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Linh vuwe ky thut dwge dé cap

Sang ché @& cap dén céc quy trinh va chét trung gian & diéu ché {1-{1-[3-
flo-2-(triflometyl)isonicotinoyl]piperidin-4-yl1}-3-[4-(7H-pyrolo[2,3-d]pyrimidin-4-
yl)-1H-pyrazol-1-yl]azetidin-3-yl}axetonitril, c6 tdc dung diéu tri cac bénh lién
quan dén hoat tinh ctia Janus kinaza (JAK) bao gém cac rbi loan viém, rdi loan tu

mién, bénh ung thu, va cac bénh khac.
Tinh trang ky thuit cia sang ché

Céc protein kinaza (PKS) diéu hoa cac qua trinh sinh hoc da dang bao gdm
su tang trudng té bao, su ton tai té bao, su biét hoa té bao, sy hinh thanh co quan,
hinh thai, tAn mach, su stra chita va tai sinh cac md, trong s6 nhitng qua trinh khac.
Protein kinaza con déng vai trd ddc biét vat chi la ngudi mic cac bénh bao gém ca
bénh ung thu. Céc xytokin, polypeptit hodc glycoprotein trong lugng phén tir thap,
didu hoa nhiéu con dudng lién quan dén phan ung viém cua vét ch d6i v6i nhiém
trung huyét. Cac xytokin c6 anh huéng dén su biét hoa, tang sinh va hoat hoa té bao
va c6 thé didu bién ca phan tng tién viém va chdng viém cho phép vat chi phan
‘mg mot cach thich hop véi cac mam bénh. Viéc truyén tin hiéu ctia mdt loat cac
xytokin bao gdm ho Janus kinaza (Jaks) cua protein tyrosin kinaza va cac chét din
truyén va cac chét hoat héa tin hiéu trong qua trinh sao chép (Signal transducers and
activators of Transcription - STATs). C6 bdn loai JAK cua dong vat c6 va duge biét
1a: 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 phan tmg mién dich va viém dugc kich thich bdi xytokin gop phén tao
mam bénh cho cac bénh: cac bénh ly nhu suy giam mién dich két hop nédng (severe
combined immunodeficiency - SCID) do su uc ché cua hé théng mién dich gly ra,
trong khi phan ung mién dich/viém hoat dong qua murc hodc khong phu hop gop
phén tao mam bénh cho cac bénh tu mién (vi dy, hen suyén, luput ban do toan thén,
viém tuyén gidp, viém co tim), va céc bénh nhu xo cig bi va viém xuong khop

(Ortmann, RA, T. Cheng, et al. (2000) Arthritis Res 2(1): 16-32).
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Céc thiéu hut v& biéu hién cta cac JAK lién quan dén nhiéu tinh trang bénh.
Vi du, chudt Jak1 -/- bi yéu khi sinh, khéng ba dugc, va chét quanh ky sinh (Rodig,
S. J., M. A. Meraz, et al. (1998) Cell 93(3): 373-83). Phdi chudt Jak2 -/- bi thiéu
mau va chét vao khoang ngay thr 12,5 sau giao hop do khong c6 su tao héng cau
trigt dé.

Con duong JAK/STAT, va cu thé 14 ca bdn JAK, duogc cho 14 dong vai trd
trong viéc sinh mam bénh trong phan mg hen, bénh phdi tic nghén man tinh, viém
phé quan, va bénh viém khac c6 lién quan cua dudng ho hip dué6i. Nhiéu xytokin
truyén tin hiéu théng qua cac JAK c6 lién quan dén bénh/tinh trang viém duong hd
hép trén, chéng han nhu nhitng bénh 4nh hudng t6i miii va cac xoang (vi du, viém
miii va viém xoang) du c6 cac phan Ung di ung ¢ dién hay khong. Con dudng
JAK/STAT ciling dugc cho 1a lién quan dén bénh/tinh trang viém mét va céc phan

ung di ing man tinh.

Su hoat héa cua JAK/STAT & cac bénh ung thu co thé xay ra do sy kich
thich bdi xytokin (vi du IL-6 hosic GM-CSF) hogc do gidm cdc chét trc ché ndi sinh
trong qué trinh truyén tin hi¢u ctia JAK nhu SOCS (chit (e ché hoac yéu t6 din
truyén tin hidu xytokin - suppressor or cytokine signaling) hodc PIAS (chét trc ché
protein cia STAT hoat héa - protein inhibitor of activated STAT) (Boudny, V., and
Kovarik, J., Neoplasm. 49:349-355, 2002). Su hoat héa trong qué trinh truyén tin
hiéu STAT, cling nhu cac con dudng khac & ha ngudn ctia cac JAK (vi dy, Akt), c6
mdi tuong quan véi tién luong xAu & nhiéu loai ung thu (Bowman, T., et al.
Oncogene 19:2474-2488, 2000). Ndng d6 cao trong méu ciia cac xXytokin ma truyén
tin hiéu thong qua JAK/STAT doéng vai trd quan hé nhén qua trong bénh suy mon
va/hodc mét moi man tinh. Nhu vy, su uc ché JAK c¢6 thé c¢6 1oi cho cac bénh nhan

ung thu vi nhitng 1y do vuot ra ngoai hoat tinh chéng khéi u tiém nang.

JAK2 tyrosin kinaza c6 thé mang lai loi ich cho cac bénh nhén bi rdi loan
ting sinh thy, vi dy, bénh da hdng cau (Polycythemia vera - PV), ting tiéu cAu tién
phét (essential thrombocythemia - ET), di san tily voi xo hoa thy xuong (myeloid
metaplasia with myelofibrosis - MMM) (Levin, et al., Cancer Cell, Vol. 7, 2005:
387-397). Sy wrc ché JAK2V617F kinaza lam giam sy ting sinh clia cac té bao tao
mau, cho théy JAK?2 la muc tiéu tiém nang cho sy uc ché dugc ly & bénh nhan méc

bénh PV, ET, va MMM.
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Sw re ché cac JAK c6 thé c6 loi cho bénh nhan bj rdi loan mién dich da nhu
bénh Véy nén, va man cam da. Viéc duy tri bénh Véy nén duge cho 1a phu thudc vao
mdt sb xytokin gdy viém ngoai cac chemokin khéc nhau va cac yéu td ting trudng
(JCI, 113:1664-1675), trong d6 c6 nhiéu yéu t§ truyén tin hiéu théng qua cac JAK
(Adv Pharmacol. 2000; 47:113-74).

JAK1 ddng vai tro trung tdm trong mot s6 con duong truyén tin hiéu thong
qua yéu tb tang truéng va xytokin ma, khi rbi loan diéu hoa, c6 thé gy ra hoic goép
phén tao ra cdc tinh trang bénh. Vi du, tdng cdc mic IL-6 & bénh viém khop dang
thép, bénh ma trong d6 dugc cho 1a gdy ra céac tac dong bét loi (Fonesca, J.E. et al.,
Autoimmunity Reviews, 8:538-42, 2009). Boi vi céc tin hiu IL-6, it nhét 1a mot
phan, thong qua JAKI, dbi khang IL-6 mét cach truc tiép hogc gidn tiép thong qua
qua trinh rc ché JAK1 duoc ky vong 1a mang lai lgi ich 14m sang (Guschin, D., N,
et al Embo J 14:1421, 1995; Smolen, J.S., et al. Lancet 371:987, 2008). Hon nita, &
mot sb bénh ung thu, JAK1 bi dot bién din dén su tdng trudong va tdn tai té bao khéi
u co ban khong mong mudn (Mullighan CG, Proc Natl Acad Sci USA.106:9414-8,
2009; Flex E., et al. ] Exp Med. 205:751-8, 2008). O cac bénh ty mién va bénh ung
thu khac, cac mirc xytokin gay viém toan thin ting cao ma hoat héa JAK1 ciing c6
thé gop phan gy bénh va/hodc céc triéu chung lién quan. Do d6, bénh nhan méc
céc bénh nhu vdy ¢6 thé duge hwong loi tir sy e ché JAK1. Cée chat tre ché JAK1
chon loc co thé 14 hiru hiéu trong khi tranh dugc cac tac dung khdong mong mudn

tiém tang va khong cAn thiét khi ¢rc ché cac JAK kinaza Khac.

Céc chat uc ché JAK1 chon loc, so véi cac JAK kinaza khac, c6 thé ¢6 nhiéu
loi ich tri liéu hon céc chét trc ché it chon loc. Vé muc d6 chon loc dbi voi JAK?2,
mot sb xytokin quan trong va céc yéu t§ ting trudng truyén tin hidu théng qua
JAK?2 bao gdm, vi dy, erythropoietin (Epo) va thrombopoietin (Tpo) (Parganas E, et
al. Cell. 93:385-95, 1998). Epo 1a yéu t6 ting trudng quan trong trong qua trinh san
xudt céc té bao héng cu; do d6 mot sb luong nhd yéu t6 dan truyén tin hi¢u phu
thudc Epo cd thé lam giam s6 luong té bao hdng cdu va gdy bénh thiéu mau
(Kaushansky K, NEIM 354:2034-45, 2006). Mot vi du khac v& yéu t6 tang truong
phu thudc JAK?2 1a Tpo dong vai tro trung tdm trong viée kiém soat su ting sinh va
trudng thanh cta cac t& bao nhan khdng 16 - cac té bao ma tir do6 tidu cau duge san

xuéit (Kaushansky K, NEIM 354:2034-45, 2006). Nhu vay, yéu t6 dan truyén tin
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hidu Tpo giam s& lam giam sb t€ bao nhan khdng 16 (ching thiéu t& bao mau nhan
khéng 16 - megakaryocytopenia) va sb tiéu cdu trong méu thip hon (chimg giam
tiéu cau). Diéu nay c6 thé din dén hién tuong chiy mau khong mong mudn va/hozc
khong kiém so4t duoc. Ciing ¢ thé mong doi su trc ché duge giam bt ciia cac JAK
khac, ching han nhu JAK3 va Tyk2, béi vi da chimg minh duoc ngudi bi thiéu bién
thd chirc ning cla céc kinaza bi mic nhiéu bénh nhu suy giam mién dich két hop
nzng, hodc hoi chimg ting globumin 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
JAK1 ¢6 4i lyc giam ddi v6i cac JAK khac s& c6 loi ich dang ké so véi chét tc ché
it chon loc hon d6i véi cac tic dung phu giam lién quan dén su tc ché mién dich,
thiéu mau va giam tiéu cAu.

Do tinh hitu dung ctia cdc chit e ché JAK, nén c6 nhu cdu phat trién cac
quy trinh méi dé didu ché cac chét trc ché JAK. Sang ché huéng dén nhu cu nay va
c& cac nhu cau khéc.

Ban chét k§ thuét ciia sang ché

Muc dich ctia sang ché la dé dap ung cac nhu cdu néu trén.

Céc chat e ché JAK dwoc md ta trong don yéu cau clp patent My s& US
2011/0224190, ma duoc dua vao day toan bod bang cach vién din, bao gbm {1-{1-
[3-flo-2-(triflometyl)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 day

duédi dang cong thie L.
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Sang ché @& xuat, khong ké cac muc dich khac, cac quy trinh va chét trung
gian d& didu ché hop chét ¢6 cong thic 1. Cu thé, sang ché @ xuét cac quy trinh

diéu ché hop chit c6 cong thirc II:

II

v

trong cac diéu kién phan tmg ghép cdp Suzuki d8 tao thanh hop chét c6 cong thic

II, trong d6:
Z 12 H hodc nhom bao vé;
P! 1a nhém bao v¢;
X! 1a halo; va

mdi nhém R! va R? doc 1ap 1a H hodc Ci-salkyl; hodc
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R! va R?, cung véi hai nguyén tir oxy ma chiung gin vao va nguyén tir bo ma
c4c nguyén tir oxy gin vao, tao thanh vong heteroxycloalkyl ¢ tir 5 dén 6 canh, tuy

y dugc thé bang 1, 2, 3, hodc 4 nhém Ci.4 alkyl.

Séng ché con dé xuit cac quy trinh didu ché hop chit c6 cong thirc Ila:

ITa

[Ia
phan tmg v6i1 hop chét ¢6 cong thic I'Va:

Cl
N/

N\
k\l

IVa

trong cac diéu kién phén ung ghép cép Suzuki d2 tao thanh hop chét c6 cong thirc
ITa, trong do cac diéu kién phan ting ghép cdp Suzuki bao gdm gia nhiét hdn hop
phan Ung chua hop chit c6 cong thuc Ila, hop chdt c6 cong thirc IVa, [1,1°-
bis(dixyclohexylphosphino)feroxen]diclopaladi (II), xezi florua, va thanh phan dung

moi, trong d6 thanh phin dung médi bao gdm nudc va tert-butanol.
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~ Quy trinh nay con bao gdm quy trinh khir bao vé hop chat c6 cong thire II
hoic ITa dé tao thanh hop chét c6 cong thic V:

hoac muoi ctia nod.
Sang ché con dé xuat quy trinh bao gom thém budc cho hgp chat c6 cong
thic V, hodc mudi cua nd, phan ing véi hop chat co cong thire VI

0

0 N

VI

il

vGi su ¢ mét clia cht khir @ tao thanh hop chét c6 cong thic I:

—

hodc muoi cia no.

Sang ché con dé xudt cac hop chét c6 cong thire VII:



hodc cac mudi clia ching; trong do:
mdi nhém R! va R? doc 14p 1a H hodc Ci.s alkyl; hodc

R! va R2, ciing v&i hai nguyén tir oxy ma ching gin vao va nguyén tr bo ma
cac nguyén tir oxy gén vio, tao thanh vong heteroxycloalkyl c6 tir 5 dén 6 canh, tiy

y dugc thé bang 1, 2, 3, hodc 4 nhém Ci4 alkyl.

Séang ché con dé xuét cac quy trinh diéu ché hop chat ¢ cong thirc VII, bao

gbm buéde cho hop chét ¢6 cong thie VIII:

VIII
phan Gng véi hop chét ¢6 cong thie IX:

N-NH
(s

R1O’B\OR2
IX

v6i sy co mat cua chit ghép cip dé tao thanh hop chét ¢ cong thitc VIL; trong do:
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mdi nhom R! va R? doc 1ap 1a H hoic Cisalkyl; hodc

R! va R ciing v&i hai nguyén tir oxy ma chiing gin vao va nguyén tir bo ma
céc nguyén tir oxy gan vao, tao thanh vong heteroxycloalkyl c6 tir 5 dén 6 canh, tiy
y dugc thé bang 1, 2, 3, hoic 4 nhém C4 alkyl.

Sang ché con dé xuit cac quy trinh didu ché hop chét c6 cong thirc VIIa, bao

gdm budc cho hop cht ¢6 cong thire VIII, hodc mudi ctia né:

VIII

phan Ung véi hop chét ¢6 cong thirc [Xa:
—NH
V
B
o ©°

7 <

IXa

vGi su ¢6 mat cua chét ghép cap dé tao thanh hop chét c6 cong thitc Vlla:

A N
|
ON"NNcr,
QN}F

N

% o
-N

N
(s

~

o 0

Vlla.
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Séng ché con dé xudt cac quy trinh didu ché hop chét c¢6 cong thic I, bao
gdm budc cho hop chét ¢ cong thic VII hode VIIa phan ting véi hop chit c¢6 cong

thie IVa:

IVa

Vs
N/
Yk
N H
I

trong d6 cac diéu kién phan tmg ghép cép Suzuki bao gbm gia nhiét hdn hop phan
ttng bao gdm hop chét ¢ cong thirc VII hogc VIla, hop chét ¢ cong thic TVa, chit

xuc tac ghép cap Suzuki, bazo va thanh phan dung méi.

Sang ché con d& xuét hop chat c6 cong thirc VIIL:

VIII

-11-
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hodc mudi cua noé.
Sang ché con d& xudt cac quy trinh didu ché hop chét c6 cong thire VIII, hodc

muoi cla nd, bao gom bude cho hop chét c6 cong thirc VI:

(0] F
o >~ _N
VI

phan ung véi hop chét c¢6 cong thire X:

ZT

hozc mudi clia nd, voi sy 6 mét cta chat khir.
Sang ché con d& xuat cac quy trinh diéu ché hop chat c6 cong thue II1, bao

gbm budc cho hgp chét ¢o cong thue X:

ZT

IX

v6i s c6 mat clia chét ghép cdp d& tao thanh hop chét ¢ cong thirc 11, hozc mubi
cua no; trong do:

mdi nhém R! va R? ddc 14p 1a H hodc Ci.6 alkyl; hodc

-12-
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R! va R?, cing véi hai nguyén tir oxy ma ching gin vao va nguyén tir bo ma
cAc nguyén tir oxy gin vao, tao thanh vong heteroxycloalkyl c6 tir 5 dén 6 canh, tiy

y duoc thé bé'mg 1, 2, 3, hodc 4 nhém Ci.4 alkyl.
MO ta chi tiét sang ché

O nhitng phin khac nhau trong ban mé ta nay, cac phan tir thé cta cac hop
chét theo sang ché duoc boc 16 theo cac nhom hodc trong cac khoang. Cu thé, séng
ché duoc du dinh bao gdm mdi hodc moi dang tiéu két hop riéng ré cta cac thanh
ph'?ln thudc cac nhom hodc khoang nay. Vi duy, thudt ngit “Ci.¢ alkyl” duoc du tinh
rd rang dé bdc 10 mot cach riéng ré metyl, etyl, Cs alkyl, C4 alkyl, Cs alkyl, va Cs
alkyl.

