(12) BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

aor e enmeroe o 0 L IIMIWEANY
CUC SO HU'U TRi TUE
1-0023934
(51) CO7D 487/04; CO7D 491/10 (13) B
(21) 1-2014-00977 (22) 06/09/2012
(86) PCT/US2012/053921 06/09/2012 (87) WO02013/036611 14/03/2013
(30) 61/531,896 07/09/2011 US
(45) 25/06/2020 387 (43) 26/05/2014 314A

(73) INCYTE HOLDINGS CORPORATION (US)
1801 Augustine Cut-Off, Wilmington, DE 19803, United States of America
(72) ZHOU, Jiacheng (US); LIU, Pingli (CN); CAO, Ganfeng (CN); WU, Yongzhong
(CN) ‘
(74) Coéng ty TNHH Tam nhin va Lién danh (VISION & ASSOCIATES CO.LTD.)

(54) QUY TRINH VA HOP CHAT TRUNG GIAN DE DIEU CHE CHAT UC CHE
JANUS KINAZA (JAK)

(57) Sang ché d& cap dén quy trinh va hop chét trung gian dung dé diéu ché hop chat {1-

{1-[3-flo-2-(triflorometyl)isonicotinoyl]piperidin-4-yl}-3-[4-(7H-pyrolo[2,3-d]pyrimidin-
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Linh vye k§ thuit dwge dé cap

Sang ché dé cap dén quy trinh va hop chit trung gian dé didu ché{ 1-{1-[3-flo-2-
(triflorometyl)isonicotinoyl]piperidin-4-yl1}-3-[4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)-
1H-pyrazol-1-yl]azetidin-3-yl}axetonitril, hitu ich trong viéc diéu tri cac bénh lién quan
dén hoat tinh ctia cac enzym Janus kinaza (JAK) bao gdm céc r6i loan viém, céc rdi loan

tr mién, bénh ung thu, va cic bénh khéc.

Tinh trang ky thuit ciia sing ché

Céc protein kinaza (cac PK) diéu hoa nhiéu qua trinh sinh hoc khac nhau bao
gém qua trinh phat trién, tOn tai, biét hoa té bao, tao co quan, tao hinh thai, tao mach
méi, phuc hdi md va tai tao mé, trong s& nhidu qué trinh lién quan khac. Cac protein
kinaza cfing déng vai trd chuyén biét trong nhiéu bénh & ngudi bao gbm c4 bénh ung
thu. Céc xytokin 1a cdc polypeptit hodc glycoprotein c¢6 khdi lugng phén tir thip, c6
chitc ning diéu hoa nhiéu con dudng lién quan dén d4p Gmg viém ca vat chu dbi véi
viéc nhi€m khudn. Céc xytokin anh huéng dén qua trinh biét hoa, ting sinh va hoat héa
té bao, va c6 thé diéu hoa ca nhiing dap tng tién viém va khang viém, cho phép vat chu
phan umg thich hop véi cdc mam bénh.

Qué trinh d4n truyén tin hiéu cta rat nhiéu loai xytokin lién quan dén ho Janus
kinaza (JAK) ctia c4c protein tyrosin kinaza va cic chit dan truyén tin hiéu va cac chét
hoat héa qua trinh phién mi (Signal Transducers and Activator of Transcription -
STAT). C6 bbn loai JAK d biét & dong vat c6 vii: JAK1 (Janus kinaza-1), JAK2, JAK3
(con duge goi 1a Janus kinaza, bach cau; JAKL; va L-JAK), va TYK2 (protein-tyrosin
kinaza 2).

Céc dép Umg viém va mién dich dugc kich thich boi xytokin gép phan vao quéa
trinh phét sinh cac bénh: cac bénh Iy nhur suy giam mién dich két hop trdm trong (Severe
combined immunodeficiency - SCID) phét sinh do sy rc ché hé mién dich, trong khi d6
dap ng mién dich/viém qua miic hoic khong phit hop gép phin lam phat sinh cac bénh

tu mién (vi du, bénh hen suyén, lu-pit ban d6 hé théng, viém tuyén giap, viém co tim),
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va cac chimg bénh nhu bénh xo cimg biva bénh viém khép xwong (Ortmann, R. A., T.
Cheng, et al. (2000) Arthritis Res 2(1): 16-32).

Viéc thiéu biéu hién cdc JAK di kém theo nhidu tinh trang bénh. Vi du, chudt
Jak1-/- bi coi khi sinh, khong bu dugc, va chét non (Rodig, S. J., M. A. Meraz, et al.
(1998) Cell 93(3): 373-83). Phéi chudt Jak2-/- b thiéu mau va chét trong khoang 12,5
ngdy sau khi thy thai do khéng cé qua trinh tao hdng cau hoan chinh.

Con dudng JAK/STAT, va dic biét 1a ca bdn loai JAK, duge cho ¢é vai trd trong
bénhly v& phan tmg hen suy@n, bénh tic ngh&n phéi man tinh, viém phé quan, va cac
bénh viém dudng hd hdp dudi c6 lién quan khac. Nhiéu xytokin phét tin hi¢u qua cac
JAK c6 lién quan dén cac bénh/tinh trang viém ctia dudng hd hap trén, nhu céc bénh
anh hudng ti miii va xoang (v du, viém miii va viém xoang) cho du c6 céc phan ung
di ung théng thudng hay khong. Qua trinh JAK/STAT ciing c6 lién quan dén cac
bénh/c4c tinh trang viém ctia mét va nhing dap ung di ung man tinh.

Viéc hoat hda JAK/STAT trong cdc bénh ung thur c6 thé xay ra do sy kich thich
xytokin (vi du IL-6 hodc GM-CSF) hodc do hién tugng giam lugng chét ndi sinh tc ché
quéa trinh truyén tin hidu JAK nhu chét @&c ché qua trinh truyén tin hidu xytokin
(suppressor of cytokine signaling - SOCS) hozc chit trc ché protein cia STAT d4 hoat
héa (PIAS — protein inhibitor of activated STAT) (Boudny, V., and Kovarik, J.,
Neoplasm. 49:349-355, 2002). Viéc hoat héa qua trinh truyén tin hiéu STAT, ciing nhu
cac qua trinh khéc sau d6 ctia JAK (v du, Akt), c6 twong quan véi tién lugng x4u trong
nhiéu loai bénh ung thu (Bowman, T., et al. Oncogene 19:2474-2488, 2000). Mixc
xytokin tuin hoan ting cao ma truyén tin hiéu thong qua JAK/STAT doéng vai tro la
nguyén nhén gdy ra ching suy mon va/hoic mét mdi man tinh. Nhu vay, viée trc ché
JAK c6 thé dem lai lgi ich nhét dinh cho cc bénh nhan ung thu vi nhidu Iy do, ngoai 1y
do tao ra hoat tinh khéng ung thu tiém 4n.

Kinaza tyrosin JAK2 c6 thé dem lai loi ich cho céc bénh nhan méc céc rdi loan
tang sinh té bao tlly xuong, vi du, chimg da hdng ciu nguyén phat (polycythemia vera -
PV), ting tiéu ciu nguyén phat (essential thrombocythemia - ET), di san tiy xwong két
hop xo tiy nguyén phét (myeloid metaplasia with myolofibrosis - MMM) (Levin, et al.,
Cancer Cell, vol. 7, 2005: 387-397). Viéc trc ché kinazaJAK2V617F 1am gidm sy ting
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sinh céc té bao tao huyét, diéu nay goi y rang JAK2 1a mét dich tiém ning dé trc ché vé
mit duoc ly & cac bénh nhan méic PV, ET, va MMM.

Viéc trc ché JAK c6 thé c6 lgi cho cac bénh nhan méc céc réi loan mién dich da
nhu bénh véy nén, va man cam da. Su tdn tai ctia bénh Véy nén duoc cho 1a phu thudc
vao mdt s§ xytokin gdy viém ngoai nhidu loai chemokin va céc yéu t6 tang truéng khac
(JCI, 113:1664-1675), nhiéu loai trong sé d6 phét tin hi€u thdng qua cac JAK (4dv
Pharmacol. 2000;47:113-74).

JAK1 déng vai trd trung tAm trong mét s6 qua trinh truyén tin hiéu cia yéu tb
ting trudng va xytokin ma, khi bi ri loan didu hoa, c6 thé din t&i hogic gép phin gy ra
cac tinh trang bénh. Vi dy, mirc IL-6 ting cao & bénh viém khép dang thép, mot bénh
ma trong d6 mic IL-6 ting cao dugc cho cd tdc ddng c6 hai (Fonesca, J.E. et al.,
Autoimmunity Reviews, 8:538-42, 2009). Do céc tin hiéu IL-6, it nhét 1a mot phén,
thong qua JAK 1, d6i khang IL-6 truc tiép hoic gian tiép thong qua viéc trc ché JAK1
dugc mong doi 1a dem lai cac lgi ich 1dm sang (Guschin, D., N., et al Embo J 14:1421,
1995; Smolen, J. S., et al. Lancet 371:987, 2008). Ngoai ra, trong mjt vai bénh ung thur,
JAK1 bi d6t bién, ddn dén su tdn tai va phét trién khong mong mudn cua céc té bao ciu
thanh nén khéi u (Mullighan CG, Proc Natl Acad Sci U S A.106:9414-8, 2009; Flex E.,
et al.J Exp Med. 205:751-8, 2008). Trong cac bénh tu mién va céc bénh ung thu khac,
mirc xytokin gy viém ting cao toan than gy hoat hoa JAK1 ciing c6 thé gép phdn gay
bénh va/hoiic c4c triéu chimg lién quan. Vi thé, cac bénh nhin méc nhitng bénh nay c6
thé ¢6 loi khi trc ché JAK1. Céc chét trc ché chon loc JAK1 ¢6 thé 1a hiéu qua ddng thoi
tranh dugc nhiing tac dong khéng mong mudn va khong cén thiét c6 thé x4y ra do viéc
trc ché cac JAK kinaza khéc.

Céc chét uc ché chon loc dbi véi JAK1, so véi cac JAK kinaza khac, c6 thé dem
lai nhiéu loi ich diéu trj hon so v&i céc chét e ché ¢6 tinh chon loc thdp hon. Lién quan
dén tinh chon loc khang JAK2, mét sb xytokinva yéu td tdng trudng quan trong phat tin
hidu théng qua JAK2 bao gdm, vi du, erythropoietin (Epo) va thrombopoietin (Tpo)
(Parganas E, et al. Cell. 93:385-95, 1998). Epo 1a mdt yéu t6 ting trudng cha chét cho
qué trinh san sinh té bao hdng ciu; vi thé khi qué trinh truyén tin hiéu phu thudc Epo
xay ra v6i muc thap c6 thé dén t6i 1am giam sb luong céc té bao hdng clu va gdy bénh

thiéu mau (Kaushansky K, NEJM 354:2034-45, 2006). Tpo, mot vi du khac v& yéu 6
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tang trudng phy thudc JAK2, dong vai tro trung tdm trong viée kiém soat qué trinh ting
sinh va trudng thanh cta céc té bao nhan khdng 16 — céc té bao sinh ra céc tidu ciu
(Kaushansky K, NEJM 354:2034-45, 2006). Nhu vay, qua trinh truyén tin hiéu Tpo
giam s& c6 thé lam giam sd luong t& bao nhan khdng 15 (chimg giam t& bao nhan khéng
10) va 1am giam s6 tiéu cAu tuin hoan (chimg giam tiéu cau). Didu nay c6 thd dan t6i
hién tuong chay méu khong mong muén va/hozic khong kiém soat dugc. Kha nang e
ché giam d6i véi cac JAK khac, nhu JAK3 va Tyk2, c6 thé ciing duoc mong doi vi ngudi
thiéu dang chirc ning cia cac kinaza nay da dugc chi 13 1 méc nhidu bénh nhu suy giam
mién dich két hop trdm trong hodc hodi ching tding qua mirc globulin mién dich E
(Minegishi, Y, et al. Immunity 25:745-55, 2006; Macchi P, et al. Nature. 377:65-8,
1995). Do d6, chat trc ché JAKI c6 &i luc giam déi véi cac JAK khac ¢6 wu didm dang
ké so vé6i chit trc ché chon loc kém hon nh¢ cac tac dung phu gidm bao gém tac dung
trc ché mién dich, bénh thiéu mau va su giam lugng tiéu cau.

Do tinh hitu ich ctia cac chat irc ché JAK, nén c6 nhu ciu phét trién cac quy trinh
m&i dé didu ché cac chit trc ché JAK ndy. Sang ché nay d4p tmg nhu cu nay va nhitng
nhu cdu khic.

Ban chit k§ thuat cia sang ché

Céc chét tre ché JAK dugce mé ta trong don sang ché M§ s8 13/043,986, nop ngiy
9 thang 3 ndm 2011, toan bg tai liéu nay dugc dua vao diy bﬁng cach vién dan, bao gém
{1-{1-[3-flo-2-(triflorometyl)isonicotinoyl]piperidin-4-yl} -3-[4-(7H-pyrolo[2,3-
d]pyrimidin-4-yl)-1H-pyrazol-1-yl]azetidin-3-yl} axetonitril, dugc md ta dudi dy co

cong thuc L.
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I
Séang ché dé xuét, khong ké nhimg di trong khac, quy trinh va hop chét trung

gian dé diéu ché hop chét c¢6 cdng thirc I. Cu thé, sang ché d& xuit quy trinh diéu ché
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hop chit c6 cong thic II:
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hodc mudi ctia nd, bao gom budce cho hop chat ¢ cong thire I11:
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hogic mudi ctia né, khi c6 mit cia chit khir dé tao thanh hop chét c6 cong thire IT hodc
mubi ctia hop chit nay, v6i didu kién chit khir néu trén khong phai 1a natri

xyanoborodoterit hydrua; trong d6 P! 1a nhém bao vé.
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Sang ché ciing dé xuét quy trinh diéu ché hop chét c6 cong thire I'V:
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hodc muoi clia nd, bao gom budc khir bao v€ hop chat cé cong thirc V:

v
hodc mubi ctia nd, dé tao thanh hop chét c6 cong thire IV, hodc mubi cta hop chét nay.
Sang ché dé xuét quy trinh didu ché hop chét c6 cong thirc V:
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voi su c6 mit cia chét két hop dé tao thanh hop chét co cong thire V, hodc mudi cta hop
chét nay.
Sang ché con @& xuit hop chét c6 cong thirc V:

Z "N

hodc mudi cta no.

M5 ta chi tiét sang ché

Séang ché @& cap dén quy trinh diu ché hop chét c6 cong thue II:

IIT

hodc muoi cua nod, phan g véi hop chat ¢ cong thic IV:



1\Y
hodc mubi cia nd, co mit chit khir dé tao thanh hop chét c6 cdng thie 11, hodc mudi
ctia hop chét nay, v6i didu kién chit khir néu trén khong 1a natri xyanoborodoterit
hydrua; trong d6 P! 1a nhém bao vé.

Theo mét s6 phuong 4n, céc hop chét c6 cong thire ITT va IV t6t hon néu dugc st
dung duéi dang céc bazo tu do va hop chit c6 cong thirc II tét hon néu duoc didu ché
dudi dang bazo ty do. Nhu duogc sir dung ¢ ddy, “bazo tyr do” c6 nghia 12 dang khong
phai 1a mudi ciia hop chét.

Theo mot sb phuong an, phan ing ctia hgp chét Il va hop chét IV dugc thuc hién
khi ¢6 mit amin bac ba (vi du, trietylamin). Theo m6t s6 phuong 4n, nhiét d6 cta phan
g < 30°C. Theo mot s6 phwong 4n, phan tmg duoc thuc hién trong dung mdi thich
hop. Theo mot s§ phuong 4n, dung mdi thich hgp nay 1a diclorometan.

C4c nhém bao vé P! thich hop bao gdm, nhung khong chi gidi han &, cdc nhém
bao vé cho cdc amin dugc mo ta trong tai liéu ciia Wuts va Greene, Protective Groups
in Organic Synthesis, xuét ban 14n thir 4, John Wiley & Sons: New J ersey, cac trang 696-
887 (va, cu thé 13, cac trang 872-887) (2007), toan bd ndi dung cua tai liéu nay duoc dua
vao ddy bang cach vién dan.

Theo mdt s6 phuong 4an, P! 1a benzyloxycacbonyl(Cbz), 2,2,2-
tricloroetoxycacbonyl ~ (Troc),  2-(trimetylsilyl)etoxycacbonyl  (Teoc),  2-(4-
triflorometylphenylsulfonyl)etoxycacbonyl (Tsc), t-butoxycacbonyl (BOC), 1-
adamantyloxycacbonyl (Adoc), 2-adamantylcacbonyl (2-Adoc), 2,4-dimetylpent-3-
yloxycacbonyl =~ (Doc),  xyclohexyloxycacbonyl  (Hoc), 1,1-dimetyl-2,2,2-
tricloroetoxycacbonyl (TcBOC), vinyl, 2-cloroetyl, 2-phenylsulfonyletyl, allyl, benzyl,
2-nitrobenzyl, 4-nitrobenzyl, diphenyl-4-pyridylmetyl, N’,N’-dimetylhydrazinyl,
metoxymetyl, t-butoxymetyl (Bum), benzyloxymetyl (BOM), 2-tetrahydropyranyl
(THP), tri(Ci-4alkyl)silyl (vi du, tri(isopropyl)silyl), 1,1-
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dietoxymetyl,-CH2OCH2CH,Si(CH3)3(SEM) hodc N-pivaloyloxymetyl (POM).Theo
mbt s6 phwong an, P! 1a-CH,OCH>CH,Si(CHs)s.

