HQP CHAT AMINO PYRAZOL PE PIEU TRI ROl LOAN TANG SINH
TUY XUONG MAN TINH VA BENH UNG THU VA DUQC PHAM
CHUANO

Linh vuc k§ thuét dwec dé cap

Sang ché @& cap dén hop chat amino pyrazol hitu ich dé diéu tri cac roi
loan ting sinh tiy xuong man tinh va bénh ung thu, vi du u nguyén bao xép, ung
thu va, da u tay, ung thu tuyén tién liét va bénh bach cau. Sang ché ciing dé cap

dén duoc phiam chua hop chit nay.
Tinh trang k¥ thuat cia sang ché

Janus kinaza 2 (JAK2) 1a enzym thuoc ho tyrosin kinaza c6 lién quan dén
qua trinh truyén tin hiéu cua cytokine. JAK2 c6 vai tro then chét trong qué trinh
truyén tin hiéu erythropoietin (EPO), bao gdm qua trinh biét héa hong cau va
hoat hoa Stat5s.

Cé4c nghién ctu gan day da ching minh rang bénh nhan bi réi loan ting
sinh tiy xwong man tinh, nhu bénh ting hong cau véo can, ting tiéu cau vo cin,
va chimg xo cting tay kém theo di san tay va cac réi loan huyét khdi nhu ching
khang protein C hoat hoa, huyét khéi tinh mach noi tang, hoi ching Budd-
Chiari, va huyét khdi tinh mach cira, thuong c6 cac dot bién hoat hoa mac phai
trong JAK2. Dot bién trong d6 thay thé valin thanh phenylalanin ¢ vi tri axit
amin 617 s& tao ra hoat tinh phosphoryl hda tyrosin co dinh theo co ché chua
dugc biét dén. Hoat tinh co dinh cia JAK2 dot bién lam ting mac JAK2,
PSTATS5 dugc phosphoryl hoa, va hoat tinh phién ma cia STATS5, dan dén sinh
bénh hoc cua céc rdi loan ting sinh tiy xwong va bénh bach cau, nhu bénh bach
cau dong tay man tinh khong dién hinh. Ngoai ra, JAK2 con dugc hoat héa boi
vong tu tiét phu thuéc vao interleukin-6 hoic céc bién ddi di truyén khéac trong
khéi u ran va khéi u huyét hoc, vi du u nguyén bao x6p, ung thu v, da u tiy,
ung thu tuyén tién liét, bénh bach cau dong tay cap tinh nguy@n phat va thir phat,
bénh bach cau dong nguyén bao lympho T va B cap tinh.



Céc hop chat amino pyrazol khac nhau c6 tac dung tc ché tyrosin kinaza
da duwoc mo ta. Vi dy, xem cac cong b don quic t& s6 WO2006/087538 va
WQ02007/064797.

Tuy nhién, vin ¢ nhu cau d6i véi cac hop chat khac c6 tac dung tGc ché
cac tyrosin kinaza nhu JAK2. Do d6, sang ché d& xuat hop chat amino pyrazol
duogc thiy 1a c6 thé duoc str dung trén 1am sang dé diéu tri c4c rdi loan ting sinh
tay xuong trong d6 qua trinh truyén tin hiéu JAK2 duoc hoat hda hoic trong d6
viéc diéu tiét qua trinh truyén tin hiéu JAK/STAT bi réi loan.

Ban chat k§ thuat caa sang ché

Cu thé, sang ché dé& xuat hop chat 3-(4-clo-2-flobenzyl)-2-metyl-N-(5-
metyl-1H-pyrazol-3-yl)-8-(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin

hoic mubi duoc dung cua né.

Sang ché ciing dé xuat hop chat 3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-
1H-pyrazol-3-yl)-8-(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin hoac
mubi duoc dung cta n6 dé diéu tri réi loan ting sinh tiy xwong man tinh duoc
chon tir nhdm bao gom bénh ting hong cau vo cin, ting tiéu cau vo cin, va

chung xo cing tay kem theo di san tay & dong vat co w.

Sang ché ciing dé xuat hop chat 3-(4-clo-2-flobenzy|)-2-metyl-N-(5-metyl-
1H-pyrazol-3-yl)-8-(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin hoac
mubi duoc dung cta n6 dé diéu tri bénh u nguyén bao x4p, ung thu va, da u tay,
ung thu tuyén tién liét, va bénh bach cau, nhu bénh bach cau dong tay man tinh
khong dién hinh, bénh bach cau dong tity cap tinh nguyén phat va thir phat, bénh
bach cau dong nguyén bao lympho T va B cip tinh, hoi chiing loan san tay, va

cac roi loan tang sinh tiy xuong & bénh nhan,

Sang ché ciing d& xuat duoc pham chira hop chat 3-(4-clo-2-flobenzyl)-2-
metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-(morpholinometyl)imidazo[ 1,2-
b]pyridazin-6-amin hoic mubi duoc dung cua né, va chat mang, chat pha lodng

hoac ta dugc duoc dung.



Séang ché ciing dé xuat hop chat 3-(4-clo-2-flobenzy)-2-metyl-N-(5-metyl-
1H-pyrazol-3-yl)-8-(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin hoac
mudi dugc dung cua nd, d&é phdi hop véi chat mang, chat pha lodng hoic ta duoc

duoc dung, cuing véi mot thanh phan tri liéu khac.

Sang ché ciing dé xuat hop chat 3-(4-clo-2-flobenzy|)-2-metyl-N-(5-metyl-
1H-pyrazol-3-yl)-8-(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin hoac
mubi dugc dung cia nd dung dé lam thudc. Ngoai ra, sang ché con dé xuat hop
chét 3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-
(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin hoic mubi duoc dung cia nd
dé san xuat thuc dung dé diéu tri cac roi loan tang sinh tiiy xuwong man tinh. Cu
thé, céc rdi loan ting sinh tiry xwong man tinh nay dugc chon tir nhém bao gom
bénh ting hong cau vo cin, ting tiéu cau vo cdn, va ching xo cing tay kém theo
di san tay. Thém vao d6, sang ché dé xuat duoc pham dung dé diéu tri cac roi
loan ting sinh tay xuong man tinh duoc chon tir nhém bao gdm bénh ting hong
cau vo cin, ting tiéu cau vo cin, va chimg xo cing tay kém theo di san tiy chua
3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-
(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin hoic mudi dugc dung cia né
lam hoat chat.

MBS ta chi tiét sang ché

Chuyén gia trong linh vuc ndy hiéu rang hop chit theo sang ché cé kha
ning tao mudi. Hop chat theo sang ché Ia amin, do d6 né phan ang Vvéi axit vo
co va axit hitu co bat ky dé tao thanh mudi cong axit duoc dung. Cac mubi cong
axit dugc dung nay va phuong phap chung dé diéu ché ching 1a da duoc biét rd
trong linh vyc nay. Vi dy, xem tai ligu: P. Stahl, et al., HANDBOOK OF
PHARMACEUTICAL SALTS: PROPERTIES, SELECTION AND USE
(VCHA/Wiley-VCH, 2002); L. D. Bighley, S. M. Berge, D. C. Monkhouse,

trong tai liéu: “Encyclopedia of Pharmaceutical Technology”. Eds. J. Swarbrick

va J. C. Boylan, Vol. 13, Marcel Dekker, Inc., New York, Basel, Hong Kong



1995, trang 453-499; S. M. Berge, et al., “Pharmaceutical Salts, “Journal of
Pharma-ceutical Sciences, Vol. 66, No. 1, 01/1977.