Ciing nhén thiy rd rang ring, cac dic diém nhét dinh cia sing ché, ma, dé
cho d& hiéu, dugc mé ta trong ngit canh clia cdc phuong 4n riéng biét, cling co thé
duoc dua ra két hop véi phuong an don 1é. Nguoc lai, cac dic diém khac nhau ctia
sang ché, ma, d& cho ngén gon, dugc mb ta trong ngit canh cua mdt phuong an don
1¢, cling c6 thé dwoc dua ra mot cach riéng r& hodc theo kiéu tiéu két hop thich hop
bat ky.

Thuét ngit “n canh” trong do n la s6 nguyén thudng mo ta s6 nguyén tir tao
thanh vong trong gdc trong d6 s& nguyén tir tao vong 1a n. Vi du, piperidinyl 1a mét
vi du vé vong heteroxycloalkyl 6 canh va 1,2,3,4-tetrahydro-naphtalen la mét vi du

vé nhém xycloalkyl 10 canh.

Dbi v6i cic hop chét theo séng ché trong d6 phan tir bién xuit hién nhiéu
hon mot 14n, thi m&i phan tir bién c6 thé 1a cac gdc khac nhau doc 18p duoc chon tir
nhom dinh nghia phan tir bién d6. Vi du, truong hop céu truc duge mo ta ¢ hai
nhém R ciing xudt hién trén cting mot hop chat, thi hai nhom R nay c6 thé biéu dién
cho céc géc khac nhau ddc 14p duoc chon tir nhom dugc dinh nghia cho R.

Nhu duoc st dung & déy, cum tir “tuy y duogc thé” ¢6 nghia la khong dugc
thé hodc dugc thé. Khi duge sir dung trong ban moé ta nay, thuat ngit “dugc thé” c6
nghia 13 nguyén tr hydro dugc loai bé hodc dugc thay thé bang phan tir thé. Cén
hiéu rang viéc thé & nguyén tir xac dinh nay bi gidi han boi hoa tri.

Nhu duoc sir dung & ddy, thult ngit “alkyl”, duoc sir dung riéng r€ hodc két

hop véi céac thudt ngit khac, dé chi nhém hydrocacbon no ma c6 thé 12 mach thang

-13-
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hodc phan nhénh. Theo mét s6 phuong an, nhém alkyl chia tir 1 dén 12, 1 dén 8,
hodc 1 dén 6 nguyén tir cacbon. Vi du vé cac gdc alkyl bao gdm, nhung khéng bi
gi¢i han & cac nhom hda hoc nhu metyl, etyl, n-propyl, isopropyl, n-butyl, tert-
butyl, isobutyl, sec-butyl; cac chit ddng ding cao hon nhu 2-metyl-1-butyl, n-
pentyl, 3-pentyl, n-hexyl, 1,2,2-trimetylpropyl, n-heptyl, n-octyl, va cac chit twong
tu. Theo mdt s phuong 4n, gbc alkyl 1a metyl, etyl, n-propyl, isopropyl, n-butyl,
isobutyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, hodc 2,4,4-
trimetylpentyl. Theo mdt s6 phuong 4n, gbc alkyl 1 metyl.

Nhu duoc st dung & déy, cac thudt ngit “halo” va “halogen”, dugc sur dung
riéng hodc két hop véi cac thudt ngit khac, dung dé chi flo, clo, brom, va iot. Theo

mot sb phuong 4n, halo 1 clo, brom, hodc iot. Theo mdt s6 phuong 4n, halo 1a clo.

Nhu duge sir dung & ddy, “heteroxycloalkyl” dung dé chi vong mot vong
khong thom bao gdm céc nhém alkyl va alkenyl dong vong, trong d6 mdt hodc
nhiéu nguyén tir cacbon tao vong dugc thay thé bang nguyén tir khic loai nhu

nguyén tit O, N, S, hodc B.

Céc quy trinh dugc mo ta & day co thé duoc kiém tra theo phuong phép thich
hop bt ky da biét trong linh vuc nay. Vi du, sy tao thanh san phim c6 thé duoc
kiém tra bang phuong phap quang phd, nhu quang phd cong hudng tir hat nhan (vi
du, 'H hoic 3C), quang phd hdng ngoai, hodc quang phd ké (vi du, UV-kha kién);
hodic bang phuong phép sic ky nhu sic ky long hiéu nang cao (HPLC) hoic sic ky
16p mong (TLC) hodc cac k¥ thuat lién quan khac.

Nhu dugc st dung & day, thuit ngit “phan ng” duoc st dung nhu da biét
trong linh vyc nay va ndi chung dung d& chi viéc mang céc chét phan g héa hoc
lai v6i nhau theo cach cho phép chung tuwong tac véi nhau ¢ mirc phan tir dé co
dugc su bién dbi héa hoc hodc vét ly. Theo mot s6 phuong 4n, phan tng gbém hai
chit phan tmg, trong d6 mot hodc nhiéu duong lugng cia chét phan ung tht hai
duoc st dung tuong ung voi chét phan tng thu nhét. Cac budc phan ng ctia quy
trinh duoc md ta & day c6 thé dugc tién hanh trong mot khoang thoi gian va trong

céc didu kién thich hop dé didu ché san pham da nhén dang.

Viéc diéu ché cac hop chat ¢ thé bao gom viéc bao vé hodc khir bao v€ cac

nhém hoéa hoc khac nhau. Su can thict d6i véi viée bao vé va khir bao vé, va viéc
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lya chon cac nhdém bao vé thich hop cé dé duoc xac dinh d& dang boi ngudi c6 hiéu
biét trung binh vé linh vuc nay. Héa hoc vé& céc nhom bao vé ¢é thé tim duoce, vi du,
trong tai li€u ciua Greene, et al., Protective Groups in Organic Synthesis, 4d. Ed.,
Wiley & Sons, 2007, dugc dua toan b vao day b.%mg cach vién dan. C6 thé thuc
hién viéc didu chinh dbi v6i cac nhém bao vé va cac phuong phap tao thanh va tich

duoc md ta trong ban mo ta nay khi can thiét trén co s& cac phan tir thé khac nhau.

Céc phan ng clia cac quy trinh dugc mo ta trong ban md ta nay co6 thé dugc
tién hanh trong cac dung méi thich hop ma ngudi ¢ hidu biét trung binh vé linh
vuc téng hop hitu co ¢o thé lwa chon mdt cach dé dang. Cic dung mdi thich hop
thuc chit c6 thé khong phan tmg v6i cic nguyén liéu ban dAu (cac chat phan ung),
cac chit trung gian, hodc cic san phim & cac nhiét do tién hanh phéan tmg, vi du,
nhiét d6 c6 thé nim trong khoang tir nhiét do déng bang cta dung mbi dén nhiét do
soi cha dung moi. Phan ung nhu vay co thé duoc tién hanh trong moét dung moi
hodc hdn hop gdbm nhiéu hon mot dung méi. Tuy thudc vao budc phan tmg cu thé,
c6 thé lua chon cac dung mdi thich hop cho budc phan tng cu thé. Theo mot sb
phuong an, cac phan img co thé dugc tién hanh khong c6 mit dung mdi, nhu khi it

nhit mét trong s6 céc chat phan tmg 13 chit 1ong hodc chét khi.

Céc dung méi thich hgp c6 thé bao gdm céc dung mdi dugc halogen héa nhu
cacbon tetraclorua, bromodiclometan, dibromoclometan, bromoform, cloroform,
bromoclometan, dibromometan, butyl clorua, diclometan, tetracloetylen,
tricloetylen, 1,1,1-tricloetan, 1,1,2-tricloetan, 1,1-dicloetan, 2-clopropan, o,a.,0.-
triflotoluen, 1,2-dicloetan, 1,2-dibromoetan, hexaflobenzen, 1,2,4-triclobenzen, 1,2-

diclobenzen, clobenzen, flobenzen, cac hon hgp cua chiing va cac chat tuong tu.

Céc dung moi ete thich hop bao gbm: 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, trietylen glycol dimetyl

ete, anisol, t-butyl metyl ete, cic hdn hgp clia chung va cac chét twong tu.

Céc dung mdi phan cuc proton (protic solvents) thich hop co6 thé bao gdm,
béng cach vi du va khong bi gi¢i han ¢, nudc, metanol, etanol, 2-nitroetanol, 2-
floetanol, 2,2,2-trifloetanol, etylen glycol, 1-propanol, 2-propanol, 2-metoxyetanol,

1-butanol, 2-butanol, ruou i-butylic, rugu t-butylic, 2-etoxyetanol, dietylen glycol,
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1-, 2-, hodc 3- pentanol, ruou neo-pentylic, ruou t-pentylic, dietylen glycol
monometyl ete, dietylen glycol monoetyl ete, xyclohexanol, rugu benzylic,

phenolic, hodc glyxerol.

Céc dung mdi phén cuc khong proton (aprotic solvents) thich hgp c6 thé bao
gdm, bang cach vi du va khong bi giéi han o, 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, etyl format, metyl axetat, hexacloaxeton,
axeton, etyl metyl keton, etyl axetat, sulfolan, N,N-dimetylpropionamit,

tetrametylure, nitrometan, nitrobenzen, hodc hexametylphosphoramit.

Céac dung modi hydrocacbon thich hop bao gdm benzen, xyclohexan, pentan,
hexan, toluen, xycloheptan, metylxyclohexan, heptan, etylbenzen, m-, o-, hodc p-

xylen, octan, indan, nonan, hodc naphtalen.

Céc phén g ctia cac quy trinh dugc md ta trong ban mod ta nay ¢ thé duoc
tién hanh & nhiét d9 thich hop ma ngudi ¢6 hiéu biét trung binh vé linh vuc nay c6
thé dé dang xac dinh dugc. Nhiét d6 phan Ung phu thudc vao, vi dy, diém néng
chay va didm sbi cua cac chit phan Gng va dung moi, néu c6 mat, nhiét dong hoc
ctia phan Umg (vi dy, cac phan Ung toéa nhi€t manh ¢ thé cin duoc tién hanh & nhiét
do thép); va dong hoc clia phan tmg (vi du, hang rao can ning lugng hoat hoa cao
¢6 thé cin nhiét do cao). “Nhiét do cao” dung dé chi nhiét d6 cao hon nhiét d6 trong

phong (khoang 22°C).

Céc phan tng cla cac quy trinh dugc md ta trong ban md ta nay co thé duogc
tién hanh trong khong khi hodc trong méi trudong khi tro. Thong thudng, cac phan
ung chira cac chét phan tmg hodc céc san phim ma phan ung véi khong khi vé co
ban ¢6 thé duoc tién hanh bing cach st dung céc k¥ thuat tong hop nhay khong khi,

che k§ thuat nay duoc ngudi c6 hiéu biét trung binh vé linh vue nay biét rd.

Theo mot sé6 phwong én, viée di€u ché cac hop chat ¢6 the bao gém viée bd
sung céac axit hodc bazo dé tic dong dén, vi du, sy xuc tic cho phan Ung mong

mubn hodc su tao thanh cac dang mudi nhu cac muoi cdng axit.
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Céc axit 1am vi du c6 thé 1a céc axit v co hoidc hitu co. Cac axit vd co bao
gbm axit clohydric, axit bromhydric, axit sulfuric, axit phosphofic, va axit nitric.
Céc axit hiru co bao gdm axit formic, axit axetic, axit propionic, axit butanoic, axit
benzoic, axit 4-nitrobenzoic, axit metansulfonic, axit p-toluensulfonic, axit
benzensulfonic, axit tartric, axit trifloaxetic, axit propiolic, axit butyric, axit 2-
butynoic, axit vinyl axetic, axit pentanoic, axit hexanoic, axit heptanoic, axit

octanoic, axit nonanoic va axit decanoic.

CAc bazo 1am vi du bao gdm lithi hydroxit, natri hydroxit, kali hydroxit, lithi
cacbonat, natri cacbonat, kali cacbonat, va natri bicacbonat. Mt s bazo manh 1am
vi du bao gdm, nhung khdng gidi han & hydroxit, cac alkoxit, cac amit kim loai, cac
hydrua kim loai, cac dialkylamit va arylamin kim loai, trong dé; céac alkoxit bao
gém cac mudi lithi, natri va kali ctia cdc metyl, etyl va t-butyl oxit; cac amit kim
loai bao gdm natri amit, kali amit va lithi amit; cac hydrua kim loai bao gdm natri
hydrua, kali hydrua va lithi hydrua; va céc dialkylamit kim loai bao gdm céc mubi
natri va kali cla cdc amit metyl, etyl, n-propyl, i-propyl, n-butyl, t-butyl,
trimetylsilyl va xyclohexyl duogc thé.

Céc chét trung gian va san phim cling c6 thé bao gém mudi ctia cic hop chat
duoc boc 16 trong ban md ta nay. Nhu dugc sir dung & day, thuat nglr “mudi” dung
dé chi mudi duogc tao ra bf?lng céch bd sung axit hodc bazo chép nhan dugc vao hop
chat dugc boc 16 trong ban md ta nay. Theo mot s6 phuong 4n, cac mubi nay 1a cac
mubi duge dung. Nhu duge st dung ¢ ddy, cum tir “dugc dung” dung dé chi chét
duoc chip nhén dé str dung trong céac mg dung trong linh vye dugce theo quan diém
v& chét dc va khong twong téc theo cach bt lgi v6i thanh phan hoat tinh. Cac mubi
duogc dung, bao gbm céc mudi don va mubi kép, bao gbm, nhung khong bi gi6i han
&, cac mudi c6 ngudn gbe tir cac axit vd co va hitu co nhu, nhung khong bi gidi han
&, axit axetic, axit lactic, axit Xitric, axit xinnamic, axit tartric, axit sucxinic, axit
fumaric, axit maleic, axit malonic, axit mandelic, axit malic, axit oxalic, axit
propionic, axit clohydric, axit bromhydric, axit phosphoric, axit nitric, axit sulfuric,
axit glycolic, axit pyruvic, axit metansulfonic, axit etansulfonic, axit toluensulfonic,
axit salixylic, axit benzoic, va céc axit chép nhan dugc tuong tu da biét. Danh sach
cac mudi thich hop tim thdy trong tai liéu Remington, Pharmaceutical Sciences,

xuat ban 1an tht 17, Mack Publishing Company, Easton, Pa., 1985, trang 1418 va
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tai liéu Journal of Pharmaceutical Science, 66, 2 (1977), mdi tai liéu nay dugc dua

toan bd vao dy bang cach vién dan.

Khi tién hanh diéu ché cac hop chét theo céc quy trinh dwoc mb ta trong ban
md ta ndy, cac cdng doan tach va tinh ché théng thudng nhu b, loc, chiét, chiét pha
ran, tai két tinh, sac ky, va cac cong doan tuong tu co thé duoc st dung, dé tach

riéng cac san pham mong mudn.

Theo mdt sb phuong an, cac hop chit dugc md ta & day va cac mudi cia
chung, thuc chit dugc tich riéng. Thuat ngit “thuc chit dugc tach riéng” c6 nghia 1a
hop chit duogc tach it nhét mot phén hodc thuc chit dugc tach ra khoi méi trudng
ma ching dugc tao thanh hodc dugce phat hién. Viéc tdch mot phén 6 thé bao gém,
vi du, ché phém duogc lam giau trong hop chét theo sang ché. Viéc tach thuc chit co
thé bao gdm céac ché phim chira it nhit 1a khoang 50%, it nhat 1a khoang 60%, it
nhét 1 khoang 70%, it nhét 1a khoang 80%, it nht 14 khoang 90%, it nhét la khoang
95%, it nhit 1a khoang 97%, hodc it nhét la khoang 99% trong luong hop chét theo
sang ché, hodc mudi ctia né. Cac phuong phap tach cac hop chét va mubi cta ching

14 cac phuong phap théng thudng trong linh vuc nay.

