino-5-((3-clo-2-(dimetylamino)pyridin-4-yl)thio)pyrazin-2-yl)- 8-
azaspiro[4.5]decan-1-amin (28mg, 0,064mmol) duéi dang chit rin mau trang. 'H
NMR (400MHz, DMSO-ds) 6 ppm 7,85-7,92 (m, 1H), 7,63 (s, 1H), 6,16 (br. s, 2H),
6,04-6,10 (m, 1H), 4,06-4,23 (m, 2H), 2,97-3,15 (m, 2H), 2,87 (s, 6H), 2,64-2,73 (m,
1H), 1,11-1,97 (m, 10H). HRMS dugc tinh cho C,0H,CIN;S (M+H)" 434,1894, duogc
phat hién 434,1883. ICs, 12 0,010uM.

Céc hop chét sau cia bang 11 duoc téng hop st dung cac quy trinh & trén hodc
cac didu chinh theo cac quy trinh & trén st dung amin dugc bao vé va chét trung gian

clo-pyrazin tuong Gng.
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Bang 11

Vidu

Mo ta dic diém

ICsp
(uM)

76

'H NMR (400MHz, DMSO-dj)
& ppm 8,79 (d, J=5,3Hz, 1H),
7,59 (s, 1H), 6,76 (d, J=5,5Hz,
1H), 6,24 (s, 2H), 4,09 (m, 2H),
3,00 (m, 3H), 2,65 (t, J=7,4Hz,
1H), 1,76 (m, 2H), 1,50 (m,
4H), 1,37-1,05 (m, 5H). HRMS
dugc tinh cho C;7H,;CIN,S
(M+H)" 392,1424, dugc phat
hién 392,0977.

0,078

77

Mubi TFA. 'H NMR (400MHz,
DMSO-ds) & ppm 7.94 (d,
J=5,3Hz, 1H), 7,79 (br. s., 3H),
7,69 (br. s, 1H), 6,51 (d,
J=5,5Hz, 1H), 6,34 (br. s., 2H),
4,12-432 (m, 2H), 2,99-3,24
(m, 3H), 2,00-2,12 (m, 1H),
1,30-1,90 (m, 9H). HRMS
dugc tinh cho C;sH,;CIFNS
(M+H)" 409,1377, dugc phat
hién 409,1385.

0,005

78

'H NMR (400 MHz
METANOL-d,) & ppm 7,70-
787 (m, 1H), 7,52-7,64 (m,
1H), 6,22 (d, J=5,5Hz, 1H),
4,27 (t, J=13,7Hz, 2H), 3,97
(br. s., 3H), 3,03-3,20 (m, 2H),
2,82 (t, J=7,5Hz, 1H), 1,98-

0,015
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2,18 (m, 1H), 1,24-1,96 (m,
9H). HRMS dugc tinh cho
C19Hp6CINGOS (M+H)"
421,15717, phat
421,1594.

dugc hién

79

'H NMR (400 MHz, DMSO-d;)
& ppm 8,49 (s, 1H), 8,25 (d,
J=5,3Hz, 1H), 7,66 (s, 1H),
6,56 (d, J=5,3Hz, 1H), 6,24 (s,
2H), 4,07-4,26 (m, 2H), 2,98-
3,13 (m, 2H), 2,70 (t, J=7,4Hz,
1H), 1,11-1,94 (m, 10H).
HRMS dugc  tinh  cho
C15H,4CINGS (M+H)"
391,1472, phat
391,1480.

duoc hién

0,023

80

'H NMR (400MHz, DMSO-d;)
o ppm 8,77 (s, 1H), 8,52 (d,
J=5,5Hz, 1H), 7,68 (s, 1H),
6,77 (d, J=5,5Hz, 1H), 6,23 (br.
s, 2H), 4,18 (t, /=11,8Hz, 2H),
2,97-3,16 (m, 2H), 2,72 (t,
J=1,5Hz, 1H), 1,09-1,97 (m,
10H). HRMS dugc tinh cho
C1oH,4F3NgS (M+H) " 425,1735,
duoc phat hién 425,1727.

0,042

Vidu 81

(R)-4-((3-amino-5-(1-amino-8-azaspiro[4.5]decan-8-yl)pyrazin-2-yl)thio)-3-

clopyridin-2(1H)-on
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NH2 NHZ
F SW/gN ? “ SN
3 HN
NF CIN\/\N HN K CIN%N NH,
F L j[> o) L j[>

Khudy hdn hop gém  (S)-N-((R)-8-(6-amino-5-((3-clo-2-flopyridin-4-
yDthio)pyrazin-2-yl)-8-azaspiro[4.5]decan-1-yl)-2-metylpropan-2-sulfinamit  (17mg,
0,033mmol), liti hydroxit (2mg, 0,040mmol), va nude (0,07mL) trong DMSO (0,3mL)
trong 10 phan Ung vi séng trong 45 phat & 90°C. Sau khi lam ngudi dén RT, thém
MeOH (0,5mL) sau d6 1a HCI (4M trong dioxan, 2,0 mL, 8,0mmol) va khudy hén hop
tao thanh trong 1h & 40°C. Loai bd céc chét bay hoi trong didu kién ap sudt giam va
tinh ché phan cin tao thanh bing phuong phap HPLC (rra giai gradien 15-40%
axetonitril trong nude, chat diéu chinh NH,;OH 5mM) dé tao ra (R)-4-((3-amino-5-(1-
amino-8-azaspiro[4.5]decan-8-yl)pyrazin-2-yl)thio)-3-clopyridin-2(1 H)on (5mg,
0,012mmol) dudi dang chit rin mau tring. 'H NMR (400MHz, METANOL-dy) 6 ppm
7,53-7,61 (m, 1H), 7,19 (d, J=7,1Hz, 1H), 5,72 (d, J=7,1Hz, 1H), 4,26 (t, J=13,1Hz,
2H), 3,06-3,20 (m, 2H), 2,81 (t, J=7,5Hz, 1H), 1,27-2,11 (m, 10H). HRMS dugc tinh
cho CgH,4CINGOS (M+H)" 407,1448, dugc phat hién 407,1433. ICso 12 0,020pM.

Vi du 82

raxemic- 8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2,2-diflo-8-

azaspiro[4.5]decan-1-amin

F >4
F =0
° Sk CFs NH; CFs
HN F s \‘/
a b,c N7 ] i SN d N7 Sﬁ)\
L
OYN — § N\/\N nSo T I
0N
o X F
K T O@

Buéc a: Khudy dung dich chira fers-butyl 2,2-diflo-1-0x0-8-azaspiro
[4.5]decan-8-carboxylat (220mg, 0,76mmol), raxemic 2-metylpropan-2-sulfinamit
(184mg, 1,52mmol), va titan(IV) etoxit (0,640mL, 3,0mmol) trong THF (4mL) trong
30min & 90°C. Sau khi lam lanh dén 0°C, thém liti bohydrua (33mg, 1,5mmol) trong
mot phan. Sau khi khudy trong 30min, dap tit hdn hop phan g nay bang cich thém
MeOH. Loai bo cac chit bay hoi trong diéu kién 4p suét giam. Pha loAng phan cin tao

thanh bang nudc mudi, chiét bing EtOAc (4 x 10mL), sy kho cac pha hitu co két hop
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trén Na,SOy, loc, va c6 dac trong diéu kién ap suét giam. Tinh ché phﬁn can tao thanh
bang phuong phép sic ky silica (gradien EtOAc/heptan 10 dén 50%) dé tao ra rert-
butyl 1-(1,1-dimetyletylsulfinamido)-2,2-diflo-8-azaspiro[4.5]decan-8-carboxylat dang
bot mau tring (190mg, 0,48mmol). MS m/z 395,2 (M+H)".