Chat khir ¢6 thé 1a chit khir bt ky thich hop d& st dung trong qua trinh amin hoa
khtt, bao gdm céc chét khir borohydrua va boran khéc nhau, nhu cic chét khir néu trong
tai liéu ctia Ellen W. Baxterva Allen B. Reitz, Reductive Aminations of Cacbonyl
Compounds with Borohydride and Borane Reducing Agents, Organic Reactions,
Chuong 1, céc trang 1-57 (Wiley, 2002), toan bd ndi dung cua tai liéu nay dugc dua vao
dy bang cach vién din. Cc nhém khong giGi han clia céccht khir thich hop bao gdm
borohydrua, xyanoborohydrua, tri(Ci.4 axyl)oxyborohydrua (vi du, cac din xuét cua
triaxetoxyborohydrua), 9-borobixyclo[3,3,1]nonan hydrua, tri(Cisalkyl)borohydrua, va
céc dan xudt cua disopinocampteylxyanoborohydrua, amino boran, phitc chét boran-
pyridin, va alkylaminboran. Cac vi du khéng gi6i han vé& cac chét khir thich hop bao
gbm natrixyanoborohydrua, natri triaxetoxyborohydrua, natrixyano-9-
borobixyclo[3,3,1]nonan hydrua, tetrabutylamonixyanoborohydrua, xyanoborohydrua
trén 16p nén rén, tetrametylamoni triaxetoxyborohydrua, natri triaxetoxyborohydrua,
lithi trietylborohydrua, lithi tri(sec-butyl)borohydrua, natri
disopinocampteylxyanoborohydrua,  catechol boran, boran tetrahydrofuran,
natriborohydrua, kaliborohydrua, lithiborohydrua, paladin khi ¢6 mat khi hydro, 5-etyl-
2-metylpyridinboran (PEMB), 2-picolineboran hodc triaxetoxyborohydrua dugc mang
bdi polyme. Theo mdt s6 phuong an, bat ky chét nao trong sb cac chit néu trén, va tét
hon néu 13 natrixyanoborohydrua, dugc st dung két hop véi chét phu gia titan (IV), chat
dehydrat héa, hogc chit phu gia k&m halogenua. Theo mot sb phuong 4n, chét khir nay
12 tetra(C1-4alkyl)amonixyanoborohydrua hogc triaxetoxyborohydrua, xyanoborohydrua
hodc triaxetoxyborohydrua cta kim loai kiém, hodic xyanoborohydrua hoic
triaxetoxyborohydrua ctia kiém thd. Theo mot s§ phuwong an, chit khir nay la
xyanoborohydrua ctia kim loai kiém. Theo mét sé phuong 4n, chit khir duge chon tur
natrixyanoborohydrua va natri triaxetoxyborohydrua. Theo mét s6 phuong 4n, chét
khimay 14 natri triaxetoxyborohydrua. Nhu duge st dung & day, chat phu gia titan (IV)
la axit Lewis chita kim loai titan (IV) (vi du, titan tetraclorua, titan isopropoxit,

titanetoxit, va cac chét tuong tu).

-10-
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Theo mdt s6 phwong 4n, quy trinh néu trén con bao gdm bude khir bao vé hop
chit ¢6 cong thire IT hodc mudi ctia hop chit nay, dé tao thanh hop chit ¢ cong thie I:

N\
[
ON N "cr,

N_ F

o

N

X on
N-N

RS
s \
Tz 7

—_

hozic mudi cta né.

Theo mdt sb phuong an, hop chit ¢ cong thirc I ban ddu duoc tao ra dudi
dangbazo tu do tir dang bazo tu do cta hgp chit c6 cong thuc II.

Theo mdt s6 phwong 4n, qué trinh khir bao vé bao gdm budc cho hop chit c6
cong thire II phan tmg véi chét khir bao vé thich hgp. Theo mét sé phuong én, qué trinh
khir bao vé bao gdm bude xit ly bingbo trifloruaeterat, tiép d6 la buéc xit ly bing dung
dich amoni hydroxit. Theo mét s& phuong 4n, qua trinh khir bao vé duoc thyc hién trong
dung mdi thich hgp & nhiét 46 <30°C, <20°C, < 10°C, hoic < 5°C. Theo mdt s6 phuong
an, dung moi thich hgp nay 1a axetonitril.

Theo mét s& phuong 4n, qua trinh khir bao vé hgp chét ¢6 cong thire IT d tao
thanh hop chat c6 cong thire I, con bao gdm bude cho hop chat ¢6 cong thirc I phan tng
v6i axit adipic dé tao thanh mudi adipat.

Theo mét sé phuong 4n, qua trinh ndy con bao gdm:

(a)  dun hdi luu hop chit c6 cong thirc I trong methanol @ tao thanh hdn hop;

(b)  saubudc (a), thém metyl isobutyl keton vao hdn hop;

(c)  saubudc(b), loai bd mét phan dung mbi bang cach chung cit & nhiét do bén trong
nim trong khoang tir 40°C dn 50°C d& tao thanh hdn hop 6 dic;

(d)  sau budc (c), thém metanol vao hdn hop c6 dic d tao thanh hdn hop pha lodng;
(¢)  sau budc (d), dun hdi lru hdn hop pha lodng dé tao thanh hdn hop;

-11-
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® sau budc (¢), thém metyl isobutyl keton vao hdn hop;

(g)  saubudce (f), loai bd mot phan dung méi bang cach chung cét & nhiét d6 bén trong
nim trong khoang tir 40°C dén 50°Cdé tao thanh hdn hop cb dic;

(h)  saubudc (g), thém axit adipic va metanol vao hdn hop c6 dic;

(i)  saubudc (h), dun hdi lvu hdn hop; va

(G)  saubude (i), loai bd mot phin dung mdi bang cach chung cit & nhiét d6 bén trong
nim trong khoang tir 40°C dén 50°Cdé tao thanh hdn hop cd dic;

(k)  saubuéc (j), thém heptan vao hon hop; va

()  saubude (k), khudy hdn hop & nhiét d6 phong dé tao thanh mudi cua axit adipic
chira hop chét c6 cong thirc 1.

Qua trinh xir 1y hop chét c6 cong thirc II dé loai bé nhém P! ¢é thd duge thuc
hién bang nhitng phwong phap da biét trong linh vuc k¥ thuit nay ding dé loai bd cac
nhém bao vé cu thé cho cac amin, nhu cdc nhém duge néu trong tai li€u cuia Wuts va
Greene, Protective Groups in Organic Synthesis, xu4t ban 14n thir tw, John Wiley &Sons:
New Jersey, cac trang 696-887 (va, cu thé, cac trang 872-887) (2007), toan bd ndi dung
clia c4c tai liéu nay dugc dua vao ddy bang cach vién din. Vi du, theo mot sé phuong
4n, nhém P! dugc loai bd bing cach xir 1y bing ion florua (vi du, xir Iy béang
tetrabutylamoniflorua), axit clohydric, axitpyridin p-toluensulfonic (PPTS), hodc axit
Lewis (vi du, lithi tetrafloroborat). Theo mdt s6 phuong &n, qua trinh xtt ly bao gbém
viée xtr Iy bang lithi tetrafloroborat, tiép d6 1a xir Iy bing amoni hydroxit (vi dy, khi P!
1a 2-(trimetylsilyl)etoxymetyl). Theo mét s6 phuwong 4n, qua trinh xi Iy bao gdm viée xir
Iy bang bazo (vi dy, P'1a N-pivaloyloxymetyl). Theo mdt s6 phuong an, bazo 1a hydroxit
ctia kim loai kiém.Theo mét sb phuong 4n, bazo 14 natri hydroxit. Theo mot sb phuong
&n, qua trinh xi Iy bao gdm viéc xtr Iy bang natri hydroxit hodc amoniac trong dung moi
nhu metanol hodc nudc.

Theo mdt sb phuong én, hop chét c6 cong thirc IV, hodc mudi cua né, duge didu
ché theo quy trinh bao gém budc khir bao vé hop chét c6 cong thuc V:

Z "N
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A%
hodc mubi cta nod.

Theo mdt s6 phuong an, hop chét c6 cong thirc V duoc sir dung t6t hon néudusi
dang bazo tu do va hop chit ¢ cong thirc I'V t6t hon néu duge tao ra dusi dang bazo tu
do.

Theo mét s§ phuong an, qué trinh khir bao vé nay bao gdm budc cho phén Ung
v6i dung dich nude axit.

Theo mét s& phurong 4n, axit 13 axit clohydric.

Theo mét sb phuong 4n, lwong du dung dich nuéc axit so véi hop chét c6 cong
thirc V s& duogc str dung. Theo mét sb phuong 4n, dung dich nude axit duge sir dung véi
luong du 5, 6, 7, 8, 9, hodc 10 duwong lugng sé v6i hop chit ¢6 cong thirc V. Theo mét
sb phuong an, dung dich nuéc axit duge sir dung véi lugng du 6, 7, 8, 9, hodc 10 duong
lwong hodc nhiéu hon so v&i hop chit c¢6 cong thic V. Theo mot s6 phuong an, dung
dich nuéce axit dugc sir dung véi lugng du 7, 8, 9, hodc 10 duong lugng hoidc nhiéu hon
so v6i hop chit c6 cong thie V. Theo mot sb phuong an, dung dich nudc axit duogc st
dung véi luong du 8, 9, hodc 10 dwong lugng hodc nhiu hon so véi hop chit c6 cong
thirc V. Theo mdt sb phuong 4n, dung dich nuéc axit duge sir dung véi lugng du 9 hoic
10 duong lugnghodc nhiéu hon so v&i hgp chét ¢6 cong thirc V. Theo mét sb phuong
an, dung dich nudc axit duge sir dung véi luong du 9 duong lwong hodc nhidu hon so
v6i hop chét c6 cong thitc V. Theo mdt sé phuong én, qua trinh khir bdo v€ dugc thuc
hién trong dung mdi axetonitril & nhiét d6 1a < 30°C, <20°C, < 10°C, hoic < 5°C.

Céc diéu kién khir bao vé thich hop khéc bao gdm, nhung khong chi gi¢i han &,
cac diéu kién dugc néu trong tai li¢u ciia Wuts va Greene, Protective Groups in Organic
Synthesis, xuat ban 14n thi tw, John Wiley & Sons: New Jersey, cac trang 696-887 (va,
cu thé 13, céc trang 872-887) (2007), toan bd nodi dung. cua tai liéu nay duoc dua vao day
bang cach vién dan.

Theo mét s6 phurong 4n, hop chét co codng thire V dugc tao thanh bang quy trinh
bao gdbm buéc cho hop chét c6 cong thuce VI:
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Z "N
O A CFs
OH F
VI
hozc mubi ctia nd, phan tng véi hop chét c¢6 cong thirc VII:

H
N

.

O\_/O
VII
hodc mudi cta no, c6 mit chit két hop.

Céc chét két hop thich hop 1a chit bit ky trong s céc chat két hop da bibt 15,
dung dé két hop amin véi axit tao thanh amin. Céc vi du khong gi6i han bao gdm céc
carbodiimit (vi du, N,N’-dixyclohexylcarbodiimit (DCC), N,N’-diisopropylcarbodiimit
(DIC), 1-etyl-3-(3-dimetylaminopropyl, hodc dimetylaminopropyl)-N'-etylcarbodiimit
hydroclorua (EDC hydroclorua)) carbodiimit (EDC), hodc 1,1'-
cacbonyldiimidazol(CDI)), chit phan tmg carbodiimit khi c6 mat  1-
hydroxybenzotriazol (HOBt) hodc hydrat ctia chiing, cac chét két hop dua trénphosphoni
(vi dy, benzotriazol-1-yloxy-tris(dimetylamino)-phosphoni hexaflorophosphat (BOP),
(benzotriazol-1-yloxy)tripyrolidinophosphoni  hexaflorophosphat  (PyBOP), (7-
azabenzotriazol-1-yloxy)-tris-pyrolidinophosphoni ~ hexaflorophosphat ~ (PyAOP),
bromotripyrolidinophosphoni hexaflorophosphat (PyBrOP), bis(2-ox0-3-
oxazolidinyl)phosphinic clorua (BOP-Cl)),cac chét phan tmg dua trén aminium (vidy,
O-(benzotriazol-1-y1)-N,N,N’,N’-tetrametyluroni hexaflorophosphat (HBTU), O-
(benzotriazol-1-y1)-N,N,N’,N’-tetrametyluroni tetrafloroborat (TBTU), 3-
(dietylphosphoryloxy)-1,2,3-benzotriazin-4(3H)-on (DEPBT), O-(7-azabenzotriazol-1-
yD)-N,N,N’,N’-tetrametyluroni hexaflorophosphat (HATU), O-(6-clorobenzotriazol-1-
y1)-N,N,N’,N’-tetrametyluroni hexaflorophosphat (HCTU), va O-(7-azabenzotriazol-1-
y1)-N,N,N',N'-tetrametyluroni tetrafloroborat (TATU)), cc chit phan {mg trén co s&
uroni(O-(5-norbornen-2,3-dicarboximido)-N,N,N',N'-tetrametyluroni  tetrafloroborat
(TNTU), va O-(N-suxinimidyl)-1,1,3,3-tetrametyluroni tetrafloroborat (TSTU), O-(3,4-
dihydro-4-ox0-1,2,3-benzotriazin-3-yl)-N,N,N’,N’-tetrametyluroni tetrafloroborat
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(TDBTU)), O-(1,2-dihydro-2-oxo-1-pyridyl-N,N,N',N'-tetrametyluroni tetrafloroborat
(TPTU), hodc O-[(etoxycacbonyl)xyano-metylenamino]-N,N,N',N'-tetrametyluroni
tertafloroborat (TOTU)), c4c chit phan tmg khic bao gdm, nhung khong chi giéi han 6,
3-(dietylphosphoryloxy)-1,2,3-benzotriazin-4(3H)-on (DEPBT), cacbonyldiimidazol
(CDI), N,N,N',N'-tertametylcloroformamidium hexaflorophosphat (TCFH), hoic dung
dich propylphosphonic anhydrua. Theo mét s6 phuong 4n, chit két hop 1a benzotriazol-
1-yloxy-tris(dimetylamino)-phosphoni hexaflorophosphat (BOP).

Theo mdt s6 phuong 4n, cac hop chét c6 céc cong thirc V, VI, va VII, tét hon 1a
& dang khdng phai 13 mubi.

Theo mdt s6 phuong 4n, phan ng ctia hop chét ¢6 cong thie VI va VII duoge
thyc hién khi ¢6 mat amin bac ba (vi du, trietylamin). Theo mot sb phuong 4n, phan Gng
nay dugc thuc hién trong dimetylformamit (DMF) & nhiét d6 < 30°C, < 20°C, hodc <
15°C. Theo mét sb phuong an, chét két hop c6 miat véi lwgng > 1,05, > 1,1, hodc > 1,2
duong luong so véi hop chit c6 cong thirc VL.

Sang ché ciing md ta hop chét ¢6 cong thuc V:

hozc mubi ctia nd, 1 san phim trung gian hitu ich trong quy trinh dugc mé ta &
trén.

Theo mdt sb phuong an, hop chét c6 cong thirc V 1a bazo tu do.

Quy trinh dugc md ta & ddy c6 thé dugce theo ddi theo phwong phap thich hop bét
ky da biét trong linh vuc k§ thudt nay. Vi dy, su tao thanh san phdm c6 thé duge theo
ddi bang phuong phap quang phd, nhu phd céng huéng tir hat nhan (vi du, 'H hoic 3C),
quang phd hdng ngoai, hoic phép do quang phd (vi du, UV-kha kién); hodc bang phuong
phép sic ky nhu phuong phép sic ky long hiéu ning cao (high performance liquid
chromatograpy - HPLC) hoic sic ky 16p méng (thin layer chromatography - TLC) hoic

cac k¥ thuat lién quan khac.
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Nhu dugc st dung & ddy, thudt ngit “cho phan ng” dugc sir dung véi nghia nhu
da biét trong linh vyc k¥ thudt nay va thuong ding dé chi viéc két hop cac chét phan
{mg héa hoc v6i nhau theo céch cho phép sy twong téc giita ching & cip d6 phan tir dé
tao ra su bién d6i hoa hoc hodc vat ly. Theo mot sb phuong én, vi€c cho phan ng bao
gOm hai chit phan ting, trong d6 mét hogc nhidu duong lugng ctia chit phan ting thi
hai dugc str dung tuong tmg véi chit phan umg thir nhit. Cac bude cho phan Ung cua
quy trinh duge mo ta & ddy c6 thé dugc tién hanh trong khoang thoi gian va trong cac
diéu kién thich hop cho viée diéu ché céc san phém xac dinh.

Quy trinh didu ché cac hop chit c6 thé bao gdm phan timg bao vé va khir bao vé
nhiéu nhém héa hoc khac nhau. Su cin thiét ctia phan tng bao vé va khir bao vé, va viéc
chon céc nhém bao vé thich hop c6 thé dugc xac dinh d& dang bai ngudi ¢o kién thuc
trung binh trong linh vyuc k§ thuat nay. Tinh chit héa hoc clia cic nhdém bao vé cé thé
duoc tim théy, vi duy, trong tai liéu cla Greene, et al., Protective Groups in Organic
Synthesis, Xuét béﬁ 14n tht tu, Wiley & Sons, 2007, toan bd ndi dung cua tai liéu nay
dugc dua vao diy bang cach vién din. Viéc didu chinh cac nhém bao vé va phuong phap
tao ra va phan cit dugc mé ta & day co thé duge didu chinh khi cin theo céc nhom thé
khéac nhau.

C6 thé thyc hién cac phan ung cua quy trinh dugc mo ta ¢ ddy trong cac dung
mdi thich hgp ma c6 thé d& dang dugc chon béi ngudi c6 kién thue trung binh trong linh
vuc téng hop hitu co. Céc dung méi thich hop c6 thé gn nhu khong phan tng véi
nguyén liéu khoi ddu (cac chit phan tmg), hop chét trung gian, hodc cac san phim &
nhiét do ma tai d6 c4c phan tmg dugc thuc hién, vi dy, nhiét d6 c6 thé thay ddi tir nhiét
d6 dong bing ctia dung mdi dén nhiét d9 s6i ctia dung moi. Phéan tmg da cho c6 thé duogc
thyc hién trong mot dung mdi hodc hdn hop ctia nhidu hon mot dung moi. Tuy thudc
vao budc phan ting cu thé, cdc dung méi thich hop cho bude phén tng cu thé c6 thé
duoc chon. Theo mdt sb phuong an, cac phan ting cé thé dugc thuc hién khi khong cé
dung méi, nhu khi it nhat mot chit phan tmg 1a chit 1ong hodc khi.

Céac dung méi thich hop cé thé bao gdm céc dung mdi halogen hoa nhu cacbon
tetraclorua, bromodiclorometan, dibromoclorometan, bromoform, cloroform,
bromoclorometan, dibromometan, butyl clorua, diclorometan, tetracloroetylen,

tricloroetylen, 1,1,1-tricloroetan, 1,1,2-tricloroetan, 1,1-dicloroetan, 2-cloropropan,
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a,0,0-triflorotoluen,  1,2-dicloroetan, 1,2-dibromoetan, hexaflorobenzen, 1,2,4-
triclorobenzen, 1,2-diclorobenzen, clorobenzen, florobenzen, cac hdn hop cia chung va
cac dung mdi tuong tu.