Vi du thuc hién sang ché

Hop chat thu dugc tir cac vi du diéu ché va vi du thuc hién sang ché duéi day

duoc dinh danh bang cach str dung phan mém ChemDraw Ultra, Version 10.0.
So do 1

Vi du diéu ché 1

1-(4-metoxybenzyl)-5-metyl-1H-pyrazol-3-amin

Phuong phép 1:

Phéi hop 5-amino-3-metylpyrazol (22,8g, 234,8mmol) va N-metyl-
pyrolidon (200ml) trong binh ddy tron c¢6 dung tich 1 lit. LAm lanh binh dén 0°C
va dua vao moi truong nito. Thém natri hydroxit (9,39g, 1,0 duong lugng) vao
binh va khuay trong 30 phiat. Thém nho giot dung dich chira alpha-clo-4-
metoxytoluen (31ml, 1,0 duong lugng) trong N-metylpyrolidon (100ml) vao
binh. D& hdn hop phan ng ting nhiét dd cham dén nhiét do trong phong qua
dém. Pha lodng hdn hop phan tng bang nudc, va chiét bang etyl axetat (EA).
Rua pha hitu co bang dung dich natri clorua bio hoa trong nudc. Co trong chan
khong. Tinh ché trén nut silic oxit (hexan = 2:1 hexan:EA ©3:2 hexan:EA >
1:1 hexan:EA > 1:2 hexan:EA = EA). C6 cic phan doan mong mudn dé thu
duoc hop chat néu & dé muc nay (10,8g, 21%). Phan tich bang phuong phap sic
ky long — phé khéi (Liquid Chromatography — Mass Spectrometry — LCMS) (4
phat) = 218,0 (M+1).

Phuong phap 2:
A. (E)-tert-butyl 2-(4-metoxybenzyliden)hydrazincarboxylat

Thém 4-metoxybenzaldehyt (400g, 2,94mol) vao dung dich chira tert-butyl
carbazat (400g, 2,94mol) trong toluen (750ml) ¢ nhiét do 50°C trong thoi gian

20 phut. Bun néng hédi Iuu trong thdi gian 1 gio, thu hdi nudce trong hdn hop



ddng sbi voi toluen. Sau khi nuéc dugce thu hdi hét, 1am ngudi xudng nhiét do
60°C. Thém hexan vao cho dén khi san pham két tua ra khoi dung dich. Lam
lanh bon 1am méat xubng nhiét 6 20°C. Thu hdi chat ran bang cach loc va 1am
khd bing cach st dung may nén nito dé thu duoc hop chat néu & d& muc nay
(750,5g, 91%). "H NMR [400MHz, dimety| sulfoxit-ds (DMSO-dg)] 5 10,6-10,8
(bs, 1H), 7,88-8,0 (S, 1H), 7,5-7,55 (d, 2H), 6,95-7,0 (d, 2H), 1,45 (s, 9H). Phé
khdi phun dién tir (Electrospray Mass Spectrometry — ES/MS) (m/z): 249 [M-H].

B. Tert-butyl 2-(4-metoxybenzyl)hydrazincarboxylat

Thém paladi 10% trén cacbon (lam 4m bang nuéc, 20g) dudi dang duoc
tao huyén phu dic trong EA (100ml) vao binh phan tng chiu ap dugc déng kin
qua thiét bi truyén chan khéng. Ria ng truyén biang EA véi lugng thi thiéu.
Nap (E)-tert-butyl 2-(4-metoxybenzyliden)hydrazincarboxylat (320g, 1,28mol)
hoa tan trong tetrahydrofuran (THF, 1000ml) vao qua thiét bi truyén chan khéng
Vva rira ong truyén bang THF v&i luong téi thiéu. Gia ap binh phan ung dén 50
PSI (khoang 344,7 kPa) bing H, va tron céac thanh phan trong binh phan tng ¢
nhiét do 20 + 10°C. Cho phan tng tiép tuc dién ra, duy tri ap suat hydro ¢ muc
50 PSI (khoang 344,7 kPa) cho dén khi khéng quan sat thay hap thu hydro. Loc
dung dich phan ung dé loai bo chat xdc tac va rira banh loc chira chat x(c tac
bang THF (500ml). Thém dich rta vao dich loc hén hop phan ung. C6 dung dich
thu dugc trong chan khéng dé thu duoc hop chat néu ¢ d¢& muc nay (3379, 86%)
du6i dang diu. *H NMR (400 MHz, DMSO-dg) & 8,1-8,3 (s, 1H), 7,1-7,3 (d,
2H), 6,8-6,9 (d, 2H), 4,4-4,6 (bs,1H), 3,7-3,8 (s, 2H), 3,6-3,7 (s, 3H), 1,3-1,5 (s,
9H).

C. (4-metoxybenzyl)hydrazin dihydroclorua

Thém tuo to tert-butyl 2-(4-metoxybenzyl)hydrazincarboxylat (324g,
1,09mol) hoa tan trong dioxan v&i lugng tdi thiéu vao dung dich hydro clorua 4
N trong dioxan (2000ml, 8,00mol HCI) trong thai gian 1 gio. Chat két tua dan
duoc tao ra. Khudy dung dich thu duoc trong 16 gid & nhiét d6 20 + 5°C. Thu

hoi chat rin bang cach loc. Tao huyén phi dic chat ran thu duoc trong heptan



(2000ml) va tach chét ran bang cach loc. Lam kho chat ran nay bing céach sir
dung may nén nito dé thu dugc hop chat néu ¢ d& muc nay (242,3g, 1,08mol,
98%). 'H NMR (400 MHz, DMSO-dg) & 8,2-9,0 (bs, 5H), 7,3-7,4 (d, 2H), 6,8-
7,0 (d, 2H), 4,0 (s,2H), 3,7 (s, 3H).

D. 1-(4-metoxybenzyl)-5-metyl-1H-pyrazol-3-amin va 1-(4-metoxybenzyl)-3-

metyl-1H-pyrazol-5-amin

Phéi hop Kali tert-butoxit (191,89g, 1,71mol) va THF (2000ml) ¢ nhiét do
22°C. Tron cho dén khi thu duoc dung dich déng nhat. Lam lanh dén 5°C. Thém
dung dich chtra axetonitril (84,25g, 2,05mol) va metyl axetat (126,7g, 1,71mol)
da tron trude vao dung dich kali tert-butoxit trong thoi gian 45 phat trong khi git
hén hop phan tng ¢ nhiét do thip hon 10°C. Sau khi thém xong, dé ting nhiét
d6 hdn hop phan tmg dén 20 + 5°C va khuay trong thoi gian khoang 2 gio. Thém
ting phan (4-metoxybenzylhydrazin dihydroclorua (250g) vao hén hop phan
g trong thoi gian khoang 5 phat, tiép d6 thém dung dich hydro clorua 4N
trong dioxan (262,59, 1,00mol) vao ¢ téc do sao cho duy tri hdn hop phan éng ¢
nhiét d6 <30°C. Khi thém xong, khudy hdn hop phan wng & nhiét 6 25 + 5°C
trong thoi gian khoang 16 gio. Tach chat ran bang céch loc va rira bang THF
(500ml). Tao huyén phil chat rin thd thu dugc trong diclometan (DCM, 4 lit) va
nuéc (2 lit), didu chinh dén d6 pH >10 bing dung dich NaOH 5 N. Dé céc I6p
ling xuéng va thu hdi pha hiru co. Rira pha nudc baing DCM (2 lit). Gop céc pha
hitu co Véi nhau va 1am khd bang natri sulfat khan va cd dung dich thanh chét
ran trong chan khéng dé thu duoc 165g san pham thd. Pun nong hdi luu san
pham thd trong isopropyl axetat (660ml) dé hoa tan chat rin & mac téi da. Lam
ngudi hdn hop thu duoc xudng nhiét do 33°C va thém tir tir hexan (600ml) vao
trong thoi gian 1 gio. Lam lanh hdn hop thu duoc dén nhiét d6 10°C va gitr nhiét
d6 ¢ 10°C trong thoi gian 10 phat. Tach chat ran bang cach loc, rira bang hexan
(200ml), va 1am khd bing cach str dung may nén nito dé thu duoc hdn hop chua
hop chat néu ¢ d& muc nay (91,5g, 0,4mol, 47%). 'H NMR (400 MHz, DMSO-



de) 8 7,2-7,3 (d, 2H), 6,7-6,9 (d, 2H), 5,1 (bs, 2H), 5,0 (s, 1H), 4,9 (s, 2H), 3,6-
3,8 (s, 3H), 1,9 (s, 3H).