Céc quy trinh didu ché mot s6 chét trung gian c6 thé tim dugc trong don yéu
cAu cép patent tam thoi ctia My s6 61/531,896, nop ngay 7 thang 9 nim 2011, don
yéu cau cAp patent My s6 12/687,623, ndp ngay 14 thang 1 nam 2010, va don yéu
clu clp patent M§ s6 13/043,986, ndp ngay 9 thang 3 nam 2011, mdi don dugc dua

toan bd vao day béng cach vién dan.
Quy trinh va chét trung gian

Sang ché dé xudt, khong ké cac muc dich khac, cdc quy trinh va chét trung
gian dé diéu ché hop chét c6 cong thirc 1. Do d6, theo mot khia canh, sang ché dé

Xuét quy trinh, bao gbm budc:

cho hop chét ¢6 cong thirc I1T:

P1
|
N

< en
N-N
(s

B

R'O” "OR?
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I
phan tmg véi hop chit c6 cong thic IV:

X1
N7

‘ A\
Sy N
Z

v

trong cac didu kién phan tmg ghép ciip Suzuki dé tao thanh hop chét c6 cong thirc
II:

P1
|
N
5 on
N-N
[ S
s
\N N\
Z
II
trong do:
Z 1a H hodc nhém bao ve;

P! 12 nhom bao v¢;

X! 14 halo; va

mdi nhém R' va R? ddc 1ap 1a H hodc Ci.salkyl; hodc

R! va R?, cung vé6i hai nguyén tir oxy ma ching gén vao va nguyén tir bo ma
nguyén tlr oxy gin vao, tao thanh vong heteroxycloalkyl c6 tir 5 dén 6 canh, tiy y
duoc thé bang 1, 2, 3, hodc 4 nhém C.4 alkyl.

Theo mét s& phuong 4an, P! 13 tert-butoxycarbonyl. Cac nhom béao vé Py thich
hop bao gbm, nhung khong bi gi6i han & cac nhém bao vé dai dién cho cic nhém
amin duoc md ta trong tai liéu cuia Wuts and Greene, Protective Groups in Organic

Synthesis, xuét ban lan thir tu, John Wiley & Sons: New Jersey, cac trang 696-887
(va, cu thé 1a c4c trang 872-887) (2007), dugc dua toan bd vao ddy biang cach vién
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din. Theo mdt s phwong 4n, P; 1i benzyloxycarbonyl (Cbz), 2,2,2-
tricloetoxycarbonyl  (Troc),  2-(trimetylsilyl)etoxycarbonyl  (Teoc), 2-(4-
triflometylphenylsulfonyl)etoxycarbonyl (Tsc), t-butoxycarbonyl (BOC), 1-
adamantyloxycarbonyl (Adoc), 2-adamantylcarbonyl (2-Adoc), 2,4-dimetylpent-3-
yloxycarbonyl  (Doc), xyclohexyloxycarbonyl (Hoc), 1,1-dimetyl-2,2,2-
tricloetoxycarbonyl (TcBOC), vinyl, 2-cloetyl, 2-phenylsulfonyletyl, alyl, benzyl, 2-
nitrobenzyl, 4-nitrobenzyl, diphenyl-4-pyridylmetyl, N’,N’-dimetylhydrazinyl,
metoxymetyl, t-butoxymetyl (Bum), benzyloxymetyl (BOM), hodc 2-
tetrahydropyranyl (THP). Theo mét s6 phuong an, Py 1a tri(Ci4 alkyD)silyl (vi du,
tri(isopropyl)silyl). Theo mét s6 phuong 4n, Py 13 1,1-dietoxymetyl. Theo mot s6
phuong an, P; 1a 2-(trimetylsilyl)etoxymetyl (SEM). Theo mot s& phuong 4n, Py 1a
N-pivaloyloxymetyl (POM).

I
S phuong in, KO 0R 13 7
Theo mét s6 phuong an, R'0™"OR? 13 :

Theo mdt sb phuong &n, mbi nhém R' va R? doc 14p 1a metyl hodc etyl. Theo
mét s& phuong 4n, mdi nhém R! va R? 1a metyl. Theo mot s6 phuong 4n, mi nhém
R! va R? 1a etyl.

Theo mdt s6 phuong 4n, X' 14 clo.

Theo mét s phuong 4n, Z 1a H.

Theo mdt s6 phuong 4n, hop chét ¢6 cong thirc III ¢6 cdng thirc Ila:

ITa.

Theo mdt s6 phwong 4n, hop chét ¢6 cong thic TV ¢6 cong thic [Va:
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IVa.

Theo mdt s& phuong 4n, cac diéu kién phan tmg ghép cap Suzuki bao gém
gia nhiét hdn hop phan tng chita hop chit ¢ cong thirc III, hop chit c6 cong thirc
IV, chét xuc tac ghép cap Suzuki, bazo va thanh phan dung mdi.

Phan tmg ghép cap Suzuki trong céc quy trinh dugc mé ta & day c6 thé duoc
bét dau bang cach sir dung mét s6 chat xuc tac Suzuki di biét khac nhau, bao gém
cac chét xuc tic paladi(0) va paladi(Il) va duogc tién hanh trong cac didu kién da biét
trong linh vuc nay (xem, vi du, Miyaura and Suzuki, Chem. Rev. 1995, 95, 2457-
2483, dugc dua toan bo vao day). Theo mdt s6 phuong an, thuét ngit “vdi sy cd mat
ctia chét xuc tac” c6 thé dung dé chi viéc bd sung tién chét xuc tac, ma c6 mat dudi
dang khac trong chu ky phan tng. Theo mot s6 phuong an, chat xdic tac paladi la
Pd(PPhs)s va Pd(dppf)2CL. Theo mét sb phwong 4n, chét xuc tac la [1,1°-
bis(dixyclohexylphosphino)feroxen]diclopaladi (II). Theo mdt sb phuong 4n, chét
xUc tac paladi la [1,1°-bis(dixyclohexylphosphino)feroxen]diclopaladi (II) (“Pd-
1277), tetrakis(triphenylphosphin)paladi(0), hodc tetrakis(tri(o-
tolyl)phosphin)paladi(0). Theo mot s6 phuong 4n, chit xuc tic paladi la
tetrakis(triphenylphosphin) paladi(0). Theo mdt s& phuong 4n, tai luong chat xuc
tac paladi nim trong khoang tir khoang 1 x 10 dén khoang 0,1 dwong luong. Theo
mot sb phuong 4n, tii luong chit xtc tac paladi ndm trong khoang tir khoang

0,0010 dén khoang 0,0015 duong lugng.

Theo mét sb phuong 4n, bazo 13 xezi florua. Theo mot sb phuong an, xezi
florua c6 mat véi lugng la 3 duong luong hodc nhiéu hon (vi duy, 3,5 duong lugng)
dua trén hop chit c6 cong thirc IV. Theo mot s6 phuong 4n, thanh phan dung méi 6
thé bao gdm tert-butanol va nuéc. Theo mot s6 phuong 4n, tert-butanol va nudc cé

mat véi ty 16 theo thé tich 1a 1:1.

Theo mét s6 phuong 4n, cac hop chét c6 cong thuc III va IV ¢6 mit véi ty 18

mol la khoang 1:1.
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Theo mét s6 phuong an, thanh phin dung médi bao gdm nuéc va dung moi
hitu co. Theo mét sb phuong an, dung moéi hitu co la 1,4-dioxan, 1-butanol, t-
butanol, 1,2-dimetoxyetan (DME), DMF, 2-propanol, toluen hoac etanol, hoac dang

két hop ctia ching.

Theo mdt sb phuong an, bazo 1a bazo v6 co. Theo mot sb phuong an, bazo la
bazo hitu co. Theo mot sb phuong an, bazo la cacbonat cua kim loai kiém (vi du,
K2COs3 hodc NaxCOs3). Theo mot s6 phuong an, bazo 1a kali cacbonat (K2CO3) hodc
CsF. Theo mdt sb phwong 4n, hai dén nam duong lugng bazo (vi du, K2COs, CsF)
duoc st dung.

Theo mét s& phuong 4n, phan tmg ghép cip Suzuki dugc tién hanh & nhiét
d6 nam trong khoang tir khoang 80°C dén khoang 100°C. Theo mét s& phuong an,
phan ung dugc tién hanh trong thdi gian tir hai dén mudi hai gid. Theo mdt s6
phuong an, hop chét ¢o cong thirc IT hoic Ila tiy y ¢6 thé duoc tach khoi khdi dang
nude ctia hdn hop phan ing ghép cdp Suzuki hodc dugce sir dung truc tiép.

Theo khia canh khac, sang ché dé xudt cac quy trinh didu ché hop chét ¢6

cong thic ITa, bao gdm bude cho hop chét ¢6 cong thuc I1la:
OYO
LT
%CN
N
¢

/B\
o0

7

Ila
phan ung véi hop chét c6 cong thirc TVa:

Cl

IVa

trong cac diéu kién phan ting ghép cip Suzuki dé tao thanh hop chét c6 cong thirc

ITa:
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ITa

trong d6 cac didu kién phan tmg ghép cip Suzuki bao gbm gia nhiét hdn hop phan
Ung chira hop chit c6 cong thic Illa, hop chdt c6 coéng thiuc IVa, [1,1°-
bis(dixyclohexylphosphino)feroxen]diclopaladi (II), xezi florua, va thanh phan dung

mdi, trong d6 thanh phan dung méi bao gdm nude va tert-butanol.

Céc quy trinh didu ché hop chit c6 cong thirc IT hodc ITa con c6 thé bao gdm
bude khir bao vé hop chit c6 cong thirc IT d& tao thanh hop chat c6 cong thic V:

H
N

hodc mudi ctia né. Bude khir bao vé c6 thé bao gdm phan ting ctia hop chit c6 cong
thire II hodc cdng thic Ila véi axit clohydric (vi du, axit clohydric khoang SM)
trong thanh phin dung moi tht hai (vi dy, nudc va diclometan). Theo mot s6
phuong an, axit clohydric dugc str dung véi lugng tur 5 dén 8 duong lugng dua trén
hop chit c6 cong thirc II. Nhu duge sir dung & ddy, thudt ngit “thi hai” trong cum tir
“thanh phan dung méi thir hai” dwgc sir dung dé phan biét thanh phan dung mdi nay
v6i cac thanh phan dung méi khéc dugc st dung trong cac bude trude va sau cua
quy trinh nay va khong doi hoi phai cé mat ca hai dung mdi.

Theo mét sb phwong an, hop chit cé cong thire V, hodc mudi ctia né, con

dugc cho phan tng véi hop chét c¢6 cong thie VI:
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O F
Q%CFg
0 N

VI
v6i sur 6 mit clia chit khir dé tao thanh hop chét ¢6 cong thic I:
2\

|
0
N CF,
N_ F

®

N

%cm
N-N
my
N
H

//
N%
X

N

a

I
hodc mudi cta né.
Theo mot s6 phuong én, chat khir 14 natri xyanoborohydrua hodc natri
triaxetoxyborohydrua. Theo mot s6 phuong 4n, chdt khy 1a natri
triaxetoxyborohydrua. Theo mdot s6 phuong an, nhiéu hon 1 dwong lugng (vi du, 2

duong luong) natri triaxetoxyborohydrua duoc stt dung dua trén hop chét c6 cong
thire V.

Chét khir c6 thé 1a chit khir bit ky thich hop dé str dung trong phéan ng amin
hoa khir, bao gdm cac chét khtr borohydrua va boran khac nhau, nhu céc chét khir
duoc mo ta trong tai liéu cua Ellen W. Baxter and Allen B. Reitz, Reductive
Aminations of Carbonyl Compounds with Borohydride and Borane Reducing
Agents, Organic Reactions, Chuong 1, cé4c trang 1-57 (Wiley, 2002), dugc dua toan
bd vao ddy bang cach vién din. Cac loai chat khir thich hgp khong gi¢i han bao
gdm borohydrua, xyanoborohydrua, tri(Ci4 axyl)oxyborohydrua (vi du, cac dan
xuét triaxetoxyborohydrua), 9-borobixyclo[3.3.1]nonan hydrua, tri(Ci-4
alkyl)borohydrua, va cac dan xuét disopinocampteylxyanoborohydrua, c4c amino

boran, phitc boran-pyridin, va cac alkylamin boran. Cac vi du khdng gi6i han v€
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chat khir thich hop bao gdm natri xyanoborohydrua, natri triaxetoxyborohydrua,
natri Xyano-9-borobixyclo[3.3.1]nonan hydrua, tetrabutylamoni xyanoborohydrua,
xyanoborohydrua trén chit nén rén, tetrametylamoni triaxetoxyborohydrua, natri
triaxetoxyborohydrua, lithi trietylborohydrua, lithi tri(sec-butyl)borohydrua, natri
disopinocampteylxyanoborohydrua, catechol boran, boran tetrahydrofuran, natri
borohydrua, kali borohydrua, lithi borohydrua, paladi véi sy ¢6 mét ctia khi hydro,
5-etyl-2-metylpyridin boran (PEMB), 2-picolin boran hodc triaxetoxyborohydrua
trén nén polyme. Theo mot s6 phuong 4n, bt ky chét nio trong sb céc chit néu
trén, va tét hon 13 natri xyanoborohydrua, duogc sir dung két hop véi chat phu gia
titan (IV), tdc nhan loai nudc (dehydrat hoa), hodc chét phu gia k&m halogenua.
Theo mét sb phuong én, chét khir 13 tetra(C).4 alkyl)amoni xyanoborohydrua hozc
triaxetoxyborohydrua, triaxetoxybohohydrua hodc xyanoborohydrua kim loai kiém,
triaxetoxyborohydrua hodc xyanborohydrua kim loai kiém thd. Theo mét sé phuong
an, chat khi 1a xyanoborohydrua kim loai kiém. Theo mdt s6 phuong an, chit khir
dugc chon tir natri xyanoborohydrua va natri triaxetoxyborohydrua. Theo mot s&
phuong an, chét khir 1a natri triaxetoxyborohydrua. Nhu duoc st dung & day, chat
phu gia titan (IV) 12 axit Lewis chira kim loai titan (IV) (vi dy, titan tetraclorua,

titan isopropoxit, titan etoxit, va cac chét tuong tu).

Theo mét sb phuong éan, hop chét ¢6 cong thie V, hodc mudi cia no, 1a mubi
2-(3-(4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)- 1 H-pyrazol-1-yl)azetidin-3-yl)axetonitiril
dihydroclorua. Theo mot ) phuong an, phan tng duoc tién hanh véi su c6 mit cla
it nhat hai duong lugng bazo thr hai. Theo mot sd phuong an, bazo thit hai 12 amin
bac bdn (vi du, trietylamin). Nhu duogc st dung & day, thudt ngit “thir hai” trong
cum tir “bazo thi hai” dugc sur dung dé phan biét bazo nay véi cac bazo khac dugce
str dung trong céc bude trude va sau ctia quy trinh nay va khong chi ra rang hai

bazo phai c6 mit.

Theo mot s6 phuong an, nhiéu hon 1 duong lugng hop chét c6 cong thie VI

dugc sir dung dua trén hgp chat c6 cong thirc V, hodc muodi cta no.

Theo mot sb phuong 4an, phan tng ctia hop chit ¢6 cong thirc V, hoic mubi

clia no, voi hop chét ¢6 cong thue VI dugc tién hanh trong dung mdi diclometan.
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Theo mdt s6 phuong an, quy trinh nay con bao gdbm budc cho hop chit co
cdng thirc I phan tng voi axit adipic dé tao thanh mudi adipat ctia hop chét ¢ cong

thue L.

Theo khia canh khéc, sang ché d& xuét hop chit c¢6 cong thic VII:

hodc mudi cta no; trong do:
mdi nhém R! va R? doc 14p 12 H hodc Cisalkyl; hodc
R! va R?, ciing véi hai nguyén tir oxy ma ching gan vao va nguyén tir bo ma

cac nguyén tu oxy gin vio, tao thanh vong heteroxycloalkyl c6 tir 5 dén 6 canh, tiy

y dugc thé bang 1, 2, 3, hodc 4 nhém Ci4alkyl.

Theo mét s6 phuong 4n, hop chét ¢ cong thire VII 1a hop chat ¢6 cong thic

A N
|
O cF,
ENQF

N

< on
N-N
(s

Vlla:

.B.
0" "o

7K
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hoac mudi cta nd.

Sang ché con dé xuat quy trinh didu ché hop chét ¢ cong thie VII, bao gdm
bude cho hop chit c6 cong thirc VIII:

VIII
phan mg véi hop chét ¢6 cong thire IX:

N—-NH
(s

R1O’B\OR2
IX
v6i sy co mat ciia chét ghép cip @2 tao thanh hop chét ¢ cong thie VII; trong do:
mdi nhom R! va R? ddc 1ap 1a H hodc Ci.s alkyl; hodc
R! va R?, cuing véi hai nguyén tir oxy ma ching gén vao va nguyén tir bo ma

cac nguyén tir oxy gén vao, tao thanh vong heteroxycloalkyl c6 tir 5 dén 6 canh, tly

y duoc thé bang 1, 2, 3, hodc 4 nhém Ci4 alkyl.