Céac dung mdi ete thich hgp bao gdm: dimetoxymetan, tetrahydrofuran, 1,3-
dioxan, 1,4-dioxan, furan, dietyl ete, etylen glycol dimetyl ete, etylen glycol dietyl
ete,dietylen glycol dimetyl ete, dietylen glycol dietyl ete, trietylenglycol dimetyl ete,
anisol, t-butyl metyl ete, cdc hdn hop clia chiing va cic dung mdi twong tu.

Céc dung moi phan cuc c6 proton thich hop ¢6 thé bao gdm, bang cach 14y vi du
va khong giéi han, nudc, metanol, etanol, 2-nitroetanol, 2-ﬂoroetanol? 2,2,2-
trifloroetanol, etylen glycol, 1-propanol, 2-propanol, 2-metoxyetanol, 1-butanol, 2-
butanol, ruou i-butylic, rugu t-butylic, 2-etoxyetanol, dietylen glycol, 1-, 2-, hodc 3-
pentanol, ruou neo-pentylic, ruou t-pentylic, dietylen glycol monometyl ete, dietylen
glycol monoetylete, xyclohexanol, rugu benzylic, phenol, hodc glyxerol.

Céc dung mdi phén cyc khdng proton thich hgp ¢6 thé bao gdm, bang cach lay
vi du va khong gi6i han, tetrahydrofuran (THF), N,N-dimetylformamit (DMF), N,N-
dimetylaxetamit (DMA), 1,3-dimetyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinon (DMPU),
1,3-dimetyl-2-imidazolidinon (DMI), N-metylpyrolidinon (NMP), formamit, N-
metylaxetamit, N-metylformamit, axetonitril, dimetyl sulfoxit, propionitril, etylfomat,
metylaxetat, hexacloroaxeton, axeton, etylmetylketon, etylaxetat, sulfolan, N,N-
dimetylpropionamit, tetrametylure, nitrometan, nitrobenzen, hoéc
hexametylphosphoramit.

Céc dung mdi hydrocacbon thich hgp bao gdm benzen, xyclohexan, pentan,
hexan, toluen, xycloheptan, metylxyclohexan, heptan, etylbenzen, m-, o-, hodc p-xylen,
octan, indan, nonan, hodc naphtalen.

Céc phan tmg clia qua trinh duge mé ta & ddy c6 thé dwgc thyuc hién & nhiét d6
thich hop ma c6 thé d& dang x4c dinh boi ngudi c6 kién thice trung binh trong linh vuc
k¥ thuat nay. Nhiét d§ phan tng s& phu thudc vio, vi du, cac diém néng chay va céc
diém s6i ctia cac chét phan tmg va dung mdi, néu co; nhiét dong luc hoc ctia phan ing
(vi dy, cac phan ting tda nhiét manh c6 thé cAn dugc thuc hién & nhiét d6 giam); va dong
hoc ctia phan g (vi dy, hing rio ning lugng hoat héa cao cé thé cin nhiét do ting).

“Nhiét d¢ tang” diing d& chi nhiét d6 cao hon nhiét d6 phong (khoang 22°C).
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Céc phan tng clia quy trinh dugc md ta & ddy c6 thé dugc thuc hién trong khong
khi hoic trong khi quyén tro. Thong thudng, céc phan {tmg c6 chira cac chat phan ung
hoic cac san phdm ma gin nhu phan tng v6i khong khi ¢6 thé duogc thuc hién bang cach
str dung k¥ thuat tong hop nhay khong khi ma da dwoc ngudi ¢6 kién thirc trung binh
trong linh vuc k¥ thuat nay biét r&.

Theo mdt sb phuong 4n, quy trinh diéu ché cac hop chét c6 thé bao gdm budce bd
sung cac axit hodc bazo dé gy ra, vi du, tic dung xuc tac cho phan mg mong muén
hozc su tao thanh cac dang mudi nhu cac mudi cOng axit.

Vi du vé céc axit ¢6 thé 13 céc axit vo co hodc hitu co. Céac axit v co bao gém
axit clohydric, axit bromhydric, axit sulfuric, axit phosphoric, va axit nitric. C4c axit
httu co bao gém axit formic, axit axetic, axit propionic, axit butanoic, axit benzoic, axit
4-nitrobenzoic, axit metansulfonic, axit p-toluensulfonic, axit benzensulfonic, axit
tartric, axit trifloroaxetic, axit propiolic, axit butyric, axit 2-butynoic, axit vinyl axetic,
axit pentanoic, axit hexanoic, axit heptanoic, axit octanoic, axit nonanoic va axit
decanoic.

Vi du vé cac bazo bao gdm lithi hydroxit, natri hydroxit, kali hydroxit,
lithicacbonat, natricacbonat, va kalicacbonat. Mot s& vi du vé& bazo manh bao gém,
nhung khong chi gi6i han &, hydroxit, cac alkoxit, cac amit kim loai, cac hydrua kim
loai, cac dialkylamit kim loai va cac arylamin, trong do; cc alkoxit bao gém cac mudi
lithi, natri va kali ctia cac metyl, etyl va t-butyl oxit; cac amit kim loai bao gdm natriamit,
kaliamit va lithiamit; cdc hydrua kim loai bao gdm natrihydrua, kalihydrua va
lithihydrua; va cac dialkylamit kim loai bao gdm cac mudi natri va kali ctia cac amit
duoc thé metyl, etyl, n-propyl, i-propyl, n-butyl, t-butyl, trimetylsilyl va xyclohexyl.

Céc hop chét trung gian va céc san phim c6 thé ciing bao gdm cac mudi cua cac
hop chit duge boc 16 & day. Nhu dugc sir dung ¢ day, thudt ngit “mubi” dung dé chi
mubi dugce tao thanh b'ﬁmg cach bd sung axit hoac bazo chép nhén duge vao hop chit
duogc boc 10 & ddy. Theo mot sb phuong an, cac mubi nay la mudi duge dung. Nhu duoc
str dung & ddy, cum tir “dwoc dung” ding dé chi chit dugc phép sir dung trong cac ung
dung duoc phdm theo quan diém vé kha ning gy doc va khong tuong tac bét lgi véi
cac hoat chit. Cac mudi dugc dung, bao gém cac mudi don va mudi kép, bao gém,

nhung khong gidi han &, cdc muoi thu dugce tir cac axit vé co va hitu conhu, nhung
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khong chi gidi han 0, axit axetic, lactic, xitric, xinnamic, tartric, suxinic, fumaric,
maleic, malonic, mandelic, malic, oxalic, propionic, hydrocloric, hydrobromic,
phosphoric, nitric, sulfuric, glycolic, pyruvic, metansulfonic, etansulfonic,
toluensulfonic, salixylic, benzoic, va c4c axit chap nhin dwoc tuong ty da biét. Danh
sach cac mudi thich hop duge tim thiy trong tai liéu: Remington's Pharmaceutical
Sciences, xut ban 1an thi 17, Mack Publishing Company, Easton, Pa., 1985, trang 1418
va Journal of Pharmaceutical Science, 66, 2 (1977), toan bd cac tai liéu ndy duoc dua
vao day bang cach vién dan.

Khi thyc hién viée diéu ché céac hop chét theo quy trinh dugc mo ta ¢ déy, cac
thao tc tach va tinh ché théng thuong nhu ¢ dic, loc, chidt, chiét pha rn, két tinh lai,
sic ky, va cac phwong phap tuong tu c6 thé duogc sir dung, dé tach riéng c4c san phim
mong mudn.

Theo mdt s6 phwong 4n, cac hop chét theo sang ché, va mubi cua chiing, gan nhu
dugc tach riéng. Thuat ngi “gf?m nhu duge tach” c6 nghia 1 hop chat nay dugc phan
tach it nhdt mot phanhodc gin nhu toan bo ra khoi moi truong ma trong d6 né dugce tao
thanh hodc dugc phat hién. Phan tach mot phén c6 thé bao gém, vi du, ché phém duoc
giau hop chét theo sang ché. Phan tach gin nhu toan bd c6 thé bao gdm céc ché phdm
c6 chita it nhat khoang 50%, it nhat khoang 60%, it nhit khoang 70%, it nhat khoang
80%, it nhat khoang 90%, it nhat khoang 95%, it nhét khoang 97%, hoic it nhét khoang
99% theo khdi lugng hop chét theo sang ché, hodc mudi cia nd. Céc phuong phép dé
tach cac hop chit va mudi ciia chung 13 céc phuong phap théng thuong trong linh vuc
k¥ thuat nay.

Céch str dung hop chét

Hop chét c6 cong thic I, {1-{ 1-[3-flo-2-(triflorometyl)isonicotinoyl]piperidin-4-
yl}-3-[4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl]azetidin-3-y1} axetonitril,
14 chét e ché JAK (vi dy, JAK1, JAK2). Céc chét trc ché JAK rat hitu ich trong viéc
didu tri cac bénh hodc céc rdi loan khac nhau lién quan dén JAK. Vi du v& cac bénh lién
quan dén JAK bao gdm c4c bénh lién quan dén hé mién dich bao gdm, vi du, bénh dao
thai co quan ghép (vi du, bénh dao thai md ghép cling loai va bénh vat chi chng lai mé
ghép). Céc vi du khac vé cac bénh lién quan dén JAK bao gdm céc bénh tw mién nhu da

x0 cling, viém khép dang thap, viém khép tudi vi thanh nién, viém khép vy nén, bénh
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dai thdoduong typ I, luput, bénh vAy nén, ching viém loét rudt, bénh viém loét dai trang,
bénh Crohn, chimg nhugc co, bénh than globulin mién dich, viém co tim, céc rdi loan
tuyén gidp tu mién, bénh phdi tic nghdn man tinh (chronic obstructive pulmonary
disease - COPD), va cé4c bénh twong tw. Theo mét s6 phuong an, bénh ty mién nay la
r6i loan da c6 bong nuéc tu midn nhu bénh pemphigus thong thudng (pemphigus
vulgaris, PV) hodc bong nuéc dang pemphigus (bullous pemphigoid, BP).

Céc vi duy khac vé cac bénh lién quan dén JAK bao gém cac tinh trang bénh di
ting nhu bénh hen, dj ing thuc phdm, viém da dang cham, viém da tip xtc, ching viém
da co dia (eczema co dia), va viém miii. Cac vi du khac vé cdc bénh lién quan dén JAK
bao gdm céc bénh do virut nhw Virut Epstein Barr (EBV), virut viém gan siéu vi B, viém
gan siéu vi C, HIV, HTLV 1, virut gdy bénh thily dau (Varicella-Zoster - VZV) va virut
géy bénh u nht ¢ ngudi (Human papilloma virus - HPV).

Céc vi du khac vé bénh lién quan dén JAK bao gém c4c bénh lién quan dén su
ludn chuyén sun, vi du, viém khép do gut, viém khép do hoai tir hogc nhiém tring, viém
khép phan tng, loan dudng hé than kinh giao cdm phan xa, dau loan dudng, hdi ching
Tietze, viém khép sudn, bénh viém xuong khép bién dang dia phwong (con goi 1a bénh
Kashin-Bek, xuit hién do &n phai thuc phém duoc lam béng lta mi bi nhiém cac loai
ndm Fusarium sporotrichiella), bénh Mseleni, bénh Handigodu, thoai hoa do dau co xo
héa, lu-plt ban d6 h¢ thng, bénh xo clng bi, hosic bénh viém cot séng dinh khép.

Céc vi du khacvé bénh lién quan dén JAK bao gém cac di tit sun bm sinh, bao
gém ti€u sun di truyén, loan séan sun timg ddm nho, va loan san sun gia (vi dy, chiing tai
nho, khong tai, va loan san sun thugc hanh xuong).

Céc vi du khéc vé bénh hodc tinh trang bénh lién quan dén JAK bao gém cac roi
loan da nhu bénh vy nén (vi dy, bénh vay nén thé théng thuong), chimg viém da co
dia, phat ban, kich tmg da, man cam da (v du, viém da tiép xuc hodc viém da tiép xuc
di iing). Vi dy, mot s§ chit nhat dinh k& ca mot s6 dwoc chét khi duoc st dung khu tri
c6 thé gdy min cam da. Theo mot sb phuong 4n, viéc sit dung ddng thoi hodc sir dung
14n Tugt it nhat mot chat e ché JAK theo sang ché ciing vdi chit gdy man cam da khong
mong mudn cé thé ¢6 ich trong viéc didu tri cac chimg viém da va da man cam khong
mong mudn.Theo mdt s6 phuong an, 161 loan da nay dugc diéu tri béng cach st dung

khu tra it nht mot chat e ché JAK theo séng ché.
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Céac vi du khac v& bénh hoic tinh trang bénh lién quan dén JAK bao gém cac
bénh dic trung boi khdi u ran (v du, bénh ung thu tuyén tién liét, bénh ung thu thén,
bénh ung thu gan, bénh ung thu tuyén tuy, bénh ung thu da day, bénh ung thu vu, bénh
ung thu phdi, cac bénh ung thu & du va cb, bénh ung thu tuyén giap, u nguyén bao dém,
sacom Kaposi (Kaposi’s sarcoma), b¢nh Castleman, sacdm co tron & tir cung, ung thu
té bao sic td den v.v..), cac bénh ung thu méau (vi du, ung thu hé bach huyét, bénh bach
cAu nhu bénh bach cau ting lympho bao cép tinh (acute lymphoblastic leukemia - ALL),
bénh bach cau tity bao cp tinh (acute myelogenous leukemia - AML) hodc da u tuy, va
bénh ung thu da nhu u lympho té bao T ¢ da (cutaneous T-cell lymphoma - CTCL) va
ung thu bach huyét t& bao B & da. Cac vi du v& CTCL bao gdm hoi chimg Sezary va u
sui dang nidm. Céc vi du khac vé bénh hoic tinh trang bénh lién quan dén JAK bao gém
chimg tang huyét 4p dong mach phdi.

Céc vi du khac vé bénh hoic tinh trang bénh lién quan dén JAK bao gdm céc
bénh ung thu lién quan dén viém. Theo mét s& phuong 4n, bénh ung thu nay lién quan
dén chimg viém rudt. Theo mot sb phuong an, chimg viém rudt nay la viém loét dai
trang. Theo mot sb phuong 4n, ching viém rudt nay 1a bénh Crohn. Theo mét sb phuong
&n, bénh ung thu lién quan dén viém nay 14 bénh ung thu lién quan dén viém dai trang.
Theo mét sb phuong an, bénh ung thu lién quan dén viém nay 14 bénh ung thu dai trang
hozc bénh ung thu dai tryc trang. Theo mot s& phwong 4n, bénh ung thu nay la bénh ung
thu da day, khdi u dang carcinoid & dwong tiéu hdéa, u md dém dudng ti€u hoda
(gastrointestinal stromal tumor - GIST), caxinom tuyén, ung thu rut non, hodc ung thu
truc trang.

Céc bénh lién quan dén JAK con c6 thé bao gdm cac bénh dic trung béi sy biéu
hién ctia: cac thé dot bién ciia JAK2 nhu c4c bénh c6 it nhit mot dot bién trong ving gia
kinaza (vi du, JAK2V617F); c4c thé dot bién ctia JAK2 ¢6 it nhit mot dot bién bén ngoai
ving gia kinaza; cac dot bién ctia JAK1; cac dot bién ciia JAK3; céc thé dot bién cta
thu thé erythropoietin (EPOR); hoic su biéu hién khong didu hoa ciia CRLF2.

Céc bénh lién quan dén JAK con c6 thé bao gdm céc réi loan ting sinh tiy xuong
(myeloproliferative disorder - MPD) nhu chimg da héng cau nguyén phat (polycythemia
vera - PV), ting tiéu ciu nguyén phat (essential thrombocythemia - ET), xo héa tuy
xuong voi di san tuy (myeloid metaplasia with myelofibrosis - MMM), xo héa tiy
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nguyén phét (primary myelofibrosis - PMF), bénh bach ciu ty bao man tinh (chronic
myelomonocytic leukemia - CML), bénh bach cu tay don nhdn man tinh (chronic
myelomonocytic leukemia - CMML), hdi ching ting bach ciu wa eosin
(hypereosinophilic syndrome - HES), bénh té bao mast toan than (systemic mast cell
disease - SMCD), va cac bénh tuong tu. Theo mdt sb phuong an, rdi loan tang sinh tay
xuong la xo héa tuy (vi du, xo hda thy nguyén phéat (PMF) hodc xo hoa tly xuong sau
da hdng ciu nguyén phat/ting tiéu cAu nguyén phat (Post-PV/Post-ET MF). Theo mét
s& phuong 4n, rbi loan ting sinh tiy xwong nay 13 xo héa tiy xuong sau ting tiéu ciu
nguyén phat (Post-ET MF). Theo mdt s6 phuong an, rdi loan ting sinh tily xuong niy
1a x0 héa thy xuong sau da hdng ciu nguyén phat (Post-PV MF).

Céc vi du khéc vé bénh hoic tinh trang bénh lién quan dén JAK bao gém viéc cai
thién céc tac dung phu vé da lidu clia cac dugc phim khéc bang cch sir dung hop chat
theo sang ché. Vi dy, nhidu dugc chét gay ra cic phan tng di img khéng mong mubn
ma c6 thé biéu hién dudi dang phét ban dang mun tring c4 hodc chirng viém da lién
quan. Céc duoc chat vi du ma ¢6 cic tic dung phu khong mong muén nhu vy bao gbdm
céc thube chéng ung thu nhu gefitinib, cetuximab, erlotinib, va cac chét tuong tu. Cac
hop chét theo sang ché c6 thé duoc st dung toan than hodc khu tru (vi dy, dugc khu tra
& gan ving viém da) két hop véi (vi du, dong thoi hodc 14n lugt) dugce chét c6 tac dung
phu vé da liéu khong mong mudn. Theo mét s§ phwong 4n, hop chét theo sang ché co
thé duoc st dung khu tri cing véi mgt hodc nhiéu hon mét duge phém khéc, trong d6
céc duge pham khéc nay khi dugc bdi khu trii ma khong c6 hop chét theo sang ché gy
viém da tiép xtic, man cam di tng do tiép xtc, hodc rdi loan da tuong tu. Do 46, céc ché
phim theo sang ché bao gdm cac ché pham khu tra c6 chira hop chét theo sang ché va
duoc chit khac ma c6 thé gdy viém da, cac 161 loan da, hodc cac tac dung phu lién quan.