Bu6e b: Khudy dung dich chua tert-butyl 1-(1,1-dimetyletylsulfinamido)-2,2-
diflo-8-azaspiro[4.5]decan-8-carboxylat (190mg, 0,48mmol) va TFA (1mL) trong
DCM (4mL) trong 20min & 0°C. Loai bo cac chat bay hoi trong diéu kién ap suit giam
dé tao ra N-(2,2-diflo-8-azaspiro[4.5]decan-1-yl)-2-metylpropan-2-sulfinamit dugc st
dung trong budc tiép theo ma khong tinh ché thém.

Bu6c c: Khudy dung dich chua N-(2,2-diflo-8-azaspiro[4.5]decan-1-yl)-2-
metylpropan-2-sulfinamit (theor 0,48mmol) va 6-clo-3-((2-(triflo metyl)pyridin-3-
yDthio)pyrazin-2-amin (148mg, 0,480mmol) trong DIPEA (0,8mL) trong 1h ¢ 100°C.
Sau khi 1am ngudi dén RT, loai bd cdc chét bay hoi trong diéu kién 4p suit giam va
tinh ché phin can tao thanh bang phuong phép sic ky silica (gradien EtOAc/heptan 0
dén 100%) dé tao ra N-(8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-
2,2-diflo-8-azaspiro [4.5]decan-1-yl)-2-metylpropan-2-sulfinamit (174mg, 0,28mmol)
dang bot mau cam. Mot phan nguyén liéu duge dua vao budc d, phén nguyén liéu con
lai dwoc tach bang phuong phap séc ky (xem Vi du 83).

Bude d: Khudy dung dich N-(8-(6-amino-5-((2-(triflometyl) pyridin-3-yl)thio)
pyrazin-2-yl)-2,2-diflo-8-azaspiro [4.5]decan-1-yl)-2-metylpropan-2-sulfinamit
(54mg, 0,096mmol) va HCI (4M trong dioxan, 0,239mL, 0,96mmol) trong DCM
(ImL) trong 30min & 40°C. Sau khi 1am nguoi dén RT, loai bd cac chat bay hoi trong
diéu kién ap sudt giam. Nghién nho phén cin nay véi MeCN dé tao ra raxemic-8-(6-
amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl1)-2,2-diflo-8-
azaspiro[4.5]decan-1-amin (mudi HCI, 38mg, 0,075mMol) dang bdt mau niu vang
nhat. '"H NMR (400MHz, METANOL-d,) & ppm 8,52-8,38 (m, 1H), 7,71 (s, 1H),
1,50-7,43 (m, 2H), 4,44 (dd, J=21,0, 14,2Hz, 2H), 3,67 (dd, J=15,1, 11,2Hz, 1H),
3,23-3,08 (m, 2H), 2,47-2,34 (m, 2H), 2,27 (dt, J=14,6, 7,4Hz, 1H), 2,01-1,88 (m, 2H),
1,75-1,54 (m, 3H). HRMS dugc tinh cho CoHpFsNgS (M+H)™ 461,1547, dugc phat
hién 461,1540. ICs, 12 0,380uM.
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Vi du 83a/b

(R) va (S)-8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2,2-diflo-8-

azaspiro[4.5]decan-1-amin

Budc a: N-(8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-y1)-2,2-
diflo-8-azaspiro[4.5]decan-1-yl)-2-metylpropan-2-sulfinamit (100 mg, 0.177 mmol)
was further purified bang phuong phép SFC khong ddi xtmg nhu sau: cot: WHO-1 21
X 250 mm, luu luong: 80 g/min, pha dong: 45% MeOH va 5mM NH4OH trong CO,,
detection: mass triggered thu dwgc mot chat dong phan dbi anhs R, (chat dong phan
ddi anh R): 2.6Min (44Mg, 0.078 mmol) va R, (chit ddng phan déi anh S): 5.8 min
(41Mg, 0.073 mmol).

Budc b: Khudy hdn hop gém chit dong phan dbi anh tinh khiét va HCI (4M
trong dioxan, 200pL, 0,8mmol) trong DCM (2mL) trong 1h & 40°C. Loai b6 cac chat
bay hoi trong diéu kién ap suit giam va nghién nho phan cin tao thanh véi MeCN dé
tao ra hop chét néu trong dé muc dang cac mubi HCI:

Chat ddng phan déi anh (R): "H NMR (400 MHz, METANOL-d,) & ppm 8,46
(dd, J=3,7, 2,3Hz, 1H), 7,73 (s, 1H), 7,53-7,45 (m, 2H), 4,52-4,36 (m, 2H), 3,68 (dd,
J=15,0, 11,2Hz, 1H), 3,24-3,09 (m, 2H), 2,47-2,34 (m, 2H), 2,32-2,21 (m, 1H), 2,05-
1,90 (m, 2H), 1,74-1,55 (m, 3H). °F NMR (376MHz, METANOL-dy) 6 -66,19, -98,51
(d, /=234,5 Hz), -101,83 (d, J/=234,6 Hz). HRMS duoc tinh cho C;oH,FsNgS (M+H)"
461,1547, dugc phat hién 461,1540. ICs 1a 0,882uM.

Chét dong phan ddi anh (S): "H NMR (400 MHz, METANOL-d,) § ppm 8,50-
8,41 (m, 1H), 7,70 (s, 1H), 7,47 (m, 2H), 4,52-4,35 (m, 2H), 3,67 (dd, J=15,1, 11,2Hz,
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1H), 3,24-3,05 (m, 2H), 2,49-2,32 (m, 2H), 2,31-2,19 (m, 1H), 2,02-1,88 (m, 2H),
1,73-1,51 (m, 3H). ’F NMR (376MHz, METANOL-d,) § -66,24, -98,47 (d, J=234 4
Hz), -101,77 (d, J=234,6Hz). HRMS dugc tinh cho C oHy,FsNeS (M+H)" 461,1547,
dugc phét hién 461,1541. ICs, 13 0,306 M.