Luu ¥: Cac hop chit trung gian nay cé thé duogc tach ra bang cach sac ky;
tuy nhién, trong truong hop nay, chung duoc tach ra duéi dang hon hop va co
thé duoc st dung trong chudi phan tng cudi dudi day, chudi phan tng nay bao

gom budéc loai bd nhém bao vé benzyl dé thu duoc san pham twong duong.
Vi du diéu ché 2
2-Clo-1-(4-clo-2-flophenyl)etanon

Phéi hop 4’-clo-2’-floaxetophenon (40g, 231,8mmol), heptan (120ml), va
metanol (16ml) trong binh day tron c¢6 dung tich 1 lit. LAm lanh dén 0°C va dua
vao moi truong nito. Hoa tan sulfuryl clorua (21,5ml, 1,15 duong luwgng) trong
heptan (120ml) va nap vao phéu thém nguyén liéu. Thém nho giot dung dich thu
duoc vao hdn hop phan ang trong thoi gian 60 phat. Khudy trong 2,5 gio ¢ nhiét
d6 0°C; chat két tua mau trang tao ra trong thoi gian nay. Nap dung dich natri
bicacbonat 1M vao phéu thém nguyén liéu (400ml), tiép d6 thém nho giot dung
dich nay vao hdon hop phan tng. Sau khi hién tugng thoat khi ngirng hoan toan,
loc huyén phu hai pha tao ra dé thu dugc hop chat néu & ¢& muc nay (38,18,
80%) dudi dang tinh thé hinh kim mau tring. *H NMR (DMSO-dg) & 5,00 (d,
2H, J = 2,5Hz), 7,43 (m, 1H), 7,63 (m, 1H), 7,89 (t, 1H, J = 8,4 Hz).

Vi dy diéu ché 3
(E)-N’-(6-clopyridazin-3-yl)-N,N-dimetylaxetimidamit

Phéi hop 3-clo-6-pyridazinamin (43,29, 333,5mmol), toluen (500ml), va
N,N-dimetylaxetamit dimetyl axetal (67,8ml, 1,25 duong lugng) trong binh day
tron ¢é dung tich 2 lit. Lap bo ngung tu hoi luu vao, réi dun néng hdi wu trong
thoi gian 2 gio. Pé ngudi dén nhiét do trong phong. Co trong chan khong.
Nghién san pham thd véi hexan va loc dé tach dugc hop chat néu ¢ dé muc nay
(60,49, 91%) dudi dang chat rin mau nau vang sang. MS = 199,0 (M+1).

Vi du diéu ché 4



(4-clo-2-flophenyl)(6-clo-2-metylimidazo[1,2-b]pyridazin-3-yl)metanon

Phéi hop (E)-N’-(6-clopyridazin-3-yl)-N,N-dimetylaxetimidamit (36,61g,
184,3mmol), 2-clo-1-(4-clo-2-flophenyl)etanon (38,159, 1 duong hrong), va
dimetylformamit (150ml) trong binh day tron. Pua hén hop thu dugc vao moi
truong nito, rdi dun néng ¢ nhiét do 120°C trong 4 gio. Pé nguodi dén nhiét do
trong phong va khuay qua dém. Pha lodng bang EA (1 lit) va nudc (500ml).
Chiét pha hitu co ba lan bang nuéc, tiép d6 bang dung dich natri clorua b&o hoa
trong nudc. Lam khé 16p hiru co biang magie sulfat khan. Loc va cd trong chan
khong. Tién hanh tinh ché bang nat silic oxit (hexan > 4:1 hexan:EA > 3:1
hexan:EA = 2:1 hexan:EA > 1:1 hexan:EA) va tach duoc hop chat néu ¢ dé
muc nay (33,89, 57%) dudi dang chit ran mau luc sang. LCMS (4 phit = 324,0;
326,0; M+1).

Vi du diéu ché 5

2-((6-clo-3-(4-clo-2-flobenzoyl)-2-metylimidazo[1,2-b]pyridazin-8-
yl)metyl)isoindolin-1,3-dion

Phéi hop  (4-clo-2-flophenyl)(6-clo-2-metylimidazo[1,2-b]pyridazin-3-
yl)metanon (5,69, 17,3mmol), N-phtaloylglyxin (6,09, 1,7 duong Iluong),
axetonitril (60ml), nudc (15ml), axit trifloaxetic (0,26ml, 0,2 duong uong), va
bac nitrat (294mg, 0,1 dwong lugng) trong binh day tron c6 gin phéu thém
nguyén liéu va dua vao méi truong nito. Pun néng dén 70°C va giir & nhiét do
nay trong thoi gian 15 phat. Hoa tan amoni persulfat (7,19, 1,8 duong lugng)
trong nudc (15ml) va nap vao phéu thém nguyén liéu. Thém nhé giot dung dich
thu dugc vao binh phan ng trong thoi gian khoang 20 phat. Pun néng hén hop
phan tng ¢ nhiét &6 70°C trong 1 gid. Chat két taa tao ra trong thoi gian nay; loc
qua phéu Buchner dé tach dugc san pham thd chira hop chat néu & & muc nay
(7,39, 87%) duéi dang chat ran mau trang mo. LCMS (4 phut) = 483,0; 485,0;
M+1).

Vi du diéu ché 6



(8-(aminometyl)-6-clo-2-metylimidazo[1,2-b]pyridazin-3-yl) (4-clo-2-flophenyl)metanon

Phéi hop 2-((6-clo-3-(4-clo-2-flobenzoyl)-2-metylimidazo[1,2-b]pyridazin-
8-yl)metyl)isoindolin-1,3-dion (7,30g, 15,1mmol), etanol (200ml), va hydrazin
(1,45ml, 3 dwong lwong) trong binh ddy tron VA dua vao méi trudng nito. Khuiy
hon hgp phan &ng trong thoi gian 2 ngay & nhiét do trong phong. Pun néng
trong 2 gio & nhiét do 50°C, rdi cd hdn hop phan ung trong chan khéng. Pha
lodng bang EA. Rua pha hitu co bang dung dich HCI 1N (trong nuéc) dé kéo san
pham VAo I6p nudc. Bazo héa 16p nuée bing dung dich NaOH 1IN (trong nuéc)
va chiét bang EA. Rua I6p EA bang dung dich natri clorua bao hoa trong nudc,
va lam kho bang magie sulfat khan. Loc va 0 trong chan khong dé thu duoc san
pham thé chira hop chat néu ¢ @& muc nay (1,29, 23%) dudi dang chat rin mau
luc sang. MS = 355,0; 353,0 (M+1).

