BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

Cong hoa xa hgi chi nghia’Viét Nam (VN) (11)
CUC SO HUU TRI TUE

1-0032379
(s COTD487/04; AGIP 25/28; AGIP37/02; (13) B
A61K 31/4985; A61P 29/00
(21) 1-2018-03693 (22) 10/02/2017
(86) PCT/IB2017/050748 10/02/2017 (87) WO2017/144995 31/08/2017
(30) 62/299,130 24/02/2016 US
(45) 25/06/2022 411 (43) 26/11/2018 368A

(73) Pfizer Inc. (US)
235 East 42nd Street, New York, New York 10017, United States of America

(72) BROWN, Matthew Frank (US); DERMENCI, Alpay (US); FENSOME, Andrew
(GB); GERSTENBERGER, Brian Stephen (US); HAYWARD, Matthew Merrill
(US); OWEN, Dafydd Rhys (GB); WRIGHT, Stephen Wayne (US); XING, Li
Huang (US); YANG, Xiaojing (US).

(74) Cong ty Luat TNHH T&G (TGVN)

(54) DAN XUAT PYRAZOLOJ[1,5-A]JPYRAZIN-4-YL LAM CHAT UC CHE JANUS
KINAZA (JAK) VA DUQC PHAM CHUA DAN XUAT NAY
(57) Sang ché dé cap dén cac dan xuat pyrazolo[1,5-a]pyrazin-4-yl c6 cong thirc:
NC e
Ry (s )
Ro

=" N

R
NNz A
'Y

I._‘_/[

7

Rs
]
hodc mudi duoc dung cua chung, hodc solvat dugc dung cua hop chét nay hodac cua mudi
duoc dung nay, trong d6 A, A’ va A”; Ry va R; Ry; Ry; Ry va Rs doc 1ap nhu duge xac dinh
trong ban mo td. Cac hop chat theo sang ché hiru dung lam chit rc ché Janus kinaza
(JAK). Sang ché ciing dé cap dén dugc pham chira cac hop chat theo sang ché va to hop
ctia chung véi cc chat diéu tri khac.
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Linh vwe ky thuit dwge dé cap

Sang ché @& xuét cac phéi tir va din xuét pyrazolo[1,5-a]pyrazin-4-yl twong tu
TYK2 (thanh vién cua ho JAK) c¢6 hoat tinh dugc ly. Céc hop chét nhu vy hitu dung
dé e ché céac Janus kinaza (JAK). Sang ché ciing dé xudt dugc pham chira cac hop chét

nay va phuong phap didu ché cac hop chét nay.

Tinh trang ky thuat cia sang ché

Protein kinaza 1a ho cac enzym c6 kha nang xtc tac viéc phosphoryl hda céc gbc
dic hiéu trén protein, thudng duge phén loai thanh tyrosin va serin/threonin kinaza. Hoat
tinh kinaza khéng thich hop, phét sinh do dot bién, biéu hién qué muc, hodc diéu hoa
khong ding, loan diéu hoa hoadc mét diéu hoa, cling nhu san sinh qua mtrc hodc dudi
mirc cac yéu té sinh truong hodc cic xytokin c6 lién quan trong nhidu bénh, bao gdm
nhung khong chi giéi han & bénh ung thu, cac bénh tim mach, di ing, hen va cac bénh
ho hép khéc, cac bénh tu mién, cac bénh viém, c4c bénh & xuong, cac bénh chuyén hoa,
va céc roi loan than kinh va thoai hoa than kinh nhu bénh Alzheimer, Hoat tinh kinaza
khong thich hgp gy ra nhiéu dap tng sinh hoc té bao lién quan dén sy sinh truéng té
bao, biét hoa té bao, chuc nang té bao, séng sot té bao, su chét t& bao theo chuong trinh,
va su di chuyén cta té bao lién quan dén cac bénh néu trén va cic bénh lién quan.

Do @6, cac protein kinaza da ndi 1én nhu 12 nhém enzym quan trong lam dich
trong nhiéu loai can thiép diéu tri. Cu thé, ho JAK ctia cac protein tyrosin kinaza té bao
(JAK1, JAK2, JAK3, va Tyk2) dong vai tro trung tdm trong truyén tin hiéu xytokin
(Kisscleva et al., Gene, 2002, 285, 1; Yamaoka et al. Genome Biology 2004, 5, 253)).
Khi lién két vdi cac thu thé cua chiing, cac xytokin hoat hda JAK ma sau d6 phosphoryl
hoéa thu thé xytokin, nh¢ d6 tao ra cac vi tri neo ddu cho céc phén ti truyén tin hi€u, dac
biét 1a cac thanh vién thudc ho chat truyén tin hiéu va hoat héa phién ma (signal
transducer and activator of transcription - STAT) ma cubi dung din dén biéu hién gen.
Nhiéu xytokin dugc biét 12 hoat hoa ho JAK. Céc xytokin ndy bao gém, ho interferon
(IFN) (IFN-alpha, IFN-beta, [FN-omega, Limitin, IFN-gamma, IL-10, IL-19, IL-20, IL-
22), ho gp130 (IL-6, IL-11, OSM, LIF, CNTF, NNT-1/BSF-3, G-CSF, CT-1, Leptin,
IL-12, IL-23), ho gamma C (IL-2, IL-7, TSLP, IL-9, IL-15, IL-21, IL-4, IL-13), ho IL-
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3 (IL-3, IL-5, GM-CSF), ho chudi don (EPO, GH, PRL, TPO), céc tyrosin kinaza thu
thé (EGF, PDGF, CSF-1, HGF), va cac thu thé két hop G-protein (AT1).

VAn con nhu ciu v& cac hop chit méi ma wre ché higu qua va chon lgc cac enzym
JAK dac hiéu: cu thé 1a TYK2. TYK?2 la thanh vién cta ho JAK kinaza, va quan trong
trong truyén tin hiéu cac interferon typ I (bao g6m IFNalpha, INFbeta) IL-6, IL-10, IL-
12 va IL-23 (Liang, Y. et al., Expert Opinion on Therapeutic Targets, 18, 5, 571-580
(2014)). Nhu vay, TYK2 trao dbi tin hiéu véi cac thanh vién khac thudc ho JAK kinaza
trong céc t& hop sau: TYK2/JAK 1, TYK2/JAK2, TYK2/JAK1/JAK2. TYK? d4 thé hién
13 quan trong trong qua trinh bi¢t hoéa va chitc ndng cuia nhidu loai té bao quan trong
trong bénh viém va bénh ty midn bao gdm cac loai té bao giét tw nhién, t& bao B, va té
bao T hd tro. Su bidu hién TYK2 lac chd c6 lién quan dén nhidu tinh trang bénh tw mién
hodc viém. Viéc diéu bién hoat tinh mién dich thong qua tc ché hoat tinh TYK?2 kinaza
c6 thé chung t6 13 hitu dung trong didu tri nhiéu rdi loan mién dich (O'Shea JJ, Plenge
R, Immunity, 36, 542-50 (2012); Murray, P.J., J. Immunol., 178, 2623-2629 (2007);
Kisseleva, T., et al., Gene, 285, 1-24 (2002)) trong khi d6 khong truyén tin hiéu
erythropoietin (EPO) va thrombopoietin (TPO) phu thuoc JAK2 (Neubauer H., et al.,
Cell, 93(3), 397-409 (1998); Parganas E., et al., Cell, 93(3), 385-95 (1998)).

Ban chit ky thuit ciia sang ché

Muc dich cua sang ché la dé xudt cac phdi tr va din xuét pyrazolo- [1,5-
a]pyrazin-4-yl twong ty TYK2 (thanh vién cua ho JAK) c6 hoat tinh dugce ly. Cac hop
chit nhu vy hitu dung dé &rc ché cac Janus kinaza (JAK). Sang ché ciing dé xuét dugc
phém chira cac hop chét nay va phuong phép didu ché cac hop chit nay.

Dé dat duoc muc dich trén day, theo mot khia canh, sang ché dé xuit hop chét

c6 cong thic I co cdu tric:
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hodc mudi dugc dung ctia no, hoic solvat duge dung cia hgp chét nay hozc mudi duge
dung nay, trong do: A, A’ va A>> doc lap la O, C=0, C-R’ hodc N-R”’, trong d6 R* va
R> ¢ thé doc lap 12 H, amino, -NR7CORe, COR®, -CONR7Rs, Ci-Cs alkyl, hoac
hydroxy(Ci-Cs alkyl), va R ¢6 thé c6 mit hoic khong c6 mit, va c6 mat khi cac quy
tic hoa tri cho phép, va trong d6 khong qua mot trong s6 A, A’ va A”’ 1a O hoic C=0;
Ro va R doc 1ap 1a H, Br, CL, F, hodc Ci-Cs alkyl; Ry 1a H, Ci1-Ce alkyl, hodc hydroxy(Ci-
Cs alkyl); Rz dugc chon tir nhém bao gdm H, C1-Cs alkyl, Ci-Cs alkoxy, hydroxy(C1-Ce
alkyl), phenyl(Ci-Cs alkyl), formyl, heteroaryl, di vong, -CORs, -OCORs, -COOREe, -
NR7CORs, -CONR7Rs, va -(CHz)a-W, trong d6 W 12 xyano, hydroxy, C3-Cs xycloalkyl,
-SO,NR7Rs, va -SO»-Ry, trong d6 Ro 1a C1-Cs alkyl, C3-Cg xycloalkyl, heteroaryl, hoéc
di vong; trong do mdi nhém trong sb alkyl, xycloalkyl, di vong, hodc heteroaryl nay c6
thé khong duoc thé hodc duge thé bang halo, xyano, hydroxy, hodc Ci-Cs alkyl; X 1a C-
R3 hodc N, trong d6 R3 ¢co thé 1a H hodc C1-Cs alkyl; R4 va Rs doc 18p 1a H, amino, Ci-
Cs alkyl, hogc hydroxy(Ci-Cs alkyl); Re, R7 va Rs ddc 1ap 1a H, Ci-Cs alkyl, C1-Cq
alkoxy(C1-Cs alkyl), hodc Cs-Cs xycloalkyl, C1-Cs alkyl nay tuy y dugc thé bang halo,
CN hoic hydroxy; hodc, R7 va Rg ciing v6i nguyén tir li€n két v6i chung tao thanh vong
5 hoac 6 canh, vong nay tuy y duoc thé bang halo, hydroxy, CN, hodc C1-Cs alkyl; va,
n bang 0, 1, 2 hoic 3.

Theo cac khia canh khac, sang ché cling dé xuét duoc phém chtra chét mang dugc
dung va hgp chét ¢ cong thirc L.

Ban mo ta bdc 10 phuong phap didu tri cc tinh trang bénh Iy va réi loan bao gdm
viém, bénh tu mién, lupus ban d6 hé théng, viém than lupus, lupus dang dia, lupus da,
lupus hé than kinh trung wong, viém khép dang thdp, viém khép vay nén, bénh viém
rudt, bénh Crohn, viém loét dai trang, bénh hen, bénh hen di ing, bénh tiéu duong typ
I, viém da co, viém da co, cac bénh lién quan dén interferon (interferonopathies) typ I
bao gébm hoi chimg Aicardi-Goutiéres va cic bénh di truyén Mendel khac c6 su biéu
hién qua mirc interferon typ I, da xo cing, da xo cltng nguy€n phat tién trién, da xo cling
tai phat thuyén giam, xo gan ¢t mat nguyén phat con goi la viém gan mat nguyén phat,
viém xo chai duong mat nguyén phat, viém gan tu mién, bénh gan nhiém m& khong do
rugu, viém gan nhiém m& khdng do rugu, bénh vay nén, viém da co, xo ctng bi, viém
da co dia, bach bién, rung toc tirng ving, bénh dét séng, bénh viém cot séng dinh khop,

bénh Alzheimer, viém than kinh co, viém mach, bénh pemphigus, bénh Crohn, lupus,
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vi€ém than, bénh vay nén, da xo cung, roi loan trAm cam chu yéu, di tng, bénh hen, bénh
Sjogren, hoi ching kho mét, ching théi loai manh ghép, bénh ung thu, bénh viém rudt,
sbc nhidm khudn, loan ning tim phdi, bach bién, hoi du, bénh hd hip cap, bénh viem
cot sdng dinh khép, viém gan ty mién, viém xo chai dudng mét nguyén phét, xo gan &
mat nguyén phat, bénh Alzheimer, hodc suy mon bang cach cho d6i tuong can diéu tri
st dung lugng hitu hié¢u hop chét c6 cong thirc I hodc mudi dugce dung ctia né.

Ban md ta ciing bdc 10 phuong phép diéu tri tinh trang bénh 1y hodc 161 loan bao
gém viém da co dia, eczema, bénh vay nén, bénh cing bi, lupus, nglra, mét moi, cac
tinh trang ngra khéc, cac phan Ung di mg bao gdm viém da di tng & dong vét ¢ v,
bénh di tng & ngua bao g@)m phén tng qua man khi bi cin, eczema mua he, bénh ngira
sweet 0 ngua, bénh thd glp 0 ngua, bénh viém dudng tho, tic nghén duong thé tai phat,
tang dap ung duong thé, va bénh phéi tic nghén man tinh bang cach cho dong vat c6 vi |
can diéu tri st dung lugng hitu hiéu diéu tri cua hop chét co cong thue I, hodc mubi duoc

dung ctia n6; va, phuong phap didu ché céac hop chit theo sang ché.

M3 ta chi tiét sang ché

Sang ché s& dugc hiéu hon tir phan mod ta sau ddy dugc dua ra chi nhim lam vi
du. Sang ché dé xuét nhoém dan xuét pyrazolo[1,5-a]pyrazin-4-yl. Cu thé, sang ché dé
xudt cac hop chét pyrazolo[1,5-a]pyrazin-4-yl hiru dung lam chét wc ché cac JAK, va
dac biét 1a TYK2. Trong khi séng ché khong bi gi¢i han, c6 thé thdy rang nhidu khia
canh khac nhau cau sang ché c6 thé dat duoc thong qua phan thao lusn va céc vi du sau
day.

Thuét ngtt “alkyl”, don doc hodc két hop, nghia 1a nhém hydrocarbon no khong
vong c6 cong thirc CoHant1 ma cd thé thang hodc phan nhanh. Vi du vé cac gbe nhu vay
bao gdbm metyl, etyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
iso-amyl va hexyl. Trur khi c6 quy dinh khac, nhém alkyl gbm tir 1 dén 6 nguyén tir
cacbon. Thanh phin nguyén tir cacbon cta alkyl va cac gbc chira hydrocarbon khéc dugc
chi ra bing tién t6 quy dinh s6 nguyén tir cacbon gidi han dudi va gidi han trén cua gbc,

tirc 13, tién t6 Ci-C; chi gbc gdm sé nguyén "1" dén sb nguyén "j" nguyén tir cacbon, bao
gdm ca i va j. Do do, ching han, Ci-Cs alkyl chi alkyl co tir mot dén sau nguyén tr
cacbon, bao gém ca mdt va sau.

Thuét ngit “hydroxy,” nhu dugc sir dung trong ban mo6 t, nghia 14 nhém OH.

Thut ngit “di vong” chi di vong no hodc no mét phén (tikc la khong thom) ma chira ba

-5



32379

dén mudi nguyén tir trong vong trong d6 mot hodc nhiéu, t6t hon 1 mot, hai hodc ba
nguyén tit trong vong 1 nguyén ttr khac loai dugc chon tir N, O va S, con lai 1a cacbon,
va ma c6 thé duge gian thong qua nguyén tir nito ctia vong hodc nguyén tir cacbon cia
vong. Tuong tu, khi duoc thé, phan tir thé c6 thé ndm & nguyén tir nito clia vong (néu
phén tir thé dwoc gin vao thong qua nguyén tir cacbon) hodc nguyén tir cacbon ctia vong
(trong moi truong hop). Vidu cu thé bao gém oxiranyl, aziridinyl, oxetanyl, azetidinyl,
tetrahydrofuranyl, pyrrolidinyl, tetrahydropyranyl, piperidinyl, 1,4-dioxanyl,
morpholinyl, piperazinyl, azepanyl, oxepanyl, oxazepanyl va diazepinyl.

Thuat ngit “aryl” chi hydrocarbon thom mdt vong hodc hai vong chira sau dén
mudi nguyén tir cacbon trong vong ma co thé gin thong qua mot trong sb cac nguyén
tir cacbon cia vong. Tuong tu, néu duge thé, phin tir thé co thé nam trén nguyén tir
cacbon cua vong. Céc vi du cu thé bao gé)m, nhung khong chi gigi han &, phenyl, tolyl,
xylyl, trimetylphenyl, va naphtyl. Vi du v& phén tir thé aryl bao gdm, nhung khong chi
giéi han 6, alkyl, hydroxyl, halo, nitril, alkoxy, triflometyl, carboxamido, SO;Me,
benzyl, va benzyl dugc thé.

Thuét ngit “heteroaryl” chi di vong thom mot vong hodc hai vong hoa tri mot
gbm nam dén mudi nguyén tr trong vong trong d6 mot hodc nhiéu, t&t hon 12 mot, hai
hoic ba nguyén ti trong vong la (cac) nguyén tir khac loai dugc chon tr N, O, va S, con
lai 12 cacbon, va ma c6 thé gin thong qua nguyén tit cacbon cua vong hodc nguyén tur
nito cua vong véi hda tri thich hgp. Tuong tu, néu dugc thé, ph'?m ttr thé ¢6 thé nim trén
nguyén tir cacbon cuia vong hodc nguyén tir nito clia vong véi héa tri thich hop. Cac vi
du cu thé bao gébm, nhung khong chi gi6i han &, thienyl, furanyl, pyrrolyl, pyrazolyl,
imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, triazolyl, oxadiazolyl,
thiadiazolyl, tetrazolyl, pyridyl, pyridazinyl, pyrimidinyl va pyrazinyl. Thudt ngd
"xycloalkyl" nghia 1a nhém hydrocarbon no, mét vong c6 cong thitc CaHon-1. Céc vi du
bao gdm, nhung khong chi gi¢i han &, xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl,
va xycloheptyl. Trir khi ¢6 quy dinh khéac, nhom xycloalkyl gbm tir 3 dén 8 nguyén tir
cacbon. |

Céc thuét ngit “halo” va “halogen” chi florua (F), clorua (Cl), bromua (Br) hodc
iodua (I).

Thuat ngft "dong vat c6 va" chi ngudi, gia suc hodc dong vat d6ng hanh.
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Thuat nglt “dong véat d(“)ng hanh” hodc “cac dong vat d@)ng hanh” chi cac dong
vat duogc nudi lam thu nudi hodc dong vat nudi trong nha. Vi du vé dong vat ddng hanh
bao gdm ch6, méo, va loai gam nhim bao gdm chudt déng, chudt lang, chudt nhay va
tuong tu, tho, chon suong va chim.

Thuét ngit “gia stc” chi dong vat dugc chin hodc nudi trong co s ndng nghiép
dé tao ra san phém nhu thuc phém ho#ic soi, hodc dé 14y suc lao dong. Theo mot )
phuong én, gia suc thich hgp dé dong vat c6 vii, vi du nguoi, tiéu thu. Vi du vé gia stic
bao gém trdu bo, dé, ngua, lon, ctru, bao g@)m clru non, va thd, cling nhu chim, nhu ga,
vit va ga tay.

Thuat ngit “diéu tri” hodc “phép didu tri” nghia 14 1am thuyén giam triéu chung
c6 lién quan dén bénh, rdi loan hoic tinh trang, hodc lam ngimg su tién trién tiép hodc
su x4u di cla cac triéu ching nay. Tuy thudc vao bénh va tinh trang cia bénh nhén,
thuat ngit “phép diéu tri” nhu duge st dung trong ban md ta c6 thé bao gdm mdt hodc
nhiu phép diéu tri ctru chita, lam giam va du phong. Viéc didu tri ciing c6 thé bao gbm
viéc str dung dugc phém theo sang ché két hop vai cac liéu phap khac.

Thuét ngit "hitu hiéu diéu tri" chi kha ning ngin nglra, hodc cai thién dd nghiém
trAm trong cua r6i loan cua tac nhan. Cum tir "hitu hiéu diéu tri" can dugc hiéu 13 tuong
duong véi cum tir "hitu hiéu dé diéu tri, ngan ngira, hodc lam thuyén giam", va ca hai
cum tr nay déu dugc du dinh dé x4c dinh luong tac nhan ma s& dat duoc muc dich cai
thién murc d0 trdm trong ctia bénh ung thu, bénh tim mach, hodc dau va viém va tan sut
tac dong trong qua trinh diéu trj cuia timng tac nhan.

“Duoc dung” nghia la thich hop dé st dung & dong vat c6 vi, dong vat ddng hanh
hodc gia suc.

Néu cac ph?m tt thé dugc mo ta 1a “doc 1ap duge chon” tir nhom, thi mdi ph'?m tr
thé nay duoc chon doc 1ap v6i phan tir thay thé khac. Do d6, mdi phén tir thé c6 thé
gibéng hogc khac v6i (cac) phan tir thé khac.

Sang ché dé cap dén cac hop chat méi 14 cac chit didu bién TYK2 hitu dung dé
diéu tri cac bénh va tinh trang bénh 1y c6 lién quan dén r6i loan diéu hoa TYK2. Séng
ché ciing dé xuét duge phdm chira cac chét didu bién enzym JAK nhu vdy. Ban mo ta
bdc 16 phuong phép diéu tri va/hodc ngin nglra cac bénh va tinh trang bénh ly nhu vay.
Theo d6, sang ché dé xuit hop chét c6 cong thirc I nhu néu trén c6 cong thirc chu tric

(I):
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hodc mudi duoc dung ctia n6, hodc solvat dugc dung cua hop chét nay hodc mudi duoc
dung nay, trong d6: A, A’ va A”’ doc lap 1a O, C=0, C-R’ hodc N-R”’, trong d6 R’ va
R> ¢6 thé doc 1ap 1a H, amino, -NR7CORe, CORS, -CONR7Rs, Ci-Cs alkyl-, hodc
hydroxy(Ci-Cs alkyl)-, va R’ ¢é thé c6 mit hoic khdng c6 mit, va ¢6 mat khi cac quy
tdc hoa tri cho phép, va trong d6 khdng qua mot trong sb A, A’ va A’ 12 O hodc C=0;
Ro vaR doc lap 1a H, Br, CL, F, hodc C1-Cs alkyl; Ri1a H, C1-Ce alkyl, hodc hydroxy(Ci-
Cs alkyl)-; R2 dugc chon tir nhom bao gbém H, C1-Cs alkyl, C1-Cs alkoxy-, hydroxy(Ci-
Cs alkyl)-, phenyl(C1-C6 alkyl)-, formyl, heteroaryl, di vong, -CORs, -OCORs, -COORG,
-NR7CORg, -CONR7Rg, va -(CHa)a-W, trong d6 W 12 xyano, hydroxy, Cs-Cs xycloalkyl,
-SO,NR7Rs, va -SO»-Ry, trong d6 Re 1a C1-Cs alkyl, C3-Cs xycloalkyl, heteroaryl, hoac
di vong; trong d6 mdi nhom trong s alkyl, xycloalkyl, di vong, hodc heteroaryl nay c6

thé khong duogc thé hodc duogc thé b%ng halo, xyano, hydroxy, hodc Ci1-Cs alkyl; R3 ¢6
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thé 12 H hogc Ci-Ce alkyl; R4 va Rs doc 1ap 1a H, amino, C1-Cs alkyl, hodc hydroxy(Ci-
Cs alkyl); Re, R7 va Rg doc 1ap 1a H, C1-Cs alkyl, C1-Cs alkoxy(Ci-Cs alkyl), hoge C3-Cs
xycloalkyl, C1-Cs alkyl nay tuy y duoc thé bang halo, CN hozc hydroxy; hodc, R7 va Rs
cung vdi nguyén tr lién két v6i chung tao thanh vong 5 hodc 6 canh, vong nay tiy y
duoc thé béng halo, hydroxy, CN, hodc Ci-Cs alkyl; va, n bc%ng 0, 1, 2 hodc 3.

Sang ché ciing dé xut hop chit c6 céu tric (Ib):

NC R2
/ : éa

N—N
/
R Z
Ro
<" N
RN\
N/N = _ )
N—R
_/
N
Rg
(Ib)

hodc mubi dugce dung cua no, hodc solvat dugc dung cta hop chét nay hodc mubi dugc
dung nay, trong d6: R>’ 1a H, -CORe, -CONR7Rs, Ci1-Cs alkyl-, hodc hydroxy(Ci-Cs
alkyl)-; Ro va R doc 1ap 1a H, Br, Cl, F, hodc Ci-Cs alkyl; R 1a H, C1-Cs alkyl, hoac
hydroxy(Ci-Cs alkyl); R dugc chon tir nhém bao gébm H, Ci-Cs alkyl, C1-Cs alkoxy,
hydroxy(Ci-Cs alkyl), phenyl(Ci-Cs alkyl), formyl, heteroaryl, di vong, -CORs, -
OCORs¢, -COORg, -NR7CORg, -CONR7Rs, va -(CH2)n-W, trong d6 W la xyano,
hydroxy, C3-Cs xycloalkyl, -SO2NR7Rs, va -SO2-Ro, trong d6 Ry la C1-Cs alkyl, C3-Cs
xycloalkyl, heteroaryl, hodc di vong; trong do6 mdi nhém trong sb alkyl, xycloalkyl, di
vong, hodc heteroaryl nay co th8 khong dugc thé hodc dugc thé bang halo, xyano,
hydroxy, hodc C1-Cs alkyl; R3 6 thé 1a H hoiic C1-Cs alkyl; Rs 1a H, amino, C1-Cs alkyl,
hozic hydroxy(Ci-Cs alkyl); Re, R7 va Rg doc lap 1a H, Ci-Ce alkyl, C1-C4 alkoxy(C1-Ce
alkyl), hodc C3-Cs xycloalkyl, Ci-Cs alkyl nay tity ¥ dugc thé biang halo, CN hodc
hydroxy; hodc R7 va Rg cing v6i nguyén tir lién két voi chung tao thanh vong 5 hodc 6
canh, vong nay tuy y dugc thé bang halo, hydroxy, CN, hodc C1-Cs alkyl; va, n bang 0,
1,2 hodic 3. |

Sang ché ciing @& xudt hop chét c6 ciu tric (Ic):



N—N
{ ST
<~ NN
N\
N/N = )
N—R
-~ /
N
Rs
(Ic)

hodc mudi dugc dung ciia né, hoic solvat duge dung ciia hop chét nay hoic mudi dugc
dung nay, trong do: R”’ 1a H, -CORs, -CONR7Rs, Ci-Cs alkyl, hodc hydroxy(Ci-Ce
alkyl); R dugc chon tir nhom bao gdm H, C1-Cs alkyl-, C1-Cs alkoxy-, hydroxy(Ci-Cs
alkyl)-, phenyl(C1-Cs alkyl)-, formyl, heteroaryl, di vong, -CORs, -OCORs, -COORs, -
NR7CORg, -CONR7Rs, va -(CH2)n-W, trong d6 W 12 xyano, hydroxy, Cs-Cs xycloalkyl,
-SO,NR7Rg, va -SO2-Ro, trong d6 Ry 1a C1-Cs alkyl, C3-Cs xycloalkyl, heteroaryl, hoac
di vong; trong 6 mdi nhém trong s6 alkyl, xycloalkyl, di vong, hodc heteroaryl nay c6
thé khong dugc thé hodc duoc thé béng halo, xyano, hydroxy, hodc C1-Cs alkyl; R3 la H
hoic C1-Cs alkyl; Rs 1a H, amino, C1-Cs alkyl-, hodc hydroxy(Ci-Ce alkyl)-; R¢, R7 va
Rs mdi nhom doc lap 1a H, Ci-Cs alkyl-, Ci-Cs alkoxy(Ci-Cs alkyl)-, hodc Cs-Cs
xycloalkyl, C1-Cs alkyl nay tuy y dugc thé bang halo, CN hoic hydroxy; hodc, R7 va Rs
cung véi nguyén tir lién két v6i ching tao thanh vong 5 hodc 6 canh, vong nay tuy ¥
duoc thé bﬁng halo, hydroxy, CN, hodc Ci-Cs alkyl; va, n béng 1, 2 hodc 3. Theo mot
phuong an cu thé, sang ché dé xuét hop chét da néu trong d6 R>* 12 C1-Cs alkyl vaRs 1a
H.

Sang ché ciing dé xuét hop chét c6 chu trac (Id):

N—N
[ Y
<=~ NN
N\
N/N = .
N—R
—/
N
Rs
(Id)
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hodc mudi duge dung clia né, hoic solvat duge dung cuia hop chét nay hoic mubi dugc
dung nay, trong d6: R’ 1a H, -CORs, -CONR7Rs, Ci-Cs alkyl, hodc hydroxy(Ci-Ce
alkyl); R> dugc chon tir nhém bao gém H, C1-Cs alkyl, Ci-Cs alkoxy, hydroxy(Ci-Ce
alkyl), phenyl(C1-Cs alkyl), formyl, heteroaryl, di vong, -CORe, -OCORs, -COOREs, -
NR;CORs, -CONR7Rs, va -(CHz2)a-W, trong d6 W 1a xyano, hydroxy, Cs-Cs xycloalkyl,
-SO,NR7Rs, va -SO2-Ro, trong d6 R 1a Ci-Cs alkyl, C3-Cs xycloalkyl, heteroaryl, hodc
di vong; trong d6 mdi nhoém trong sd alkyl, xycloalkyl, di vong, hodc héteroaryl nay co
thé khong duoc thé hoic dugc thé bang halo, xyano, hydroxy, hoac C1-Cs alkyl; Rs la
H, amino, C1-Cs alkyl-, hodc hydroxy(Ci-Cs alkyl)-; Rs, R7 va Rg doc 1ap 1a H, C1-Cs
alkyl, C1-C4 alkoxy(Ci-Cs alkyl), hoac C3-Cs xycloalkyl, Ci-Cs alkyl nay tiy y dugc thé
bang halo, CN hoic hydroxy; hodc, R7 va Rg cling v6i nguyén tit lién két véi ching tao
thanh vong 5 hodc 6 canh, vong nay tuy y dugc thé bﬁng halo, hydroxy, CN, hodc Ci-
Cs alkyl; va, n bang 1, 2 hodc 3. Theo mot phuong an cu thé, sang ché dé xuét hop chat
da néu trong d6 R’* 1a C1-Cs alkyl va Rs 1a H.

Sang ché ciing d& xuét hop chét c6 cAu tric (Te):

N—N
[ 7
<~ NN
N\
N/N =
N—CHjs
/
N
(Ie)

hodc mudi dugce dung ciia nd, hodc solvat duge dung ctia hop chét nay hoac mudi duge
dung nay, trong d6: Ra dugc chon tir nhém bao g(‘A)m H, Ci1-Cs alkyl-, C1-Cs alkoxy-,
hydroxy(Ci-Cs alkyl)-, phenyl(Ci-Cs alkyl)-, formyl, heteroaryl, di vong, -COR®, -
OCORS, -COOR®, -CONR'RS, va -(CH2)a-W, trong d6 W la xyano, hydroxy, Cs-Cs
xycloalkyl, -SO;NRR?, va -SO»-R’, trong d6 R’ 1a Ci1-Cs alkyl, C3-Cg xycloalkyl,
heteroaryl, hodc di vong; trong do mdi nhém trong s6 alkyl, xycloalkyl, di vong, hodc
heteroaryl nay c6 thé khong dugc thé hodc dugc thé bing halo, xyano, hydroxy, hodc
C1-Cs alkyl; Re, R7 va Rg mdi nhom doc 14p 1a H, Ci-Cs alkyl-, C1-Cs alkoxy(C1-Cs
alkyl)- hodc C3-Cs xycloalkyl, Ci-Cs alkyl nay tuy y dugc thé bang halo, CN hoc
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hydroxy; hoac, R7 va Rg ciing v6i nguyén tir lién két v6i chung tao thanh vong 5 hodc 6
canh, vong nay tuy y dugc thé béng halo, hydroxy, CN, hodc Ci-Cs alkyl; va, n b'fmg 1,
2 hodc 3. Theo mot phuong an cu thé, sang ché dé xuét hop chét da néu trong d6 Ry 1a -
(CH)s-W, trong d6 W 1a xyano va n bang 7, 2 hodc 3.

Sang ché ciing d& xut hop chét c6 chu trac (If):

N—N
! VY
<" N
N\
N/N =
N’Rll
—/
N
Rs
(If)

hoac mubi duoc dung cua nd, hodc solvat dugc dung cua hgp chét nay hodc mubi duge
dung nady, trong dé6: R”’ 1a H, -CORs, -CONR7Rs, Ci-Ce alkyl-, hodc hydroxy(Ci-Ce
alkyl)-; Rs 1a H, amino, Ci-Cs alkyl-, hodc hydroxy(Ci-Cs alkyl)-; Re, R7 va Rg mdi
nhom doc 1ap 1a H, Ci-Ce alkyl-, C1-Ca alkoxy(C1-Cs alkyl)-, hodc C3-Cg xycloalkyl, Ci-
Cs alkyl nay tuy y dugc thé bang halo, CN hodc hydroxy; hodc, R7 va Rs cling véi
nguyén tu li€n két voi chung tao thanh vong 5 hodc 6 canh, vong nay tiry y dugc thé
bing halo, hydroxy, CN, hodc C1-Cs alkyl; va, n bang 0, 1, 2 hodc 3. Theo mt phuong
4n cu thé, sang ché dé xuét hop chit da néu trong d6 R’ 1a C1-Cs alkyl. Theo mot phuong
4n cu thé khac, sang ché dé xuit hop chét d3 néu trong d6 R*’ 12 metyl.

Theo cac phuong én uu ti€n nhét dinh, sang ché d& xuét hop chit dugc chon tur
nhom bao gom:

(1r,3r)-3-(4-(6-(3-amino- 1-metyl- 1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-
yl)-1H-pyrazol-1-yl)-3-(xyanometyl)xyclobutan-1-carbonitril;

2,2'-(3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-
pyrazol-1-yl)azetidin-1,3-diyl)diaxetonitril,

2-((1s,3r)-1-(4-(6-(5-(hydroxymetyl)-1H-pyrazol-3-yl)pyrazolo[ 1,5-a]pyrazin-
4-yl)-1H-pyrazol-1-yl)-3-metoxyxyclobutyl)axetonitril;

5-(4-(1-((1s,3r)-1-(xyanometyl)-3-metoxyxyclobutyl)-1H-pyrazol-4-
yl)pyrazolo[1,5-a]pyrazin-6-yl)- 1H-pyrazol-3-carboxamit;
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(1s,3s)-3-(xyanometyl)-3-(4-(6-(5-(hydroxymetyl)isoxazol-3-yl)pyrazolo[ 1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril;

(1r,3r)-3-(xyanometyl)-3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril;

(1s,3s)-3-(xyanometyl)-3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril,

(1r,3r)-3-(xyanometyl)-3-(4-(3-metyl-6-(1-metyl- 1H-pyrazol-4-yl)pyrazolo[ 1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril,

2-((1r,3s)-1-(4-(6-(3-amino-1H-pyrazol-5-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-
pyrazol-1-yl)-3-metoxyxyclobutyl)axetonitril;

(1r,31)-3-(xyanometyl)-3-(4-(6-(1-(hydroxymetyl)- IH-pyrazol-4-
yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril; va,

2-(1-etyl-3-(4-(6-(5-(hydroxymetyl)-1H-pyrazol-3-yl)pyrazolo[1,5-a]pyrazin-4-
yl)-1H-pyrazol-1-yl)azetidin-3-yl)axetonitril, hodc mudi dugc dung ciia chiing.

Theo mot phuong 4n nhét dinh, sang ché dé xuit hop chét (1r,3r)-3-(4-(6-(3-
amino- 1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3-
(xyanometyl)xyclo-butan-1-carbonitril, hodc mudi dugc dung cua né.

Theo mét phuong 4n nhét dinh, sing ché dé xut hop chat 2,2'-(3-(4-(6-(1-
metyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)azetidin-1,3-
diyl)diaxetonitril, hodc mudi duge dung cta no.

Theo mot phuong 4n nhét dinh, sang ché dé xuit hop chét 2-((1s,3r)-1-(4-(6-(5-
(hydroxymetyl)-1H-pyrazol-3-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3-
metoxyxyclo-butyl)axetonitril, hodc mubi duoc dung cla no.

Theo mdt phuong an nhit dinh, sang ché dé xuét hop chét 5-(4-(1-((1s,3r)-1-
(xyanometyl)-3-metoxyxyclobutyl)- 1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-6-yl)-1H-
pyrazol-3-carboxamit, hodc mudi duoc dung ctia né.

Theo mdt phuong an nhit dinh, séng ché @& xuft hop chit (1s,3s)-3-
(xyanometyl)-3-(4-(6-(5-(hydroxymetyl)isoxazol-3-yl)pyrazolo[ 1, 5-a]pyrazin-4-yl)-
1H-pyrazol-1-yl)xyclobutan-1-carbonitril, hodc mudi dugc dung ctia no.

Theo mot phuong an nhit dinh, séng ché dé xudt hop chit (1r,3r)-3-
(xyanometyl)-3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[1, 5-a]pyrazin-4-yl)-1H-

pyrazol-1-yl)xyclobutan-1-carbonitril, hodc mudi duge dung cia né.
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Theo mdt phuong 4n nhét dinh khic, sing ché d& xudt hop chat (1s,3s)-3-
(xyanometyl)-3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a|pyrazin-4-yl)-1H-
pyrazol-1-yl)xyclobutan-1-carbonitril, hodc mudi dugc dung ctia né.

Theo mot phuong an khac nita, sang ché @& xudt hop chit (1r,3r)-3-
(xyanometyl)-3-(4-(3-metyl-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-
1H-pyrazol-1-yl)xyclobutan-1-carbonitril, hodc mudi duge dung cia no.

Theo mot phuong an nhit dinh khéc, sang ché dé xuét hop chét 2-((1r,3s)-1-(4-
(6-(3-amino-1H-pyrazol-5-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3-
metoxyxyclobutyl)axetonitril, hodc mudi duoc dung ctia né.

Theo mot phuong 4n nhét dinh khéc, sing ché dé& xudt hop chat 2-(1-etyl-3-(4-
(6-(5-(hydroxymetyl)-1H-pyrazol-3-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-
yl)azetidin-3-yl)axetonitril, hodc mudi dugce dung ciia noé.

Sang ché ciing dé xuit dugc pham hoic thubc tha y chira hop chét c6 cong thirc
I va Ia-f hodic mudi duoc dung cuia ching, va chét mang duoc dung.

Ban mb ta boc 16 phuong phép didu tri bénh hodc tinh tranh bénh ly ma chat wre
ché Tyk2 dugc chi dinh dé didu tri, & déi tgng cin diéu tri, bao gdm budc cho ddi twong
sir dung luong hitu hiéu diéu tri cta hop chét c6 codng thirc I hodc Ia-f, hodc mubi dugc
dung cua nod, hodc solvat dugc dung cua hop chét hoiic mubi nay.

Ban md ta ciing bdc 10 phuong phap didu tri hodc ngan ngira rdi loan hoc tinh
trang bénh ly dugc chon tir viém miii di g, nghet miii, chay milii, viém mili quanh nam,
viém miii, hen céc loai, bénh phdi tic nghén man tinh, co thit phé quan cép hodc man
tinh, viém phé quan man tinh, tic nghén tiéu khi dao, phé thiing, viém phéi bach clu ai
toan man tinh, hoi ching suy hd hép & nguoi 16n, bénh khi dao tang hoat do li¢u phap
thubc khéac, bénh mach phdi, ting huyét 4p dong mach phdi, thuong tdn phdi cap, giin
phé quan, viém xoang, viém két mac di Gmg, xo phdi vo cin hodc viém da co dia, bao
gbm buéc cho db6i tuong str dung lugng hiru hiéu diéu tri hop chét c6 cong thic I va la-
f, hoac mubi duoc dung cua ching, hoic solvat dugc dung cua hgp chét hodc mubi nay.

Ban mo ta ciing bdc 1o phuong phap diéu tri xo gan r mat nguyén phat bao gdm
cho d6i tuong st dung lugng hitu diéu tri cua hop chét c6 cong thirc 1 hodc Ia-f, hodc
mubi dugc dung cia chung, hodc solvat duge dung cua hop chat hozic mudi nay.

Ban mo ta ciling boc 10 phuong phéap diéu tri bénh hoic tinh trang bénh ly dugc

chon tir viém, viém, bénh tu mién, lupus ban doé hé thng, viém than lupus, lupus dang
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dia, lupus da, lupus hé than kinh trung wong, viém khép dang thap, viém khép vay nén,
bénh viém rudt, bénh Crohn, viém loét dai trang, bénh hen, bénh hen di (mg, bénh tiéu
duong typ I, viém da co, viém da co, cac bénh lién quan dén interferon typ I bao gbm
hoi ching Aicardi-Goutiéres va cac bénh di truyén Mendel khéc ¢ su biéu hién qua
murc interferon typ I, da xo cliing, da xo clting nguyén phat tién trién, da xo cling tai phét
thuyén giam, X0 gan t m4t nguyén phat con goi 1a viém gan mat nguyén phat, viém xo
chai duong méat nguyén phat, viém gan tu mién, bénh gan nhiém m& khong do rugu,
viém gan nhiém m& khong do rugu, bénh vay nén, viém da co, xo cting bi, viém da co
dia, bach bién, rung toc tiing viung, bénh dbt séng, bénh viém cOt séng dinh khép, bénh
Alzheimer, viém than kinh bao gém cho ddi tuong sir dung luong hitu diéu tri cua hop
chét co cong thirc I hodc Ia-f, hodc mubi duge dung cta ching, hodc solvat dugc dung
ctia hop chat hoic mubi nay.

Béan md ta cling bdc 16 phuong phép diéu tri céc triéu chirng viém hodc bénh tu
mién, bao gdm ngira va mét moi.

Theo cac phuong an nhét dinh, lugng hiru hiéu diéu tri dugc st dung trong
phuong phap nay la tir 0,01 mg/kg thé trong/ngay dén 100 mg/kg thé trong/ngay.

Theo cac phwong 4n nhit dinh khac, lugng hiru hiéu diéu tri duoc sir dung trong
phuong phéap nay la tir 0,1 mg/kg thé trong/ngay dén 10 mg/kg thé trong/ngay.

Céc hop chét theo séng ché ma c6 cing cong thirc phan tir nhung khéc nhau vé
ban chat hoic trinh tu lién két cac nguyén tir ctia chiing hodc trat tu sap xép cac nguyén
tir cuia chung trong khong gian dugc goi 1a "ddng phan". Cac chét dong phan khéc vé
trat tu sip xép cac nguyén tir ciia chiing goi 1a "chit ddng phan lap thé". Nguoi ¢ hiéu
biét trung binh trong linh vuc k¥ thuat nay s& thiy dugc rang hop chét c6 cong thirc I ¢6
thé tdn tai & dang chat ddng phan khong déi quang déi xikng cis- va trans-.

T4t ca cac chit ddng phan (vi du, cis-, trans-, hodc cac chét ddng phan khong d6i
quang) cua hop chit dugc mo ta trong ban mo ta don doc cling nhu hdn hop bét ky déu
thudc pham vi cta cac hop chit duge md ta. Tt ca cac dang nay, bao gdm chét dong
phén dbi anh, chét déng phan khong dbi quang, cis, trans, syn, anti, solvat (bao gdm
hydrat), chat ddng phan hd bién, va hdn hop cua chiing déu thudc pham vi cia cac hop
chét dwgc md ta. Cac hdn hop ddng phéan 1ap thé, vi dy, hdn hop cac chat dong phan
khong dbi quang, c6 thé tich dugc thanh cac chit ddng phan tuong tmg clia chung bang

céc phuong phap tach thich hop da biét. Vi du, cdc hdn hop chét dong phan khong déi
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quang may co thé duoc tach thanh cac chit dong phan khong d6i quang riéng ré bang
cach két tinh phéan doan, sdc ki, phan bd dung mdi, va cac quy trinh tuong ty. Viéc tich
c6 thé thuc hién & cép do mdt trong sb céc hop chét ban dau hoic & hop chét co cong
thire I. Céc chét ddng phan dbi anh c6 thé tach duoc thong qua viéc tao thanh mudi ddng
phén khong dbi quang, vi du béng cach tao mubi véi axit bét ddi tinh khiét v& mit dong
phéan dbi anh, hoic béng cach sic ki, vi du HPLC, st dung co chét séc ki véi phéi t0r bt
d6i. Sang ché bao gdm tat ca cac hop chét c6 cong thie I duge danh déu bang dong vi
“dugce dung trong d6 mot hodc nhidu nguyén tir dugc thay thé bang cac nguyén tir c6
cing sd nguyén tit, nhung khéi luong nguyén tir hodc sd khdi khac véi khdi lugng
nguyén tir hodc s6 khéi chiém wu thé trong tur nhién.

Vi du vé céc chit ddng vi thich hop dé dua vao cac hop chét theo sang ché bao
gdm, céc chat ddng vi ctia hydro, nhu 2H, va 3H, cacbon, nhu !'C, °C, va *C, clo, nhu
36C1, flo, nhu 8F, iot, nhu 31 va 2], nito, nhu N va N, oxy, nhu 10, "0, va *O,
phospho, nhu *?P, va luu huynh, nhu *°S.

Céc hop chat ¢6 cong thirc I duge danh ddu bing dong vi nhét dinh, vi dy, cac
hop chét két hop ddng vi c6 hoat tinh phong xa, 13 hitu dung trong cac nghién ctru vé
phéan phéi thudc va/hodc mod co chat. Céc chét déng vi phong xa triti, tirc la H, va
cacbon-14, fizc la '*C, dic biét hitu dung cho muc dich nay xét theo quan diém vé su két
hop dé dang va phuong tién phat hién dé dang.