Céc bénh khéc lién quan dén JAK bao gdm ching viém va cic bénh viém. Cac
bénh viém vi du bao gdm bénh u hat (sarcoidosis), cac bénh viém mét (vf du, viém méng
mét, viém mang bd dao, viém cing mac, viém két mac, hodc bénh lién quan), cac bénh
viém dudng hé hip (vi du, dudng ho hip trén bao gdm miii va xoang nhu viém miii hodc
viém xoang hodc dudng hd hip dudi bao gdm viém phé quan, bénh tic nghén phdi man
tinh, va cac bénh tuong tu), viém co nhu viém co tim, va cac bénh viém khac. Theo mét

sO phuong an, bénh viém mat nay 1a bénh viém mi mat.
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Céc bénh khac lién quan dén JAK bao gdm tén thuong tai diy méu do thidu méu
cuc bd hozic bénh hoic tinh trang bénh lién quan dén hién tuong viém thiéu mau cuc bd
nhu dt quy hodc tim ngling d4p, tinh trang bénh do ndi doc tb (vi du, cac bién chung
sau phau thuat béc cau hodc cac tinh trang c¢6 ndi doc t6 man tinh gbép phén vao bénh
suy tim man tinh), chiing biéng #n, chitng suy mon, céc bénh mét méi c6 nguyén nhan
hodc lién quan dénbénh ung thu, sy tat phat hep van tim, viém ciing bi, chimg xo hoa,
céc tinh trang bénh c6 lién quan dén tinh trang thiéu oxi huyét hoic mé té bao hinh sao,
vi dy, bénh vdng mac do d4i thio dudng, bénh ung thu, hoic thodi hoa thin kinh, va cac
bénh viém khic nhu hdi chimg phan Ung viém toan thin (systemic inflammatory
response syndrome - SIRS) va séc nhiém tring.

Céc bénh khac lién quan dén JAK bao gém bénh gut va ting kich thude tuyén
tién liét do, vi dy, phi dai tuyén tién liét lanh tinh hodc ting san tuyén tidn liét lanh tinh,
cling nhu c4c bénh tiéu xwong nhu chimg lodng xwong hodc viém xuwong khép, cdc bénh
tiéu xwong lién quan dén: sy mat can bang ndi tiét t§ va/hoic liéu phap noi tiét td, bénh
tu mién (vi du, bénh sarcoid xuong), hoic bénh ung thu (vi du bénh u tay).

Céc bénh khac lién quan dén JAKbao gém rdi loan khd mét. Nhu duogc st dung
o day, “rdi loan khd mét” dwoc du dinh bao gém céc tinh trang bénh duoc tom tit trong
mdt béo cdo chinh thitc gin ddy ctia Hbi thao vé chiing Kho Mét (Dry Eye Workshop -
DEWS), dinh nghia chimg kho mit 14 “mot can bénh vé nudc mit va bé mit mét phu
thudc nhidu yéu t6 din dén céc triéu chimg kho chiu, rbi loan thi gidc va mang nudc mét
khéng 6n dinh ¢6 kha ning gdy hai dén bé mat mét. N6 di kém véi sy ting ndng do thdm
thdu clia mang nudc mat va tinh trang viém bé mit mit.” Lemp, Pinh nghia va Phan
loai bénh kh6 mat: Béo cdo ctia Phan ban Dinh nghia va Phan loai bénh khé mit tai Héi
thao Quéc t& v& ching Kho Mit”(tiéng Anh 1a: “The Definition and Classification of
Dry Eye Disease : Report of the Definition and Classification Subcommitee”), The
Ocular Surface, 5(2), 75-92 Thang 4, 2007, toan bd ndi dung cua tai liéu nay dugc dua
vao day béng céach vién dan. Theo mot sb phuong an, rdi loan khd mét duge chon tir kho
mit do khong san sinh di nuéc mét (aqueous tear-deficient dry eye - ADDE) hoac rbi
loan khé mét do bay hoi, hodc su két hop thich hop ctia ching. Theo mot ) phuong an,

r6i loan khd mat nay 13 kho mét trong hoi chimg Sjogren (Sjogren syndrome dry eye -
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SSDE).Theo mdt s6 phuong 4n, réi loan khé mit nay khong phai khd mét trong hdi
ching Sjogren (non-Sjogren syndrome dry eye - NSSDE).

Céc bénh khéc lién quan dn JAK bao gdm viém két mac, viém mang bd dao
(bao gdm viém mang bd dio man tinh), viém mang mach, viém vdng mac, viém thé mi,
viém cliing mac, viém thugng cung mac, hoac viém méng mét. C4c bénh khac lién quan
dén JAK bao gdm rdi loan chitc ning hé hép hoic suy kiét lién quan dén nhi®m virut,

nhu virut cim va SARS.

Vi du thwc hién sang ché

Sang ché s& duge mo ta chi tiét hon béng céc vi du cu thé. Cac vi du sau duoc
dua ra nham muc dich minh hoa, va ma khong du dinh gi6i han sang ché nay theo cach
bat ky cach ndo. Ngudi ¢6 kién thirc trung binh trong linh vuc k¥ thuat nay s& d& dang
nhan ra rit cic théng s6 khong quan trong ma c¢6 thd dwoc thay dbi hogic chinh sira dé

thu duoc cac két qua gin nhu tuong tu.

Vi du 1. Téng hop 4-(1H-pyrazol-4-yl)-7-((2-(trimetylsilyl)etoxy)metyl)-7H-

pyrolo[2,3-d]pyrimidin (5)
|

e
cl /\O/\/SI\ c
|
cl 2 /L
y CeH15CIOSi N7 o o
Nk S Kipt 166,72 N IR \, o+ P N}B’
\N N —_— > N N /\/Sl\ N= \O
H  NaH/DMAC o
1 3 4
CgH4CIN; C12H4gCINZOSi C13H23BN;03
Kipt: 153,57 Kipt: 283,83 Klpt: 266,14
Mo
N-N — N-NH
Z 2
K,CO/Pd(PPhs), dd. HCI
_ —_—
1-butanol/H,0 N= N\ N“ N\
\
6 5
C1gH29N50,Si C15H>1N5OSi
Klpt: 387,55 Klpt: 315,45

Klpt: khéi lwong phan tir
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Budc 1.4-Clo-7-((2-(trimetylsilyl)etoxy)metyl)-7H-pyrolo[2,3-d]pyrimidin (3)

Cho 4-clo-7H-pyrolo[2,3-d]pyrimidin (hop chit 1, 600g, 3,91mol) va N,N-
dimetylaxetimit (DMAC, 9,61) vao binh dugc lap ctra nap khi nito, phdu bd sung, éng
b4o vé cam bién nhiét, va may khqu co hoc ¢ nhiét d6 phong. Lam ngudi hdn hop
xudng 0 - 5°C trong bé da/nuéc mudi trude khi bd sung timg phan natri hydrua rén
(NaH, 60% theo khdi luong, 174g, 4,35mol, 1,1 duong lugng) & 0 - 5°C. Hon hop phan
Umg trd thanh dung dich sdm mau sau 15 phat. Sau d6 thém vao tr tir
trimetylsilyletoxymetyl clorua (hop chét 2, SEM-CL, 763ml, 4,3 1mol, 1,1 duong lugng)
qua phéu b sung véi tbe d6 sao cho nhiét d6 phan ung bén trong khong vugt qua 5°C.
Sau d6 khudy hdn hop phan tmg & 0 - 5°C trong 30 phut. Khi phan (g dugc coi 12 hoan
toan, dugc x4c dinh bang TLC va HPLC, dap tit hdn hop phan imgbing nuéc (11). Sau
d6 pha lodng hén hop véi nuée (121) va metyl tert-butyl ete (MTBE) (81). T4ch riéng
hai 16p va chiét 16p nudc bing MTBE (81). Rira céc 16p hitu co d3 duoc gop lai bang
nude (2 x 41) va nude mubi (41) va dung méi duge chuyén sang 1-butanol. Sir dung dung
dich chtra san phdm thé (3) trong 1-butanol trong phan tng tao cdp Suzuki sau d6 ma
khong tinh ché thém. Theo céch khéc, 1am khé dung dich hitu co chita san phim tho (3)
trong MTBE béng natri sulfat (N22SO4). Loai bé c4c dung méi dudi méi truong ap suit
gidm. Sau d6 hoa tan phin cin trong heptan (21), loc va nap lén cot silicagel (SiOa,
3,5kg), rira giai bang heptan (61), 95% heptan/etyl axetat (121), 90% heptan/etylaxetat
(101), va sau cung 1a 80% heptan/etyla xetat (101). GOp va cd dic cac phan doan chira
san phAm mong mudn tinh khiét trong moi truong ap suat giam dé thu duoc 4-clo-7-((2-
(trimetylsilyl)etoxy)metyl)-7H-pyrolo[2,3-d]pyrimidin (hop chit 3, 987g, 1109,8g theo
ly thuyét, hiéu suat 88,9%) dudi dang ddu mau vang nhat ma mot phan déng rén thanh
dang dau ran khi ¢ yén & nhiét do phong. Dbi v6i hop chat 3: 'H NMR (DMSO-ds,
300MHz) 88,67 (s, 1H), 7,87 (d, 1H, J = 3,8Hz), 6,71 (d, 1H, J = 3,6Hz), 5,63 (s, 2H),
3,50 (t, 2H, J=7,9Hz), 0,80 (t, 2H, J = 8,1Hz), 1,24 (s, 9H) ppm; 1*C NMR (DMSO-ds,
100MHz) 6151,3, 150,8, 150,7, 131,5, 116,9, 99,3, 72,9, 6508, 17,1, -
1,48ppm;C12H1sCIN30Si (MW 283,83), LCMS (EI) m/e 284/286 (M* + H).
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Buéc 2. 4-(1H-Pyrazol-4-yl)-7-((2-(trimetylsilyl)etoxy)metyl)-7H-pyrolo[2,3-
d]pyrimidin (5)

Nap nuée (H20, 9,01), kali cacbonat rin (K2COs, 4461g, 32,28mol, 2,42 duong
lugng), 4-clo-7-((2-(trimetylsilyl)etoxy)metyl)-7H-pyrolo[2,3-d]pyrimidin (hop chét 3,
3597g, 12,67mol), 1-(1-etoxyetyl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-
pyrazol (hop chit 4, 3550g, 13,34mol, 1,05 duong lugng), va 1-butanol (271) vao binh
phan tmg duoc lap thanh khudy trén dau, binh ngung, dng bao vé cam bién nhiét, va cira
nap khi nito & nhiét 4§ phong. Khir khi trong hdn hop phan tmg thu dwgc ba 1in bing
cach lap day bang nito mbi 14n trude khi xit Iy béng tetrakis(triphenylphosphin)paladi(0)
(Pd(PPhs)4, 46g, 0,040mol, 0,003 duong luong) & nhiét dd phong. Hén hop phan tmg
thu duogc dugc dun dén khi hdi lwu nhe (khoang 90°C) trong 1 — 4 gi¢. Khi phan ung
dugc coi 1a hoan toan dugc x4c dinh bing HPLC, lam ngudi tir tir hdn hop phan tng
xudngnhiét d6 phong trude khi loc qua 16p xelit. Rira 16p xelit bang etylaxetat (2 x 21)
truée khi gdp dung dich rira va dich loc. Téch riéng hai 16p, va chiét 16p nudc bing
etylaxetat (121). Co ddc cac 16p hitu co dd dugc gdp lai trong mdi trudng ap suit giam
dé loai bo cac dung méi, va nap truc tiép hop chét 4-(1 -(1-etoxyetyl)-1H-pyrazol-4-yl)-
7-((2-(trimetylsilyl)etoxy)metyl)-7 H-pyrolo[2,3-d]pyrimidin (hgp chit 6) dang tho tr&
lai binh phén Gng cliing véi tetrahydrofuran (THF, 4,21) dé thuc hién phan ung khir bao
vé duge xuc tién béng axit sau d6 ma khong tinh ché thém.

Nap nuéc (H20, 20,81), va dung dich nude HCI 10% (16,21, 45,89mol, 3,44
duong lugng) vao huyén phi chia 4-(1-(1-etoxyetyl)-1H-pyrazol-4-yl)-7-((2-
(trimetylsilyl)etoxy)metyl)-7H-pyrolo[2,3-d]pyrimidin (hop chit 6) dang thé, duoc diéu
ché theo mo ta & trén, trong tetrahydrofuran (THF, 4,21) vao binh phan Gng & nhiét do
phong. Khudy hdn hop phan tmg thu duge & 16 — 30°C trong 2 — 5 gi¢. Khi phan tng
duoc coi la da hoan toan nhd phén tich HPLC, xtt ly hén hgp phan tmg biang dung dich
nude natri hydroxit (NaOH) 30% (41, 50,42mol, 3,78 duong lugng) & nhiét 46 phong.
Khu4y hdn hop phéan tng thu duoc & nhiét do phong trong 1 — 2 gid. Gom céc chét rin
lai bang céch loc va rira bing nudce (2 x 51). Nap banh loc 4m trd lai binh phén Ung véi
axetonitril (21,61), va huyén phii thu duge duge dun dén hdi luu nhe trong 1 —2 gid. Sau
d6 1am ngudi tir tir dung dich trong sudt t&i nhiét d6 phong bang cach khudy, va cac chit

rén duoc két tha ra khoi dung dich bing cich 1am ngudi. Khudy hdn hop & nhiét do
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phong thém 1-2 gio. Gom céc chét rén lai bang cach loc, rira bing axetonitril (2 x 3,51),
va 1am kho trong budng sdy trong méi trudng ap sudt gidm & 45 — 55°C dén khéi lugng
khéng d6i dé tao ra 4-(1H-pyrazol-4-yl)-7-((2-(trimetylsilyl)etoxy)metyl)-7H-
pyrolo[2,3-d]pyrimidin (hop chit 5, 3281,7g, 3996,8g theo 1y thuyét, hidu suét 82,1%)
dudi dang cac chit rin két tinh mau tring (99,5% dién tich bé mit bing phén tich
HPLC). D4i v6i hop chét 5: '"H NMR (DMSO-ds, 400MHz) § 13,41 (br. s, 1H), 8,74 (s,
1H), 8,67 (br. s, 1H), 8,35 (br. s, 1H), 7,72 (d, 1H, J= 3,7Hz), 7,10 (d, 1H, J= 3,7Hz),
5,61 (s, 2H), 3,51 (t, 2H, J = 8,2Hz), 0,81 (t, 2H, J = 8,2Hz), 0,13 (s, 9H) ppm;
C15sH21N50s1 (MW, 315,45), LCMS (EI) m/e 316 (M* + H).

Vi du 2. tert-Butyl 3-(xyanometylen)azetidin-1-carboxylat (13)
W
O * Hel

7 8
CigHiaN CsHsCIO C1gH1gCINO
TEMPO/chat o
_ HaPOC ; >/._Ni>o tay tring ; >/’_N<>O
(o}
BOC,0, THF 10
CgH1sNO3 CgH13NO3
Klpt: 173,21 Klpt: 171,19
I
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12 >—N<>=\
CeH;;NO,P (@) CN
Klpt: 177,14
’ C1oH14N20
BuOK/THF 10H14N202
Klpt: 194,23

Budece 1. 1-Benzhydrylazetidin-3-ol hydroclorua (9)

Xt ly dung dich chira diphenylmetanamin (hop chit 7, 2737g, 15,0mol, 1,04
dwong lugng) trong metanol (MeOH, 61) bang 2-(clorometyl)oxiran (hop chit 8, 1330g,
14,5 mol) tir phéu bd sung & nhiét d6 phong. Trong qua trinh bd sung ban dAu, cha y
phan Ung s& thu nhiét nhe. Khuéy hdn hop phan tmg thu duge & nhiét d6 phong trong 3
ngay trude khi duoc 1am 4m dén hdi luu thém 3 ngay nita. Khi phén tich TLC cho thiy

phan ing dugc coi la d& hoan toan, d4u tién lam ngudi hdn hop phan img xuéngnhiét do
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phong va sau d6 xubng 0 — 5°C trong bé d4. Gom céc chit rén lai bang cach loc va rira
bang axeton (41) dé thu dugc mé thi nhit chira san phdm mong muén dang thd (hop
chit 9, 1516g). C6 dic dich loc trong méi trudng 4p suét giam va pha loding cht bén rén
thu dugc bang axeton (11). Sau d6 gom chét rin nay lai bing cach loc dé thu dugc mé
thir hai chira san phim mong mubn dang thd (hop chit 9, 221g). Théy ring san phim
thd, 1-benzhydrylazetidin-3-ol hydroclorua (hop chit 9, 1737g, 3998,7¢ theo ly thuyét,
hi¢u sudt 43,4%) la dd tinh khiét dé sir dung trong phéan tng sau d6 ma khéng cn tinh
ché thém. Déi véi hop chét 9: 'THNMR (DMSO-ds, 300MHz), & 12,28 (br. d, 1H), 7,7
(m, SH), 7,49 (m, 5H), 6,38 (d, 1H), 4,72 (br. s, 1H), 4,46 (m, 1H), 4,12 (m, 2H), 3,85
(m, 2H) ppm; Ci16H1sCINO(bazo ty do cua hop chét 9, Ci16Hi7NO MW, 239,3 1), LCMS
(EI) m/e 240 (M* + H).