Vi du diéu ché 7

(4-clo-2-flophenyl)(6-clo-2-metyl-8-(morpholinometyl)imidazo[1,2-b]pyridazin-

3-yl)metanon

Phéi hop (8-(aminometyl)-6-clo-2-metylimidazo[1,2-b]pyridazin-3-yl)(4-
clo-2-flophenyl)metanon (1,15g, 3,3mmol), nudc (12ml), kali cacbonat (495mg,
1,1 duong luong), va 2-brometyl ete (0,47ml, 1,1 duong lwgng) trong binh phan
g vi séng c6 dung tich 20ml. Bay kin bing nap kep, rdi dun ndng trong thiét bi
phan ung vi song ¢ nhiét do 120°C trong 20 phut. Tiép do, 1am ngudi hdn hop
xubng nhiét do trong phong va phan b gita EA va nudc. Rua I6p EA bang
dung dich natri clorua bio hoa trong nudc, va lam khd bang magie sulfat khan.
Loc va cd trong chan khéng. Tinh ché trén silic oxit (4:1 hexan:EA > 2:1
hexan:EA = 1:1 hexan:EA) dé thu duoc hop chit néu & d& muc nay (0,43g,
31%) dudi dang bot mau vang sang. LCMS (4 phat) = 423,0; 425,0; M+1.

Vi du diéu ché 8

(4-clo-2-flophenyl)(6-clo-2-metyl-8-(morpholinometyl)imidazo[ 1,2-b]pyridazin-

3-yl)metanon



Phéi hop (4-clo-2-flophenyl)(6-clo-2-metyl-8-(morpholinomety|)-
imidazo[1,2-b]pyridazin-3-yl)metanon (0,43g, 1,0mmol) va metanol (15ml)
trong binh ddy tron. Pua hdn hop thu duoc vao méi trudng nito Va [am lanh dén
nhiét @6 0°C. Thém toan bo natri bohydrua (58mg, 1,5 dwong lwgng) vao cung
mét lic. Khuay trong 5 phat & nhiét @6 nay, roi lay bon 1am lanh ra va dé ting
nhiét d6 dén nhiét do trong phong. Sau thai gian 15 pht, t6i hdn hop phan tng
bang nuéc roi chiét bang EA. Rira pha hitu co biang nuéc, tiép d6 bang dung
dich natri clorua bdo hoa trong nuéc. Lam khé pha hitu co bang magie sulfat
khan. Loc va ¢ trong chan khong dé thu dwoc hop chat néu & d& muc nay (0,49,
93%). LCMS (4 phat) = 425,0; 427,0; M+1.

Vi du diéu ché 9

4-((6-clo-3-(4-clo-2-flobenzyl)-2-metylimidazo[1,2-b]pyridazin-8-
yl)metyl)morpholin

Phéi hop (4-clo-2-flophenyl)(6-clo-2-metyl-8-(morpholinometyl)-
imidazo[1,2-b]pyridazin-3-yl)metanol (0,49, 0,94mmol), 1,2-dicloetan (25ml),
trietylsilan (0,45ml, 3 duong lugng), va axit trifloaxetic (0,57ml, 8 duong lugng)
trong binh day tron va dua vao méi truong nito. Pun noéng & nhiét d6 70°C qua
dém. C6 hdn hop phan ang trong chan khong. Nap 1&n hop loc trao doi ion SCX
10 gam Varian MegaEIut® (da duoc ria trude bang metanol). Giai hip bang
metanol dé loai bo cac tap chat khong co tinh bazo. Sau d6, giai hap bang dung
dich amoniac 2M trong metanol. C6 trong chan khdng dé thu dugc hop chat néu
& dé muc nay (0,369, 94%). LCMS (4 phat) = 409,0; 411,0; M+1.

Vi du diéu ché 10

3-(4-clo-2-flobenzyl)-N-(1-(4-metoxybenzyl)-5-metyl-1H-pyrazol-3-yl)-2-
metyl-8-(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin

Phéi hop 4-((6-clo-3-(4-clo-2-flobenzyl)-2-metylimidazo[1,2-b]pyridazin-
8-yl)metyl)morpholin  (0,36g, 0,88mmol), 1-(4-metoxybenzyl)-5-metyl-1H-
pyrazol-3-amin (0,248g, 1,3 duong luwgng), kali cacbonat (0,30g, 2,5 duong
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lugng), 4,5-bis(diphenylphosphino)-9,9-dimetylxanten (0,076g, 0,15 duong
lugng), nudc (2ml), va 1,4-dioxan (20ml) trong binh day tron. Loai khi hoan
toan bang nito, roi thém bis(dibenzylidenaxeton)paladi (0,10g, 0,2 dwong lwong)
va0. Lip bd ngung tu hdi Iru VAo VA dua vao méi trudng nito. Dun néng hdi luu
hdn hop phan ung qua dém. Cho hdn hop phan ing qua ndt Celite. Ria nit nay
bang EA. Chuyén hdn hgp phan tng vao phéu tach va ria bang nuéc. Rua 16p
hitu co bang dung dich natri clorua trong nuéc, va lam khd bang magie sulfat
khan. Loc va cd trong chan khéng. Tinh ché trén silicagel (EA > 10%
metanol:EA) dé thu dugc hop chat néu ¢ d& muc nay (0,447g, 86%) dudi dang
chat ran mau vang nhat. LCMS (4 phat) = 590,2; 591,2; M+1.

Vidu1l

o™

Cl

3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-
(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin

Phéi hop 3-(4-clo-2-flobenzyl)-N-(1-(4-metoxybenzyl)-5-metyl-1H-
pyrazol-3-yl)-2-metyl-8-(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin
(0,447g, 0,76mmol) va axit trifloaxetic (10ml) trong 6ng nghiém dung cho thiét
bi phan ng vi séng c6 dung tich 20ml. Day kin biang nip kep, réi dun nong
trong thiét bi phan tng vi séng ¢ nhiét d6 120°C trong 20 pht. Phan bé giita EA
va nudc di duoc bazo hoa bang dung dich NaOH trong nudc voi luong du. Rira
pha hitu co ba 1an bang dung dich NaOH trong nudc, tiép dé bang dung dich
natri clorua bdo hoa trong nudc. Lam khé bing magie sulfat khan. Loc va co
trong chan khong. Tinh ché trén silicagel (EA = 10% metanol:EA) dé thu duoc
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hop chat néu & & muc nay (0,246g, 0,52mmol) dudi dang chat ran mau vang
nhat. LCMS (8 phit) = 470,0; M+1.

Viduy2

3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-

(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin hydroclorua

Phéi hop  3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-
(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin (0,1g, 0,21mmol) va 1,4-
dioxan (10ml) trong binh phan &ng hinh qua Ié va dua vao moéi truong nito.
Thém hydro clorua (dung dich 4M trong 1,4-dioxan, 0,053ml, 1,0 duong lugng)
va khudy & nhiét do trong phong trong méi truong nito trong thoi gian 1,5 gio.
C6 hdn hop phan @ng trong chan khong, tiép d6 1am bay hoi trong chan khong tir
etanol tuyét d6i hai lan. Lam khd qua dém trong 16 chan khong (60°C) dé thu
duoc hop chat néu & dé muc nay (0,11g, 102%). LCMS (8 phat) = 470,0; M+1.