Viéc thé bang cac chét ddng vi ning hon nhu doteri, tic 1a 2H, ¢6 thé tao ra mot
s6 ich loi vé& mit chita bénh do do bén chuyén héa cao, vi duy, thoi gian ban hiy in vivo
cao hodc yéu ciu vé liéu lugng thap, va do d6 c6 thé nén tién hanh trong mot sb trudng
hop. Viée thé bing cac chit dong vi phét positron, nhu ''C, '*F, PO va 13N, ¢6 thé hiru
dung trong céc nghién ctiru vé chup cat 16p phat positron (PET) d8 kiém tra su chiém
chd ctia thu thé nén. Céc hop chét co cong thire I danh dau dong vi thuong c6 thé dugc
didu ché bang cac k¥ thuat thong thudng da biét dbi véi ngudi c6 hiéu biét trung binh
trong linh vuc k¥ thuét nay hodc bang céc quy trinh twong ty nhv cc quy trinh dugec mod
t4 trong phan diéu ché va phan vi du kém theo bang cach sir dung chét phan tng danh
ddu ddng vi thich hgp thay cho chét phan tmg khong danh diu dugc str dung trudce day.

Trong viéc sir dung trong diéu tri céc r6i loan & dong vat c6 vu, hop chét theo
sang ché hodc dugc pham chira hop chét nay co thé dugc st dung dudng miéng, ngoai

duong tiéu hoa, khu tri, duong truc trang, qua ni€ém mac, duong rudt. Viéc su dung
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ngoai duong ti€éu hoa bao gbm tiém khong truc tiép dé tao ra tic dung hé théng hoic
tiém truc tiép vao ving bi dau. Viéc sit dung khu tr bao gbm diéu tri da hodc co quan
d& tiép can bang cach dung cuc bo, vi dy, mit hoic tai. Puong ding nay ciing bao gdm
phén phdi qua da dé tao ta tac dung hé théng. Viéc sir dung duong tryc trang bao gdm
cac dang thude dan. Cac duong dung dugc uu tién 12 duong miéng va ngoai duong ti€u
hoa.

Mubi duoc dung ciia cac hop chét c6 cong thire I va Ia-f bao gdm mudi cong axit
va mudi cdng bazo cua chung. Cac mubi cong axit thich hop duoc diéu ché tir cac axit
ma dé didu ché cac mudi khong doc. Vi du bao gém cac mudi axetat, adipat, aspartat,
benzoat, besylat, bicarbonat/carbonat, bisulfat/sulfat, borat, camsylat, xitrat, xyclamat,
edisylat, esylat, format, fumarat, gluceptat, gluconat, glucuronat, hexaflophosphat,
hibenzat, hydroclorua/clorua, hydrobromua/bromua, hydroiodua/iodua, isethionat,
lactat, malat, maleat, malonat, mesylat, metylsulfat, naphtylat, 2-napsylat, nicotinat,
nitrat, orotat, oxalat, palmitat, pamoat, phosphat/hydro phosphat/dihydro phosphat,
pyroglutamat, sacarat, stearat, sucxinat, tanat, tartrat, tosylat, trifloaxetat va xinofoat.

Cac mudi bazo thich hop duoc tao ra tir cac bazo tao mudi khong ddc. Vi du bao
gém cac mudi nhom, arginin, benzathin, canxi, cholin, dietylamin, diolamin, glyxin,
lysin, magie, meglumin, olamin, kali, natri, tromethamin va kém.

Mudi hemi cua cac axit va bazo ciing ¢6 thé dugc tao ra, vi du, mudi hemisulfat
va hemicanxi. V& cac mudi thich hop, xem tai liéu Handbook of Pharmaceutical Salts:
Properties, Selection, and Use cua Stahl va Wermuth (Wiley-VCH, 2002).

Mubi duge dung ctia cée hgp chat c6 cong thic I va Ia-f 1an lugt c6 thé duge diéu
ché bing mot hodc nhiéu trong s6 ba phuwong phap sau: (i) bang cach cho hop chét c6
cong thire I va Ia-f phan ing véi axit hodc bazo mong mudn; (ii) bang cach loai bé nhém
bao vé axit hodc bazo khong bén tir tién chét thich hop ctia hop chét c6 cong thic I va
Ia-f hodc bing cach mé vong tién chat vong thich hop, vi du, lacton hodc lactam, bing
cach str dung axit hodc bazo mong mudn; hogc (iii) bing cach chuyén mot mudi ctia hop
chét co6 cong thic I va Ia-f thanh mudi khac bing phan tmg véi axit hodc bazo thich hop
hodc bang ct trao ddi ion thich hop. Ca ba phéan ing nay thuong dugc thuc hién trong
dung dich. Mubi thu duge ¢ thé két tha va duge thu gom b:flng cach loc hodc co thé
duoc thu hdi bing cach 1am bay hoi dung méi. Mirc do ion hoa trong mudi thu dugc c6

thé thay dbi tir ion hoa hoan toan dén hau nhu khong ion hoa.
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Céc dugc phdm theo sang ché c6 thé duoc san xuét bang cac phuong phap da biét
rd trong linh vyuc nay, vi du, béng cach tron, hoa tan, nghién min, tao vién tring, tan bat,
nhii hoa, bao nang, by, cic quy trinh dong khd hodc sdy phun théng thuong.

Céc duoc pham dé st dung theo sang ché ¢6 thé duogc bao ché theo cich thong
thuong bang cach sir dung mot hodc nhidu chit mang dugc dung bao gbm cac ta dugc
va chét phu trg, ma tao thuén loi cho viéc xt Iy hoat chét thanh ché phém, ma c6 thé
dugc stir dung trong linh vuc duge. Viéc phéi ché chinh xé4c ty thudc vao dudng dung
dugc lua chon. Céc ta duge va chit mang dugc dung 1a da biét d6i v6i nguoi co hiéu
biét trung binh trong linh vuc k¥ thuét nay va do d6 thudc pham vi clia sdng ché. Cacta
dugc va chit mang nhu vy dugc md ta, vi du, trong Remington’s Pharmaceutical
Sciences, Mack Pub. Co., New Jersey (1991). C4c dang bao ché theo sang ché co thé
hoat dong trong thoi gian ngan, giai phong nhanh, hoat dong trong thoi gian dai, va gidi
phoéng kéo dai. Do do, cac dugc pham ciing c6 thé dugc bao ché dé giai phong c6 liém
soat hoac giai phong chm.

Céac dugc pham thich hop dé str dung theo sang ché bao gébm céc dugc phim
trong do cac hoat chit c6 mit vé6i luong du dé dat duge muc dich da dinh, nfc la, kiém
soat hodic diéu tri rdi loan hodc bénh. Cu thé hon, luong hitu hiéu diéu tri nghia 1a luong
hop chét hitu hiéu dé ngin ngira, 1am chdm hodc lam thuyén giam céc tri¢u cht’rng/déu
hiéu ctia bénh hodc kéo dai thoi gian séng cua bénh nhan duogc diéu tri.

Luong hoat chét, 1a hop chét theo sang ché, trong duoc phém va dang lidu don vi
ctia nd, co thé thay dbi hodc diéu chinh dugc trong pham vi rong tirythudc vao cach st
dung, hi€u luc cua hop chét cu thé va néng dd mong mudn. Viéc xac dinh lugng hiru
hiéu didu tri thudc vé kha ning ctia ngudi ¢ ky ndng trong linh vuc nay. N6i chung,
luong hoat chét s& nam trong khoang tir 0,01% dén 99% trong luong ché pham.

Néi chung, lugng hitu hiéu didu trj cua lidu hoat chit s& nim trong khoang tir
khoang 0,01 dén khoang 100 mg/kg thé trong/ngay, tot hon la khoang 0,1 dén khoang
10 mg/kg thé trong/ngay, t6t hon nita 1a khoang 0,3 dén 3 mg/kg thé trong/ngay, con tdt
hon 1a khoang 0,3 dén 1,5 mg/kg thé trong/ngay. Cén hiéu ring liéu c6 thé thay ddi tuy
thudc vao nhu cAu cia ting d6i twong va mirc dd nghiém trong cla r6i loan hodc bénh
can diéu tri.

Liéu dung mong mudn c6 thé c6 mot cach thuan tién & dang lidu don hodc liéu

chia nho duoc dung & cac khoang cach thich hop, vi du, 1a hai, ba, bdn hoidc nhiéu hon
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cac phéan lidu trén mot ngay. Liéu phu, ban than n6 co thé chia dugc tiép, vi du, thanh
moét s6 dang st dung phan tach 16ng 1éo riéng r&; nhu dang hit nhiéu 14n tir bom hodc
bang cach ding nhidu giot nhé mit.

Tuong tu, can hiéu ring liéu ban dau dugc st dung c6 thé ting qua muc giéi han
trén dé nhah chong dat dugc nong do mong mubn trong huyét twong. Mit khac, lidu ban
dAu c6 thé nho hon mirc t6i wu va liéu hing ngay c6 thé tang dan trong khoa diéu tri tiy
thudc vao tinh trang cu thé. Néu mﬁén, lidu hang ngay ciing c6 thé dugc chia thanh nhiéu
lidu dé sir dung, vi dy,hai dén bbn 14n mot ngay.

Ban md té cling bdc 10 viéc sit dung, phuong phap va sang ché ciing dé xuét ché
phim bt ky dugc x4c dinh trén day trong d6 hop chét c6 cong thire I hodc Ia-f, hodc
xnuéiduqcdungcﬁachﬁng,hoacsohmtduqcdungcﬁahqpchéthoacrnuéinéy,duqc
st dung két hop véi hop chét c6 hoat tinh dugc ly khac, cu thé 1a hop chét thudc nhém
dﬁxécdhﬂlchﬁcnﬁnghoaccéchqpchétcuthéduqchétkéduéidﬁy.Céctécnhﬁnnay
6 thé duge st dung dudi dang mot phén cua cung dang lidu hodc cac dang lidu riéng
r&, theo ciing mot dudng dung hodc theo cac duong dung khac nhau, va theo cung phac
dd str dung hoic theo cac phéc d6 st dung khac nhau theo thyc hanh duoc chudn ma
ngudi c6 hidu biét trung binh trong linh vyc k¥ thuat nay da biét.

CAc tac nhan thich hop dé sir dung trong liéu phap két hop véi hop chét c6 cong
thirc I hoac Ia-f, hodc mudi dugc dung ctia chiing, hodc solvat dugc dung cua hop chét
hodc mubi ndy, la sulfasalazine, mesalazine, prednisone, azathioprine, infliximab,
adalimumab, belimumab, becertolizumab, natalizumab, vedolizumab, hydrocortisone,
budesonide, xyclosporin, tacrolimus, fexofenadine, 6-mercaptopurine, methotrexate,
axit ursodeoxycholic, axit obeticholic, chét khang histamin, rifampin, prednisone,
metho_trexate, azathioprine, xyclophosphamide, hydroxychloroquine, mofetil, natri
mycophenolate, tacrolimus, leflunomide, chloroquine va quinacrine, thalidomide,
rituxan, cac NSAID, solumedrol, depomedrol va dexamethasone.

Céc chét thich hop khéc dé st dung trong liéu phap két hop v6i hop chit c6 cong
thﬁthoacIaJ;hoacrnuéiduchungcﬁachﬁng,hoacsohmlduchungcﬁahqpchét
hoic mudi nay, bao gdm: chit d6i khang protein hoat hoa 5-lipoxygenaza (FLAP); chét
dbi khang leukotrien (LTRA) nhu chét dbi khang LTB4, LTC4, LTD4, LTE4, CysLT:
hodc CysLTa, vi du montelukast hodc zafirlukast; chét dbi khang thu thé histamin, nhu
chétdéikhéngthuthé}ﬁmanﬁntyp]Vhoacchétdéikhéngthuthélﬁsﬁnnhlﬁqa2,Vidu,
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loratidine, fexofenadine, desloratidine, levocetirizine, methapyrilene hodc cetirizine;
chét cha vén thu thé nhén adrenalin al hozc chét chu van thu thé nhan adrenalin 02, vi
du phenylephrine, methoxamine, oxymetazoline hodc metylnorephrine; chit d6i khang
thu thé muscarin M3, vi du tiotropium ho#c ipratropium; chét dbi khéng/chét chu van
B2 thu thé muscarin M3 kép; chét tre ché PDE, nhu chét trc ché PDE3, chét rc ché PDE4
hodc chit wc ché PDES, vi du theophylline, sildenafil, vardenafil, tadalafil, ibudilast,
cilomilast hodc roflumilast; natri cromoglycate hodc natri nedocromil; chét ¢ ché
xyclooxygenaza (COX), nhu chét trc ché khong chon loc (vi du, aspirin hodc ibuprofen)
hodc chét e ché c6 chon loc (vi du celecoxib hodc valdecoxib); glucocorticosteroid, vi
du, fluticasone, mometasone, dexamethasone, prednisolone, budesonide, ciclesonide
hodc beclamethasone; khang thé don dong khang viém, vi du infliximab, adalimumab,
tanezumab, ranibizumab, bevacizumab hodc mepolizumab; chat chu van B2, vi du,
salmeterol, albuterol, salbutamol, fenoterol hodc formoterol, cu thé chét chu van B2 tac
dung kéo dai; chit dbi khang intigrin, vi du natalizumab; chét rc ché phan tir gin két,
nhu chét d6i khang VLA-4 ; chit d6i khang thu thé kinin B; hodc Ba; chét Gc ché mién
dich, nhu chét trc ché con duong IgE (vi du omalizumab) hodc xyclosporine; chét e
ché metalloproteaza nén (MMP), nhu chét tic ché MMP-9 hoic MMP-12; chat d6i khang
thu thé tachykinin NK1, NK; hodc NK; chét wrc ché proteaza, nhu chét e ché elastaza,
chymaza hoac catheopsin G; chit cha vén thu thé adenosin Az; chit d6i khang thu thé
adenosin Aap; chét e ché urokinaza; chét chu van thu thé dopamin (vi du ropinirole),
cu thd 1a chét chu véan thu thé dopamin D2 (vi du, bromocriptine); chét didu bién con
dudng NFxB, chét trc ché IKK; chit didu bién dudng truyén tin hiéu xytokin khac nhu
chét rc ché JAK kinaza, syk kinaza, p38 kinaza, SPHK-1 kinaza, Rho kinaza, EGF-R
hodic MK-2; chit tiéu niém dich, chét loang dom hodc chit tri ho; chit khéng sinh; chat
khéang virut; vacxin; chemokin; chét phong bé kénh natri bidu md (ENaC) hoic chit trc
ché kénh natri biéu mé (ENaC); chét chi van thu thé nucleotit, chét chii van P2Y2; chét
{rc ché thromboxan; niacin; chét tc ché 5-lipoxygenaza (5-LO), vi du Zileuton; yéu td
gfn két, nhu VLAM, ICAM hodc ELAM,; thu thé CRTH2 (DP») chét ddi khang; chét
ddi khang thu thé prostaglandin D (DP1); chét e ché prostaglandin D2 synthaza tao
huyét (HPGDS) ; interferon-B, thu thé TNF hoa tan ctia nguoi, vi du Etanercept; chat trc
ché HDAC; chit @c ché phosphoinositotit 3-kinaza gama (PI3Ky); chit wc ché
phosphoinositit 3-kinaza delta (PI3K3); chit di khang thu thé CXCR-1 hogc CXCR-2
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- chét trc ché IRAK-4; va, chit trc ché TLR-4 hoic TLR-9 , bao gém mubi duge dung
caa cac hop chét duoc néu tén cu thé va solvat duge dung cla céc hop chat duogc néu
tén cu thé va mubi nay.

Theo d6, ban md ta boc 10 phuong phép diéu tri hodc ngan ngira bénh, tinh trang,
hoic rdi loan lién quan dén JAK & d6i trong, nhu ngudi hodc dong vat ¢6 va khong phai
nguoi, bao gém viée cho d6i tuong sir dung lugng hitu hiéu mot hodc nhiéu hop chét
dugc mo ta trong ban md ta. Cac dbi twong thich hop ma c6 thé didu tri dugc bao gdbm
dong vat nudi trong nha hodc dong vat hoang, dong vt déng hanh, nhu ch6, méo, ngua
va tuong tu; gia suc bao gém, bd va cac dong vat nhai lai khac, lgn, gia cAm, thd va
tuong tu; dong vat linh trudng, vi du khi, nhu khi rhesus va khi cynomolgus (con goi la
khi an cua hoic khi dudi dai), khi dudi séc, khi tamarin, khi chimpanzee, khi macaque
va tuong tu; va dong vat gdm nhim, nhu chudt céng, chuot nhét, chudt nhay, chudt lang
va tuong tu. Theo mot phuong an, hop chéit nay dugc sir dung & dang dugc dung, tuy ¥
trong chit mang dugc dung.

Céc tinh trang bénh trong d6 viéc hudng dich ¢6 chon loc con duong JAK hodc
didu bién cac JAK kinaza, cu thé 1a TYK?2 dugc du dinh 12 hitu dung trong diéu tri bao
gbm, trong s6 nhitng tinh trang bénh ly khac, viém khdp, hen, cac bénh tu mién, ung thu
hozc khéi u, bénh tiéu dudng, cc bénh, r6i loan hoic tinh trang bénh 1y mét nhét dinh,
viém, viém rudt, di ing hodc céac tinh trang, bénh thoéi hoa than kinh, bénh vay nén, va
thai loai manh ghép. Cac tinh trang bénh ly ma co thé ¢6 loi tir viéc tc ché chon loc
TYK2 sé duoc thao ludn chi tiét hon sau day.

Theo do, hop chét co cong thic I hodc Ia-f hodc mubi duge dung ciia ching va
solvat, va dugc phém chira chung, c6 thé dugc str dung dé diéu tri nhiéu tinh trang hodc
bénh nhu céc tinh trang hodc bénh sau:

Viém khép, bao gdm viém khép dang thdp, viém khép tudi thiéu nién, va viém
khép véay nén;

Bénh hodc r6i loan tu mién hodc viém, vi du viém tuyéﬁ giap Hashimoto, thiéu
mau tan huyét tu mién, viém da day teo tu mién & bénh thiéu mau 4c tinh, viém ndo tuy
tuw mién, viém tinh hoan tu mién, bénh Goodpasture, giam tiéu cdu tu mién, viém mét
giao cam, nhugc co, bénh Graves, xo gan  mét nguyén phat, viém gan tu mién, viém
x0o chai dudng mét nguyén phat, viém gan xam 14n man tinh, bénh gan nhiém m& khong

do rugu, viém gan nhiém m& khong do ruou viém loét dai trang va bénh ti€u cau than
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mang, lupus ban do hé théng, viém khép dang thap, viém khép vay nén, hoi ching
Sjogren, hdi ching Reiter, viém da co, viém da co, cdc bénh lién quan dén interferon
typ I bao gdm hdi chitng Aicardi-Goutiéres va cac bénh di truyén Mendel khéc c6 su
biéu hién qua muc interferon typ I, xo cung hé théng, viém da ddng mach nut, da xo
cirng, da xo cling tai phat thuyén giam, da xo cing nguyén phat tién trién, da xo clng
thir phat tién trién, va pemphigoid bong nudc, va cac bénh ty mién khéc, ma c6 thé trén
co s& té bao O (dich thé) hodc té bao T, bao gf”)m hoi chirng Cogan, bénh viém cot séng
dinh khép, u hat Wegener, rung toc tu mién, bénh tiéu duong typ [ hodc bénh tiéu dudng
khoi phat & tudi thiéu nién, hodc viém tuyén gidp;

Céc bénh ung thu hodc khdi u, bao gbm ung thu dng tiéu héa/da day rudt, ung
thu dai trang, ung thu gan, ung thu da bao gdm khdi u dudng bao va carxinom té bao
vay, ung thu va va tuyén va, ung thu budng tring, ung thu tuyén tién liét, u lymphom,
bénh bach cau, bao gém bénh bach cAu sinh tay cép va bénh bach cau sinh tuy man tinh,
ung thu than, ung thu phéi, ung thu co, ung thu xwong, ung thu bang quang, ung thu
nio, u héc t6 bao gém u hic td & miéng va u hic td di can, sarcom Kaposi, u tiy bao
gbm da u tiy, r6i loan ting sinh tiy, bénh vong mac do tiéu dudng ting sinh, hodc rdi
loan c6 lién quan dén tao mach bao gém cac khdi u ran;

Bénh tiéu dudng, bao gdm bénh tidu dwong typ I hodc bién chimg bénh tiéu
duong;

Cac bénh, r6i loan hodc tinh trang bénh ly & mét, bao gém c4c bénh ty mién &
mét, viém két giac mac, viém Kkét mac mua xuan, viém mang bd dao bao gém viém mang
bd dao c6 lién quan dén bénh Behcet va viém mang bd dao do kinh gay ra, viém giac
mac, viém gidc mac do herpes, viém gidc mac hinh chop, loan dudng ndi mo giadc mac,
seo duc giac mac, bénh premphigut ¢ mit, loét Mooren, viém mang cting, bénh mét
Grave, hdi chirng Vogt-Koyanagi-Harada, viém kho két giac mac (khd mét), mun rdp
giac mac, viém méng mét thé mi, bénh sarcoidosis, bénh mét do ndi tiét, viém mét déng
cam, viém két mac di rng, hoac sy tao mach méi 6 mét;

Viém rudt bao gém bénh Crohn, viém loét dai trang, bénh viém rudt, cac bénh &
bung, viém truc trang, viém da day rudt ua eosin, hogc ting sinh dudng bao;

Cac bénh thoai héa than kinh bao gdm bénh té bao than kinh van dong, bénh
Alzheimer, bénh Parkinson, xo cirng cdt bén teo co, bénh Huntington, thiéu mau nao,

hodc bénh thoai hoa than kinh do chin thuong, va dap, doc than kinh do glutamat hodc
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gidm oxy huyét; thuong t6n thiéu mau/tai tudi mau & bénh dot quy, thiéu méu cuc bd co
tim, thiéu mau than, dau tim, phi dai tim, xo vita dong mach va xo cung dong mach,
gidm oxy huyét & co quan, hodc két tu tiéu cau;

Céac bénh, tinh trang bénh ly, hodc r6i loai & da bao gém viém da co dia, eczema,
bénh vay nén, bénh cing bi, ngira hodc cac tinh trang ngira khac, bach bién, rung toc;

Cac phan tng di ung bao gdm viém da dj tmg & dong vat co vi (bao gbm céc
bénh di tng ¢ ngua nhu qua man véi vét cén), eczema mua he, bénh nglra sweet & ngua,
bénh thd gip cla ngua, bénh viém duodng tho, tic nghén duong thé tai phat, dap ung
qua muc ¢ dudng thd, hodc bénh phdi tic nghén man tinh;

Hen va bénh tic nghén dudng thd khac bao gdm hen man tinh hogc Iuu citu, hen
mudn, viém phé quan, hen phé quan, hen di tng, hen ndi sinh, hen ngoai sinh, hodc hen
do bui;

Thai loai méanh ghép, bao gdm thai loai manh ghép tiéu dao tuy, thai loai manh
ghép tuy xuong, bénh ghép chéng chu, thai loai manh ghép co quan va té bao nhu tiy
xuong, sun, gidc mac, tim, dia gian débt séng, tiéu ddo, than, chi, gan, phéi, co, nguyén
bao co, day than kinh, tuy, da, rudt non, hodc khi quan, hodc ghép di chung.

Tbng hop hoa hoc

Ngudi ¢ hidu biét trung binh trong linh vuc k§ thuét nay s& thdy dugc ring cac
diéu kién thir nghiém dua ra trong cac so dd sau day 14 dé minh hoa cho cc diéu kién
thich hop dé thuc hién céc bién ddi dugc thé hién, va c6 thé can hoic mudn thay dbi cac
diéu kién chinh xac dugc st dung dé didu ché cac hop chit ¢ cong thic (I). Cling s&
théy duoc rﬁng ¢6 thé can hoac mudn tién hanh cac bién dbi theo trat tu khac voi trat ty
duogc mo ta trong cac so dd, hodc thay dbi mdt hodic nhidu budc bién ddi, dé tao ra hop
chit mong mudn theo séng ché.

Tht ca céc din xuét c6 cong thuc (I) c6 thé dugc didu ché bing quy trinh dugc
mo ta trong cac phuong phap chung dugc thé hién dudi day hodc bing céc thay dobi
thong thuong tir 6. Sang ché ciing bao gdbm mot hodc nhiéu quy trinh bét ky nhu vay
dé didu ché cac dan xuét c6 cong thire (I), ngoai cac hgp chét trung gian méi duge st
dung trong d6. Nguoi co hiéu biét trung binh trong linh vuc k¥ thuat nay s& thdy dugc

ring cc phan tng sau c6 thé duge dun néng bang nhi¢t hodc bang birc xa vi song.
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Ciing sé& thay duoc rang c6 thé can hoic mubn tién hanh cac bién ddi theo trat tu
khac voi trat ty duge mo ta trong cac so do, hodc thay d6i mot hoic nhiéu bude bién
d6i, dé tao ra hop chét mong mudn theo sang ché.

Céac phuong phép sau ddy, bao gbm cac phwong phap dugc dé cap trong céc vi
du va vi du diéu ché, minh hoa cac phwong phap tbng hop cac hop chét c6 cong thirc (I).
Ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuit nay s& thdy duoc rang cac hop
chét theo sang ché, va cac hop chét trung gian didu ché chung, c6 thé duoc tao ra bing
cac phuong phép khac véi cac phuong phip dugc mo ta cu thé & day, vi bang cach thay
di thich hop cc phuong phap duge mo ta & ddy, vi du bing cac phuong phép da biét
trong linh vure nay. Cac huéng dan thich hgp dé tdng hop, hoén chuyén nhém chirc, st
dung nhém bao vé, v.v., 1a vi du: “Comprehensive Organic Transformations” ciia RC
Larock, VCH Publishers Inc. (1989); “Advanced Organic Chemistry” ctia J. March,
Wiley Interscience (1985); “Designing Organic Synthesis” cta S Warren, Wiley
Interscience (1978); “Organic Synthesis — The Disconnection Approach” ctia S Warren,
Wiley Interscience (1982); “Guidebook to Organic Synthesis” cia RK Mackie va DM
Smith, Longman (1982); “Protective Groups in Organic Synthesis” cia TW Greene va
PGM Wauts, John Wiley and Sons, Inc. (1999); va “Protecting Groups” cua PJ,
Kocienski, Georg Thieme Verlag (1994); va phién ban cap nhét bit ky cla cac tai lidu
chuin nay.

Ngoai ra, ngudi co hiéu biét trung binh trong linh vyc k¥ thuat nay s& thdy rang
c6 thé cén hoic mubn bao vé to mot hodc nhiéu nhém nhay cam, dé ngan cac phan tng
phu xay ra & giai doan bét ky trong qué trinh tdng hop hop chét theo sang ché . Cu thé,
c6 thé can hoic mudn bao vé cac nhém amino hoic axit carboxylic. Cac nhom bao vé
duogc str dung trong viée didu ché cac hop chit theo sang ché ¢6 thé duge sir dung theo
cach thong thudng. Xem, vi dy, cac nhém bao vé duoc md ta tron 'Greene’s Protective
Groups in Organic Synthesis' ciia Theodora W Greene va Peter G M Wuts, tai ban lan
thtr ba, (John Wiley va Sons, 1999), cu thé 1a chuong 7 (“Protection for the Amino
Group™) va 5 (“Protection for the Carboxyl Group”), dugc két hop & day bang cach bién
dAn, tai liéu nay cling mo ta cac phuong phap dé loai c4c nhém bao vé nhu vay.

Trong cac phuong phap tdng hop chung sau day, trir khi dugc chi dinh khic, cac
phn tir thé 1a nhu dugc xéc dinh trén ddy 1a wu tién d6i vi cée hop chat c6 cong thirce

(I) trén day.
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Khi ty 16 dung moi duoc dua ra, ty 1 nay 14 ty 1¢ thé tich.

Céc hop chét theo sang ché ¢6 thé duge didu ché bang phuong phap bét ky da
biét trong linh vuc didu ché hop chét c6 cdu trac tuong tu. Cu thé, cac hop chit theo
sang ché ¢6 thé duoc didu ché bang cic quy trinh dugc md ta theo cac so dd sau, hodc
bang cac phuong phép cu thé dugc mo ta trong cac vi du, hodc bang cac quy trinh twong
tu.

Nguoi co hiéu biét trung binh trong linh vuc k§ thuét nay s& thdy duogc rang cac
diéu kién thir nghiém dua ra trong céc so dd sau day 1a d¢é minh hoa cho cic diéu kién
thich hop dé thuc hién cac bién déi dugc thé hién, va ¢6 thé cin hodc mubn thay dbi cac
diéu kién chinh x4c dugc st dung dé didu ché cac hop chat c6 cong thie (I).

Ngoai ra, ngudi co hiéu biét trung binh trong linh vuc k¥ thuat nay sé thy rang
¢6 thé cén hodc mudn bao vé to mot hoic nhiéu nhém nhay cam, dé ngin cac phan ung
phu xay ra & giai doan bat ky trong qua trinh tdng hop hop chét theo sang ché . Cu thé,
¢6 thé céan hoic mudn bao vé cac nhém amino hoic axit carboxylic. Cac nhom bao vé¢
duogc str dung trong viéc diéu ché cac hop chét theo sang ché c6 thé dugc sir dung theo
cach thong thuong. Xem, vi dy, cdc nhom bao vé duge md ta tron 'Greene’s Protective
Groups in Organic Synthesis' cia Theodora W Greene va Peter G M Wuts, tai ban lan
thtt ba, (John Wiley va Sons, 1999), cu thé 1a chuong 7 (“Protection for the Amino
Group™) va 5 (“Protection for the Carboxyl Group”), dugc két hop & ddy bang cach bién
dAn, tai liéu nay cling md ta cac phuong phap dé loai cac nhom bao vé nhu vay.

T4t ca cac dan xuét c6 cong thirc (1) c6 thé dugc didu ché bang quy trinh dugc
mo ta trong cac phuong phap chung dugc thé hién dudi diy hodc bang céc thay doi
thong thuong tir d6. Sang ché ciing bao gdm mdt hodc nhiéu quy trinh bét ky nhu vay
dé diéu ché cac dan xuit c6 cong thire (I), ngoai cac hop chét trung gian méi dugc st
dung trong d6. Nguoi co hiéu biét trung binh trong linh vuc k§ thudt nay s& thdy dugc
rang cac phan tng sau c6 thé dwoc dun nong bang nhiét hoic bang birc xa vi soéng.

Ciling s€ théy duoc réng 6 thé can hoic mudn tién hanh cac bién dbi theo trat tu
khéc véi trat tu duge mo ta trong cac so 6, hoic thay dbi mot hoiic nhidu bude bién
déi, dé tao ra hop chat mong mudn theo sang ché. Cac so d6 nay minh hoa cac phuong
phéap hitu dung trong tbng hop cac hop chit theo sang ché. Ching khong lam thu hep

pham vi cia sang ché theo cach bat ky.
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Theo quy trinh dau tién, cac hop cht c6 cong thire I c6 thé duge diéu ché tir cac

hop chét c6 cong thic (A), (B), (C) va (D), nhu dugc minh hoa bing so db 1.

R2
Rz N /
N / N X
. Cl N X .
NP NN o)
R \ N\)N\ + N—N R4
N-NF > R1/V
Y
(A) (B)

Y= Hal (i), B(Pin) (i)

So dd 1
Theo so dd 1, hop chit c6 cong thirc Bi (trong d6 Y=Hal) duogc chuyén ddi thanh

hop chét c6 cong thirc Bii (Y=B(OR*),) bang cach xt ly bing boronat thich hop nhu
B,(Pin),, v6i su ¢ mit cua bazo thich hop, nhu K2COs, va chét xuc tac thich hop, nhu
Pd(dppf)Cl, trong dung moi thich hgp, nhur dioxan. Nguoi co hiéu biét trung binh trong
linh vuc k¥ thuat nay cling biét dugc rang céc chién luoc két hop co kim khic c6 thé
duge st dung bao gém cac tic nhan két hop, kim loai va t6 hop dung moi khac. Hop
chét c6 cong thirc Bii duoc didu ché va tach nhu dugce mo ta trén ddy hodc duge dicu
ché tai.chd ma khong tach theo chién lugc két hop chéo lién tuc ma da duoc nguoi c6
hiéu biét trung binh trong linh vuc k¥ thuét nay hidu 3. Do d6, hop chét c6 cong thirc
Bii dugc két hop chéo véi hop chét c6 cong thirc A véi sy ¢6 mit cua chét xuc tac thich
hop, nhu Pd(dppf)Cla, véi bazo thich hop, nhu K2COs trong dung mdi thich hop nhu
dioxan & nhiét do thich hop tir nhiét do trong phong dén nhiét do hdi luu. Hop chét c6
cong thirc C thu duoc dugc két hop chéo vé6i hop chét ¢6 cong thirc D chita nhom doi
chuyén thich hop, nhu BusSn hodc (Pin)B, véi chét xuc tac kim loai thich hgp, nhu
Pd(PPhs)s, trong dung mdi thich hgp, nhu MeCN & nhi¢t do trong phong hoac nhiét do

tang cao.
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Theo quy trinh thir hai, hgp chét c6 cong thiec I ciing dugc diéu ché bang phan
tng két hop chéo co kim clia céc hop chét c¢6 cong thic F véi céc hop chét c6 cong thiic

B, so dd 2.

R
Cl /2
Ry N X
MN AN
RTN-NAA N-N  Re —
Y . /
L~An R1/KZ
R& Y
) (B)

Y= Hal (i), BOOR*), (i)

So dd 2 M

Hop chét c6 cong thirc Bi (trong d6 Y=Hal) dugc chuyén dbi thanh hop chét c6 cong
thirc Bii (Y=B(OR*)) bing cach xir Iy bang boronat thich hgp nhu B(Pin)2, véi su c6
mat cia bazo thich hop, nhu K»CO3, va chét xuc tac thich hgp, nhu Pd(dppf)Cl, trong
dung moi thich hgp, nhu dioxan. Nguoi ¢ hiéu biét trung binh trong linh vyuc k¥ thuat
ndy ciing biét dugc rang cac chién lugc két hop co kim khac c6 thé dugc st dung bao
gdm cac tac nhan két hop, kim loai va t6 hop dung moi khéac. Hop chét c6 cong thirc Bii
duoc diéu ché va tach nhu dugc mo ta trén day hodc duogc diéu ché tai chd ma khong
tach theo chién luge két hop chéo lién tuc ma da dugc ngudi cé hiéu biét trung binh
trong linh vuc k¥ thuét nay hidu r5. Do d6, hop chét c6 cong thirc Bii dugc két hop chéo
v6i hop chét c6 cong thirc F v6i sy ¢6 mat cia chét xuc tac thich hop, nhu Pd(dppf)Cl,
v6i bazo thich hop, nhu K,COs trong dung mdi thich hgp nhu dioxan & nhi€t d6 thich
hop tir nhiét do trong phong dén nhiét d hdi luu.

Theo quy trinh thtr ba, hop chit c6 cong thire I duge didu ché bang cach alkyl

hoéa, axyl hoa, sulfonyl hdéa v.v., hop chét ¢6 cong thirc G, so 6 3.

-27-



32379

Alkyl héa va axyl héa NH tu do

R,LG
'R,COHal
'R,S02CI

Y

So dd 3
(©)) M

Theo quy trinh thir tu, hop chét c6 cong thic I uge didu ché bang céch cong hop
Michael hop chét c6 cong thitc H v6i hop chét c6 cong thirc J véi sy c6 mit cua bazo
khéng 4i nhan thich hgp, nhu DBU trong dung méi thich hop, nhu MeCN ¢ nhiét do
thich hop, so dd 4.

Ns
l DBU
R
r'A‘}Al 4 X
l‘*~ 'I'I R2
Rsg
(H) Q) So dd 4

@
So dd 5 minh hoa phwong phéap didu ché cac hop chét c6 cong thie F. Dieste ¢6

cong thue Ei dugc xir Iy bang téc nhan alkyl hoa c6 cong thirc K va bazo nhu K2COs
trong dung mai thich hgp nhu MeCN. Dieste c6 cong thirc Eii thu dugc sau d6 dugce
déng vong véi sur ¢6 mit cia NHsOAc trong dung mdi thich hgp nhu EtOH ¢ nhiét do
cao d& tao ra hop chét di vong hai vong c6 cdng thure Eiii. Hop chét c6 cong thic Eiii
dugc thiy phéan thanh hop chét c¢6 cong thic Eiv bang bazo thich hgp, nhu LiOH, trong
dung mai thich hgp nhu MeOH. Axit carboxylic acid c6 cong thie Eiv thu dugc dugce
khtr carboxyl hoa bang nhiét do trong dung moi thich hop, nhu sulfolan & nhiét do cao
nhu 280°C. Hop chit c6 cong thitc Ev thu duge duge clo hoa bang cach xir Iy bang chat
phéan mg thich hgp nhu POCI;, trong dung moéi thich hgp, nhu MeCN, ¢ nhiét d6 thich

hop nhu nhiét do hdi luu dé didu ché cac hop chat c6 cong thic F.
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R\
Ro O o) o
(0] (0]
A~ o, R K N 9
\ + .\ > 2\
/§O N‘NH R L‘Al’" Ro \ N \\.-Au
5
R
. (o o) 5
E 7
D) &) R (Eii)
R, ©H R, ©OH
> \ ASAM > \ ASAN
A" A=
(Eiii) (Eiv)
R, OH R, ©!
N’N\/%ﬁ'" \N’N\/\g’%ﬁ"
A" A=A
(Ev) ®)
So dd 5

Céc so dd va phin mo ta sau dua ra nhiing chi tiét chung vé viéc diéu ché cac
hop chit theo sang ché. Céac hop chit theo sang ché ¢c6 thé duoc didu ché bang phuong
phap bat ky da biét trong linh vuc didu ché hop chét ¢6 céu tric twong tw. Cu thé, cac
hop chit theo sang ché ¢6 thé dugc didu ché bing cac quy trinh duge md ta theo cac so
dd sau, hodc bing cac phuong phap cu thé duge mo ta trong cac vi du, hodc bang cac
quy trinh twong tu.

Ngudi ¢6 hidu biét trung binh trong linh vuc k¥ thuat nay sé thiy dugc ring cic
diéu kién thir nghiém dua ra trong cc so dd sau day 1a d&& minh hoa cho céc diéu kién
thich hop d& thuc hién céc bién dbi dugc thé hién, va c6 thé cin hoic mudn thay doi cac
diéu kién chinh xéac duoc sir dung dé didu ché cac hop chét c6 cong thire (I).

Ngoai ra, nguoi co hiéu biét trung binh trong linh vyc k§ thut nay s& thdy ring
¢6 thé cn hodic mubn bao vé to mot hodc nhiéu nhém nhay cam, dé ngin cac phan ung
phu xay ra ¢ giai doan bat ky trong qua trinh tong hop hop chét theo sang ché . Cu thé,
¢6 thé cin hoic mudn bao vé cac nhém amino hodc axit carboxylic. Cac nhém bao vé
duoc st dung trong viéc diu ché cac hop chét theo sang ché c6 thé dugc str dung theo
cach thong thudng. Xem, vi du, cac nhom bao vé dugc mo ta trong tai liu Protective

Groups in Organic Synthesis cua Theodora W. Greene va Peter G. M. Wuts, tai ban lan
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tht ba, (John Wiley va Sons, 1999), cu thé 1a chuong 7 (“Protection for the Amino
Group”) va 5 (“Protection for the Carboxyl Group”), dugc két hop & day bang cach bién
dan, tai liéu nay cling mé ta cac phuong phap dé loai cac nhom bao vé nhu vay.

Tht ca cac dan xudt c6 cong thie I va Ta-f cd thé dugc diéu ché bing quy trinh
dugc mo ta trong cac phuong phép chung dugc thé hién dudi ddy hodc bing céc thay
dbi thong thuong tir d6. Séng ché ciing bao gdm mdt hozc nhiéu quy trinh bt ky nhu
vy dé diéu ché cac dan xuit c6 cong thire (I), ngoai cac hop chét trung gian méi dugc
st dung trong d6. Nguoi co hiéu biét trung binh trong linh vuc k§ thuét nay s& thiy dugc
rang cc phan Gng sau c6 thé duoc dun néng biang nhiét hodc bang buc xa vi séng.

Khi thuc hién viée tng hop cac hop chét theo sang ché, ngudi c6 hiu biét trung
binh trong linh vuc k¥ thuit nay s€ nhan thdy rang can phai 14y mAu va thir nghiém hén
hop phan tng trude khi lam sach dé theo doi tién trinh phin Gng va quyét dinh xem phan
ung cé nén dugc tiép tuc hay phan tmg da sin sang d2 1am sach d& thu duoc san phim
mong mudn. Céac phuong phap phd bién dé thir nghiém hdn hop phan ng bao gdm
phuong phap sdc ki 16p méng (thin-layer chromatography - TLC), phwong phap sac ki
16ng/phd khéi (liquid chromatography/mass spectroscopy - LCMS), va phuong phap
cOng hudng tir hat nhan (nuclear magnetic resonance - NMR).

Ngudi c6 ky nang trong linh vuc ciing s€ thdy dugc ring cac hop chét theo sang
ché c6 thé didu ché duoc dudi dang hdn hgp gém cac chét ddng phan khong dbi quang
hodc cac chit ddng phan hinh hoc (vi du, thé cis va trans trén vong xycloalkan). Cac
- chat dong phan nay c6 thé dugc tach bang cac k¥ thuat séc ki chudn, nhu sic ky pha
thuong trén silica gel, sdc ky 1ong cao ap diéu ché dao pha hoic sdc ky 10ng siéu t6i han.
Nguoi ¢ k§ nang trong linh vuce cling s€ thdy duoc ring mot s6 hop chét theo sang ché
12 bt dbi va do d6 c6 thé didu ché duge dudi dang hdn hop raxemic hodc hdn hop khong
tri€t quang cua cac chit ddng phan ddi anh. Mot s phuong phap tach céac chét dong
phén dbi anh 1a ¢6 sdn va da dugce ngudi co hiéu biét trung binh trong linh vyc k¥ thuét
nay biét rd. Phuong phap dugc uu tién dé tach cac chat ddng phan ddi anh thong thuong

la phuong phép sdc ki 16ng siéu t6i han st dung pha tinh bét dbi.
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Vi du thue hién sang ché

Trir khi dugc luu y theo cach khéc, cac phan tmg dugc thue hién trong khi quyén
nito. Phuong phép séc ki trén silica gel duoc tién hanh bang cach sir dung silica gel c&
250-400 mesh dung nito c6 ap (~10-15 psi) dé ddy dung moi qua cot (“séc ki nhanh™).
Khi dugc chi dinh, cac dung dich va hdn hgp phan tng dugc co dic bang cach 1am bay
hoi kiéu quay trong chan khong.

Céch dinh danh trong sang ché 1a nhu duge md ta boi IUPAC (International
Union of Pure and Applied Chemistry) va st dung ChemBioDraw Ultra 13.0, Perkin
Elmer dé goi tén.

Cacviduvavidu didu ché khong han ché sau day minh hoa viéc diéu ché cac hop
chét va mudi theo sang ché. Trong cic vi du va vi du diéu ché ché dudi day, va trong
cac so dd néu trén, cac chit viét tit, cac dinh nghia va quy trinh phén tich sau c6 thé
duoc dé cép. Cac chit viét tat khac phd bién trong linh vuc nay ciing c6 thé dugc str
dung. Phuong phép dinh danh IUPAC chuén da duge sir dung.

AcOH la axit axetic;

aq. la chtra nuéc;

Boc 1a tert-butoxycarbonyl;

br 14 rong (broad);

nude mudi la dung dich natri clorua bdo hoa trong nudc;
t-Bu la tert-butyl;

n-BuLi 1a n-butyllithi;

°C la do béch phan;

Cbz la carbobenzyloxy;

CDCls 14 deutero-cloroform;

CDI 1a 1,1’-cacbonyldiimidazol;
dacléduqcc6cmc(khinéidéncécchétph&aﬁngx
Cs2COs3 1a xesi carbonat;

§ 14 do dich chuyén héa hoc;

d 1a bd doi;

DBU la 1,8-diazabixyclo[5.4.0Jundec-7-¢en;

DCM la diclometan;

DHP la 3,4-dihydro-2H-pyran;
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DIPEA la N,N-diisopropyletylamin;
DMAP la 4-dimetylaminopyridin;
DMF la N,N-dimetylformamit;
DMSO la dimetyl sulfoxit;

Et,0 la dietyl ete;

EtOAc 1a etyl axetat;

EtOH la etanol;

(EtO)zP(O)CHzCN la dietyl (xyanometyl)phosphonat;
g la gam;

GCMS 1a phd khéi sac ky khi

HCl la axit clohydric;

HCO,H la axit formic;

HPLC la sic ky 16ng hiéu ning cao;
hrs la gio;

H,SOq4 la axit sulfuric;

K»COs 1a kali cacbonat;

KH,POj4 1a kali dihydro phosphat
K,HPOjs la kali monohydro phosphat;
K3POj4 la kali phosphat (tribazo);
KOACc la kali axetat

L 1a lit;

LCMS 1a phd khéi sic ky long;
LiBr 1a lithi bromua;

LiOH la lithi hydroxit;

m la da bo;

M 1a mol/L;

MeCN la axetonitril;

MeOH 1a metanol;

mg la miligam;

MgSO4 1a magie sulfat;

MHz la megaHertz;

min 1a phut;
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mL la mililit;

mmol l1a milimol,

mol 1a mol;

MS m/z 1a dinh ion phd khdi;

MTBE la metyl t-butyl ete

NaBH(OAc)s 1a natri triaxetoxyborohydrua;
NayCOs 14 natri carbonat;

NaHCO:s 1a natri hydro carbonat;

NaH,POj4 1a natri dihydro phosphat;
Na;HPOjs 13 natri monohydro phosphat;

Nal 14 natri iodua;

NalOj4 1a natri periodat;

NaOAc la natri axetat;

NaOCl 1a natri hypoclorit;

NaOH la natri hydroxit;

NH; la amoniac;

NH4Cl la amoni clorua;

NH4OH la amoni hydroxit;

NH4OACc la amoni axetat;

NMR la c6ng hudng tir hat nhén;

0Os04 1a osmi tetroxit;

Pd/C la paladi trén cacbon;

Pd(dppf)Cl 1a 1,1-bis(diphenylphosphino)feroxen paladi(Il)diclorua (CAS: 72287-26-
4);

Pd(dppf)CL.DCM la 1,1-bis(diphenylphosphino)feroxen paladi(Il)diclorua; phirc Vi
diclometan (CAS: 95464-05-4);

Pd(OAc); 1a paladi axetat;

Pd(PPhs)s 12 tetrakis(triphenylphosphin)paladi;
PMB-CI la (4-metoxy)benzyl clorua;

POCI; 1a phospho(V) oxyclorua;

ppm la phan triéu;

psi 1a pound lyc trén inch vudng;
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PTSA la axit para-toluensulfonic

PyHBr;3 1a pyridin hydrobromua perbromua

PyHCI 1a pyridin hydroclorua

q 14 bd bdn;

Rt 1a thoi gian luu;

Rhy(OAc)s 1a dime rhodi (II) axetat;

RuCls hydrat 1a ruteni(Il) clorua hydrat;

s 1a don;

SOCI; la thionyl clorua;

t1a bd ba;

TBAB la tetrabutylamoni bromua

TEA la trietylamin;

TFA 1a axit trifloaxetic;

THEF la tetrahydrofuran;

TMSCI la corotrimetylsilan;

uL 1a microlit;

umol 1a micromol

XPhos Pd G2 14 cloro(2-dixyclohexylphosphino-2',4',6'-triisopropyl-1,1'-biphenyl)[2-
(2'-amino-1,1"-biphenyl)]paladi(Il); CAS 1310584-14-5.