Theo mot s6 phuong 4n, quy trinh nay bao gbm quy trinh didu ché hop chat
¢6 cdng thuc VIla bao gdm budc cho hop chét ¢ cong thirc VIIL:
Z "N

|
O N"cr,
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VIII

phan tmg v&i hop chét ¢6 cong thire IXa:
N—NH
k%
4 B\
o ©°

IXa

vO1 su cO mat cua chét ghép cap dé tao thanh hop chét c6 cong thirc Vlla:

A N

|

0
N CF,

E:‘JF

N

< en
N-N
[ Y

/B\
0" "0

77X

VIla.

Theo mdt sé phuong an, chét ghép cip cho phan ung cua hop chét c6 cong
thire VIIL, véi hop chét ¢6 cong thitc IX hodc hgp chét ¢ cong thirc IXa, 1a 1,8-
diazabixyclo[5,4,0Jundexen. Theo mot s6 phuong 4n, khoang 1,05 dén khoang 1,2
duong luong (vi du, 1,12 duong lugng) chét ghép cap dugc str dung dua trén hop
chét c6 Cong thire VIIL.

Theo mot sb phuwong an, phan g cta hop chét c6 cong thirc VIII véi hop
chét c6 cong thirc IX hogc IXa duge tién hanh trong thanh phin dung méi bao gbm
axetonitril, & nhiét d6 tir khoang 40°C dén khoang 60°C. Theo mot sb phuong an, tu
1 dén 1,2 duong luong hop chét co cong thic IX hodc IXa duge stir dung dua trén
hop chét ¢ cong thirc VIIL

Theo mdt sb phuong 4n, hop chét c6 cong thirc VIIa duge cho phan tmg voi

hop chét c6 cong thire IVa:
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trong d6 cac diéu kién phan tmg ghép cip Suzuki bao gém gia nhiét hdn hop phan
g chtra hop chét c6 cong thirc VIIa, hop chét c6 cong thic IVa, chit xuc tac ghép
cap Suzuki, bazo va thanh phin dung méi thir hai.

Theo mot sb phuong  4n, chat  xuc tac Suzuki la
tetrakis(triphenylphosphin)paladi(0). Theo mot s6 phuong 4n, bazo (vi du, natri
bicacbonat) ¢6 mat vdi lugng la 4 duong lugng hodc nhiéu hon (vi du, 5 dwong
luong) dua trén hop chét c6 cong thirc VII hoic ViIa.

Theo mot s6 phuong 4an, thanh phan dung méi thit hai bao gbm 1,4-dioxan va
nuée, vi du, voi ty 18 thé tich 1a 1:1.

Theo mot ) phuong an, cac hop chét c6 cong thire VII hodc Vlla, va IVa, co
mat voi ty 1€ mol 14 khoang 1:1.

Theo mdt sb phuong 4n, cho hop chét cé cong thirc VIla phan tmg véi hop

chét ¢ cong thirc IVa:

-29-



—

trong d6 cac didu kién phan tmg ghép cap Suzuki bao gbm gia nhiét hdn hop phan
ung chua hop chit c6 cong thic VIla, hop chit c6 cong thic IVa,
tetrakis(triphenylphosphin)paladi(0), natri bicacbonat, va thanh phan dung moéi thir

hai, trong d6 thanh phin dung méi thtt hai bao gbm nudc va 1,4-dioxan.

Theo khia canh khac, sang ché con dé xuét hop chét ¢ cong thie VIII:

VIII

hoac mudi ctia no.
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Theo khia canh khac nita, sang ché dé xut quy trinh diéu ché hop chét c6

cdng thire VIII, hodc mudi cua nd, bao gdm budce cho hop chét ¢6 cong thire VI:

o F
QJ\@/C&
o SN

VI

phan tng v&i hop chét ¢6 cong thirc X:

ZT

SN
X
hodc mudi ctia nd, véi sy c6 mat cta chat khr.

Theo mét s6 phuwong an, hop chét ¢6 cong thire X, hodc mudi cta no, 1a 2-
(azetidin-3-yliden)axetonitril hydroclorua.

Theo mdt sb phuong an, phan tmg ctia hop chét ¢6 cong thire VI va hop chét
¢ cong thie X, hodc mudi ctia nd, duoc tién hanh voi su ¢6 mit cla chét khir nhu
natri xyanoborohydrua hodc natri triaxetoxyborohydrua (vi du, natri
triaxetoxyborohydrua). Khoang 1,5 dén khoang 2,5 duong lugng (vi dy, 2 duong
luong) chét khtr ¢6 thé duoc st dung dua trén hop chét c6 cong thirc X, hodc mubi
cua no.

Theo mot sb phuong an, phan tmg ctia hop chét ¢6 cong thite VI va hop chit
¢6 cong thic X, hodc mudi clia né, duge tién hanh trong thanh phin dung méi bao
gbém diclometan.

Theo khia canh khéc nita, sang ché dé& xuét hop chat c6 cong thuc IIT:

1
P
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111
hoac mubi ciia né; trong d6:
mdi nhém R! va R? doc 1ap 1a H hodc Cisalkyl; hodc

R! va R?, cliing véi hai nguyén tir oxy ma chung gin vao va nguyén tir bo ma
céc nguyén tir oxy gin vao, tao thanh vong heteroxycloalkyl ¢6 tir 5 dén 6 canh, tuy

y duoc thé bang 1, 2, 3, hodc 4 nhém C4 alkyl.

Theo mdt sb phuong an, hop chét c6 cong thirc I1I 13 hop chét c6 cong thirc
IITa:

OTO\K
% ox

N-N
(/

/B\
o 0

7

IIa
ho#c muoi cta no.

Theo khia canh khac, sang ché dé xuit quy trinh diéu ché hop chit c6 cong
thirc 111, bao gdm budce cho hop chét c6 cong thirc X:

ﬁCZ T
> /Y

hodc mubi cuia nd, phan tmg v6i hop chét c¢6 cong thie IX:
I;I—NH
S/
R1O’B\OR2
IX
vOi sy ¢6 mét cia chét ghép cap dé tao thanh hop chét c¢6 cong thirc 111, hodc mudi

cua no; trong do:
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mdi nhém R! va R? ddc lap 1a H hoic Ci-salkyl; hodc

R! va R, cung véi hai nguyén tir oxy ma chiing gin vao va nguyén tir bo ma
céc nguyén tir oxy gén véo, tao thanh vong heteroxycloalkyl c6 tir 5 dén 6 canh, tiy
y dugc thé bang 1, 2, 3, hoic 4 nhém Ci4 alkyl.

Theo mét sb phuong an, chit ghép cip duoc sir dung trong phan ung cta hop
chét c6 cong thic X, hoic mudi ctia nd, véi hop chit co cong thire IX 1a 1,8-
diazabixyclo[5,4,0]undexen. Theo m{t $6 phuong én, 0,1 dén 0,2 duong lugng chét
ghép cap duoc sir dung dua trén hop chét ¢6 cong thirc X, hodc mubi ctia né.

Theo mot sd phuong an, phan Ung ctia hop chét c6 cong thirc X, hodc mubi
clia n6, v6i hop chét cé cong thirc IX duge tién hanh trong thanh phan dung mbi
bao gdm rugu isopropylic, vi du, & nhiét d6 nam trong khoang tir 70°C dn khoang
90°C.

Theo mot sb phuong 4n, 1 dén 1,1 duong lugng hop chit c6 cong thirc IX
duoc sir dung dua trén hop chét c¢6 cong thire X, hogc mubi cia né.

Theo khia canh khéc nita, sang ché dé xuét quy trinh diéu ché hop chat c6

cong thire IITa, bao gdm bude cho hop chit c6 cong thie X:

IXa
véi sy ¢6 mat cta chét ghép céap dé tao thanh hop chét co cong thirc I11.

Theo mdt sb phuong 4n, chit ghép cip duoc sir dung trong phan tmg ctia hop

chdt c6 cong thic X véi hop chdt c¢6 cong thac IXa la 1,8-
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diazabixyclo[5,4,0]undexen. Theo mdt s6 phuwong an, 0,1 dén 0,2 duong luong chét

ghép cap duoc str dung dua trén hop chét ¢ cong thirc X.

Theo mét s& phuong 4n, phan tmg ctia hop chét ¢6 cong thirc X véi hop chit
c6 cong thirc IXa duoc tién hanh trong thanh phin dung méi bao gdm ruou

isopropylic, vi du, & nhiét 6 niam trong khoang tir 70°C dén khoang 90°C.

Theo mét sb phuong an, 1 dén 1,1 duong luong hop chét ¢6 cong thirc IXa

duoc sir dung dua trén hop chét ¢6 cong thire X.
Str dung

Hop chit ¢6 cong thirc I, {1-{1-[3-flo-2-(triflometyl)isonicotinoyl]piperidin-
4-yl}-3-[4-(TH-pyrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl]azetidin-3-
yl}axetonitril, 14 chét Grc ché JAK (vi dy, JAK1, JAK2). Céc chét trc ché JAK c6 tac
dung diéu tri cac bénh hodc céc rdi loan khac nhau lién quan dén JAK. Vi du vé cac
bénh li€n quan dén JAK bao gém cac bénh li€n quan dén hé mién dich bao gém, vi
du, thai ghép co quan (vi dy, thai ghép khac loai va bénh manh ghép chéng lai vat
chu). Cac vi du thém nita vé cé4c bénh lién quan dén JAK bao gém céac bénh ty mién
nhu bénh da xo cing, viém khép dang thip, viém khép thiéu nién, viém khép vay
nén, bénh tiéu duong typ I, bénh luput, bénh véy nén, bénh viém rudt, viém loét dai
trang, bénh Crohn, bénh nhuoc co nang, cic dang bénh thén lién quan dén globulin
mién dich, viém co tim, roi loan tuyén giap tu mién, bénh phéi téc nghén man tinh
(chronic obstructive pulmonary - COPD), va cic bénh twong tu. Theo mét s6
phuong an, bénh tu mién 1a mdt dang rdi loan ty mién dich bong nuéc da nhu bénh
pemphigut théng thudng (pemphigus vulgaris - PV) hodc pemphigut dang bong
nudce (bullous pemphigoid - BP).

Céc vi du thém nita v& cac bénh lién quan dén JAK bao gém cac bénh di ung
nhu hen suyén, di Umg thic #n, viém da dang cham (eszematous dermatitis), vi€ém
da tiép xuc, viém da di tmg (bénh viém da co dia di ing), va viém mii. Vi du thém
nita vé cac bénh lién quan dén JAK bao gdm céc bénh do virut nhu virut Epstein
Barr (EBV), viém gan B, viém gan C, HIV, HTLV 1, virut Varicella-Zoster (VZV)

va virut gdy u nhu & ngudi (Human Papilloma Virus - HPV) géy ra.

Céc vi du thém nita vé cac bénh lién quan dén JAK bao gom céac bénh lién

quan dén sy d6i mdi sun, vi dy, viém khép thong phong, viém khép do nhiém hozc
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nhiém tring huyét, viém khép phan tmg, loan dudng giao cam do phan xa, dau loan
dudng, hdi chimg Tietze, bénh viém khép & suon, viém xwong khép bién dang dac
hitu, bénh Mseleni, bénh Handigodu, thodi héa do dau xo co, luput ban dé toan

than, xo cting bi, hodc viém cdt song dinh khdp.

Céc vi du thém nita vé cac bénh lién quan dén JAK bao gém cac dang di
dang sun bam sinh, bao gdm ti€u sun di truyén, ching loan san sun, va ching gia

loan san sun (vi dy, di tat tai nhd, di tat tai to, va ching loan san sun hanh xuong).

Céac vi du thém nita v& cac bénh hodc tinh trang bénh li€én quan dén JAK bao
gbm rdi loan vé& da nhu bénh vay nén (vi du, bénh vay nén thé thong thuong), viém
da di g, phat ban da, kich tng da, di ing da (vi du, viém da tiép xtc hay viém da
tiép xuc di ing). Vi dy, mot sb chit nhét dinh trong mot sb duoc phém khi s dung
khu trti ¢6 thé gay kich tng da. Theo mét sb phwong an, viée ddng sir dung hodc sir
dung lién tiép it nhAt mdt chét e ché JAK theo sang ché ciing v&i tac nhan gy kich
{mg khong mong mubn cé thé ¢6 tac dung diéu tri bénh da nhay cam hozc viém da
khéng mong mudn nay. Theo mdt s6 phuong 4n, rdi loan da duoc diéu tri bang cach

st dung khu tru it nhét mot chét (e ché JAK theo sang ché.

Vi du thém nita vé céc bénh hoidc tinh trang bénh lién quan dén JAK bao
gém nhitng bénh hodc tinh trang dic trung bdi cac khéi u rén (vi du, ung thu tuyén
tién liét, ung thu than, ung thu gan, ung thu tuyén tuy, ung thu da day, ung thu v,
ung thu phdi, ung thu ddu va cd, ung thu tuyén gisp, u nguyén bao x6p, sacom
Kaposi, bénh ting san hach bach huyét, sacom co tron tr cung, u ac tinh, v.v), cac
bénh ung thu mau (vi du, u lympho, bénh bach cAu nhu bénh bach ciu dang nguyén
bao clp tinh (acute lymphoblastic leukemia - ALL), bénh bach cdu cip dong tiy
(acute myelogenous leukemia - AML) hodc da u tiy), va ung thu da nhu u lympho
té bao T & da (cutaneous T-cell lymphoma - CTCL) va u lympho té bao B & da. Cac
vi du vé CTCL bao gém héi chimg Sezary va cac u sui dang nédm. Céc vi du khéc vé
cac bénh hodc tinh trang bénh lién quan dén JAK bao gdm chung tang huyét ap
d6ng mach phoi.

Céc vi du khéc vé cac bénh hoic tinh trang bénh lién quan dén JAK bao gém
bénh ung thu lién quan dén viém. Theo mot sb phuong 4n, bénh ung thu lién quan

dén bénh viém rudt. Theo mot s6 phuong an, bénh viém rudt 1a viém loét dai trang.
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Theo mét sb phuong an, bénh viém rudt la bénh Crohn. Theo mdt sb phuong an,
bénh ung thu lién quan dén viém 13 bénh ung thu lién quan dén viém dai trang.
Theo mot sb phuong an, bénh ung thu lién quan dén viém la ung thu rudt gia hodc
ung thu dai truc trang. Theo mot sb phuong an, bénh ung thu la ung thu da day,
khéi u caxinoit trong dudng tiéu héa, khdi u mdé dém trong duong tiéu hda
(gastrointestinal stromal tumor - GIST), ung thu tuyén, ung thu rudt non, hodc ung

thu tryc trang.

Céc bénh lién quan dén JAK c6 thé con bao gém nhitng bénh dugc dic trung
bdi bidu hién cta: cac dot bién JAK2 nhu céc bénh 6 it nhét mdt dot bién & mién
pseudo-kinaza (vi du, JAK2V617F); cac dot bién JAK2 ¢ it nhit mot dot bién bén
ngoai mién pseudo-kinaza; cac dot bién JAK1; cac dot bién JAK3; dot bién thu thé
erythropoietin (erythropoietin receptor - EPOR); hodc bidu hién ri loan diéu hoa
cua CRLF2.

Céc bénh lién quan dén JAK c6 thé con bao gbm céc rbi loan ting sinh tay
(myeloproliferative disorders - MPDs) nhu da hdng cau nguyén phat (polycythemia
vera - PV), tang tiéu cau tién phat (essential thrombocythemia - ET), xo héa tly
xuong voi di san tiy xuwong (myelofibrosis with myeloid metaplasia - MMM), xo
héa ty xwong nguyén phat (primary myelofibrosis - PMF), bénh bach cdu tiy man
tinh (chronic myelogenous leukemia - CML), bénh bach cdu dong tiy don nhin
man tinh (chronic myelomonocytic leukemia - CMML), hdi chung
hypereosinophilic (hypereosinophilic syndrome - HES), bénh t& bao von hé thdng
(systemic mast cell disease - SMCD), va céc bénh tuong tu. Theo mot s6 phuong
4n, rdi loan tang sinh tiy 1a xo hda tiry xwong (vi dy, xo héa tly xuong nguyén phat
(primary myelofibrosis - PMF) hodc hiu da hdng cdu nguyén phat/xo héa tiy
xuong tang tiu cau tién phét (Post-PV/Post-ET MF)). Theo mdt s6 phuong 4n, rdi
loan tang sinh tdy 12 hdu xo hoéa tiy xuong tang tiéu cAu tién phat (post-essential
thrombocythemia myelofibrosis - Post-ET MF). Theo mét s6 phuong 4n, rdi loan
ting sinh thy la hau xo hoéa tuy xuong da hdng ciu nguyén phat (post polycythemia
vera myelofibrosis - Post-PV MF).