So d6 2
Vi du diéu ché 11
(E)-N’-(6-clopyridazin-3-yl)-N,N-dimetylaxetimidamit

Phéi hop 6-clopyridazin-3-amin (1,500kg, 11,58mol); 1,1-dimetoxy-N,N-
dimetyletanamin (2,313kg, 17,37mol) va xyclopentyl metyl ete (8,25 lit), roi dun
nong dén 98°C trong khi chung cat dé loai bo san pham phu metanol tao ra. Sau
thoi gian 4 gio, 1am ngudi hdn hop phan tng xubng nhiét d6 méi truong va thém

heptan (11,2 lit) vao dung dich phan tng dé két tinh san pham. thu dugc hop
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chat néu & d& muc nay bang cach loc va lam khd. (1,494kg, 64,95%:; diém nong
chay = 73°C)

Vi duy diéu ché 12

2-clo-1-(4-clo-2-flophenyl)etanon

Khuay hén hop gébm heptan (1,5 lit), metanol (0,4 lit), va 1-(4-clo-2-
flophenyl)etanon (1kg, 5,81mol) két hop 1am lanh dén nhiét do <5°C. Thém nho
giot sulfuryl clorua (0,608 lit, 1,02kg, 7,55mol) dudi dang dung dich trong
heptan (1,5 lit) vao hon hop hén hop phan tng trong khi gitt phan tng & nhiét do
<15°C trong khi thém. Sau thai gian 2 gio, t6i hdn hop phan ang & nhiét &6 moi
truong dén do pH=6 bang dung dich natri hydroxit (5N, 2,0 lit). Chiét hdn hop
phan ng bang metylen clorua (2 lit) va cd dich chiét dé tao ra chat rin mau

trang. Loc va lam khd chat ran nay.
Vi dy diéu ché 13
(4-clo-2-flophenyl)(6-clo-2-metylimidazo[1,2-b]pyridazin-3-yl)metanon

Phéi hop 2-clo-1-(4-clo-2-flophenyl)etanon (1,5kg, 5,44mol), va (E)-N’-(6-
clopyridazin-3-yl)-N,N-dimetylaxetimidamit (1,19kg, 5,72mol) trong DMF
(10,14 lit) va dun néng & nhiét do 120°C trong 5 gio. Sau khi lam nguoi, thém
nuéc (30 lit) vao va khuiy dé két tinh san pham. Thu hoi san pham bang céch
loc va rira banh loc bing nudce (2 x 12 lit) va heptan (2 x 10 lit), sau d6 1am kho
trong chan khong dé thu duoc hop chit néu ¢ d& muc nay. (1,490kg, 84,44%;
diém néng chay = 160°C , M+ = 324).

Vi du diéu ché 14

(4-clo-2-flophenyl)(6-clo-2-metyl-8-(morpholinometyl)imidazo[ 1,2-b]pyridazin-
3-yl)metanon

Thém etanol (12 lit), (4-clo-2-flophenyl)(6-clo-2-metylimidazo[1,2-
b]pyridazin-3-yl)metanon (897,70g, 2,77mol) va bis(2,4-pentandionato)-
oxovanadi (IV) (146,81g, 553,67mmol) vao binh phan Gng trong méi truong
nito. Thém nho giot dung dich chira 4-metylmorpholin 4-oxit (3,89kg, 33,21mol)
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trong etanol (6 lit) vao trong thoi gian 150 phut, trong khi gitr phan ung & nhiét
do khoang 23-33°C; sau d6 dun nong hon hop phan ing & nhiét d6 40°C trong
thoi gian 48 gio. Lam ngudi hdn hop phan wng va co bang céach loai bo dung moi
(13 lit). Loc hén hop thu dugc, rira banh loc bang hexan (1 lit), roi lam khé.
(728, 66,25%:; diém nong chay: 145-147°C; M+ = 423).

Vi du diéu ché 15

4-((6-clo-3-(4-clo-2-flobenzyl)-2-metylimidazo[1,2-b]pyridazin-8-
yl)metyl)morpholin hydroclorua

Phéi hop trietylsilan (110g, 946mmol) va (4-clo-2-flophenyl)(6-clo-2-
metyl-8-(morpholinometyl)imidazo[1,2-b]pyridazin-3-yl)metanon (50,1g,
117,06mmol) & nhiét d6 26°C dé tao ra dung dich. Thém axit trifloaxetic (150ml,
1,98mol) vao hdn hop phan tng, roi dun néng & nhiét do 78°C trong thai gian 24
gio. Lam ngudi hdn hop phan tng dén nhiét d6 moi truong va tach hdn hop thu
duoc dé loai bo 16p trén. Hoa tan 1op dudi day bang etyl axetat (1 lit) va diéu
chinh dén d6 pH=11 bang dung dich natri hydroxit (4 N, 500ml). Tach lép hitu
co va thém dung dich HCI (4M trong etyl ete) vao 16p hitu co dé tao ra mudi
HCI. Loc va 1am khd mudi HCI. (100 g (96%); diém néng chay = 237-238°C;
M+ = 409).

Vi du diéu ché 16

3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-

(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin hydroclorua va bazo tu do

Diéu ché chat xtc tac c6 hoat tinh bang cach phéi hop paladi clorua
(160mg, 0,90mmol) va 4,5-bis(diphenylphosphino)-9,9-dimetyIxanten (1,10g,
1,84mmol) trong DMF (25ml) va ting nhiét 46 dé tao ra dung dich. Thém chat
xuc tac da tao ra vao dung dich chira 3-metyl-1H-pyrazol-5-amin (3,0g,
29,65mmol), 4-((6-clo-3-(4-clo-2-flobenzyl)-2-metylimidazo[1,2-b]pyridazin-8-
yl)metyl)morpholin hydroclorua (9,09, 20,29mmol), kali bicacbonat (6,0g,
59,93mmol) trong DMF (65ml) va dun nong dén nhiét d6 150°C trong thoi gian
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1 gio. Lam ngudi hdn hop phan tmg dén 60°C va thém silic oxit (500mg) da
duoc tao chiic ning bang mercaptopropyl va khudy trong thai gian 1 gio, tiép do
loc dé loai bo silic oxit. LAm nguoi dén nhiét do méi trudng, thém 2-
metyltetrahydrofuran (125ml) vao va chiét bang nuéc dé loai bd DMF. Thém
HCI vao dung dich hitu co dé tao ra mubi 3-(4-clo-2-flobenzyl)-2-metyl-N-(5-
metyl-1H-pyrazol-3-yl)-8-(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin

hydroclorua.

Thém mudi HCI nay (1,1g) vao dung dich natri hydroxit (10ml, 1N) trong
n-butanol (10ml) va khudy. Loc hdn hop tao ra dé thu duogc 0,22g bazo tu do,
imidazo[1,2-b]pyridazin-6-amin, 3-[(4-clo-2-flophenyl)metyl]-2-metyl-N-(5-
metyl-1H-pyrazol-3-yl)-8-(4-morpholinylmetyl), (hiéu suat 22 %, M+1. = 470).

Vidu3

Ché pham chira 3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-

(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin

Tuy y cho 3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-
(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin va ta dugc qua ray thich hop.
Phéi hop va tron 3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-
(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin, tinh bot tién gelatin hoa, va
tinh bot tién gelatin hoa chira 5% dimethicon bing cach sir dung thing tron dao
thich hop (c6 hodc khdng c6 can tron ting cuong) hoidc thiét bi tron thich hop
khac. Theo céch khéac, thém dimethicon vao trong qua trinh tron qua hé thong
thém chat long. Nap bot di tron vao vién nang bang cach sir dung thiét bi dong
nang thich hop. Tién hanh kiém soat do dong déu Vé trong lwong va cac thdng sd
thich hgp cua quy trinh trong quy trinh dong nang. Tuy y khur bui hoac danh

bong vién nang thanh pham bang quy trinh thu céng hosc tu dong.

Thir nghiém trén co s6 té bao JAK2 EPO-TF1/pSTATS — Cellomics ArrayScan®
HCS
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Thar nghiém trén co s¢ té bao JAK2 EPO-TF1/pSTAT5 md phong qua
trinh hoat hod co dinh JAK2-STATS5 & céc té bao tién than dong hong cau, tir do
dan dén tinh trang san sinh hong cau qua mic, mot dau hiéu cua bénh ting hong

cau vo cin (polycythemia vera — PV).