Phd cong huong tlr hat nhan (Nuclear magnetic resonance - NMR) 'H trong moi
truong hop phu hop voi chu tric da dé xuit. Do dich chuyén héa hoc dic trung (8) duoc
duara & don vi phén triéu truong thép tir tetrametylsilan bang céch st dung céc chit viét
tat thong thudong dé goi tén cua cac dinh chinh: vi dy, s, don; d, bd do1; t, bo ba; g, bd
bén; m, da bo; br, rong. Cac chit viét tit sau day da duogc st dung cho cac dung moi
NMR phé bién: CDs;CN, deuteroaxetonitril; CDCl3, deuterocloroform; DMSO-ds,
deuterodimetylsulfoxit; va CD;0D, deuterometanol. Néu thich hop, cac chét dong phan
hd bién c6 thé dugc ghi nhan trong dit liéu NMR; va mot sb proton trao dbi duoc co thé
khong nhin théy.

Phd khdi duge ghi bang cach st dung phuong phép ion hoa va cham dién tir (EI),
jon hoa bang dién tir (ESI) hodc ion héa héa hoc & 4p sut khi quyén (APCI). Céc ion
quan sat thay dugc béo cdo bang MS m/z va c6 thé 1a ion duong cua hop chét [M]", hop

chét va proton [MH]", hodc hgp chét v ion natri [MNa]*. Trong mét s6 trudng hop, cac
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ion quan sét thdy duy nhét c6 thé 1a cac ion dang manh dugc bao cdo dudi dang [Mh-
(ménh bi mat)]". Néu thich hgp, cic ion dugc bao cdo duge gan cho cac ddng vi cia clo
(3Cl va/hoic 37Cl), brom (PBr va/hodc 8'Br) va thiéc (12°Sn).

Khi phuong phap TLC, sic ky hoic HPLC dugc st dung dé tinh ché cac hop
chét, nguoi c6 hiéu biét trung binh trong linh vuc k¥ thuét nay c6 thé chon dung mdi
hodc td hop dung moi thich hop bét ky dé tinh ché hop chit mong mudn. Viéc tach bing
sic ky (trir HPLC) dugc thuc hién bang cach st dung chét hép phu silica gel trir khi
dugc luu y khéc.

T4t ca cac phan tng dugc tién hanh bing cach khudy lién tuc trong khi quyén
nito hodc agon trir khi dugc luu y khac. Trong mot sb truong hop, cac phan tmg dugc
suc khi nito hoac agon trude khi bét dau phan ting. Trong céc trudong hop nay, khi nito
hodc agon dugc suc dang bong bong qua pha long cua hdn hop trong khoang thoi gian
xac dinh. Dung mdi dugc str dung la dung moi & cép do khan c6 ban trén thi truong. TAt
ca cac nguyén li€u ban dAu déu 1a san phadm c6 ban trén thi truong. Trong mdt s6 truong
hop, ma s nhan dang Chemical Abstracts Service (CAS) dugc dua ra dé nhim 1am 16
thém. Trong mdt s6 trudng hop, cac nguyén liéu ban diu duge didu ché theo quy trinh
da bao cdo trong tai liéu nhu chi ra bing d4u hoa thi (*). Ngudi ¢6 hiéu biét trung binh
trong linh vuc k¥ thudt nay s€ thdy rd rang tir “c6 dic” nhu dugc sir dung & day ndi
chung chi viéc lam bay hoi dung moéi trong didu kién ap suit giam thip, thuong dugc
thuc hién bang cach sir dung thiét bi bay hoi kiéu quay.

Cac diéu kién GCMS

Cot: 12m x 0,2mm, HP-1 metyl Siloxane, mang 0,33 um, dong qua c6t 1,0 ml/phut.
Phuong phép: 7,6 phut: Nhiét do 16 ban du 105 °C; giit 0,1 phut; ting 30°C/phut dén
didm cudi 300°C & 7,6 phut; hodc 7,6 phit: Nhiét do 10 ban dau 60°C; gitt 0,1 phut; ting
40°C/phit dén didm cudi 320°C & 7,6 phut; hodc 5,1 phut: Nhiét do 10 ban dau 40°C;
git 0,1 phut; tang 30°C/phit dén diém cudi 150°C & 5,1 phit.

Céc thong s6 diu vao GC: Pau vao trudce, tach 30:1, He, ap suét 55,16 KPa (8 psi), nhiét
dd dAu phun 250°C, dong tong 33,9ml/phit.

Didu chinh MSD: Nhiét d6 ngudn 230°C, nhiét dd Quad 150°C, nhiét do Aux2 280°C
Thé tich bom: 1,0 uL |
Thanh phin hé théng: Lo Agilent 5890 GC Oven v6i bo phat hién chon loc theo khéi
luong Agilent 5973 Mass Selective Detector
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Cac didu kién LCMS

Axit: Waters Acquity HSS T3, 2,1 mm x 50 mm, C18, 1,7 pm; nhi¢t dd cot 60°C
Bazo: Waters Acquity UPLC BEH, 2,1 mm x 50 mm, C18, 1,8 um; nhiét dd cot 60°C
Pha dong: A: 0,1% axit formic trong nudgc (thé tich/thé tich); pha dong B: 0,1% axit
formic trong axetonitril (thé tich/thé tich).

Pha déng A: 0,1% amoniac trong nu¢c (thé tich/thé tich); pha dong B: 0,1% amoniac
trong axetonitril (thé tich/thé tich)

Profin gradien: Chay 1,5 phut: Céac diéu kién ban dau: A-95%:B-5%; giit & déu kién ban
d4u trong khoang tir 0,0-0,1 phut; tang tuyén tinh dén A-5%:B-95% trong 0,1-1,0 phit;
gitt & A-5%:B-95% trong khoang tlr 1,0-1,1 phit; tré vé céc diéu kién ban dau trong
1,1-1,5 phut '

Phuong phép tinh ché (PM)

Céc hop chét trong cac vi du duge tinh ché bang mot trong sb cac phuong phép tinh ché
(PM) dugc dé cap sau day trir khi dwgc md ta theo cach khac:

Phuong phép tinh ché A: HPLC diéu ché bang cach st dung [Agella venusil ASB C18
150x21,2mmxSpum, tir 16% MeCN trong nude (0,225% axit formic) dén 36% MeCN
trong nude (0.225% axit formic)]

Phuong phép tinh ché B: HPLC diéu ché st dung [Phenomenex Gemini C18 250 x
21,2mm x 8um hodc 150mm x 25mm X Spum; tir 16-55% MeCN trong nudc (0,1%
amoniac) dén 36-60% MeCN trong nuGe (0,1% amoniac)]

Phuong phéap tinh ché C: [YMC -Actus Triart C18 150x30um, tir 24% MeCN trong
nude (0,1 % amoniac) dén 44% MeCN trong nuéc (0,1 % amoniac)]

Phuong phép tinh ché D: HPLC diéu ché bang cich st dung [Phenomenex Gemini C18
250x21,2mmx8um, tir 25% MeCN trong nuéc (amoniac pH=10) dén 45% MeCN trong
nude (amoniac pH=10)] tiép theo 1a sdc ki bt d6i bang cach st dung AS 250x25mm
I.D. cot 20 uM, v6i CO; siéu t6i han: EtOH hodc IPA (dung dich nue amoniac 0,05%)
70:30 & tbc do dong tir 50-80 mL/phut

Phuong phép tinh ché E: HPLC diéu ché bing cach st dung [Phenomenex Gemini C18
250x21,2mmx8pm, tir 25% MeCN trong nuéc (0,225% amoniac) dén 45% MeCN trong
nude (0,225% amoniac) tiép theo Ia sic ki bAt dbi bang cach sit dung cdt AD
250mmx30mmx20pm v6i pha dong A: COz siéu téi han va pha dong B MeOH v6i 0,1 %
amoniac A:B 50:50 & toc do dong 180 mL/phut

-36-



32379

Phuong phép tinh ché F: Séc ki cot silica gel giai hép bing 100% DCM dén 12% MeOH
v6i 1% NH4OH.
Phuong phap tinh ché G: Sic ki cot silica gel giai hép bang 97:2:1 DCM:MeOH:NH3
(iép theo 1a HPLC didu ché. |
Phuong phap tinh ché H: HPLC diéu ché bang cach sir dung cdt: Waters XBridge C18
19mm x 100mm, 5u; pha dong A: 0,03% amoni hydroxit trong nudc (thé tich/thé tich);
pha dong B: 0,03% amoni hydroxit trong axetonitril (thé tich/thé tich); tir 5-20% B dén
40-100% B & téc do dong 25 mL/phut.
Phuong phép tinh ché I: HPLC didu ché bang cach st dung cot: Waters Sunfire C18
19mm x 100mm, 5pu; pha dong A: 0,05% TFA trong nu¢c (thé tich/thé tich); pha dong
B: 0,05% TFA trong axetonitril (thé tich/thé tich); tir 20% B dén 40% B & 6,75 phut,
sau d6 dén 100% B & 7 phut ¢ toc do dong 30 mL/phut.
D0 quay riéng
Do quay riéng dua vao phuong trinh [a] = (1000a)/(10¢) va dugc bdo cdo dudi dang
cac sb khong c6 don vi trong do ndng do ¢ theo don vi g/100 mL va do dai duong di 1
theo don vi deximet. Cac don vi d quay riéng, (degmL)/(g0dm), 1a 4n va khong kém
theo tri s6 dugc bao cao.
Vi du diéu ché 1

etyl 1-(xyanometyl)-1H-pyrazol-3-carboxylat

NS
\ —
\’N{j\ﬂ/o
N ~
o}

va

etyl 1-(xyanometyl)-1H-pyrazol-5-carboxylat

\

—

N-N_ =
B6 sung etyl 1H-pyrazol-3-carboxylat (750 g, 5,36 mol) tiép theo 1a 2-cloroaxetonitril
(450 g, 5,96 mol) vao huyén phii chira Cs2COs3 (2100 g, 6,44 mol) trong DMF (12 L),
va hdn hop nay dugc khudy & khoang 25°C trong khoang 16 gio. Phan tng duoc rét vao
nude (12 L) va chit bing EtOAc (5 x 5 L). Céc phdn chiét EtOAc két hop duoc rira
bang nudc mudi (2 x 5 L), 1am khd (Na2SO4) va cd didc dé tao ra phan cin ma dugc tinh

ché bang phuong phap sic ky dé tao ra etyl 1-(xyanometyl)-1H-pyrazol-3-carboxylat
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(398 g, 39%) dudi dang diu mau vang va etyl 1-(xyanometyl)-1H-pyrazol-5-carboxylat
(680 g). Etyl 1-(xyanometyl)-1H-pyrazol-5-carboxylat dugc hoa tan trong MTBE (15
L) va rira bang nude mudi (3 x 5 L'), Jam kho (Na;SO4) va cd dic dé tao ra hop chat dudi
dang dau mau vang (489 g, 51%).

IH NMR (400 MHz, CDCl3) &: 7,49 (s, 1 H), 6,82 (s, 1 H), 5,45 (s, 2 H), 4,29 (q, 2 H),

1,29 (t, 3 H).
LCMS m/z = 180,1 [MH]+
Vi dy diéu ché 2
Etyl 1-(2-amino-2-oxoetyl)-1H-pyrazol-5-carboxylat
o)
o
N-N
OJ\NHZ

Hai phan ting gidng nhau dugc thuc hién song song.

B& sung H2S04 diic (377 mL, 7,04 mol) & khoang 25°C vao dung dich chira etyl
1-(xyanometyl)-1H-pyrazol-5-carboxylat (Vi du didu ché 1, 235,5 g, 1,32 mol) trong
TFA (1,2 L). Hon hop phan (ng duoc khudy & khoang 25°C trong khoang 16 gio trudc
khi két hop v&i phan ng song song va cb déc 8 loai bé hau hét TFA. Phan con lai
duge rét vao nude da (5 L) va chiét bang EtOAc (5 L). Pha nuéc duge chiét tiép bang
EtOAc (10 x 5 L) va cac phan chiét EtOAc két hop dugce rira bang dung dich nudc
NaHCO; bdo hoa (2 x 10 L), 1am kh6 (Na2SOs) va c6 dac dé tao ra hop chit néu o daé
muc duéi dang chét rin mau vang (477 g, 92%).
1H NMR (400 MHz, CDCl3) &: 7,60 (s, 1 H), 6,93 (s, 1 H), 5,90 (br, s, 1 H), 5,71 (br,
s, 1 H), 5,27 (s, 2 H), 4,35 (q, 2 H), 1,37 (t, 3 H).

LCMS m/z = 198,2 [MH]+
Vi du didu ché 3
Pyrazolo[1,5-a]pyrazin-4,6(SH,7H)-dion
0]

== NH
A\
N’N\/go
B6 sung NaOtBu (498 g, 5,20 mol) trong THF (4 L) & khoang 25°C vao dung dich
chua etyl 1-(2-amino-2-oxoetyl)- 1 H-pyrazol-5-carboxylat (Vi du didu ché 2, 466 g, 2,17
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mol) trong EtOH (56 L). Huyén phu mau tring hinh thanh trong qua trinh bd sung va
sau d6 hon hgp nay duge dun nong dén khoang 70°C trong khoang 16 gid. Hon hop
phén ung dugc lam mat dén khoang 25°C va axit hoa dén khoang pH 6 biang dung dich
nuée HCI 12 M (500 mL), d4n dén tao thanh huyén phit mau tring. Hon hop nay dugc
cd dic dé tao ra hop chit néu & dé muc (dugc phéi tron véi natri clorua) dudi dang chét
rin mau Vémg (783 g). Hop chét nay duoc st dung ma khong can tinh ché thém.

1H NMR (400 MHz, DMSO-d6) 5: 11,82 (s, 1 H), 7,74 (s, 1 H), 6,97 (s, 1. H), 5,19 (s,

2 H).
LCMS m/z = 152,1 [MH]+
Vi du diéu ché 4

4,6-Diclopyrazolo[1,5-a]pyrazin
Cl

oo
\N’N\/\m

Ba phan tng gidng nhau dugc thuc hién song song.

Pyrazolo[ 1,5-a]pyrazin-4,6(5H,7H)-dion (Vi du diéu ché 3, 278 g, 1,14 mol) dugc
bb sung vao POCI; (1,84 kg, 12 mol) & khoang 25°C, tiép theo 1a PyHCI (131 g, 1,14
mol). Hdn hop phan tmg dugc gia nhiét & khoang 120°C trong khodng 16 git. Cac phan
ung dugce lam mat dén khoang 25°C va cd dic 2 loai bd hau hét POCls. Timg phin con
lai duoc pha lodng bang EtOAc (2 L) va ba phan chiét EtOAc dugc két hop va rét vao
dung dich nuéc NaH,PO4 1M (7,5 L) 6 khodng 25°C va loc qua tAm Celite®. Banh loc
duoc rira béng EtOAc (3x2L)va tat ca dich loc dugc két hop va tach khdéi pha nude.
Pha nuéc dugce chiét baing MTBE (10 L). Céc phén chiét EtOAc va MTBE két hop dugc
rira bing nuéc mudi (2 x 5 L), 1am kho (Na;SOs) va ¢d dic. Phin con lai dugc tinh ché
bang phuong phap sdc ky va san phdm dugc nghién tinh ché bing ete dau mé (300 mL)
va loc. Banh loc dugc lam kho dé tao ra hop chit néu & d& muc duéi dang chét rdn mau
trdng (110 g, 22%). _
'H NMR (400 MHz, CDCl3) 3: 8,42 (s, 1 H), 8,06 (s, 1 H), 6,93 (s, 1 H).
LCMS m/z = 189,8 [MH]" (ddng vi *’Cl)
Vi du diéu ché 5

1-(1-metyl-1H-pyrazol-4-yl)etan-1-on

-30-



Hai phan tmg gidng nhau dugc thuc hién song song.

B6 sung H2S04 dic (75 g, 0,75 mol) & khoang 20°C vao hdn hop 1-metylpyrazol
(750 g, 9,16 mol) va anhydrit axetic (1,7 kg, 16,67 mol). Hon hop phan ung dugc gia
nhiét & khoang 150°C trong khoang 3 gi¢. Sau khi lam mat, hai hdn hop duge két hop,
rét vao nudce da (15 L), didu chinh d¢én khoang pH=10 bang dung dich nuéc NaOH 20%
va chiét bing DCM (4 x 10 L). Cac phan chiét DCM két hop dugc 1am khd (Na2SO4)
va cd dic dé tao ra hop chat néu & dé muc duéi dang dau mau nau (1240 g, 72%).
1H NMR (400 MHz, CDCl3) 8: 7,86 (s, 1 H), 7,84 (s, 1 H), 3,92 (s, 3 H), 2,40 (s, 3 H).
GCMS m/z = 109,0 [M-CH3]+
Vi du diéu ché 6

2-Bromo-1-(1-metyl-1H-pyrazol-4-yl)etan-1-on
(o)

Br _—
/N——_
=N

Hai phan ung gidng nhau dugc thuc hién song song.

B6 sung PyHBr3 (1,6 kg, 5 mol) & khoang 15°C vao dung dich chua 1-(1-metyl-
1H-pyrazol-4-yl)etan-1-on (Vi du didu ché 5, 620 g, 5 mol) trong DCM (12 L) va etanol
(3 L). Hon hop nay duoc khudy & khoang 15°C trong khoang 18 gio. Hai hdn hop phén
ung dugc két hop, ngirng phan tng bang nudc (10 L), tach, va pha nude duoc chiét bang
DCM (4 x 10 L). céc phan chiét DCM két hop duoc 1am kho (N2;SO4) va ¢d dic dé loai
b6 khoang 69 L. dung moi. Phan con lai dugc pha lodng bing ete dau mé (5 L), khudy &
khoang 15°C trong khoéang 30 phut va hdn hop nay dugc loc. Chét két tha dugc lam kho
dé tao ra hop chét néu & @& muc dudi dang chat rdn mau vang (1,73 kg, 85%).

IH NMR (400 MHz, CDCls) 8: 7,97 (s, 1 H), 7,91 (s, 1 H), 4,17 (s, 2 H), 3,93 (s, 3 H).
LCMS m/z = 203,1 [MH]+ (d6ng vi 7Br)
Vi du diéu ché 7

Dietyl 1-(2-(1-metyl-1H-pyrazol-4-yl)-2-oxoetyl)-1H-pyrazol-3 ,5-dicarboxylat
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o)
/N~

0) N-N N
r°>\_<\/|3r°v
o

Hai phan tng dugc thuc hién song song.

Bé sung Cs2CO3 (1050 g, 3,23 mol) & khoang 20°C vao hdn hgp 2-bromo-1-(1-
metyl-1H-pyrazol-4-yl)etan-1-on (Vi du didu ché 6; 500 g, 2,46 mol) va dietyl-1H-
pyrazol-3,5-dicarboxylat (580 g, 2,73 mol) trong DMF (8 L). Sau khoang 18 gi&, hai
hdn hop phan tng dugc két hop, pha lodng bing nuée (10 L) va chiét bang DCM (3 x
10 L). Cac phan chiét DCM két hop dugc lam khd (Na2SO4) va ¢d ddc. Phan con lai
dugc tinh ché bang phuong phép sic ky dé tao ra hop chit néu & d& muc dudi dang chét
ran mau vang (1,53 kg, 93%).
1H NMR (400 MHz, CDCls) &: 7,96 (s, 2 H), 7,46 (s, 1 H), 5,86 (s, 2 H), 4,45 (q, 2 H),
4,32 (q, 2 H), 3,99 (s, 3 H), 1,44 (t, 3 H), 1,36 (t, 3 H).

LCMS m/z = 335,0 [MH]+
Vi dy diéu ché 8
Etyl 4-hydroxy-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-2-carboxylat

(0] ~ XN
N\-N__~
N/
/—0 = IN___
: =N

Ba phan tng gidng nhau dugc thuc hién song song.

B6 sung NH4OAc (352 g, 4,57 mol) ¢ khoang 20°C vao dung dich chura dietyl 1-
(2-(1-metyl-1H-pyrazol-4-yl)-2-oxoetyl)-1H-pyrazol-3,5-dicarboxylat (Vi du didu ché
7; 510 g, 1,52 mol) trong etanol (6 L). Hdn hop nay dugc gia nhiét trong ndi hip &
khoang 130°C trong khoang 24 gio. Céac hdn hgp phan tng duge 1am mat dén khoang
50°C va duoc két hop va loc. Chét két taa dugc 1am kho dé taora hop chét néu & dé& muc
(1090 g, 83%) du6i dang chit rin mau tring nho.
1H NMR (400 MHz, DMSO-d6) §: 11,35 (br, s, 1 H), 8,31 (s, 1 H), 8,20 (s, 1 H), 8,05
(s, 1 H), 7,38 (s, 1 H), 4,34 (q, 2 H), 3,89 (s, 3 H), 1,33 (t, 3 H).

LCMS m/z = 288,0 [MH]+
Vi du diéu ché 9
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Axit 4-hydroxy-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-2-carboxylic
OH
(0] ~ XN

W

N_—~

N

HO \/‘\f\le
<\

Hai phan tng gidng nhau duc_rc- thuc hién song song.

BS sung vao huyén phu chta etyl 4-hydroxy-6-(1-metyl-1H-pyrazol-4-
yl)pyrazolo[1,5-a]pyrazin-2-carboxylat (Vi du didu ché 8, 545 g, 1,9 mol) trong MeOH
(10 L), dung dich nuéc NaOH 1M (5,75 L) 6 khoang 20°C. Sau khoang 30 phut, huyén
phu nay tr¢ thanh dung dich trong sudt va tiép tuc khudy & khoang 20°C trong khoang
18 gi¢r. Cac hdn hop phan tmg dugc didu chinh dén khoang pH = 2 béng dung dich nudc
HCI 12M (650 mL), két hop, va co dic dé loai bé hiu hét MeOH. Phan con lai dugc loc
va chét két tia dugc 1am khd dé tao ra hop chit néu & d& muc dudi dang chét rin mau
tréng nho (1040 g, 100%).

'H NMR (400 MHz, DMSO-ds) 8: 13,25 (br, s, 1 H), 11,67 (s, 1 H), 8,34 (s, 1 H), 8,16
(s, 1 H), 8,06 (s, 1 H), 7,32 (s, 1 H), 3,88 (s, 3 H).
LCMS m/z =260,0 [MH]+
Vi dy diéu ché 10
6-(1-metyl- 1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-ol

OH
" N
N\
N_~
N
= IN_’
=N

Nam phan tng gidng nhau dugc thuc hién song song.

Axit 4-hydroxy-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-2-carboxylic
(Vi du didu ché 9, 85 g, 0,328 mol) dugc bd sung tirng phan vao sulfolan da gia nhiét
trude (800 mL) & khoang 280°C. Nam hdn hop phan tng nay khudy & khoang 280°C
trong khoang 2 gio, lam mat dén khoang 25°C, va khudy trong khoang 18 gi¢. Céc hdn
hop phan ung dugc két hop va hdn hop nay dugce tinh ché bing phuong phap sdc ky giai
hép bing ete diu mé-EtOAc (10:1 dén 0:1), sau d6 1a DCM-MeOH (10:1) dé tao ra hop
chét néu & d& muc dué6i dang chét rin mau vang (490 g, 75%).
1H NMR (400 MHz, DMSO0-d6) §: 11,45 (s, 1 H), 8,28 (s, 1 H), 8,10 (s, 1 H), 8,04 (s,
1 H), 7,88 (s, 1 H), 6,99 (s, 1 H), 3,88 (s, 3 H).
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LCMS m/z = 216,0 [MH]+
Vi dy diéu ché 11
4-Clo-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin
Ci

<" N

\
N_~
N
\)\f\’N———
=N

Hai phan tng gidng nhau dugc thuc hién song song.

B6 sung POCl; (2006 g, 13 mol) & khoang 25°C vao huyén phil chtra 6-(1-metyl-
1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-4-ol (Vi du didu ché 10, 307 g, 1,43 mol) trong
MeCN (7,5 L). Hon hop nay dugc gia nhiét & khoang 85°C trong khodng 48 gid. Cac
hdn hop phén tng dugc két hop va loc. Chét két tia dugc rira bang EtOAc va 1am kho
trong chéan khong. Chét két tua da lam khd precipitate dugc tinh ché bang phuong phép
sic ky dé taora chét rin mau vang ma dugc hoa tan trong DCM (15 L) varira bang dung
dich nudc NaHCO3 1M (5 L). DCM dugc co dac dé loai bo khoang 13 L dung moéi va
phén con lai dugc pha lodng bang MTBE (2 L) va ete diu mé (2 L). Hon hop nay dugc
loc va chit két tua dugc 1am kho dé tao ra hop chit néu & dé muc dudi dang chét rin
mau vang (385 g, 58%).

'H NMR (400 MHz, DMSO-d6) §: 9,22 (s, 1 H), 8,27 (s, 1 H), 8,21 (s, 1 H), 8,04 (s, 1
H), 7,02 (s, 1 H), 3,88 (s, 3 H).
LCMS m/z = 233,8 [MH]+ (ddng vi **Cl)
Vi dy diéu ché 12
Axit 1-(4-metoxybenzyl)-1H-pyrazol-4-carboxylic
—0

o)

o
=

Phan 1: Ba phan Ung gidng nhau dugc thyc hién song song.

B6 sung PMB-CI (85,8 g, 548 mmol) va K,COs3 (23,7 g, 171 mmol) vao dung dich
c¢6 khudy chua etyl 1H-pyrazol-4-carboxylat (16 g, 110 mmol) trong MeCN (160 mL)
va hdn hop nay dugc gia nhiét trong diéu kién hoi luu trong khoang 18 gid. Ba mé dugc

lam mat, két hop va loc. Dich loc duge cd dic dé tao ra etyl 1-(4-metoxybenzyl)-1H-
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pyrazol-4-carboxylat duéi dang diu mau vang ma dugc sit dung khong cin tinh ché
thém.
Phén 2: Ba phan tng gidng nhau dugc thuc hién song song.

B6 sung dung dich chtta LiOH (10 g, 238 mmol) trong nu6c (75 mL) vao dung
dich c6 khudy chira etyl 1-(4-metoxybenzyl)-1H-pyrazol-4-carboxylat tho (phan 1, 50,0
g, 96 mmol) trong THF (150 mL) va MeOH (150 mL). Hdn hop nay dugc gia nhiét &
khoéang 60°C trong khoang 18 gio. Ba mé dugc két hop va 1am bay hoi dén kho. Phan
con lai dugc pha loang bing nuée (800 mL) va MeOH (150 mL) va rira bang EtOAc (2
x 500 mL). C4c phan chiét EtOAc dugc loai b6 va dung dich nuéc duge axit héa dén
khoang pH =2 bing dung dich nuéc HC1 6M va chiét bang EtOAc (2 x 800 mL). Céc
phan chiét EtOAc két hop dugc rira bang nudc mudi (500 mL), 1am kho (Na2SO4) va ¢d
dic dé tao ra hop chét néu & @& muc dudi dang chét rin mau tring (33,0 g, 83% cho hai
budc).
1H NMR (400 MHz, DMSO-d6) &: 12,34 (br, s, 1 H), 8,32 (s, 1 H), 7,79 (s, 1 H), 7,23
(m, 2 H), 6,89 (m, 2 H), 5,26 (s, 2 H), 3,72 (s, 3 H).
Vi du diu ché 13

1-(4-Metoxybenzyl)-1H-pyrazol-4-carbonyl clorua

—0

o)

e
N/

Dung dich chira axit 1-(4-metoxybenzyl)-1H-pyrazol-4-carboxylic (Vi du didu
ché 12, 25,0 g, 110 mmol) trong SOCI2 (40 mL) duoc khudy & khoang 60°C trong
khoéang 5 gi¢. Dung dich nay dugc cd dac dé tao ra hop chit néu & dé muc dudi dang
dau mau nau (27,0 g, 100%) ma dugc sir dung khong can tinh ché hodc x4c dinh dic
tinh thém.

Vi dy diéu ché 14
N-Metoxy- 1-(4-metoxybenzyl)-N-metyl-1H-pyrazol-4-carboxamit

—0
o
/o\
>*7 N \,j)k,r
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B6 sung tir tir dung dich chira 1-(4-metoxybenzyl)-1H-pyrazol-4-carbonyl clorua
(Vi du didu ché 13, 27,0 g, 108 mmol) trong DCM (50 mL) vao dung dich chtra N,0-
dimetylhydroxylamin hydroclorua (26,3 g, 269 mmol) va TEA (131,0 g, 1,29 mol) trong
DCM (200 mL). Sau khi hoan thanh viéc bd sung, hdn hgp phan tng duoc khudy &
khoang 20°C trong khoang 5 gi¢. Hon hop nay dugc pha loang bang DCM (150 mL) va
nuée (300 mL). Cac phin chiét DCM két hop dugc rira bing nuée mudi, 1am kho
(Na2S04) va cb dac dé tao ra hop chét néu & d& muc (20,0 g, 67%) dudi dang dau mau
nau ma duoc st dung khong can tinh ché thém.
1H NMR (400 MHz, CDCls) 6: 7,99 (s, 1 H), 7,90 (s, 1 H), 7,22 (d, 2 H), 6,89 (d, 2 H),
5,25 (s, 2 H), 3,81 (s, 3 H), 3,69 (s, 3 H), 3,31 (s, 3 H).
LCMS m/z =275,0 [MH]+
Vi du diéu ché 15

1-(1-(4-Metoxybenzyl)-1H-pyrazol-4-yl)etan-1-on

—0

0]

Nﬁ)K
N/

Hai phéan tng giéng nhau dugc thuc hién song song.

B6 sung timg giot metylmagie bromua 3M trong ete (24,2 mL) & khodng 0°C vao
dung dich chtra N-metoxy-1-(4-metoxybenzyl)-N-metyl-1H-pyrazol-4-carboxamit (Vi
du diéu ché 14, 10,0 g, 36,3 mmol) trong THF (120 mL). Hon hop phéan tmg dugc lam
4m dén khoang 25°C va khudy trong khoang 5 gio. Phan tng duoc ngimng béng cach bd
sung dung dich nuéc NH4Cl bdo hoa (100 mL) va chiét bang EtOAc (2 x 200 mL). Cac
phan chiét EtOAc két hop dugc 1am kho (NaxSO4) va ¢d ddc. Phan con lai da ¢ dic tir
c4 hai thir nghiém dugc két hop va tinh ché bang phuong phap sic ky dé tao ra hop chat
néu & dé muc (10,0 g, 60%) dudi dang chat rin mau nau.
1H NMR (400 MHz, DMSO-d6) &: 8,47 (s, 1 H), 7,91 (s, 1 H), 7,25 (m, 2 H), 6,90 (m,
2 H), 5,27 (s, 2 H), 3,72 (s, 3 H), 2,34 (s, 3 H).

LCMS m/z =231,7 [MH]+
Vi du diéu ché 16
2-Bromo-1-(1-(4-metoxybenzyl)-1H-pyrazol-4-yl)etan-1-on
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Hai phan tng gidng nhau dugc thuc hién song song. -

B6 sung PyHBr; (13,3 g, 41,7 mmol) & khoang 20°C vao dung dich chira 1-(1-(4-
metoxybenzyl)-1H-pyrazol-4-yl)etan-1-on (Vi du diéu ché 15, 8,0 g, 34,7 mmol) trong
DCM (96 mL) va EtOH (24 mL). C4c hdn hop phén tng dugc giit & khoang 25°C trong
khoang 18 gidr va nglmg phan tng bing nudc (100 mL) trude khi duge két hop va chiét
bang EtOAc (2 x 300 mL). Céc phén chiét EtOAc két hop dugc rira bing nuéc mudi,
lam kho (Na2SO4) va co déc. Phén con lai dugc tinh ché bang phuong phép sic ky dé
tao ra chit rén mau vang. Chét rin nay dugc nghién tinh ché bing MTBE (100 mL) aé
tao ra hop chét néu & dé muc (15,0 g, 70%) dudi dang chét rin mau vang. Thu dugc
thém mot luong mau (5,0 g, 23%) sén phdm con hoi khong tinh khiét duéi dang chat
rdn mau vang bang cach co dic dich nghién tinh ché.

'H NMR (400 MHz, CDCl3) 8: 7,99 (s, 1 H), 7,89 (s, 1 H), 7,23 (m, 2 H), 6,92 (m, 2 H),
6,92 (m, 2 H), 5,25 (s, 2 H), 4,15 (s, 2 H), 3,81 (s, 3 H).
LCMS m/z = 333,0 [MNa]* (d6ng vi *'Br)
Vi dy didu ché 17
Dimetyl 1-(2-(1-(4-metoxybenzyl)-1H-pyrazol-4-yl)-2-oxoetyl)-1H-pyrazol-3,5-
dicarboxylat
|

O\©\‘ \ o
(0]
No N |
N\ / ‘N O\
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B sung Cs:CO3 (2,3 g, 7,06 mmol) & khodng 20°C vao hén hop dimetyl 1H-
pyrazol-3,5-dicarboxylat (1 g, 5 mmol) va 2-bromo-1-(1-(4-metoxybenzyl)- 1H-pyrazol-
4-yl)etan-1-on (Vi du diéu ché 16, 2,18 g, 7,06 mmol) trong DMF (20 mL). Sau khoang
2 ngay, hon hgp nay duge co dic dén kho. Phan con lai duge hoa tan trong DCM va rira
mot 1an bing dung dich nuéc NH4Cl bdo hoa. DCM duge co dic va phén con lai dugc

tinh ché bing phwong phap sic ky. San pham dugc khudy trong EtOAc (20 mL) &
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khoang 20°C trong khoéang 18 gio. Chét rin tao thanh dugc loc va 1am kho dé tao ra hop
chét néu & dé muc (1,38 g, 60%).
1H NMR (400 MHz, CDCl3) 8: 7,96 (s, 1 H), 7,82 (s, 1 H), 7,42 (s, 1 H), 7,24 (d, 2 H),
6,93 (d, 2 H), 5,80 (s, 2 H), 5,27 (s, 2 H), 3,95 (s, 3 H), 3,84 (s, 3 H), 3,83 (s, 3 H).
LCMS m/z=413,1 [MH]+
Vi du diéu ché 18

Metyl 4-hydroxy-6-(1-(4-metoxybenzyl)-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-2-

carboxylat
N\
o)
HO
O>—(§(g N
N
\NI
va

Etyl 4-hydroxy-6-(1-(4-metoxybenzyl)-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-2-

carboxylat

oL

Sau phan ung gidng nhau dugc thuc hién song song.

BS sung dimetyl 1-(2-(1-(4-metoxybenzyl)-1H-pyrazol-4-yl)-2-oxoetyl)-1H-
pyrazol-3,5-dicarboxylat (Vi du diéu ché 17, 300 mg, 0,73 mmol), NH4OAc (336 mg,
4,37 mmol) va EtOH (6 mL) vao ting lo trong sb sau lo. Cac hon hgp duge gia nhiét
bang brc xa vi séng & khoang 150°C trong khoang 2 gi®, sau d6 lam mat dén khoang
20°C, khudy trong khoang 1 gid, va loc. Cac chét ran két hop duoc 1lam kho dé tao ra
hén hop ca hai hop chit néu ¢ dé muc ma dugc sit dung khong cAn tinh ché thém & budce
tiép theo (1,61 g).
1H NMR (400 MHz, DMSO0-d6) &: 11,65 (br, s., 1 H), 8,38 (s, 1 H), 8,17 (s, 1 H), 8,07
(s, 1 H), 7,36 (s, 1 H), 7,26 (d, 2 H), 6,93 (d, 2 H), 5,75 (s, 1 H), 5,28 (s, 2 H), 3,86 (s, 3
H), 3,74 (s, 3 H). Day la thanh phﬁn chinh metyl este.

LCMS m/z = 380,1 [MH]+, 394,1 [MH]+
Vi du diéu ché 19
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Axit 4-hydroxy-6-(1-(4-metoxybenzyl)-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-2-

carboxylic

s 8

B4 sung vao dung dich hdn hop metyl 4-hydroxy-6-(1-(4-metoxybenzyl)-1H-
pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-2-carboxylat ~ va  etyl  4-hydroxy-6-(1-(4-
metoxybenzyl)-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-2-carboxylat (Vi du diéu ché
18, 524 mg, khoang 1,38 mmol) trong MeOH (10 mL), dung dich nu¢c NaOH 1M (4,83
mL). Hon hop nay dugc gitt & khoang 20°C trong khodng 18 gi¢ trude khi b6 sung thém
dung dich nuéc NaOH 1M (1,38 mL). Hon hop nay dugce gitt & khoang 20°C trong
khoang 24 gio nita. MeOH dugc lam bay hoi va phan con lai dugc pha lodng bang nuéc
(2 mL) va khudy & khoang 40°C dén khi tit ca chit rdn dugc hoa tan. Dung dich nay
duge axit hoa bang dung dich nuéc HCI 12M va khudy & khoang 0°C trong khoang 10
phut. Chét két taa thu dugc duogce loc va chét két tia nay dugc rua b.;fmg nude. Chit ran
nay dugc lam kho trong chan khong dé taora hop chét néu & dé muc (487 mg, 96%).
IH NMR (400 MHz, DMSO-dg) &: 11,65 (s, 1 H), 8,38 (s, 1 H), 8,18 (m, 1 H), 8,10 (s,
1 H), 7,25 - 7,32 (m, 4 H), 6,95 (m, 2 H), 5,28 (s, 2 H), 3,78 (s, 3 H).

LCMS m/z = 366,0 [MH]"
Vi dy diéu ché 20
6-(1-(4-Metoxybenzyl)- 1H-pyrazol-4-y1)yrazol[ 1,5-a]yrazol-4-ol

N

Ba phan ng dugc thuc hién song song.
Maiu 1:

Axit 4-hydroxy-6-(1-(4-metoxybenzyl)-1H-pyrazol-4-yl)yrazol[1,5-a]pyrazin-2-
carboxylic (Vi du diéu ché 19, 40 mg, 0,11 mmol) duoc gia nhiét & khoang 350°C trong
khoang 10 gidy dén khi chit rin mau tring nhd néng chay va chuyén thanh chét léng

mau nau sam.
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Mau 2:

Axit 4-hydroxy-6-(1-(4-metoxybenzyl)-1H-pyrazol-4-yl)yrazol[1,5-a]pyrazin-2-
carboxylic (Vidu didu ché 19, 120 mg, 0,33 mmol) dugc gia nhiét & khoang 350°C trong
khoang 15 giay dén khi chit rin mau tring nhd néng chay va chuyén thanh chét 16ng
mau nau saim. |
Mau 3:

Axit 4-hydroxy-6-(1-(4-metoxybenzyl)-1H-pyrazol-4-yl)yrazole[1,5-a]pyrazin-2-
carboxylic (Vi du diéu ché 19, 310 mg, 0,85 mmol) dugc gia nhiét & khoang 350°C trong
khoang 15 gidy dén khi chét rén mau tring nho nong chay hét va chuyén thanh chét 1ong
mau nau sam.

TAt ca ba mé dugc lam mat, két hop va cd dic hai lan béng toluen dé tao ra hop
chit néu & d& muc ma duoc st dung khong can tinh ché thém & budc tiép theo.
1H NMR (400 MHz, DMSO-d6) &: 11,43 (s, 1 H), 8,37 (s, 1 H), 8,11 (s, 1 H), 8,08 (s,
1 H), 7,88 (d, 1 H), 7,28 (d, 2 H), 6,99 (d, 1 H), 6,94 (d, 2 H), 5,28 (s, 2 H), 3,76 (s, 3

H).
LCMS m/z = 322,1 [MH]+
Vi du diéu ché 21
4-clo-6-(1-(4-metoxybenzyl)-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin
N\
o]

Cl
oo
\N,N\/kﬁ\N
=\
6-(1-(4-Metoxybenzyl)-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-ol (Vi du didu

ché 20, 390 mg, 1,21 mmol), PyHCI (143 mg, 1,21 mmol) va POCI3 (10 mL) duoc gia
nhiét & khoang 120°C trong khoang 18 gio. Hon hop nay duge cd dic va phan con lai
dugc xir Iy bang dung dich nuéc NaH2PO4 dé duy tri dd pH = 4. Dung dich thu dugc
dugc khudy & khoang 20°C trong khoang 10 phut va chiét ba 1an bing DCM. Céc phéan
chiét DCM két hop duge lam kho va ¢ dic dé tao ra hop chat néu & dé muc dudi dang
chat rén mau nau (300 mg, 72%).
1H NMR (400 MHz, CDCl3) &: 8,74 (s, 1 H), 8,50 (s, 1 H), 8,22 (m, 2 H), 7,45 (m, 2

H), 6,92 - 7,02 (m, 3 H), 3,88 (s, 2 H), 2,15 (s, 3 H).
LCMS m/z = 340,0 [MH]+
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Vi dy diéu ché 22
tert-Butyl 4-(6-clopyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-carboxylat

Dung dich chua 4,6-diclopyrazolo[1,5-a]pyrazin (Vi du diéu ché 4, 700 mg, 3,72
mmol), tert-butyl 4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-
carboxylat (1100 mg, 3,72 mmol), dung dich nuéc K3PO4 2M (3 mL, 6 mmol) trong
1,4-dioxan (10,0 mL) dugc suc agon trong khoang 5 pht. B sung vao dung dich nay
bis(tri-t-butylphosphin)paladi(0) (96,1 mg, 0,19 mmol) va phan ung dugc gilt & khoang
20°C trong khoang 18 gio. Dung moi dugc ¢ dac dé tao ra phan con lai mau hd phéach
ma duoc hip thu trong DCM va tinh ché bang phuong phép sic ky dé tao ra hop chét
néu & dé muc (710 mg, 60%). '
IH NMR (400 MHz, CDCl;) §: 8,82 (m, 1 H), 8,44 (m, 3 H), 8,14 (s, 1 H), 1,60 (s, 9

H).
LCMS m/z = 220,1 [MH-BOC]*
Vi du diéu ché 23

tert-Butyl 4-(6-vinylpyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-carboxylat

Dung dich chira tert-butyl 4-(6-clopyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-
carboxylat (Vi du diéu ché 22, 700 mg, 2,19 mmol) va tributyl(vinyl)stannan (694 mg,
2,19 mmol) trong 1,4-dioxan (30 mL) dugc suc bang agon trong khoang 5 phut tiép theo
bé sung XPhos Pd G2 (344 mg, 0,44 mmol). Hén hgp nay dugc gia nhiét dén khoang
55°C trong khoang 18 gio. Hon hop nay dugc cd dic va phén c()ﬁ lai dugce tinh ché bang
phuong phap sic ky dé tao ra hop chét néu & dé muc (449 mg, 66%).
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1H NMR (400 MHz, CDCl3) §: 8,79 (s, 1 H), 8,46 (s, 1 H), 8,26 (s, 1 H), 8,07 (d, 1 H),
6,95 (dd, 1 H), 6,77 (dd, 1 H), 6,43 (dd, 1 H), 5,52 (dd, 1 H), 1,74 (s, 9 H).
LCMS m/z=312,3 [MH]+
Vi du diéu ché 24
tert-Butyl 4-(6-formylpyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-carboxylat

Lok
?I_N»\o
7
"N
NN A
0
Dung dich chua tert-butyl 4-(6-vinylpyrazolo[1,5-a]yrazin-4-yl)-1H-pyrazol-1-
carboxylat (Vi du diéu ché 23; 446 mg, 1,43 mmol) va 2,6-lutidin (767 mg, 7,16 mmol)
trong 1,4-dioxan (9 mL) va nudc (3 mL) dugc lam mat dén khoang 0°C, va NalO4 (1530
mg, 7,16 mmol) va dung dich nuéc OsO4 4% (0,54 mL) dugc bd sung vao. Hon hop
nay dugc dé cho Am dén khoang 20°C trong khoang 3 gid. Cac chétrdn dugc 1iy ra bang
cach loc va rira béng ete. 1,4-dioxan va ete két hop dugc cd dac va phr:in con lai duoc
tinh ché bang phwong phéap sic ky dé tao ra hop chit néu & dé muc duéi dang chét rin
mau tring nho (289 mg, 65%).
1H NMR (400 MHz, CDCl3) 8: 10,20 (s, 1 H), 9,01 (s, 1 H), 8,85 (s, 1 H), 8,50 (s, 1
H), 8,30 (d, 1 H), 7,08 - 7,12 (m, 1 H), 1,73 (s, 9 H).
LCMS m/z = 314,2 [MH]+
Vi du diéu ché 25
tert-Butyl €-4-(6-((hydroxyimino)metyl)yrazin[1,5-a]yrazin-4-yl)- 1H-pyrazol-1-

carboxylat

Hydroxylamin HCI (112 mg, 1,58 mmol) dugc bd sung vao hdn hop tert-butyl 4-
(6-formy1pyrazolo[1,5-a]yrazin-4-yl)-1H-pyrazol-l-carboxylat (Vidu didu ché 24, 450

-51-



32379

mg, 1,44 mmol), va Na,COs (196 mg, 1,58 mmol) trong MeOH (20 mL). Hoén hop nay
duoc gift & khoang 20°C trong khoang 1,5 gid. Hon hop nay dugce ¢d dic, nude (30 mL)
bd sung vao, va hdn hop nay dugc khudy trong khoang 5 phut truéc khi chit rin nay
dwoc loc va 1am kho dé tao ra hop chét néu & dé muc duéi dang chit rin mau tring nho
(325 mg, 69%).
"H NMR (400 MHz, CDCl3) 8: 10,46 (br, s., 1 H), 9,53 (s, 1 H), 8,81 (s, 1 H), 8,46 (s,
1 H), 8,41 (s, 1 H), 8,19 (d, 1 H), 7,03 (d, 1 H), 1,73 (s, 9 H).
LCMS m/z = 329,2 [MH]"
Vi du diéu ché 26

(3-(4-(1H-Pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-6-yl)isoxazol-5-yl)metanol

N—NH
//'
< N
\NN/
1N
N-o OH

Dung dich natri hypoclorit (khoang 12% dén 15%, 0,19 mL, khoang 3,0 mmol)
dugc bd sung tiung giot vao dung dich chuea tert-butyl (E)-4-(6-
((hydroxyimino)metyl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-carboxylat (Vi du
diéu ché 25, 200 mg, 0,61 mmol) va rugu propargylic (171 mg, 3,05 mmol) trong DCM
(5 mL) & khoang 0°C. Hon hop nay dugc dé cho 4m dén khoang 20°C trong khoang 18
gio. Chét ran thu dugc duge loc dé taora hop chit néu & dé muc (115 mg, 67%).