Budec 2. tert-Butyl 3-hydroxyazetidin-1-carboxylat (10)

Khudy huyén phti chira 1-benzhydrylazetidin-3-ol hydroclorua (hop chdt9, 625g,
2,27mol) trong dung dich nudc natri cacbonat 10% (Na2COs, 51) va diclorometan
(CH2Cl, 51) & nhiét d6 phong cho dén khi hoa tan hét tit ca cac chit rén. T4ch riéng hai
16p, va chiét 16p nude bang diclorometan (CH>Cly, 21). Lam khé céc phan chiét hitu co
da dugc gop lai bang natri sulfat (Na>SO4) va ¢b dic trong moi trudng &p sudt giam. Sau
do6 hoa tan bazo ty do tho thu dugce cuia hgp chit 9 trong THF (61) va cho dung dich vao
binh cao 4p Parr 16n. Thém di-fert-butyl dicacbonat (BOC20, 545¢, 2,5mol, 1,1 duong
lugng) va paladi (Pd) 20% trén cacbon (125g, 4 4m 50%) vao binh cao 4p Parr. Nap
vao binh dn 30psi véi khi hydro (Hy) va khudy trong khi quyén hydro én dinh (binh
duoc nap lai ba 1an @€ duy tri 4p sudt & 30psi) & nhiét d6 phong trong 18 gid. Khi phan
tich HPLC cho th4y la phan img d4 hoan toan (khi hydro khéng dugc hép thy thém nita),
loc hdn hop phan g bang 16p xelit va rira 16p xelit bang THF (41). C6 dic dich loc
trong méi trudng ap sudt giam dé loai bé dung méi va cho phin cin 1én trén cot Biotage
150 v&i luong tdi thiéu diclorometan (CH>Cl). Rira giai cot bang etylaxetat 20 — 50%
trong heptan va gom lai va két hop céc phan doan chira san phim mong mudn tinh khiét
(hop chit 10). Loai bo cac dung mdi trong méi trudng 4p sudt giam dé tao ra rert-butyl
3-hydroxyazetidin-1-carboxylat (hop chit 10, 357g, 393,2g theo ly thuyét, hiéu suét
90,8%) dudi dang diu khong mau, déng rén khi d& yén & nhiét d6 phong trong chan
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khong. D8i voi hop chét 10: 'THNMR (CDCls, 300MHz), 84,56 (m 1H), 4,13 (m, 2H),
3,81 (m, 2H), 1,43 (s, 9H) ppm.

Budc 3. tert-Butyl 3-oxoazetidin-1-carboxylat (11)

Lam ngudi dung dich chira fert-butyl 3-hydroxyazetidin-1-carboxylat (hop chét
10, 50g, 289mmol) trong etylaxetat (400ml) xudng 0°C. Sau d6 xur ly dung dich thu
duoc bang TEMPO rén (0,5g, 3,2mmol, 0,011 dwong lugng) va dung dich chira kali
bromua (KBr, 3,9¢g, 33,2mmol, 0,115 dwong luong) trong nude (60ml) & 0 — 5°C. Trong
khi duy tri nhiét d6 phan (mg nim trong khoang 0 - 5°C, bb sung dung dich nudc natri
bicacbonat bdo hoa (NaHCO3, 450ml) va dung dich nude natri hypoclorit (NaClO, clo
kha dyng 10 - 13%, 450ml) vao hdn hgp. Ngay khi dung dich natri hypoclorit duoc thém
vao, mau sic cua hdn hop phan g bi thay dbi ngay lap tirc. Khi m¢t lwgng nita cla
dung dich natri hypoclorit dugc thém vao, mau sic ctia hdn hop phéan tmg nhat dan. Khi
phan tich TLC cho thdy tit c4 nguyén liéu khéi ddu di duoc sir dung hét, mau séc cua
hén hop phan tmg khong con thay dbi nita. Sau d6 pha losing hdn hop phan mg bing
etylaxetat (EtOAc, 500ml) va hai 16p dugc tach riéng. Rita 16p hitu co bing nude
(500ml) va dung dich nudc natri clorua bdo hoa (500ml) va lam khé bangnatri sulfat
(Na2SOs). Sau d6, loai bé dung moi trong méi trudng ap sudt giam dé thu duge san
phim thé, fert-butyl 3-oxoazetidin-1-carboxylat (hgp chat 11, 48g, 49,47g theo ly
thuyét, hiéu suét 97%), duogc théy 1a du tinh khiét va dugc st dung truc tiép trong phan
Ung tiép theo ma khong can tinh ché thém. BSi véi hop chit 11 thd: 'THNMR (CDCls,
300MHz), 64,65 (s, 4H), 1,42 (s, 9H) ppm.

Budc 4. tert-Butyl 3-(xyanometylen)azetidin-1-carboxylat (13)

B sung dietyl xyanometyl phosphat (hop chét 12, 745g, 4,20mol, 1,20 duong
lugng) va tetrahydrofuran khan (THF, 91) vao binh cau bbn c¢b dugc lip dng bao vé cam
bién nhiét, phdu bé sung va éng bao v& nito & nhiét do phong. Lam lanh dung dich nay
bang bé d4 metanol xudng -14°C va bd sung dung dich kali tert-butoxit (z-BuOK) 1,0M
trong tetrahydrofuran khan (THF, 3,851, 3,85mol, 1,1 duwong lugng) trong hon 20phut
duy tri nhiét d6 phan tng dusi -5°C. Khudy hén hop phan tmg thu dugc trong 3 gio & -
10°C va bd sung dung dich chira 1-tert-butoxycacbonyl-3-azetidinon (hop chét 11, 600g,

-29-



23934

3,50mol) trong tetrahydrofuran khan (THF, 21) trong khoang 2 gi¢ gitt nhiét d6 bén
trong dudi -5°C. Khudy hdn hop phan tmg & nhiét d6 tir -5°Cdén -10°C trong khoang
hon 1 gi va sau d6 lam 4m tir tir 1én dén nhiét 6 phong va khudy & nhiét d6 phong qua
dém. Sau d6 hdn hop phan ting dugc pha lodng bang nude (4,51) va dung dich nuéc natri
clorua bdo hoa (NaCl, 4,51) va dugc chiét bang etylaxetat (EtOAc, 2 x 91). Cac 16p hitu
co di dugc gop lai dugc rira bang nude mudi (61) va 1am khod bing natri sulfat khan
(Na2S04). Loai bd dung méi hitu co trong méi trudng ap suét giam va pha lodng phin
cn bang diclorometan (CH2Cl, 41) truée khi hdp thy trén cot silica gel (SiO2, 1,5kg).
San phém tho, da duoc hép thu trén silica gel, duoc tinh ché béng sdc ky ¢6t nhanh
(SiO, 3,5kg, rira giai gradien 0-25% EtOAc/cdc hexan) dé tao ra tert-butyl 3-
(xyanometylen)azetidin-1-carboxylat (hop chit 13, 414,7g, 679,8g theo Iy thuyét, hiéu
sudt 61%) dudi dang chét rdn mau tring. PSi véi hop chét 13: 'H NMR (CDCls,
300MHz), 65,40 (m, 1H), 4,70 (m, 2H), 4,61 (m, 2H), 1,46 (s, 9H) ppm;
C10H14N202(MW, 194,23), LCMS (EI) m/e 217 (M* + Na).

Vidu 3. (3-Flo-2-(trifloromety1)pyridin-4-y1)(1,4-dioxa-8-azaspiro[4,5]decan-8-

yl)metanon (17)
A N
SN CFy N(_CFs
H Hel H OH F |

=
16 F
Q Q CH:ENO,
o o NaOH, H,0, 2-Me-THE o~ g Klpt: 209,10 o O/
\/ -/
14 45  Thubc thir BOP, EtN, DMF ©

>
C7H14CINO, CHiENO, 17
Klpt: 179,64.18 Klpt: 143,18 C14H14F 4N5O4
Klpt: 334,27

Budec 1. 1,4-Dioxa-8-azaspiro[4,5]decan (15)

Nap natri hydroxit (NaOH, 1,4kg, 35mol) va nudc (71, 3,13kg, 17,43mol) vao
binh phan tmg 301 dugc ldp canh khudy co hoc, phéu bd sung va vach ngin. B sung
axit 1,4-dioxa-8-azaspiro[4,5]decan clohydric (hop chat 14, 3,13kg, 17,43mol) vao dung
dich thu duogc theo cach néu trén. Khudy hén hop & 25°C trong 30phut. Tiép theo lam
bdo hoa dung dich bang natri clorua (1,3kg) va chiét bang 2-metyl-tetrahydrofuran (3 x
71). Lam khé 16p hitu co di dugc gdp lai béng natri sulfat khan (1,3kg), loc va ¢6 dic
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trong méi trudng ap suit giam (70mmHg) & 50°C. Chung cat ddu mau vang thu duge
néu trén trong méi truong ap suit giam (80mmHg, diém s6i: 115°C dén 120°C) dé thu
duoc hop chit 15 (2,34kg, 16,36mol, 93,8%) dudi dang dau trong sudt, duge st dung
truc tiép trong phan tg lién hop tiép theo.

Budce 2. (3-Flo-2-(triflorometyl)pyridin-4-y1)(1,4-dioxa-8-azaspiro[4,5]decan-8-
yl)metanon (17)

Cho axit 3-flo-2-(triflorometyl)isonicotinic (hgp chit 16, 3,0kg, 14,35mol),
benzotriazol-1-yloxytris(dimetylamino)phosphoni hexaflorophosphat (cht phan tng
BOP, 7,6kg, 17,2mol, 1,20 duong lugng) trong dimetylformamit (DMF, 181) vao binh
phén (mg1001 khd dwoc lip canh khudy co hoc, phéu bd sung, nhiét ké va dau x4 chéan
khong Bb sung 1,4-dioxa-8-azaspiro[4,5]decan (hop chit 15, 2,34kg, 16,36mol, 1,14
duong lugng) vao dung dich thu dugc trong diéu kién khudy hon 20 phut. Sau d6 thém
trietylamin (EtsN, 41, 28,67mol, 2,00 duong lugng) vao trong 1gid. Duy tri nhiét d6 nim
trong khoang 5°C- 10°C trong khi qu4 trinh thém vao. Khudy dung dich mau nau sdm
thu dugc theo céch néu trén trong 12 gidr & 20°C va sau d6 lam lanh xudng 10°C. Trong
diéu kién khudy manh, thém 14n luot 181 dung dich natri bicacbonat bdo hoa va 361 nuée
vao va gift nhiét do dudi 15°C.Chét két tiia (banh loc) thu duge theo cach néu trén dugc
gom lai bang cach loc. Sau d6 1am bio hoa pha nude bing 12kg natri clorua rén va chiét
bang EtOAc (2 x 181). Rira 16p hitu co da duoc gop lai 1an luot bing dung dich natri
bicacbonat bdo hoa (181), va nudc (2 x 181). Banh loc thu dugce tir qua trinh loc trudce d6
duoc hoa tan tré lai trong pha hitu co. Rira dung dich mau nau sdm thu dugc theo cach
& trén hai 1an, mdi 14n bang 181 nuéc va sau d6 cd dic trong méi truong &p suat giam
(40 — 50°C, 30mm Hg) dé thu duoc 5,0kg san phém thé dudi dang d&u mau niu nhét.
Hoa tan san phim thé 17 thu duogc trén day trong EtOH (8,151) & 50°C. Thém nudc
(16,31) vao trong khoang hon 30 phut. Dung dich mau néu duoc tao mam tinh thé, duge
1am ngudi xudng 20°C trong 3 gid trong diéu kién khudy va duge khudy & 20°C trong
12 gio. Loc két tia dugc tao ra, rira béng hén hop gém EtOH va nudc (EtOH : HO =1
: 20, 21) va 1am khd trong méi trudng ap sudt giam (50mmHg) & 60°C trong 24 gir dé
tao ra (3-flo-2-(triflorometyl)pyridin-4-y1)(1,4-dioxa-8-azaspiro[4,5]decan-8-
yl)metanon (hop chit 17, 3,98kg, 11,92mol, 83,1%) 14 bot mau tring. Dbi v6i hop chét
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17: 'TH NMR (300MHz, (CD3)2SO) 88,64 (d, *Jun = 4,68Hz, 1 H, NCH trong pyridin),
7,92 (dd, 3Jun = 4,68Hz, “Jur = 4,68Hz, 1 H, NCCH trong pyridin), 3,87-3,91 (m, 4 H,
OCH2CH;0), 3,70 (br s, 2 H, m&t cia NCHa trong vong piperidin, m6t cia NCH; khac
trong vong piperidin, ca hai ndm & vi tri truc), 3,26 (t, *Jun = 5,86Hz, 2 H, mot cia NCHz
trong vong piperidin, m¢t cia NCHz khac trong vong piperidin, ca hai & vi tri xich dao),
1,67 (d, 3Juu = 5,86Hz, 2 H, mot cia NCCHz trong vong piperidin, mot cia NCCH, khéc
trong vong piperidin, c& hai & vi tri xich dao), 1,58 (br s, 2 H, mét cuia NCCH; trong
vong piperidin, mdt cia NCCHa khéc trong vong piperidin, c& hai & vi tri truc) ppm; 13C
NMR (75MHz, (CD3)2S0) 8 161,03 (N-C=0), 151,16 (d, 'Jcr = 266,03Hz, C-F), 146,85
(d, *Jcr = 4,32Hz, NCH trong pyridin), 135,24 (d, 2Jcr = 11,51Hz, C-C=0), 135,02 (vach
bbn, 2Jcr = 34,57Hz, NCCF3), 128,24 (d, “Jcr = 7,48Hz, NCCH trong pyridin), 119,43
(dxvach bdn, Ucr = 274,38Hz, 3Jcr = 4,89Hz, CF3), 106,74 (OCO), 64,60 (OCCO),
45,34 (NC trong vong piperidin), 39,62 (NC trong vong piperidin), 34,79 (NCC trong
vong piperidin), 34,10 (NCC_trong vong piperidin) ppm; °F NMR (282MHz,
(CD3)280) & -64,69 (d, “Jrr = 15,85Hz, F3C), -129,26 (dx vach bdn, “Jsr = 15,85Hz,
4Jru = 3,96Hz, FC) ppm; C14H14F4sN203 (MW, 334,27), LCMS (EI) m/e 335,1 (M" + H).

Vi du 4. (3-Flo-2-(triflorometyl)pyridin-4-yl) (1,4-dioxa-8-azaspiro[4,5]decan-
8-yl)metanon (18)

|N\ CF3 |N\ CFs,
HCI, ACN
s T T
o}
oj o
17 18
CasH14FaN-O- C12H10F4N202
Klpt: 334,27 Klpt: 290,21

Cho (3-flo-2-(triflorometyl)pyridin-4-yl)(1,4-dioxa-8-azaspiro[4,5]decan-8-
yl)metanon (hop chét 17, 100g, 0,299mol) trong axetonitril (ACN, 400ml) vao binh déy
tron 4 ¢b dung tich 51 dwoc lép canh khudy co hoc, cip nhiét do, phéu bd sung va cira
nap khi nito & nhiét d§ phong. Lam ngudi dung dich thu dugc xuéng dudi 10°C. Thém
dung dich nuéc axit clohydric 6,0N (HCI, 450ml, 2,70mol, 9,0 dwong luong) vao hdn
hop phan tng, dong thoi duy tri nhiét do bén trong dwdi 10°C. Sau d6 1am 4m hdn hop

phan tng thu dugc dén nhiét ¢ phong va dua tir tir mét lugng bd sung ctia dung dich
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nudc axit clohydric 6,0N (HCI, 1050ml, 6,30mol, 21,0 duong luong) vao hdn hop phan
g & nhiét 4o phong trong 8gid qua ph&u bd sung. Hn hop phan tng duoc 1am lanh
xubng 0°C trude khi xir Iy bing dung dich nuéc natri hydroxit 30% (NaOH, 860ml,
8,57mmol, 28,6 duong lugng) déng thoi duy tri nhiét d¢ bén trong duéi 10°C. Sau d6
ldm 4m hdn hop phan tmg thu dugc dén nhiét d6 phong truée khi bd sung natri
bicacbonat rén (NaHCOs, 85,0g, 1,01mol, 3,37 duong luong) trong 1gid. Sau d6 chiét
hén hgp bing EtOAc (2 x 1,21), va rira pha hitu co két hop bang dung dich nu6c natri
clorua 16% (2 x 800ml) va cd dic t6i khi con xAp xi 1,01 bing céch chung cét chan
khéng. Thém heptan (2,11) vao phan cin, va c¢6 dic hdn hop thu duoc dén 1,01 bing cach
chung cat chan khéng. Thém heptan (2,11) vao hdn hop dd ¢6 dic. Sau d6 co dic huyén
phit mau tring thu dugc dén 1,01 bang cach chung ct chan khong. Sau dé thém metyl
tert-butyl ete (MTBE, 1,941) vao huyén phit mau tréng nay. Pun néng phan van duc mau
tring dén 40°C @ tao ra dung dich trong subt. C6 dic dung dich thu duge téi khi con
khoang 1,01 bang cach chung cit chan khong. Khudy hdn hop & nhiét do phong trong 1
gio. Gom chét két tha mau tring lai bing cach loc hut chin khong. Rira banh loc bing
heptan (400ml) va 1am kho trén bd loc trong moi trudng nito bing cach hut chan khong
d tao ra hop chét 18 (78,3g, 90,1%) dudi dang chét rén tring nho. Di véi hop chét 18:
'H NMR (300MHz, (CD3)2S0) 88,68 (d, 3Jun = 4,69Hz, 1 H, NCH trong pyridin), 7,97
(dd, 3Jun = 4,69Hz, “Jur = 4,69Hz, 1 H, NCCH trong pyridin), 3,92 (br s, 2 H, mot cua
NCH: trong vong piperidin, mdt cia NCHz khéc trong vong piperidin, ca hai déu & vj tri
truc), 3,54 (t, *Jun = 6,15Hz, 2 H, mdt cia NCH, trong vong piperidin, m6t cuia NCH
khéc trong vong piperidin, ca hai déu & vi tri xich dao), 2,48 (t, 3Jun = 6,44Hz, 2 H,
NCCHa), 2,34 (t, *Jun = 6,15Hz, 2 H, NCCH2) ppm; '3C NMR (75MHz, (CD3):80) &
207,17 (C=0), 161,66 (N-C=0), 151,26 (d, 'Jcr = 266,89Hz, C-F), 146,90 (d, *Jcr =
6,05Hz, NCH trong pyridin), 135,56 (C-C=0), 134,78 -135,56 (m, NCCF3), 128,27 (d,
3Jcr = 7,19Hz, NCCH trong pyridin), 119,52 (dx vach bdn, Jcr = 274,38Hz, 3Jcr =
4,89Hz, CF3), 45,10 (NC trong vong piperidin) ppm, mdt cacbon (NCC trong vong
piperidin) khuyét do tring véi (CD3)2S0; '°F NMR (282MHz, (CD3):80) & -64,58 (d,
4Jer = 15,85Hz, F3C), -128,90 (dxvach bén, “Jrr =1 5,85Hz, “Jrn = 4,05Hz, FC) ppm;
C12H10F4N202 (MW, 290,21), LCMS (EI) m/e 291,1 M* + H).
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Vi du 5. 3-[4-(7-{[2-(Trimetylsilyl)etoxy |metyl}-7 H-pyrolo[2,3-d]pyrimidin-4-
yl)-1H-pyrazol-1-yl]azetidin-3-yl}axetonitril dihydroclorua (20)

e Y
>/’_ Ni>_\ H 2HCI
S %m K o

Cuu0, "N
N7 | A Klpt: 194,23 HCl, IPA Z
\ / -
k\N Si— " DBU/axetonitril N7 NEN T
L ~ N | \ \Si/ k | \ \Si/
N N
\\o/\/ \\ /\/
5 19 20
C15H21N50Si CosH3sN704Si Ca0H29CloN;0Si
Klpt: 315,45 Klpt: 509,68 Klpt: 482,28