Vidu 84

8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2-flo-8-

azaspiro[4.5]decan-1-amin

CF, NH,
BN Ty g I
f 570 N~ NA s, a4, N YgN

Buéc a: Khudy dung dich choa raxemic tert-butyl  2-flo-1-ox0-8-
azaspiro[4.5]decan-8-carboxylat (78mg, 0,28mmol), titan(IV) etoxit (235uL,
1,Immol), va (R)-2-metylpropan-2-sulfinamit (68mg, 0,56mmol) trong THF (1,5mL)
trong 1h & 90°C. Sau khi 1am lanh dén 0°C, thém liti bohydrua (12mg, 0,56mmol)
trong mot phan. Sau khi khudy trong 30min, dap tit hdn hop phan g nay bang cach
thém MeOH. Loai bé cac chit bay hoi trong diéu kién 4p suat giam. Pha lodng phin
cin tao thanh bang nudc mudi, chiét bang EtOAc (4 x 10mL), say kho cac pha hitu co
két hop trén Na,SOy, loc, va c6 dic trong diéu kién ap suét giam.Tinh ché phén can tao
thanh bang phuong phap sic ky silica (gradien EtOAc/heptan 0 dén 50%) dé tao ra
tert-butyl  1-((R)-1,1-dimetyletylsulfinamido)-2-flo-8-azaspiro[4.5]decan-8-carboxylat
(64mg, 0,17 mmol). MS m/z 377,3 (M+H)".

Bué6e b: Khudy hén hop gdm tert-butyl 1-((R)-1,1-dimetyletylsulfinamido)-2-
flo-8-azaspiro[4.5]decan-8-carboxylat (64mg, 0,17mmol) va TFA (1IML) trong DCM
(4mL) trong 10min & 0°C. Loai bo cac chit bay hoi trong diéu kién 4p sudt giam va
phan cin tao thanh dugc st dung trong budc tiép theo ma khong tinh ché thém.

Budc c: Khudy hdn hop gdm cin truée do va 6-clo-3-((2-(triflo metyl)pyridin-
3-yDthio)pyrazin-2-amin (51mg, 0,17mmol) trong DIPEA (0,3mL) trong 2h & 100°C.
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Sau khi 1am ngudi dén RT, loai b cac chit bay hoi trong diéu kién ap sudt giam va

tinh ché phan can tao thanh bing phuong phap sic ky silica (gradien MeOH/DCM
(chtta 0,25% Et;N) 0 dén 10%) dé tao ra N-(8-(6-amino-5-((2-(triflometyl)pyridin-3-

yDthio)pyrazin-2-yl)-2-flo-8-azaspiro[4.5]decan-1-yl)-2-metylpropan-2-sul finamit

(41mg, 0,075mmol). MS m/z 547,2 (M+H)" dang hén hop céc chit ddng phan khong

déi quang. Thuc hién qua trinh tinh ché thém st dung phuong phap SFC khong dbi

xung nhu sau: ¢dt: ID 21 x 250 mm, luu lugng: 80 g/min, pha dong: iPrOH 45% va
NH,OH 10mM trong CO,, do: khéi lwgng duge kich hoat dé tao ra chit dong phan déi
anh don R; (P1)= 2,7min (17mg, 0,031mmol) va R, (enant-P1)= 4,4min (17mg,

0,03 Immol).

Budc d: Khudy dung dich cia mdi déng phan tinh khiét va HCI (4M trong
dioxan, 100uL, 0,4mmol) trong DCM (0,1mL) trong 1h & 40°C. Sau khi lam ngudi

dén RT, loai bo céc chit bay hoi trong diéu kién ap suit giam va nghién nho phén cin

tao thanh véi MeCN dé tao ra hop chat néu trong d& muc dang c4c mubi HCI.

Bang 12
Vi du Hop chit MO ta dic diém ICso
(LM)
85 HCl mudi. Pl: 'H NMR| PI=
CF3 NH2
w S%N (400MHz, METANOL-d,) &| 0,100
|- .
N NV/kN NH,  |PPm 845 (dd, 3.7, 23Hz|
CFs NH, Fo| 1D, 7,70 s, 1H), 7.51-7.43 (m, | p;_
NZ S%N 2H), 5,31-5,08 (m, 1H), 4,46 (1,
1 0,113
N N A NH; | =150Hz, 2H), 336 (d,
CFs 3 NH; F | J=4,2Hz, 1H), 3,20-3,06 (m,
N~ ~N
| W/k 2H), 2,28-2,06 (m, 3H), 1.96-
X N%N NH,
: 1,82 (m, 2H), 1,74-1,50 (m,
CF3 NH, F 19
(A ﬁ/g 3H). “F NMR (376MHz
I

METANOL-d;) & -65,01, -
66.44. HRMS duoc tinh cho
CroHp3F4N6S (M+H)"
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443,1641, duoc phat hién
443,1642.

Mubi HCL. enant-P1: '"H NMR
(400MHz, METANOL-d;) &
ppm 8,48-8,44 (m, 1H), 7,71 (s,
1H), 7,51-7,42 (m, 2H), 5,30-
510 (m, 1H), 447 (4,
J=15,1Hz, 2H), 3,37-3,34 (m,
1H), 3,21-3,06 (m, 2H), 2,28-
2,08 (m, 3H), 1,95-1,82 (m,
2H), 1,76-1,47 (m, 3H). "
NMR (376MHz, METANOL.-
dy) & -65,01, -66,42. HRMS
dugc tinh cho CigHy3F4NgS
(M+H)" 443,1641, dugc phat
hién 443,1633.

Vi du 86a/b

(1R)-8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2-metyl-8-

azaspiro[4.5]decan-1-amin

N
% N7 CFy N “2:}2
Boc. HN’S HN- -S., s

Buéc a: Khudy dung dich chua (1R)-tert-butyl  1-((R)-1,1-
dimetyletylsulfinamido)-2-metyl-8-azaspiro[4.5]decan-8-carboxylat (32mg,
0,086mmol) va TFA (0,2mL, 2,60mmol) trong DCM (2mL) trong 30min & RT. Loai
bo cac chét bay hoi trong diéu kién 4p suit giam dé tao ra (R)-2-metyl-N-((1R)-2-
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metyl-8-azaspiro[4.5]decan-1-yl)propan-2-sulfinamit. MS m/z 273,0 (M+H)". Stt dung
san phdm tho trong budc tiép theo ma khong cén tinh ché thém.

Buéc b: Khudy hdén hop gdm  (R)-2-metyl-N-((1R)-2-metyl-8-
azaspiro[4.5]decan-1-yl)propan-2-sulfinamit  (23mg, 0,084mmol),  6-clo-3-((2-
(triflometyl)pyridin-3-yl)thio)pyrazin-2-amin (23mg, 0,075mmol), va NMP (0,1mL)
trong DIPEA (ImL) trong 6h & 115°C. Sau khi 1am ngudi dén RT, loai b6 céc chét bay
hoi trong diéu kién dp sudt giam d& tao ra (R)-N-((1R)-8-(6-amino-5-((2-
(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2-metyl-8-azaspiro[4.5]decan-1-yl)-2-
metylpropan-2-sulfinamit dang dau mau den, sir dung dau nay trong budc tiép theo ma
khong can tinh ché thém.