'"H NMR (400 MHz, DMSO-ds) 8: 9,14 (s, 1 H), 8,56 (s, 2 H), 8,31 (d, 1 H), 7,50 (d, 1
H), 7,09 (s, 1 H), 4,57 - 4,75 (m, 2 H).

LCMS m/z = 283,1 [MH]"

Vi du diéu ché 27

3-(Xyanometylen)xyclobutan-1-carbonitril
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Dung dich chita 3-oxoxyclobutan-1-carbonitril* (CAS: 20249-16-5, 14,5 g, 152
mmol) trong THF (250 mL) dugc bd sung vao hdn hop (EtO)P(O)CH2CN (31,1 g, 175
mmol), LiBr (19,9 g, 229 mmol) va TEA (30,9 g, 305 mmol) trong THF (300 mL) &
khoang 25°C. Sau khoang 16 gio, hdn hop nay dugc loc va dich loc dugce cb dac. Phan
con lai dugc tinh ché bang phuong phap sic ky dé tao ra hop chét néu & d& muc dudi
dang diu mau vang nhat (16,01 g, 89%).

*Xem tai liéu Synthetic Communications 2005, 35, 657 — 662,
1H NMR (400 MHz, CD3CN) &: 5,38 (s, 1 H), 3,30 - 3,43 (m, 2 H), 3,16 - 3,30 (m, 3
H).
LCMS m/z = 119,1 [MH]+
Vidul
(1s,3s)-3-(xyanometyl)-3-(4-(6-(5-(hydroxymetyl)isoxazol-3-yl)pyrazolo[ 1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril
(chét ddng phan cis)

N
\ - N

N—-N
(.
" N
N\
NlN\%A\ﬁ/ﬁf—\
N-o OH

DBU (89,0 mg, 0,58 mmol) duoc bd sung vao dung dich chua (3-(4-(1H-pyrazol-
4-yl)pyrazolo[ 1,5-a]pyrazin-6-yl)isoxazol-5-yl)metanol (Vi dy diéu ché 26; 55,0 mg,
0,19 mmol) va 3-(xyanometylen)xyclobutan-1-carbonitril (Vi du didu ché 27; 23,0 mg,
0,19 mmol) trong MeCN (4 mL). Phan tng dugc suc bing nito va khudy & khoang 20°C
trong khoang 20 gi®. Hon hop ndy duoc phan doan gitta EtOAc (5 mL) va dung dich
nude NaH,PO4 1M (5 mL). EtOAc dugc tach, 1am kho (Na2SOs), va ¢b dic Phan con
lai dugc tinh ché bang phwong phép sic ky dé tao ra hop chét néu & dé muc (5 mg, 6%).
1H NMR (400 MHz, DMSO0-d6) &: 9,26 (m, 1 H), 8,92 (m, 1 H), 8,54 (m, 1 H), 8,40
(m, 1 H), 7,52 (m, 1 H), 7,14 (m, 1 H), 5,55 (br s, 1 H), 4,70 (s, 2 H), 3,60 (m, 3 H), 3,42
- 3,45 (m, 2 H), 2,78 - 2,83 (m, 2 H).

LCMS m/z =401,4 [MH]+
Vi dy diéu ché 28
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tert-Butyl 3-(xyanometyl)-3-(4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazol-1-yl)azetidin-1-carboxylat

B& sung este pinacol cua axit 4-pyrazoleboronic (7,71 g, 39,7 mmol) vaDBU (2,75
g, 18,0 mmol) ¢ khoang 25°C vao dung dich chira tert-butyl 3-(xyanometylen)azetidin-
1-carboxylat (CAS 1153949-11-1, 7,00 g, 36,1 mmol) trong MeCN (100 mL). Sau
khoang 18 gid, hdn hop ndy duoc co dic va phan con lai dugc tinh ché bang phuong
phap sic ky cot dé tao ra hop chit néu & d& muc dudi dang chét ran mau tring (11 g,
78%).
1H NMR (400 MHz, CDCls) &: 7,92 (s, 1 H), 7,86 (s, 1 H), 4,40 (m, 2 H), 4,21 (m, 2
H), 3,52 (s, 2 H), 1,44 (s, 9 H), 1,32 (s, 12 H).
LC-MS m/z = 333,0 [MH-C4H8] +
Vi du diéu ché 29

tert-Butyl 3-(4-(6-clopyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3-

(xyanometyl)azetidin-1-carboxylat

B6 sung vao dung dich chua tert-butyl 3-(xyanometyl)-3-(4-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl)azetidin-1-carboxylat (Vi du didu ché 28,
362 mg, 0,93 mmol) va 4,6-diclopyrazolo[1,5-a]pyrazin (Vi du didu ché 4; 167 mg, 0,89
mmol) trong 1,4-dioxan (5 mL), dung dich nudc K3PO4 2M (1,40 mL) & khoang 25°C.
Hon hgp nay dugc suc bing agon trong khoang 2 phut va bis(tri-t-
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butylphosphin)paladi(0) (94,3 mg, 0,184 mmol) dugc bd sung vao. Hon hop nay dugce
khudy & khoang 20°C trong khodng 2 gio. Hon hop nay duogc pha lodng biang DCM,
tach, va pha nuée dugc chiét hai 1dn bing DCM. Cac phan chiét DCM két hop duoc 1am
kho (NaxSO4) va cd dac. Phén con lai dugc tinh ché bing phuong phép sic ky dé fao ra
hop chit néu & d& muc duéi dang chét rin mau tring (295 mg, 75%).
1H NMR (400 MHz, CDCl3) 8: 8,42 (s, 1 H), 8,41 (s, 1 H), 8,31 (s, 1 H), 8,10 (d, 1 H),
7,02 (d, 1 H), 4,54 (d, 2 H), 4,31 (d, 3 H), 3,33 (s, 2 H), 1,49 (s, 9 H).
LCMS m/z = 358,1 [MH-C4H8]+
Vi du diéu ché 30

2-(3-(4-(6-clopyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-1-

(xyclopropylmetyl)azetidin-3-yl)axetonitril

Phén 1

Bb sung TFA (7 mL) & khoang 25°C vao dung dich chira tert-butyl 3-(4-(6-
clopyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3-(xyanometyl)azetidin-1-
carboxylat (Vi du diéu ché 29, 0,56 g, 1,35 mmol) trong DCM (13,5 mL). Sau khoang
4 gi®y, hdn hop nay duge cd dic dén kho dé tao ra 2-(3-(4-(6-clopyrazolo[1,5-a]pyrazin-
4-yl)-1H-pyrazol-1-yl)azetidin-3-yl)axetonitril dudi dang chit rin mau vang (578 mg,
khoang 100%) ma dugc sit dung khong can tinh ché thém.

Phan 2

B6 sung TEA (548 mg, 5,41 mmol) & khoang 25°C vao dung dich chira 2-(3-(4-
(6-clopyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)azetidin-3-yl)axetonitril (phan 1,
1,35 mmol) va bromometylxyclopropan (365 mg, 2,71 mmol) trong DMF (13,5 mL).
Hdn hop nay duge gia nhiét & khoang 50°C trong khoang 14 gi¢. Dung dich da lam mat
duogc pha lodng bing nudc (20 mL) va chiét bang EtOAc (3 x 20 mL). Céc phan chiét
EtOAc két hop duoc rita bing nude mudi (30 mL), lam kho (Na;SO4) va ¢ dic. Phéan
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con lai dugce tinh ché bang phuong phap sic ky dé tao ra hop chét néu & d& muc dudi
dang chét rin mau vang (314 mg, 63%).
1H NMR (400 MHz, CDCl;) §: 8,39 (s, 1 H), 8,37 (s, 1 H), 8,27 (s, 1 H), 8,08 (d, 1 H),
7,02 (d, 1 H), 3,78 - 3,84 (m, 2 H), 3,59 (d, 2 H), 3,42 (s, 2 H), 2,45 (d, 2 H), 0,77 -
0,87 (m, 1 H), 0,48 - 0,55 (m, 2 H), 0,14 (q, 2 H).
LCMS m/z = 367,9 [MH]+ (d6ng vi 3*CI)
Vi dy diéu ché 31

Etyl 3-(tributylstannyl)-1H-pyrazol-5-carboxylat

o
0]

/an \N,NH

Etynyltributylstannan (50 g, 158 mmol) duoc bd sung vao dung dich chua
etyldiazoaxetat (19,9 g, 175 mmol) trong toluen (500 mL) & khoang 25°C. Dung dich
nay dugc gia nhiét trong khoang 16 gio ¢ khoang 100°C, sau d6 dugc cb dic dé tao ra
san phdm tho dudi dang dau mau vang (110 g). Dau nay dugc két hop véi san phim tho
tlr phan Gmg twong duong dugc thyc hién véi etynyltributylstannan (22 g, 70 mmol) va
etyldiazoaxetat (8,76 g, 77 mmol), va cac phén con lai da két hop duoc tinh ché bang
phuong phap sdc ky cot trén nhdm oxit d8 tao ra hop chét néu & d2 muc du6i dang dau
mau vang (42 g, 61%).

IH NMR (400 MHz, CDCl5) &: 10,28 (br, s., 1 H), 6,84 - 6,99 (m, 1 H), 4,41 (q, 2 H),
1,47 - 1,67 (m, 6 H), 1,41 (t, 3 H), 1,28 - 1,39 (m, 6 H), 1,04 - 1,24 (m, 6 H), 0,90 (t, 9

H).
LCMS m/z 431,2 [MH]" (d¢6ng vi 12°Sn).
Vi dy diéu ché 32
(3-(Tributylstannyl)-1H-pyrazol-5-yl)metanol
HO
\/\\ :N_ _NH
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Etyl 3-(tributylstannyl)-1H-pyrazol-5-carboxylat (Vi du diéu ché 31, 6000 mg,
13,98 mmol) trong THF (200 mL) duoc bd sung vao huyén phi c6 khudy chua lithi
nhdm hydrua (3108 mg, 83,9 mmol) trong THF (200 mL) ¢ khoang -10°C. Sau khoang
4 gi®, hdn hop nay duge ngimg phan tng bang Na;SO;4 decahydrat & khoang -10°C dén
khi hét sui bot. Hon hop nay duge loc va banh loc duge rira b%mg THF (500 mL) va
DCM (5 x 500 mL). Céc dich loc két hop duge co dic dé tao ra hop chét néu & d& muc
duéi dang chét rin mau tring (4460 mg, 82%).
1H NMR (400 MHz, CDCls) 8: 10,35 (br, s., 1 H), 6,28 - 6,43 (m, 1 H), 4,75 (s, 2 H),
1,49 - 1,60 (m, 6 H), 1,29 - 1,39 (m, 6 H), 1,08 - 1,15 (m, 6 H), 0,87 - 0,93 (m, 9 H).
LCMS m/z = 388,9 [MH]+ (ddng vi 2°Sn)

Vidu?2
2-(1-(xyclopropylmetyl)-3-(4-(6-(5-(hydroxymetyl)-1H-pyrazol-3-yl)pyrazolo[ 1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)azetidin-3-yl)axetonitril

A

N

N—NSL

/ =

Z

\\ ~N
NN /N‘NH
OH

B6 sung XPhos Pd G2 (43,6 mg, 0,055 mmol) trong 1,4-dioxan (5,5 mL) vao dung
dich chira 2-(3-(4-(6-clopyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-1-
(xyclopropylmetyl)azetidin-3-yl)axetonitril (Vi du didu ché 30, 204 mg, 0,55 mmol) va
3-(tributylstannyl)-1H-pyrazol-5-yl)metanol (Vi du didu ché 32, 215 mg, 0,55 mmol).
Hon hop nay duoc gia nhiét & khoang 110°C trong khoang 4 gio. Hon hop nay dugc 1am
bay hoi dén kho va phan con lai dugc két hop v6i phan con lai tir phan Gng trong duong
su dung 2-(3-(4-(6-clopyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-1-
(xyclopropylmetyl)azetidin-3-yl)axetonitril (Vi du diéu ché 30, 110 mg, 0,27 mmol) va
3-(tributylstannyl)-1H-pyrazol-5-yl)metanol (Vi du didu ché 32, 105 mg, 0,27 mmol).
Cac phén con lai da két hop dugce tinh ché bang HPLC dé tao ra hop chét néu & dé muc
(112 mg, 31%)).

-57-



32379

1H NMR (400 MHz, CDCL3) &: 8,66 (s, 1 H), 8,64 - 8,69 (m, 1 H), 8,38 (s, 1 H), 8,23
(s, 1 H), 8,06 (d, 1 H), 6,94 (d, 1 H), 6,67 (s, 1 H), 4,80 (s, 2 H), 3,80 (d, 2 H), 3,62 (d,
2 H), 3,41 (s, 2 H), 2,44 (d, 2 H), 0,76 - 0,86 (m, 1 H), 0,46 - 0,53 (m, 2 H), 0,10 - 0,16
(m, 2 H).

LCMS m/z 430,1 [MH]+

Vi du diéu ché 33

2-(3-(4-(6-Clopyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)azetidin-3-yl)axetonitril

Bb sung TFA (6 mL) & khoang 0°C vao dung dich chwa tert-butyl 3-(4-(6-
clopyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3-(xyanometyl)azetidin-1-
carboxylat (Vi du didu ché 29, 485 mg, 1,17 mmol) trong DCM (20 mL). Hon hgp nay
dugc khudy & khoang 25°C trong khoang 4 gid. Dung dich nay dugc c6 déc. Phén con
lai duoc didu chinh dén khoang pH =9 bang NH4OH dic (khoang 0,5 mL) va phin doén
gitta nuée (10 mL) va DCM (30 mL). Dung dich nuéc nay dugc chiét bing DCM (3 x
30 mL). Céc phan chiét DCM két hop dugc 1am kho (Na2SO4) va ¢b ddc d€ tao ra hop
chit néu & d& muc dudi dang chit rin mau vang (300 mg, 81%).

'H NMR (400 MHz, CDs;0D) &: 8,91 (s, 1 H), 8,72 (s, 1 H), 8,53 (s, 1 H), 8,20 (d, 1 H),

7,40 (d, 1 H), 4,90 (d, 2 H), 4,66 (d, 2 H), 3,72 (s, 2 H).

LCMS m/z 313,9 [MH]* (ddng vi 3°Cl)

Vi du didu ché 34
2-(3-(4-(6-Clopyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-1-etylazetidin-3-

yl)axetonitril
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Natri axetat (314 mg, 3,82 mmol) va axetaldehyt (842 mg, 19,1 mmol) dugc bd
sung vao dung dich chira 2-(3-(4-(6-chloropyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-
yl)azetidin-3-yl)axetonitril (Vi du diéu ché 33, 120 mg, 0,38 mmol) trong MeOH (6 mL)
va hdn hop nay dugc khudy trong khoang 4 gid. Sau d6, NaBH(OAc); (243 mg, 1,15
mmol) dugc bd sung vao va hdn hop nay dugc khudy trong thém khoang 16 gi &
khoang 25°C. Hdn hop nay dugc cd dic va phén con lai duge tinh ché bang phuong
phap séic ky dé tao ra hop chit néu & d& muc dué6i dang chit rin mau vang (115 mg,
88%).

IH NMR (400 MHz, CDCl3) &: 8,41 (s, 1 H), 8,39 (s, 1 H), 8,29 (s, 1 H), 8,10 (d, 1 H),
7,04 (d, 1 H), 3,79 (d, 2 H), 3,59 (d, 2 H), 3,43 (s, 2 H), 2,65 (q, 2 H), 1,06 (t, 3 H).
LCMS m/z = 342,1 [MH]+ (ddng vi **Cl)
Vidu3
2-(1-etyl-3-(4-(6-(5-(hydroxymetyl)-1H-pyrazol-3-yl)pyrazolo[ 1,5-a] pyrazin-4-yl)-
1H-pyrazol-1-yl)azetidin-3-yl)axetonitril

N-NH OH
B6 sung 3-(tributylstannyl)-1H-pyrazol-5-yl)metanol (Vi du didu ché 32, 136 mg,
0,35 mmol) va XPhos Pd G2 (23,0 mg, 0,029 mmol) vao dung dich chira 2-(3-(4-(6-
clopyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-1-etylazetidin-3 -yl)axetonitril (Vi du
diéu ché 34, 100 mg, 0,29 mmol) trong 1,4-dioxan (5 mL). Hon hop nay duoc gia nhiét

& khoang 110°C trong khodng 16 gio. Hon hop nay dugc cd dic va phén con lai dugce
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tinh ché bang phuong phap sic ky. San phdm dugc tinh ché tiép bang HPLC dé tao ra
hop chit néu & d& muc dudi dang chét rin mau vang (59 mg, 46%).

1H NMR (400 MHz, DMSO-d6) 8: 13,21 (s, 0,5 H), 12,93 (s, 0,5 H), 9,23 (s, 0,5 H),
9,07 (s, 1 H), 8,6 - 8,89 (m, 1 H), 8,69 (s, 0,5 H), 8,47 (s, 0,5 H), 8,26 (s, 1 H), 7,47 -
7,53 (m, 1 H), 6, 9-6,94 (m, 1 H), 5,35 (s, 0,5 H), 5,35 (s, 0,5 H), 4,50 - 4,57 (m, 2 H),
3,68 - 3,71 (m, 2 H), 3,57 - 3,54 (m, 4 H), 3,17 - 3,16 (m, 0,5 H), 2,57 - 2,54 (m, 2 H),
0,96 - 0,93 (m, 3 H). Phé nay phi hop véi su ¢6 mit ciia cac chit ddng phan hd bién
phén biét dugec.

LCMS m/z = 404,3 [MH]+

Vi dy diéu ché 35

2-xyclobutylidenaxetonitril

O

Hbn hop (EtO):P(O)CH.CN (4,48 g, 25,2 mmol), LiBr (1,96 g, 22,6 mmol) va
TEA (2,28 g, 22,6 mmol) trong THF khan (40 mL) dugc khudy & khoang 25°C trong
khoang 2 gid. B6 sung vao hon hop nay dung dich chira xyclobutanon (1,58 g, 22,6
mmol) trong THF (5 mL) & khoang 25°C. Sau khoang 16 gi0, hdn hop nay duge co dic
va phan con lai dugc tinh ché bang phuong phap sc ky dé tao ra hop chét néu & dé muc
dudi dang ddu khong mau (1,2 g, 57%).
1H NMR (400 MHz, CDCls) 8: 5,11 (quin), 2,93 - 3,05 (m), 2,82 - 2,92 (m), 2,04 - 2,17
(m).
Vi du diéu ché 36

2-(1-(4-(4,4,5,5-Tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-
yl)xyclobutyl)axetonitril

=N
o. /(,N
5{? ) £
(o)
N
N

B6 sung DBU (981 mg, 6,44 mmol) vao hdn hop 2-xyclobutylidenaxetonitril (Vi
du diéu ché 35, 200 mg, 2,15 mmol) va este pinacol clia axit 4-pyrazolboronic (458 mg,
2,36 mmol) trong MeCN (15 mL). Phan Umg dugc khudy & khoang 25°C trong khoang
16 gid va sau d6 gia nhiét dén khoang 50°C trong khoang 24 gio. Hon hop nay dugc co
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dic va phan con lai dugc tinh ché bang phuong phap séc ky dé tao ra hop chit néu ¢ dé

muc duéi dang ddu khéng mau (150 mg, 24%).

1H NMR (400 MHz, CDCl3) : m 7,89 (s, 1 H), 7,86 (s, 1 H), 3,09 (s, 2 H), 2,68 - 2,80

(m, 2 H), 2,45 - 2,55 (m, 2 H), 2,01 - 2,10 (m, 2 H), 1,33 (s, 12 H).

LCMS m/z =287,9 [MH]+

Vidu4
2-(1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-

yl)xyclobutyl)axetonitril

B sung vao hdn hop 2-(1-(4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazol-1-yl)xyclobutyl)axetonitril (Vi du didu ché 36, 129 mg, 0,45 mmol) va 4-clo-6-
(1-metyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin (Vi du didu ché 11, 100 mg, 0,43
mmol) trong 1,4-dioxan (4,3 mL), dung dich nu¢c K3PO4 2M (0,85 mL) va PdCla(dppf)
(15,7 mg, 0,021 mmol). Hon hgp ndy duoc suc bing nito trong khoang 1 phut va khudy
& khoang 80°C trong khoang 16 gio. Hon hop phén tng dugc két hop v6i phan tmg
twong duong dugc thuc hién br:ing cach st dung 2-(1-(4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol-1-yl)xyclobutyl)axetonitril (Vi du didu ché 36, 20 mg,
0,07 mmol) va 4-clo-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin (Vi du didu
ché 11, 19, mg, 0,083 mmol), dung dich nuéc K;PO4 2M (0,14 mL) va PdCl(dppf) (2,5
mg, 0,0035 mmol) trong 1,4-dioxan (2 mL). Cac hdn hop phéan ung da két hop duge co
dac va phan con lai dugc tinh ché bing phuong phéap sdc ky. Hop chit nay duoc tinh
ché tiép bing HPLC dé tao ra hop chit néu & d& muc dudi dang chét rin mau tring (22
mg, 12%).
1H NMR (400 MHz, CD;0D) : 8,68 (s, 1 H), 8,63 (s, 1 H), 8,39 (s, 1 H), 8,22 (s, 1 H),
8,07 (d, 1 H), 8,06 (s, 1 H), 7,21 (d, 1 H), 3,97 (s, 3 H), 3,94 - 3,99 (m, 1 H), 3,37 (s, 2
H), 3,35 - 3,39 (m, 1 H), 2,84 - 2,95 (m, 2 H), 2,54 (ddd, 2 H), 2,05 - 2,21 (m, 2 H).
LCMS m/z = 358,9 [MH]+
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Vi dy diéu ché 37
2-((1r,3s)-1-(4-bromo- 1H-pyrazol-1-yl)-3-metoxyxyclobutyl)axetonitril
(chét ddng phan trans)

\ N=
0O,
&

va
2-((1s,3r)-1-(4-bromo-1H-pyrazol-1-yl)-3-metoxyxyclobutyl)axetonitril
(chat ddng phén cis).

N
o Oy
O N
Z Br

/
N/

DBU (4,25 mL, 28,4 mmol) dugc bd sung vao dung dich chtra 2-(3-
metoxyxyclobutyliden)axetonitril (Vi du diéu ché 90, 3,50 g, 28,4 mmol) va 4-
bromopyrazol (4,18 g, 28,4 mmol) trong MeCN (80 mL) & khoang 25°C. Sau khoang
18 gid, hdn hop nay dugc rét vao NaHPO4 (17,04 g, 142 mmol) trong nudce va cac pha
duoc tach. Lép nude duge chiét hai 14n bing EtOAc va cac phan chiét EtOAc két hop
duoc ¢b dic. 4-Bromopyrazol du duoc loai bo bing phuong phép sic ky giai hép bing
DCM:THF (100:0 dén 95:5). Nguyén liéu nay dugc tinh ché tiép bang phuong phap sic
ky giai hip bing eter:heptan dé tao ra 2-((1r,3s)-1-(4-bromo-1H-pyrazol-1-yl)-3-
metoxyxyclobutyl)axetonitril duéi dang chit rin mau tring (chét d6ng phan trans, 2,19
g, 28%).
1H NMR (400 MHz, CDCls) 8: 7,62 (s, 1 H), 7,55 (s, 1 H), 3,99 (it, 1 H), 3,30 (s, 3 H),
3,12 (s, 2 H), 2,96 - 3,04 (m, 2 H), 2,44 - 2,51 (m, 2 H).

LCMS m/z = 270,0 [MH]+ (ddng vi 7°Br)

va 2-((1s,3r)-1-(4-bromo-1H-pyrazol-1-yl)-3-metoxyxyclobutyl)axetonitril du¢i dang
dau khong mau (chit dong phan cis, 5,00 g, 65%).

1H NMR (400 MHz, CDCls) &: 7,60 (s, 1 H), 7,53 (s, 1 H), 4,00 (quin, 1 H), 3,29 (s, 3
H), 2,99 (s, 2 H), 2,85 - 2,96 (m, 2 H), 2,56 - 2,67 (m, 2 H).

LCMS m/z = 270,0 [MH]+ (ddng vi 7Br)

Vi dy diéu ché 38 |
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2-((1r,3s)-3-Metoxy-1-(4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-
yl)xyclobutyl)axetonitril

N
N N=
0“'<>"N\1 9
e v
Y °

Hdn hop 2-((1r,3s)-1-(4-bromo-1H-pyrazol-1-yl)-3-metoxyxyclobutyl)axetonitril
(Vi du diéu ché 37, chét ddng phén trans, 3399 mg, 12,58 mmol), bis(pinacolato)diboron
(3510 mg, 13,8 mmol) va kali axetat (3700 mg, 37,7 mmol) trong 1,4-dioxan (33 mL)
dugc suc bang agon trong khoang 5 phit, tiép theo bd sung XPhos Pd G2 (1980 mg,
2,52 mmol) & khoang 25°C. Hon hgp nay dugc gia nhiét & khoang 65°C trong khoang 4
giod. Hon hop nay dugc cd dac va phan con lai dugc tinh ché bang phuong phép sic ky
dé tao ra chét ran. B6 sung vao chét rdn nay EtOAc (10 mL) va heptan (40 mL) va hdn
hop nay dugc khudy & khoang 25°C trong khoang 30 phut. Chét rdn nay loc va lam kho
trong chan khong dé tao ra hop chét néu & d& muc du6i dang chit rdn mau tring (1,95
g, 49%).
1H NMR (500 MHz, CDCl3) 8: 7,91 (s, 1 H), 7,87 (s, 1 H), 3,98 (tt, 1 H), 3,28 (s, 3
H), 3,17 (s, 2 H), 2,98 - 3,07 (m, 2 H), 2,45 - 2,53 (m, 2 H), 1,31 (s, 12 H).
LCMS m/z = 318,0 [MH]+
Vi du diéu ché 39

2-((1r,3s)-1-(4-(6-clopyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3-

metoxyxyclobutyl)axetonitril

Dung dich chira 2-((1r,3s)-3-metoxy-1-(4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-
2-yl)-1H-pyrazol-1-yl)xyclobutyl)axetonitril (Vi du diéu ché 38, 1950 mg, 6,15 mmol),
4,6-diclopyrazolo[1,5-a]pyrazin (Vi du diéu ché 4, 1160 mg, 6,15 mmol) va dung dich
nude KsPOs 2M (9,22 mL) trong 1,4-dioxan (25 mL) dugc suc bang agon trong khoang
5 phut tiép theo 1a bd sung bis(tri-t-butylphosphin)paladi(0) (157 mg, 0,31 mmol) &
khoang 25°C. Sau khoang 2 gi0, hdn hop nay dugc pha lodng bang EtOAc, céc pha dugc
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tach va pha nuéce duoc chiét hai 14n bing DCM. Céc phan chiét EtOAc va DCM két hop
duoc 1am khd (Na;SO4) va ¢d diac dé tao ra chit rin ma dugc két tinh lai tir hon hop
DCM va heptan 4m (khoang 40°C) dé tao ra hop chét néu & d& muc dudi dang chét rén
mau tring nho (1,12 g, 53%). Dich loc dugc cd dic va tinh ché biang phuong phép sic
ky dé tao ra thém hop chét néu & dé& muc (1,01 g, 47%).
'H NMR (500 MHz, CDCl3) 6: m 8,39 (d, 1 H), 8,38 (s, 1 H), 8,28 (s, 1 H), 8,09 (d, 1
H), 7,03 (dd, 1 H), 4,04 - 4,10 (m, 1 H), 3,33 (s, 3 H), 3,25 (s, 2 H), 3,09 - 3,17 (m, 2
H), 2,53 - 2,61 (m, 2 H).
LCMS m/z = 343,1 [MH]" (ddng vi >Cl)
Vi du didu ché 40

3,5-dibromo-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol

B6 sung vao dung dich chtta 3,5-dibromopyrazol* (CAS: 67460-86-0, 18,0 g, 79,7
mmol) va DHP (30 mL), CF3COOH (73 mg, 0,64 mmol). Hon hop nay duge gia nhiét
& khoang 95°C trong khoang 12 gi¢. Phan img dugc ngung bing NaOH (96 mg, 2,4
mmol) va sau dé cd dic. Phan con lai duge tinh ché bang phuong phép sic ky dé tao ra
hop chét néu & d& muc (11,5 g, 46%).

*Xem: Justus Liebigs Annalen der Chemie 1959, 625, 55 — 65,
1H NMR (400 MHz, CDCls) §: 6,35 (s, 1 H), 5,42 (d, 1 H), 4,05 (m, 1 H), 3,65 (m, 1
H), 2,38 - 2,48 (m, 1 H), 2,11 (m, 1 H), 1,90 (m, 1 H), 1,62 - 1,77 (m, 3 H).
LCMS m/z = 226,7 [MH-THP] + (d6ng vi "*Br, *'Br)
Vi du diéu ché 41
Axit 3-bromo-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-carboxylic
Br

MOH
N
)
(0
n-BuLi (2,5 M, 15,8 mL, 39,5 mmol) duoc bd sung timg giot vao dung dich chira

3,5-dibromo-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol (Vi du didu ché 40, 9,4 g, 30,0

-64-



32379

mmol) trong THF (87 mL) & khoang -78 °C. Hon hop ndy duge gitt & khoang -78 °C
trong khoang 2 gi¢, dung dich chira CO2 (didu ché bang cach suc bong béng CO; vao
THF khan (100 mL) trong 20 phut & khoang -70°C va khudy & nhiét d6 d6 trong khoéng
1,5 gid) dugce bd sung vao timg giot trong khi duy tri nhiét d§ phan ung bén trong dudi
murc khoang -65°C. Sau d6, hdn hgp ndy duge khudy & khoang -70°C trong khoang 1
gio. Hdn hop nay dugc diéu chinh dén khoang pH = 4 bang dung dich nuéc HCI 1M &
khoang 0°C va chiét bing EtOAc (3 x 100 mL). Céc phan chiét EtOAc két hop dugc rita
bang nudc mudi (2 x 50 mL), 1am khd (Na2SO4) va ¢ dic. Phén con lai dugc tinh ché
bang phuong phap sic ky dé tao ra hop chitnéu & & muc dudi dang chét rin mau vang
(5,0 g, 60%).
1H NMR (400 MHz, DMSO-d6) &: 6,99 (s, 1 H), 6,17 (dd, 1 H), 3,90 (d, 1 H), 3,49 -
3,66 (m, 2 H), 2,12 - 2,28 (m, 1 H), 1,91 - 2,04 (m, 1 H), 1,83 - 1,92 (m, 1 H), 1,58 -
1,70 (m, 1 H), 1,45 - 1,57 (m, 2 H).
Vi du didu ché 42

tert-Butyl (3-bromo-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)carbamat

: )i

NN
O
Diphenylphosphoryl azit (10 g, 36,4 mmol) duoc bd sung vao dung dich chira axit
3-bromo- 1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-carboxylic (Vi du didu ché 41, 5
g, 18,17 mmol) va DIPEA (6,4 mL, 37,0 mmol) trong t-butanol (60,6 mL). Hon hop nay
duoc gia nhiét & khoang 45 °C trong khoang 30 pht, va sau d6 gia nhiét trong diéu kién
hdi luu trong khoang 5 gio. Hon hop nay dugc pha loang bang EtOAc (300 mL) va ria
bang dung dich nuéc NaHCO3 béo hoa (3 x 100 mL), nude mudi (2 x 100 mL), lam khd
(Na2S0O4) va co dic. Phén con lai dugce tinh ché bang phwong phap sic ky dé tao ra hop
chét néu & dé muc dudi dang dau mau vang nhat (3,36 g, 53%).
1H NMR (400 MHz, DMSO-d6) §&: 9,64 (br, s., 1 H), 6,26 (s, 1 H), 5,44 (dd, 1 H), 3,84
(d, 1 H), 3,55 - 3,70 (m, 1 H), 2,08 - 2,20 (m, 1 H), 1,91 - 2,00 (m, 1 H), 1,75 (dd, 1 H),
1,54 - 1,64 (m, 1 H), 1,48 - 1,53 (m, 2 H), 1,46 (s, 9 H).
LCMS m/z = 367,9 [MNa]+ (ddng vi "°Br)
Vi du diéu ché 43
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3-Bromo-1-(tetrahydro-2H-pyran-2-yl)-5-(diBoc)-amino-1H-pyrazol

K
T3
o
-
DMAP (27 mg, 0,22 mmol) duoc bd sung vao dung dich chita tert-butyl (3-bromo-
1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-5-yl)carbamat (Vi du diu ché 42, 390 mg,
1,13 mmol), di-tert-butyl dicarbonat (492 mg, 2,25 mmol) va TEA (0,47 mL, 3,38
mmol) trong DCM (4 mL) & khoang 20°C. Sau khoang 18 gi0, hdn hop nay duge cd dic
va phan con lai dugc tinh ché bing phuong phap sic ky dé tao ra hop chit néu & d& muc
(450 mg, 89%)
IH NMR (400 MHz, CDCls) &: 6,42 (s, 1 H), 5,15 (m, 1 H), 4,02 (m, 1 H), 3,60 (m, 1
H), 2,40 (m, 1 H), 2,15 (m, 1 H), 1,88 (m, 1 H), 1,58 - 1,76 (m, 3 H), 1,48 (s, 18 H).
LCMS m/z = 467,9 [MNa]+ (ddng vi ”Br)
Vi dy didu ché 44
2-((1r,3s)-1-(4-(6-(5-(DiBoc)-amino-1-(tetrahydro-2H-pyran-2-yl)-pyrazol-3-
yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3-metoxyxyclobutyl)axetonitril

Hdn hop KOAc (110 mg, 1,06 mmol), bis(pinacolato)diboron (164 mg, 0,64
mmol), 3-bromo-1-(tetrahydro-2H-pyran-2-yl)-5-(diBoc)-amino-1H-pyrazol (Vi du
didu ché 43, 191 mg, 0,43 mmol) va XPhos Pd G2 (55 mg, 0,07 mmol) trong 1,4-dioxan
(3,5 mL) dugc gia nhiét dén khoang 65°C trong khoang 3,5 gio. Hdn hop nay dugc 1am
mat dén khoang 25°C va 2-((1r,3s)-1-(4-(6-clopyrazolo[1,5-a]pyrazin-4-yl)-1H-
pyrazol-1-yl)-3-metoxy-xyclobutyl)axetonitril (Vi du diéu ché 39, 68 mg, 0,20 mmol)
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dugc bd sung vao va hdn hop nay duge suc bang nito trude khi bd sung dung dich nuéc
K3PO4 2M (0,53 mL, 1,06 mmol) va XPhos Pd G2 (55 mg, 0,07 mmol). Hon hop nay
duoc gia nhiét & khoang 80°C trong khoang 3 gio. Phan ing dugc nging bang nudc
mudi va chiét bang EtOAc. Phan chiét EtOAc duge ¢d dic va phan con lai dugc tinh
ché bang phuong phap sic ky dé tao ra hop chét néu & d& muc dué6i dang chét rin mau
vang (91 mg, 32%).
1H NMR (400 MHz, CDCIs) &: 9,08 (s, 1 H), 8,39 (s, 1 H), 8,33 (s, 1 H), 8,09 (d, 1 H),
6,97 (d, 1 H), 6,90 (s, 1 H), 5,26 (dd, 1 H), 4,02 - 4,11 (m, 2 H), 3,64 (t, 1 H), 3,34 (s, 3
H), 3,25 (s, 2 H), 3,12 - 3,20 (m, 2 H), 2,55 - 2,62 (m, 2 H), 2,17 - 2,25 (m, 1 H), 1,93
(dd, 1 H), 1,58 - 1,82 (m, 4 H), 1,45 (s, 18 H).
LCMS m/z = 674,5 [MH]+
Vi du diéu ché 45

2-((1r,3s)-1-(4-(6-(5-Amino- 1H-pyrazol-3-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)- 1 H-

pyrazol-1-yl)-3-metoxyxyclobutyl)axetonitril

TFA (2 mL) dugc bd sung vao 2-((1r,3s)-1-(4-(6-(5-(diBoc)-amino- 1-(tetrahydro-
2H-pyran-2-yl)-pyrazol-3-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3-
metoxyxyclobutyl)-axetonitril (Vi du diéu ché 44, 91 mg, 0,13 mmol) trong DCM khan
(1 mL) & khoang 20°C. Sau khoang 1 gio, hdn hop nay dugc cd dic. DCM duoc b sung
vao, tiép theo 1a dung dich nuéc NaHCOs bdo hoa dén khi d6 pH cuia dung dich tr& nén
kiém. Cac pha dugc tach va pha nuge duge chiét hai 14n bang DCM. Céc phan chiét
DCM két hop duge lam khd (NazSO4), ¢d ddc, va phin con lai dugc tinh ché bang
phuong phap sic ky dé tao ra hop chét néu & @& muc (50 mg, 95%).

IH NMR (400 MHz, CDCls) 8: 8,53 (s, 1 H), 8,40 (s, 1 H), 8,25 (s, 1 H), 8,06 (s, 1 H),
6,96 (br, s., 1 H), 6,01 (br, s., 1 H), 4,33 (br, s., 1 H), 4,05 (m, 1 H), 3,31 (s, 3 H), 3,25
(s, 2 H), 3,11 (dd, 2 H), 2,55 (dd, 2 H).
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LCMS m/z = 390,3 [MH]"
Vidu5
N-(3-(4-(1-((1r,3s)-1-(xyanometyl)-3-metoxyxyclobutyl)- IH-pyrazol-4-
yl)pyrazolo[1,5-a]pyrazin-6-yl)-1H-pyrazol-5-yl)axetamit

2-((1r,3s)-1-(4-(6-(5-Amino-1H-pyrazol-3-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-
pyrazol-1-yl)-3-metoxy-xyclobutyl)axetonitril (Vi du didu ché 45, 39 mg, 0,1 mmol)
dwoc dua vao 6ng phan tmg, dng niy sau d6 duge thao va nap lai ba 14n bang nito. BS
sung DCM khan (1 mL) vao 6ng. Ong nay dwgc lam mat dén khoang 0°C truée khi bd
sung N-metylmorpholin (11 mg, 0,11 mmol) va axetyl clorua (8,6 mg, 0,11 mmol). Hon
hop nay dugc dé cho 4m dén khoang 25°C trong khoang 18 gio. Hon hop nay duge cd
dac va phan con lai dugc hoa tan trong MeOH (2 mL). K>CO;3 (30 mg, 0,22 mmol) dugc
bd sung vao & khoang 0°C. Sau khoang 3 gio, hdn hop nay duoc loc qua Celite®. Dich
loc duge cd dic va phéan con lai dugc tinh ché bang phuong phap sic ky dé tao ra hop
chét néu & dé& muc (30 mg, 63%).
1H NMR (400 MHz, CDs0D) &: 8,80 (s, 1 H), 8,75 (s, 1 H), 8,40 (s, 1 H), 8,09 (d, 1 H),
7,23 (d, 1 H), 6,88 (s, 1 H), 4,02 - 4,12 (m, 1 H), 3,81 (s, 3 H), 3,34 (s, 2 H), 3,15 - 3,24
(m, 2 H), 2,48 - 2,59 (m, 2 H), 2,21 (s, 3 H).
LCMS m/z =432,2 [MH]+
Vi du diéu ché 46
Etyl 5-(4-(1-((1r,3s)-1-(xyanometyl)-3-metoxyxyclobutyl)-1H-pyrazol-4-
yl)pyrazolo[1,5-a]pyrazin-6-yl)-1H-pyrazol-3-carboxylat
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Dung dich chira 2-((1r,3s)-1-(4-(6-clopyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-
yl)-3-metoxyxyclobutyl)axetonitril (Vi du didu ché 39, 200 mg, 0,58 mmol) va etyl 3-
(tributylstannyl)-1H-pyrazol-5-carboxylat (Vi du didu ché 31, 300 mg, 0,70 mmol) trong
1,4-dioxan (5,8 mL) dugc suc bang nito va XPhos Pd G2 (45,9 mg, 0,058 mmol) dugc
bd sung vao & khoang 25 °C. Phan ung dugc gia nhiét & khoang 80°C trong khoang 16
gi®. Hon hop da lam mat dugc tinh ché bang phuong phép sic ky dé tao ra hop chét néu
& d& muc dudi dang chit rin mau vang (220 mg, 84%).
1H NMR (400 MHz, DMSO-d6) &: 14,09 (s, 1 H), 9,39 (s, 1 H), 9,10 (s, 1 H), 8,72 (s,
1 H), 8,30 (d, 1 H), 7,59 (d, 1 H), 7,53 (d, 1 H), 4,33 (q, 2 H), 4,01 (dd, 1 H), 3,44 (s, 3
H), 3,22 (s, 2 H), 3,14 - 3,20 (m, 2 H), 2,43 - 2,48 (m, 2 H), 1,34 (t, 3 H).

LCMS m/z = 447,2 [MH]+
Vidu6
5-(4-(1-((1r,3s)-1-(xyanometyl)-3-metoxyxyclobutyl)- 1IH-pyrazol-4-yl)pyrazolo[ 1,5-
a]pyrazin-6-yl)-N-metyl-1H-pyrazol-3-carboxamit

Dung dich chtra etyl 5-(4-(1-((1r,3s)-1-(xyanometyl)-3-metoxyxyclobutyl)-1H-
pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-6-yl)-1H-pyrazol-3-carboxylat (Vi du diéu ché 46,
100 mg, 0,22 mmol) trong 30% MeNH, trong dung dich EtOH (35 mL) duoc day kin
trong dng vi séng & khoang 20°C. Sau khoang 16 gio, hdn hop nay dugc cb dac va phin
coOn lai dugc tinh ché br?mg HPLC dé tao ra hop chét néu & d& muc duéi dang chét rén

mau tring (62 mg, 58%).
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'H NMR (400 MHz, CD3;0D) &: 9,00 (s, 1 H), 8,91 (s, 1 H), 8,57 (s, 1 H), 8,18 (s, 1 H),

7,37 (br, s., 1 H), 7,26 (s, 1 H), 4,61 (s, 1 H), 4,04 - 4,15 (m, 1 H), 3,37 (s, 3 H), 3,33 (s,

2 H), 3,18 - 3,26 (m, 2 H), 2,95 (s, 3 H), 2,56 (dd, 2 H).

LCMS m/z = 432,1 [M+H]+

Vi dy diéu ché 47

tert-Butyl 3-(xyanometyl)-3-(4-(6-(1-metyl- 1 H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-4-
yl)-1H-pyrazol-1-yl)azetidin-1-carboxylat

\ N>\‘°

\4

B6 sung vao lo 4-clo-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin (Vi du
didu ché 11, 150 mg), tert-butyl 3-(xyanometyl)-3-(4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol-1-yl)azetidin-1-carboxylat (Vi du didu ché 28, 374 mg,
0,96 mmol), dung dich nuéc NaCO3 2M (0,96 mL) va 1,4-dioxan (4 mL). Hon hop nay
duoc suc bing agon trong khoang 5 phut, tiép theo 1a bd sung PdClx(dppf) (93,7 mg,
0,13 mmol). Hdn hop nay duoc gia nhiét & khoang 120°C trong khoang 1 gi¢ trong birc
xa vi séng. Hon hop nay dugc pha lodng bing EtOAc, rira bang nudc, 1am kho (Na2SOs),
va ¢d dic. Phan con lai duge tinh ché bang phuong phap sic ky dé tao ra hop chét néu
& d& muc du6i dang chit ran mau vang (233 mg, 79%).
1H NMR (400 MHz, DMSO0-d6) 8: 9,03 (s, 1 H), 8,95 (s, 1 H), 8,53 (s, L H), 8,37 (s, 1
H), 8,20 (d, 1 H), 8,16 (s, 1 H), 7,46 (s, 1 H), 4,54 (d, 2 H), 4,25 (d, 3 H), 3,91 (s, 3 H),
3,67 (s,2 H), 1,42 (s, 9 H).