Budce 1. tert-Butyl 3-(xyanometyl)-3-(4-(7-((2-(trimetylsilyl)etoxy)metyl)-7H-
pyrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)azetidin-1-carboxylat (19)

Cho 4-(1H-pyrazol-4-yl)-7-((2-(trimetylsilyl)etoxy)metyl)-7 H-pyrrolo[2,3-
dpyrimidin (hgp chit 5, 4,50kg, 14,28mol), fert-butyl 3-(xyanometylen)azetidin-1-
carboxylat (hop chét 13, 3,12kg, 16,08mol, 1,126 duong lugng) trong axetonitril (91)
vio binh phan tmg khd 301 dugc lap canh khudy co hoc, nhiét k&, ph&u bd sung va ctra
x4 chan khong ¢ 20 = 5°C. Thém 1,8-diazabixyclo[5,4,0Jundec-7-en (DBU, 225ml,
1,48mol, 0,10 duong lugng) vao huyén phit mau hdng thu duoc trong 40phut. Giit nhiét
d6 mé trong khoang 10°C- 20°C trong qué trinh thém. Khudy dung dich mau nau thu
duge & 20°C trong 3 gid. Sau khi phan ing hoan toan, thém nuéc (181) vao trong diéu
kién khudy trong khoang 80 phut & 20°C. Hon hop duoc tao mam két tinh va khudy hdn
hop da duoc tao mam két tinh nay & nhiét 9 phong trong 12 gid. Gom céc chét rén lai
bang céch loc va rira banh loc bang hdn hop gdm axetonitril va nudce (1:2,91)valam
kho trong 16 chan khong bang cach suc khi nito trong 12 gidr & 60°C dé tao ra san phim
tho (hop chét 19, 7,34kg) dudi dang bot mau vang nhat. Hoa tan san phém tho thu duoc
& trén trong metyl rert-butyl ete (MTBE, 221) & 60°C trong binh phan tng 501 dugc lap
canh khuéy co hoc, nhiét ké, phéu bd sung va vach ngan. B sung hexan (221) vao trong
1gid & 60°C. Sau d6 dung dich dwgc tao mam két tinh, 1am ngudi dung dich téi 20°C
trong 3gidr va khudy & 20°C trong 12 gid. Gom chét két tha lai bang cach loc. Rira banh
loc thu dugc bang hdn hgp gdbm MTBE va hexan (1 : 15, 31) va lam kho trong 16 chan
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khéng trong 10 gir & 50°C dé tao ra hop chat 19 (6,83kg, 13,42mol, 94,0%) dudi dang
b6t mau tring. DSi véi hop chét 19: 'TH NMR (400MHz, CDCls) 88,87 (s, 1H), 8,46 (d,
J = 0,6Hz, 1H), 8,36 (d, J = 0,7Hz, 1H), 7,44 (d, J = 3,7Hz, 1H), 6,82 (d, J = 3,7Hz,
1H), 5,69 (s, 2H), 4,57 (d, J = 9,6Hz, 2H), 4,32 (d, J = 9,5Hz, 2H), 3,59 — 3,49 (m, 2H),
3,35 (s, 2H), 1,49 (s, 9H), 0,96 — 0,87 (m, 2H), -0,03 — -0,10 (s, 9H) ppm; 1*C NMR
(101MHz, CDCl3) § 157.22, 153,67, 153,24, 151,62, 142,13, 130,16, 129,67, 124,47,
116,72, 115,79, 102,12, 82,54, 74,23, 68,01, 60,25, 58,23, 29,65, 29,52, 19,15, -
0,26ppm; C25H35sN703Si (MW, 509,68), LCMS (EI) m/e 510,1 (M* + H).

Buée 2. 3-[4-(7-{[2-(Trimetylsilyl)etoxy]metyl}-7H-pyrolo[2,3-d]pyrimidin-4-
yD)-1H-pyrazol-1-yl]azetidin-3-y1} axetonitril dihydroclorua (20)

Cho hop chit 19 (55,0g, 0,108mol) va metanol (MeOH, 440ml) vao binh day tron
4 ¢cb 21 duge lép canh khuéy co hoc, cdp nhiét do, phéu bd sung va ctra nap khi nito &
20 + 5°C. Khudy phin vin duc mau tring thu dugc trong 20 phut & nhiét d§ phong dé
tao ra dung dich mau vang nhat. Sau d6 bb sung dung dich axit clohydric (HCI) trong
isopropanol (5,25M, 165ml, 0,866mol, 8,02 dwong lugng) vao hdn hop phan tng qua
phéu bd sung trong 5 phiit. Sau d6 dun néng hdn hop phan tmg thu duge dén 40°C béng
vo gia nhiét. Sau 2 it & 40°C, thém nudce (165ml, 9,17mol, 84,8 dwong lugng) vao hdn
hop phan tmg qua phéu bd sung dé tao ra dung dich mau xanh 14 cay nha t& 40°C. Thém
metyl zert-butyl ete (MTBE, 440ml) vao hdn hop thu duoc qua phéu bd sung & 40°C.
Lam ngudi tir tir hdn hop thu dugc xubng 10°C. Gom cac chat rén lai bang cach loc va
rira bang MTBE (2 x 220ml). Lam khé cac chit rén mau tréng trong b loc trong méi
trudng nito bang cach hut chan khong trong 18 gid d& tao ra hop chit 20 (52,2g, ham
lwrong nuée KF 5,42%, hiéu sudt 94,9%). Dbi véi hop chit 20: 'H NMR (400MHz,
(CD3)2S0) 6 10,39 (brs, 1H), 10,16 (brs, 1H), 9,61 (s, 1H), 9,12 (s, 1H), 9,02 (s, 1H),
8,27 -8,21 (d,J=3,8Hz, 1H), 7,72 — 7,66 (d, J = 3,8Hz, 1H), 5,82 (s, 2H), 4,88 — 4,77
(m, 2H), 4,53 — 4,44 (m, 2H), 4,12 (s, 2H), 3,69 — 3,60 (m, 2H), 0,98 — 0,89 (m, 2H),
0,01 (s, 9H) ppm; 3C NMR (101MHz, (CD3)S0) & 151,25, 146,45, 145,09, 140,75,
133,38, 132,44, 116,20, 116,09, 112,79, 102,88, 73,07, 66,14, 59,16, 53,69, 26,44,
17,15, -1,36ppm; Con29C12N7Osi (bazo tu do cua hop chét 20, C20H27N70Si, MW
409,56), LCMS (EI) m/e 410,2 (M* + H).
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Vi du 6. 2-(1-(1-(3-Flo-2-(triflorometyl)isonicotinoyl)piperidin-4-yl)-3-(4-(7-
((2-(trimetylsilyl)etoxy)metyl)-7 H-pyrolo[2,3-d]pyrimidin-4-y1)-1 H-pyrazol-1-
yl)azetidin-3-yl)axetonitril (21)

Z "N
0N AV CFs
CN N N
- T Qo

NN
18 Y
’
Gy 3 G
N N i~ pt: 290, NZ
e s > | ¥%
NaBH(OAc), N“ N /\/S'\
EtsN, DCM o
20 21
CaoHagCloN;OSi CaoHa7F 4NgO,Si
Klpt: 482,28 Klpt: 683,77

Cho hop chét 20 (3,24kg, 6,715mol) va diclorometan (321) vao binh phéan ting
khé 1001 dugc lép canh khudy co hoc, cip nhiét do, binh ngung, va ctra nap khi nito &
20 + 5°C. Khudy hdn hop & nhiét d6 phong trong 10 phut truée khi xir ly bang trietylamin
(TEA, 1,36kg, 13,44mol, 2,00 duong lugng) véi tbe dd bd sung sao cho gift duge nhiét
d6 bén trong & 15 -30°C. Sau dd, bd sung hop chit 18 (2,01kg, 6,926mol, 1,03 duong
luong) vao binh phan Uing & nhiét 4 phong. Sau 10 phut, thém ting phin nho natri
triaxetoxyborohydrua (NaBH(OAc)s, 2,28kg, 10,75mol, 1,60 duong luong) vao binh
phan tng trong 1 gid ddng thoi duy tri nhiét do bén trong & 15 - 30°C. Khudy hdn hop
phan tmg thu duoc & 15 - 30°C thém mét gid nita. Khi phan ing amin héa khir duoc coi
1a hoan toan, xit ly hdn hgp phan ung bing dung dich nuéc natri bicacbonat 4%
(NaHCOs3, 321) dé didu chinh d§ pH dén 7 - 8. Sau khi khuéy hdn hop trong 30 phit &
nhiét do phong, tach riéng hai pha. Chiét pha nuéc bang diclorometan (291). Rira pha
hitu co két hop lan luot bang dung dich nuéc axit clohydric 0,1N (161), dung dich nuéc
natri bicacbonat 4% (161), dung dich nudc natri clorua 8% (2 x 161). C6 dic va loc mot
phe‘in pha hitu co thu duge. Dich loc duge trao ddi dung moi béng cach thém tir tu

axetonitril (651) trong chan khong. Gom céc chit rin mau tring bang cach loc, rira bing
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axetonitril (101) va 1am kho & 40 - 50°C trong 16 chan khong bang cach xuc khi nito dé
tao ra hop chét 21 (4,26kg, 6,23mol, 92,9%). Déi véi hop chét 21: 'H NMR (500MHz,
(CD3)2S0) 88,84 (s, 1H), 8,76 (s, 1H), 8,66 (d, J = 4,7Hz, 1H), 8,43 (s, 1H), 7,90 (t, J =
4,THz, 1H), 7,78 (d, J = 3,7Hz, 1H), 7,17 (d, J = 3,7Hz, 1H), 5,63 (s, 2H), 4,07 (dt, J =
11,1, 4,9Hz, 1H), 3,75 (d, J = 7,8Hz, 2H), 3,57 (dd, J = 10,2, 7,8Hz, 2H), 3,55 (s, 2h),
3,52(dd,J=8,5,7,4Hz, 2H),3,41 (dq, J= 13,3, 4,3Hz, 1H),3,26 (t, J= 10,0Hz, 1H),3,07
(ddd, J= 13,1, 9,4, 3,2Hz, 1H), 2,56 (dt, J = 8,5, 4,7Hz, 1H), 1,81 — 1,73 (m, 1H), 1,63
(m, 1H), 1,29 (m, 1H), 1,21 (m, 1H), 0,82 (dd, J = 8,5, 7,4Hz, 2H),-0,12 (s, 9H) ppm;
13C NMR (101MHz, (CD3)2S0) & 161,68, (154,91, 152,27), 153,08, 152,69, 151,53,
147,69, 140,96, (136,19, 136,02),(136,48, 136,36, 136,13, 136,0, 135,78, 135,66,
135,43, 135,32), 131,43, 130,84, 129,03, (126,17, 123,42, 120,69), 117,99, 122,77,
118,78, 114,71, 102,02, 73,73, 67,04, 62,86, 61,88, 58,51, 45,63, 30,03, 29,30, 28,60,
18,52, 0,00ppm; C3H37F4N9028i(MW, 683,77), LCMS (EI) m/e 684,2 (M* + H).

Vidu 7. 2-(3-(4-(7H-Pyrolo[2,3-d|pyrimidin-4-yl)-1 H-pyrazol-1-y1)-1-(1-(3-flo-
2-(triflorometyl)isonicotinoyl)piperidin-4-yl)azetidin-3-yl)axetonitril (22)
Z>N N\
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C39H37F4NQOQSI C26H23F4N90
Klpt: 683,77 Klpt: 553,51

Cho hop chit 21 (9,25g, 13,52mmol, ham lugng nudc KF 3,50%) va axetonitril
(74ml) vao binh déy tron 4 ¢b dung tich 250ml duoc 1ip canh khudy co hoc, cip nhiét
d6, phéu b sung va cira nap khi nito & 20 + 5°C. Lam ngudi huyén phit mau tring thu

dugc dén dudi 5°C. Sau dé thém bo triflorua dietyl eterat (BF3-OEt, 6,46ml,
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51,37mmol, 3,80 duong lugng) vao voi tdc dd sao cho duy tri nhiét d bén trong dudi
5,0°C. Sau d6 lam 4m hdn hop phan tng 1én 20 + 5°C. Sau khi khudy & 20 + 5°C trong
18 gi®y, 1am ngudi hén hop phan tng t6i 0 - 5°C va dua mot lugng BF3-OEt; (0,34ml,
2,70mmol, 0,2 duong lugng) nita vao hdn hop phan tmg & nhiét d6 duéi 5,0°C. Lam 4m
hdn hop phan tmg thu dugc 1én 20 + 5°C, va tiép tuc khudy & nhiét 6 phong thém 5 gidy
nita. Sau d6, 1am ngudi hdn hop phan ung xudng 0 - 5°C truéc khi bd sung nude
(12,17ml, 0,676mol, 50 dwong luong). Giilt nhi¢t dd bén trong & dudi 5,0°C trong khi
thém vao nuéc. Lam 4m hdn hop thu duge dén 20 + 5°C va tiép tuc khudyd nhiét do
phong trong 2gid. Sau d6 1am ngudi hdn hop phan ing xudng 0 - 5°C va thém dung dich
nudc amoni hydroxit (NH4OH, 5N, 121,7mmol, 9,0 duong luong) vao. Trong khi bd
sungdung dich nuéc amoni hydroxit, duy tri nhiét d6 bén trong & duéi 5,0°C. Lam 4m
hén hop phan tmg thu duoc dén 20 + 5°C va khudy & nhiét d6 phong trong 20 gid. Khi
phén g khit bio vé SEM duoc coi 14 hoan toan, loc hdn hop phan tmg, va rira cac chit
rin bang EtOAc (9,25ml). Gop lai cac phan dich loc va pha lodng bang EtOAc (74ml).
Rira dung dich hitu co d3 pha lodng bang dung dichnudc natri clorua 13% (46,2ml). Sau
d6 pha loéing pha hitu co bang EtOAc (55,5ml) trude khi ¢6 dic dén thé tich i thidu
trong méi trudng ap suat giam. Thém EtOAc (120ml) vio phan cin, va khudy dung dich
thu dugc & 20 + 5°Ctrong 30 phut. Sau d6, rira dung dich bing dung dich nuéc natri
bicacbonat 7% (2 x 46ml) va dung dich nuéc natri bicacbonat 13% (46ml). Pha loang
pha hitu co thu dugc bing EtOAc (46ml) va xtr Iy bang nudce (64ml) & 50 + 5°C trong
30 phut. Lam ngudi hdn hop dén 20 + 5°C va tach riéng hai pha. Xt ly pha hitu co bang
nude (64ml) & 50 + 5°C trong 30 phit 14n thir hai. Lam ngudi hdn hop t6i 20 + 5°C va
tach riéng hai pha. C6 dic pha hitu co thu dugc dé tao ra hop chit thé 22 (bazo tu do),
tinh ché tiép bang sic ky cot (Si0, 330g, rira giai theo gradient bing MeOH 0 - 10%
trong EtOAc) d8 tao ra bazo tu do tinh khiét theo phép phan tich (hop chét 22, 7,00g,
93,5%) dudi dang chit rin mau tring nho. D6i v6i hop chét 22: 'H NMR (400MHz,
(CDs).S0) 6 12,17 (d, J = 2,8Hz, 1H), 8,85 (s, 1H), 8,70 (m, 2H), 8,45 (s, 1H), 7,93 (4,
J=4,THz, 1H), 7,63 (dd, J = 3,6, 2,3Hz, 1H), 7,09 (dd, J = 3,6, 1,7Hz, 1H), 4,10 (m,
1H), 3,78 (d, J=7,9Hz, 2H), 3,61 (t, J=7,9Hz, 1H), 3,58 (s, 2H), 3,46 (m, 1H), 3,28 (t,
J=10,5Hz, 1H), 3,09 (ddd, J = 13,2, 9,5, 3,1Hz, 1H), 2,58 (m, 1H), 1,83 — 1,75 (m,
1H), 1,70 — 1,63 (m, 1H), 1,35 — 1,21 (m, 2H) ppm;3C NMR (101MHz, (CD3):SO) &
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160,28, (153,51, 150,86), 152,20, 150,94, 149,62, (146,30, 146,25), 139,48, (134,78,
134,61), (135,04, 134,92, 134,72, 134,60, 134,38, 134,26, 134,03, 133,92), 129,22,
127,62, 126,84, 121,99, 122,04, (124,77, 122,02, 119,19, 116,52), 117,39, 113,00,
99,99, 61,47, 60,49, 57,05, 44,23, 28,62, 27,88, 27,19ppm; CasHasFaNeO(MW, 553,51),
LCMS (EI) m/e 554,1 (M* + H).