Giir cac té bao TF-1 (bénh bach cau dong hong cau & ngudi) trong moi
trerong RPMI 1640 (mdi truong RPMI-1640 dugc Moore va cac cong Su tai
Roswell Park Memorial Institute phat trién). Moi trudng nay duoc tao ra trén co
s6 loat méi truong RPMI-1630 st dung hé dém bicacbonat va bién dbi lwong céac
axit amin va vitamin) chira 10% huyét thanh bao thai bo (FBS), 0,075% natri
bicachonat, natri pyruvat vgi ndng ¢6 1mM, chat khang sinh/chat chong nim voi
ndng d6 1x (Invitrogen, Carlsbad, CA) va 0,45% glucoza. Méi truong nay dugc
bo sung thém yéu té kich thich quan thé bach cau hat — dai thuc bao
(granulocyte-macrophage colony-stimulating factor — GM-CSF) & nong d6 cudi
la 2ng/ml. Giit t& bao & nhiét do 37°C trong méi trudng chira 5% CO,. Bo dbi té
bao trong méi trudng khéng chira huyét thanh dé loai bo cac yéu té sinh truong
ndi sinh. Bém céc té bao TF-1 va thu hdi té bao nay dé gieo 2x10” té bao trén dia
c6 96 16 voi mat do 2 x10° té bao mdi 15. Rura té bao hai lan bang méi trudng
RPMI 1640 khong bd sung (méi truong RPMI 1640 chaa 0,075% natri
bicacbonat, natri pyruvat véi ndng 6 1mM, chat khang sinh/chat chéng nim véi
nong do 1x, va glucoza 0,45%) trudc khi tao hdn dich té bao vai nong do cubi la
5x10° té bao/ml trong méi trudng RPMI chaa 0,6% FBS. Thém té bao da pha
lodng tro lai binh nudi cdy md va u qua dém ¢ nhiét do 37°C. Piéu ché dung
dich chua hop chét thir nghiém trong DMSO 100% Vvé6i ndng ¢6 10mM. Céc hop
chat duoc pha lo&ing lién tuc theo bac 1:3 bang DMSO 100% trong khoang nong
do6 10 diém-200x — dap tng (4mM-200nM). Thém 2,5ul dung dich chaa hop
chat véi ndng d6 200x vao 125ul méi trudng RPMI 1640 toan phan chira 10%
FBS trong mot dia c6 96 16 riéng ré dé thu duoc dia chia hop chat véi nong do
4x .
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Dé tién hanh thir nghiém, céc té bao doi huyét thanh dugc thu hdi va raa
mot lan bang moi truong RPMI 1640 khdng bo sung. Tao hdn dich té bao trong
mdi trudng RPMI todn phan chira 10% FBS dé thu duoc ndng do cudi la 8x10°
té bao/ml. Thém mot phan phan wéc chira 250l té bao di pha lodng (2x10° té
bao) vao mdi I trong dia chira hop chat véi ndng do 4x. Tron cac té bao bang
cach ly tdm va @ dia trong bon nuéc & nhiét ¢6 37°C trong 10 phut. Diéu ché
mai dung dich xu ly 4x chira Erythropoietin (EPO) véi nong do 6,4 don vi/ml
bang céch sir dung moi truong RPMI 1640 toan phan chira 10% FBS di duogc
lam 4m truée. Sau khi xu Iy té bao bang hop chit trong thoi gian 10 phat, thém
125pl méi truong chira EPO vao mdi 16 va dia duoc ly thm. U té bao trong bon
nudc ¢ nhiét do 37°C trong thoi gian 20 phat va tién hanh tron sau mdi khoang
thoi gian 5 pht trong sudt thai gian u. Khoang nong d6 10 diém — dap tng cudi
14 20uM-1nM v&i nong do cudi cia DMSO 1a 0,5% va EPO 1a 1,6 don vi/ml.
Sau khi xir ly té bao, thém 500ul dung dich formaldehyt 1% (duoc diéu ché méi
bang nudc mudi dém phosphat (PBS) va giit 4m ¢ nhiét do 37°C) vao mdi 15.
Pay kin va lat nguoc dia 8-10 lan dé tron. Piat dia trong bon nudc ¢ nhiét do
37°C trong thoi gian 10 phat. Sau khi v, dia chta t bao duoc ly thm véi toe do
1.200 vong/phat trong thoi gian 5 phat ¢ nhiét ¢ trong phong. Dich noi trén bé
mat dugc hit ra dé thu duoc 100pl té bao (2x10° té bao). Cac té bao duoc ly tam
va rira hai lan bang 800ul PBS bing céach lip lai cac budc ly thm va thu duoc
100p1 chira khoang 2x105 té bao sau khi rira 1an cudi. Them mét phan phan uéc
chtra 800p] metanol 90% lanh vao té bao va dé qua dém & nhiét d6 -20°C. Pia
duoc ly thm va metanol dugc loai bo. Rira cac té bao bang dung dich dém FACS
(PBS chtra 5% FBS va 0,02% natri azit). Thém mot phan phan wéc chia 200yl
dich pha lodng 1 dén 10 chia khang pSTATS cua chudt (pY694) Alexa Fluor
647® trong dung dich dém (FACS) phan loai té bao di dugc hoat héa huynh
quang Vao cac té bao. Tiép do, cac té bao dugc tron ki va u & nhiét do trong
phong trong béng téi trong thai gian 2 gio. Rua té bao mot lan biang PBS va thu
dugc 100ul té bao. Piéu ché dung dich xtr Iy Hoechst (Acros Organics, Morris
Plains, NJ) ¢ nong d6 2 pg/ml bang PBS. Thém mot phan phan wéc chira 200ul
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vao mdi 15 va u té bao ¢ nhiét d6 trong phong trong bong tdi trong thoi gian 10
phat. Rira té bao bang PBS, va thém 50ul Cytofix (BD Biosciences, San Jose,
CA) vao té bao. Chuyén té bao sang dia nudi ciy mé mau den c6 96 16 va day
kin. Sau do, dia duoc ly tdm. Dit liéu vé cudng d6 huynh quang trung binh dugc
ghi va dugc phan tich bang cach sir dung thiét bi Cellomics Arrayscan® VTi.
Cac mau duoc xtr ly bang hop chat thir nghiém dugc so sanh véi chat dan dé xéac
dinh dir liu @c ché tinh theo ty 1& phan trim. Ty 1&é c6 y nghia toi thiéu
(minimum significant ratio — MSR) giira hai hop chat thir nghiém c6 IC., khac
nhau xé4c dinh dugc 1 2,2. IC,, twong déi dugc tinh bang cach si dung phép
phan tich khép duong cong logistic 4 thong s6 bang chuong trinh ActivityBase
4.0. BSi v6i hop chat 3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-
yl)-8-(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin, ICsy = 0,033uM, n =
4. Két qua cua thir nghiém nay ching minh rang hop chat 3-(4-clo-flobenzyl)-2-
metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-(morpholinometyl)imidazo[ 1,2-
b]pyridazin-6-amin la chat ac ché JAK2 hiéu nghiém.

Thu nghiém trén co so té bao JAK3 IL-2-NK-92/pSTATS5 — Cellomics
ArrayScan® HCS

IL-2 hoat hoa con dudng JAK3 trong céc té bao diét ty nhién (natural killer
— NK) dé diéu chinh quéa trinh ting sinh cta té bao lympho NK va CD8. Do d6,
thir nghiém trén co sd té bao NK92 /pSTATS5 dugc kich thich bai 1L-2 cho phép
danh gia hoat tinh d6i véi JAK3 trong té bao cua hop chit c6 hoat tinh ddi voi
JAK2 in vitro.