LCMS m/z = 460,2 [MH]+
Vi du diéu ché 48
2-(3-(4-(6-(1-metyl- 1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-
yl)azetidin-3-yl)axetonitril
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TFA (1 mL) dugc bd sung vao tert-butyl 3-(xyanometyl)-3-(4-(6-(1-metyl-1H-
pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)azetidin-1-carboxylat (Vi
du diéu ché 47, 233 mg, 0,51 mmol) trong DCM (5 mL) 6 khoang 25°C. Sau khoang 90
phtt, hdn hop nay duge co dic. Phén con lai duoc cd dic hai lan béng toluen, sau dé
lam kho trong chan khong. Phan con lai duge hoa tan trong MeOH va cho qua tang nhua
carbonat d& bang polyme. Dung dich giai hép duoc co dic dé tao ra horp chit néu & @&
muc (200 mg, khoang 100%) ma dugc su dung khong can tinh ché thém.
1H NMR (400 MHz, DMSO-d6) 8: 9,12 (s, 1 H), 9,06 (s, 1 H), 8,58 (s, 1 H), 8,39 (s, 1
H), 8,22 (d, 1 H), 8,17 (s, 1 H), 7,50 (d, 1 H), 4,68 - 4,77 (m, 2 H), 4,35 - 4,40 (m, 2 H),
3,93 (s, 2 H), 3,91 (s, 3 H).

LCMS m/z = 360,5 [MH]+
Vidu7
2,2'-(3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)- 1H-pyrazol-1-
yl)azetidin-1,3-diyl)diaxetonitril

N
A\
N/\\\N
N—N
[ VY
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DIPEA (132 pL, 0,76 mmol) duoc bd sung vao dung dich chta 2-(3-(4-(6-(1-
metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)azetidin-3-
yl)axetonitril (Vi du diéu ché 48, 91 mg, 0,25 mmol) trong DMF (2 mL).
Bromoaxetonitril (36 mg, 0,30 mmol) dugc bd sung & khoang 25°C. Sau khoang 18 gid,
phan Gng dugc ngung bang NH4OH dic va khudy & khoang 25°C trong khoang 10 phut.
Hon hop nay dugc cd dic va phé‘m con lai duoc pha lodng béng DCM. DCM duogc rira
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hai 14n bing dung dich nuéc NH4Cl bdo hoa, sau d6 1 hai 1an bang dung dich nudc
Na;CO3 bio hoa. DCM duoc 1am kho (Na;SO4) va ¢d dic. Phin con lai dugc tinh ché
bing phwong phap sic ky @& tao ra hop chét néu & d muc dudi dang chét rén mau tring
nho (68 mg, 68%).
1H NMR (400 MHz, CD;0D) &: 8,77 (s, 1 H), 8,74 (s, 1 H), 8,45 (s, 1 H), 8,25 (s, L H),
8,08 - 8,10 (m, 2 H), 7,25 (d, 1 H), 4,01 (d, 2 H), 3,98 (s, 3 H), 3,86 (d, 2 H), 3,78 (s, 2
H), 3,54 (s, 2 H).
LCMS m/z =399,3 [MH]+
Vidu8§
2-(3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-1-
(metylsulfonyl)azetidin-3-yl)axetonitril
\ Q\S;o

s
F;I—N

Y

\\ ~N
N’N = N—
N

B6 sung metansulfonyl clorua (313 mg, 2,73 mmol) & khoang 0°C vao dung dich
chtra 2-(3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-
yl)azetidin-3-yl)axetonitril (Vi du diéu ché 48, 120 mg, 0,27 mmol) va TEA (331 mg,
3,27 mmol) trong DCM (20 mL). Hdn hop nay sau d6 dugc khudy & khoang 10°C
trong khoang 1 gio trude khi duge cd déc. Phan con lai duge tinh ché bing HPLC dé
tao ra hop chit néu & dé muc du6i dang chét rin mau trang (39 mg, 33%).
1H NMR (400 MHz, DMSO0-d6) &: 9,05 (s, 1 H), 8,99 (s, 1 H), 8,57 (s, 1 H), 8,37 (s, 1
H), 8,21 (d, 1 H), 8,17 (s, 1 H), 7,47 (d, 1 H), 4,65 (d, 2 H), 4,30 (d, 2 H), 3,91 (s, 3 H),
3,70 (s, 2 H), 3,14 (s, 3 H).
LCMS m/z = 437,9 [MH]+
Vidu9

2-(1-(xyclopropylsulfonyl)-3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-
4-yl)-1H-pyrazol-1-yl)azetidin-3-yl)axetonitril

-72-



Bb sung TEA (153 mg, 1,52 mmol) va xyclopropansulfonyl clorua (107 mg, 0,76
mmol) & khoang 0°C vao hdn hgp 2-(3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)azetidin-3-yl)axetonitril (Vi du diéu ché 48, 100 mg,
0,25 mmol) trong DCM (10 mL). Hdn hop nay dugce khudy & khoang 20°C trong khoang
16 gidy, sau d6 cd ddc. Phan con lai dugc tinh ché bing HPLC dé tao ra hop chat néu &
d& muc dudi dang chét rin mau tring (60 mg, 46%).
1H NMR (400 MHz, DMSO-d6) &: 9,05 (s, 1 H), 9,00 (s, 1 H), 8,57 (s, 1 H), 8,37 (s, 1
H), 8,21 (d, 1 H), 8,16 (s, 1 H), 7,46 (d, 1 H), 4,69 (d, 2 H), 4,32 (d, 2 H), 3,91 (s, 3 H),
3,70 (s, 2 H), 2,85 (m, 1 H), 0,96 - 1,09 (m, 4 H).

LCMS m/z = 464,0 [MH]+
Vidu 10 |
2-(3-(4-(6-(1-metyl- 1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-1-

propionylazetidin-3-yl)axetonitril

B sung TEA (69 mg, 0,68 mmol) va anhydrit propionic (59 mg, 0,45 mmol) vao
dung dich chta 2-(3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-
pyrazol-1-yl)azetidin-3-yl)axetonitril (Vi du didu ché 48, 90 mg, 0,23 mmol) trong
DCM (5 mL). Phéan tmg duoc khudy & khoang 20°C trong khoang 30 phut, sau d6 c6
dac va phén con lai duge tinh ché bang HPLC dé tao ra hop chét néu & d& muc dudi

dang chit rin mau trang (28 mg, 30%).
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'H NMR (400 MHz, DMSO-ds) 8: 9,05 (s, 1 H), 8,97 (s, 1 H), 8,55 (s, 1 H), 8,37 (s, 1
H), 8,21 (d, 1 H), 8,16 (s, 1 H), 7,46 (d, 1 H), 4,80 (d, 1 H), 4,52 (dd, 2 H), 4,23 (d, 1
H), 3,91 (s, 3 H), 3,70 (s, 2 H), 2,16 (q, 2 H), 0,99 (t, 3 H).
LCMS m/z 416,0 [MH]+
Vi du diéu ché 49

2-(3-(Benzyloxy)xyclobutyliden)axetonitril

o

LiBr (0,270 g, 3,12 mmol) duoc hat chan khong, sau d6 dugc nap lai nito va THF
(28 mL) duoc bd sung vao, tiép theo 1a (EtO),POCH,CN (0,53 mL, 3,12 mmol) va TEA
(0,79 mL, 5,67 mmol). Dung dich thu dugc dugc khudy & khoang 20°C trong Khoang
45 phit, sau d6 dung dich chira 3-(benzyloxy)xyclobutanon (500 mg, 2,84 mmol) trong
THF khan (3 mL) dugc bd sung vao. Sau khoang 5 gio, hdn hop nay dugc rot vao EtOAc
(100 mL) va EtOAc dugc rira ba 14n bang dung dich nuéc NH4Cl bdo hoa (3 x 50 mL)
va bing nuéc mudi (25 mL). Phan chiét EtOAc dugc 1am khd (MgS04) va cd dic. Phan
con lai duoc séc ky dé tao ra hop chét néu & d& muc (480 mg, 85%).
1H NMR (400 MHz, CDCls) 8: 7,29 - 7,43 (m, 5 H), 5,24 (quin, 1 H), 4,45 - 4,53 (m,
2 H), 4,19 (quin, 1 H), 3,18 - 3,29 (m, 1 H), 3,03 - 3,13 (m, 1 H), 2,86 - 3,00 (m, 2 H).
Vi du diéu ché 50

2-(3-Hydroxyxyclobutyl)axetonitril
LTS
HO

Paladi hydroxit trén cacbon (20% Pd, uét, 430 mg) dugc bd sung vao dung dich
chita 2-(3-(benzyloxy)xyclobutyliden)axetonitril (Vi du didu ché 49, 430 mg, 2,16
mmol) trong THF (6,5 mL). Hon hgp nay dugc tao ap bang hydro (100 psi) trong thiét
bi phan Ung bang thép va khudy & khoang 20°C trong khoang 1 gio. Paladi hydroxit trén
cacbon (20% Pd, udt, 430 mg) dugce bd sung thém vao va hdn hgp nay duoc tao ap lai
bang hydro (100 psi) va khudy trong thém khoéng 1,5 gio. Hdn hop nay duge pha loang
bé‘mg EtOAc, loc qua Celite®, va dich loc dugc c6 dac dé tao ra hop chit néu & @& muc
duéi dang dau khong mau (240 mg, 100%) dang hdn hop céc chét ddng phan cis va

trans.
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Chét ddng phan 1: 1H NMR (400 MHz, CDCls) §: 4,52 (quin, 1 H), 2,63 - 2,74 (m, 2
H), 2,19 - 2,28 (m, 4 H), 2,07 - 2,17 (m, 1 H), 1,83 (br, s, 1 H).
Chét ddng phéan 2: 1H NMR (400 MHz, CDCL) 8: 4,14 - 4,25 (m, 1 H), 2,55 - 2,64 (m,
2 H), 2,48 (dd, 4 H), 1,83 (br, s, 1 H), 1,67 - 1,79 (m, 1 H).
Vi du diéu ché 51

2-(3-Oxoxyclobutyl)axetonitril

NG
ﬂ\\N
0

Bé sung vao dung dich chira 2-(3-hydroxyxyclobutyl)axetonitril (Vi du didu ché
50, 50 mg, 0,45 mmol) trong THF khan (1,8 mL), Dess-Martin periodinan (CAS: 87413-
~ 09-0, 216 mg, 0,49 mmol). Lo nay duoc bit kin ¢ ap suit moi trudng va khudy & khoang
50°C trong khoang 2 gid. Hon hop ndy dugc pha loang bing Et;0 (10 mL) tiép theo
bing dung dich nuéc NaHCO3 (4 mL). Natri thiosulfat pentahydrat (954 mg, 3,82 mmol)
duoc bd sung vao va hdn hgp nay duge khudy manh liét trong khoang 10 phut dén khi
tAt ca cdc chét rén da hoa tan. Cac pha dugc tach va pha nude duge chiét mot 14n nita
bing Et,0. Céc phan chiét EO két hop dugc 1am khd (MgSO4) va ¢d ddc. Phan con lai
dugc tinh ché bang phurong phap sic ky dé tao ra hop chit néu ¢ d& muc dudi dang dau
khong mau (27 mg, 55%).
1H NMR (400 MHz, CDCl;) &: 3,23 - 3,37 (m, 2 H), 2,89 - 3,01 (m, 2 H), 2,75 - 2,89
(m, 1 H), 2,69 (d, 2 H).
13C NMR (101 MHz, CDCl;s) 8: 203,6, 117,6, 52,3, 23,1, 20,6,
Vi du diéu ché 52

2-(3-(xyanometyl)xyclobutyliden)axetonitril

N

Hop chit néu & dé muc dugc diéu ché (75mg, 89%) bang cach st dung phuong
phép theo Vi du didu ché 35 str dung 2-(3-oxoxyclobutyl)axetonitril (Vi du didu ché 51,
70 mg, 0,64 mmol), (Et0);POCH2CN (213 mg, 1,15 mmol), LiBr (100 mg, 1,15 mmol)
va TEA (0,27 mL, 1,92 mmol). Hop chit néu & d& muc duge st dung truc tiép trong
phan tmng tiép theo (Vi du 11 va 12).

IH NMR (400 MHz, CDCl3) §: 5,25 (m, 1 H), 3,10 - 3,30 (m, 2 H), 2,80 (m, 3 H), 2,60
(m, 2 H).
GCMS m/z =132 [M]"
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Vi du diéu ché 53
6-(1-metyl- 1H-pyrazol-4-yl)-4-(1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin

N—NH
[ Y
" N
\
N~
N
= N—
=N

Pd(dppf)CI2 (5,01 g, 6,85 mmol) duoc bd sung hén hop 4-clo-6-(1-metyl-1H-
pyrazol-4-yl)pyrazolo[1,5-a]pyrazin (Vi du didu ché 11, 8 g, 34 mmol), tert-butyl 4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-carboxylat (12,1 g, 41,1
mmol) va dung dich nuéc K2CO3 2M (34,2 mL) trong 1,4-dioxan (30 mL) va toluen (30
mL) & khoang 10°C trong khi hoi nito dugc suc bong bong qua dung dich nay. Hon hop
nay duoc khudy & khoang 100°C trong khoang 16 gio, sau d6 gilt & khoang 10°C trong
khoang 48 gid. Hon hop nay duoc loc va dich loc duoc ¢d dac. Phin con lai dugc tinh
ché bang phuong phép sic ky dé tao ra hop chit néu & d& muc dudi dang dau mau xdm
(6,3 g, 69%).
1H NMR (400 MHz, DMSO0-d6) : 8,97 (s, 1 H), 8,72 (s, 1 H), 8,40 (s, 1 H), 8,35 (s, 1
H), 8,15 (d, 1 H), 8,12 (s, 1 H), 7,36 (d, 1 H), 3,91 (s, 3 H).

LCMS m/z = 265,8 [MH]+
Vidu 1l
2,2'-((1s,3s)-1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-
pyrazol-1-yl)xyclobutan-1,3-diyl)diaxetonitril

(chét ddng phén cis)

va
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Vidu 12
2,2'-((1r,31)-1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-y1)-1H-
pyrazol-1-yl)xyclobutan-1,3-diyl)diaxetonitril
(cht @dng phén trans)

DBU (34 mg, 0,22 mmol) duoc bd sung vao huyén phu chra 2-(3-
(xyanometyl)xyclobutyliden)axetonitril (Vi du didu ché 52, 32 mg, 0,24 mmol) va 6-(1-
metyl-1H-pyrazol-4-yl)-4-(1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin (Vi du diéu ché 53,
53 mg, 0,20 mmol) trong MeCN (4,8 mL). Hon hop nay dugc gia nhiét & khoang 50°C
trong khoang 16 gio, sau do co6 dac. Phin con lai dugc tinh ché bing phuong phép sic
ky dé tao ra hdn hop hop chét néu & d& muc duéi dang hdn hop cac chét dong phan
cis/trans ty 16 1:1 (80 mg, 83%). Céc chét dong phan dugc tich bing HPLC dé tao ra
2,2'-((1s,3s)-1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-
pyrazol-1-yl)xyclobutan-1,3-diyl)diaxetonitril du¢i dang chét rin (chit ddng phan cis,
27 mg, 36%).
1H NMR (500 MHz, 9:1 CDCl3-CDsOD) 8: 8,45 (s, 1 H), 8,35 (s, 1 H), 8,25 (s, 1 H),
7,99 (d, 1 H), 7,95 (s, 1 H), 7,92 (s, 1 H), 6,93 (s, 1 H), 3,95 (s, 3 H), 3,72 (s, 2 H), 3,18
(s, 2 H), 2,81 - 2,91 (m, 2 H), 2,72 - 2,81 (m, 1 H), 2,72 - 2,81 (m, 1 H), 2,64 - 2,72 (m,
2 H), 2,61 (d, 2 H).

LCMS m/z=399,1 [MH] "

va 2,2'<((1r,3r)-1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-
pyrazol-1-yl)xyclo-butan-1,3-diyl)diaxetonitril dudi dang chét ran (chit dong phén
trans, 14 mg, 18%).

IH NMR (500 MHz, CDCl;) 8: 8,49 (s, 1 H), 8,46 (s, 1 H), 8,32 (s, 1 H), 8,05 (d, 1 H),
7,96 (m, 2 H), 6,95 (d, 1 H), 4,00 (s, 3 H), 3,75 (br, s., 1 H), 3,15 - 3,25 (m, 2 H), 3,11
(s, 2 H), 2,88 (it, 1 H), 2,64 (d, 2 H), 2,48 - 2,59 (m, 2 H).

LCMS m/z=1399,1 [MH] "
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Vi du diéu ché 54
2-(3-(Benzyloxy)xyclobutyliden)axetonitril

o

Bb sung LiBr (1 1,8 g, 136 mmol) va TEA (18,4 g, 182 mmol) vao dung dich chia
(EtO)2P(O)CH2CN (24,1 g, 136 mmol) trong THF khan (500 mL) va hdn hop thu dugc
duogc khudy & khoang 20°C trong khoang 1 gio. B sung vao hdn hgp nay 3-
(benzyloxy)xyclobutan-1-on (16,00 g, 90,8 mmol). Hon hop nay duge khudy & khoang
20°C trong khoang 20 gio. Hon hgp nay duge loc va dich loc duoc cd dic. Phén con lai
dugc tinh ché bang phuong phap sic ky dé tao ra hop chit néu & d& muc dudi dang chét
long mau vang nhat (18 g, 99%).
1H NMR (400 MHz, CDCl5) 8: 7,29 - 7,40 (m, 5 H), 5,24 (dt, 1 H), 4,45 - 4,53 (m, 2
H), 4,19 (quin, 1 H), 3,19 - 3,29 (m, 1 H), 3,03 - 3,13 (m, 1 H), 2,86 - 3,00 (m, 2 H).
LCMS m/z =200,1 [MH]+
Vi du didu ché 55
2-(3-(Benzyloxy)-1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-

pyrazol-1-yl)xyclobutyl)axetonitril

(Hdn hop céc chéit ddng phén cis va trans)

DBU (1,448 g, 9,4 mmol) dugc bd sung vao dung dich chira 6-(1-metyl-1H-
pyrazol-4-yl)-4-(1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin (Vi du didu ché 53, 313 mg,
1,18 mmol) va 2-(3-(benzyloxy)xyclobutyliden)axetonitril (Vi du didu ché 54, 470 mg,
2,36 mmol) trong MeCN (6,38 mL). Hon hop nay dugc khudy & khoang 20°C trong
khoang 18 gio, sau d6 dugce rot vao dung dich nudc NaH2POq dé duy tri 46 pH khoéang
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5. Hon hop nay dugc chiét ba 1an bing DCM. Céc phan chiét DCM két hop duoc cd dic
va phan con lai duge tinh ché bang phuong phap sic ky dé tao ra hop chét néu & dé muc
(474 mg, 86%).
1H NMR (400 MHz, CDsOD) &: 8,67 - 8,72 (m, 2 H), 8,63 (s, 1 H), 8,39 (s, 1 H), 8,22
(s, 1 H), 8,04 - 8,10 (m, 2 H), 7,25 - 7,42 (m, 5 H), 4,53 (s, 2 H), 4,24 - 4,34 (m, 1 H),
3,97 (s, 3 H), 3,29 (s, 2 H), 2,92 - 3,02 (m, 2 H), 2,77 - 2,88 (m, 2 H).
LCMS m/z = 465,3 [MH]|+
Vidu 13
2-((1s,3r)-3-Hydroxy-1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-

1H-pyrazol-1-yl)xyclobutyl)axetonitril

(chit ddng phan cis)

va
Vi du 14 PF-06877900
2-((1r,3s)-3-Hydroxy-1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1 ,5-a]pyrazin-4-yl)-
1H-pyrazol-1-yl)xyclobutyl)axetonitril
(cht dong phan trans)

Natri iodua dugc 1am kho bing sung gia nhiét & mirc gia nhiét hoan toan trong 5
phut sau d6 lam mat dén khoang 25°C trong nito truge khi sir dung. Nal da lam khd
(1,21 g, 8,1 mmol) dug bd sung & khoang 20°C vao dung dich co khuéy chuta (2-(3-
(benzyloxy)-1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5 -a]pyrazin-4-yl)-1H-
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pyrazol-1-yl)xyclobutyl)axetonitril (Vi du diéu ché 55, 377 mg, 0,81 mmol) trong
MeCN (12 mL), tiép theo 1a TMSCI (1,05 mL, 8,1 mmol). Hdn hop nay duoc khudy &
khoang 50°C trong khoang 18 gio. B6 sung thém mot phén ca Nal va TMSCI va hdn
hop nay dugc duy tri & khoang 50°C trong khoéang 8 gi¢ nira. Hon hop da lam mat dugc
16t vao dung dich nuéc NaHCO; bdo hoa lanh bang chira natri thiosulfat pentahydrat
(10,1 g, 40,6 mmol) va chiét ba 1an bang EtOAc. Cac phan chiét EtOAc két hop dugc
b diic d tao ra hdn hop hai hop chét néu & d& muc. Hon hop nay duoc tinh ché bang
phuong phép sic ky dé tao ra 2-((1s,3r)-3-hydroxy-1-(4-(6-(1-metyl-1H-pyrazol-4-
yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutyl)axetonitril (chit dong
phén trans, 80 mg, 26%)
1H NMR (400 MHz, CD;0D) §: 8,72 (s, 1 H), 8,71 (s, 1 H), 8,42 (s, 1 H), 8,24 (s, 1 H),
8,05 - 8,10 (m, 2 H), 7,24 (d, 1 H), 4,34 - 4,44 (m, 1 H), 3,98 (s, 3 H), 3,35 (s, 2 H), 3,22
- 3,28 (m, 2 H), 2,49 (dd, 2 H).
LCMS m/z =375,4 [MH]+
va  2-((1r,3s)-3-hydroxy-1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-
yl)-1H-pyrazol-1-yl)xyclobutyl)axetonitril (chit dong phan cis, 180 mg, 59%).
1H NMR (400 MHz, CD;0D) &: 8,67 (s, 1 H), 8,62 (s, 1 H), 8,38 (s, 1 H), 8,21 (s, 1 H),
8,07 (d, 1 H), 8,05 (s, 1 H), 8,04 - 8,06 (m, 1 H), 7,21 (d, 1 H), 4,41 (quin, 1 H), 3,97 (s,
3 H), 3,28 (s, 2 H), 2,95 - 3,04 (m, 2 H), 2,68 - 2,78 (m, 2 H).
LCMS m/z = 375,4 [MH]+
Vidu 15
2-((1r,3s)-3-Metoxy- 1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1 ,5-a]pyrazin-4-yl)-
1H-pyrazol-1-yl)xyclobutyl)axetonitril
(cht dong phan trans)
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Vidu 16
2-((1s,3r)-3-Metoxy- 1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-y1)-
1H-pyrazol-1-yl)xyclobutyl)axetonitril

(chét dong phan cis)
N :
\\ o
N—N
(~
< N

N\
N~
N
\)\E\IN___
=N

Dung dich hdn hop 2-((1s,3r)-3-hydroxy-1-(4-(6-(1-metyl-1H-pyrazol-4-
yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutyl)axetonitril va 2-((1r,3 s)-3-
Hydroxy-1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)- 1H-pyrazol-
1-yl)xyclobutyl)axetonitril (vi du 13 va 14, hdn hop céc chét ddng phan cis va trans, 48
mg, 0,13 mmol) trong THF (0,2 mL) dugc 1An luot xtt Iy bang tetrabutylamoni bromua
(TBAB, 126 mg, 0,38 mmol), dung dich nuéc NaOH 1M (1,02 mL) va dimetyl sulfat
(6 pL). Binh phan tng dugc bit kin va khudy manh liét & khoang 20°C trong khoang 1
gid. B6 sung thém dimetyl sulfat (14 pL) va TBAB (10 mg) va phan ung duogc gitt &
khoang 20°C trong khoang 2 gio. Hon hop nay dugc chiét ba 14n bang EtOAc va céc
phin chiét EtOAc két hop dugc lam kho (Na;SOs) va ¢d déc. Phan con lai dugc tinh ché
bang phwong phap sic ky d& tao ra hdn hop céc chét déng phan cis va trans. Tinh ché
théem biang HPLC tao ra 2-((1r,3s)-3-metoxy-1-(4-(6-(1-metyl-1H-pyrazol-4-
yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutyl)axetonitril dudi dang chat
rén (chit ddng phén trans, 10 mg, 20%)

'H NMR (400 MHz, CD;CN) §: 8,61 (d, 1 H), 8,55 (s, 1 H), 8,38 (s, 1 H), 8,12 (s, 1 H),
8,05 (d, 1 H), 7,99 (s, 1 H), 7,13 (d, 1 H), 3,99 - 4,08 (m, 1 H), 3,93 (s, 3 H), 3.27 (s, 5
H), 3,13 - 3,21 (m, 2 H), 2,45 - 2,53 (m, 2 H).

LCMS m/z = 389,1 [MH]"

va  2-((1s,3r)-3-metoxy-1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1 ,5-a]pyrazin-4-
yl)-1H-pyrazol-1-yl)xyclobutyl)axetonitril du6i dang chét rin (chit dong phan cis, 17
mg, 33%).
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IH NMR (400 MHz, CD3;CN) &: 8,60 (d, 1 H), 8,49 (s, 1 H), 8,36 (s, 1 H), 8,12 (s, 1 H),
8,04 (d, 1 H), 7,98 (s, 1 H), 7,12 (dd, 1 H), 4,03 (quin, 1 H), 3,92 (s, 3 H), 3,26 (s, 3 H),
3,19 (s, 2 H), 2,89 - 2,97 (m, 2 H), 2,65 - 2,74 (m, 2 H).
LCMS m/z=389,1 [MH]*
Vi du diéu ché 56

Benzyl (R)-2-metyl-3-oxoazetidin-1-carboxylat

(o)
>\—N o
d o
Phan 1

Dung dich chtta N,4-dimetyl-N-nitrosobenzensulfonamit (Diazald®, 21,25 g,
99,19 mmol) trong Et20 (150 mL) duoc bd sung timg giot vao dung dich chira KOH (6
g, 106,9 mmol) va 2-(2-etoxyetoxy)etanol (30 mL) va nude (10 mL) ¢ khoang 70°C,
hdn hop nay duge gia nhiét & khoang 70°C va dung dich ete diazometan dugc thu gom
dudi dang chit 16ng mau vang bang cach chung c4t (100 mL, u6c tinh chtra 66 mmol
diazometan) bang cach sit dung thiét bi ngung tu da kho/axeton va dugc sir dung ngay
& Phan 2.

Phén 2

Etyl cloformat (2,430 g, 22,4 mmol) dugc bd sung tirng giot vao dung dich chura
Cbz-D-alanin (5,00 g, 22,4 mmol) va TEA (2,27 mg, 22,4 mmol) trong THF (50 mL) &
khoang -15°C. Hon hgp phén ung duoc lam 4m dén khoang 0°C va dung dich
diazometan tir Phan 1 (100 mL, khoang 66 mmol) dugc bd sung ting giot vao va khudy
& khoang 20°C trong khoang 16 gi0. Hon hop phan ung dugce nging phan Ung bang
nude (10 mL) va chiét bing EtOAc (2 x 30 mL). Céc phan chiét EtOAc két hop dugc
lam khé (Na2SOs) va co dic. Phén con lai duge tinh ché bang phuong phap sic ky dé
tao ra hop chét trung gian diazo-keton (4,5 g, 81%) dudi dang chét rén mau tring.
Nguyén liéu nay dugc st dung & Phén 3.

Phan 3

B4 sung TEA (18 mg, 0,18 mmol) va Rha(OAc)s (40 mg, 0,091 mmol) & khoang
0°C vao dung dich chira hop chét trung gian diazo-keton tir Phén 2 (4,50 g, 18,2 mmol)
trong DCM (450 mL). Hdn hop nay duge khudy trong khoang 16 git & khoang 25°C.
Hon hop nay dugc ngimg phan ung bang nuée (50 mL) va pha DCM duoc tach va cd
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dic. Phan con lai duge tinh ché bang phuong phéap sic ky dé tao ra hop chét néu & dé
muc dudi dang chét rdn mau tring (1,20 g, 30%).
'H NMR (400 MHz, CDCls) 8: 7,34 - 7,38 (m, 5 H), 5,18 (m, 2 H), 5,03 (m, 1 H), 4,65
-4,81 (m, 2 H), 1,49 (d, 3 H).
GCMS m/z =219 [M]"
Vi dy diéu ché 57

Benzyl (R)-3-(xyanometylen)-2-metylazetidin-1-carboxylat

SO
o

B6 sung (EtO),P(O)CH2CN (339 mg, 1,92 mmol) ¢ khoidng 25°C vao hdn hop
LiBr (166 mg, 1,92 mmol) va TEA (277 mg, 2,74 mmol) trong THF (10 mL). Sau
khoang 2,5 gid, benzyl (R)-2-metyl-3-oxoazetidin-1-carboxylat (Vi du diéu ché 56, 300
mg, 1,37 mmol) trong THF (2 mL) dugc bd sung vao & khoang 25°C va hdn hop nay
duge khudy trong khoang 16 gid. Hon hop nay dugc co ddc va phan con lai dugc tinh
ché bang phwong phép sic ky dé tao ra hop chét néu & d& muc dudi dang hdn hop cac
chit ddng phan E/Z olefin dang diu khong mau (290 mg, 87%).

TH NMR (400 MHz, CDCls) 8: 7,33 - 7,40 (m, 5 H), 5,36 (m, 1 H), 5,10 - 5,17 (m, 2 H),
4,97 (m, 1 H), 4,63 - 4,77 (m, 2 H), 1,50 - 1,67 (m, 3 H).
Vi du diu ché 58
Benzyl (2R)-3-(xyanometyl)-2-metyl-3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)azetidin-1-carboxylat

oo

N
My~ 7

B6 sung benzyl (R)-3-(xyanometylen)-2-metylazetidin-1-carboxylat (Vi du didu
ché 57,294 mg, 1,21 mmol) va DBU (77 mg, 0,51 mmol) & khoang 15°C vao dung dich
chira 6-(1-metyl-1H-pyrazol-4-yl)-4-(1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin (Vi du
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didu ché 53, 268 mg, 1,01 mmol) trong MeCN (15 mL). Hdn hop nay duge khudy &
khoéang 25°C trong khoang 7 gid trude khi dugc pha loang bang EtOAc (50 mL) va rira
bang dung dich nuée axit xitric 1M (15 mL) tiép theo bang nudc mubi (15 mL). Phin
chiét EtOAc duogc ¢b dic va phan con lai duge tinh ché bang phwong phap sic ky dé tao
ra hop chét néu & dé muc duéi dang gdom mau vang (500 mg, 97%).
'H NMR (400 MHz, CDCl3) 3: 8,49 (s, 1 H), 8,33 (s, 1 H), 8,32 (s, 1 H), 8,05 (d, 1 H),
7,96 (s, 1 H), 7,95 (s, 1 H), 7,33 - 7,40 (m, 5 H), 6,93 (d, 2 H), 5,15 (s, 2 H), 4,87 (m, 1
H), 4,61 (d, 1 H), 4,26 (d, 1 H), 4,01 (s, 3 H), 3,27 (s, 2 H), 1,69 (d, 3 H).
LCMS m/z = 530,1 [M+Na]+
Vi du diéu ché 59

2-((2R)-2-metyl-3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-

pyrazol-1-yl)azetidin-3-yl)axetonitril

B sung TMSCI (2 mL, 15,8 mmol) & khoang 0°C vao hén hop Nal (2,36 g, 15,8
mmol) trong MeCN (16 mL). Hon hop nay duoc khudy & khoang 15°C trong khoang 4
gid. Dung dich chira benzyl (2R)-3-(xyanometyl)-2-metyl-3-(4-(6-(1-metyl-1H-
pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)azetidin-1 -carboxylat (Vi
du diéu ché 58, 400 mg, 0,79 mmol) trong MeCN (4 mL) duoc bd sung vao & khoang
0°C. Tiép tuc khudy & khoang 15°C trong khoang 3 gio. Hon hop nay dugce 1am méat dén
khoang 10°C va ngirng phan ing bang cach bb sung TEA (2 mL). Hdn hop nay dugc cd
dic. Phan con lai duge hoa tan trong EtOAc (20 mL) va MeOH (2 mL) va céc chit rin
¢6 mat dugc loai bo bang cach loc. Dich loc dugc cd dic va phén con lai dugc tinh ché
bang TLC dé tao ra hop chit néu & d& muyc dudi dang chit rin mau vang (200 mg, 68%).
1H NMR (400 MHz, DMSO0-d6) &: 9,06 (s, 1 H), 9,03 (s, 1 H), 8,59 (s, 1 H), 8,39 (s, 1
H), 8,22 (d, 1 H), 8,16 (s, 1 H), 7,47 (s, 1 H), 5,09 (m, 1 H), 4,74 (d, 1 H), 4,24 (d, 1
H), 3,91 (s, 3 H), 2,99 (s, 2 H), 1,65 (d, 3 H).

LCMS m/z =374,0 [MH]+
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Vidu 17
2-((2R,3S)-2-metyl-3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-
1H-pyrazol-1-yl)-1-(2,2,2-trifloetyl)azetidin-3-yl)axetonitril

B& sung 2,2,2-trifloetyl triflometansulfonat (298 mg, 1,29 mmol) va DIPEA (332
mg, 2,57 mmol) vao dung dich chira 2-((2R)-2-metyl-3-(4-(6-(1-metyl-1H-pyrazol-4-
yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)azetidin-3-yl)axetonitril (Vi du diéu
ché 59, 200 mg, 0,43 mmol) trong DMF (5 mL). Hén hop nay duge khudy & khoang
10°C trong khoang 36 gio truéce khi duge pha lodng bing EtOAc (30 mL) va rira bang
nude mudi (15 mL). Phan chiét EtOAc dugc cd dic, phén con lai duogc tinh ché béng
HPLC d tao ra hop chét néu & dé& muc duéi dang hdn hop cac chét dbng phan khong
d6i quang (80 mg, 41%) dudi dang chit rén mau tring. Tinh ché chém bang HPLC tao
ra hop chit néu & d& muc dudi dang chét rin mau tréng (41,8 mg, 21%, luong du chét
ddng phéan ddi anh (ee) 94,7%).
1H NMR (400 MHz, CD3CN) &: 8,59 (s, 1 H), 8,45 (s, 1 H), 8,36 (s, 1 H), 8,10 (s, 1 H),
8,04 (d, 1 H), 7,98 (s, 1 H), 7,09 - 7,13 (m, 1 H), 3,92 - 3,96 (m, 1 H), 3,91 (s, 3 H), 3,84
-3,89 (m, 1 H), 3,77 - 3,84 (m, 1 H), 3,38 (s, 2 H), 3,28 - 3,43 (m, 1 H), 3,15 (dq, 1 H),
1,36 (d, 3 H).

LCMS m/z = 456,2 [MH]+
Vidu 18

2-((1r,31)-1-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)- 1H-pyrazol-
1-yl)-3-(1H-pyrazol-5-yl)xyclobutyl)axetonitril
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B& sung (EtO):P(O)CH,CN (143 mg, 0,81 mmol) vao dung dich chira LiBr (70
mg, 0,81 mmol), TEA (205 pL, 1,47 mmol) trong THF (10 mL). Hon hop nay duge
khudy & khoang 20°C trong khoang 30 phut, 3-(1H-Pyrazol-5-yl)xyclobutan-1-one (Vi
du diéu ché 99, 100 mg, 0,74 mmol) dugc bd sung vao va hdn hop duge gitt & khoang
20°C trong khoéang 18 gi¢. Khoang 30% dung dich phan tng dugc 14y ra va 6-(1-metyl-
1H-pyrazol-4-yl)-4-(1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin (Vi du didu ché 53, 58 mg,
0,22 mmol) va DBU (110 pL, 0,73 mmol) trong MeCN (5 mL) dugc bd sung vao. Duy
tri viéc khudy & khoang 20°C trong khoang 20 gio. Hon hop nay duoc cd dic va phin
con lai dugc tinh ché bang phuong phap sic ky dé tao ra hop chét néu & dé muc (6 mg,
6%).
1H NMR (500 MHz, CD;0D) &: 8,85 (s, 1 H), 8,73 (s, 1 H), 8,46 (s, 1 H), 8,26 (s, 1 H),
8,10 (s, 2 H), 7,60 (br, s., 1 H), 7,28 (d, 1 H), 6,32 (d, 1 H), 3,95 - 4,04 (m, 3 H), 3,69 -
3,78 (m, 1 H), 3,33 - 3,43 (m, 2 H), 2,77 - 2,89 (m, 2 H).

LCMS m/z = 425,4 [MH]+
Vidu 19

(1s,3s)-3-(xyanometyl)-3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-
yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril
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B6 sung vao dung dich chtra (1s,3s)-3-(xyanometyl)-3-(4-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril (Vi du didu ché 91,
539 mg, 1,72 mmol) va 4-chloro-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin
(Vi du diéu ché 11, 350 mg, 1,5 mmol) trong 1,4-dioxan (7,5 mL), bd sung vao dung
dich nuéc KsPO4 2M (2,25 mL) & khoang 25°C. Hon hop nay dugc dit trong nitro, sau
d6 XPhos Pd G2 (11,8 mg, 0,0150 mmol) duoc bd sung vao. Hon hop néy dugc gia
nhiét & khoang 40°C trong khoang gi¢. Sau do hén hop dugce gia nhiét dén khoang 80°C
dé hoa tan san pham két tha. Lop nude dugce 14y ra trong khi duy tri nhiét do & khoang
80°C, sau do pha 1,4-dioxari duoc bd sung vao EtOH (70 mL, da gia nhiét trudc dén
khoang 50°C). Hon hop nay dugc khudy trong khoang 10 phit & khoang 50°C trude khi
ngung gia nhiét. Tiép tuc khudy & khoang 25°C trong khoéang 18 gio. Chét rén duoc loc
va rira bing EtOH (2 x 25 mL) va lam khé trong chan khong dé tao ra hop chét néu &
dérnucduéidangch@nﬁnrnmluéng(483Ing,849@.

Nhiét d6 nong chay 217 —220°C
IH NMR (400 MHz, DMSO-ds) 8: 9,02 (s, 1H), 8,87 (s, 1H), 8,51 (s, 1H), 8,37 (s, 1H),
8,20 (s, 1H), 8,16 (s, 1H), 7,45 (s, 1H), 3,92 (s, 3H), 3,65 - 3,59 (m, 1H), 3,57 (s, 2H),
3,26 - 3,16 (m, 2H), 2,88 (m, 2H).
13C NMR (101 MHz, DMSO-d¢) &: 145,21, 142,50, 140,09, 137,15, 133,80, 131,39,
129,54, 129,24, 121,94, 121,03, 120,33, 117,69, 114,55, 99,94, 59,62, 39,28, 36,90,
27,42, 14,64,
LCMS m/z = 384,2 [MH]"
Vidu 20

(1r,3r)-3-(xyanometyl)-3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-

yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril
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Bd sung vao dung dich chuaa (1r,3r)-3-(xyanometyl)-3-(4-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril (Vi du didu ché 91,
3,38 g, 10,8 mmol) va 4-chloro-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin (Vi
du diéu ché 11, 2,20 g, 9,4 mmol) trong 1,4-dioxan (47,1 mL), dung dich nudc K3POq4
2M (14,1 mL). Nito duoc suc bong bong qua hdn hop nay trong khoang 5 phit & khoang
25°C, sau d6 XPhos Pd G2 (37,0 mg, 0,047 mmol) dugc bd sung vao. Hdn hgp nay
duoc gia nhiét & khoang 40°C trong khoang 18 gio, sau do gia nhigt dén khoang 80°C
d8 hoa tan san phdm két tia. Lép nuéce duoc 14y ra trong khi duy tri nhiét do ¢ khoang
80°C, sau d6 pha 1,4-dioxan duogc bd sung vao EtOH (471 mL, da gia nhi€t truéc dén
khoang 50°C). Hon hop nay duoc khudy trong khoang 10 phat & khoang 50°C trudc khi
ngung gia nhiét. Tiép tuc khudy & khoang 25°C trong khoang 6 gio. Chét rén duoc loc
va rira bing EtOH (2 x 25 mL), nude ( 2 x 50 mL), va EtOH (2 x 25 mL). Chét két tia
duoc lam kho trong chan khong détaora hop chit néu & dé muc dudi dang chét rin mau
trang (3,61 g, 74%).

Hop chit néu & d& muc (500 mg, 1,30 mmol) dugc gia nhiét trong 1,4-dioxan (6,5
mL) & khoang 80°C dén khi tdt cd nguyén libu dugc hoa tan. 1,2-
Bis(diphenylphosphino)etan (7,8 mg, 0,019 mmol) duogc bd sung vao va tiép tuc gia
nhiét & khoang 80°C trong khoang 4 gio, sau d6 pha 1,4-dioxan dugc bd sung vao EtOH
(58,7 mL, da gia nhiét trudc dén khoang 50°C). Thém 6,5 mL EtOH da gia nhiét trudc
dugc dung dé trang binh phan tng. Hon hop nay duge ngling gia nhiét. Tiép tuc khudy
& khoang 25°C trong khoang 18 gio. Chét rén duoc loc va rira bang EtOH (2 x 5 mL),
nude (5 mL), sau d6 bang EtOH (3 x 5 mL). Chét két tha duoc 1am kho trong chan khong
dé tao ra hop chit néu & dé muc du6i dang chét ran mau tring (450 mg, 90%).

Diém néng chay 213 —215°C

1H NMR (400 MHz, DMSO-d6) 8: 9,02 (s, 1 H) 8,92 (s, 1 H) 8,52 (s, 1 H) 8,37 (s, 1 H)
8,19 (s, 1 H) 8,16 (s, 1 H) 7,45 (s, 1 H) 3,91 (s, 3 H) 3,55 - 3,65 (m, 1 H) 3,52 (s, 2 H)
3,22 - 3,38 (m, 2 H) 2,85 - 3,00 (m, 2 H).

13C NMR (126 MHz, DMSO-d6) §: 145,17, 142,46, 140,20, 137,13, 133,78, 131,38,
129,82, 129,51, 122,28, 121,13, 120,33, 117,30, 114,54, 99,91, 61,51, 39,26, 36,26,
29,65, 16,05,

LCMS m/z = 384,1 [MH]+.

Vi du diéu ché 60
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(1r,3r)-3-(xyanometyl)-3-(3-metyl-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)- 1H-
pyrazol-1-yl)xyclobutan-1-carbonitril
(chét ddng phan trans)
N
/

N/

va
(1s,3s)-3-(xyanometyl)-3-(3-metyl-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazol-1-yl)xyclobutan-1-carbonitril
(chit ddng phan cis)

N N
1y, j ///
’/N‘N
S)\

B
0" o

H

B6 sung DBU (439 mg, 2,88 mmol) & khoang 20°C vao dung dich chira 3-metyl-

a

4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol (600 mg, 2,88 mmol) va 3-
(xyanometylen)xyclobutan-1-carbonitril (Vi du didu ché 27, 341 mg, 2,88 mmol) trong
MeCN (28,8 mL). Sau khoang 18 gio & khoang 20°C, hdn hop nay duge rét vao EtOAc
va dung dich nuéc KoHPO4 10%. EtOAc dugc tach va oha nude duge chiét hai lan nita
bang EtOAc. Céc phin chiét EtOAc két hop dugc rta bing nudc mudi, lam khd
(Na2SOq) va cb dic. Phan con lai dugc tinh ché bang phwong phép sic ky cot dé tao ra
(1r,3r)-3-(xyanometyl)-3-(3-metyl-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazol-1-yl)xyclobutan-1-carbonitril (chit ddng phan trans, 325 mg, 35%)

'H NMR (400 MHz, CDCls) 8: 7,79 (s, 1 H), 3,17 - 3,28 (m, 3 H), 3,16 (s, 2 H), 2,81 -
2,89 (m, 2 H), 2,39 (s, 3 H), 1,32 (s, 12 H).

LCMS m/z = 327,2 [MH]"

va  (1s,3s)-3-(xyanometyl)-3-(3-metyl-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-
1H-pyrazol-1-yl)xyclobutan-1-carbonitril (chét ddng phan cis, 171 mg, 18%).
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'H NMR (400 MHz, CDCl) &: 7,75 (s, 1 H), 3,18 - 3,28 (m, 1 H), 3,08 - 3,18 (m, 2 H),
3,05 (s, 2 H), 2,93 - 3,02 (m, 2 H), 2,39 (é, 3 H), 1,32 (s, 12 H).
LCMS m/z = 327,2 [MH]+
Vidu2l
(1r,3r)-3-(xyanometyl)-3-(3-metyl-4-(6-(1-metyl- 1H-pyrazol-4-yl)pyrazolo[ 1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril

N
Il

B sung vao dung dich chta (1r,3r)-3-(xyanometyl)-3-(3-metyl-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril (Vi du
didu ché 60, chét déng phan trans, 209 mg, 0,64 mmol) trong 1,4-dioxan (4,3 mL), 4-
clo-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin (Vi du didu ché 11, 150 mg,
0,64 mmol) va dung dich nudc K3PO4 2M (0,96 mL). Hdn hop nay dugc suc bang nito
trong khoang 5 phut, sau d6 XPhos Pd G2 (101 mg, 0,13 mmol) dugc bd sung vao. Hon
hop nay dugc gia nhiét & khoang 40°C trong khoang 2 gio, sau d6 cb déc. Phan con lai
duoc hoa tan trong EtOAc va EtOAc dugc rua béng nudce. Pha nudc duoc chiét hai 1an
bing EtOAc, sau do chiét mot lin bing DCM. Céc phan chiét EtOAc va DCM két hop
duoc lam kho (Na2SOs), ¢b dic, va phan con lai duoc tinh ché bang phuong phép sic
ky dé tao ra chét rén, chét rin nay dugc két tinh lai tir MeCN dé tao ra hop chit néu &
d& muc (120 mg, 47%).
1H NMR (400 MHz, DMSO-d6) 8: 9,00 (s, 1 H), 8,74 (s, 1 H), 8,26 (s, 1 H), 8,18 (s, 1
H), 8,08 (s, 1 H), 7,32 (s, 1 H), 3,91 (s, 3 H), 3,55 (quin, 1 H), 3,48 (s, 2 H), 3,22 - 3,30
(m, 2 H), 2,84 - 2,93 (m, 2 H), 2,63 (s, 3 H).