Cac vi du khac vé bénh hoic tinh trang bénh lién quan dén JAK bao gém
hién tuong lam giam bdt cac tdc dung phu ctia dugc phém khac dbi vé6i da béng

céch str dung hop chat theo sang ché. Vi dy, nhidu dugc chit gdy phan tng dj tng
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khong mong mudn ma c¢6 thé biéu hién nhu phat ban dang mun hoac viém da lién
quan. Cac vi du vé duoc chét ¢6 tac dung phu khong mong mudn d6 bao gdm cac
thudc chdng ung thu nhu gefitinib, cetuximab, erlotinib, va cac thudc tuong tu. Cac
hop chét theo sang ché ¢ thé dwoc ding toan than hodc khu tra (vi du, & cac ving
lan cén bi viém da) két hop voi (vi du, déng thoi hodc tuln tw) cac dugce chét c6 tac
dung phu khéng mong mudn dbi v6i da. Theo mot sé phuong an, hop chéit theo
sang ché c6 thé dwoc dung khu tri cing véi mét hodc nhidu dugc phdm khac,
truong hop cac duoc phidm khac nay khi duoc boi khu tri ma khong cé mit hop
chét theo sang ché gay ra viém da tiép xuc, di ung tiép xtc nhay cam, hoic rdi loan
da tuong tw. Theo do, cac ché phdm theo sang ché bao gdm cac cong thirc ché phim
dung khu tra chua cac hgp chét theo sang ché va dwoc chit khac ma co thé gy

viém da, rdi loan da, hoac tac dung phu lién quan.

Céc bénh lién quan dén JAK thém nita bao gbém chimg viém va bénh viém.
Vi du vé céc bénh viém bao gém bénh sacoit, bénh viém mét (vi dy, viém méng
mét, viém mang bd dao, viém cung mac, viém két mac, hodc bénh lién quan), cac
bénh viém dudng hé hdp (vi dy, dudng hd hép trén bao gdm miii va xoang nhu
viém mfii hodc viém xoang hodc duong ho hép dudi bao gém viém phé quan, bénh
phéi tac ngh&n man tinh, va cac bénh tuong tu), bénh co viém nhu viém co tim, va

cac bénh viém khac. Theo mot sd phuong an, bénh viém mat 1a viém bo mi.

Céc bénh lién quan dén JAK thém nita bao gbm céc t6n thuong do thiéu méau
cuc bd hodc bénh hodc tinh trang bénh lién quan dén kha nang xay ra thiéu mau cuc
b6 do viém nhu d6t quy hodc ngung tim, tinh trang bénh ly ndi doc t6 dinh huéng
(vi dy, cac bién chirng sau phau thuat hodc céc tinh trang ndi doc td man tinh gay
suy tim man tinh), chan an, suy mon, mét moi chéng han nhu do hoéc lién quan dén
bénh ung thu, hién tugng tai hep, viém cing bi, xo héa, cic tinh trang bénh lién
quan dén tinh trang thiéu oxy hodc tinh trang ting bét thudong céc té bao hinh sao
(astrogliosis) nhu, vi dy, bénh véng mac & ngudi bénh tiéu dudong, bénh ung thu,
hodc thoai hoéa than kinh, va bénh viém khac nhu hdi chimg phan tmg viém toan

thén (systemic inflammatory response syndrome - SIRS) va s6¢ do nhiém trung.

Cac bénh lién quan dén JAK khac bao gébm bénh git va ting kich thuéc
tuyén tién liét do, vi du nhw, phi dai tuyén tién liét lanh tinh hodc u xo tuyén tién liét

lanh tinh, cling nhu cac bénh ti€u xuong nhu lodng xuwong hodc viém xuong khdp,
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bénh tidu xuong két hop véi: sy mit cAn biang ndi tiét td va/hodc liéu phap ndi tiét
t8, bénh tu mién dich (vi du nhu bénh sacoit xuong), hodc bénh ung thu (vi du nhu
u tiy).

Céc bénh lién quan dén JAK thém nita bao gém roi loan khé méit. Nhu duge
st dung trong tai li¢u nay, "rdi loan khd mat" duoc dung dé bao gém cac trang thai
bénh duoc tém tit trong mdt bao cdo chinh thirc gan ddy ctia Hbi thao vé bénh kho
mét (Dry Eye Workshop - DEWS), trong d6 x4c dinh bénh khd mit 1 "mét bénh da
yéu t8 do nuwéc mét va bé mit nhan cau din dén cac tridu chung kho chiu, rdi loan
thi giac, va su bét én dinh mang nudc mét voi nhitng tdn hai tiém tang cho bé mat
nhén ciu. i kém vé6i bénh kho mit 14 su tang do thdm thau cta mang nude mét va
viém bé mat nhin cdu". Lemp, “The Definition and Classification of Dry Eye
Disease: Report of the Definition and Classification Subcommittee of the
International Dry Eye Workshop”, The Ocular Surface, 5(2), 75-92, thang 4 nam
2007, ma toan bd dugc dua vao day bé‘mg cach vién dan. Theo mot s6 phuong én,
r6i loan khé mét duoc chon tir rdi loan mat khd thidu nudc mit (aqueous tear-
deficient dry eye: ADDE) hoac rdi loan méat kho bay hoi, hodc cac dang két hop
thich hop cta céac rdi loan nay. Theo mdt $6 phuong an, rdi loan khd mat 13 hoi
chimg kho mit Sjogren (Sjogren syndrome dry eye - SSDE). Theo mot s6 phuong
an, rbi loan kh6 mét 1a hoi chung kho mét khong phai dang Sjogren (non-Sjogren

syndrome dry eye: NSSDE).

Céc bénh lién quan dén JAK thém nita bao gém viém két mac, viém mang
bd dao (bao gém viém mang bd dao man tinh), viém mang mach, viém vdng mac,
viém thé mi, viém cung mac, viém thugng cing mac, hodc viém mbng mat. Cac
bénh lién quan dén JAK khéc bao gdm rbi loan chirc ning hd hip hay mét chic
nang lién quan dén nhidm virut, nhu bénh cim va SARS.

Vi du thwe hién sang ché

Séang ché s& duoc mé ta chi tiét hon nho cac vi du cu thé. Cac vi du sau duoc
dua ra nham muc dich minh hoa, va khong lam gi6i han sang ché theo cach bét ky.
Cac nguoi co hidu biét trung binh v& linh vuc niy s& dé dang nhan ra nhiéu thong s6
khoéng quan trong co6 thé duoc thay doi va cai bién d& thu duoc cac két qua thuc chét

1a giéng nhau.
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Vi du 1. Tong hop 2-(3-(4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)-1 H-pyrazol-1-yl)-

1-(1-(3-flo-2-(triflometyl)isonicotinoyl)piperidin-4-yl)azetidin-3-yl)axetonitril

adipat (9)
A
Sodol
Boc
N
N—-NH %
%) NBoc ';“N CN
DBU Z
O'B\O + (/ —_— v
CN IPA, h6i luu ;/_B:&

1 2 3
CyHisBN2O, CioH14NO; Ci9H20BN4O4
KL Mol: 194,04 KL Mol: 194,23 KL Mol: 388,27

Z "N
|
o F ON N er,
N 2Hel Q N CFy N F
0 2N Q
— CN
HCl N /N 7 N
DCM NaBH(OAc);, EtsN %/CN
NZ DCM NN
| ) 7
N H .
N
|
NN
6 8
CiaHisCLNy Ca6H33F4NoO
KL Mol: 352,22 KL Mol: 553,51

Cl
T
NS
N
N R

4

Pd-127, CsF

-BuOH va H,O
hoi luu

Axit adipic

—_——
Axeton va n-heptan

C3,H33F4NoOs

KL Mol: 699,66

tert-butyl 3-(xyanometyl)-3-(4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-

pyrazol-1-yl)azetidin-1-carboxylat (3). Cho lan lugt isopropanol (IPA, 200 mL),
1,8-diazabixyclo[5,4,0]lundexen (DBU, 9,8 g, 64,4 mmol, 0,125 duong lugng), 4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1 H-pyrazol (1, 101 g, 520,51 mmol,

1,01 duong lugng) va fert-butyl 3-(xyanometylen)azetidin-1-carboxylat (2, 100 g,

514,85 mmol) & nhiét d6 méi trudng vao binh clu dung tich 1 L dugc trang bi ctra

dAn khi nito vao, cip nhiét dién va thanh khudy co hoc dé tao ra hdn hgp phan ting

duéi dang huyén phil. Gia nhiét hdn hop phan tmg tao thanh dén nhiét d6 hdi luu

trong 30 phut d8 tao thanh dung dich ddng nhét va duy tri hdn hop nay & nhiét do

hdi luu thém 2 — 3 gid nita. Sau khi phan (ng hoan thanh nhu dugc kiém tra bang

phuong phap HPLC, thém tir tir n-heptan (400 mL) vao hdn hop phan (ng trong

thoi gian 45 phit trong khi van duy tri hdn hop ndy & nhiét do hdi luu. Céc chét rin

duoc két tha trong khi thém n-heptan. Khi thém n-heptan xong, tir tlir lam ngudi hdn

hop nay dén nhiét @6 moi truong va khudy & nhiét 46 mdi truong thém 1 gid nita.
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Thu gom céc chét réin bang cach loc, rira bang n-heptan (200 mL), va lam kho trong
chén khong & nhiét d§ 50°C ddng thoi loai bo nito dén khi trong lugng khong dbi
thu duogc fert-butyl 3-(xyanometyl)-3-(4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
y1)-1H-pyrazol-1-yl)azetidin-1-carboxylat (3, 181 g, 199,9 g theo ly thuyét, 90,5%)
1a chdt rin c6 mau tir tring dén vang nhat. Dit liéu cta hop chét 3: '"H NMR (400
MHz, DMSO-ds) 6 8,31 (s, 1H), 7,74 (s, 1H), 4,45 — 4,23 (m, 2H), 4,23 — 4,03 (m,
2H), 3,56 (s, 2H), 1,38 (s, 9H), 1,25 (s, 12H) ppm; '*C NMR (101 MHz, DMSO-dk)
& 155,34, 145,50, 135,88, 116,88, 107,08 (br), 83,15, 79,36, 58,74 (br), 56,28,
27,96, 26,59, 24,63 ppm; C19H20BN4O4 (phén tr lugng 388,27), LCMS (EI) m/e
389 (M* + H).

tert-butyl 3-(4-(7H-pyrolo|[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-3-
(xyanometyl)-azetidin-1-carboxylat (5). Cho 4-clo-7H-pyrolo[2,3-d]pyrimidin (4,
39,6 g, 257,6 mmol), fert-butyl 3-(xyanometyl)-3-(4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol-1-yl)azetidin-1-carboxylat (3, 100 g, 257,6 mmol,
1,0 duong luong), xezi florua (136,9 g, 901,4 mmol, 3,5 duong lugng), fert-butanol
(250 mL), nude (250 mL), va [1,1'-bis(di-
xyclohexylphosphino)feroxen]diclopaladi(Il) (Pd-127, 351,4 mg, 0,46 mmol,
0,0018 duong lugng) & nhiét 4§ moi truong vao binh cau dung tich 1 L dugc trang
bi ctra d4n khi nito vao, cdp nhiét dién va thanh khqu co hoc. Hon hop phan ing
tao thanh duoc loai khi va dugc nap lai khi nito 3 14n trude khi duoc gia nhiét dén
nhiét d6 hdi lvu va duoc gitt & nhiét do hdi luu trong moi trudong khi nito trong thoi
gian tir 20 — 24 gid. Khi phan tich HPLC chi ra phan ting dd hoan thanh, lam ngudi
hdn hop phan tng dén 45 — 55°C trong thoi gian 30 phut, tach hai pha nay, va gan
b6 pha nudc. Thém n-heptan (125 mL) vao pha hitu co nay trong 30 phit ¢ nhiét do
45 — 55°C. Lam ngudi tir tir hdn hop tao thanh dén nhiét d6 moi truong trong mot
giy va khudy & nhiét d6 méi truong thém 2 gio nita. Thu céc chét rén bing cach loc,
rira bang n-heptan (100 mL), va 1am kho trong chan khong & nhi¢t 46 50°C déng
thoi loai bd nito dén khi trong lugng khéng dbi thu dugc ter-butyl 3-(4-(7H-
pyrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-3-(xyanometyl)-azetidin-1-
carboxylat (5, 96,8 g, 97,7 g theo 1y thuyét, 99%) la chét rin mau vang nhat. Dt ligu
ctia hop chit 5: 'H NMR (400 MHz, DMSO-ds) 8 8,89 (s, 1H), 8,68 (s, 1H), 8,44 (s,
1H), 7,60 (d, J = 3,5 Hz, 1H), 7,06 (d, J = 3,6 Hz, 1H), 4,62 — 4,41 (m, 2H), 4,31 -

-40-



22260

4,12 (m, 2H), 3,67 (s, 2H), 1,39 (s, 9H) ppm; '*C NMR (101 MHz, DMSO-ds) &
155,40, 152,60, 150,63, 149,15, 139,76, 129,53, 127,65, 122,25, 116,92, 113,21,
99,71, 79,45, 58,34 (br), 56,80, 27,99, 26,83 ppm; C19H21N702 (phén t&r lugng
379,4), LCMS (EI) m/e 380 (M* + H).

Mubi 2-(3-(4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)-1 H-pyrazol-1-yl)azetidin-3-
yl)axetonitril dihydroclorua (6). Cho terr-butyl 3-(4-(7H-pyrolo[2,3-d]pyrimidin-
4-y1)-1H-pyrazol-1-yl)-3-(xyanometyl)azetidin-1-carboxylat (5, 15 g, 39,5 mmol),
nuéce (7,5 mL, 416 mmol) va diclometan (75 mL) & nhiét d¢ trong phong vao binh
clu dung tich 0,5 L dugc trang bi clra dan khi nito vao, cip nhiét dién, phéu bd
sung, va thanh khudy co hoc. Khudy hdn hop nay & nhiét do trong phong dé tao ra
thé huyén pht. Thém dung dich chira hydro clorua (HCI) 5M trong isopropanol (55
mL, 275 mmol, 7,0 duong luong) vao thé huyén phti ndy trong thdi gian 5 phut. Sau
d6, gia nhiét hdn hop phan tmg tao thanh dén nhiét d hdi luu nhe va duy tri & nhiét
d6 hdi luu trong thoi gian tlr 3-4 gid. Sau khi phan tng hoan thanh nhu dugc kiém
tra bang phuwong phap HPLC, thém fert-butyl metyl ete (TBME, 45 mL) vao thé
huyén pht phan ung. Tl tir [am ngudi hdn hgp nay dén nhiét d6 trong phong, va
khudy thém mdt gio nita. Thu gom céc chét rin bang cach loc, rira bang tert-butyl
metyl ete (TBME, 45 mL) va lam kho trong chén khdng & nhi€t do 50°C ddng thoi
loai bo nito dén khi trong lugng khéng ddi thu dwoc mudi 2-(3-(4-(7H-pyrolo[2,3-
d]pyrimidin-4-yl)-1 H-pyrazol-1-yl)azetidin-3-yl)axetonitril dihydroclorua (6, 13,6
g 13,9 g theo ly thuyét, 98%) la chit rén c6 mau tréng nhat dén vang nhat. Dit liéu
ctia hop chét 6: '"H NMR (400 MHz, D20) 5 8,96 (s, 1H), 8,81 (s, 1H), 8,49 (s, 1H),
7,78 (d, J = 3,8 Hz, 1H), 7,09 (d, J= 3,7 Hz, 1H), 4,93 (d, J= 12,8 Hz, 2H), 4,74 (d,
J = 12,5 Hz, 2H), 3,74 (s, 2H) ppm; '3C NMR (101 MHz, D20) & 151,35, 143,75,
143,33, 141,33, 132,03, 131,97, 115,90, 114,54, 113,85, 103,18, 59,72, 54,45 (2C),
27,02 ppm; CisHisCLN7 (C14H13sN7 1a cong thic cla bazo tu do, phén tir lugng
279,30), LCMS (EI) m/e 280 (M* + H).
2-(3-(4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-1-(1-(3-flo-2-
(triflometyl)isonicotinoyl)piperidin-4-yl)azetidin-3-yl)axetonitril (8, bazo tw
do). Cho mudi 2-(3-(4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)-1 H-pyrazol-1-yl)azetidin-
3-yl)axetonitril dihydroclorua (6, 20 g, 56,78 mmol), diclometan (200 mL) va
trietylamin (TEA, 16,62 mL, 119,2 mmol, 2,1 duong luong) & nhi¢t d6 mdi trudng
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v&o binh cau dung tich 0,5 L dugc trang bi clra dan khi nito vao, ciip nhiét dién,
ph&u bd sung, va thanh khudy co hoc. Khudy hdn hop nay & nhiét do mdi truong
trong thoi gian 30 phat truéc khi thém  1-(3-flo-2-(triflometyl)-
isonicotinoyl)piperidin-4-on (7, 17,15 g, 57,91 mmol, 1,02 duong luong) vao hén
hop nay. Sau d6 xtt Iy hdn hop nay bang natri triaxetoxyborohydrua (25,34 g, 113,6
mmol, 2,0 duong lugng) trong thoi gian 5 phit ¢ nhiét d6 moi trudng (dusi 26°C).
Khudy hdn hgp phan mg tao thanh & nhiét 46 mdi truong trong thoi gian 2 gid. Sau
khi phan ung da hoan thanh nhu dugc kiém tra bang phuong phap HPLC, dimg hdn
hop phan tUng bang dung dich niréc NaHCO;3 bdo hoa (200 mL). Tach hai pha va
chiét pha nuéc bing metylen clorua (200 mL). Rura pha hitu co da gdp lai bang
nuée mudi 4% (100 mL) sau d6 chuyén dung moi metylen clorua thanh axeton bing
cach chung cit. Dung dich tao thanh chira san phim thé mong mubdn (8) trong
axeton dugc st dung truc tiép dé didu ché mudi adipat sau d6. Tinh ché mot phan
nhé dung dich bang phuong phap séc ky cot (SiOy, rira giai bing gradient 0 — 10%
MeOH trong EtOAc) thu duge 2-(3-(4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)-1H-
pyrazol-1-yl)-1-(1-(3 -flo-2-(triflometyl)isonicotinoyl)piperidin-4-yl)azetidin-3-
yl)axetonitril tinh khiét theo phén tich (Bazo ty do 8) 1a chét rdn mau tring. Dt liéu
cua hop chit 8: '"H NMR (400 MHz, DMSO-de) 8 12,17 (d, J = 2,8 Hz, 1H), 8,85 (s,
1H), 8,70 (m, 2H), 8,45 (s, 1H), 7,93 (t, J = 4,7 Hz, 1H), 7,63 (dd, J = 3,6, 2,3 Hz,
1H), 7,09 (dd, J = 3,6, 1,7 Hz, 1H), 4,10 (m, 1H), 3,78 (d, /= 7,9 Hz, 2H), 3,61(,J
= 7.9 Hz, 1H), 3,58 (s, 2H), 3,46 (m, 1H), 3,28 (t, /= 10,5 Hz, 1H), 3,09 (ddd, J =
13,2, 9,5, 3,1 Hz, 1H), 2,58 (m, 1H), 1,83 — 1,75 (m, 1H), 1,70 - 1,63 (m, 1H), 1,35
~ 1,21 (m, 2H) ppm; C NMR (101 MHz, DMSO-ds) 8 160,28, (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, 27,19 ppm; Cz6H23F4NoO (phén tur luong,
553,51), LCMS (EI) m/e 554,1 (M" + H).