Giir cac té bao (diét tw nhién) NK-92 (ATCC, Manassas, VA) trong moi
truong thiét yéu téi thiéu (minimum essential medium — MEM) Alpha chira 15%
huyét thanh bao thai bo, 15% huyét thanh ngua va chat khang sinh/chat chéng
nim & nong d6 1x (Invitrogen, Carlsbad, CA). Méi truong ndy dugc bd sung
thém 1L-2 (R&D systems, Minneapolis, MN) dén nong d6 cudi 1a 4 ng/ml. Giix
cac té bao ¢ nhiét do 37°C trong moi trudng chira 5% CO,. Bo doi té bao trong

moi trudng khdng chira huyét thanh dé loai bo cac yéu té sinh truéng noi sinh.
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Dém té bao NK-92 va thu hdi té bao nay dé gieo 2x10’ té bao trén dia c6 96 1 &
mat do 2 x10° t& bao mdi 15. Rira té bao hai lan bing MEM Alpha khong b sung
(MEM Alpha) trudc khi tao hdn dich té bao véi ndng do cudi la 8x10° té bao/ml
trong MEM Alpha chtra 0,6% huyét thanh (0,3% FBS, 0,3% huyét thanh ngua).
Thém cac t& bao da pha lodng trd lai binh nudi cdy mé va u qua dém & nhiét do
37°C. Piéu ché dung dich chira hop chat thir nghiém trong DMSO 100% VG
nong d6 10mM. Cac hop chit dugc pha lodng lién tuc theo bac 1:3 baing DMSO
100% trong khoang néng do 10 diém-200x — dap ung (4mM-200nM). Thém
2,5ul dung dich chtra hop chit voi nong d6 200x vao 125u] méi truong RPMI
1640 toan phan chira 10% FBS trong mot dia c6 96 16 riéng ré dé thu duoc dia

chta hop chat vai nong do 4x.

Dé tién hanh thir nghiém, céc té bao d6i huyét thanh dugc thu hdi va raa
mét lan bang moi trudng RPMI 1640 khong b sung. Tao hdn dich té bao trong
moéi truong RPMI 1640 toan phan chira 10% FBS dé thu duoc ndng do cudi la
8x10° t& bao/ml. Thém mot phan phan udc chira 250pl té bao dd pha lodng
(2x10° t& bao) vao mdi 15 trong dia chia hop chit véi ndng do 4x. Tron cac té
bao bang cach ly thm va u dia trong bon nudc & nhiét ¢6 37°C trong 10 pht.
Piéu ché mai dung dich xur Iy 4x chira I1L-2 véi nong do 2 ng/ml bang cach sir
dung moi truong RPMI 1640 toan phan chira 10% FBS d3 duoc lam am trude.
Sau khi xir ly t& bao bang hop chat trong thoi gian 10 phat, thém 125ul moi
truong chira I1L-2 vao mdi 15. Tiép do, cac té bao dugc tron bang cach ly tam. U
té bao trong bon nudc & nhiét do 37°C trong thoi gian 20 phdt va tién hanh tron
sau mdi khoang thoi gian 5 phut trong sudt thoi gian u. Khoang ndng d6 10 diém
— dap ung cudi 1a 20uM-1nM Vé6i nong d6 cudi cua DMSO 13 0,5% va IL-2 1A
0,5 ng/ml. Sau khi xir Iy té bao, thém 500ul dung dich formaldehyt 1% (dugc
diéu ché méi bang nudc mudi dém phosphat (PBS) va giit 4m & nhiét do 37°C)
vao mdi 156. Bay kin va lat ngugc dia 8-10 lan dé tron. it dia trong bon nude &
nhiét d6 37°C trong thoi gian 10 phat. Sau khi v, dia chira té bao duogc ly tam Vi
toc d6 1.200 vong/pht trong thoi gian 5 phat & nhiét do trong phong. Dich noi

trén bé mat duoc hit ra dé thu dugc 100pl té bao (2x10° té bao). Cac té bao duoc
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ly tim va rira hai lan bang 800ul PBS bang céch lap lai cac budc ly tdm va thu
duoc 100pl chira khoang 2x105 té bao sau khi ria 1an cudi. Thém mot phan
phan uéc chira 800pl metanol 90% lanh vao té bao va dé qua dém & nhiét do -
20°C. Pia duoc ly thm va metanol duogc loai bo. Rura céc té bao bing dung dich
dém FACS (PBS chira 5% FBS va 0,02% natri azit). Thém mot phan phan uéc
chtra 200pl1 dich pha lodng 1 dén 10 chira khang pSTATS cua chudt (pY694)
Alexa Fluor 647® trong dung dich dém (FACS) phan loai té bao da dugc hoat
hoa huynh quang vao cac té bao. Tiép do, cac té bao dugc tron k§ va u ¢ nhiét do
trong phong trong béng téi trong thoi gian 2 gio. Rira té bao mot lan bang PBS
va thu dugc 100pul té bao. Piéu ché dung dich xir ly Hoechst (Acros Organics,
Morris Plains, NJ) c6 nong do 2 pg/ml bang PBS. Thém mot phan phan uéc
chtra 200ul vao mdi 16 va u té bao & nhiét do trong phong trong béng téi trong
thoi gian 10 phdt. Ria té bao biang PBS, va thém 50ul Cytofix® (BD
Biosciences, San Jose, CA) vao té bao. Chuyén té bao sang dia nudi cly md mau
den c6 96 16 va day kin. Sau d6, dia duoc ly tam. Dit liéu vé cuong do huynh
quang trung binh dugc ghi va duoc phan tich bang cach st dung thiét bi
Cellomics Arrayscan® VTi. Cac mau duoc xir ly bang hop chét thir nghiém duoc
so sanh voi chat dan dé xac dinh dir liéu ac ché tinh theo ty I¢ phan traim. MSR
xac dinh duoc 1a 2,06. IC,, twong ddi dwoc tinh bang cach sir dung phép phan
tich khép duong cong logistic 4 thong sé bang chuong trinh ActivityBase 4.0.
Ddi véi hop chat 3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-
(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin, IC., = 0,94uM, n = 4. Két
qua cua thir nghiém trén co sé té bao JAK3 1L2-NK92-pSTATS chitng minh
ring hop chat 3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-
(morpholinometyl)imidazo-[1,2-b]pyridazin-6-amin 1a chat &rc ché JAK3 it hi¢u
nghiém hon (khi so sanh v&i két qua caa thir nghiém trén co s té bao JAK?2
EPO-TF1/pSTATS voi IC,, = 0,033uM). Tir céc két qua nay, ty & JAK3/JAK2,
ICso xac dinh duoc la 28,5 lan, diéu d¢6 chitng minh rang hop chat 3-(4-clo-2-
flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-
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(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin la chat wc ché JAK2 chon
loc so voi JAK3.

Thir nghiém trén co s6 té bao Ba/F3JAK2V617F Cellomics ArrayScan® HCS

Muc do tc ché dich JAK2 d3 duoc danh gia ¢ Ba/F3 biéu hién JAK2
V617F bang phuong phap tham tach Tay nhu da duoc Wernig va cac dong tac
gia mo ta (Wernig G, et al., Efficacy of TG101348, a selective JAK2 inhibitor, in
treatment of a murine model of JAK2V617F-induced polycythemia vera, Cancer
Cell, Apr; 13(4):311-20). Thu nghiém Cellomics Vé ning suit trung binh da
duoc thiét lap dé danh gia mac d6 wc ché dich JAK2 & cac té bao Ba/F3 biéu
hién JAK2V617F. Thir nghiém nay cho phép phét hién cac tac nhan diéu tri hitu
hiéu dé diéu trj c4c rdi loan lién quan dén dot bién JAK2V617F.