LCMS m/z =398,3 [MH]+
Vi du diéu ché 61
4-Bromo-1-metyl-3-(((tetrahydro-2H-pyran-2-yl)oxy)metyl)-1H-pyrazol
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_ B6 sung DHP (951 mg, 11,3 mmol) va PTSA (14 mg, 0,075 mmol) vao dung dich
chura 4-bromo-l-metyl-1H-pyrazol-3-metanol (720 mg, 3,77 mmol) trong THF (30 mL).
Dung dich néy duqc khudy & khoang 50°C trong khoang 16 gio. HSn hop nay dugc cd
dac va phan con lai dugc tinh ché bang phuong phap sic ky dé tao ra hop chét néu & dé
muc dudi dang diu khong mau (1,0 g, 84%).
1H NMR (400 MHz, CDCl3) 8: 7,37 (s, 1 H), 4,81 (t, 1 H), 4,74 (d, 1 H), 4,46 (d, 1 H),
3,96 - 4,03 (m, 1 H), 3,88 (s, 3 H), 3,56 - 3,63 (m, 1 H), 1,80 - 1,93 (m, 1 H), 1,59 -
1,78 (m, 3 H), 1,48 - 1,57 (m, 2 H).

LCMS m/z=190,7 [MH-THP]+
Vi du diéu ché 62
(1s,3s)-3-(xyanometyl)-3-(4-(6-(1-metyl-3-(((tetrahydro-2H-pyran-2-yl)oxy)metyl)-
1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-

carbonitril

Phén 1

B6 sung KOAc (313 mg, 3,19 mmol), va bis(pinacolato)diboron (405 mg, 1,59
mmol) vao dung dich chira 4-bromo-1-metyl-3-(((tetrahydro-2H-pyran-2-
yl)oxy)metyl)-1H-pyrazol (Vi du diéu ché 61, 200 mg, 0,73 mmol) trong 1,4-dioxan (10
mL). Hon hgp nay dugc suc bing nito trong khoang 5 phut trude khi bb sung
Pd(dppf)Cl2 (78 mg, 0,11 mmol). Hdn hop nay dugc gia nhiét & khoing 90°C trong
khoang 18 gio. Hon hop nay dugc cd dic dé tao ra mau 1-metyl-3-(((tetrahydro-2H-
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pyran-2-yl)oxy)metyl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol
khong tinh khiét dudi dang diu mau den (234 mg), ma duoc st dung & Phén 2 sau day
ma khong cén tinh ché thém. |
Phan 2
Hén hop (1r,3r)-3-(4-(6-clopyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3-

(xyanometyl)xyclobutan-1-carbonitril (Vi du didu ché 75, 85 mg, 0,25 mmol), 1-metyl-
3-(((tetrahydro-2H-pyran-2-yl)oxy)metyl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)-1H-pyrazol (phan 1, 81 mg, 0,25 mmol), va dung dich nudc KsPOs 2M (1,0 mL)
trong 1,4-dioxan (3,0 mL) dugc suc bang agon trong khoang 2 phit, sau d6 XPhos Pd
G2 (39 mg, 0,050 mmol) duge bd sung vao. Hon hop phéan tmg dugc gia nhiét & khoang
45°C trong khoang 45 phut. Pha 1,4-dioxan dugc tach tir pha nuée, ma dugce chiét tiép
bing EtOAc (5 mL). Céc phan chiét 1,4-dioxan va EtOAc két hop duoc lam kho
(Na2S04) va co dic. Phén con lai dugc tinh ché bang phuong phép sic ky dé tao ra hop
chit néu & d& muc (50 mg, 40%).
'"H NMR (400 MHz, CDCl3) &: 8,92 (s, 1 H), 8,45 (s, 1 H), 8,33 (s, 1 Hi 8,07 - 8,10 (m,
1 H), 8,00 (s, 1 H), 6,96 (d, 1 H), 5,02 (d, 1 H), 4,87 - 491 (m, 1 H), 4,70 (m, 1 H), 4,59
(d, 1 H), 4,51 (d, 1 H), 3,99 (s, 3 H), 3,51 - 3,62 (m, 2 H), 3,34 - 3,44 (m, 1 H), 3,29 (s,
2 H), 2,99 (m, 2 H), 1,80 - 1,96 (m, 3 H), 1,68 - 1,80 (m, 3 H).
LCMS m/z = 498,3 [MH]+
Vi du 22

(1r,3r)-3-(xyanometyl)-3-(4-(6-(3-(hydroxymetyl)-1-metyl-1H-pyrazol-4-

yl)pyrazolo[ 1,5-a]pyrazin-4-yl)- 1H-pyrazol-1-yl)xyclobutan-1-carbonitril

PTSA (10 mg, 0,052 mmol) duoc bd sung vao dung dich chua (1s,3s)-3-
(xyanometyl)-3-(4-(6-(1-metyl-3-(((tetrahydro-2H-pyran-2-yl)oxy)metyl)- 1H-pyrazol-
4-yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril (Vi du
didu ché 62, 50 mg, 0,10 mmol) trong MeOH (10 mL). Hon hop phan tng dugc gitt &
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khoéang 20°C trong khoang 18 gio. Chét rén két tia duoc loc d& tao ra hop chat néu & dé

muc (20 mg, 48%).

1H NMR (400 MHz, DMSO-d6) &: 9,00 (s, 1 H), 8,91 (s, 1 H), 8,48 (s, 1 H), 8,35 (s, 1

H), 8,22 (d, 1 H), 7,47 (d, 1 H), 5,41 (br, s., 1 H), 4,66 (s, 2 H), 3,88 (s, 3 H), 3,54 - 3,62

(m, 1 H), 3,52 (s, 2 H), 3,28 - 3,34 (m, 2 H), 2,90 - 2,98 (m, 2 H).

LCMS m/z =414,4 [MH]+

Vi dy diéu ché 63
(1r,3r)-3-(xyanometyl)-3-(4-(6-(1-metyl-3-nitro-1H-pyrazol-4-yl)pyrazolo[ 1,5-

a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril

N
\\ =N
I

=" N
\N’N\/Y\N__
O,N =N

Phin 1

B6 sung KOAc (285 mg, 2,90 mmol), va bis(pinacolato)diboron (368 mg, 1,45
mmol) vao dung dich chira 4-bromo-1-metyl-3-nitro-1H-pyrazol (200 mg, 0,97 mmol)
trong 1,4-dioxan (10 mL). Hon hop nay duoc suc bang nito trong khoang 5 phut, sau d6
Pd(dppfH)Cl> (70,8 mg, 0,097 mmol) dugc bd sung vao. Hon hop nay dugc gia nhiét &
khoang 90°C trong khoang 18 gio. Hén hop nay duge cd dic dé tao ra 1-metyl-3-nitro-
4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol khong tinh khiét duéi dang
diu mau den, ma duoc sir dung khong can tinh ché thém & Phan 2.
Phan 2

Hén hop (1r,3r)-3-(4-(6-clopyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3-
(xyanometyl)xyclobutan-1-carbonitril (Vi du diéu ché 75, 130 mg, 0,38 mmol), 1-metyl-
3-nitro-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol (phén 1,97 mg, 0,38
mmol), va dung dich nuéc K3POs 2M (2,0 mL) trong 1,4-dioxan (6,0 mL) dugc suc
bang agon trong khoang 2 phit, sau d6 XPhos Pd G2 (60,6 mg, 0,077 mmol) dugc bd
sung vao. Hon hop nay dugc gia nhiét & khoang 45°C trong khoang 45 phut. Pha 1,4-
dioxan dugc tach tir pha nude, ma duge chiét tiép bang EtOAc (10 mL). Céc phén chiét
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1,4-dioxan va EtOAc két hop dugc lam khd (Na2SOq4) va ¢d déc. Phén con lai duge tinh
ché bang phuong phép sic ky dé tao ra hop chét néu & d& muc (120 mg, 72%).
1H NMR (400 MHz, DMS0-d6) §: 9,10 (s, 1 H), 8,90 (s, 1 H), 8,56 (s, 1 H), 8,43 (s, 1
H), 8,32 (d, 1 H), 7,56 (br, s., 1 H), 4,05 (s, 3 H), 3,54 - 3,60 (m, 1 H), 3,51 (s, 2 H),
3,18-3,29 (m, 2 H), 2,88 - 2,98 (m, 2 H).
LCMS m/z =429,4 [MH]+
Vi du 23

(1r,3r)-3-(4-(6-(3-Amino- 1-metyl- 1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)- 1 H-

pyrazol-1-yl)-3-(xyanometyl)xyclobutan-1 -carbonifril

N
\\ N

N—N
[

7" >N
\N'N\/Y\N_’
H,N =N

B sung NH4Cl (90 mg, 1,68 mmol) va bot sit (50 mg, 0,90 mmol) vao dung dich
chita  (1r,3r)-3-(xyanometyl)-3-(4-(6-(1-metyl-3-nitro- 1H-pyrazol-4-yl)pyrazolo[1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril (Vi du didu ché 63, 120 mg,
0,28 mmol) trong EtOH (3 mL) va nude (0,5 mL). Phan g duoc khudy & khoang 60°C
trong khoang 18 gid, sau do thém céc phan bot sit va NH4Cl duoc bd sung vao. Hon
hop nay dugc gia nhiét & khoang 100°C trong khoang 3 gio. Hon hop nay dugc co dic
va EtOH néng (20 mL) duoc b sung vao. Cac chét ran khong tan dugc 14y ra bang cach
loc. Dich loc dugc ¢b dic va phan con lai dugc tinh ché bang phuong phap sc ky dé
tao ra hop chét néu & d& muc dudi dang chit rin mau trang (10 mg, 9%).
1H NMR (400 MHz, CD;0D) §: 8,74 (s, 1 H), 8,67 (s, 1 H), 8,40 (s, 1 H), 8,08 (d, 1 H),
7,94 (s, 1 H), 7,24 (d, 1 H), 3,77 (s, 3 H), 3,47 - 3,55 (m, 1 H), 3,43 (s, 2 H), 3,34 - 3,41
(m, 2 H), 2,98 (dd, 2 H).
LCMS m/z =399,4 [MH]+
Vi du diéu ché 64

3,5-Dibromo-1-metyl-1H-pyrazol
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Dung dich chtta 3,5-dibromopyrazol (6,5 g, 28,7 mmol) trong THF (30 mL) dugc
bd sung tirng giot vao huyén phii lam mat bang nudc da chira NaH (2,88 g, 60% trong
déu khoang, 71,9 mmol) trong THF (45 mL). Hoén hop nay duge khudy ¢ khoang 0°C
trong khoang 1 gi¢. Iodometan (5,37 mL, 86,3 mmol) dugc bd sung vao va hdn hop nay
dugc khudy & khoang 0°C trong khoang 3 gid, tiép tuc sau do khudy & khoang 15°C
trong khoang 2 gi. Hon hgp nay dugc rot vao trong dung dich nuéc NH4Cl bao hoa (20
mL) va chiét bang EtOAc (40 mL). Phan chiét EtOAc duge rira bang nude mudi (20
mL), lam kho (Na2SOs4), va co dic. Phan con lai duge tinh ché bing phwong phép sic
ky dé tao ra hop chét néu & d& muc duéi dang dau khong mau (5,5 g, 79%).
1H NMR (400 MHz, CDCl;) 6: 6,31 (s, 1 H), 3,87 (s, 3 H).

LCMS m/z = 240,6 [MH]+ (ddng vi 7Br, *'Br)
Vi dg vi = 240,6 [MAXit 3-bromo-1-metyl-1H-pyrazol-5-carboxylic
OH

Br— N
\ o]

N-N
\

Dung dich chua 3,5-dibromo-1-metyl-1H-pyrazol (Vi du didu ché 64, 3,0 g, 12,5
mmol) trong THF (30 mL) dugc xtr ly ting giot bang n-BuLi (2,5 M, 6,25 mL, 15,6
mmol) & khoang -70°C. Sau khoang 30 phut ¢ nhiét do nay, dung dich chira CO; trong
THF (30 mL) duoc bd sung vao timg giot trong khi duy tri nhiét do bén trong dudi
khoang -65°C. Hdn hop nay dugc khudy & nhiét do nay trong khoang 1 gio. Hon hop
phan tmg dugc sau d6 dugc rot vao dung dich nuée HCI IM (50 mL) va hdn hop nay
duoc ¢ dic mot phan dé loai bé hiu hét THF. Lép nude duge chiét bing DCM (50
mL). Phin chiét DCM duoc lam khd (Na;SO4) va c6 dic dé tao ra hop chét néu & dé
muc dudi dang chét rin mau vang (2,1 g, 81%).
1HNMR (400 MHz, DMSO-d6) §: 13,70 (br s, 1H), 6,95 (s, 1H), 4,04 (s, 3H).

LCMS m/z = 206,9 [MH]+ (ddng vi *'Br)
Vidng vi 206,9 [Mtert-Butyl (3-bromo-1-metyl-1H-pyrazol-5-yl)carbamat
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Diphenylphosphoryl azit (18,8 g, 68,5 mmol) duoc bd sung vao dung dich chua
axit 5-bromo-2-metyl-2H-pyrazol-3-carboxylic (Vi du diéu ché 65, 7,02 g, 34,2 mmol)
va DIPEA (11,9 mL, 68,5 mmol) trong t-butanol (114 mL). Hén hop nay duge khudy &
khoéang 45°C trong khoang 30 phut, sau do6 gia nhiét trong diéu kién hdi Iuu trong khoéng
5 gid. Hon hop da lam mat dugc pha loang bing EtOAc (60 mL) va rita bang dung dich
nuée NaHCO3 bio hoa (2 x 30 mL) va nuée mudi (20 mL). Phan chiét EtOAc dugce cd
dic va phan con lai dugc tinh ché bang phuong phép sic ky dé tao ra hop chét néu & dé
muc dudi dang chit rin mau vang (4,80 g, 51%).
1H NMR (400 MHz, DMSO-d6) 8: 6,28 (br s, 1H), 6,18 (s, 1H), 3,73 (s, 3H), 1,50 (s,

9H).
LCMS m/z = 221,7 [MH-C4H8]+ (dong vi *'Br)
Vi du diéu ché 67

3-Bromo-1-metyl-5-(diBoc)-amino-1H-pyrazol

0.0
. ﬂ N\g/O\ﬁ

Di-tert-butyl dicarbonat (1,58 g, 7,24 mmol) dugc bd sung vao dung dich chira
tert-butyl (3-bromo-1-metyl-1H-pyrazol-5-yl)carbamat (Vi du didu ché 66, 2,0 g, 7,24
mmol), TEA (4,04 mL, 29,0 mmol), va DMAP (177 mg, 1,45 mmol) trong DCM (40
mL). Hon hop nay dugc khudy & khoang 20°C trong khoyl dicarbonat (1,58 g, 7,24
mmol) duoc bd sung vao dung dich chua tert-butyl (3-bromo-1-metyl-1H-pyrazol-5-
yl)carbam dugc c6 dac va phan con lai dugc tinh ché phuong phép sc ky dé tao ra hop
chét néu & dé muc (1,85 g, 67)%.
1H NMR (400 MHz, CDCls) 8: 6,06 - 6,20 (m, 1 H), 3,64 (s, 3 H), 1,44 (s, 18 H).
LCMS m/z = 378,2 [MH]+ (ddng vi *'Br)
Vi d m/z =2-((1r,3s)-1-(4-(6-(5-Amino-1-metyl-1H-pyrazol-3-yl)pyrazolo[1,5-
alpyrazin-4-yl)-1H-pyrazol-1-yl)-3-metoxyxyclobutyl)axetonitril
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Phan 1

Hdn hop 3-bromo-1-metyl-5-(diBoc)-amino-1H-pyrazol (Vi du diéu ché 67, 1200
mg, 3,19 mmol), KOAc (988 mg, 9,57 mmol) va bis(pinacolato)diboron (1210 mg, 4,78
mmol) trong 1,4-dioxan (15 mL) dugc suc bang agon trong khoang 5 phit trudc khi bd
sung XPhos Pd G2 (502 mg, 0,64 mmol). Hon hop phan tmg duoc gia nhiét & khoang
65°C trong khoang 3,5 gio, sau do 2-((1s,31)-1-(4-(6-clopyrazolo[ 1,5-a]pyrazin-4-yl)-
1H-pyrazol-1-yl)-3-metoxyxyclo-butyl)axetonitril (Vi du didu ché 100, 1090 mg, 3,19
mmol), dung dich nuéc K3POs 2M (4,78 mL) va XPhos Pd G2 (502 mg, 0,64 mmol)
duoc bd sung vao. Hon hop nay dugce suc lai bang agon, sau d6 gia nhiét & khoang 80°C
trong khoang 1 gio. EtOAc dugc bd sung vao va cac pha dugc tich. Pha nude dugce chiét
hai 14n nita béng EtOAc va cac phﬁn chiét EtOAc két hop duogc co dic. Phén con lai
duoc tinh ché bang phuong phap sdc ky dé tao ra hdn hgp cac hop chét trung gian mono-
va di-BOC (710 mg, 36%) ma dugc st dung & Phén 2.
Phéan 2

TFA (6 mL, 80 mmol) dugc bd sung vao dung dich chtra cac hop chét trung gian
mono- va di-BOC tir Phin 1 (710 mg, 1,18 mmol) trong DCM (6 mL) & khoang 20°C.
Sau khoang 1 gid, hdn hop nay dugc ¢d dic. DCM duge b sung vao, tiép theo 1a lugng
du dung dich nuéc NaHCO3 bao hoa dé 1am cho @6 pH dung dich tré nén kiém. C4c pha
duoc tach va pha nuéc dugc chiét hai 14n nita bang DCM. Cac phan chiét DCM két hop
dwoc 1am kho (Na2SO4) va ¢d ddc. Phan ung twong duong st dung hop chét tir Phan 1
(220 mg, 0,36 mmol) va TFA (2 mL, 30 mmol) trong DCM (2 mL) duoc két hop véi
nguyén liéu tir phan g néu trén va cac mau két hop dugc tinh ché bang phuong phép

sac ky dé tao ra hop chit néu & d& muc dudi dang gém trong subt (470 mg, 99%).
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1H NMR (400 MHz, DMSO-d6) &: 8,81 (s, 1 H), 8,73 (s, 1 H), 8,40 (s, 1 H), 8,21 (d, 1
H), 7,44 (d, 1 H), 5,33 (br, s, 2 H), 3,94 - 4,02 (m, 1 H), 3,62 (s, 3 H), 3,44 (5,2 H), 3.21
(s, 3 H), 3,14 - 3,20 (m, 2 H), 2,39 - 2,45 (m, 2 H).

LCMS m/z = 404,5 [MH]+

Vi du diéu ché 68

Dietyl 4-bromo-1H-pyrazol-3,5-dicarboxylat

&

0 Br 0/\
\ N o
N—NH

Hbn hop este dietyl cua axit 1H-pyrazol-3,5-dicarboxylic (4,0 g, 18,85 mmol) va
N-bromosucxinimit (4,03 g, 22,6 mmol) trong hdn hop axit nitric dac va axit axetic bang
(12,0 mL, 5:95 thé tich/thé tich) dugc gia nhiét bing burc xa vi séng & khoang 120°C
trong khoang 20 phut. Tbng lugng 13,0 g (61,26 mmol) nguyén li¢u ban déu este dietyl
clia axit 1H-pyrazol-3,5-dicarboxylic dugc xit ly theo cach nay trong cac mé song song.
Cac hdn hop phan ing thé mau nau thu duge duge két hop, rét vao nuée (260 mL), va
xtt ly bang lugng di NaHCO; dé 1am cho @0 pH dung dich tré nén kiém. Hon hop nay
dugc chibt bing EtOAc (3 x 300 mL). Cac phan chiét EtOAc két hop dugc lam kho
(Na2S04) va co dic 8 tao ra hop chit néu & @& muyc dudi dang chét ran mau tring nho
(17,0 g, 95%).
1H NMR (400 MHz, CDCl3) §: 8,79 (br, s., 1 H), 4,44 (q, 4 H), 1,42 (t, 6 H).

LCMS m/z = 290,7 [MH]+ (ddng vi 7Br)
Vi du diéu ché 69
Dietyl 4-bromo-1-(2-(1-metyl-1H-pyrazol-4-yl)-2-oxoetyl)- 1H-pyrazol-3,5-

dicarboxylat -

Dung dich chira este dietyl cta axit 4-bromo-1H-pyrazol-3,5-dicarboxylic (Vi du
didu ché 68, 9,66 g, 33,18 mmol) va 2-bromo-1-(1-metyl-1H-pyrazol-4-yl)-etanon (Vi
du didu ché 6, 6,0 g, 29,55 mmol) trong MeCN (140 mL) dugc xir Iy bang K2COs (5,31
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g, 38,40 mmol) va Hon hop phan tmg duoc khudy & khoang 25°C trong khoang 16 gio.
Nudce (100 mL) duoc bd sung vao va hdn hop nay duge chiét bang EtOAc (3 x 100 mL).
Céc phan chiét EtOAc két hop dugc lam khd (Na;SOs) va ¢d ddc. Phan con lai duge
tinh ché bang phuong phap sdc ky dé tao ra hop chit néu & d& muc dudi dang chét rin
mau tring (10,0 g, 82%).
IHNMR (400 MHz, CDCl3) 8: 7,95 (s, 1 H), 7,92 (s, 1 H), 5,82 (s, 2 H), 4,43 (q, 2 H),
4,36 (q, 2 H), 3,96 (s, 3 H), 1,45 (t, 3 H), 1,35 (t, 3 H).
LCMS m/z = 436,8 [MNa]+ (ddng vi *'Br)
Vi du diéu ché 70

Dietyl 4-metyl-1-(2-(1-metyl-1H-pyrazol-4-yl)-2-oxoetyl)-1H-pyrazol-3,5-

dicarboxylat

Hon hop K»COs (11,0 g, 79,9 mmol) va este dietyl cua axit 4-bromo-1H-[2-(1-
metyl-1H-pyrazol-4-yl)-2-oxo-etyl]- 1H-pyrazol-3,5-dicarboxylic (Vi du diéu ché 69,
11,0 g, 26,62 mmol) trong DMF (133,0 mL) dugc suc bang nito & khoang 25°C, sau d6
Pd(dppf)CI2 (1950 mg, 2,66 mmol) va trimetylboroxin (10,0 g, 79,9 mmol) dugc bd
sung vao va dung dich nay duoc gia nhi¢t & khoang 110°C trong khoang 5 giod. Phan
Ung da lam mat duoc pha loang bang EtOAc (100 mL) va hdn hop thu dugc dugc rira
biing nude mudi (2 x 100 mL), 1am khd (NazSOs), va ¢6 déic. Phan con lai dugc tinh ché
bang phuong phap sic ky dé tao ra hop chit néu & d& muc du6i dang chit rin mau vang
(5,45 g, 50%).
1H NMR (400 MHz, CDCl3) 8: 7,92 (s, 1 H), 7,90 (s, 1 H), 5,78 (s, 2 H), 4,41 (q, 2 H),
4,28 (q,2 H), 3,95 (s, 3 H), 2,58 (s, 3 H), 1,39 (t, 3 H), 1,31 (t, 3 H).

LCMS m/z = 348,9 [MH]+
Vidu didu ché 71
Etyl 4-hydroxy-3-metyl-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[1,5 -a|pyrazin-2-

carboxylat
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Este dietyl ctia axit 4-metyl-[2-(1-metyl-1H-pyrazol-4-yl)-2-oxo-etyl]-1H-
pyrazol-3,5-dicarboxylic (Vi du diéu ché 70, 5,35 g, 15,36 mmol) dugc trén véi EtOH
khan (15 mL) va c¢b dic. Chit rin thu dugc dugc hoa tan trong EtOH (40 mL) va
NH40Ac (3,55 g, 46,1 mmol) dugc bd sung vao. Hon hgp phan tmg duoc gia nhigt &
khoang 130°C trong ndi hip trong khoang 8 gid. Sau khi 1am mat, hon hop nay duge
loc va chét két tia dugc lam kho dé tao ra hop chit néu ¢ dé muc duéi dang chét rin
mau tring nho (3,40 g, 73%).
1H NMR (400 MHz, DMSO-d6) &: 11,45 (br, s., 1 H), 8,27 (s, 1 H), 8,08 (s, 1 H), 8,02
(s, 1 H), 4,31 (m, 2 H), 3,87 (s, 3 H), 2,61 (s, 3 H), 1,24 - 1,40 (m, 3 H).

LCMS m/z =301,8 [MH]+

Vi du diéu ché 72
Axit 4-hydroxy-3-metyl-6-(1-metyl-1H-pyrazol-4-yl)-pyrazolo[ 1 ,5-a]pyrazin-2-
carboxylic
OH
HOMN
(o] \N’N AN\F
/N_—
=N

Lithi hydroxit monohydrat (1,42 g, 33,9 mmol) dugc bd sung vao huyén phti chtra
este etyl cua axit 4-hydroxy-3-metyl-6-(1-metyl-1H-pyrazol-4-yl)-pyrazolo[ 1,5-
a]pyrazin-2-carboxylic (Vi du diéu ché 71, 3,40 g, 11,3 mmol) trong THF (50 mL),
MeOH (50 mL) va nuéce (25 mL). Hon hop nay dugc khudy ¢ khoang 60°C trong khoang
4 gid. Hon hop da lam mat dugc ¢6 ddc va nude (50 mL) dugc bd sung vao. Do pH cua
hén hop nay dugc didu chinh dén khoang 2 bang cach bd sung dung dich nude HCI
12M. Chét két tia thu duoc duge loc va rira bang nudce (50 mL), sau d6 lam kho trong
chan khong dé tao ra hop chit néu & d& muc dudi dang chét ran.
1HNMR (400 MHz, DMSO-d6) §: 12,90 - 13,20 (br, s, 1 H), 11,40 (s, 1 H), 8,30 (s, 1
H), 8,02 (m, 2 H), 3,90 (s, 3 H), 2,60 (s, 3 H).
LCMS m/z = 301,8 [MH]+, 323,8 [MNa]+
Vi du diéu ché 73
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3-metyl-6-(1-metyl-1H-pyrazol-4-yl)-pyrazolo[1,5-a]pyrazin-4-ol
OH
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N
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Axit 4-hydroxy-3-metyl-6-(1-metyl-1H-pyrazol-4-yl)-pyrazolo[1,5-a]pyrazin-2-
carboxylic (Vi du didu ché 72, 2,58 g, 9,44 mmol) duoc bd sung ting phan vao sulfolan
da gia nhiét trude (18,9 mL) ¢ khoang 280°C. Khi hoan thanh viéc bd sung, hdn hop
nay duoc khudy trong thém 1 gi®' & khoang 280°C. Hon hop d3 1am mét dugce tinh ché
truc tiép bang phuong phap sic ky trén silica gel (giai hép bang ete dau mé:EtOAc
(100:0 to 50:50), sau d6 bing DCM:MeOH (91:9)) dé tao ra hop chét néu & d& muc dudi
dang chét rin mau vang (1,50 g, 69%).

IHNMR (400 MHz, DMSO-d) &: 11,20 (s, 1 H), 8,38 (s, 1 H), 8,02 (s, 1 H), 7,96 (s, 1
H), 7,70 (s, 1 H), 3,85 (s, 3 H), 2,40 (s, 3 H).

Vi du diéu ché 74
4-Clo-3-metyl-6-(1-metyl-1H-pyrazol-4-yl)-pyrazolo[1,5-a]pyrazin
Cl
=" >N

N\
N~
N
\)\K\IN—__
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B sung POCI3 (4,68 g, 30,5 mmol) vao huyén phu chira 3-metyl-6-(1-metyl-1H-
pyrazol-4-yl)-pyrazolo[1,5-a]pyrazin-4-ol (Vi du diéu ché 73, 1,40 g, 6,11 mmol) trong
MeCN (60,0 mL). Hén hop phan tng dugc gia nhiét & khoang 80°C trong khoang 16
- gio. Sau khi 1am mat, hdn hop nay duoc rét vao nude (200 mL) & khoang 25°C. Hén
hop nay dugc didu chinh dén khoang pH =9 bang cach bd sung dung dich nudc NaHCOs3
bdio hoa (200 mL), sau do chiét bing EtOAc (5 x 100 mL). Cac phan chiét EtOAc két
hop dugc lam kho (NaSOs) va co dac. Phén con lai duoc tinh ché bang phuong phap
sic ky, sau d6 tinh ché tiép bang HPLC dé tao ra hop chét néu & d2 muc duéi dang chit
ran mau tring (163 mg, 11%).
1H NMR (400 MHz, CDCls) 8: 8,37 (s, 1 H), 7,89 (s, 1 H), 7,85 (s, 1 H), 7,80 (s, 1 H),
3,96 (s, 3 H), 2,57 (s, 3 H).

LCMS m/z = 247,7 [MH]+ (ddng vi **Cl)
Vidu 25
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(1r,3r)-3-(xyanometyl)-3-(4-(3-metyl-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril

B4 sung vao dung dich chta 4-clo-3-metyl-6-(1-metyl-1H-pyrazol-4-yl)-
pyrazolo[1,5-a]pyrazin (Vi du diéu ché 74, 98 mg, 0,40 mmol) va (1r,3r)-3-
(xyanometyl)-3-(4-(4,4,5,S-tetrametyl-1,3,2-dioxaborolan-2-y1)-lH-pyrazol-l-
yl)xyclobutan-1-carbonitril (Vi du diéu ché 91, 247 mg, 0,79 mmol) trong 1,4-dioxan (9
mL), dung dich nuéc KzPO4 2M (0,59 mL) & khoang 25°C va hdn hop nay dugc suc
bang nito trong khoang 2 phut trudc khi bd sung XPhos Pd G2 (62,3 mg, 0,079 mmol).
Hon hop nay dugc suc bang nito trong khoéng 3 phit, sau d6 gia nhi¢t & khoang 80°C
trong khoang 16 gid. Hon hop nay dugc loc va cd déc. Phén con lai dugce tinh ché bang
phuong phap sic ky, sau d6 tinh ché tiép bang HPLC dé tao ra hop chit néu & dé muc
dudi dang chit ran mau vang nhat (56 mg, 36%).
1H NMR (400 MHz, DMSO-d6): 5: 8,98 (s, 1 H), 8,94 (s, 1 H), 8,60 (s, 1 H), 8,27 (s, 1
H), 8,22 (s, 1 H), 8,10 (s, 1 H), 7,98 (s, 1 H), 3,90 (s, 3 H), 3,52 - 3,57 (m, 3 H), 3,19 -
3,26 (m, 2 H), 2,91 - 2,97 (m, 2 H), 3,06 (s, 3 H).

LCMS m/z =398,0 [MH]+
Vi du diéu ché 75
(1r,3r)-3-(4-(6-clopyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3-

(xyanometyl)xyclobutan-1-carbonitril
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Hon hop 4,6-diclopyrazolo[1,5-a]pyrazin (Vi du diéu ché 4, 350 mg, 1,86 mmol),
(1r,3r)-3-(xyanometyl)-3-(4-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-yl)-1H-pyrazol-
1-yl)xyclobutan-1-carbonitril, (Vi du diéu ché 91, chat dong phén trans, 581 mg, 1,86
mmol), va dung dich nuéc K3PO4 2M (2,79 mL) trong 1,4-dioxan (10 mL) duoc suc
bang agon trong khoang 5 phut, sau do bis(tri-t-butylphosphine)paladi(0) (48,0 mg,
0,093 mmol) duoc bd sung vao. Hon hop nay duge gitt & khoang 25°C trong khoang 2
gio sau do loc. Chét két tua duoc rira bz:fmg Et,O va lam kho. Dich loc dugce cd dac,
nghién tinh ché bing EtO, loc, rira bing Et20 va 1am kh. Hai chit két tiia duoc két hop
dé tao ra hop chat néu & d& muc duéi dang chit rin mau trang (605 mg, 96%).

'H NMR (400 MHz, DMSO-de) 8: 9,05 (d, 1 H), 8,93 (s, 1 H), 8,46 (s, 1 H), 8,32 (d, 1
H), 7,61 (d, 1 H), 3,55 - 3,62 (m, 1 H), 3,54 (s, 2 H), 3,24 - 3,32 (m, 2 H), 2,89 - 3,00
(m, 2 H).
LCMS m/z = 338,2 [MH]"
Vidu 26
(1r,3r)—3-(xyanomety1)-3-(4-(6-(5-mety1—1H-pyrazol-3-yl)pyrazolo[1,5—a]pyrazin—4-
yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril

N AN
O
\./0

Phin 1

Hon hop (1r,3r)-3-(4-(6-clopyrazolo[1,5-a]pyrazin—4-y1)-1H-pyrazol-1-y1)-3-
(xyanometyl)xyclobutan-1-carbonitril (Vi du diéu ché 75, 85 mg, 0,25 mmol), 3-metyl-
1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-yl)-1H-
pyrazol (Vi du diéu ché 93, 73 mg, 0,25 mmol), va dung dich nude KsPOg 2M (1,0 mL)
trong 1,4-dioxan (3,0 mL) duoc suc bang agon trong khoéng 2 phut, sau d6 XPhos Pd
G2 (39,6 mg, 0,050 mmol) dugc bd sung vao. Hon hop nay dugc gia nhiét & khoang
45°C trong khoang 45 phut trudce khi lam mat va c6 dac. Phin con lai duoc tinh ché bing

phuong phép sic ky dé tao ra (1r,31)-3-(xyanometyl)-3-(4-(6-(5-metyl-1-(tetrahydro-
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2H-pyran-2-yl)-1H-pyrazol-3-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-
yl)xyclobutan-1-carbonitril (26 mg, 22%), dugc sur dung truc tiép & Phan 2.
LCMS m/z = 384,3 [MH-THP]+
Phén 2

TFA (1 mL) dugc bd sung vao dung dich chtra (1r,3r)-3-(xyanometyl)-3-(4-(6-(5-
metyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol-3-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-
pyrazol-1-yl)xyclobutan-1-carbonitril (26-mg, 0,055 mmol) trong DCM (2 mL). Hén
hop phan ing dugc gia nhiét dén khoang 50°C trong khoang 1 gio. Hén hop nay dugc
cd dac va phan con lai duge co dic hai 14n béng toluen (5 mL mdi 14n). Sau d6, phan
con lai duge tinh ché bing phuong phép sic ky d8 tao ra chét rén, chat rin nay dugc
nghién tinh ché tiép bang ete d8 tao ra hop chit néu & dé muc (8 mg, 38%).
1H NMR (400 MHz, CD3CN) §: 8,87 (s, 1 H), 8,66 (s, 1 H), 8,48 (s, 1 H), 8,15 (d, 1
H), 7,23 (s, 1 H), 6,73 (s, 1 H), 3,46 (dd, 1 H), 3,36 (s, 2 H), 3,32 - 3,41 (m, 2 H), 2,98
(dd, 2 H), 2,37 (s, 3 H).
LCMS m/z = 384,4 [MH]+
Vidu 27

2-((18,3r)-1-(4-(6-(5-(Hydroxymetyl)-1H-pyrazol-3-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-
1H-pyrazol-1-yl)-3-metoxyxyclobutyl)axetonitril

Dung dich chira 2-((1s,3r)-1-(4-(6-clopyrazolo[ 1,5-a]pyrazin-4-yl)- 1H-pyrazol-1-
yl)-3-metoxyxyclobutyl)axetonitril (Vi du diéu ché 82, 100 mg, 0,29 mmol), va (3-
(tributylstannyl)- 1H-pyrazol-5-yl)metanol (Vi du didu ché 32, 113 mg, 0,29 mmol)
trong 1,4-dioxan (2 mL) duoc suc bang agon trong 5 phut, tiép theo bd sung XPhos Pd
G2 (45,9 mg, 0,058 mmol). Hon hop nay duge gia nhiét & khoang 80°C trong khoang
18 gio. Chét két taa thu duoc duge loc, rira béng 1,4-dioxan va Et,O, va lam kho dé tao

ra hop chét néu & d& muc dudi dang cht rin mau tring (62 mg, 53%).
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'H NMR (400 MHz, CDsCN) §: 8,86 (s, 1 H), 8,58 (s, 1 H), 8,44 (s, 1 H), 8,13 (d, 1 H),
7,21 (d, 1 H), 6,85 (s, 1 H), 4,65 (d, 2 H), 4,05 (quin, 1 H), 3,27 (s, 3 H), 3,21 (s, 2 H),
2,90 - 2,99 (m, 2 H), 2,67 - 2,76 (m, 2 H).
LCMS m/z = 405,3 [MH]"
Vidu 28
2-((1r,3s)-1-(4-(6-(5-(Hydroxymetyl)-1H-pyrazol-3-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-
1H-pyrazol-1-yl)-3-metoxyxyclobutyl)axetonitril

Dung dich chira 2-((1r,3s)-1-(4-(6-clopyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-
yl)-3-metoxyxyclobutyl)axetonitril (Vi du didu ché 39; 1000 mg, 2,92 mmol) va (3-
(tributylstannyl)-1H-pyrazol-5-yl)metanol (Vi du didu ché 32, 1130 mg, 2,92 mmol)
trong 1,4-dioxan (2 mL) duoc suc bang agon trong 5 phit, tiép theo bd sung XPhos Pd
G2 (45,9 mg, 0,058 mmol). Hon hop nay dugc gia nhiét & khoang 80°C trong khoang
18 gid. Chét két tia duge loc va sau do tinh ché bang phuwong phép sic ky dé tao ra chét
rin mau tring nho. Chét rin nay gia nhiét trong lugng du EtOH s6i dén khi né hoa tan
hoan toan, va sau d6 khudy trong khoang 18 gid & khoang 20°C. Chét két tua duogc loc
va lam khé trong chan khong dé tao ra hop chit néu & dé muc dudi dang chét ran tinh
thé (507 mg, 43%).
1H NMR (400 MHz, CD3CN) &: 11,48 (br, s.), 8,89 (s), 8,65 (s), 8,46 (s), 8,15 (d), 7,23
(s), 6,87 (s), 4,67 (d), 4,08 (quin), 3,31 (s), 3,30 (s), 3,15 - 3,25 (m), 2,53 (dd).

LCMS m/z = 405,3 [MH]+
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Vi du diéu ché 76
Etyl 5-(tributylstannyl)isoxazol-3-carboxylat

o-N

TEA (0,69 mL, 4,95 mmol) duoc bd sung timg giot vao dung dich etyl 2-clo-2-
(hydroxyimino)axetat lanh bang (500 mg, 3,30 mmol) va etynyltributylstannan (1040
mg, 3,30 mmol) trong EO (10 mL). Hon hop phan tng dugc lam 4m dén khoang 20°C
va gitr trong khoang 18 gio. Hon hgp nay dugc co dic va phan con lai duge tinh ché
bang phuong phép sdc ky dé tao ra hop chit néu & d& muc dudi dang dau khong mau
(810 mg, 57%),).
1H NMR (400 MHz, CDCl3) &: 6,80 (s, 1 H), 6,77 - 6,84 (m, 1 H), 4,45 (q, 2 H), 1,51 -
1,63 (m, 6 H), 1,43 (t, 3 H), 1,34 (dq, 6 H), 1,15 - 1,26 (m, 6 H), 0,90 (t, 9 H).

LCMS m/z = 454,2 [MNa]+ (d6ng vi '2°Sn)
Vi du didu ché 77
Etyl 5-(4-(1-((1r,3r)-3-xyano-1-(xyanometyl)xyclobutyl)-1H-pyrazol-4-

yl)pyrazolo[1,5-a]pyrazin-6-yl)isoxazol-3-carboxylat

N
\WN

Dung dich chira (1r,3r)-3-(4-(6-clopyrazolo[ 1,5-a]pyrazin-4-yl)- 1H-pyrazol-1-yl)-
3-(xyanometyl)xyclobutan-1-carbonitril (Vi dy diéu ché 75, 110 mg, 0,33 mmol) va etyl
5-(tributylstannyl)isoxazol-3-carboxylat (Vi du diéu ché 76, 140 mg, 0,33 mmol) trong
1,4-dioxan (3 mL) duoc suc bang agon trong khoang 5 phit, tiép theo bd sung XPhos
Pd G2 (51,2 mg, 0,065 mmol). Hon hop nay duge gia nhiét & khoang 100°C trong
khoang 5 gid. Hon hop nay dugc cb diac va phan con lai duge tinh ché bang phuong
phap sic ky d8 tao ra hop chit néu & @& muc dué6i dang chét rdn mau vang nhat (66 mg,

45%).
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'H NMR (400 MHz, DMSO-de) &: 9,44 (s, 1 H), 9,02 (s, 1 H), 8,60 (s, 1 H), 8,42 (d, 1
H), 7,65 (d, 1 H), 7,62 (s, 1 H), 4,44 (q, 2 H), 3,54 - 3,63 (m, 1 H), 3,53 (s, 2 H), 3,26 -
3,36 (m, 2 H), 2,90 - 2,98 (m, 2 H), 1,37 (t, 3 H).
LCMS m/z = 443,3 [MH]+
Vidu 29

5-(4-(1-((1r,3r)-3-xyano-1-(xyanometyl)xyclobutyl)- 1H—pYrazol-4-yl)pyrazolo[ 1,5-

a]pyrazin-6-yl)isoxazol-3-carboxamit

Dung dich chua etyl 5-(4-(1-((1r,3r)-3-xyano-1-(xyanometyl)xyclobutyl)-1H-
pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-6-yl)isoxazol-3-carboxylat (Vi du diéu ché 77, 54
mg, 0,12 mmol) trong metanol (3 mL) dugc xu ly bang dung dich khi amoniac 7M trong
metanol (2 mL, 14 mmol). Binh phan (g dugc bit kin va hén hop nay dugc gia nhiét &
khoang 95°C trong khoang 18 gi¢. Sau khi 1am mat, chit két tia duoc loc, rira bing
EtOAc tiép theo 12 O, va 1am kho dé tao ra hop chét néu & d& muc duéi dang chat ran
mau tring (45 mg, 89%).
1H NMR (400 MHz, DMS0-d6) 8: 9,36 (s, 1 H), 9,01 (s, 1 H), 8,58 (s, 1 H), 8,41 (d, 1
H), 8,21 (br, s, 1 H), 7,91 (br, s, 1 H), 7,64 (d, 1 H), 7,50 (s, 1 H), 3,55 - 3,62 (m, 1 H),
3,53 (s, 2 H), 3,26 - 3,35 (m, 2 H), 2,90 - 2,98 (m, 2 H).

LCMS m/z =414,3 [MH]+
Vi du diéu ché 78
2-((1r,3s)-1-(4-(6-(5-(DiBoc)-amino- 1-(tetrahydro-2H-pyran-2-yl)-pyrazol-3-
yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3 -metoxyxyclobutyl)axetonitril
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Hdn hop 3-bromo-1-(tetrahydro-2H-pyran-2-yl)-5-(diBoc)-amino- 1H-pyrazol (Vi
du didu ché 43, 233 mg, 0,52 mmol), KOAc (162 mg, 1,57 mmol), va
bis(pinacolato)diboron (199 mg, 0,78 mmol) trong 1,4-dioxan (4 mL) duoc suc bang
agon trong khoang 5 pht, sau d6 XPhos Pd G2 (82,1 mg, 0,10 mmol) dugc bd sung vao.
Hdn hop nay duge gia nhiét & khoang 65°C trong khoang 3,5 gio. Sau khi lam mat dén
khoang 20°C, 2-((1r,3s)-1-(4-(6-clopyrazolo[1,5—a]pyrazin-4-y1)-1H-pyrazol-1-yl)-3-
metoxyxyclo-butyl)axetonitril (Vi du diéu ché 39, 125 mg, 0,36 mmol), dung dich nudc
K3PO4 2M (0,783 mL) va XPhos Pd G2 (82,1 mg, 0,10 mmol) dugc bd sung vao. Hon
hop nay duoc suc lai bang agon, sau d6 gia nhiét & khoang 80°C trong kKhoang 1 gio.
Sau khi 1am mét hon hop nay dugc pha lodng bing EtOAc va cic pha duoc tach. Pha
nuée duge chiét hai 14n bang EtOAc va cac phan chiét EtOAc két hop duoc co dic. Phéan
con lai duoce tinh ché bang phuong phap sic ky dé tao ra hop chat néu & dé muc dudi
dang dau trong sudt (220 mg, 62%).
1H NMR (400 MHz, CDCls) 8: 9,08 (s, 1 H), 8,39 (s, 1 H), 8,33 (s, 1 H), 8,09 (d, 1 H),
6,97 (d, 1 H), 6,90 (s, 1 H), 5,26 (dd, 1 H), 4,03 - 4,11 (m, 2 H), 3,64 (t, 1 H), 3,34 (s, 3
H), 3,25 (s, 2 H), 3,11 - 3,19 (m, 2 H), 2,55 - 2,63 (m, 2 H), 2,21 (m, 1 H), 1,93 (dd, 1
H), 1,59 - 1,84 (m, 4 H), 1,45 (s, 18 H).