2-(3-(4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-l-yl)-l-(l-(3-ﬂo-2-

(triﬂometyl)isonicotinoyl)piperidin-4-yl)azetidin-3-yl)axet0nitril adipat  (9).
Cho dung dich chua 2-(3-(4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)-1 H-pyrazol-1-yl)-1-
(1-(3-flo-2-(triﬂometyl)isonicotinoyl)piperidin—4-yl)azetidin-3-yl)axetonitril tho (8
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bazo tu do, 31,38 g, 56,7 mmol) trong axeton (220 mL) va axit apidic (8,7 g, 59,53
mmol, 1,05 duong luong) & nhiét d6 moi truong vao binh cau dung tich 0,5 L duoc
trang bi thanh khudy co hoc, cip nhiét dién, phdu bd sung, va cira dan khi nito vao.
Sau d6 gia nhiét hdn hop phan g dén nhiét d6 hdi luu tao ra dung dich. Thém tir
tlr n-heptan (220 mL) vao hdn hgp phan tng & nhiét d6 40 — 50°C trong mot gio. Tu
tir 1am ngudi hdn hop phan ung dén nhiét d6 méi trudng trong mot gid va khudy &
nhiét d6 moi trudng thém 16 gio nita. Thu gom céac chit rin bang cach loc, ria bang
n-heptan (2 X 60 mL), va lam khd trong chan khong & nhiét d 50°C ddng thoi loai
bé nito dén khi trong lwong khéng d6i thu dwoc 2-(3-(4-(7H-pyrolo[2,3-
d]pyrimidin-4-yl)-1 H-pyrazol-1-yl)-1-(1-(3-flo-2-
(triflometyl)isonicotinoyl)piperidin-4-yl)azetidin-3-yl)axetonitril adipat (9, 34,0 g,
39,7 g theo ly thuyét, 85,6% trong hai budc) 1a chét rin mau tring dén tring nhat.
Dit liéu cta hop chat 9: 'H NMR (400 MHz, DMSO-ds) & 12,16 (s, 1H), 12,05 (brs,
2H), 8,85 (s, 1H), 8,72 (s, 1H), 8,69 (d, J = 4,7 Hz, 1H), 8,45 (s, 1H), 7,93 (t, J =
4,7 Hz, 1H), 7,63 (dd, J = 3,6, 2,3 Hz, 1H), 7,09 (dd, J = 3,6, 1,7 Hz, 1H), 6 4,11
(dt, J= 11,0, 4,4 Hz, 1H), 3,77 (d, J= 7,8 Hz, 2H), 3,60 (t, /= 7,8 Hz, 2H), 3,58 (s,
2H), 3,44 (dt, J= 14,4, 4,6 Hz, 1H), 3,28 (t, J = 10,4 Hz, 1H), 3,09 (ddd, J = 13,2,
9,6, 3,2 Hz, 1H), 2,58 (it, J = 8,6, 3,5 Hz, 1H), 2,28 — 2,17 (m, 4H), 1,83 — 1,74 (m,
1H), 1,67 (d, J = 11,0 Hz, 1H), 1,59 — 1,46 (m, 4H), 1,37 — 1,21 (m, 2H) ppm; BcC
NMR (101 MHz, DMSO-ds) & 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, 24,07 ppm; C3H33F4sNoOs (phan tr luong 699,66;
Ca6H23F4NyO 14 cong thitc cua bazo tu do, phén tir lugng, 553,51), LCMS (EI) m/e
554,0 (M™ + H).

Vi du 2: Téng hop 2-(3-(4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-
1-(1-(3-flo-2-(triflometyl)isonicotinoyl)piperidin-4-yl)azetidin-3-yl)axetonitril
theo cach khace

So dod I1
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2-(azetidin-3-yliden)axetonitril  hydroclorua (2a). Cho rert-butyl 3-
(xyanometylen)azetidin-1-carboxylat (2, 30 g, 154,46 mmol) va metylenclorua (300
mL) & nhiét d mdi truong vao binh cau dung tich 0,5 L dugc trang bi cira dan khi
nito vao, cap nhiét dién va thanh khudy co hoc. Sau d6 xir ly dung dich nay bing
dung dich hydro clorua (HCI) 5M trong dung dich isopropanol (294,2 mL, 1,54
mol, 10 duong lugng) & nhiét d modi trudng va khqu hdn hop phan tng tao thanh
& nhiét 36 mdi trudng trong thdi gian 18 gio. Sau khi phin Umg hoan thanh nhu
duoc kiém tra bing phuong phap HPLC, thém terz-butyl metyl ete (TBME, 150
mL) véo thé huyén phi nay, va khudy hdn hop nay & nhiét d6 mdi truong trong thoi
gian 2 gio. Thu gom cac chét rén bang céach loc, rira bang n-heptan (2 X 100 mL),
va 1am khé trén phéu loc & nhiét dd moi truong trong thoi gian 3 gid thu duge 2-
(azetidin-3-yliden)axetonitril hydroclorua (2a, 13,7 g, 20,2 g theo ly thuyét, 67,8%)
14 chét rén mau tring. Di¥ liéu ctia hop chit 2a: 'H NMR (500 MHz, DMSO-ds) &
9,99 (s, 2H), 5,94 (p, J = 2,5 Hz, 1H), 4,85 — 4,80 (m, 2H), 4,77 — 4,71 (m, 2H)
ppm; C NMR (126 MHz, DMSO-ds) 8 155,65, 114,54, 94,78, 55,26, 54,63 ppm;

-44-



22260

CsH7CIN2 (phan tir lugng 130,58; CsHgNa la cong thite cta bazo tu do, phén tir
lugng 94,11), LCMS (EI) m/e 95 (M* + H).

2-(1-(1-(3-flo-2-(triflometyl)isonicotinoyl)piperidin-4-yl)azetidin-3-
yliden)axetonitril (10). Cho 2-(azetidin-3-yliden)axetonitril hydroclorua (2a, 4,5 g,
34,46 mmol), 1-(3-flo-2-(triflometyl)isonicotinoyl)piperidin-4-on (7, 10 g, 34,46
mmol, 1,0 duong lugng), va metylenclorua (100 mL) & nhiét d0 mdi trudng vao
binh cdu dung tich 0,25 L dugc trang bi clra din khi nito vao, cip nhiét dién, va con
khudy tir va sau d6 xur Iy hdn hop tao thanh bing natri triaxetoxyborohydrua (14,6
g, 68,93 mmol, 2,0 duong lugng) & nhiét 0 moi truong. Khudy hén hop phan tng
& nhiét d6 moi truong trong thoi gian 2 gid trude khi ding phadn tng bang dung
dich nudc natri bicacbonat (NaHCO3) bdo hoa (50 mL). Tach hai pha nay va chiét
pha nuéc bang diclometan (200 mL). Rira pha hitu co d3 gop lai bang nude (50 mL)
va nude mudi (50 mL) va ¢b dudi 4p sult giam thu duge san phim thé mong muén
(10), tinh ché san pham nay bang phuong phép séc ky cot (SiO2, rira giai bing
gradient 0 — 10% etyl axetat trong hexan) thu dugc 2-(1-(1-(3-flo-2-
(triflometyl)isonicotinoyl)piperidin-4-yl)azetidin-3-yliden)axetonitril (10, 9,5 g,
12,7 g theo ly thuyét, 74,8%) la chét rén mau tring. Dit lidu cia hop chét 10: 'H
NMR (400 MHz, CDCl3) 8 8,57 (d, J = 4,7 Hz, 1H), 7,54 (t, J = 4,6 Hz, 1H), 5,29
(p, J = 2,4 Hz, 1H), 4,18 — 4,08 (m, 1H), 4,08 — 4,03 (m, 2H), 3,98 — 3,94 (m, 2H),
3,57 — 3,39 (m, 2H), 3,17 — 3,04 (m, 1H), 2,56 (&, J = 7,4, 3,5 Hz, 1H), 1,86 — 1,77
(m, 1H), 1,75 — 1,64 (m, 1H), 1,54 — 1,43 (m, 1H), 1,43 — 1,31 (m, 1H) ppm; BcC
NMR (101 MHz, CDCl3) § 161,34, 160,73, 152,62 (d, J = 269,1 Hz), 145,75 (d, J =
6,1 Hz), 136,73 (qd, J= 36,1, 12,0 Hz), 134,56 (d, J = 16,9 Hz), 126,89, 120,58 (qd,
J =275,0, 4,9 Hz), 115,11, 92,04, 62,05, 60,57 (2C), 44,47, 39,42, 29,38, 28,47
ppm; C17H6F4N4O (phén tir lugng 368,33), LCMS (EI) m/e 369 (M" + H).

2-(1-(1-(3-flo-2-(triflometyl)isonicotinoyl)piperidin-4-yl)-3-(4-(4,4,5,5-
tetrametyl-l,3,2-dibxaborolan-2-yl)-1H-pyrazol-1-yl)azetidin-3-yl)axetonitril
(11). Cho 4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1 H-pyrazol (1, 210 mg,
1,08 mmol, 1,08 duong luong), 2-(1-(1-(3-flo-2-
(triflometyl)isonicotinoyl)piperidin-4-yl)azetidin-3-yliden)axetonitril (10, 370 mg,
1,0 mmol) va axetonitril (3 mL) & nhiét 4§ modi truong vao binh cAu dung tich 25

mL duogc trang bi cira dan khi nito vao, cip nhiét dién, va con khuay tir. Sau d6 xur
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ly dung dich nay béng 1,8-diazabixyclo[5,4,0]lundexen (DBU, 173 mg, 0,17 mL,
1,12 mmol, 1,12 duong lugng) & nhiét d6 moi truong va lam 4m hdn hop phan tung
tao thanh dén 50°C va khudy & nhiét d6 50°C qua dém. Khi phéan g da hoan thanh
nhu duoc kiém tra bang phuong phap HPLC, nap truc tiép hdn hop phan tmg trén
cot silica gel (Si02) dé tinh ché theo phwong phép séc ky (rira giai bing gradient 0 —
2,5% MeOH trong etyl axetat) thu dugc 2-(1-(1-(3-flo-2-
(triflometyl)isonicotinoyl)piperidin-4-yl)-3-(4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol-1-yl)azetidin-3-yl)axetonitril (11, 263 mg, 562,4 mg
theo ly thuyét, 46,7%) 1a chét rin mau tring. Dit liéu ctia hop chit 11: 'H NMR
(400 MHz, DMSO-ds) 6 8,64 (d, J= 4,7 Hz, 1H), 8,22 (d, /= 0,6 Hz, 1H), 7,88 (dd,
J=4,7Hz, 1H), 7,69 (s, 1H), 4,10 — 3,99 (m, 1H), 3,58 (d, J= 7,8 Hz, 2H), 3,52 —
3,42 (m, 2H), 3,44 (s, 2H), 3,41 — 3,33 (m, 1H), 3,28 — 3,15 (m, 1H), 3,03 (ddd, J =
12,9,9,2, 3,2 Hz, 1H), 2,51 — 2,44 (m, 1H), 1,77 — 1,66 (m, 1H), 1,64 — 1,54 (m,
1H), 1,28 — 1,17 (m, 2H), 1,24 (s, 12H) ppm; 3C NMR (101 MHz, DMSO-ds) 8
160,22, 152,13 (d, J=265,8 Hz), 146,23 (d, J= 5,7 Hz), 145,12, 135,41, 134,66 (d,
J=16,9 Hz), 134,43 (qd, /= 35,0, 11,7 Hz), 127,58, 120,61 (qd, J=274,4, 4,6 Hz),
117,35, 106,59 (br), 83,10, 61,40, 60,53 (2C), 56,49, 44,17, 38,99, 28,55, 27,82,
27,02, 24,63 ppm; C2sH31BF4N6O3 (phén tir lugng 562,37), LCMS (EI) m/e 563 (M*
+ H).

2-(3-(4-(7TH-pyrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-1-(1-(3-flo-2-

(triflometyl)isonicotinoyl)piperidin-4-yl)azetidin-3-yl)axetonitril (8). Cho 2-(1-
(1-(3-flo-2~(triflometyl)-isonicotinoyl)piperidin-4-yl)-3-(4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrazol-1-yl)azetidin-3-yl)axetonitril (11, 307 mg, 0,546
mmol), 4-clo-7H-pyrolo[2,3-d]pyrimidin (4, 84,8 mg, 0,548 mmol, 1,0 duong
luong), natri bicacbonat (NaHCO3, 229 mg, 2,72 mmol, 5,0 duong luong), nude
(1,6 mL), va 1,4-dioxan (1,6 mL) & nhiét 0 moi trudng vao binh cau dung tich 25
mL dugc trang bi cira dan khi nito vao, cip nhiét dién, ph&u bd sung, va con khudy
tr. Sau d6, xir Iy hdn hop nay bang tetrakis(triphenylphosphin)paladi(0) (12,8 mg,
0,011 mmol, 0,02 duong luong) & nhiét d6 mdi trudong va hdn hop phan tmg tao
thanh duoc loai khi va duoc nap lai khi nito 3 lin truée khi dwoc gia nhiét dén
85°C. Khudy hdn hop phan tmg & 85°C trong mdi truong khi nito qua dém. Khi
phén tmg da hoan thanh nhu dugc kiém tra bang phuong phap HPLC, ¢ hdn hop
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phan tmg dén kho dudi ap sut giam va thu duoc san phim mong mudn, 2-(3-(4-
(7H-pyrolo[2,3-d]pyrimidin-4-yl)-1 H-pyrazol-1-yl)-1-(1-(3-flo-2-

(triflometyl)isonicotinoyl)piperidin-4-yl)azetidin-3-yl)axetonitril (8 bazo tu do, 135
mg, 302,2 mg theo ly thuyét, 44,6%), 1a céc chit rin mau tring nhat bang céch tinh
ché hén hop san phdm khé nay bing phuong phap sic ky silica gel (SiO2) truc tiép
(rira giai bang gradient etyl axetat 0 — 10% trong hexan). Hop chét thu duoc theo
phuong phap tong hop nay 14 gibng véi hop chit 8 duoc san xuit theo phuong phap

tdng hop theo mé ta trong vi du 1 trén ddy vé moi khia canh c6 thé so sanh.