Gitr c4c té bao Ba/F3 (pro-B cua chuot) biéu hién JAK2V617F trong moi
truong RPMI 1640 chia 10% huyét thanh bao thai bo (FBS), 0,07% natri
bicachonat, natri pyruvat vgi ndng ¢6 1mM, chat khang sinh/chat chong nim voi
nong d6 1x (Invitrogen, Carlsbad, CA) va 0,45% glucoza (Sigma, St Louis,
MO). Giit c4c té bao & nhiét do 37°C trong moi trudng chira 5% CO,. Piéu ché
dung dich chaa hop chat thir nghiém trong DMSO 100% vGi ndng do 10mM.
Céac hop chat duoc pha lodng lién tuc theo bac 1:3 bang DMSO 100% trong
khoang néng d6 10 diém-200x — dap tng (4mM-200nM). Thém 2,5ul dung dich
chua hop chat vai nong do 200x vao 125ul méi truong RPMI 1640 toan phan
chira 10% FBS trong mot dia c6 96 15 riéng ré dé thu duoc dia chtra hop chat Véi

nong do 4x.

Dé tién hanh thir nghiém, céc té bao duoc thu hdi VA rira hai lan bang moi
truong RPMI 1640 khong bo sung. Tiép d6, tao hon dich té bao trong moi
truong RPMI toan phan chira 10% FBS dé thu dugc ndng d6 cudi la 4x10°/ml.
Tiép do6, chuyén 500ul t& bao (2x10° t& bao) sang dia c6 96 15 sau. Cudi cung,
thém 2,5ul dung dich géc chua hop chat (dich pha lodng véi ty 1 1:200) vao té

bao va u voi té bao trong bon nudc ¢ nhiét do 37°C trong thoi gian 60 phuit.
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Sau khi xt Iy t& bao, thém 500ul dung dich formaldehyt 1% (duoc diéu ché
méi bang nudc mudi dém phosphat (PBS) va giir am & nhiét do 37°C) vao mdi
15. Bay kin va lat nguoc dia 8-10 lan dé tron. it dia trong bon nuée & nhiét do
37°C trong thoi gian 10 phit. Sau khi o, dia chira t& bao duogc ly tam vai toe do
1.200 vong/phat trong thoi gian 5 phat ¢ nhiét do trong phong. Dich noi trén bé
mat dugc hit ra dé thu duoc 100pl t& bao (2x10° té bao). Cac té bao duoc ly tam
va rira hai lan bang 800ul PBS bang céach lap lai cac budc ly tam va thu dugc
100ul chira khoang 2x109 té bao sau khi rira lan cudi. Thém mot phan phan uéc
chtra 800ul metanol 90% lanh vao té bao va dé qua dém & nhiét d6 -20°C. Dia
dugc ly tdm va metanol duoc loai bo. Rua cac té bao biang dung dich dém FACS
(PBS chira 5% FBS va 0,0% natri azit). Thém mot phan phan uéc chaa 200pl
dich pha lodng 1 dén 10 chira khang pSTATS5 cua chudt (pY694) Alexa Fluor
647° trong dung dich dém (FACS) phan loai t& bao di duoc hoat héa huynh
quang vao cac té bao. Tiép do, cac té bao dugc tron ki va u & nhiét do trong
phong trong bong toi trong thoi gian 2 gio. Rua té bao mat lan bang PBS va thu
dugc 100ul té bao. Biéu ché dung dich xir ly Hoechst (Acros Organics, Morris
Plains, NJ) ¢6 nong d6 2 pg/ml bang PBS. Thém mot phan phan uéc chira 200ul
vao mdi 16 va i té bao ¢ nhiét d6 trong phong trong bong téi trong thoi gian 10
phit. Rua té bao bang PBS, va thém 50ul Cytofix® (BD Biosciences, San Jose,
CA) vao té bao. Chuyén té bao sang dia nudi cdy moé mau den c6 96 15 va day
kin. Sau d6, dia duoc ly thm. D liéu vé cuong d6 huynh quang trung binh duoc
ghi va dugc phan tich bang cach sir dung thiét bi Cellomics Arrayscan® VTi.
Cac mau duoc xu Iy bang hop chat thir nghiém dugc so sanh véi chat dan dé xéac
dinh dit liéu tc ché tinh theo ty I phén tram. IC,, twong déi dwoc tinh bang cach
sir dung phép phan tich khép dudng cong logistic 4 thong s6 bang chuong trinh
ActivityBase 4.0. D6i v6i hop chit 3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-
1H-pyrazol-3-yl)-8-(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin, 1Csq =
0,03puM. Két qua cua thar nghiém nay chiang minh ring hop chat 3-(4-clo-2-
flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-
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(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin c6 tac dung trc ché hiru hiéu
dich JAK2V617F & céc té bao Ba/F3 biéu hién gen JAK2V617F.

Tt hon néu hop chit theo sang ché duoc bao ché duéi dang dwoc pham
dé sir dung qua nhiéu duong khac nhau. Tét nhat néu dugc pham nay duoc
bao ché dé sir dung qua duong miéng. Cac duoc pham nhu vay Va quy trinh
bao ché ching 1a di duoc rd trong linh vuc nay. Vi dy, xem tai liéu:
REMINGTON: THE SCIENCE AND PRACTICE OF PHARMACY (A.
Gennaro, et al., eds., 19" ed., Mack Publishing Co., 1995).

N6i chung, hop chat theo sang ché c6 tac dung hitu hiéu trong khoang liéu
rong. Vi dy, tong lieu dung hang ngay thuong nam trong khoang tr 1mg dén
1000mg, tét hon néu tong liéu hiang ngay nam trong khoang tir 500mg dén
1000mg, t6t hon nira néu téng liéu hang ngay nam trong khoang tir 600mg dén
1000mg. Trong mét sb truong hop, mac lidu thap hon gidi han dudi cua khoang
lidu néu trén cd thé 1a thich hop hon, trong khi trong cac truong hop khac, mic
litu I6n hon cé thé dugc sir dung. Khoang liéu néu trén khong dung dé gigi han
pham vi cua sang ché theo cach bat ky. Can hiéu ring lwong hop chat duoc sir
dung trén thuc té s& duoc nguoi thay thudc xac dinh, trén co sé cac yéu té co
lién quan, bao gom trinh trang bénh ly can diéu tri, duong ding thuéc duoc luya
chon, hop chit hodc cac hop chat dugc st dung trén thyuc té, lra tudi, thé trong
va mtc d6 dap ung cta bénh nhan cu thé, va mirc do nghiém trong cua céc triéu

chiing xuét hién & bénh nhan.
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YEU CAU BAO HQ
1. Hop chat 3-(4-clo-2-flobenzyl)-2-metyl-N-(5-metyl-1H-pyrazol-3-yl)-8-
(morpholinometyl)imidazo[1,2-b]pyridazin-6-amin, hoic mubi duoc dung cua
no.
2. Hop chat theo diém 1, trong d6 hop chat nay la 3-(4-clo-2-flobenzyl)-2-metyl-
N-(5-metyl-1H-pyrazol-3-yl)-8-(morpholinometyl)imidazo[1,2-b]pyridazin-6-

amin.

3. Hop chét theo diém 1, trong d6 hop chit nay la 3-(4-clo-2-flobenzyl)-2-metyl-
N-(5-metyl-1H-pyrazol-3-yl)-8-(morpholinometyl)imidazo[1,2-b]pyridazin-6-
amin hydroclorua.

4. Dugc pham chira hop chat theo diém 1, 2 hoic 3, hoic mudi duoc dung cua

no, va chat mang, chat pha lodng hoic ta dugc duoc dung thich hop.
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TOM TAT
Sang ché @& xuat hop chat amino pyrazol hitu ich dé diéu tri cac réi loan
tang sinh tiy xwong man tinh va cac bénh ung thu khac nhau, vi du, u nguyén
bao x4p, ung thu vii, da u tuy, ung thu tuyén tién liét va bénh bach cau. Ngoai ra,

sang ché con dé xuat dugc pham chua hop chat nay.
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