Vidu 8. 2-(3-(4-(7H-Pyrolo[2,3-d]pyrimidin-4-yl)-1 H-pyrazol-1-yl)-1-(1-(3-flo-
2-(triflorometyl)isonicotinoyl)piperidin-4-yl)azetidin-3-yl)axetonitril adipat (25)
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Budéc 1.Mudi thé 2-(3-(4-(7H-Pyrolof. 2,3-d[pyrimidin-4-yl)-1H-pyrazol-1-yl)-1-
(1-(3-flo-2-(triflorometyl)isonicotinoyl)piperidin-4-yl) azetidin-3-yl)axetonitril ~ adipat
(24) |

Tuén theo quy trinh didu ché hop chit 22 trong Vi du 7, ngoai trir viéc pha hitu
co cudi cling dugce cb dic bang cach chung cit chan khong dén thé tich téi thiéu dé tao
ra hop chét thd 22, hop chét nay khong dugc phan tach ma duge sir dung tryc tiép trong
quy trinh diéu ché mudi adipat tiép theo. BS sung metanol (200ml) vao phan cin dugc
¢6 diic machita hop chat 22 thé & nhiét d6 phong. C6 dic hdn hop bing cach chung cét
chén khong dén thé tich t8i thiéu. Sau d6 bd sung metanol (75ml) vao phin cin va dun
hdi luu dung dich thu dugc trong 2 gitr. Thém metyl isobutyl keton (MIBK, 75ml) vao
dung dich va chung c4t hdn hop thu dugc trong chin khong dén khoang 30ml trong khi
duy tri nhiét d6 bén trong & 40 - 50°C. B4 sung metanol (75ml) vao va dun hdi luu hdn
hop thu dugc trong 2 gid. B6 sung MIBK (75ml) vao dung dich nay. Chung c4t hdn hop
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14n nita trong chan khéng dén khoang 30ml ddng thoi duy tri nhiét d6 bén trong & 40 -
50°C. Dung dich niy dugc bd sung thém dung dich axit adipic (hop chéit 23, 2,15g,
14,77mmol) trong metanol (75ml). Sau d6, dun hdi luu dung dich thu dugc trong 2 gio.
B6 sung MIBK (75ml) vao. Chung cit hdn hop trong chéan khong dén khoang 60ml
trong khi gilr nhi¢t d6 bén trong & 40 - 50°C. Ngiing dun nong va heptan (52,5ml) duoc
b sung vao trong 1 —2 gid. Khuéy hdn hop thu duge & 20 + 5°C trong 3 —4 gio. Gom
két tha trang lai bing céch loc, va rira banh loc bang heptan (2 x 15ml). Lam khé chit
rén trén bd loc trong méi trudng nito bing cach hut chan khong ¢ 20 + 5°C trong 12 git
d tao ra hop chit 24 (mubi adipat thd, 8,98g, 12,84mmol, 95,0%). Dbi véi hop chit 24:
'H NMR (400MHz, (CD3)2S0) & 12,16 (s, 1H), 12,05 (brs, 2H), 8,85 (s, 1H), 8,72 (s,
1H),8,69 (d, J = 4,7Hz, 1H), 8,45 (s, 1H), 7,93 (t, J = 4,7Hz, 1H), 7,63 (dd, J = 3,6,
2,3Hz, 1H), 7,09 (dd, J = 3,6, 1,7Hz, 1H), 34,11 (dt, J = 11,0, 4,4Hz, 1H), 3,77 (d, J =
7,8Hz, 2H), 3,60 (t, J = 7,8Hz, 2H), 3,58 (s, 2H), 3,44 (dt, J = 14,4, 4,6Hz, 1H), 3,28 (t,
J=10,4Hz, 1H), 3,09 (ddd, J= 13,2, 9,6, 3,2Hz, 1H), 2,58 (tt, /= 8,6, 3,5Hz, 1H), 2,28
-2,17 (m, 4H), 1,83 - 1,74 (m, 1H), 1,67 (d, J = 11,0Hz, 1H), 1,59 — 1,46 (m, 4H), 1,37
—1,21 (m, 2H) ppm; *C NMR (101MHz, (CD3),S0) 6 174,38, 160,29, (153,52, 150,87),
152,20, 150,94, 149,63, (146,30, 146,25), 139,48, (134,79, 134,62), (135,08, 134,97,
134,74, 134,62, 134,38, 134,28, 134,04, 133,93), 129,21, 127,62, 126,84, 122,05,
(124,75, 122,02, 119,29, 116,54), 117,39, 113,01, 99,99, 61,47, 60,50, 57,06, 44,24,
33,42, 30,70, 28,63, 27,89, 27.20, 24,07ppm; C3:H33FsNoOs (Khdi luong phan tir:
699,66; hop chit 24: C26H23F4sNoO, MW 553,51), LCMS (EI) m/e 554,0 (M* + H).

Budce 2. 2-(3-(4-(7H-Pyrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-1-(1-(3-flo-
2-(triflorometyl)isonicotinoyl)piperidin-4-yl)azetidin-3-yl)axetonitriladipat (25)

Thém hop chét 24 (3,40kg, 4,86mol) va axeton (23,81) vao binh phan tung kho
1001 duogc lép canh khqu co hoc, cip nhiét d9, phéu bd sung va cura nap khi nito. Pun
néng phﬁn van duc mau tre"ing thu dugc dén 55 - 60°C dé tao ra dung dich trong subt.
Loc dung dich thu dugc qua bd loc ndi tiép dén binh phan img 1001 khéc. Loc heptan
(23,81) qua bd loc ndi tiép dén binh phan tmg 501 riéng biét. Sau d6 nap heptan da duogc
loc vao dung dich axeton trong binh phan tmg 1001 v6i téc dd sao cho duy tri nhiét 4o
bén trong & 55 - 60°C. Sau d6, lam ngudi hdn hgp phan tmg trong binh phan tmg 1001
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xudng 20 + 5°C va khudy & 20 = 5°C trong 16 gid. Gom két tiia mau tréng lai bang cach
loc va rira banh loc béng heptan (2 x 5,11) va 1am kho trén bd loc trong mdi trudng nito
bang cach hiit chan khong. Tiép tuc 1am khé chat rin trong 10 chan khong & 55 - 65°C
béng cach xuc khi nito dé tao ra hop chét 25 (3,1 1kg, 92,2%) dudi dang bdt mau tré'lng
dén mau tring nho. P6i véi hop chit 25: 'H NMR (400MHz, (CD3)2S0) § 12,16 (s, 1H),
12,05 (brs, 2H), 8,85 (s, 1H), 8,72 (s, 1H),8,69 (d, J = 4,7Hz, 1H), 8,45 (s, 1H), 7,93 (t,
J=4,7THz, 1H), 7,63 (dd, J=3,6, 2,3Hz, 1H), 7,09 (dd, J = 3,6, 1,7Hz, 1H), 84,11 (dt, J
=11,0, 4,4Hz, 1H), 3,77 (d, J = 7,8Hz, 2H), 3,60 (t, J = 7,8Hz, 2H), 3,58 (s, 2H), 3,44
(dt, J= 14,4, 4,6Hz, 1H), 3,28 (t, /= 10,4Hz, 1H), 3,09 (ddd, J = 13,2, 9,6, 3,2Hz, 1H),
2,58 (tt, J = 8,6, 3,5Hz, 1H), 2,28 — 2,17 (m, 4H), 1,83 — 1,74 (m, 1H), 1,67 (d, J =
11,0Hz, 1H), 1,59 — 1,46 (m, 4H), 1,37 — 1,21 (m, 2H) ppm; *C NMR (101MHz,
(CD3):S0) & 174,38, 160,29, (153,52, 150,87), 152,20, 150,94, 149,63, (146,30,
146,25), 139,48, (134,79, 134,62), (135,08, 134,97, 134,74, 134,62, 134,38, 134,28,
134,04, 133,93), 129,21, 127,62, 126,84, 122,05, (124,75, 122,02, 119,29, 116,54),
117,39, 113,01, 99,99, 61,47, 60,50, 57,06, 44,24, 33,42, 30,70, 28,63, 27,89, 27.20,
24,07ppm,; C32H33F4N905(kh6i lugng phén tir: 699,66; bazo ty do: C26H23F4NoO (MW,
553,51), LCMS (EI) m/e 554,0 (M* + H).

Vi du A: Thir nghiém kinaza JAK trong dng nghiém

Hop chit c6 cong thirc I & ddy da duoc kiém tra hoat tinh e ché cac dich JAK
theo thir nghiém in vitro duéi ddy ma da dugc mo ta trong tai liéu: Park et al., Analytical
Biochemistry 1999, 269, 94-104. Cac mién xuc tac cua JAK1 (a.a. 837-1142), va JAK?2
(a.a. 828-1132) clia ngudi véi dudi His & dau ciing N dugc bidu hién bing céch st dung
baculovirut trong céc t& bao con tring va dugc tinh ché. Hoat tinh xuc tic ctia JAK1 va
JAK?2 dugc phan tich bang cach do mirc phosphoryl hoa ctia peptit da biotin hoa. Peptit
d4 phosphoryl héa nay dugc phat hién bing huynh quang phén gii thoi gian ddng nht
(homogenous time resolved fluorescence - HTRF). Céc gia tri ICso ctia cac hop chét duoce
do cho mdi kinaza trong céc phan tmg 40microL chira enzym nay, ATP va peptit 500nM
trong dém Tris 50mM (d¢ pH=7,8) véi NaCl 100mM, DTT 5mM, va BSA 0,1 mg/mL
(0,01%). Pdi cac phép do ICso ImM, ndng d6 ATP trong cac phan tng 13 1 mM. Cac

phan {mg duoc tién hanh & nhiét d6 phong trong 1 gid va sau d6 duoc dimg lai bang
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20pL EDTA 45mM, SA-APC 300 nM, Eu-Py20 6 nM trong dém phén tich (do hing
Perkin Elmer, Boston, MA cung c4p). Su lién két véi khang thé dugc dénh déu bing
Europium dién ra trong 40 phut va tin hi¢u HTRF duoc do trén may doc dia Fusion
(Fusion plate reader) (do hing Perkin Elmer, Boston, MA cung c4p). Hop chét theo Vi
du 1 va mudi cta axit adipic ¢6 ICso d6i v6i JAK1 1a< 5nM (duoc do & ndng d6 ATP 1a

1 mM) véi ty s6 JAK2/TAK1 1a> 10 (duoc do & ndng d6 ATP 1a 1 mM).

Vi du B: Céc thir nghiém té bao

Céc dong t€ bao ung thu phu thudc vao cac xytokin va theo do, phu thudc vao
qua trinh chuyén dbi tin hi¢u JAK/STAT, dé sinh trudng, c6 thé dugc dat 1én dia, véi
6000 té bao mdi giéng (dang dia 96 giéng) trong RPMI 1640, FBS 10%, va xytokin thich
hop 1Ing/mL. C6 thé bd sung cac hop chét vao céc té bao trong DMSO/méi trudng (ndng
d6 DMSO cubi cling 13 0,2%) va 0 trong 72gid & 37°C, CO2 5%. Panh gia tac dung ctia
hop chat d6i v6i kha ning sdng sét ctia té bao bang cach sir dung thir nghiém phan tich
kha ning sdng ctia té bao thdng qua dnh sdng phat quang ctia thude thir CellTiter-Glo
(Promega), tiép theo 13 dinh lugng TopCount (do hing Perkin Elmer, Boston, MA cung
clp). Panh gi4 song song cac tic dong ngoai dich c6 thé ¢ cuia cac hop chét bang cach
str dung dong té bao khoéng duogc diéu khién bai JAK véi ciing chi thi thir nghiém. T4t
ca cac thi nghiém thuong dugc thyc hién 1dp lai hai lan.

Céc dong té bao & trén c6 thé cling duoc sir dung dé danh gia tac dong cia céc
hop chit dén viéc phosphoryl hoa cac JAK kinaza hodc céc co chit xudi dong c6 thé co
nhu céc protein STAT, Akt, Shp2, hodc Erk. Tién hanh céc thir nghiém nay sau mét dém
khéng dung xytokin, tiép theo 1 budc 0 so bd nhanh véi hop chét (2 tiéng hoic it hon)
va budc kich thich xytokin trong khoang xp xi 1gid hoic it hon. Sau d9, tach chiét cac
protein ra khoi céc t& bao va phan tich protein niy bang cac k§ thuat da quen thudc vai
ngudi c6 kién thic trung binh trong linh vyc k§ thudt nay bao gdm phép thdm tach
Western hodc céc hé théng ELISA bang cach st dung cac khang thé ma c6 thé phan biét
giita protein da phosphoryl héa va protein toan phan. Céc thi nghiém nay c6 thé sir dung
céc té bao binh thudng hodc cac t& biao ung thu dé kiém tra tic dong ciia cac hop chit
d6i véi sinh hoc séng con ctia t bao khdi u hodc dbi véi cac chét trung gian gy ra bénh

viém. Vi dy, li€n quan dén khia canh sau, cac xytokin nhu IL-6, IL-12, IL.-23, hodc IFN
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c6 thé dugc sir dung dé kich thich su hoat héa JAK din dén su phosphoryl héa ctia (cac)
protein STAT va c6 kha niang din dén cac profin phién ma (dwoc danh gi4 bang k¥ thuét
mang hodc cong nghé¢ qPCR) hodc su san sinh va/hoac tiét cac protein, nhu IL-17. Kha
ning e ché ciia cac hop chit dbi voi cac tac diing gdy ra bai xytokin ¢6 thé duge do
bang cach sir dung céc k¥ thuit da quen thudc dbi véi ngudi c6 kién thic trung binh
trong linh vuc k¥ thudt nay.

Céc hop chét trong ban mé ta nay ciing ¢6 thé dwoc thir nghiém trong cac mo
hinh té bao dugc thiét ké dé danh gia hiéu qua va hoat tinh cia chiing chéng lai cac JAK
dot bién, vi dy, dot bién JAK2V617F dugc thdy trong céc ri loan ting sinh tiy. Cac
thir nghiém nay thuong str dung céc t& bao phu thude xytokin cia dong té bao méau (vi
du, BaF/3) ma trong d6 cac JAK kinaza kiéu dai hodc céc JAK kinaza dot bién duoc
biéu hién sai vi tri (James, C., et al Nature 434:1144-1148; Staerk, J., et al. JBC
280:41893-41899). Céc két qua bao gdm tac dong ctia cic hop chét dbi voi sy séng sét
cua té bao, su tdng sinh t& bao, va cac protein JAK, STAT, Akt, hodc Erk d& phosphoryl
hoa.

C6 thé danh gia céc hop chat theo sang ché v& hoat tinh ctia chung trong viée tce
ché sy tang sinh té bao T. Thu nghiém nhu vay co thé duoc coi 1a mot thir nghiém ting
sinh dugc gy ra boi xytokin thir hai (vi du JAK) va ciing 12 mét thir nghiém don gian
vé tac dung e ché mién dich hodc trc ché hoat héa mién dich. Tiép theo ddy 1a nét chinh
ngin gon vé cach thic tién hanh nhiing thir nghiém d6. Tao ra cac té bao don nhin mau
ngoai vi (Peripheral blood mononuclear cell - PBMC) tir cic miu méu toan phén cta
ngudi bang cach sir dung phuwong phap phan tach Ficoll Hypaque va thu duoc céc té bao
T (phan doan 2000) tir cic PBMC nay bang cach gan. C6 thé duy tri céc t& bao T nguoi
méi dugc phin 14p trong méi truong nudi ciy (RPMI 1640 duge bd sung huyét thanh
thai bd 10%, penixilin 100U/ml, streptomyxin 100pg/ml) & mat d6 2 x 10° t& bao/ml &
37°C trong t6i da 2 ngay. D& phan tich su ting sinh té bao dugc kich thich boi IL-2, diu
tién xr Iy céc té bao T bang Phytohemaglutinin (PHA) & ndng d6 cudi cung la 10pg/mL
trong 72 gi®. Sau khi rira mdt 1an v6i PBS, dit 6000 t& bao/giéng 1én dia 96 giéng va xir
Iy bang cac hop chét & cac ndng d6 khac nhau trong méi trudng nudi cdy khi c6 mit cia
IL-2 ngudi 100U/mL (do hang ProSpec-Tany TechnoGene; Rehovot, Israel cung cp).
U céc dia & 37°C trong 72 gid va danh gié chi sb ting sinh bang cach dung cac chét thir
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phét quang CellTiter-Glo theo quy trinh dwgc khuyén céo ciia nha san xut (hang
Promega; Madison, WI).

Vi du C: Hiéu lyc khang khéi u in-vivo

C6 thé danh gia cac hop chit theo sang ché trong cac mo hinh ghép khdi u ngoai
lai clia ngudi vao chudt bi ton thuong mién dich. Vi duy, ¢6 thé ding mot bién thé sinh
khdi u cia dong té bio u tuong bao INA-6 dé cdy dudi da cho chudt SCID (Burger, R.,
et al. Hematol J. 2:42-53,2001). Sau d6 c4c con chudt mang khdi u dugc xép ngdu nhién
vao nhom diéu tri béng thudc hodc cac nhém diéu tri bﬁng t4 duoc 10ng va cac lidu khac
nhau ctia cic hop chét c6 thé duge st dung bing cac dudng ding thong thudng bét ky
bao gém dudng miéng, trong mang bung, hodc truyén lién tuc str dung cac bom céy
dugc. Theo d&i sy sinh trudng clia khdi u theo thdi gian bang cach ding thudc kep.
Ngoai ra, c¢6 thé thu ldy cac mAu khéi u & thoi dim bét ky sau khi bat dAu didu tri dé
phan tich nhu d4 mo6 ta trén day (Vi du B) dé danh gi4 tac dong cua hop chit dbi vei
hoat tinh ctia JAK va céc qua trinh truyén tin higu xuéi dong. Ngoai ra, ¢6 thé danh gia
tinh chon loc clia hop chit nay bing cach sir dung mé hinh ghép khdi u ngoai lai dugc

diéu khién boi cac kinaza d3 biét khac (vi dy, Ber-Abl) nhu md hinh khdi u K562.

Vi du D: Thir nghiém dép ting qua man mudn do tiép xtic da & chudt

Céc hop chit theo sang ché ciing c6 thé duoc thir nghiém hiéu luc (e ché cac
dich JAK) trong m hinh thir nghiém tinh qua man mudn do t& bao T gy ra & chudt.
Phéan tng qué min dang mudn (delayed-type hypersensitivity - DTH) do tiép xuc da &
chudt dugc xem 1a mgt md hinh hop ly cia bénh viém da tiép xtic lam sang, va cac rdi
loan mién dich khéc ctia da gy ra boi lympho bao T, nhu bénh vay nén (Immunol Today.
1998 Jan;19(1):37-44). DTH & chudt c¢6 chung nhiéu dic diém véi bénh véay nén, bao
gdm sy thdm nhidm mién dich, kém theo sur gia ting xytokin viém, va sy sidu ting sinh
té bao keratin. Hon nita, nhiéu loai hop chit ma c6 tac dung trong diéu tri bénh Véy nén
trong 1am sang ciing 14 céc chit c ché hidu qua phan tng tng DTH & chudt (4gents
Actions. 1993 Jan;38(1-2):116-21).