Vi du 3. Téng hop (3-flo-2-(triflometyl)pyridin-4-yl) (1,4-dioxa-8-

azaspiro[4,5]decan-8-yl)metanon

So dd III
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(3-flo-2-(triflometyl)pyridin-4-yl)(1,4-dioxa-8-azaspiro[4,5]decan-8-yl)metanon
(14). Nap natri hydroxit (NaOH, 1,4 kg, 35 mol, 2,0 duong lugng) va nude (7 L)
vao binh phan ng dung tich 30 L duoc trang bi thanh khudy co hoc, phéu bd sung
va vach ngin va xir ly dung dich tao thanh bang 1,4-dioxa-8-azaspiro[4.5]decan
hydroclorua (3,13 kg, 17,43 mol) ¢ nhiét d6 mdi trudng. Sau do khudy hén hop tao
thanh & nhiét d6 mdi truong trong thoi gian 30 phut trude khi lam bdo hoa bang
natri clorua ran (1,3 kg) va chiét bang 2-metyl-tetrahydrofuran (3 x 7 L). Lam kho
pha hitu co da dugce gop lai bang natri sulfat khan (Na;SO4, 1,3 kg) va cd dudi ap
suét giam (70 mmHg) & nhiét 46 50°C sau khi loai bo chit 1am khé, natri sulfat
(Na»SOq4), bang cach loc. Theo d6 chung cit ddu mau vang thu dugc dudi 4p sut
giam (80 mmHg, nhi¢t d6 so6i 115 dén 120°C) thu dugc 1,4-dioxa-8-
azaspiro[4.5]decan (2,34 kg, 2,496 kg theo ly thuyét, 93,8%) 1a dau trong, dau nay

duoc str dung truc tiép trong phan tmg ghép cip sau do.
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Nap axit 3-flo-2-(triflometyl)isonicotinic (13, 3,0 kg, 14,35 mol),
benzotriazol-1-yloxytris(dimetylamino)phosphoni hexaflophosphat (ch4t phan {mg
BOP, 7,6 kg, 17,2 mol, 1,2 duong lugng), 1,4-dioxa-8-azaspiro[4.5]decan (2,34 kg,
16,36 mol, 1,14 duong lugng) va N,N-dimetylformamit (DMF, 18 L) & nhiét 6 mdi
truong vao binh phan tng khd dung tich 100 L dugc trang bi thanh khudy co hoc,
phéu bd sung, nhiét ké va cira ra chin khong. Sau d6 khudy dung dich tao thanh &
nhiét @ méi trudmg trong thoi gian 20 phit trude khi 1am ngudi 5 dén 10°C. Sau d6
thém trietylamin (Et:N, 4 L, 28,67 mol, 2,0 duong lugng) vao hdn hop phan tmg
trong thoi gian 1 gid va gitt nhiét do bén trong trong khoang tir 5°C dén 10°C trong
khi thém trietylamin. Theo d6 khudy dung dich mau ndu sAm thu dugc trong 12 gid
& nhiét d6 moi truong (xap xi 20°C) va sau d6 lam lanh & khoang 10°C. Khudy
manh, thém lan luot 18 L dung dich nudc natri bicacbonat (NaHCO3) bao hoa va 36
L nudc vao hdn hop phan tmg di duoc lam lanh va giit nhiét 46 bén trong dudi
15°C. Thu gom két tha (banh loc) thu dwoc nhu vay b%mg cach loc. Sau d6, 1am béo
hoa pha nuéc bang 12 kg natri clorua rén (NaCl) va chiét biang EtOAc (2 x 18 L).
Rura 16p hitu co dd duge gdp lai lan luot béng dung dich nudc natri bicacbonat
(NaHCO3) bdo hoa (18 L), va nude (2 x 18 L). Thu 14y banh loc sau d6 hoa tan lai
trong pha hitu co va rira dung dich mau nau sAm thu dugc bang nuée (2 x 18 L)
trude khi c6 dudi &p sudt giam (40 — 50°C, 30 mm Hg) thu dugc xép xi 5,0 kg san
pham thd mong mudn (14) 12 ddu mau vang nhét. Sau d6 hoa tan san pham tho thu
duogc & trén trong EtOH (8,15 L) ¢ nhiét d6 50°C va xtr ly dung dich tao thanh béng
nuée (16,3 L) trong 30 phit ¢ nhiét d6 khoang 50°C. Dung dich mau nau duoc gieo
mam két tinh truéc khi lam ngudi tir tir dén nhiét d6 méi trudng (xap xi 20°C) trong
thoi gian 3 gio dong thoi khudy va khudy & nhiét d6 méi trudng trong thoi gian 12
gio. Thu céc chit rin bang céach loc, rira bang hdn hop bao gdm EtOH va nuéc
(BtOH : H,0 =1 : 20, 2 L) va lam kho du6i ép suét giam (50 mmHg) & nhiét d6 xap
xi 60°C trong thoi gian 24 gi¢ thu dugc (3-flo-2-(triflometyl)pyridin-4-yl)(1,4-
dioxa-8-azaspiro[4,5]decan-8-yl)metanon (14, 3,98 kg, 4,797 kg theo ly thuyét,
83,0%) 1a chét rin mau tring. Di lidu ctia hop chdt 14: 'H NMR (300 MHz,
DMSO-ds) & 8,64 (d, 3Jun = 4,68 Hz, 1H, NCH trong pyridin), 7,92 (dd, 3Jun = 4,68
Hz, “Jur = 4,68 Hz, 1H, NCCH trong pyridin), 3,87 - 3,91 (m, 4H, OCH2CH20),
3,70 (br s, 2H, mdt trong cac nhém NCH> trong vong piperidin, mt trong cac nhom
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NCH; khéc trong vong piperidin, ca hai & vi tri truc), 3,26 (t, *Jun = 5,86 Hz, 2H,
mot trong cac nhom NCHa» trong vong piperidin, mdt trong cac nhém NCH; khac
trong vong piperidin, cd hai & vi tri gén xich dao), 1,67 (d, 3Juu = 5,86 Hz, 2H, mot
trong cac nhom NCCH; trong vong piperidin, mdt trong cac nhom NCCH> khac
trong vong piperidin, ca hai & vi tri gan xich dao), 1,58 (br s, 2H, mét trong céc
nhom NCCHz: trong vong piperidin, mdt trong cac nhém NCCH; khéc trong vong
piperidin, c& hai & vi tri truc) ppm; *C NMR (75 MHz, DMSO-ds) § 161,03 (N-
C=0), 151,16 (d, Jcr = 266,03 Hz, C-F), 146,85 (d, “Jcr = 4,32 Hz, NCH trong
pyridin), 135,24 (d, 2Jcr = 11,51 Hz, C-C=0), 135,02 (vach tu, 2Jcr = 34,57 Hz,
NCCF3), 128,24 (d, “Jcr = 7,48 Hz, NCCH trong pyridin), 119,43 (d x vach tu, 'Jcr
= 274,38 Hz, *Jcr = 4,89 Hz, 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 (282 MHz, DMSO-ds) & -64,69
(d, *Jrr = 15,85 Hz, F3C), -129,26 (d x vach tu, Jrr = 15,85 Hz, “Jru = 3,96 Hz, FC)
ppm; C14H14F4N203 (phéan tir lugng, 334,27), LCMS (EI) m/e 335,1 (M + H).

(3-flo-2-(triflometyl)pyridin-4-yl) (1,4-dioxa-8-azaspiro[4,5]decan-8-yl)metanon
(7). Nap (3-flo-2-(triflometyl)pyridin-4-y1)(1,4-dioxa-8-azaspiro[4,5]decan-8-
yl)metanon (14, 100 g, 0,299 mol) trong axetonitril (ACN, 400 mL) & nhiét d§ moi
truong vao binh day tron 4 cd dung tich 5 L duoc trang bi thanh khuéy co hoc, cap
nhiét dién, phéu bd sung va ctra din khi nito vao. Lam lanh dung dich tao thanh
xudng dudi 10°C trude khi xir ly bang dung dich axit clohydric (HCI) 6,0N trong
nuéc (450 mL, 2,70 mol, 9,0 duong lugng) trong khi gitt nhiét d6 bén trong & dudi
10°C. Sau d6 1am 4m tr tir hdn hop phén tng tao thanh dén nhiét d6 trong phong va
thém tur tr luong bd sung dung dich axit clohydric (HCI) 6,0N trong nuéce (1050
mL, 6,30 mol, 21,0 duong luong) vao hdn hop phan ing & nhiét d6 mdi trudng
trong thoi gian 8 gio qua phéu b6 sung. Khi phan tmg d hoan thanh nhu dugc kiém
tra bang phuong phap HPLC, sau d6 lam lanh hdn hop phan tng xubng 0°C trudc
khi xtr Iy bang dung dich natri hydroxit 30% trong nudc (NaOH, 860 mL, 8,57
mmol, 28,6 duong lugng) trong khi gilt nhiét d§ bén trong & dudi 10°C. Sau do, lam
4m hdn hop phan tng tao thanh dén nhiét d6 mdi trudng trude khi thém natri
bicacbonat rin (NaHCOs, 85,0 g, 1,01 mol, 3,37 duong lugng) trong 1 gio. Sau do
chiét hdn hop nay bang EtOAc (2 x 1,2 L), va rira pha hitu co da gdp lai bang dung
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dich natri clorua 16% trong nudc (2 x 800 mL) va ¢ con x4p xi 1,0 L bang cach
chung c4t chan khéng. Thém n-heptan (2,1 L) vao phin cin nay, va c6 hdn hop tao
thanh nay con 1,0 L bang cach chung cét chan khéng. Thém n-heptan (2,1 L) vao
hdn hop da cb. Sau d6 ¢6 thé huyén phu dic mau tring tao thanh con 1,0 L bing
cach chung cAt chan khong. Sau d6, thém metyl rert-butyl ete (MTBE, 1,94 L) vao
thé huyén phu ddc mau tring. Gia nhiét hdn hop mau trang duc nay dén 40°C thu
duoc dung dich trong. C6 dung dich tao thanh dén khi con khoang 1,0 L bang cach
chung cét chan khong. Khudy hdn hop niy & nhiét d6 trong phong trong thoi gian 1
gid. Thu két tha mau trdng bang cach loc, ria bang n-heptan (400 mL) va lam kho
trén may loc trong moi trudng khi nito ddng thoi hit chan khéng thu dugc (3-flo-2-
(triflomety])pyridin-4-yl) (1,4-dioxa-8-azaspiro[4,5]decan-8-yl)metanon (7, 78,3 g,
86,8 g theo ly thuyét, 90,2%) la chét rén mau tréng nhat. Dit 1i€u ctia hgp chit 7: 'H
NMR (300 MHz, DMSO-ds) 8,68 (d, 3Jun = 4,69 Hz, 1H, NCH trong pyridin),
7,97 (dd, *Jun = 4,69 Hz, 4Jur = 4,69 Hz, 1H, NCCH trong pyridin), 3,92 (br s, 2H,
mdt trong cdc nhom NCH trong vong piperidin, mdt trong cdc nhdm NCH> khac
trong vong piperidin, ca hai & vi tri truc), 3,54 (t, 3Jun = 6,15 Hz, 2H, mdt trong cac
nhém NCH, trong vong piperidin, mdt trong cdc nhém NCH> khac trong vong
piperidin, ca hai & vi tri xich dao), 2,48 (t, 3Juu = 6,44 Hz, 2H, NCCH>), 2,34 (t,

3 Jun = 6,15 Hz, 2H, NCCH>) ppm; *C NMR (75 MHz, DMSO-ds) 6 207,17 (C=0),
161,66 (N-C=0), 151,26 (d, 'Jcr = 266,89 Hz, C-F), 146,90 (d, *Jcr = 6,05 Hz,
NCH trong pyridin), 135,56 (C-C=0), 134,78 -135,56 (m, NCCF3), 128,27 (d, 3Jck
= 7,19 Hz, NCCH trong pyridin), 119,52 (dx vach tw, 'Jcr = 274,38 Hz, *Jcr = 4,89
Hz, CF3), 45,10 (NC trong vong piperidin) ppm, mét cacbon (NCC trong vong
piperidin) bi mit do chdng Ién (CD3)2S0; '°F NMR (282 MHz, DMSO-de) & -64,58
(d, “Jrr = 15,85 Hz, F3C), -128,90 (d x vach tw, “Jrr =15,85 Hz, “Jru = 4,05 Hz, FC)
ppm; C12H10F4sN202 (phan ti lwong, 290,21), LCMS (EI) m/e 291,1 (M" + H).

Vi du 4. Téng hop tert-butyl 3-(xyanometylen)azetidin-1-carboxylat

So dd IV
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1-benzhydrylazetidin-3-ol hydroclorua (16). Dung dich chira diphenylmetanamin
(2737 g, 15,0 mol, 1,04 duong lugng) trong metanol (MeOH, 6 L) duoc xtr ly bang
2-(clometyl)oxiran (1330 g, 14,5 mol) tir phéu bd sung & nhiét d6 moi trudong.
Trong khi thém luc dau, chu y su thu nhiét nhe. Khuéy hdn hop phan tmg tao thanh
& nhiét do trong phong trong thoi gian 3 ngay trudce khi lam 4m dén nhiét d6 hdi luu
trong 3 ngay nita. Khi phéan tich TLC chi ra rang phan tmg duge cho la dd hoan
thanh, d4u tién lam ngudi hdn hop phéan ing dén nhiét d6 trong phong va sau d6 dén
0 — 5°C trong bé nuéc d4. Thu cac chét rin bang cach loc va rira bang axeton (4 L)
thu duoc mé thir nhét chira san phdm thé mong mudn (1516 g). C6 dich loc dudi ap
suit giam va pha loing chét ban rén thu duoc véi axeton (1 L). Sau d6, thu chit rin
ndy bang cach loc @8 thu mé tht hai chtra san phdm thé mong mudn (221 g). San
pham tho, 1-benzhydrylazetidin-3-ol hydroclorua (1737 g, 3998,7 g theo ly thuyét,
hiéu sudt 43,4%), duoc thdy 1 dt do tinh khiét d8 duoc st dung trong phan {mg tiép
theo ma khong cn tinh ché tiép. '"HNMR (300 MHz, DMSO-ds) 8 12,28 (br, d,
1H), 7,7 (m, 5H), 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; C1sH1sCINO (phén tir luong 275,77; Ci1H17NO la cong
thirc ctia bazo tu do, phan tit luong, 239,31), LCMS (EI) m/e 240 (M" + H).

tert-butyl 3-hydroxyazetidin-1-carboxylat (17). Khudy thé huyén phu chira 1-
benzhydrylazetidin-3-ol hydroclorua (625 g, 2,27 mol) trong dung dich natri
cacbonat 10% trong nudc (Na;COs, 5 L) va diclometan (CH2Cl, 5 L) & nhi€t d6
trong phong cho dén khi tt ca céc chét rén dugc hoa tan. Tach hai 16p ra, va chiét

16p nude béng diclometan (CH2Cly, 2 L). Lam kho céc dich chiét hiru co da gop lai
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trén natri sulfat (Na2SO4) va cd dudi 4p sudt giam. Sau d6, hoa tan bazo tu do 1-
benzhydrylazetidin-3-ol thé tao thanh trong THF (6 L) va dat dung dich nay vao
trong binh chiu ap suét Parr 16n. Thém di-tert-butyl dicacbonat (BOC>0, 545 g, 2,5
mol, 1,1 duong luong) va paladi (Pd) 20% trén cacbon (125 g, d6 4m 50%) vao
binh chiu 4p suét Parr ndy. Nap khi hydro (Ha) dén ap suét 30 psi vao binh va khudy
trong moi truong khi hydro dn dinh (binh dwoc nap lai ba lan giit ap sudt & 30 psi) &
nhiét do trong phong trong thoi gian 18 gio. Khi HPLC chi ra rang phan tng di
hoan thanh (khong con hydro sinh ra), loc hdn hgp phan ing qua dém Xelit va rira
dém Xelit bang THF (4 L). C6 céc dich loc dudi ap suét giam dé loai bo dung moi
va nap pha‘in con lai vao cOt Biotage 150 véi luong t8i thiéu diclometan (CH2ClL).
Rura giai cdt nay bang etyl axetat 20 — 50% trong n-heptan va thu gom va gdp cac
phén doan chira san phdm tinh khiét mong mubn, fert-butyl 3-hydroxyazetidin-1-
carboxylat. Loai bd cac dung moi dudi ap sut giam thu dugc tert-butyl 3-
hydroxyazetidin-1-carboxylat (357 g, 393,2 g theo ly thuyét, hidu sudt 90,8%) 1a
dau khéng mau, ma hoa ran khi d& & nhiét d6 mdi trudng trong chan khong.
'HNMR (300 MHz, CDCl3), 8 4,56 (m 1H), 4,13 (m, 2H), 3,81 (m, 2H), 1,43 (s,
9H) ppm.