LCMS m/z = 674,5 [MH]+
Vi du 30

2-((1r,3s)-1-(4-(6-(3-Amino-1H-pyrazol-5-yl)pyrazolo[ 1, 5-a]pyrazin-4-yl)-1H-
pyrazol-1-yl)-3-metoxyxyclobutyl)axetonitril
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TFA (3 mL) dugc bd sung vao dung dich chaa 2-((1r,3s)-1-(4-(6-(5-(diBoc)-
amino- 1-(tetrahydro-2H-pyran-2-yl)-pyrazol-3-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-
pyrazol-1-yl)-3-metoxyxyclobutyl)axetonitril (Vi du diéu ché 78, 220 mg, 0,33 mmol)
trong DCM (2 mL) & khoang 20°C. Sau khoang 1 gi¢ & nhiét do nay, hdn hop nay duge
¢d dic va phan con lai dugc hoa tan trong DCM va dung dich nuéc NaHCO; bao hoa,
dam bao do pH kiém. DCM duoc tach va pha nuée duge chiét hai 1an bang DCM. Céc
phan chiét DCM két hop duoc lam khd (Na2SOs), ¢6 diic, va phan con lai duge tinh ché
bang phuong phap sc ky tiép theo bang HPLC d8 tao ra hop chit néu & dé muc duéi
dangchﬁtrénrnéuiréng(l7rng,1396)
1H NMR (400 MHz, CD;0D) &: 8,89 (s, 1 H), 8,84 (s, 1 H), 8,54 (s, 1 H), 8,17 - 8,18
(m, 1 H), 7,34 (s, 1 H), 6,22 (s, 1 H), 4,09 - 4,12 (m, 1 H), 3,39 (s, 3 H), 3,22 - 3,27 (m,
2 H), 2,56 - 2,60 (m, 2 H).

LCMS m/z =390,3 [MH]+
Vi du diéu ché 79
(4-Bromo-1-metyl-1H-pyrazol-3-yl)metanol
HO Br
J
|

Natri borohydrua (3,4 g, 90 mmol) duoc bd sung vao dung dich chira etyl 4-bromo-
1-metyl-1H-pyrazol-3-carboxylat (4,2 g, 18 mmol) trong EtOH khan (150 mL) & khoang
5°C. Hdn hop nay dugc gia nhiét & khoang 50°C trong khoang 16 gid, sau d6 EtOAc
(100 mL) va nudc (100 mL) duoc bd sung vao. EtOAc dugc tach, 1am khd (NaxSOs),
vécédacPhﬁncbnlaiduqcﬁnhchébéngphuongphépsécdeétaorahqpchétn&JG
d& muc dué6i dang chat ran mau trang (1,05 g, 31%).
1H NMR (400 MHz, DMSO-d6) &: 7,84 (s, 1 H), 5,01 (td, 1 H), 4,33 (d, 2 H), 3,77 (s,
3 H).
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LCMS m/z = 192,7 [MH]+ (d6ng vi *'Br)
Vi du diéu ché 80
~ 4-Bromo-1 -metyl-3-(((tetrahydro-2H-pyran-2-yl)oxy)metyl)-1H-pyrazol

2

o} Br
I3
|

Bd sung DHP (1,32 g, 15,7 mmol) va PTSA (19,9 mg, 0,10 mmol) vao dung dich
chira (4-bromo-1-metyl-1H-pyrazol-3-yl)metanol (Vi du diéu ché 79, 1,00 mg, 5,23
mmol) trong THF (30 mL). Dung dich nay duoc gia nhiét & khodng 50°C trong khoang
16 gi. Hon hop nay dugc cd dic va phan con lai dugc tinh ché bing phuong phap sic
ky dé tao ra hop chét néu & d muc dudi dang dau khong mau (1,02 g, 71%).
1H NMR (400 MHz, CDCl3) 8: 7,36 (s, 1 H), 4,80 (t, 1 H), 4,73 (d, 1 H), 4,45 (d, 1 H),
3,95 - 4,03 (m, 1 H), 3,87 (s, 3 H), 3,53 - 3,64 (m, 1 H), 1,78 - 1,93 (m, 1 H), 1,60 - 1,77
(m, 3 H), 1,45 - 1,60 (m, 2 H).
LCMS m/z = 174,6 [MH-THP]+
Vi du diéu ché 81

1-metyl-3-(((tetrahydro-2H-pyran-2-yl)oxy)metyl)-4-(4,4,5,5 -tetrametyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol

'BfO
0
Bé sung bis(pinacolato)diboron (457 mg, 1,8 mmol) va KOAc (353 mg, 3,6 mmol)
vao dung dich chtra 4-bromo- 1-metyl-3-(((tetrahydro-2H-pyran-2-yl)oxy)metyl)- 1 H-
pyrazol (Vi du diéu ché 80, 330 mg, 1,20 mmol) trong DMF (12 mL). Hon hop nay dwoc
suc bang nito trong khoang 2 phut, sau d6 Pd(dppf)Cl> (87,8 mg, 0,12 mmol) duoc bd
sung vao. Hon hop nay dugc gia nhiét & khoang 90°C trong khoang 16 gio. Hon hop da
lam mat duogc loc qua tAm Celite® va bo loc rira béng metanol (15 mL). Dich loc dugc
c¢d dic dé tao ra hop chét néu & d& muc khong tinh khiét dudi dang gdm mau tbi (1,17

g), ma dugc str dung trong budc tiép theo vi du 31 ma khong can tinh ché thém.
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'H NMR (400 MHz, CDCl5) 8: 7,61 (s, 1 H), 4,75 - 4,77 (m, 1 H), 4,50 - 4,57 (m, 2 H),
4,03 - 4,10 (m, 1 H), 3,91 - 3,98 (m, 1 H), 3,89 (s, 3 H), 1,81 - 1,90 (m, 1 H), 1,61 - 1,76
(m, 3 H), 1,49 - 1,56 (m, 2 H), 1,30 (s, 12 H).
LCMS m/z = 239,1 [MH-THP]"
Vidu 31
2-((1r,3s)-1-(4-(6-(3-(Hydroxymetyl)-1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-
a]pyrazin-4-yl)-1H-pyrazol- 1-yl)-3-metoxyxyclobutyl)axetonitril

Phan 1

Hdn hop 2-((1r,3s)-1-(4-(6-clopyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1 -yl)-3-
metoxy-xyclobutyl)axetonitril (Vi du diéu ché 39, 80 mg, 0,23 mmol), 1-metyl-3-
(((tetrahydro-2H-pyran-2-yl)oxy)metyl)-4-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-
yl)-1H-pyrazol (Vi du didu ché 81, 376 mg, 1,17 mmol), va dung dich nuéc K3POs 2M
(0,35 mL) trong 1,4-dioxan (2,5 mL) dugc xu ly bang XPhos Pd G2 (18,4 mg, 0,023
mmol) va hdn hop nay duge suc bang nito. Hon hgp nay duoc gia nhiét & khoang 60°C
trong khoang 20 gid. Hon hop nay duoc co dac va phan con lai dugc tinh ché bing
phuong phép sic ky dé tao ra hop chit néu & dé& muc dudi dang gdm mau vang. Mau
nay duoc két hop véi san pham tir phan tng twong duong dugc thuc hién st dung 2-
((1r,3s)-1-(4-(6-clopyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3-
metoxyxyclobutyl)axetonitril (Vi du diéu ché 39, 120 mg, 0,35 mmol), 1-metyl-3-
(((tetrahydro-2H-pyran-2-yl)oxy)metyl)-4-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-
yl)-1H-pyrazol (Vi du didu ché 81, 564 mg, 1,75 mmol), dung dich nuéc K3PO4 2M
(0,525 mL), va XPhos Pd G2 (13,8 mg, 0,023 mmol) trong 1,4-dioxan (3,5 mL) dé tao
ra  2-((1r,3s)-3-metoxy-1-(4-(6-(1-metyl-3-(((tetrahydro-2H-pyran-2-yl)oxy)metyl)-
1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1 -yl)xyclobutyl)axetonitril
v6i tong san luong 150mg (51%), dugc sir dung & Phén 2 ma khéng can tinh ché thém.

Phén 2
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TFA (1 mL) duoc bd sung vao dung dich dugc lam mat bing nudc da chira 2-
((1r,3s)-3-metoxy-1-(4-(6-(1-metyl-3-(((tetrahydro-2H-pyran-2-yl)oxy)metyl)-1H-
pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutyl)axetonitril
(phan 1, 150 mg, 0,30 mmol) trong DCM (3 mL). Hon hop nay dugc khudy c6 lam mat
bang nudc d4 trong khoang 2 gid; sau do cd dac. Phén con lai dugc tinh ché bang HPLC
dé tao ra hop chét néu & dé muc dudi dang chét ran mau vang nhat (53 mg, 38%).
1H NMR (400 MHz, CD;0D) §: 8,87 (s, 1 H), 8,69 (s, 1 H), 8,40 (s, 1 H), 8,21 (s, 1 H),
8,13 (d, 1 H), 7,28 (d, 1 H), 4,83 (s, 2 H), 4,05 - 4,14 (m, 1 H), 3,96 (s, 3 H), 3,37 (s, 2
H), 3,34 (s, 3 H), 3,18 - 3,27 (m, 2 H), 2,53 - 2,62 (m, 2 H).

LCMS m/z =419,1 [MH]+
Vi du diéu ché 82
2-((1s,3r)-1-(4-(6-clopyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-y1)-3-

metoxyxyclobutyl)axetonitril

Phan 1

Bd sung bis(pinacolato)diboron (564 mg, 2,22 mmol) va KOAc (436 mg, 4,44
mmol) vao dung dich chtra 2-((1s,3r)-1-(4-bromo-1H-pyrazol-1-yl)-3-
metoxyxyclobutyl)axetonitril (Vi du didu ché 37, chit déng phan cis, 400 mg, 1,48
mmol) trong toluen (9 mL). Hon hop nay dugce suc bang nito trong khoang 3 phut, sau
d6 Pd(dppf)Clz (108 mg, 0,15 mmol) dugc bd sung vao. Hon hgp nay dugce suc lai bang
nito trong khoang 3 phut, sau d6 gia nhiét & khoang 110°C trong khoang 16 gio. Hon
hop da lam mat duge co diic va phan con lai duge tinh ché bang phuong phap sdc ky dé
tao ra  2-((1s,3r)-3-metoxy-1-(4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazol-1-yl)xyclobutyl)axetonitril khdng tinh khiét du¢i dang dau mau vang nhat (500
mg), ma dugc sir dung & Phan 2.
Phén 2

Dung dich chtra 2-((15,3r)-3-metoxy-1-(4-(4,4,5,5-tetramety1—1,3,2-dioxaborolan-
2-yl)-1H-pyrazol-1-yl)xyclobutyl)axetonitril (phan 1, 470 mg, 1,48 mmol) va 4,6-
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diclopyrazolo[1,5-a]pyrazin (Vi du diéu ché 4, 279 mg, 1,48 mmol), va dung dich nudc
K>CO3 2M (2,22 mL) trong 1,4-dioxan (10 mL) dugc suc bang nito trong khoang 2 phit,
sau d6 Pd(dppf)Cl» (108 mg, 0,15 mmol) dugc bd sung vao. Hon hop nay dugc suc lai
béng’nito trong khoang 3 phut, sau d6 gia nhiét & khoang 90°C trong khoéang 16 gio.
Hon hop dd 1am mat duge co dac va phan con lai duge tinh ché bang phuong phép sic
ky dé tao ra hop chét néu & d& muc du6i dang chat rin mau vang (130 mg, 26%).
'H NMR (400 MHz, CDCl3) &: 8,40 (s, 1 H), 8,35 (s, 1 H), 8,27 (s, 1 H), 8,08 (d, 1 H),
7,00 (s, 1 H), 4,05 (quin, 1 H), 3,30 (s, 3 H), 3,10 (s, 2 H), 3,00 (m, 2 H), 2,75 (m, 2 H).
LCMS m/z = 343,2 [MH]+ (dong vi ¥*C1)
Vi du diéu ché 83

Etyl 5-(4-(1-((1s,3r)-1-(xyanometyl)-3-metoxyxyclobutyl)- 1H-pyrazol-4-

yl)pyrazolo[ 1,5-a]pyrazin-6-yl)-1H-pyrazol-3-carboxylat

Dung dich chua 2-((1s,3r)-1-(4-(6-clopyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-
yl)-3-metoxyxyclobutyl)axetonitril (Vi du diéu ché 82, 120 mg, 0,35 mmol) va etyl 5-
(tributylstannyl)- 1H-pyrazol-3-carboxylat (Vi du diéu ché 31, 150 mg, 0,35 mmol) trong
1,4-dioxan (5 mL) dugc xt ly béng XPhos Pd G2 (13,8 mg, 0,017 mmol) va hdn hop
nay dugc suc bang nito trong khoang 2 pht. Hon hop nay dugc gia nhiét & khoang
110°C trong khoang 2 gio. Hon hop da 1am mat dugc c6 dac va phan con lai dugce tinh
ché bang phuong phap sc ky dé tao ra hop chit néu & dé muc dudi dang chit rin mau
vang (180 mg).

'H NMR (400 MHz, CDCl3) 8: 9,05 (br, s., 1 H), 8,39 (s, 1 H), 8,32 (s, 1 H), 8,14 (s, 1
H), 7,65 (s, 1 H), 7,02 (s, 1 H), 6,88 (s, 1 H), 4,44 - 4,50 (m, 2 H), 4,08 (t, 1 H), 3,80 (s,
3 H), 3,13 (s, 2 H), 3,00 - 3,08 (m, 2 H), 2,75 - 2,83 (m, 2 H), 1,46 (t, 3 H).

LCMS m/z = 447,1 [MH]*

Vidu 32
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5-(4-(1-((1s,31)-1-(xyanometyl)-3-metoxyxyclobutyl)- 1H-pyrazol-4-yl)pyrazolo[1,5-
a]pyrazin-6-yl)-1H-pyrazol-3-carboxamit

Dung dich chtra etyl 5-(4-(1-((1s,3r)-1-(xyanometyl)-3-metoxyxyclobutyl)- 1 H-
pyrazol-4-y1)pyrazolo[1,5-a]pyrazin-6-yl)-1H-pyrazol-3-carboxy1at (Vi du diéu ché 83,
100 mg, 0,22 mmol) trong MeOH (2 mL) dugc xtt Iy bang dung dich khi amoniac 4M
trong metanol (1 mL). Binh phan Gng dugc ddy kin va hdn hop nay dugc gia nhiét ¢
khoang 60°C trong khoang 16 gio. Hon hop nay duge co dic va phan con lai dugc tinh
ché bing HPLC d8 tao ra hop chit néu & dé muc (23 mg, 25%).
1H NMR (400 MHz, DMSO0-d6) &: 13,79 (br, s., 1 H), 9,31 (br, s., 1 H), 9,00 (br, 5., 1
H), 8,67 (br, s., 1 H), 8,28 (d, 1 H), 7,56 (br, s., 2 H), 7,39 (br, s., 1 H), 7,25 - 7,35 (m,
1 H), 4,08 (quin, 1 H), 3,44 (s, 2 H), 3,21 (s, 3 H), 2,79 - 2,90 (m, 2 H), 2,63 - 2,73 (m,
3 H).

LCMS m/z = 440,1 [MNa]+
Vi du diéu ché 84
2-(Tetrahydro-2H-pyran-2-yl)-2H-1,2,3-triazol

=)
N o

Bd sung DHP (21,9 g, 261 mmol) va PTSA (0,374 g, 2,17 mmol) vao hdn hop 1H-
1,2,3-triazol (15 g, 220 mmol) trong DCM (724 mL). Hon hop nay dugc git ¢ khoang
25°C trong khoang 18 gio, sau d6 NaOH (96 mg, 2,39 mmol) dugc bd sung vao. Hon
hop nay dugc khudy & khoang 25°C trong khoang 1 gi¢ sau d6 loc. Dich loc dugc cd
d3c va phén con lai dugc tinh ché bang phuong phép sdc ky dé tao ra hop chit néu ¢ dé
muc duéi dang dau khong mau (18 g, 54%).
1H NMR (400 MHz, CDCl3) 8: 7,68 (s, 2 H), 5,74 (dd, 1 H), 4,00 - 4,08 (m, 1 H), 3,69
-3,81 (m, 1 H), 2,36 - 2,51 (m, 1 H), 2,02 - 2,20 (m, 2 H), 1,61 - 1,81 (m, 3 H).
Vi du diéu ché 85
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2-(Tetrahydro-2H-pyran-2-yl)-4-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)-2H-
1,2,3-triazol

o
0B\ _N
T
N (0]

Bb sung 4,4'-di-tert-butyl-2,2'-bipyridin (0,315 g, 1,18 mmol) va dime (1,5-
xyclooctadien)(metoxy)iridium(I) (234 mg, 0,35 mmol) vao dung dich chua 4,4,5,5-
tetrametyl-1,3,2-dioxaborolan (24 g, 129 mmol) trong pentan (200 mL). Dung dich nay
nhanh chéng tré thanh mau dé va quan sat thdy khi tho4t ra. Sau khoang 15 phut, 2-
(tetrahydro-2H-pyran-2-yl)-2H-1,2,3-triazol (Vi du didu ché 84, 18 g, 117 mmol) dugc
bd sung vao. Hon hop nay dugc khudy & khoang 25°C trong khoang 6 gio. Hon hop nay
duoc ¢b dic va phan con lai duoc tinh ché bang phwong phap sic ky dé tao ra hop chit
néu & dé muc dudi dang chét rin khong mau (26 g, 79%).
1H NMR (400 MHz, CDCls) 8: 7,99 (s, 1 H), 5,81 (dd, 1 H), 4,07 (d, 1 H), 3,67 - 3,78
(m, 1 H), 2,41 - 2,55 (m, 1 H), 2,02 - 2,16 (m, 2 H), 1,60 - 1,80 (m, 3 H), 1,37 (s, 12 H).
LCMS m/z = 113,9 [MH-C2H2N]+
Vi du diéu ché 86

( 1r,3r)-3-(xyanometyl)-3-(4-(6-(2—(tetrahydro-2H-pyran-2-y1)—2H- 1,2,3-triazol-4-
yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1 -yl)xyclobutan-1-carbonitril

Hon hop (1r,3r)-3-(4-(6-clopyrazolo[1,5-a]pyrazin-4-yl)-IH-pyrazol-l-yl)-3-
(xyanometyl)xyclobutan-1-carbonitril (Vi du diéu ché 75, 300 mg, 0,89 mmol), 2-
(tetrahydro-2H-pyran-2-yl)-4-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)-2H-1,2,3-
triazol (Vi du diéu ché 85, 248 mg, 0,89 mmol), va dung dich nudc K3PO4 2M (1 mL)
trong 1,4-dioxan (4 mL) duoc suc bing agon trong khoang 5 phut, sau d6 XPhos Pd G2
(140 mg, 0,18 mmol) dugc bd sung vao. Hon hop nay dugc gia nhi¢t & khoang 50°C

trong khoang 1 gio, sau d6 lam mat va pha loang bang EtOAc. Cac pha dugc tich va
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pha nudc dugé chiét hai lan bing DCM. Céc phén chiét EtOAc va DCM két hop duoc
1am kho (Na2SO4) va cd dic. Phan con lai dugc tinh ché bing phuong phép sic ky dé
tao ra hop chét néu & dé muc dudi dang gdm trong sudt (384 mg, 95%).

1H NMR (400 MHz, CDCl5) §: 9,02 (s, 1 H), 8,41 (s, 1 H), 8,35 (s, 1 H), 8,28 (s, 1 H),
8,13 (d, 1 H), 7,00 (d, 1 H), 5,81 (dd, 1 H), 4,06 - 4,12 (m, 1 H), 3,77 - 3,87 (m, 1 H),
3,35 -3,47 (m, 3 H), 3,30 (s, 2 H), 2,95 - 3,04 (m, 2 H), 2,45 - 2,59 (m, 1 H), 2,12 - 2,24
(m, 2 H), 1,69 - 1,87 (m, 3 H).

LCMS m/z = 455,3 [MH]+

Vi du diéu ché 87

(1r,31)-3-(4-(6-(2H-1,2,3-Triazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)- 1H-pyrazol-1-yl)-

3-(xyanometyl)xyclobutan-1-carbonitril

Huyén phl chuta (1r,3r)-3-(xyanometyl)-3-(4-(6-(2-(tetrahydro-2H-pyran-2-yl)-
2H-1,2,3-triazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-
carbonitril (Vi du diéu ché 86, 384 mg, 0,84 mmol) trong MeOH (5 mL) duoc xu ly
bang PTSA (16,1 mg, 0,084 mmol). Hon hop nay dugc gia nhiét ¢ khoang 60°C trong
khoang 3,5 gi0. Cac chét rén duoc hoa tan dé tao ra dung dich ddng thé, sau do6 chét ran
mau tring két tia. Tiép tuc gia nhiét trong khoang 1 gio nita. Hon hop nay dugc lam
mat dén khoang 0°C trong khoang 30 phut va loc. Chét két tia dugc rira bing MeOH va
lam kho trong chan khong dé tao ra hop chit néu & d& muc duéi dang chit rin mau tréng
(204 mg, 65%).
1H NMR (400 MHz, DMSO0-d6) §: 9,05 (s, 1 H), 8,97 (s, 1 H), 8,72 (br, s., 1 H), 8,57
(s, 1 H), 8,46 (s, 1 H), 8,30 (s, 1 H), 7,56 (s, 1 H), 3,55 - 3,62 (m, 1 H), 3,53 (s, 2 H),
3,22 - 3,30 (m, 2 H), 2,89 - 3,00 (m, 2 H).

LCMS m/z=371,3 [MH]+
Vidu 33
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(1r,3r)-3-(xyanometyl)-3-(4-(6-(1-metyl-1H-1,2,3-triazol-4-yl)pyrazolo[ 1,5 -a|pyrazin-
4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril

B6 sung iodometan (0,034 mL, 0,540 mmol) vao hdn hop (1r,3r)-3-(4-(6-(2H-
1,2,3-triazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)-3-
(xyanometyl)xyclobutan-1-carbonitril (Vi du diéu ché 87, 100 mg, 0,27 mmol) va
K2CO; (75 mg, 0,54 mmol) trong DMF (1 mL). Hon hop nay dugc khudy trong khoang
2 gi & khoang 25°C. Hon hop nay dugc loc va banh loc dugc rira hai lan bang DCM.
Dich loc dugc cd ddc va phén con lai dugc tinh ché bang phuong phap sic ky tiép theo
bing HPLC dé tao ra hop chit néu & d& muc dudi dang chat rin mau tring (40 mg, 39%).
'H NMR (400 MHz, CDCls) &: 9,19 (s, 1 H), 8,51 (s, 1 H), 8,33 (s, 1 H), 8,30 (s, 1 H),
8,15 (d, 1 H), 7,03 (s, 1 H), 4,22 (s, 3 H), 3,35 - 3,46 (m, 3 H), 3,30 (s, 2 H), 2,99 (d, 2
H).

LCMS m/z = 385,4 [MH]"
Vi du 34
(1s,3s)-3-(xyanometyl)- 1-metyl-3-(4-(6-(1-metyl- 1H-pyrazol-4-yl)pyrazolo[1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril

/," //
N=" \...

Vidu 35
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(1r,31)-3-(xyanometyl)- 1-metyl-3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril

DBU (327 mg, 2,15 mmol) dugc bd sung vio dung dich chua 6-(1-metyl-1H-
pyrazol-4-yl)-4-(1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin (Vi du diéu ché 53, 190 mg,
0,72 mmol) va 3-(xyanometylen)-1-metylxyclobutan-1-carbonitril (Vi du didu ché 89,
142 mg, 1,07 mmol) trong MeCN (15 mL) va hdn hop nay duge khudy & khoang 50°C
trong khoang 4 gio. Hon hop nay dugc cd dic va phan con lai dugc tinh ché bang phuong
phép sic ky dé tao ra phan con lai dugc tinh ché tiép bang TLC dé tao ra hdn hop hai
hop chét néu & dé muc (200 mg, 70%) dudi dang chét rin mau nau. Hon hop céc chét
ddng phan nay dugc tach bang HPLC dé tao ra (1r,3r)-3-(xyanometyl)-1-metyl-3-(4-(6-
(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1 -yl)xyclobutan-1-
carbonitril du6i dang chat rin mau hong nhat (chit ddng phan trans, 24 mg 8%)
1H NMR (400 MHz, CD3CN) &: 8,36 (s, 1 H), 8,28 (s, 1 H), 8,26 - 8,31 (m, 1 H), 8,14
(s, 1 H), 7,86 (s, 1 H), 7,79 (d, 1 H), 7,73 (s, 1 H), 6,87 (d, 1 H), 3,66 (s, 3 H), 3,10 (s, 2
H), 2,80 - 2,92 (m, 4 H), 1,25 (s, 3 H).

LCMS m/z = 398,0 [MH]+ va 420,0 [MNa]+

va  (Is,3s)-3-(xyanometyl)-1-metyl-3-(4-(6-(1-metyl- 1H-pyrazol-4-yl)pyrazolo[1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril (chat déng phan cis, 24 mg,
8%).

1H NMR (400 MHz, CD3CN) &: 8,68 (s, 1 H), 8,63 (s, 1 H), 8,44 (s, 1 H), 8,14 (s, 1 H),
8,05 (d, 1 H), 8,00 (s, 1 H), 7,15 (d, 1 H), 3,92 (s, 3 H), 3,47 - 3,55 (m, 2 H), 3,19 (s, 2
H), 2,74 - 2,82 (m, 2 H), 1,63 (s, 3 H).

LCMS m/z = 398,0 [MH]+ va 419,9 [MNa]+

Vi du diéu ché 88

1-metyl-3-oxoxyclobutan-1-carbonitril
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Phan 1

B6 sung 2,5 M n-BuLi (5,15 mL) ¢ khoang 0°C vao dung dich chua
diisopropylamin (1,30 g, 12,9 mmol) trong THF (30 mL). Dung dich nay duoc khudy
trong khoang 30 phut ¢ khoang 0°C trudc khi lam mat dén khoang -78 °C. 3-
Metylenexyclobutan-1-carbonitril (1,00 g, 10,74 mmol) duoc bd sung vao va dung dich
nay duoc khudy trong khoang 1 gilto & khoang -78 °C. Iodometan (1,98 g, 14,0 mmol)
duoc bd sung vao dung dich & khoang -78 °C, sau do hén hop nay duoc dé cho 4m dén
khoang 20°C va giit & nhiét do nay trong khoang 0,5 gio. Dung dich nu¢c NH4Cl bao
hoa (30 mL) duoc bd sung vao va hdn hop nay duge chiét bang EtOAc (3 x 30 mL).
Céc phan chiét EtOAc két hop dugce co dic dé tao ra 1-metyl-3-metylenexyclobutan-1-
carbonitril dudi dang ddu mau vang nhat (1,1 g, 96%).
IH NMR (400 MHz, CDCl3) §: 4,90 - 4,98 (m, 2 H), 3,23 - 3,35 (m, 2 H), 2,64 - 2,75
(m, 2 H), 1,55 (s, 3 H).

Phén 2

B6 sung céc phan nho NalOy (8,78 g, 41,1 mmol) & khoéng 5°C vao hdn hop 1-
metyl-3-metylenexyclobutan-1-carbonitril (1,10 g, 10,3 mmol) va RuCl; hydrat (50,9
mg, 0,23 mmol) trong hdn hgp DCM (20 mL), MeCN (20 mL) va nu6c (40 mL). Hoén
hop nay sau do6 dugc khudy & khoang 25°C trong khoang 17 gio. Pha nuéc dugce tach va
chiét bing DCM (2 x 50 mL). Céc phin chiét DCM dugc két hop v6i pha DCM —~MeCN
va lam khd (Na2SO4), sau d6 loc qua khoang 10 g silica gel. Silica gel dugc ria bang
DCM (50 mL). Dich loc dugc c6 dac dé tao ra hop chit néu & d& muc duéi dang dau
mau nau (0,80 g, 71%).
1H NMR (400 MHz, CDCls) 8: 3,71 (m, 2 H), 3,14 (m, 2 H), 1,71 (s, 3 H).
Vi du diéu ché 89

3-(Xyanometylen)-1-metylxyclobutan-1-carbonitril
X o=
N= \\N

Hon hop 1-metyl-3-oxoxyclobutan-1-carbonitril (Vi du diéu ché 88, 0,80 g, 7,0

mmol), (Et0)P(O)CH,CN (1,43 g, 8,06 mmol), LiBr (0,955 g, 11,0 mmol) va TEA
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(1,48 g, 14,7 mmol) trong THF (20 mL) dugc khudy & khoang 25°C trong khoang 16
gidr. Nude (30 mL) duge bd sung vao va hén hop nay duoc chiét bang EtOAc (3 x 50
ml). Céc phin chiét EtOAc két hop dugc 1am kho (Na;SO4) va c6 ddc. Phén con lai
dugc tinh ché bang phwong phap sic ky dé tao ra hop chit néu & d& muc dudi dang dau
khong mau (0,65 g, 70%).

1H NMR (400 MHz, CDCls) 8: 5,34 (m, 1 H), 3,47 (m, 2 H), 2,98 (m, 2 H), 1,60 (s, 3

H).
GCMS m/z = 131 [M-H]+
Vi du diéu ché 90
2-(3-Metoxyxyclobutyliden)axetonitril
//N
o~
/
Phan 1

Muoi hai phan tng gidng nhau dugc thyc hién song song nhu sau:

Pbi véi timg phan ung, dng bit kin 100 mL dugc nap metoxyeten (37 g, 637 mmol),
DIPEA (9,88 g, 76,4 mmol), va axetyl clorua (5 g, 60 mmol) & khoang -30°C. Hon hop
nay sau d6 duge gia nhiét & khoang 70°C trong khoang 5 gio. Mudi hai phan ung dugc
két hop va rira bang dung dich nuée HCI 1M (2 x 100 mL), dung dich nuéc NaHCO;
bdo hoa (2 x 100 mL), lam khé (Na;SOs4) va cd dac dé tao ra mau thd 3-
metoxyxyclobutan-1-on dudi dang dau mau den (27 g, 37%). Nguyén li¢u nay tinh khiét
khodng 50% nhu dénh gia bing 1H NMR va duge sit dung khong cén tinh ché thém &
Phan 2.

Phén 2

Hai phan ung gidng nhau dugc thyc hién song song.

B6 sung (EtO)P(O)CH2CN (26 g, 147 mmol) & khoang 0°C vao hdn hop LiBr
(13,4 g, 154 mmol) va TEA (39 mL, 280 mmol) trong THF (200 mL). Tiép tuc khudy &
khoang 25°C trong khoang 2 gio. B sung vao hdn hop nay dung dich chira 3-
metoxyxyclobutan-1-on tho dugc didu ché ¢ Phén 1 (13 g, khoang 70 mmol) trong THF
(40 mL) & khoang 0°C. Hon hop sau d6 nay dugc khudy & khoang 25°C trong khoang
16 gid. Hai hdn hop phan tmg duoc két hop va cd dic. Phan con lai duoc tinh ché biang
phuong phap sic ky dé tao ra hop chit néu & @& muc dudi dang ddu mau vang nhat (9,2
g, 56%).
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1H NMR (400 MHz, CDCl;) 8: 5,25 (m, 1 H), 4,05 (m, 1 H), 3,30 (s, 3 H), 3,25 (m,1
H), 3,10 (m, 1 H), 2,85 (m, 2 H).
LCMS m/z = 124,08 [MH]+
Vi du diéu ché 91
(1r,3r)-3-(xyanometyl)—3—(4-(4,4,5,S-tetrametyl-1,3,2-dioxaborolan-2-yl)-lH-pyrazol-
1-yl)xyclobutan-1-carbonitril
(chét ddng phén trans)

N
NS, //
1]

N—-N

Y

/B\
0" o

va
(1s,3s)-3-(xyanometyl)-3-(4-(4,4,5,5-tetrametyl- 1,3,2-dioxaborolan-2-yl)-1 H-pyrazol-
1-yl)xyclobutan-1-carbonitril
(chét ddng phan cis)

B sung 3-xyanometylen)xyclobutan-1-carbonitril (Vi du didu ché 27, 953 g, 8
mol) va DBU (3,06 kg, 20,1 mol) ¢ khoang 20°C vao dung dich chta 4-(4,4,5,5,-
tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol (1,3 kg, 6,67 mol) trong MeCN (43L).
Tiép tuc khudy & khoang 20°C trong khoang 16 gio. Hon hop nay duge rot vao dung
dich nuée KHaPOs 1M (10 L) va chiét bing EtOAc (5 x 5 L). Cac phan chiét EtOAc két
hop duogc c6 dic va phan con lai duge tinh ché bang phuong phap sic ky dé tao ra
(1r,3r)-3-(xyanometyl)-3-(4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)- 1H-pyrazol-
1-yl)xyclobutan-1-carbonitril duéi dang chét rdn mau tring (chit ddng phan trans, 610

g,30%)
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diém nong chay 137 — 140°C
1H NMR (400 MHz, CDCls) &: 7,90 (s, 1 H), 7,88 (s, 1 H), 3,21 - 3,28 (m, 3 H), 3,19
(s, 2 H), 2,86 - 2,94 (m, 2 H), 1,33 (s, 12 H).
13C NMR (101 MHz, CD;0D) §: 147,54, 136,49, 122,49, 117,11, 84,96, 61,93, 37,52,
30,47, 25,28, 25,18, 17,21.
LCMS m/z =313,1 [MH]+
va (1s,3s)-3-(xyanometyl)-3-(4-(4,4,5,5-tetrametyl- 1,3,2-dioxaborolan-2-yl)-1H-
pyrazol-1-yl)xyclobutan-1-carbonitril dud¢i dang chit rin mau tring nho (chat dong
phén cis, 250 g, 12%).
diém noéng chay 95 — 98 °C
1H NMR (400 MHz, CDCl3) &: 7,86 (s, 2 H), 3,24 - 3,31 (m, 1 H), 3,13 - 3,21 (m, 2 H),
3,07 (s, 2 H), 2,96 - 3,04 (m, 2 H), 1,34 (s, 12 H).
13C NMR (101 MHz, CD;0D) &: 147,43, 135,94, 121,94, 117,37, 84,98, 75,96, 60,10,
37,95, 28,42, 25,29, 16,16.
LCMS m/z = 313,1 [MH]+
Vi du diéu ché 92

5-metyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol

/N\
(N
o)
va
3-metyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol
Hdn hop 3-metylpyrazol (1,00 g, 12,18 mmol), DHP (1,54 g, 18,3 mmol) va TFA
(0,007 mL, 0,089 mmol) dugc gia nhiét & khoang 85°C trong khoang 4 gid. Hon hop
nay dugc lam mat dén khoang 20°C va NaH (60% trong dau, 20 mg, 0,5 mmol) dugc
b sung vao. Tiép tuc khudy & khoang 20°C trong khoang 18 gio. Hon hop nay duge cd
dac, phan con lai dugc tinh ché bing phuong phap sic ky dé tao ra 5-metyl-1-
(tetrahydro-2H-pyran-2-yl)-1H-pyrazol dudi dang dau (400 mg, 20%)
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1H NMR (400 MHz, CDCl;) §: 7,45 (d, 1 H), 6,05 (d, 1 H), 5,24 - 5,30 (m, 1 H), 4,00 -

4,08 (m, 1 H), 3,61 - 3,70 (m, 1 H), 2,41 - 2,55 (m, 1 H), 2,35 (s, 3 H), 2,08 - 2,18 (m, 1

H), 1,93 - 2,02 (m, 1 H), 1,65 - 1,77 (m, 2 H), 1,55 - 1,64 (m, 1 H).

GCMS m/z = 166,1 [M]+

va 3-metyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol dudi dang dau (352 mg, 15%).

1H NMR (400 MHz, CDCl3) &: 7,48 (d, 1 H), 6,08 (d, 1 H), 5,29 (dd, 1 H), 4,08 (dt, 1

H), 3,64 - 3,74 (m, 1 H), 2,30 (s, 3 H), 2,07 - 2,18 (;n, 1 H), 1,98 -2,07 (m, 2 H), 1,64 -

1,77 (m, 3 H).

GCMS m/z = 166,1 [M]+

Vi du diéu ché 93

3-metyl-1-(tetrahydro-2H-pyran-2-yl)-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)-
1H-pyrazol

Dung dich n-BuLi 2,5M trong hexan (0,44 mL, 1,10 mmol) dugc bo sung vao dung
dich chtra 3-metyl-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazol (Vi du didu ché 92, 200
mg, 1,10 mmol) trong THF (2 mL) & khoang -70°C. Hon hop nay duoc khudy & nhiét
d6 nay trong khoang 10 phuat trude khi 2-isopropoxy-4,4,5,5-tetrametyl-1,3,2-
dioxaborolan (214 mg, 1,15 mmol) dugc bd sung vao. Hon hop nay duoc gilt 6 khodng
-70°C trong khoang 1 gi¢ nita, sau do lam Am dén khoang 20°C va cb dac dé tao ra hop
chét néu & @& muc tron v6i khoang 65% 3-metyl-1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazol khong phan ing. Hon hop nay dugc st dung ma khong can tinh ché thém.
'H NMR (400 MHz, CDCl3) 8: 6,51 (s, 1 H), 5,76 (dd, 1 H), 4,01 - 4,12 (m, 1 H), 3,59
-3,74 (m, 1 H), 2,37 - 2,51 (m, 2 H), 2,29 (s, 3 H), 1,97 - 2,18 (m, 1 H), 1,62 - 1,76 (m,
2 H), 1,47 - 1,62 (m, 1 H), 1,33 (s, 12 H).
GCMS m/z =292,2 [M]+
Vi du diéu ché 94

3-(Benzyloxy)-N-metoxy-N-metylxyclobutancarboxamit
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B6 sung ting phin CDI (280 g, 1,73 mol) vao dung dich chua axit 3-
(benzyloxy)xyclobutancarboxylic (324 g, 1,57 mol) trong DCM (1,5 L). Hon hop nay
duoc gia nhiét ¢ nhiét do hdi luu trong khoang 2 gid, sau d6 N,O-dimetylhydroxylamin
hydroclorua (183,7 g, 1,88 mol) va TEA (261 mL, 1,88 mol) dugc bd sung vao. Hon
hop nay dugc gia nhiét & nhiét do hdi luru trong khoang 3 gid nita, sau d6 khudy & khoang
~ 25°C trong khoang 16 gi¢. DCM dugc ria bang dung dich nuéc K2CO3 bio hoa, 1am
kho (K2CO3), va cd déc. Phén con lai duoc tinh ché biang phuong phap sdc ky dé taora
hop chét néu & d& muc (298 g, 76%).
1H NMR (400 MHz, DMSO-d6) §: 7,24-7,38 (m, 5 H), 4,37 (s, 2 H), 4,06 - 4,15 (m, 1
H), 3.61 (s, 3 H), 3,09 (s, 3 H), 2,96 (s, 1 H), 2,30 - 2,40 (m, 2 H), 2,09 - 2,22 (m, 1 H),
1,95-2,07 (m, 1 H).

Vi du diéu ché 95
1-[3-(Benzyloxy)xyclobutyl]etanon
(o)

5

B4 sung ting giot dung dich chira metylmagie bromua (1,3 mol) ¢ khoang —20°C
vao dung dich chua 3-(benzyloxy)-N-metoxy-N-metylxyclobutancarboxamit (Vi du
didu ché 94, 298 g, 1,2 mol) trong THF (1,5 L). Sau khi hoan thanh viéc bd sung
metylmagie bromua, bé lam mat duoc 14y di va hdn hop nay duoc dé cho 4m dén khoang
25°C. Sau d6 dung dich nuéc HC10,5M (2,5L) duoc bd sung vao va hdn hop nay dugc
chiét bing ELO (1 L + 500 mL). Céc phan chiét EO két hop dwoc rira bang nude, lam
kho (Na2S04), va cd déc. Phén con lai duge tinh ché béng phuong phap sic ky dé taora
hop chét néu & d& muc (194 g, 79%).
1H NMR (400 MHz, DMSO-d6) §: 7,24 - 7,38 (m, 5 H), 4,35 (s, 2 H), 3,90 - 3,99 (m,
0,5 H), 3,16 - 3,24 (m, 0,5 H), 2,75 - 2,87 (m, 1 H), 2,31 - 2,40 (m, 2 H), 2,06 - 2,15 (m,
1 H), 2,04 (s, 1,5 H), 1,99 (s, 1,5 H), 1,87 - 1,97 (m, 1 H).
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Vi du diéu ché 96
1-[3-(Benzyloxy)xyclobutyl]-3-(dimetylamino)prop-2-en-1-on

;;w(
oh

B4 sung dimetylformamit dimetyl axetal (285 g, 2,4 mol) vao dung dich chua 1-
[3-(benzyloxy)xyclobutyl]etanon (Vi du diéu ché 95,194 g, 0,95 mol) trong DMF (500
mL). Hon hop nay dugc gia nhiét & khoang 110 °C trong khoang 12 gio. Hon hop nay
duoc cd dac dé tao ra hop chit néu & d& muc (258 g), ma dugc st dung khong can tinh
ché tiép hodc xé4c dinh dic tinh tiép.
Vi du diéu ché 97

5-[3-(Benzyloxy)xyclobutyl]-1H-pyrazol

=
=N

ol

BS sung hydrazin hydrat (30 g, 0,6 mol) vao dung dich chuta 1-[3-
(benzyloxy)xyclobutyl]-3-(dimetylamino)prop-2-en-1-on (Vi du diéu ché 96, 110 g,
0,42 mol) trong MeOH (500 mL). Hon hop nay duge gia nhiét & nhiet do hdi luu trong
khoang 12 gio, sau d6 co6 dac. Phin con lai duge tinh ché bang phuong phap sic ky dé
tao ra hop chit néu & dé muc (79 g, 82%), ma duoc su dung khong cAn tinh ché tiép
hodc xéac dinh déc tinh tiép.
Vi du diéu ché 98

3-(1H-Pyrazol-5-yl)xyclobutanol

HO

X
\

N—NH
B sung paladi trén cacbon (10% Pd, 16 g) vao dung dich chua 5-[3-
(benzyloxy)xyclobutyl]-1H-pyrazol (Vi du didu ché 97, 79 g, 0,35 mol) trong metanol
(800 mL) trong binh hydro hoa 2L. Hén hop nay duogc duoc tap ap trong hydro (206,84
Kpa (30 psi)) va hén hop nay duoc lic & khoang 60°C trong khoang 12 gio. BS sung
thém paladi trén cacbon (10% Pd, 16 g), va tiép tuc hydro hoa trong khoang 10 gio.
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Hon hop nay duoc loc va dich loc duoc ¢6 dac. Phan con lai duge tinh ché bang phuong
phéap sdc ky dé tao ra hop chét néu & dé muc (46 g, 96%), ma dugc st dung khong can
tinh ché tiép hodc xac dinh dic tinh tiép.
Vi du diéu ché 99
3-(1H-pyrazol-5-yl)xyclobutan-1-on
o
>
N—NH

B4 sung timg giot dung dich chira DMSO (12,7 mL, 0,18 mol) trong DCM (50
mL) vao dung dich chtta oxalyl clorua (7,8 mL, 0,09 mol) trong DCM (50 mL) & khoang
-78 °C. Hdn hop nay dugc khudy trong khoang 30 phut, sau d6 3-(1H-pyrazol-5-
yl)xyclobutanol (Vi du didu ché 98, 13,7 g, 0,09 mol) dugc bd sung vio tirng giot & nhiét
d6 nay. Hon hop thu duge duoc giit trong khoang 30 phut, sau d6 TEA (25 mL, 0,18
mol) duoc bd sung vao ting giot. Bé 1am mat duoc 1dy di va hdn hop nay duoc dé cho
4m dén khoang 25°C va giit & nhiét do nay trong khoang 3 git. Sau do dung dich nuégc
K»CO; (100 mL) dugc bd sung vao. DCM dugc tach, va pha nuéc duoc chiét bang
DCM. Céc phan chiét DCM két hop dugce rira bang nudce, lam kho (NaxSO4), va cd déc.
Phan con lai dugc tinh ché bang phuong phap sdc ky dé tao ra hop chét néu & dé muc
(7,4 g, 55%) dudi dang chét rén mau tring.
1H NMR (400 MHz, DMSO-d6) §: 12,56 (s, 1 H), 7,61 (s, 1 H), 6,21 (d, 1 H), 3,46 -
3,68 (m, 1 H), 3,37 - 3,46 (m, 2 H), 3,15 - 3,25 (m, 2 H).
LCMS m/z = 137,1 [MH]+
Vi du didu ché 100

2-((1r,3s)-1-(4-(6-clopyrazolo[1,5-a]pyrazin-4-yl)-lH—pyrazol-l-yl)—3-
metoxyxyclobutyl)axetonitril

(chit ddng phan trans)

Phén 1
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B6 sung bis(pinacolato)diboron (3510 mg, 13,8 mmol) va KOAc (3700 mg, 37,7
mmol) vao dung dich chta  2-((1r,3s)-1-(4-bromo-1H-pyrazol-1-yl)-3-
metoxyxyclobutyl)axetonitril (Vi du didu ché 37, chit dong phan trans, 3399 mg, 12,58
mmol) trong 1,4-dioxan (33 mL). Hon hop nay dugc suc bang agon trong khoang 5 phut,
sau d6 XPhos Pd G2 (1980 mg, 2,52 mmol) dugc bd sung vao. Hon hop nay dugc gia
nhiét & khoang 65°C trong khoang 4 gio. Hon hop da lam mat duge co dédc va phan con
lai dugc tinh ché bing phuong phép sic ky. San phim dugc khudy véi EtOAc (10 mL)
& khoang 25°C, sau d6 heptan (40 mL) duoc bd sung vao va dé cho két tinh xay ra trong
khoang 30 phut. Chat két tua duogc loc va lam khd dé tao ra 2-((1r,3s)-3-metoxy-1-(4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1 -yl)xyclobutyl)axetonitril
dudi dang chit ran mau trang (1950 mg, 49%).

'H NMR (400 MHz, CDCl3) : 7,91 (s, 1 H), 7,87 (s, 1 H), 3,98 (it, 1 H), 3,29 (s, 3 H),
3,17 (s, 2 H), 2,97 - 3,07 (m, 2 H), 2,44 - 2,53 (m, 2 H), 1,33 (s, 12 H).