Buéc ¢:  Khudy hén hop gdm  (R)-N-((1R)-8-(6-amino-5-((2-
(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2-metyl-8-azaspiro[4.5]decan-1-yl)-2-
metylpropan-2-sulfinamit va HCI (4M trong dioxan, 84puL, 0,338mmol) trong DCM
(2mL) trong 1h & 40°C. Sau khi lam ngudi dén RT, loai b céc chit bay hoi trong diéu
kién ap sudt giam va tinh ché phdn cin tao thanh bing phuong phap HPLC (rtra giai
gradien 35-60% axetonitril trong nudc, chit didu chinh TFA 0,1%) dé tao ra mudi
TFA 8-(6-amino-5-((2-(triflometyl)pyridin-3-yl)thio)pyrazin-2-yl)-2-metyl-8-
azaspiro[4.5]decan-1-amin. HRMS dugc tinh cho C,HpsF3NgS 439,1892 (M+H)",
dugc phat hién 439,1872. ICsy 1a 0,0010puM.

Budc d: Phan tach khong déi xtmg (xem chi tiét & bang 13).

Bang 13
Vidu Hop chit MBb ta dic diém ICs,
(uM)
86a - Q}m trinh tinh ché SFC khéng | 0,010
| S %N doi xung dugc thuc hién nhu

N7 CF’;J\)\N 5;2 sau: cot: ADH 21 x 250mm,

s lvu lugng: 80g/min, pha dong:
MeOH 30% va NH4,OH 5mM
trong CO,, do: UV 270nm dé

thu duoc chit ddng phan don
R(P1)= 3,3min. 'H NMR
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(400MHz, METANOL-d;) 6
ppm 8,39 (dd, J=4,4, 1,6Hz,
1H), 7,59 (s, 1H), 7,47-7,35 (m,
2H), 4,46-4,31 (m, 2H), 3,15-
2,95 (m, 2H), 2,44 (d, J=9,5Hz,
1H), 2,02-1,67 (m, 5H), 1,61-
1,36 (m, 4H), 1,12 (d, J=6,3Hz,
3H). HRMS dugc tinh cho
C,oHp6F3NgS 439,1892
(M+H)", dugc phat hién
439,1900.

86b

Qué trinh tinh ché SFC khong
dbi xung duoc thuc hién nhu
sau: cot: ADH 21 x 250mm,
luu luong: 80g/min, pha dong:
MeOH 30% va NH,OH 5mM
trong CO,, do: UV 270nm dé
thu dwoc ddng phan don
R(P2)= 4,3min. "H NMR (400
MHz, METANOL-d;) & ppm
8,38 (dd, J=4,4, 1,6Hz, 1H),
7,58 (s, 1H), 7,49-7,31 (m, 2H),
4,19-4,00 (m, 2H), 3,29-3,12
(m, 2H), 2,80 (d, J/=5,9Hz, 1H),
2,38-2,24 (m, 1H), 1,91-1,47
(m, 8H), 1,01 (d, /=7,0Hz, 3H).
HRMS dugc  tinh cho
CroHoeF3NgS 439,1892
(M+H)", dugc phat hién
439,1880.

0,010
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87

Mubi TFA. 'H NMR (400
MHz, METANOL-d;) 6 ppm
7,59 (s, 1H), 5,77 (s, 1H), 4,41-
4,22 (m, 2H), 3,24 (t, J=6,8Hz,
1H), 3,21-3,08 (m, 2H), 2,29-
2,16 (m, 1H), 1,97-1,79 (m,
4H), 1,78-1,65 (m, 2H), 1,65-
1,48 (m, 3H). HRMS duoc tinh
cho CHuCLN,S  (M+H)
440,1191,
440,1169.

dugc phat hién

0,0093

88

Mubi TFA. 'H NMR (400MHz,
METANOL-d,) & ppm 7,60 (s,
1H), 5,76 (s, 1H), 4,37-4,19 (m,
3H), 3,98 (d, J=9,2Hz, 1H),
3,88 (d, /=9,2Hz, 1H), 3,42 (d,
J=4,0Hz, 1H), 3,13 (dddd,
J=26,3, 14,0, 11,0, 3,2Hz, 2H),
1,92-1,74 (m, 3H), 1,73-1,63
(m, 1H), 1,31 (d, J=6,5Hz, 3H).
HRMS dugc tinh  cho
C1sH,4CLN;08 (M+H)"
456,1140, dugc phat hién
456,1118.

0,004

&9

Mubi TFA. 'H NMR (400
MHz, METANOL-d;) & ppm
7,61 (s, 1H), 5,77 (s, 1H), 4,35-
4,14 (m, 3H), 3,98 (d, J=9,2Hz,
1H), 3.89 (d, J=9,2Hz, 1H),
3,82 (dd, J=10,7, 2,6Hz, 1H),
3,57 (dd, J=5.3, 2,5Hz, 1H),

0,0118
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3,23 (ddd, J=14.1, 8,8, 5,5Hz,
IH), 3,14 (ddd, J=13,8, 10,7,
3,3Hz, 1H), 1,86-1,63 (m, 4H).
HRMS dugc  tinh  cho
C17H»CLN,0S (M+H)"
442,0984, duoc phat hién
442,0961.

90

Mudi TFA. '"H NMR (400MHz,
METANOL-d,) & ppm 7,60 (s,
1H), 5,77 (s, 1H), 4,51-4,32 (m,
3H), 3,47 (dd, J=9.3, 7,2Hz,
1H), 3,13-2,94 (m, 2H), 2,28-
2,11 (m, 2H), 2,01 (ddd,
J=13,8, 9,5, 6,0Hz, 1H), 1,92-
1,78 (m, 2H), 1,70 (d,
J=13,2Hz, 1H), 1,55-1,47 (m,
2H). HRMS duogc tinh cho
C1sH24CLN,08 (M+H)"
456,1140, dugc phéat hién
456,1111.

0,004

91

'H NMR (400MHz,
METANOL-d;) & ppm 7,52-
7,64 (m, 2H), 5,92 (d,
J=5,56Hz, 1H), 5,13 (td,
J=56,0, 6,69,Hz, 1H), 4,21-4,42
(m, 2H), 3,00-3,22 (m, 2H),
2,83 (t, /~7,71Hz, 1H), 2,37-
2,58 (m, 1H), 2,16-2,37 (m,
1H), 1,62-1,92 (m, 5H), 1,21-
1,36 (m, 1H). “F NMR
(376MHz, METANOL-d;) &

0,008
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ppm -162,81. HRMS dugc tinh

cho CgHyuCIFN;S  (M+H)'
424,1486, dugc phat hién
424,1491.