Vao Ngay 0 va 1, chudt Balb/c duoc 1am mén cam bing cach bdi khu trt, & phin

bung bi cao 16ng ctia ching v4i khang nguyén 2,4,dinitro-florobenzen (DNFB). Vao
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ngay 5, do do diy tai bang cach ding thudc do micrémét k§ thuat. Ghi lai két qua nay
va stt dung 1am duodng co sd. Sau d6 kich thich ca hai tai ctia con vat bang cach cho bbi
khu tra DNFB vé6i tng lwgng 20uL (10pL & tai trong va 10uL & tai ngoai) & ndng do
0,2%. 24 dén 72 gid sau khi kich thich, lai do tai 1in nita. Viéc diéu tr bing céc hop
chét thir nghiém d3 duoc thyc hién trong toan bd giai doan gdy man cam va kich thich
(ngay -1 dén ngay 7) hodc trudc va trong sudt giai doan kich thich (thudng vao chiéu
clia ngdy 4 dén ngay 7). Viée diéu tri bang cc hop chit thir nghiém (& ndng do khac)
duogc thuc hién toan than hodc khu tri (bbi khu tra trong diéu tri tai). Hidu qua cua cac
hop chét thir nghiém duoc thé hién bang su giam d6 sung cia tai so véi trudng hop
khong diéu tri. Néu hop chét tao ra muc d6 giam 1a 20% hoac 16n hon hon thi nd duoc
xem 1a c6 hi€u qua. Trong mét vai thir nghiém, nhiing con chudt bi kich thich nhung
khéng gdy mén cam (d6i chimg am).

Tac dung tc ché (tc ché su hoat héa céc con duong JAK-STAT) cuta cac hop
chit thir nghiém c6 thé dwoc khing dinh bing phan tich héa hoc md mién dich. Viéc
hoat héa (c4c) con dudng JAK-STAT dan t6i sy hinh thanh va chuyén d6i vi tri ctia cac
yéu td phién ma chitc ning. Hon nita, dong té bao mién dich di vao va sy ting sinh clia
céc té bao keratin ting 1én ciing tao ra nhitng thay d6i vé profin biéu hién dic trung trong
tai ma c6 thé dugc kiém tra va dinh lugng. Céc phan tai dugc ¢b dinh bing formalin va
gin vao parafin (thu dugc sau giai doan kich thich trong mé hinh DTH) dugc phén tich
héa md mién dich béng cach si dung mdt khang thé ma tuong tac dac hiéu véi STAT3
d3 phosphoryl héa (dong 58E12, Cell Signaling Technologies). Tai chudt dugc diéu tri
bang hop chét thir nghiém, ta dugc 16ng, hodc dexametasone (mdt phwong phap didu tri
hiéu qua trong 14m sang cho bénh vy nén), hoic khéng diéu tri bt ky, trong mé hinh
DTH d so sanh. Hop chét thir nghiém va dexametasone cé thé tao ra nhitng bién d6i
phién ma tuong tu ca v& mit sd luong va chét luong, va ca hop chéit thu nghiém va
dexametasone d&u co thé 1am giam s6 lwong ciia céc t& bao tham nhidm. Viée sir dung
hop chét thur nghiém toan than va khu tra déu cé thé tao ra tac dung e ché, vi du, lam

giam sO lugng cac té bao thdm nhiem va e che nhitng bi€n doi phién ma.
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Vi du E: Hoat tinh khang viém in-vivo

Céc hop chat & ddy c6 thé dugc danh gia trén cac md hinh loai gim nhdm hoic
khong phai loai gim nham dugc thiét ké dé 1ap lai mot phan img viém don hogic phie.
Vi dy, c6 thé ding cdc md hinh loai ggm nhdm bj bénh viém khép d& danh gia kha ning
diéu tri ctia cac hop chét dugc cho dung lidu dé phong hodc chita bénh. Cic mé hinh
nay bao gém, nhung khéng gi¢i han &, bénh viém khép do colagen & chudt nhét hodc
chudt cng, viém khop do ta dwoe & chudt, va viém khép do khang thé colagen. Cac
bénh ty mi&n bao gdm, nhung khong gidi han &, da xo ctng, dai théo duong typ I, viém
mang bd dao vdng mac, viém tuyén giap, ching nhuoc co, bénh than globulin mién
dich, viém co tim, min cam dudng hé hip (bénh hen), luput, hodic viém két trang c6 thé
cling duge ding dé danh gi4 kha nang diéu tri ctia cic hop chét & ddy. Cac mod hinh nay
da dugc biét 13 trong cong ddng nghién ciru va quen thudc véi ngudi co kién thirc trung
binh trong linh vuc k¥ thudt nay (Current Protocols in Immunology, Vol 3., Coligan,
J.E. et al, Wiley Press.; Methods in Molecular Biology: Vol. 225, Inflammation
Protocols., Winyard, P.G. and Willoughby, D.A., Humana Press, 2003.).

~ ViduF: Cac md hinh dong v4t diéu tri bénh khé mét, viém mang bd dao, va viém

két mac
Céc hop chit c6 thé dugc danh gi trong mét hodc nhidu mé hinh tién 1am sang
clia bénh kho mat da biét d6i voi ngudi c6 kién thirc trung binh trong linh vuc k¥ thuat
nay bao gébm, nhung khéng gii han &, mé hinh tuyén nude mét concanavalin A (ConA)
& thd, md hinh scopolamin & chudt (dung dudi da hoic qua da), mé hinh tuyén nude mét
Botulinumn & chudt, hoic mé hinh bét ky trong s6 cac md hinh ty mién ty phat & dong
vét gam nhdm ma dan t6i tinh trang rdi loan chirc ning cta tuyén mét (vi dy, NOD-
SCID, MRL/lpr, hodc NZB/NZW) (Barabino et al., Experimental Eye Research 2004,
79, 613-621 va Schrader et al., Developmental Opthalmology, Karger 2008, 41, 298-
312). Cac két qua trong cac md hinh nay c6 thé bao gdm mé bénh hoc ciia cac tuyén mét
va mit (gidc mac, v.v.) va c6 thé 1a thir nghiém kinh dién Schirmer hoidc cac phién ban

stra d6i ctia n6 (Barabino et al.) dé danh gia su tiét nuéc mét. C6 thé danh gia hoat tinh
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bang cch ding lidu qua nhiéu dudng st dung khac nhau (nhu toan than hodc khu tr)
ma c6 thé bét du trude hodc sau khi méc bénh c6 thé xéc dinh duoc.

Céc hop chét 6 thé duge danh gia trong mot hogc nhidu mé hinh tién lam sang
ctia bénh viém mang bd dao d biét ddi véi ngudi c6 kién thire trung binh trong linh vuc
k¥ thudt nay. Chung bao gdm, nhung khéng gi¢i han &, cic mé hinh viém mang bd dio
tw mién thir nghiém (experimental autoimmune uveitis - EAU) va viém mang bd dao do
ndi déc t (endotoxin induced uveitis - EIU). C6 thé tién hanh céc thi nghiém EAU trén
tho, chudt céng hodc chudt nhit va c6 thé bao gém viéc gy mién dich cha ddng hodc
bi dong. Vi dy, c6 thé ding khing nguyén bat ky trong s6 nhidu khang nguyén hoic cic
khéng nguyén vdng mac dé 1am cho céc dong vat man cam véi tac nhan gdy mién dich
lién quan sau d6 cac dong vét c6 thé duge kich thich & mét bang ciing mot khang nguyén.
M2 hinh EIU ¢4 tinh c4p tinh hon va bao gdm viée sir dung lipopolysacarit khu tra hoic
toan than & c4c lidu dudi lidu gy chét. Cac két qua cho ca md hinh EIU va EAU déu ¢6
thé bao gdm kiém tra day mit, md bénh hoc trong s& nhimg thi nghiém khac. Cac mo
hinh nay dugc tém tit bsi Smith va cac ddng tac gia (Ummunology va Cell Biology 1998,
76,497-512). Hoat tinh dugc danh gia bang cach ding liéu biang nhiéu dudng khac nhau
(nhu toan than hozc khu tri) ma c6 thé bit ddu trude hodic sau khi micbénh c6 thé xac
dinh dugc. Mot s6 mé hinh liét ké trén ddy ciing ¢6 thé phét trién thanh bénh viém cing
mac/viém thugng cling mac, viém mang mach, viém thé mi, hodc viém méng mét va vi
thé, chiing hiru ich trong nghién ctru hoat tinh tiém néng ctia cic hop chét dé didu tri cac
bénh nay.

Céc hop chét cling co thé duoc danh gia trong mot hodc nhiu mé hinh viém két
mac tién 1am sang da biét ddi véi ngudi c6 kién thir trung binh trong linh vure k thuét
nay. Ching bao gdm, nhung khong giéi han &, cic mé hinh dong vat gim nhdm sir dung
chuot lang, chudt céng hozic chudt nhét. Cac mo hinh st dung chudt lang bao gdm céc
m0 hinh str dung quy trinh gdy mién dich thu dong hosc cht déng va/hodc cac quy trinh
kich thich mi&n dich bing c4c khéang nguyén nhu albumin trimg hogc ¢6 phin huong
(theo nhu danh gia néu trong tai liéu: Groneberg, D.A., et al., Allergy 2003, 58, 1101-
1113). M6 hinh chudt nhét va chudt cong c6 thiét ké chung twong tw véi md hinh chudt
lang (ciling dugc dénh gia boi Groneberg). C6 thé danh gia hoat tinh bing cach ding lidu

qua nhidu duong sir dung khac nhau (nhu toan than hogic khu trti) ma c6 thé bét diu
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trude hodc sau khi mic bénh c6 thé x4c dinh dugc. Céc két qua cho nhitng nghién ctru
nay c6 thé bao gdm, vi dy, cac phan tich mé hoc, mién dich hoc, héa sinh hodc phén tu

cua cac md mat nhu két mac.

Vi du G: Téc dung bao vé€ xuong in vivo

Céc hop chat c6 thé duge danh gia trong cic mé hinh tién 1am sang khéc nhau
clia chting thiéu xwong, chimg lodng xwong hogic ching tiéu xuong da biét dbi voi nguoi
c6 kién thire trung binh trong linh vyc k¥ thudt ndy. Vi dy, cac dong vat gim nhém
da phiu thuat cét bé budng trimg c6 thé dugc sir dung dé danh gia kha ning téc dong
cua cac hop chit dén cac diu hiéu va céc chit chi thi cho vi€c tai tao xuong va/hoic mét
doxuong (W.S.S. Jee va W. Yao, J] Musculoskel. Nueron. Interact., 2001, 1(3), 193-
207, toan bd ndi dung cua tai liéu nay duge dua vao day bang cach vién dan). Theo cach
khéc, c6 thé dénh gid mat d6 va cdu triic xuong & cac dong vat gim nhdm duoc didu tri
bang hop chét hodc dbi ching trong c4c mé hinh cua chimg thiéu xuong do liéu phap
didu tri gy ra (vi dy, glucocorticoid) (Yao, et al. ArthritisandRheumatism, 2008, 58(6),
3485-3497; va id. 58(11), 1674-1686, ca hai tai liéu dugc dua vao ddy béng cach vién
dan). Ngoai ra, ¢ thé danh gia nhimng tac dung clia cac hop chit trén chimg tiéu xuong
va mat d6 xuong trong md hinh ctia cac ddng vat gdim nhim bi bénh viém khép duoc
n6i dén & trén (Vi du E). Cac két qué cho tit ca cdc mé hinh nay c6 thé thay dbi nhung
thudmng bao gdm céc phén tich mé hoc va cac danh gid phéng xa ciing nhu cac ddu hiéu

mién dich hoc va héa sinh ciia viéc tao xuong.
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YEU CAUBAO HO
Quy trinh diéu ché hop chit c6 cong thirc I1:
Z "N

f
ON"N"cr,

I

hodc mudi ctia nd, phan tng vdi hgp chat ¢ cong thire IV:

Z "N

|
ON N,

khi c6 mit cht khir dé tao thanh hop chét ¢ cong thirc II hodc mudi cta né, véi didu

kién chat khir néu trén khong phai 14 natri xyanoborodoterit hydrua;

trong d6 P! 1a nhém béo vé.

2. Quy trinh theo diém 1, trong d6 nhém bao vé néu trén 1a -CH20CH2CH,Si(CH3)s.
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3. Quy trinh theo diém 1 hoic 2, trong d6 chét khir néu trén dwoc chon tir natri

xyanoborohydrua va natri triaxetoxyborohydrua.

4. Quy trinh theo diém 1 hosc 2, trong d6 chit khr néu trén 13 natri

triaxetoxyborohydrua.

5. Quy trinh theo diém bt ky trong s cac didm tir 1 dén 4, trong d6 cac hop chét ¢6
cong thire I, II1, va IV déu 14 bazo ty do.

6. Quy trinh theo diém bt ky trong s6 cac diém tir 1 dén 5, trong d6 quy trinh nay con
bao gém budce khir bao vé hop chét co cong thuc I1, hodc mudi cia hop chét nay, dé tao

thanh hop chét c6 cong thuc I:

7\

CF;

-

S
22— Z
i

//Z =
\
—/ \
Iz _

b

hodc muoi cua no.

7. Quy trinh theo diém 6, trong d6 budckhir bao vé da néu bao gdm bude xtt Iy bing bo

triflorua eterat, tiép theo 1a budc xir Iy bang dung dich nwdc amoni hydroxit.

8. Quy trinh theo diém 6 hoic7, trong d6 quy trinh nay con bao gdm bude cho hop chit

¢6 cong thire I phan Gng véi axit adipic dé tao thanh mubi adipat.
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9. Quy trinh theo diém bat ky trong s6 céc diém tir 6 dén 8, trong d6 cac hop chit c6
cong thie I, I1, 111, va IV déu 1a bazo tu do.

10. Quy trinh theo diém 6 hoic 7, trong d6 quy trinh ndy con bao gdm céc budc:

(@)  dun hdi luu hop chit c6 cong thirc I trong metanol dé tao thanh han hop;

(b)  sau budc (a), thém metyl isobutyl keton vao hdn hop;

(¢)  sau budc (b), loai bd mot phan dung mdi bing cach chung cit & nhiét do bén
trong nam trong khoang tir 40°C dén 50°C d& tao thanh hdn hop ¢ dic;

(d)  saubudc (c), thém metanol vao hdn hop ¢b dic dé tao thanh hdn hop pha loang;
(¢)  saubudc (d), dun héi luu hdn hop pha lodng d& tao thanh hdn hop;

(f)  saubudc (e), thém metyl isobutyl keton vao hén hop;

(g) saubudc (f), loai bd mdt phan dung moi bang cach chung cit & nhiét do bén trong
ndm trong khoang tir 40°C dén 50°C d tao thanh hdn hop cd dic;

(h)  sau budc (g), thém axit adipic va metanol vao hdn hop cb dic;

(i)  saubudc (h), dun hdi lwu hdn hop; va

()] sau budc (i), loai bd mot phan dung méi bing cach chung cit & nhiét do bén trong
nam trong khoang tir 40°C dén 50°C dé tao thanh hdn hop ¢6 dic;

(k)  saubudc (j), thém heptan vao hdn hop; va

) sau bude (k), khudy hdn hop & nhiét do phong dé tao thanh mudi cua axit adipic

ctia hop chit c6 cong thirc 1.

11. Quy trinh theo diém bt ky trong s6 cac diém tir 6 dén 10, trong d6 hop chit ¢6 cong
thite IV, hodc mudi ctia né, dugc didu ché theo quy trinh bao gdm bude khir bao vé hop

chét ¢6 cong thuc V:

hoac muoi cua nd.
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12. Quy trinh theo diém 11, trong d6 budc khir bao vé néu trén bao gdm budc cho phan

ung véi dung dich nudc axit.
13. Quy trinh theo diém 12, trong d6 axit néu trén 14 axit clohydric.

14. Quy trinh theo diém bét ky trong sb cac diém tir 11 dén 13, trong d6 cc hop chét c6
cong thie I, 11, II1, IV, va V déu 14 bazo tu do.

15.  Quy trinh theo diém bat ky trong s6 cac diém tir 11 dén 14, trong d6 hop chét c6
cong thirc V néu trén, hoic mudi clia né, duge didu ché theo quy trinh bao gdm buéde
cho hop chét c6 cong thic VI:

N

=
O A CF3
OH F
VI
phan tng v&i hop chét ¢6 cong thire VII:

H
N

9

0 0
/

VII
khi c6 m3t chét két hop.

16. Quy trinh theo diém 15, trong d6 chét két hop 1a benzotriazol-1-yloxy-
tris(dimetylamino)-phosphoni hexaflorophosphat (BOP).

17. Quy trinh didu ché hop chét c¢6 cong thuc IV:
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hodc mudi ctia n6, trong d6 quy trinh nay bao gdm budc khit bao vé hop chit c6 cong
thire V:

hodc muobi clia no, dé tao thanh hgp chat ¢6 cong thirc IV, hoiic mudi ciia no.

18. Quy trinh theo diém 17, trong d6 budc khir bao vé néu trén bao gdm buéc cho phan

Ung voi dung dich nudce axit.
19. Quy trinh theo diém 18, trong d6 axit néu trén 14 axit clohydric.

20. Quy trinh theo diém bat ky trong sb cac didm tir 17 dén 19, trong d6 céc hop chit c6

codng thire IV va V déu 1a bazo tu do.

21. Quy trinh diéu ché hop chit c6 cong thirc V:

hodc mubi ctia né, bao gdm budc cho hop chét ¢6 cong thirc VI:
Z "N
|
NN er,
OH F

VI

hodc mudi ctia nd, phan ing vadi hop chat cé céng thire VII:
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H
N

Oggo
/
VII

hodc mudi ctia né, khi c6 mit chit két hop dé tao thanh hop chit c6 cong thirc V, hoic

muoi cua no.

22. Quy trinh theo diém 21, trong d6 chat két hop la benzotriazol-1-yloxy-
tris(dimetylamino)-phosphoni hexaflorophosphat (BOP).

23. Hop chét c6 cong thirc V:

hodc mudi ctia nd.
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