LCMS m/z=318,0 [MH]"

Phan 2

Dung dich chtra 2-((1r,3s)-3-metoxy-1-(4-(4,4,5,5—tetrametyl-1,3,2-dioxaborolan-
2-yl)-1H-pyrazol-1-yl)xyclobutyl)axetonitril (phan 1, 1950 mg, 6,15 mmol) va 4,6-
diclopyrazolo[1,5-alpyrazin (Vi du diéu ché 4, 1160 mg, 6,15 mmol), va dung dich nude
K3PO4 2M (9,22 mL) trong 1,4-dioxan (25 mL) dugc suc bang agon trong khoang 5
phut, sau d6 bis(tri-t-butylphosphine)paladi(0) (157 mg, 0,31 mmol) duoc bd sung vao.
H3n hop nay duoc khudy & khoang 25°C trong khoang 2 git. Hon hop da lam mét dugc
pha lodng bang EtOAc va céac pha dugc tach. Pha nudc duge chiét hai lan bang DCM.
Cac phén chiét EtOAc va DCM két hop duoc lam kho (Na2S0O4) va 0 dic. Phén con lai
duoc hoa tan trong DCM (20 mL) va gia nhiét & khoang 40°C dén khi hoa tan hét, sau
d6 heptan (10 mL) dugce bd sung vao va dé cho két tinh xay ra trong khoang 30 phut.
Chét két tia duoc loc va 1am kho dé tao ra hop chét néu & dé muc duéi dang chét rén
mau trang nho (1120 mg, 53%). Dich loc duge co dac va phﬁn coOn lai dugc tinh ché
bang phuong phap sic ky dé tao ra thém hop chét néu & dé muc (640 mg, 30%).
1H NMR (500 MHz, CDCls) &: 8,39 (d, 1 H), 8,38 (s, 1 H), 8,28 (s, 1 H), 8,08 (d, 1 H),
7,03 (dd, 1 H), 4,03 - 4,10 (m, 1 H), 3,34 (s, 3 H), 3,25 (s, 2 H), 3,08 - 3,16 (m, 2 H),
2,53 - 2,60 (m, 2 H).

LCMS m/z = 343,3 [MH]+ (dong vi **Cl)
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Vi du diéu ché 101
Etyl 5-metyl-1-(2-(1-metyl- 1H-pyrazol-4-yl)-2-oxoetyl)-1H-pyrazol-3-carboxylat

OW

N-N O"‘\
N
N
/

Etyl 3-metyl-1H-pyrazol-5-carboxylat (92 mg, 0,6 mmol), 2-bromo-1-(1-metyl-
1H-pyrazol-4-yl)etan-1-on (Vi du didu ché 6, 134 mg, 0,66mmol) va K2CO3 (104 mg,
0,75 mmol) duoc két hgp trong MeCN (2 mL) va huyén pht nay dugc khudy ¢ khoang
40°C trong khoang 16 gio. Cac chét rin duoc loc va dich loc dugc ¢ dac. Phan con lai
~ duoc tinh ché biang phuong phap sc ky dé tao ra hop chét néu & dé muc du6i dang dau
mau vang (125 mg, 5,5%).
1H NMR (400 MHz, CDCls) 8: 7,86 (s, 2 H), 6,73 (s, 1 H), 5,65 (s, 2 H), 4,26 (q, 2 H),
3,95 (s, 3 H), 2,32 (s, 3 H), 1,31 (t, 3 H).

LCMS m/z=277,1 [MH]+
Vi du diéu ché 102
2-metyl-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-ol
OH
—M )
N’N\/‘\CN/
N

B sung NH40Ac (105 mg, 1,06 mmol) vao dung dich chira etyl 5-metyl-1-(2-(1-
metyl-1H-pyrazol-4-yl)-2-oxoetyl)-1H-pyrazol-3-carboxylat (Vi du diéu ché 101, 125
mg, 0,45 mmol) trong EtOH (5 mL). Hon hop nay duge gia nhiét trong birc xa vi song
& khoang 105°C trong khoang 4 gi0. Hon hop nay duoc co dic va phan con lai duge hoa
tan trong EtOH va c6 déc lai d8 tao ra hop chit néu & dé muc (110 mg, 85%).
1H NMR (400 MHz, DMSO-d6) &: 8,25 (s, 1 H), 8,01 (s, 1 H), 7,97 (s, 1 H), 6,76 (s, 1
H), 3,87 (s, 3 H), 2,34 (s, 3 H).

LCMS m/z = 230,0 [MH]+
Vi du diéu ché 103
4-Clo-2-metyl-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin
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2-metyl-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-ol (Vi du didu ché
102) duogc tao huyén phi trong POCI3 va gia nhiét & khoang 120°C trong khoang 6 gio.
Dung dich nay dugc cd ddc dé tao ra mau khong tinh khiét ctia hop chét néu ¢ dé muc
ma duoc st dung & budce tiép theo khong can tinh ché thém.
LCMS m/z = 248,0 [MH]+ (ddng vi **Cl)
Vidu 36

(1r,31)-3-(xyanometyl)-3-(4-(2-metyl-6-(1-metyl- 1H-pyrazol-4-yl)pyrazolo[1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril |
(chét dong phan trans)

Hon hop 4-clo-2-mety1-6-(1—metyl-1H-pyrazol-4-yl)pyrazolo[I,S-a]pyrazin tho
(Vi du didu ché 103, 100 mg, 0,40 mmol), (Ir,3r)-3-(xyanometyl)-3-(4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol-1-yl)xyclobutan-1 -carbonitril (Vi du
didu ¢hé 91, 132 mg, 0,42 mmol), Pd(dppf)C12 DCM (16,5 mg, 0,02 mmol), va K,COs
(167 mg, 1,21 mmol) duoc két hop trong hdn hop 1,4-dioxan (2,5 mL) va nude (0,5
mL). Hon hop nay duoc suc bing nito trong khoang 5 phut, sau d6 gia nhiét ¢ khoang
90°C trong khoang 3 gid, hdn hop nay duoc cd dac va Phén con lai dugc tinh ché bang
phuong phap sic ky va HPLC dé tao ra hop chét néu & dé& muc (5,6 mg, 3% qua hai
budc).
1H NMR (400 MHz, CDCl3) &: 8,37 (s, 1 H), 8,33 (s, 1 H), 8,30 (s, 1 H), 7,92 (s, 1 H),
7,90 (s, 1 H), 6,68 (s, 1 H), 3,99 (s, 3 H), 3,32 - 3,42 (m, 3 H), 3,27 (s, 2 H), 2,93 -
3,02 (m, 2 H), 2,56 (s, 3 H).
LCMS m/z = 398,0 [MH]+
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Vi du diéu ché 104
3-((4-Metoxybenzyl)oxy)-1-metyl- 1H-pyrazol

: OMe

B6 sung vao binh day tron 100 mL 1-metyl-1H-pyrazol-3-ol (1,40 g, 14,3 mmol),
DMF (30 mL), va K2COs (3,94 g, 28,5 mmol). Cudi ciing 4-metoxybenzyl clorua (2,32
mL, 17,1 mmol) duoc bd sung vao hdn hop nay. Hon hop nay dugc gia nhiét & khoang
60°C trong khoang 8 gid. Sau d6, hdn hop nay duoc pha loang bing nudce (80 mL) va
chiét bing EtOAc (60 mL x 3). Céc phan chiét EtOAc két hop dugc rira bang nudc mudi
(60 mL x 2), 1am kho (Na2SOs) va ¢d dic. Phin con lai duge tinh ché bang phuong phap
sic ky dé tao ra hop chét néu & d& muc dudi dang diu khong mau (2,6 g, 83%).
1H NMR (400 MHz, CDCL3) 8: 7,38 (d, 2 H), 7,13 (d, 1 H), 6,91 (d, 2 H), 5,64 (d, 1 H),
5,11 (s, 2 H), 3,82 (s, 3 H), 3,76 (s, 3 H).

LCMS m/z =218,9 [MH]+
Vi du diu ché 105
4-Todo-3-((4-metoxybenzyl)oxy)-1-metyl-1H-pyrazol
I

OMe

B6 sung vao binh day tron 100 mL 3-((4-metoxybenzyl)oxy)-1-metyl-1H-pyrazol
(Vidu didu ché 104, 1,0 g, 4,58 mmol) va MeCN (20 mL), sau do xeric amoni nitrat
(1,51 g, 2,75 mmol) va iot (698 mg, 2,75 mmol) dugc bd sung vao hdn hop nay. Hon
hop mau nau nay dugc khudy & khoang 20°C trong khoang 1 gio. Hon hop nay dugc
ngimg phéan tmg bing dung dich nudc natri bisulfit 5% (50 mL) va chiét bang EtOAc
(40 mL x 3). Cac phén chiét EtOAc két hop dugc 1am kho (Na28O4) va ¢d déc. Phan
con lai duge tinh ché bang phuong phép sic ky dé tao ra hop chit néu & d& muc duéi
dang dau mau xanh 14
(800 mg, 51%).
1H NMR (400 MHz, CDCls) §: 7,40 (d, 2 H), 7,19 (s, 1 H), 6,91 (d, 2 H), 5,18 (s, 2 H),
3,82 (s, 3 H), 3,77 (s, 3 H).
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Vi du diéu ché 106
3-((4-Metoxybenzyl)oxy)-1-metyl-4-(4,4,5,5 -tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazol

OMe

B4 sung vao binh day tron 100 mL 4-iodo-3-((4-metoxybenzyl)oxy)-1-metyl-1H-
pyrazol (Vi du didu ché 105, 800 mg, 2,32 mmol) va THF (16 mL). Tiép theo b sung
tirng giot isopropylmagie clorua (1,3 M trong THF, 2,15 mL, 2,79 mmol) vao hdn hgp
nay & khoang -10°C. H8n hop nay dugc khudy ¢ nhiét do tir khoang -18 °C dén 10°C
trong khoang 45 phut. 2-Isopropoxy-4,4,5 ,5-tetrametyl-1,3,2-dioxaborolan (649 mg,
3,49 mmol) duge bd sung vao hdn hop & khoang -10°C va hdn hgp nay duge dé cho 4m
dén khoang 15°C trong khoang 1,5 gid. B6 sung thém isopropylmagie clorua (1,3 M
trong THF, 0,72 mL, 0,93 mmol) va 2-isopropoxy-4,4,5,5-tetrametyl-1,3,2-
dioxaborolan (216 mg, 1,16 mmol) dugc bd sung vao hén hop ¢ khoang -15°C. Hon hop
nay dugc dé cho 4m dén khoang 15°C trong khoang 1 gi. Hon hop nay dugc pha lodng
bing EtOAc (40 mL) va rira bing dung dich nuéc NH4C1 bao hoa (30 mL), nude mudi
(30 mL), 1am kho (Na;SO4), va co ddc. Phin con lai dugc tinh ché bang phuong phép
sdc ky dé tao ra hop chit néu & d& muc dudi dang chét rin mau trang (600 mg, 75%).
1H NMR (400 MHz, CDCl3) §: 7,40 - 7,45 (m, 3 H), 6,88 (d, 2 H), 5,24 (s, 2 H), 3,81
(s, 3H), 3,73 (s, 3 H), 1,31 (s, 12 H).
LCMS m/z = 345,1 [MHJ+
Vi du didu ché 107

(1r,31)-3-(xyanometyl)-3-(4-(6-(3-((4-metoxybenzyl)oxy)-1-metyl- 1H-pyrazol-4-
yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan- 1-carbonitril
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B6 sung vao binh day tron 25 ml (1r,3r)-3-(4-(6-clopyrazolo[ 1,5-a]pyrazin-4-yl)-
1H-pyrazol-1-yl)-3-(xyanometyl)xyclobutan-1-carbonitril (Vi du didu ché 75, 300 mg,
0,88 mmol), 3-((4-metoxybenzyl)0xy)-1-mety1-4-(4,4,5,S-tetrametyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol (Vi du diéu ché 106, 367 mg, 1,07 mmol), dioxan (16
mL), XPhos Pd G2 (140 mg, 0,178 mmol) va dung dich nudc KsPO4 2M (3,55 mlL, 7,11
mmol). H3n hop nay dugc dat trong nito, sau d6 gia nhiét & khoang 60°C trong khoang
4 gity. Hon hop nay duoc pha loang bang nuée (70 mL) va chiét bang EtOAc (50 mL x
3). Céic phn chiét EtOAc két hop dugc 1am kho (Na;SO4) va ¢6 dic. Phan con lai duge
tinh ché bang phuong phap sic ky dé tao ra hop chét néu & d& muc dudi dang chét ran
mau vang (450 mg, 98%).
1H NMR (400 MHz, DMSO0-d6) &: 8,92 (s, 1 H), 8,57 (s, 1 H), 8,52 (s, 1 H), 8,31 (s, 1
H), 8,16 (d, 1 H), 7,50 (d, 2 H), 7,45 (s, 1 H), 7,00 (d, 2 H), 5,29 (s, 2 H), 3,95 (s, 3 H),
3,82 (s, 3 H), 3,55 - 3,59 (m, 1 H), 3,52 (s, 2 H), 3,25 - 3,32 (m, 2 H), 2,94 (dd, 2 H).
LCMS m/z = 542,1 [MNa]+
Vi du 37

(1r,3r)-3-(xyanornetyl)-3-(4-(6-(1-mety1-3-oxo-2,3-dihydro—1H-pyrazol—4-
yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1 _carbonitril (chdt dong

phén trans)
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(1r,31)-3-(xyanometyl)-3-(4-(6-(3-((4-metoxybenzyl)oxy)-1-metyl-1H-pyrazol-4-
yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril (Vi du diéu
ché 107, 450 mg, 0,86 mmol) va TFA (13 mL) dugc khudy & khoang 10°C trong khoang
4 gid. Hon hop nay dugc cd dic va phén con lai dugc pha lodng biang DCM (40 mL) va
MeOH (40 mL) va trung hoa bing NaHCO; ran. Hon hop nay dugc loc. Dich loc duoc
cd dic va phan con lai duge tinh ché bang HPLC dé tao ra hop chét néu & d& muc dudi
dang chit rdn mau vang (54 mg, 16%).
1H NMR (400 MHz, DMSO-d6) : 10,76 (br, s., 1 H), 8,92 (s, 1 H), 8,71 (s, 1 H), 8,51
(s, 1 H), 8,18 (d, 1 H), 8,16 (s, 1 H), 7,45 (d, 1 H), 3,73 (s, 3 H), 3,55 - 3,62 (m, 1 H),
3,53 (s, 2 H), 3,25 - 3,33 (m, 2 H), 2,90 - 2,99 (m, 2 H).

LCMS m/z =400,1 [MH]+

Danh gia sinh hoc

Céc hop chat theo séng ché duogc danh gia bang cac phuong phép in vitro dé xéc
dinh kha nang tc ché cac JAK kinaza twong tmg cta chung (TYK2, JAKI, JAK2,
JAK3).

Quy cach thir nghiém

Hoat tinh rc ché JAK ngudi duge xac dinh bé‘mg c4ch st dung thir nghiém vi long
dé theo ddi su phosphoryl hoa peptit téng hop bdi mién kinaza nguoi tai t6 hop ctia ting
thanh vién trong sb bdn thanh vién thudc ho JAK, JAK1, JAK2, JAK3 va TYK2. Hon
hgp phéan tmg chira 1 uM peptit téng hop dugce danh dAu huynh quang, ndng d nay nho
hon Km biéu kién, va 1 mM ATP. Ting didu kién thir nghiém duogc t&i wu héa vé nong
dd enzym va thoi gian u ¢ nhiét do trong phong dé thu dugc ty 16 chuyén hoa tir 20%
dén 30% san pham peptit dugc phosphoryl hoa. Cac phan ing duoc két thuc bang cach
bd sung dung dich dém nging phan tmg chira EDTA. St dung cong nghé phan tich dich
chuyén LabChip 3000 (Caliper Life Science), tmg phan ung thir nghiém duoc 14y mAu
dé xac dinh muc do phosphoryl héa. Cong nghé nay dua trén phuong phép tach, cho
phép phat hién truc tiép cac co chét va san phdm dugc danh d4u huynh quang. Viéc tach
duoc kiém soat bang td hop 4p suét chan khong va cuong do dién truong duoc t6i uu

héa déi vé6i timng co chét peptit.
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Quy trinh thir nghiém
Thtt nghiém enzym JAK Caliper & ImM ATP ‘

Céc hop chét duoc bd sung vao dia 384 giéng. Cac hdn hop phan tmg bao gbm
10 mM HEPES, pH 7,4, 10 mM MgCI2, 0,01% BSA, 0,0005% Tween 20, 1 mM ATP
va 1 pM co chét peptit. Cac mau thir nghiém JAK1 va TYK2 chira 1 uM peptit IRStide
(SFAM-KKSRGDYMTMQID) va céc mau thir nghiém JAK2 va JAK3 chta 1 pM
peptit JAKtide (FITC-KGGEEEEYFELVKK). Céc thir nghiém nay duoc bét dau bang
céch bd sung enzym 20 nM JAK1, 1 nM JAK2, 1 nM JAK hogc 1 nM TYK2 va u i
nhiét do trong phong trong ba gios dbi véi JAK1, 60 phut déi véi JAK?2, 75 phut dbi voi
JAK3 hodc 135 phut déi véi TYK2. Nong do enzym va thoi gian @ duoc t6i uu hoa doi
v6i timg ché phim enzym méi va dugc thay dbi chuat it theo thoi gian dé dam bao
phosphoryl héa 20% dén 30%. Dimg tht nghiém bang 15 u. HEPES 180 mM, do
pH=7,4, EDTA 20 mM, va 0,2% chit phan tmg Coating Reagent 3. Cac dia thir nghiém
duoc dit vao thiét bi Caliper Life Science LC3000, va timg giéng dugc ldy mau trong
didu kién tach thich hop dé xac dinh peptit khong dugc phosphoryl hoa va duoc
phosphoryl hoa.

Phén tich dit li¢u

Dit liéu dugc thu thap bang phdn mém HTS Well Analyzer clia hang Caliper Life
Sciences. Dit liéu dau ra ctia phép phan tich dir liéu 1a ty 1¢ phén tram san phim dugc
chuyén hoa tinh dugc dua trén chiéu cao dinh (Phuong trinh 1).

Phuong trinh 1: % san pham dugc chuyén hoa = 100*((san pham)/(san pham + co
chét))

Hiéu qua tinh theo phén trim & timg ndng d6 hop chit dugc tinh toan dva trén
giéng ddi ching duong va d6i chimg am c6 trong ting dia thir nghiém (Phuong trinh 2).
Céc giéng d6i chung duong chtta hop chit déi ching véi ndng dd bio hoa ma tao ra
mirc phosphoryl hoa twong dwong véi nén (tizc [a, hoan toan tc ché JAK1, JAK2, JAK3
hodc TYK2). Céc giéng d6i chimg 4m chi chira DMSO (& ciing ndng do véi céc giéng
chta hop chit) dugc s dung dé dit ra hoat tinh mdc co s& cho thu nghiém (tiéc 4,
khong trc ché JAK1, JAK2, JAK3 hodc TYK?2).

Phuong trinh 2: % hiéu qua = 100*((giéng chira mau — d6i chirmg 4m)/(d6i ching duong

- d6i chimng am))
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Hiéu qua tinh theo phan trim dugc xay dung dd thi theo ndng dd hop chét. Puong
cong sigma khong gi6i han duoc khép bang cach stt dung md hinh logic 4 thong sb va
ndng dd hop chit cin dé tre ché 50% (ICs0) duoc xac dinh (Phuong trinh 3).

Phuong trinh 3:  y = ((max - min)/(1 + (x/ICs0)"s))) + min
Trong d6 max la ti€ém cén cyuc dai (hoan toan tc ché), min 13 ti€ém cén cuc tiéu (khong
trc ché) va s 12 hé sb goc. Cac gid tri ICso dugce bidu thi bang nM ddi v&i timg hop cht:

Bang 1. Dit liéu JAK Calipper

Vi du TYK?2 JAK1 JAK2 JAK3
sé- IC50 1C50 IC50 IC50
(nM) (nM) (nM) (nM)
1 18 291 40 >0788
2 62 1057 299 >10000
3 64 2292 487 >10000
4 55 1338 141 >10000
5 35 1917 472 >10000
6 21 5720 500 >10000
7 7 250 37 6682
8 11 265 42 >0282
9 8 185 49 >10000
10 580 5709 1601 >10000
11 8 273 38 >6170
12 24 764 159 >10000
13 149 3228 487 >10000
14 81 1061 367 >10000
15 22 1495 228 >9121
16 16 664 99 10000
17 35 1728 205 10000

-135-



32379

18 47 1079 206 10000

19 6 21 8 1051

20 16 383 74 >10000
21 34 1288 109 >10000
22 30 2544 127 >10000
23 9 431 26 9410

24 25 3550 432 >10000
25 23 319 99 >10000
26 21 713 158 >10000
27 24 737 171 >10000
28 27 1362 249 >10000
29 352 3932 3041 >10000
30 7 174 71 >10000
31 38 >9857 324 >10000
32 17 2254 339 >10000
33 52 8717 444 >10000
34 11 96 19 3263

35 136 1915 268 >10000
36 1605 3521 755 >10000
37 32 3489 166 >10000

Céc hop chét d3 chon dugc danh gia vé kha ning uc ché su truyén tin hiéu IL-12
cua chung trong thtr nghiém dém té bao kiéu dong mau toan phén nguoi. IL-12 truyén
tin hiéu qua TYK?2 va JAK2.

Thir nghiém phosphoryl hoa STAT4 do IL-12 mau toan phan nguoi
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Céc thanh phan thir nghiém dugc chuén bi ¢ dang dung dich gbc 30 mM trong
DMSO. Thuc hién pha lodng hang loat 2,5 lan 11-diém trong DMSO v&i ndng do cao
nhat 14 10 mM. Tién hanh pha loang tiép bing cich b6 sung 4 pL cac dung dich thanh
phén'thtr nghiém trén ddy vao 96 uL PBS v6i ndng dd cao nhat 1a 400 uM. Mau toan
phin ngudi duge thu tir ngudi cho khoe manh bang cach choc tinh mach dua vao bng
gop Vacutainer chtra natri heparin (Catalog No, 366480; Becton Dickinson, Franklin
Lakes, NJ). Méau dugc lam 4m dén 37°C trude khi dung. Mau toan phan ngudi duge chia
thanh cac phan phan uéc (90 mL/giéng) trong cac dia 96-giéng sau, day chit V va xu ly
biing céc hop chét & 11 ndng do khac nhau (ndng dd DMSO cudi 0,2%) ¢ 37°C trong 60
phut. Tiép theo la xir Iy bing IL-12 (5 mL/giéng; ndng d6 cudi 5 ng/mL) trong 15 phit.
Céac mAu dugc xt ly bang dung dich dém 1X Lyse/Fix 4m (700 mL/giéng) dé ngimg
hoat héa va @ tiép & 37°C trong 20 phut dé phan giai hdng cau. Céc dia dugc ly tam &
300 x g trong 5 phut, dich nbi duoc hit ra, va cac té bao dugc rira bang 800 mL dung
dich dém nhuém mdi giéng (PBS chira 0,5% huyét thanh thai bo va 0,01% natri azit).
Caéc té bao két vién da rira duge tao huyén phu lai trong 350 mL/giéng metanol 90% da
lam lanh trude, va t trén & 4°C trong 30 phut. Céc dia dugce ly tam & 300 x g trong 5
phut, dich ndi chira 90% metanol dugc hut ra, va cac té bao duoc rira béng 800 mL/ giéng
dung dich dém nhudm. Cac té bao két vién duoc tao huyén phu lai trong dung dich dém
nhudm chira anti-pSTAT4-AlexaFluor647 (pha loang 1 dén 150 lan, 150 mL /giéng), va
1 & nhiét do trong phong trong bong t6i qua dém.

Céc mAu duoc chuyén vao dia 96-giéng, day chit U va tién hanh phan tich dém
té bao kidu dong trén thiét bi FACSCalibur hodc LSRFortessa duoc trang bi b tai dia
HTS (BD Biosciences). Quén thé lympho bao duoc tao cdng dé phan tich biéu dd tan
sudt pSTAT4. Gia tri huynh quang nén dugc xac dinh bing cach sir dung cac té bao
khong dugc kich thich va cdng dugc dit & chan dinh dé bao gdm ~0,5% quéan thé duoc
tao cong. Tién hanh phan tich théng ké biéu dd tAn suit bing phan mém CellQuestO Pro
phién ban 5.2.1 (BD Biosciences) hodc FACSDiva phién ban 6,2 (BD Biosciences). Don
vi huynh quang tuong ddi (RFU), ma xac dinh mirc phospho STAT4, dugc tinh toan
bang cich nhan ty 1& phan trim quéan thé duong tinh véi gié tri huynh quang trung binh
ctia n6. Dit liéu tir 11 ndng do hop chét (bd don & mdi ndng do) dugc chuén hoa duédi
dang ty 1€ phén trim so véi d6i chung dua trén cong thirc:

% so v6i dbi chimg = 100 x (A - B)/(C - B)
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frong d6 A 1a RFU tir c4c giéng chira hop chét va IL-12, B 1a RFU tir céc giéng khong
chira IL-12 va hop chit (gi tri huynh quang nho nhit) va C la RFU tir céc giéng chi
chtra IL-12 (gia tri huynh quang 16n nhét). Cac dudng cong Grc ché va gia tri ICso duge
xéc dinh bing phéan mém Prism phién ban 5 (GraphPad, La Jolla, CA).

Bang 2. Dit liéu IL-12 méu toan phan nguoi.

[ HWBIL-
Vidusé | 121Cso
(nM)
1 162
3 203
7 41
19 28
20 50
23 34
25 59
27 86
30 46
32 130
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YEU CAU BAO HQ

1. Hop chit c6 cong thirc céu trac (I):

NC o R,
N—N
/ 4
R S
Ro
<" N
R
r \¥Al
v 7
All
Rs
@

hoac mubi dugc dung ctia no, hodc solvat dugc dung cua hop chét nay hodc mubi dugc
dung nay, trong do:

A, A’ va A’ doc lap 1a O, C=0, C-R’ hodc N-R”’, trong d6 R’ va R’ ¢co thé doc 1ap la
H, amino, -NR7CORGs, COR®, -CONR7Rs, C1-Cs alkyl, hodc hydroxy(Ci-Cs alkyl)-, va
R’’ ¢6 thé ¢ mit hodc khdng c6 mit, va c6 mat khi cac quy tdc hoa tri cho phép, va
trong d6 khong qua mdt trong sb A, A’ va A’’ 1a O hoiac C=0;

Ro va R doc lap 1a H, Br, Cl, F, hodc C1-Cs alkyl;

R 14 H, C1-Cs alkyl, hodc hydroxy(Ci-Cs alkyl)-;

Ry dugce chon tir nhém bao gdm H, C1-Cs alkyl-, C1-Cs alkoxy-, hydroxy(Ci-Cs alkyl)-,
phenyl(C1-Cs alkyl)-, formyl, heteroaryl, di vong, -CORg, -OCORs, -COORs¢, -
NR;7CORs, CONR7Rs, va -(CH2),-W, trong d6 W 1a xyano, hydroxy, C3-Cg xycloalkyl,
-SO,NR7Rs, va -SO2-Ro, trong d6 Ry 1a C1-Cs alkyl, C3-Cs xycloalkyl, heteroaryl, hoac
di vong; trong d6 mdi nhom trong s6 alkyl, xycloalkyl, di vong, hodc heteroaryl nay co
thé khong dugc thé hoac dugc thé béng halo, xyano, hydroxy, hodc C;-Cs alkyl;

X 1 C-R3 hodic N, trong d6 R ¢6 thé 1a H hodc Ci-Cs alkyl;

R4 va Rs doc 1ap 1a H, amino, C1-Cs alkyl, hoac hydroxy(C1-Cs alkyl)-;

Rs, R7 va Rg mdi nhom ddc 1ap 12 H, C1-Cs alkyl, Ci-C4 alkoxy(Ci-Ce alkyl) hodc C;3-Cs
xycloalkyl, C1-Cs alkyl nay tuy y dugc thé bang halo, CN hodc hydroxy; hodc R7 va Rg
cung v&i nguyén tir lién két v6i chung tao thanh vong 5 hodc 6 canh, vong nay tuy y
duoc thé béng halo, hydroxy, CN, hodc Ci-Cs alkyl;

va, n béng 0, 1, 2 hoac 3.
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2. Hop chét theo diém 1, trong d6 hop chét nay c6 cong thirc chu tric (Ia):

NC R,
R3
N—N
/ 4
R g
Ro
AN NN
R
r” \§A|
L Y
A"
Rs
(Ia)

hodc mubi dugce dung ctia no, hodc solvat duge dung cua hop chét nay hodc mubi duoc
dung nay, trong do:

A, A’ va A’ doc lap 1a O, C=0, C-R* hodc N-R”’, trong do R’ va R”’ c6 thé doc lap la
H, amino, -NR7CORs, CORs, -CONR7Rs, Ci-Cs alkyl, hodc hydroxy(Ci-Cs alkyl), va
R’’ ¢6 thé c6 mit hodc khong c¢6 mat, va c6 mdt khi cac quy tic hoa tri cho phép, va
trong d6 khdng qua mot trong sb A, A’ va A’ 1a O hogc C=0;

Ro va R ddc 1ap 1a H, Br, Cl, F, hodc Ci-Cs alkyl;

R 1a H, C1-Cs alkyl, hodc hydroxy(Ci-Cs alkyl);

R dugc chon tir nhém bao gdm H, C1-Cs alkyl-, C1-Cs alkoxy-, hydroxy(Ci-Cs alkyl)-,
phenyl(C1-Cs alkyl)-, formyl, heteroaryl, di vong, -CORs, -OCORs, -COORs, -
NR,CORs, -CONR7Rg, va -(CH2)n-W, trong d6 W 1a xyano, hydroxy, Cs-Cs xycloalkyl,
-SO,NR7Rg, va -SO»-Ry, trong d6 Ry 1 C1-Cs alkyl, C3-Cs xycloalkyl, heteroaryl, hoac
di vong; trong d6 mdi nhom trong s6 alkyl, xycloalkyl, di vong, hodc heteroaryl nay co
thé khong dugc thé hodc dugc thé béng halo, xyano, hydroxy, hodc Ci-Cs alkyl;

R; c6 thé 1a H hodc Ci-Cs alkyl;

R4 va Rs ddc 1ap 1a H, amino, C1-Cs alkyl, hoac hydroxy(C1-Cs alkyl)-;

Rs, R7 va Rg mdi nhom doc 1ap 1a H, C1-Cs alkyl, C1-Cs alkoxy(Ci-Ce alkyl)-, hodc Cs-
Cs xycloalkyl, C1-Cs alkyl nay tuy y duoc thé bang halo, CN hodc hydroxy; hodc R7 va
Rg cung vdi nguyén tir lién két voi chung tao thanh vong 5 hodc 6 canh, vong nay tuy y
| dirc_rc thé bang halo, hydroxy, CN, hodc Ci-Cs alkyl;

va, n béng 0, 1, 2 hoac 3.
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3. Hop chat theo diém 1, trong d6 hop chét nay c6 cong thirc cAu tric (Ib):

NC Rz
%Fh

N—N
/
R4 Z
Ro
= N
RN\
N—R'
-/
N
Rs
(Ib)

hodc mudi duge dung ctia nd, hodc solvat dugce dung cuia hop chit nay hoic mubi dugc
dung nay, trong do:

R’’ 1a H, -CORs, -CONR7Rs, C1-Cs alkyl, hoac hydroxy(C1-Cs alkyl)-;

Ro va R doc 1ap 1a H, Br, Cl, F, hodc Ci-Cs alkyl;

R 1a H, C1-Cs alkyl, hodc hydroxy(Ci-Cs alkyl);

R, duoc chon tir nhém bao g6m H, Ci-Cs alkyl, C1-Cs alkoxy, hydroxy(Ci-Ce alkyl),
phenyl(C1-Cs alkyl), formyl, heteroaryl, di vong, -CORs, -OCORs, -COORs, -
NR7CORs, -CONR7Rg, va -(CHz)n-W, trong d6 W 12 xyano, hydroxy, C3-Cs xycloalkyl,
-SO,NR7Rs, va -SO»-Ry, trong d6 Ry 1a C1-Cs alkyl, C3-Cs xycloalkyl, heteroaryl, hodc
di vong; trong do mdi nhém trong sd alkyl, xycloalkyl, di vong, hodc heteroaryl nay co
thé khong dugc thé hodc dugc thé bang halo, xyano, hydroxy, hodc C1-Cs alkyl;

R; c6 thé 1a H hodc Ci-Cs alkyl;

Rs déc lap 1a H, amino, C1-Cs alkyl, hodc hydroxy(C1-Cs alkyl);

Rs, R7 va Rg moi nhom doc 1ap 1a H, C1-Ce alkyl, C1-Ca alkoxy(Ci-Cs alkyl), hodc Cs-
Cs xycloalkyl, Ci-Cs alkyl nay tuy y duoc thé bang halo, CN hodc hydroxy; hodc R7 va
Rs cung vGi nguyén tir lién két v6i chung tao thanh vong 5 hodc 6 canh, vong nay tuy y
duoc thé bang halo, hydroxy, CN, hodc Ci-Cs alkyl;

va, n bang 0, 1, 2 hodc 3.

4. Hop chét theo diém 3, trong d6 R 1a Ci-Cs alkyl va Rs 1a H,

5. Hop chét theo diém 1, trong d6 hop chit nay c6 cong thire céu trac (Ic):
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N—N
[ V4
= NN
N\
N/N =
N—_R"
——
N
Rs
(Ic)

hodc mudi dugc dung cua no, hodc solvat dugc dung cta hop chét nay hodc mubi dugc
dung nay, trong do:

R’ 1a H, -CORg, -CONR7Rs, C1-Cs alkyl-, hodc hydroxy(Ci-Cs alkyl)-;

Ry dugce chon tir nhém bao gbm H, C-Cs alkyl, C1-Cs alkoxy-, hydroxy(Ci1-Cs alkyl)-,
phenyl(C1-Cs alkyl-), formyl, heteroaryl, di vong, -CORs, -OCORs, -COORs, -
NR7CORg, -CONR7Rg, va -(CHz)a-W, trong d6 W 1a xyano, hydroxy, C3-Cs xycloalkyl,
-SO,NR7Rs, va -SO»-Ry, trong d6 Ry 1a C1-Cs alkyl, C3-Cs xycloalkyl, heteroaryl, hoac
di vong; trong d6 mdi nhom trong s6 alkyl, xycloalkyl, di vong, hodc heteroaryl nay c6
thé khong duge thé hoic duoc thé bang halo, xyano, hydroxy, hodc Ci-Ce alkyl;

R; 1a H, C1-Cs alkyl, amino, xyano, hodc Ci-Cs alkoxy-;

Rs 1a H, amino, C1-Cs alkyl, hodc hydroxy(Ci-Cs alkyl)-;

Rs, R7 va Rg mdi nhom doc 1ap 1a H, C1-Cs alkyl, C1-C4 alkoxy(Ci1-Cs alkyl)-, hodc Cs-
Cs xycloalkyl, C1-Cs alkyl nay tity y duogc thé bing halo, CN hogc hydroxy; hodc R7 va
Rs cung véi nguyén tir li€n két v6i chung tao thanh vong 5 hodc 6 canh, vong nay tuy y
duoc thé béng halo, hydroxy, CN, hodc C1-Cs alkyl;

va, n béng 0, 1, 2 hoac 3.

6. Hop chét theo diém 5, trong d6 R 1a C1-Cs alkyl va Rs la H.

7. Hop chit theo diém 1, trong d6 hop chét nay c6 cong thirc ciu trac (1d):
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N—N
{ 2
<" N
N\
N/N =
N—R'
- /
N
Rs
(Id)

hoac mudi dugce dung ctia nd, hodc solvat duge dung cia hgp chét nay hodc mudi duoc
dung nay, trong do:

R’’ 12 H, -CORsg, -CONR7Rs, C1-Cs alkyl, hodc hydroxy(Ci-Cs alkyl)-;

R, dugc chon tur nhém bao gdm H, Ci-Cs alkyl, Ci-Cs alkoxy-, hydroxy(Ci-Cs alkyl)-,
phenyl(C1-Cs alkyl)-, formyl, heteroaryl, di vong, -CORs, -OCOReg, -COORe, -
CONR7Rs, va -(CH2)a-W, trong d6 W la xyano, hydroxy, Cs-Cs xycloalkyl-, -
SO;NR7Rs, va -SO»-Ro, trong d6 Re 1a Ci-Cs alkyl, C3-Cs xycloalkyl, heteroaryl, hodc
di vong; trong d6 mdi nhém trong s6 alkyl, xycloalkyl, di vong, hodc heteroaryl nay c6
Athé khong duoc thé hoac dugc thé b%mg halo, xyano, hydroxy, hodc Ci-Cs alkyl;

Rs 1a H, amino, C1-Cs alkyl-, hodc hydroxy(Ci-Cs alkyl)-;

Rs, R7 va Ry mdi nhom doc 14p 1a H, Ci-Ce alkyl, C1-C4 alkoxy(Ci-Cs alkyl), hodc Cs-
Cs xycloalkyl, Ci-Cs alkyl nay tuy y dugc thé bang halo, CN hoac hydroxy; hodc Ry va
Rs cung véi nguyén tir lién két v6i chiing tao thanh vong 5 hodc 6 canh, vong nay tuy y
duoc thé béng halo, hydroxy, CN, hodc Ci1-Cs alkyl;

va, n béng 0, 1, 2 hodc 3.

8. Hop chat theo diém 7, trong d6 R>’ 1a C1-Cs alkyl va Rs la H.

9. Hop chét theo diém 1, trong d6 hop chét nay c6 cong thic céu trac (Te):
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(Ie)
hodc mudi dugc dung cia no, hodc solvat duge dung cua hop chét nay hodc mubi duoc
dung nay, trong do:
Ry duoc chon tir nhém bao gém H, Ci1-Cs alkyl, Ci-Cs alkoxy-, hydroxy(Ci-Ces alkyl)-,
phenyl(C1-Cs alkyl)-, formyl, heteroaryl, di vong -CORS%, -OCORS, -COORS, -
CONR'RS, va -(CHy)o-W, trong d6 W 1a xyano, hydroxy, C3-Cg xycloalkyl, -SO,NR'RE,
va -SO,-R?, trong d6 R? 1a C1-Cs alkyl, C3-Cs xycloalkyl, heteroaryl, hodc di vong; trong
d6 mdi nhom trong sd alkyl, xycloalkyl, di vong, hodc heteroaryl nay c6 thé khong duqc.
thé hozc duoc thé bang halo, xyano, hydroxy, hodc C1-Cs alkyl;
Rs, R7 va Rg mdi nhom doc 1ap 1a H, Ci-Cs alkyl, C1-Cs alkoxy(Ci-Cs alkyl), hodc Cs-
Cs xycloalkyl, C1-Cs alkyl nay tuy y dugc thé bang halo, CN hodc hydroxy; hodc R7 va
Rg cung voi nguyén tir lién két voi ching tao thanh vong 5 hodc 6 canh, vong nay tuy y
duoc thé béng halo, hydroxy, CN, hodc C1-Cs alkyl;
van bang 0, 1, 2 hogc 3.

10. Hop chét theo diém 9, trong d6 R 1a -(CHa2)n-W, trong d6 W 1a xyano va n bang 1,
2 hodc 3.

11. Hop chét theo diém 1, trong d6 hop chét nay c6 cong thirc chu trac (If):

NC%CN

N—N
! /s
<~ NN
N\
N/N =
N__Rll
-/
N
Rs (If)
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hodc mubi duoc dung cia né, hodc solvat dugc dung cia hop chét nay hodc mudi duge
dung nay, trong do:

R’ 1a H, C1-Cs alkyl, hodc hydroxy(Ci-Cs alkyl)-; va,

~Rs 1a H, amino, Ci-Cs alkyl, hodc hydroxy(Ci-Cs alkyl)-.

12. Hop chét theo diém 11, trong d6 R> 1a Ci-Cs alkyl va Rs 1a H.

13. Hop chét theo diém 1, trong d6 hop chét nay dugc chon tir nhom bao gbém:

(1r,3r)-3-(4-(6-(3-amino- 1-metyl-1H-pyrazol-4-yl)pyrazolo[1,5 -a]|pyrazin-4-yl)-1H-
pyrazol-1-yl)-3-(xyanometyl)xyclobutan-1-carbonitril;

2,2'-(3-(4-(6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)- 1H-pyrazol-1-
yl)azetidin-1,3-diyl)diaxetonitril;

2-((1 $,31)-1-(4-(6-(5-(hydroxymetyl)-1H-pyrazol-3-yl)pyrazolo[ 1,5 -a]pyrazin-4-yl)-
1H-pyrazol-1-yl)-3-metoxyxyclobutyl)axetonitril;

5-(4-(1-((1s,3r)-1-(xyanometyl)-3 -metoxyxyclobutyl)-1H-pyrazol-4-yl)pyrazolo[1,5-
alpyrazin-6-yl)-1H-pyrazol-3-carboxamit;

(1s,3 s)—3-(xyanometyl)-3-(4-(6—(5-(hydroxymetyl)isoxazol-3-yl)pyrazolo[1 ,9-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan- 1-carbonitril;

(1r,3r)-3-(xyanometyl)-3-(4-(6-(1-metyl- 1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-4-
yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril;

(1s,3s)-3-(xyanometyl)-3-(4-(6-(1-metyl- 1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-4-
y1)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril;

(1r,31r)-3-(xyanometyl)-3-(4-(3-metyl-6-(1-metyl- 1H-pyrazol-4-yl)pyrazolo[1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1 -carbonitril;

2-((1r,3s)-1-(4-(6-(3-amino-1H-pyrazol-5-yl)pyrazolo[ 1,5 -a]pyrazin-4-yl)-1H-pyrazol-
1-yl)-3-metoxyxyclobutyl)axetonitril;

2-(1-etyl-3-(4-(6-(5-(hydroxymetyl)-1H-pyrazol-3-yl)pyrazolo[ 1,5 -a]pyrazin-4-yl)-
1H-pyrazol-1-yl)azetidin-3-yl)axetonitril;
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(1r,3r)-3-(xyanometyl)-3-(4-(6-(1-metyl-3-o0xo-2,3-dihydro- 1H-pyrazol-4-
yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril (chét dong

phéan trans);

(1r,3r)-3-(xyanometyl)-3-(4-(6-(1-(hydroxymetyl)-1H-pyrazol-4-yl)pyrazolo[ 1,5-
a]pyrazin-4-yl)-1H-pyrazol-1-yl)xyclobutan-1-carbonitril; va,

hodc mudi dugc dung cia ching.

14. Hop chét theo diém 1, trong d6 hop chét nay 1a (1r,3r)-3-(4-(6-(3-amino-1-metyl-
1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1-y1)-3 -(xyanometyl)

xyclobutan-1-carbonitril, hodc mudi dugc dung cua no.

15. Hop chét theo diém 1, trong d6 hop chét nay 1a 2,2'-(3-(4-(6-(1-metyl-1H-pyrazol-
4-yl)pyrazolo[1,5-a]pyrazin-4-yl)-1H-pyrazol-1-yl)azetidin-1,3 -diyl)diaxetonitril, hodc

mudi dugce dung cta no.

16. Hop chét theo diém 1, trong d6 hop chét nay 1a 2-((1s,3r)-1-(4-(6-(5-
(hydroxymetyl)-1H-pyrazol-3-yl)pyrazolo[1,5 -a|pyrazin-4-yl)-1H-pyrazol-1-yl)-3-

metoxyxyclobutyl)axetonitril, hodc mudi dugc dung ctia né.

17. Hop chét theo diém 1, trong d6 hop chét nay 1a 5-(4-(1-((1s,3r)-1-(xyanometyl)-3-
metoxyxyclobutyl)-1H-pyrazol-4-yl)pyrazolo[1,5 -a|pyrazin-6-yl)-1H-pyrazol-3-

carboxamit, hoic mudi dugc dung cia no.

18. Hop chét theo diém 1, trong d6 hop chat nay 1a (1s,3s)-3-(xyanometyl)-3-(4-(6-(5-
(hydroxymetyl)isoxazol-3-yl)pyrazolo[1,5-a]pyrazin-4-yl)- 1H-pyrazol-1-

yl)xyclobutan-1-carbonitril, hodc mudi dugc dung cta no.

19. Hop chét theo diém 1, trong d6 hop chat nay 1a (1r,3r)-3-(xyanometyl)-3-(4-(6-(1-
metyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-4-yl)-1 H-pyrazol-1-yl)xyclobutan-1-

carbonitril, hodc mudi dugc dung cua no.

20. Hop chét theo diém 1, trong d6 hop chét nay 1a (1s,3s)-3-(xyanometyl)-3-(4-(6-(1-
metyl-1H-pyrazol-4-yl)pyrazolo[1,5-a]pyrazin-4-yl)- 1H-pyrazol-1-yl)xyclobutan-1-

carbonitril, hodc mudi dugc dung cua no.
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21. Hop chit theo diém 1, trong d6 hop chét nay 1a (1r,3r)-3-(xyanometyl)-3-(4-(3-
metyl-6-(1-metyl-1H-pyrazol-4-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)- 1H-pyrazol-1-

yl)xyclobutan-1-carbonitril, hodc mudi dugc dung cia no.

22. Hop chét theo diém 1, trong d6 hop chat nay la 2-((1r,3s)-1-(4-(6-(3-amino-1H-
pyrazol-5-yl)pyrazolo[ 1,5-a]pyrazin-4-yl)-1H-pyrazol-1 -yl)-3-metoxyxyclobutyl)

axetonitril, hodc mudi dugc dung cua no.

23. Hop chét theo diém 1, trong d6 hop chat nay 1a 2-(1-etyl-3-(4-(6-(5-
(hydroxymetyl)-1H-pyrazol-3-yl)pyrazolo[ 1,5 -a]pyrazin-4-yl)-1H-pyrazol-1-yl)

azetidin-3-yl)axetonitril, hodc mubi duge dung cua no.

24. Dugc phém chira hop chét theo diém 1, hodc mubi duoc dung ctia nd, hodc solvat

duoc dung cua hop chét hodc mubi nay, va ta dugc duoc dung.
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