92 'H NMR (400 MHz | 0,010
METANOL-d,) & ppm 7,50-
7,65 (m, 2H), 5,92 (d,
J=5,56Hz, 1H), 5,13 (dt,

J=56Hz, 5,94Hz, 1H) 4,21-4,40
(m, 2H), 2,97-3,19 (m, 3H),
2,13-2,35 (m, 2H), 1,70-2,00
(m, 3H), 1,62 (td, J=12,63,
4,29Hz, 1H), 1,47 (dd, J=13,26,
2,40Hz, 1H), 1,33 (dd, J=13,39,
227Hz, 1H). “F NMR
(376MHz, METANOL-d,)
oppm -166,11. HRMS duoc
tinh cho C,gH,,CIFN;S (M+H)"
424,1486,
424,1486.

dugc phat hién

Céc vi du sau cua Bang 14 ¢6 thé duoc tao ra bang cach st dung cac phuong

phép trén va nguyén liéu ban dau thich hop:

NH,
X S | ~N
I\(;[CIN\/\N NH
NH,
e

Bang 14
NH,
NN
N:;[CIN\%%HZ
NH,
Me ©
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Céc thtr nghiém

Céc hop chit theo sang ché duoc danh gia vé kha nang trc ché chon loc hoat
tinh SHP2 ctia chting. Cac dic tinh trc ché ctia cac hop chét theo sang ché dugc mo ta
& day c6 thé duge ching minh bing cach kiém tra mot thir nghiém bét ky trong sé cac

thtr nghiém sau day.
Thir nghiém we ché di 14p thé SHP2

SHP2 duoc hoat héa di lap thé qua lién két peptit dugc bis-tyrosyl-phorphoryl
héa v6i mién Src Homology 2 (SH2) ctia n6. Buge hoat hoa tiép theo dan dén viéc giai
phéng bé mit trung gian tu dong we ché cia SHP2, ma tiép dén dan dén hoat tinh
SHP2 protein tyrosin phosphataza (PTP) va c¢6 sin nhén biét co chit va chit xtc tac
phan mg. Hoat tinh xtic tac ctia SHP2 dugc quan sat bang cach sir dung co chét thay

thé DIFMUP trong dinh dang thir nghiém huynh quang nhanh.

Cu thé hon 13, cac phéan g phosphataza dugc thuc hién ¢ nhiét do phong trong
dia polystyren den 384 giéng, dia day tron, mat bich thép, bé mat khong gén két
(Corning, Cat# 3575) str dung thé tich phan tng cudi cung 12 25uL va didu kién chét
dém tht nghiém sau day: HEPES 60mM, pH 7,2, NaCl 75mM, KCI 75mM, EDTA
ImM, P-20 0,05%, DTT SmM.

Su trc ché SHP2 bang cac hop chat theo sang ché (ndng do bién dbi tir 0,003 —
100uM) dugc quan sat bang cach sir dung thir nghiém trong d6 u SHP2 0,5nM véi
peptit IRS1 pY1172(dPEG8)pY1222 (trinh tu: H2N-
LN(pY)IDLDLV(dPEG8)LST(pY)ASINFQK-amit) 0,5uM. Sau khi u 30-60 phut &
25°C, thém co chit thay thé DiIFMUP (Invitrogen, cat# D6567) vao phan tmg va u &
25°C trong 30 phiit. Sau d6 1am nglmg phan tng bang cach thém 5 pl dung dich chaa
bpV(Phen) (Enzo Life Sciences cat# ALX-270-204)160pM. Tin hiéu huynh quang
dugce quan sat bang cach st dung may doc vi dia (Envision, Perki-Elmer) st dung
buéc song kich thich va phét xa 1an luot 1a 340nm va 450nm. Duong cong dép ung
liéu lugng chit (rc ché dugc phén tich bing cach st dung duwong hoi quy ICs, chuin
hoa khop voi duong chudn dua trén dbi chirng. Cac két qua ICs, cho céc hop chét theo

sang ché dugc thé hién trong cac vi du va bang 1-7 & trén.
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Thir nghiém té bao p-ERK

Thir nghiém té bao p-ERK sir dung Kit AlphaScreen® SureFire™ Phospho-
ERK 1/2 (PerkinElmer): t& bao KYSE-520 (30.000 té bao/giéng) dugc cdy trong dia
cdy 96 giéng qua dém va xtr Iy bang céc chét (e ché Shp2 & ndng do 14 20, 6,6, 2.2,
0,74, 0,24, 0,08, 0,027uM trong 2 git & 37°C. Két thic viéc 1 bing cich thém 30uL
chat dém phan giai (PerkinElmer) duoc cung cip véi kit thir nghiém kinaza diéu hoa
tin hi¢u phospho ngoai bao (pERK) SureFire (PerkinElmer). Cac mau duoc xtr 1y theo
huéng dan cta nha san xuat. Tin hiéu huynh quang tir pERK dugc do hai 1an bing
cach sir dung may doc 2101Multilabel (Perkin Elmer Envision). Phin trim tc ché
dugc chuin hoa bang tong tin hiéu ERK va so sanh véi dbi chting chit din thudc

DMSO.
Thtr nghiém su tao thanh khuén lac va thi nghiém tang sinh té bao

Cac té bao KYSE-520 (1500 té bao/giéng) dugc cdy vao dia 24 giéng trong
300pL moi truong (RPMI-1640 chita FBS 10%, Lonza). Déi véi xtt Iy duge chét, cac
hop chét theo sang ché & cac ndng do khac nhau (20, 10, 5, 2,5, 1,25uM) duoc thém
vao 24 gid va 5 ngay sau khi cdy té bao. O ngay 11, khuén lac dugc nhudm bang violet
tinh thé 0,2% (MP Biomedicals) va sau d6 hoa tan trong axit axetic 20% dé dinh lugng
bang cach str dung may doc Spectramax (Thermo Scientific). Trong thtr nghiém ting
sinh té bao, cdc té bao (1500 té bao/giéng) dugc chy vao dia 96 giéng trong 100uL mbi
truong (RPMI-1640 chita FBS 10%, Lonza). O ngiy 6, thém 50uL chat phan ung
Celltiter-Glo (Promega), va tin hiéu phat quang duogc xac dinh theo huéng dan cta nha

cung cip (Promega).
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YREU CAU BAO HO

1. Hop chét c¢6 cong thirc I:

trong do:

p duoc chon tir 0 va 1;

q duoc chontir 0 va 1;

Y, duoc chontir CH vaN;
Y, duogc chon tir CRg va N;

R; la —=XR,; trong dé R;, duge chon tir Cq jparyl, Csgxycloalkyl, C;_gxycloalkenyl va
nhom heteroaryl ¢6 5-9 canh chira tir 1 dén 4 nguyén tir khéac loai hodc nhém doc lap
dugc chon tir N, C(O), O va S; trong d6 aryl hodc heteroaryl 1a R;, di néu dugc thé
béng 1 dén 5 nhom Ry doc 1dp dugc chon tir halo, amino, hydroxy, N, C;_salkyl,
dimetyl-amino, C;_salkyl dugc thé bang hydroxy, C;alkyl duogc thé halo va C,_4alkyl
dugc thé amino, va X duoc chon tir lién két, S(O)m, O, C(O), COR;1, CRypaR b, NR1;

trong d6 m dugc chon tir 0, 1 va 2;

mdi Ry, va Ryqy doc 1ap dugc chon tir halo va Cy4alkyl; va Ry, dugc chon tir hydro va

Ci.salkyl;

Rja  va Ry, dOc 18p dugc chon tir hydro, Cyalkyl, C,4alkoxy, amino, hydroxy, Cs.

gxycloalkyl va Cy_jalkyl-amino;

R;a va Rsp doc 18p duoc chon tir halo, cacbonyl, C;alkyl, C,4alkoxy, amino,

hydroxy, C;_gxycloalkyl va C;_alkyl-amino;
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Rya  va Ry, dc 18p duoc chon tir hydro, halo, cacbonyl, C;_4alkyl, C_4alkoxy, amino,
hydroxy, Cs.gxycloalkyl va Cy_salkyl-amino;

Rsa va Rs, doc 1ap dugc chon tir hydro, cacbonyl, C,4alkyl, C4alkoxy, amino,

hydroxy, C;_gxycloalkyl va C;_salkyl-amino;

trong d6 hai nhém bét ky dwoc chon tir Ry,, Rop, Ra Rsp, Rugs Rup, Rsay Ry v Ry ¢6 thé

tao thanh vong khong no hoic no mot phén c6 5 dén 6 canh;

R¢ duogc chon tir hydro, halo, xyano, C;.4alkyl, C,4alkoxy, amino-cacbonyl, C;.
salkyl dugc thé halo, Cy_4alkoxy duge thé halo, C,alkyl duoc thé bang hydroxy, C,.
salkyl duogc thé amino, -S(0)12R¢a, -C(S)Rga -C(O)NRg,Rgp, -C(NH)NRg,Rg, va —
NRg.C(O)Rgp; trong d6 Re, va Rg, doc 1ap duge chon tir hydro va C_4alkyl;

R; va Rq cung véi nguyén tir cacbon ma chiing ciing gin vao tao thanh vong no hoac
khong no mot phan c6 3 dén 7 canh ma c6 thé ty y chira 1 dén 3 nguyén tir khac loai
hodc nhém doc 1ap duoc chon tir N, C(0), O va S(O)m; trong d6 m duogc chon tir 0, 1
va2;

trong d6 vong no duoc tao thanh bdi R; va Rg néu trén ¢6 thé khong dugc thé hoidc
duoc thé béng 1 dén 3 nhom doc 1ap duoc chon tir amino, hydroxy, metoxy, halo,

metyl, metyl-amino va isobutyryloxy; hoic mubi duoc dung ctia né.

2. Hop chét co cong thuc I theo diém 1, hodc mubi duoe dung cta n6 dugce chon tu:
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H2

m m&m

Cl
Cl

~N

A N,
B

NH,

Cl

Cl

(S)

Cl

(RN

NH,

RGY

Cl

Cl

(S)

Cl
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3. Hop chat ¢6 cong thic Ia:

PP
Y
Y4‘Y4/ Y1\Yz)\N

Ia q Ry
trong do:
n dugc chontir 1, 2,3 va4;
p dugc chontir 0 va 1;
q duoc chon tir 0 va 1;
Y, duoc chontir CH vaN;
Y, duoc chon tir CRg va N; mdi
Y, doc 18p duge chon tir N, C(O) va CRy; trong d6 chi mot Y4 1a C(O);
R¢  dugc chon tir hydro, halo, metyl va amino-cacbonyl;
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R; va Rg cing v6i nguyén tir cacbon ma ching cling gin vao tao thanh vong no hoac
khong no mét phan ¢6 3 dén 7 canh ma co thé tuy y chtra mdt nguyén tir khac loai
duge chon tir N, O va S(O)m; trong d6 m dugc chon tir 0, 1 va 2; trong d6 vong no
duoc tao thanh béi R; va Rg néu trén ¢ thé khong duogc thé hoic dugc thé béng 1 dén
3 nhom doc 1ap dugce chon tir amino, halo, hydroxy, amino-metyl va metyl-amino;
hoac

R; va Rg cung v6i nguyén tir cacbon ma chiing cliing gin vao tao thanh vong no hoac
khong no mét phan ¢6 5 canh ma c6 thé tiy y chira 1 dén 2 nguyén ti khac loai hoic
nhom doc 1ap duoc chon tir N, O, C(O) va S(O)m; trong d6 m duoc chon tir 0, 1 va 2;
trong d6 vong no dugc tao thanh bdi R; va Rg néu trén dugc thé béng 1 dén 3 nhom
dugc chon tr amino, hydroxy, metoxy, halo, metyl, metyl-amino va isobutylryloxy,
hoac

R; va Rg cung vé6i nguyén tir cacbon ma chiing cling gin vao tao thanh vong no hoac
khong no mét ph?m ¢6 6 canh ma c6 thé tuy y chira mot nguyén tr khac loai dugce chon
tor N, O va S(O)m; trong d6 m duoc chon tir 0, 1 va 2; trong d6 vong no duge tao
thanh béi R, va Rg néu trén duoc thé b?lng nhém dugce chon tir amino, amino-metyl va

metyl-amino, hoac

R; va Rg cung v6i nguyén tir cacbon ma chiing cling gan vao tao thanh vong no hodc
khong no mot phan c6 4 canh ma ¢ thé tuy y chtra mot nguyén tr khac loai duoc chon
tor N, O va S(O)m; trong d6 m duogc chon tir 0, 1 va 2; trong d6 vong no dugce tao
thanh boi R; va Rgnéu trén duoc thé b(?lng nhom dugc chon tr amino, amino-metyl

and metyl-amino;

Ry  dugc chon tr halo, amino, hydroxy, N3, dimetyl-amino, Cy_4alkyl, C_salkyl duoc
thé halo, C,_salkoxy, -C(O)OR o va -NHC(O)R;

Rjo dugc chon tir hydro, phenyl va naphtyl; trong d6 phenyl 12 Ry da néu khéong

duoc thé hodc dugc theé bang metoxy; hodc mudi dugc dung cia né.

4. Hop chét theo diém 3, hodc mudi duoc dung ctia n6, duoc chon tur:

nIH2 NH>
@ N NN
N N
QQ “ %m
NH,
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OMe
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5. Hop chit theo diém 1 ¢6 cong thire II:
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trong do:

p dugc chon tir 0 va 1;

q dugc chon tir O va 1;

Y, duocchontir CH vaN;
Y, duoc chon tir CRg va N;

R;  duoc chon tr Cq.jparyl, Csgxycloalkyl, C;gxycloalkenyl va nhom heteroaryl ¢6
5-9 canh chtra tir 1 dén 4 nguyén tu khac loai dugc chon tir N, O va S; trong do aryl
hodc heteroaryl 1a Ry, da néu dugc thé béng 1 dén 5 nhom Ry ddc lap duoc chon tir
halo, amino, hydroxy, N3, Cy4alkyl, Cj4alkyl duoc thé béng hydroxy, C;.jalkyl dugc

thé halo, va C_alkyl duoc thé bing amino;

Rj,  va Ry, ddc 18p dugc chon tr hydro, Calkyl, Cy4alkoxy, amino, hydroxy, Cs.

gxycloalkyl va C;_jalkyl-amino;

Rz, va Rz, doc 14p dugc chon tir halo, cacbonyl, Cjjalkyl, C,salkoxy, amino,

hydroxy, C;_gxycloalkyl va C;_jalkyl-amino;

Rya  va Ry dOc 1p dugc chon tir hydro, halo, cacbonyl, Calkyl, C;_4alkoxy, amino,
hydroxy, C;_gxycloalkyl va C;_jalkyl-amino;

Rsy va Rsp, doc 18p dugc chon tir hydro, cacbonyl, C,alkyl, C,4alkoxy, amino,

hydroxy, C;_gxycloalkyl va C,_salkyl-amino;

trong do6 hai nhém bét ky duogc chon tir Ry,, Rs,, Ry, Rs, Rg, va Ry, 6 thé tao thanh

vong khong no hodc khong no mdt phan ¢6 5 dén 6 canh;
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Rs duoc chon tir hydro, halo, xyano, C4alkyl, C;4alkoxy, amino-cacbonyl, C,.
salkyl dugc thé halo, Cy.4alkoxy duoc thé halo, Ci.4alkyl duogc thé béng hydroxy va C;.

salkyl dugce thé amino;

R; va Rg cing vé6i nguyén tir cacbon ma ching ciing gén vao tao thanh vong no hodc
khéng no mdt phan c6 3 dén 7 canh ma co thé tuy y chlra mgt nguyén tir khac loai
duogc chon tir N, O va S(O)m; trong d6 m dugc chon tir 0, 1 va 2; trong d6 vong no
duoc tao thanh bdi R; va Rg néu trén c6 thé khong duogc thé hodc duoc thé béng 1 dén
3 nhom doc 14p dugc chon tir amino, halo, hydroxy, amino-metyl va metyl-amino;

hodc mudi duge dung cia né.

6. Hop chat c6 cong thirc Ila:

trong do:

n duoc chontu 1, 2, 3 va 4;

p duoc chontr O va 1;

q dugcchontrOval;

Y, duogc chontir CHvaN;

Y, duogc chon tir CRg va N;

Y4 dugc chon tir N va CRo;

Rg¢  duogc chon tir hydro, halo, metyl va amino-cacbonyl;

R; va Rg cung v6i nguyén tir cacbon ma chiing cling gin vao tao thanh vong no hoac
khong no mét phan c6 3 dén 7 canh ma co thé tuy y chira mot nguyén tir khac loai
dugc chon tir N, O va S(O)m; trong d6 m duoc chon tir 0, 1 va 2; trong d6 vong no
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dugc tao thanh béi R; va Rg néu trén co thé khong duoc thé hodc dugc thé b.:flng mot
nhom dugc chon tir amino, amino-metyl va metyl-amino; hodc

R, va Rg cling v6i nguyén tir cacbon ma chiing cling gan vio tao thanh vong no hoic
khoéng no mot phén ¢6 5 canh ma c6 thé tuy y chira mot nguyén tir khac loai dugc chon
tr N, O va S(O)m; trong d6 m dugc chon tir 0, 1 va 2; trong d6 vong no dugc tao
thanh béi R, va Rg néu trén duoc thé béng nhom dugce chon tir amino, amino-metyl, va
metyl-amino, hodc

R, va Rg cling v&i nguyén tir cacbon ma chiing cling gan vao tao thanh vong no ¢6 6
canh ma c6 thé ty y chira mot nguyén tir khac loai dugc chon tir N, O va S(O)m;
trong d6 m dugc chon tir 0, 1 va 2; trong d6 vong no dugc tao thanh bdi R; va Rg néu
trén duogc thé béng nhém dugc chon tir amino, amino-metyl va metyl-amino, hodc

R, va Rg cling v6i nguyén tir cacbon ma chiing ciing gin vao tao thanh vong no ¢6 4
canh ma c6 thé tiy ¥ chira mot nguyén tir khac loai duoc chon tir N, O va S(O)m;
trong d6 m dugc chon tir 0, 1 va 2; trong d6 vong no dugc tao thanh bdi R; va Rg duge

theé bang amino;

Ry dugce chon tir halo, amino, hydroxy, N3, C;_4alkyl, Cialkyl dugc thé halo, C;.
4alk0xy, -C(O)ORH) va -NHC(O)RN),
Rjp dugc chon tir hydro, phenyl va naphtyl; trong d6 phenyl 1a Ryy dd néu khong

duoc thé hoac dugce thé bang metoxy; hodc mudi duge dung cia no.

7. Hop chét theo diém 6, hoic mudi duoc dung cuia nd, duoc chon tur:

NH,

Cl | SN NH,

Cl NJ\N NH, Cl | ~N

Cl N\%N: NH,
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Cl

Cl
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hodc muoi duge dung cua chung.
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9. Hop chat duge chon tir:

24576

NH,

S SWI/gN

@Cl N\/\N

N~ Cl N%N .-NHZ
NH,
o

N:;[CI N A NH;
NH,
0 OH
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hodc mudi dugc dung ctia ching.

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

NH,

B S%N
N ANy NH,

NH,

OMe

hodc muoi dugc dung cta no.

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

hodc mudi dugc dung cua no.

12. Hop chit theo diém 4, trong d6 hop chét nay la:
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hodc mu6i duge dung ctia no.

13. Hop chit theo diém 4, trong d6 hop chit nay 1a:

NH,
B SW/HN
N~ C|N§/kh©(!‘\;i2
NH2 st
O

hodc mudi dugce dung cua no.

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

NH,

S > N
N~ N\/\ NH,
Cl N A
NH,

hodc mudi dugce dung ctia nd.

15. Dugc phdm chtra hop chét theo diém bat ky trong s cac diém tir 1 dén 14, hoic

muodi duge dung cua nod, va it nhat mot chat mang dugc dung.

16. Hop chét c6 cong thire I:

trong do:
p duogc chon tir 0 va 1;
q duocchontuOval;

Y, duogc chon tir CH va N;
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Y, duogc chon tir CRg va N;

R; la —XRy, trong do6 Ry, duoc chon tir Cg jparyl, Csgxycloalkyl, Csgxycloalkenyl
va nhom heteroaryl ¢6 5-9 canh chira tir 1 dén 4 nguyén tir khéac loai hoic nhom doc
14p duoc chon tr N, C(0), O va S; trong d6 aryl hodc heteroaryl 1 R;, d4 néu dugc thé
b'flng 1 dn 5 nhom Ry doc 1ap dugc chon tr halo, amino, hydroxy, Ns, C;jalkyl,
dimetyl-amino, C;_jalkyl dugc thé béng hydroxy, C,_salkyl dugc thé halo va Cyqalkyl
duge thé amino, va X duge chon tir lién két, S(O),,, O, C(O), COR;1, CR10.R 05, NR 1

trong dé m dugc chon tir 0, 1 va 2;

mdi Ryg, va Ryqp doc 1ap duoc chon tir halo va Cyalkyl; va Ry; dugce chon tir hydro va

Ci.qalkyl;

Ry, va Ry, doc 1ap duoc chon tir hydro, Cyalkyl, C,_4alkoxy, amino, hydroxy, Cs.

gxycloalkyl va Cy_jalkyl-amino;

Rs, va R, doc 14p dugc chon tir halo, cacbonyl, Ci4alkyl, C;jalkoxy, amino,

hydroxy, Cs_gxycloalkyl va C,_salkyl-amino;

R4, va Ry, doc 18p duge chon tir hydro, halo, cacbonyl, C,_alkyl, Cy_salkoxy, amino,
hydroxy, C;_gxycloalkyl va Cy_alkyl-amino;

Rso, va Rs, doc lap dugc chon tir hydro, cacbonyl, C,jalkyl, Ci4alkoxy, amino,

hydroxy, C;_gxycloalkyl va C;_4alkyl-amino;

trong d6 hai nhom bét ky dugc chon tir Ry,, Rop, Raa, Rap, Rug Rap, Rsy, Rsp va R c6 thé

tao thanh vong khong no hodc no mét phﬁn c6 5 dén 6 canh;

R¢ duogc chon tr hydro, halo, xyano, Cy4alkyl, C,jalkoxy, amino-cacbonyl, C,.
salkyl duge thé halo, Cy_4alkoxy dugc thé halo, C,alkyl dwoc thé bing hydroxy, C;.
salkyl duge thé amino, -S(0);,Re -C(S)Rea -C(O)NRgRep, -C(NH)NRgRg, va —
NR.C(O)Rgp; trong d6 Re, va Rg, doc 1ap duge chon tir hydro va Cy_salkyl;

R; va Rg cling vé6i nguyén tir cacbon ma chiing cling gén vao tao thanh vong no hodc
khong no mét phan ¢ 3 dén 7 canh ma c6 thé tuy ¥ chira 1 dén 3 nguyén tir khac loai
hodc nhom ddc 14p dugc chon tir N, C(O), O va S(O)m; trong d6 m dugce chon tir 0, 1

va 2;
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trong d6 vong no dugc tao thanh béi R, va Ry néu trén co thé khong duogc thé hoic
duoc thé béng 1 dén 3 nhom doc 1ap duogc chon tir amino, hydroxy, metoxy, halo,
metyl, metyl-amino va isobutyryloxy; hodc mudi duoc dung cta noé;

trong d6 hop chét d3 néu dé didu tri bénh hoic rdi loan do hoat tinh cia SHP2 gy ra.

17. Hop chét c¢6 cong thire I:

trong do:

p duogc chon tir 0 va 1;

q  dugcchontur0val;

Y; duoc chontir CH vaN;
Y, duoc chon tir CRg va N;

R; 1a —XRj, trong d6 Ry, dugce chon tir Cqjparyl, C;gxycloalkyl, C;gxycloalkenyl
va nhom heteroaryl ¢6 5-9 canh chira tir 1 dén 4 nguyén tir khac loai hodc nhém doc
lap dugc chon tir N, C(O), O va S; trong d6 aryl ho#c heteroaryl 1a R, dd néu dugc thé
béng 1 dén 5 nhom Ry doc lap duoc chon tir halo, amino, hydroxy, N;, Cy4alkyl,
dimetyl-amino, C,_salkyl dugc thé biang hydroxy, C,_salkyl dugc thé halo va C,alkyl
duoc thé amino, va X dugc chon tir lién két, S(O)m, O, C(O), COR;y, CRygR b, NRyy;

trong d6 m dugc chon tir 0, 1 va 2;

mdi Ryg, va Ryqp doc 14p duoc chon tir halo va Cy_salkyl; va Ry; dugc chon tir hydro va

Ci.salkyl;

Rya  va Ry, doc 1dp dugce chon tir hydro, Cjalkyl, C;4alkoxy, amino, hydroxy, Cs.

gxycloalkyl va C;_jalkyl-amino;
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R3. va Rz, doc 1dp dugc chon tor halo, cacbonyl, C,jalkyl, C;jalkoxy, amino,

hydroxy, C;_gxycloalkyl va C;_jalkyl-amino;

R4a va Ry, doc lap duoc chon tir hydro, halo, cacbonyl, C;_jalkyl, C;_4alkoxy, amino,
hydroxy, C;_gxycloalkyl va Cy_jalkyl-amino;

Rs, va Rs, ddc 13p duoc chon tir hydro, cacbonyl, Cyjalkyl, C;jalkoxy, amino,

hydroxy, Cs_gxycloalkyl va C;_jalkyl-amino;

trong d6 hai nhom bat ky dugc chon tir Ry,, Rap, Ra Rap, Rua, Rup, Ry, Rsp va Ry 6 thé

tao thanh vong khong no hodc no mot phén c6 5 dén 6 canh;

R¢ duoc chon tur hydro, halo, xyano, Cjjalkyl, C;alkoxy, amino-cacbonyl, C;.
salkyl dugce thé halo, Ci.4alkoxy dugc thé halo, Cy.4alkyl dugc thé béng hydroxy, C,.
salkyl duoc thé amino, -S(0)12R62, -C(S)Rg,, -C(O)NRgRgp, -C(NH)NRg R4, va —
NRg,C(O)Rgyp; trong d6 Rg, va Rgp, doc 14p duge chon tir hydro va Cy_jalkyl;

R; va Rg cling v6i nguyén tir cacbon ma chiing cling gén vao tao thanh vong no hoic
khong no mot phan c6 3 dén 7 canh ma c6 thé tuy y chira 1 dén 3 nguyén tt khac loai
hodc nhém ddc 1ap duge chon tir N, C(O), O va S(O)m; trong d6 m dugce chon tir 0, 1
va 2;

trong d6 vong no dugc tao thanh bai R; va Rg néu trén c6 thé khong duoc thé hodc
duoc thé bang 1 dén 3 nhom doc 1ap duge chon tir amino, hydroxy, metoxy, halo,
metyl, metyl-amino va isobutyryloxy; hodc mubi dugc dung ctia noé;

trong do6 hop chit da néu dé diéu tri bénh hodc rdi loan do hoat tinh cia SHP2 gy ra,

va bénh va rdi loan do hoat tinh ctia SHP2 gay ra dugce chon tir hdi chirng Noonan, héi
chimg da bao, bénh bach cau tiy bao thiéu nién, u nguyén bao than kinh, khdi u 4c
tinh, ung thu bach cdu tiy cip tinh, ung thu va, ung thu thuc quan, ung thu phdi, ung
thu rudt két, ung thu diu, u nguyén bao than kinh, ung thu biéu mé t€ bao vay ving
du va cd, ung thur biéu mo té bao rudt, u lymphd té bao 16n thoai san va u nguyén bao

than kinh dém.

18. T4 hop chira hop chit theo diém bat ky trong s6 cac diém tir 1 dén 14, va mot hodc
nhiéu hop chét c6 hoat tinh dugc khac, trong d6 hop chét hodc cac hop chit c6 hoat

tinh dugc khac nay duoc chon tur vinca alkaloit, paclitaxel, docetaxel, vincristin,
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vinblastin, vinorelbin, vinflunin, cisplatin, 5-flouraxil, 5-flo-2-4(1 H,3H)-
pyrimidindion (5FU), flutamit va gemxitabin.

19. T6 hop chira hop chét theo diém bét k¥ trong s cac diém tir 1 dén 14, va mot hoic
nhiéu hop chit c6 hoat tinh dugce khéc, trong d6 hop chét hodc cac hop chét ¢6 hoat

tinh dugc khac nay dé st dung trong diéu tri ung thu.
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