tert-butyl 3-oxoazetidin-1-carboxylat (18). Lam lanh dung dich chira tert-butyl 3-
hydroxyazetidin-1-carboxylat (50 g, 289 mmol) trong etyl axetat (400 mL) dén 0°C.
Sau d6, xir ly dung dich tao thanh bﬁng TEMPO rén (0,5 g, 3,2 mmol, 0,011 duong
lwong) va dung dich chura kali bromua (KBr, 3,9 g, 33,2 mmol, 0,115 duong lugng)
trong nuée (60 mL) & nhiét do 0 — 5°C. Trong khi gilt nhiét do phan Ung trong
khoéang 0 - 5°C, thém dung dich nudc natri bicacbonat bdo hoa (NaHCOs3, 450 mL)
va dung dich nudc natri hypoclorit (NaClO, clo chiém 10 - 13%, 450 mL). Khi
thém dung dich natri hypoclorit vao, mau cta hdn hop phan tng thay dbi ngay lap
tire. Khi thém luong bd sung dung dich natri hypoclorit vao, mau cuia hdn hop phan
¢mg din dan biét mét. Khi phan tich TLC chi ra ring toan bd nguyén li¢u ban dau
duoc tiéu thy, thi mau ctia hon hgp phan tng khong con thay dbi nita. Sau d6, pha
loang hdn hop phan ung véi etyl axetat (EtOAc, 500 mL) va hai 16p duoc tach ra.
Rita 16p hitu co bang nuée (500 mL) va dung dich nuéce natri clorua béo hoa (500
mL) va 1am kho bing natri sulfat (Na2SO4). Sau do, loai bd dung mdi dusi 4p sudt

giam thu dugc san phim tho, tert-butyl 3-oxoazetidin-1-carboxylat (48 g, 49,47 g
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theo 1y thuyét, hidu suit 97%), san phdm nay duoc thdy 14 du do tinh khiét va duoc
st dung truc tiép trong phan tng tiép theo ma khong cin tinh ché tiép. '"HNMR
(CDCls, 300 MHz) & 4,65 (s, 4H), 1,42 (s, 9H) ppm.

tert-butyl 3-(xyanometylen)azetidin-1-carboxylat (2). Cho dietyl xyanometyl
phosphat (745 g, 4,20 mol, 1,20 duong lugng) va tetrahydrofuran khan (THF, 9 L)
vao binh bén ¢ duoc trang bi hdp do nhiét, phdu bd sung va dng bao vé nito & nhiét
do6 trong phong. Lam lanh dung dich nay bang bé nudc dd-metanol xudng -14°C va
thém dung dich kali fert-butoxit (--BuOK) 1,0M trong tetrahydrofuran khan (THF,
3,85 L, 3,85 mol, 1,1 duong lugng) vao trong hon 20 phut trong khi gift nhi¢t do
phan tng dudi -5°C. Khudy hdn hop phan ung tao thanh trong thoi gian 3 git & -
10°C va thém dung dich chita 1-zert-butoxycarbonyl-3-azetidinon (600 g, 3,50 mol)
trong tetrahydrofuran khan (THF, 2 L) trong thoi gian 2 gid trong khi gilt nhi¢t do
bén trong dudi -5°C. Khudy hdn hop phan tmg & nhiét d6 tir -5 dén -10°C trong thoi
gian 1 gio va sau do lam Am tir tir dén nhiét do trong phong va khudy & nhiét do
trong phong qua dém. Sau do, pha lodng hdn hop phén tmg véi nude (4,5 L) va
dung dich nudc natri clorua bdo hoa (NaCl, 4,5 L) va chiét bang etyl axetat (EtOAc,
2 x 9 L). Rira 16p hitu co da gop lai bang nudc mubi (6 L) va lam kho bang natri
sulfat khan (Na;SOs). Loai bo dung mdi duéi ap sult giam va pha lodng phan cin
bang diclometan (CH,Cly, 4 L) trude khi cho hép thu trén silica gel (SiO2, 1,5 kg).
Tinh ché san phdm thd, ma d& cho hép thu trén silica gel, bang sdc ky cot nhanh
(Si0g, 3,5 kg, rira giai bang gradient 0 — 25% EtOAc/hexan) thu dugc rert-butyl 3-
(xyanometylen)azetidin-1-carboxylat (2, 414,7 g, 679,8 g theo ly thuyét, hidu suit
61%) 1a chat rin mau tring. Dt lidu cta hop chit 2: 'H NMR (300MHz, CDCl3) &
5,40 (m, 1H), 4,70 (m, 2H), 4,61 (m, 2H), 1,46 (s, 9H) ppm; CioH14N20> (phén tix
luong, 194,23), LCMS (EI) m/e 217 (M + Na).

ViduS. Téng hop 4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol

Sodé v
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4-lodopyrazol (20). Nap pyrazol (1, 450 g, 6,62 mol) va tetrahydrofuran (THF, 5
L) & nhiét d60 mdi trudng vao binh clu duoc trang bi ctra din khi nito vao, ph&u bd
sung, hop do nhiét, va thanh khudy co hoc. Sau d6 1am ngu6i hdn hop nay dén 10°C
va thém tung phén N-iodosucxinimit (NIS, 1490 g, 6,62 mol, 1,0 duong lugng)
dudi dang chét ran vao hdn hop nay & nhiét do xap xi 10°C. Sau d6 khudy hdn hop
phan Ung tao thanh & nhiét 46 mdi trudng trong thoi gian 1 gid (phu thudc vao nhiét
d6 méi trudng, ¢ thé cin thoi gian phan tng dai hon). Sau d6 loc hdn hop niy va
loai bd THF duéi 4p suét giam. Tao huyén phil phan cin trong etyl axetat (6 L) va
loc céc chét khong tan. Sau do, rira dich loc sdm mau béng dung dich nudc natri
thiosulfat bdo hoa (2 x 3 L) (16p hitu co sdng dan thanh mau vang nhat), nuée (2 x 3
L), va nuée mudi (2 L). Sau d6 1am khd 16p hitu co tao thanh béng natri sulfat, loc,
va ¢b dudi 4p sudt giam thu dugc 4-iodopyrazol (1138 g, 1284,1 g theo ly thuyét,
88,6%) la chét rdn c6 mau tir tring sang vang nhat sau khi duge 1am khé trong 10
chan khong & nhiét do xap xi 30°C qua dém. 'H NMR (400 MHz, DMSO-ds) 8
13,17 (bs, 1H), 7,93 (bs,1H), 7,55 (bs,1H) ppm; C3H3IN2 (phén tir lugng, 193,97),
LCMS (EI) m/e 195 M* + H).

1-trimetylsilyl-4-iodopyrazol (21). Nap 4-iodopyrazol (200 g, 1,03 mol) va THF (2
L) & nhiét do mdi trudng vao binh cdu duoc trang bi thiét bi ngung tu hdi luy, clra
dan khi nito vao, thanh khuéy co hoc, va hop do nhiét. Thém trietylamin (TEA, 158
mL, 1,13 mol, 1,1 duong lugng) vao dung dich nay va lam lanh dung dich tao thanh
dén 0°C trong bé nudc da-nudc mudi. Thém ciotrimetylsilan (TMS-CL, 137 mL,
1,08 mol, 1,05 duong lugng) vao dung dich nay ddng thoi khudy manh @& cho nhiét
d5 dat t6i 18°C. (Dung dich phéan mg tr& nén rit dic va kho khudy, nhung lai tro
nén d& khudy hon sau mot thoi gian). Khi qué trinh téa nhiét giam bét, loai bo bé
lam lanh va 1am 4m phan tmg dén nhiét d6 trong phong. Tiép theo phan umg duogc
phan tich sic ky khi (GC) va thiy 1a duong nhu da hoan thanh sau khoang 1 gio
(viéc 14y mAu phan tng phai duoc tién hanh khong c6 mit khong khi va pha lodng
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bang dung méi khan dé tranh thay phan TMS). Sau d6, pha lodng hén hop phan tng
bang n-heptan (2 L) truée khi loc trong méi trudng khi nito. Loai bé dung méi khoi
dich loc dudi 4p sudt giam thong khi véi thiét bi lam bay hoi kiéu quay chira khi
nito. Pha loadng dau con lai véi n-heptan (1 L) va cd lai. Néu tao thanh céc chét ran
khi thém n-heptan, thi can phai loc 1an thir hai. Sau d6 chung cét phin cin dudi ap
sudt giam (70 - 90°C & khoang 0,5 Torr (1 Torr = 1mm Hg)) bang céch sir dung
Kugelohr thu dugc 1-trimetylsilyl-4-iodopyrazol (263 g, 274,1 g theo ly thuyét,
96%) 1a dau khong mau. Phai giit chét nay trong trong méi trudng khi nito & tat ca
céc 1an diéu ché boi vi nhém TMS thiy phan nhanh chéng. Tiép do, thdy rang c6
thé diéu ché duoc 1-trimetylsilyl-4-iodopyrazol bang cach gia nhiét iodopyrazol véi

2 duong lugng hexametyldisilazan trong 1 gio.

4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol  (1). Nap 1-
trimetylsilyl-4-iodopyrazol (225,1 g, 0,85 mol) va THF (2200 mL) & nhiét d6 mdi
trudng vao binh cAu dugc trang bi thanh khudy co hoc, cira dan khi nito vao, phéu
bd sung va hop do nhiét. Lam lanh hdn hop nay dén xdp xi -6°C trong bé nudc
da/mudi/nudec mudi trude khi thém dung dich chua isopropyl magie clorua trong
THF (dung dich 2M trong THF, 510 mL, 1,02 mol, 1,2 duong lugng) vao véi tbc dcf)-
sao cho nhiét d6 bén trong khéng vuot qua 0°C. Mrc d§ trao dbi kim loai/halogen
dugc kiém tra theo phuong phap GC va duoc thdy 1a hoan thanh sau khoang 10
phut. Sau d6, thém  2-isopropoxy-4,4,5,5-tetrametyl-1,3,2-dioxaborolan
(isopropylpinacolborat, 347 mL, 1,7 mol, 2,0 dwong lugng) vao dung dich mau cam
nau, dau tién 1a thém tir tlr, giit nhiét do dudi 0°C va sau d6 la kha nhanh sau khi da
thém khoang mot nira hgp chét nay dé cho nhiét d6 dat t&i 5°C (dung dich phén ting
tré nén kha dac va sau d6 sau do tir tir lodng dan). Sau d6, khudy hdn hop phan {mg
& nhiét do 0°C trong thoi gian 10 phut trude khi lam Am dén nhiét d6 moi trudong
trong thoi gian 1 gio va khudy & nhiét d6 mdi trudng thém 1 gid nita. Lam ngudi
hdn hop phéan ung dén x4p xi 6°C va thém dung dich nudc amoni clorua bdo hoa
(NH4Cl, 2,2 L) vao véi nhiét do tang 1én dén 25°C. Khudy hdn hop nay trong thoi
gian 5 phut trude khi pha lodng bang toluen (10 L). Tach cac 16p (lugng 16n chét
ran c6 mit trong 16p nude) va sau d6 rira 16p hitu co bang nudc (6 x 2,2 L) va nuée
mudi (2 x 2,2 L) trude khi 1am khd béang natri sulfat (Na2SO4). Loai bd chét phan

Gtng, natri sulfat (Na;SO4), bang cach loc va ¢ dung dich ndy dudi 4p sudt giam.
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Lam bay hoi dong thoi toluen con lai véi n-heptan thu dugc 4-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)-1H-pyrazol (1, 90,3 g, 164,9 g theo ly thuyét, 54,8%) la
chét rdn mau trang. Dit lidu ctia hop chét 1: 'H NMR (400 MHz, DMSO-de) & 13,08
(bs, 1H), 7,94 (s,1H), 7,62 (s,1H), 1,23 (s, 12H) ppm; CoHisBN202 (phén tir luong,
194,04), LCMS (EI) m/e 195 (M* + H).

Vi du 6. Téng hop 4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol
theo cach khac

So do VI
/\O/\
"y, s "y oAy
N= —— N< — > ) | :\>78I'
H,0, nhiét do trong phong HCI/CH,Cl, Nx
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C3H4N2 03H3BFN2 C7H11BFN20
KL Mol: 68,08 KL Mol: 146,97 KL Mol: 219,08
0
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C13H23BN,04 CgH15BN2O,
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4-bromopyrazol (22). Tao huyén phu pyrazol (19, 34,0 g, 0,5 mol) va NBS (89,0 g,
0,5 mol, 1,0 duong lugng) trong nudc (625 ml) & nhiét d moi trudong. Khudy thé
huyén phtl tao thanh & nhiét 46 méi truong qua dém. Sau dé chiét hdn hop phan tng
bang EtOAc (2 x 100 mL). Rira c4c dich chiét EtOAc da gop lai bang dung dich
nuée NazS203 va nuée mudi, 1am khé bing NaxSOs, va c6 dudi ap sudt giam thu
duge 4-bromopyrazol thd (72,0 g, 73,5 g theo Iy thuyét, hidu sudt 98%) la cac chit
rdn mau tring (do tinh khiét theo phan tich GC: >98%), chét rdn nay duoc sir dung
trong phan tng tiép theo ma khong cén tinh ché tiép.

4-brom-1-(etoxyetyl)-1H-pyrazol (23). Cho dung dich chira HCl 3,IM trong
dioxan (4 mL) va etyl vinyl ete (41 g, 0,569 mol, 1,2 duong lugng) & nhiét do mdi
truong vao dung dich chira 4-bromopyrazol (70,0 g, 0,476 mol) trong CH2Cl (600
mL). Khudy hdn hop phan Ung tao thanh & nhiét d§ méi truong trong thdi gian 3
gid. Dimg phan ting bang dung dich nuéc NaHCOs va tach hai 16p ra. Rira 16p hitu

co bang nude, 1am kho bang NaxSOs, va ¢d dudi ap suat giam deén kho thu dugc 4-
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brom-1-(etoxyetyl)-1H-pyrazol (113 g, 104,3 g theo ly thuyét, hidu suit 97%) 1a dau
(46 tinh khiét theo phén tich GC: 89%), dau nay dugc st dung truc tiép trong phan

tmg tiép theo ma khéng cén tinh ché tiép.

1-(etoxyetyl)-4-(4,4,5,5-tetrametyl[1,3,2]dioxaborolan-2-yl)-1H-pyrazol (24).
Cho 4-brom-1-(etoxyetyl)-1H-pyrazol (6,15 g, 28 mmol) & nhiét d§ moi trudng vao
100 ml dung dich chtta iPrMgCLLiCl (50 mmol, 1,8 duong luong) trong THF.
Khudy hdn hop phan ting tao thianh & nhiét d6 mdi truong trong thoi gian 12 gio va
sau d6 1am lanh dén -20°C. Sau d6 thém metoxy pinacolborat (10,6 g, 67 mmol, 2,4
duong luong) vao hdn hop phan tng & nhiét d -20°C. Khudy hén hop tao thanh &
nhiét @6 0 - 10°C trong thoi gian 1 gio. Thém dung dich nudc NH4Cl vao dé dimg
phan Ung. Sau d6 chiét hdn hop nay bang ete dau mo (PE). Rira cac dich chiét PE
duge gop lai bing NaHCO3 bio hoa, 1am kho bing NaxSO4 va ¢ dudi ap suét giam.
Tinh ché san phdm thé trong PE thu dugc 1-(etoxyetyl)-4-(4,4,5,5-
tetrametyl[1,3,2]dioxaborolan-2-yl)-1 H-pyrazol (24, 4,2 g, 7,45 g theo ly thuyét,
hiéu sudt 56,4%) 1a chét rdn c¢6 mau tréng dén tréng nhat (d0 tinh khiét theo phéan
tich GC: 99%). Dit lidu ctia hop chit 24: 'TH NMR (DMSO-ds, 400 MHz) § 8,09 (s,
1H), 8,58 (s,1H), 7,62 (s,1H), 5,55 (q, 1H, J = 6,1 Hz), 3,37 (dq, 1H, J= 7,1, 9,6
Hz), 3,12 (dq, 1H, J = 7,0, 9,7 Hz), 1,56 (d, 3H, J = 6,0 Hz), 1,24 (s, 12H), 1,00 (t,
3H, J = 7,0 Hz) ppm; C13H23BN203 (phéan tir lugng, 266,14), LCMS (EI) m/e 267
(M* + H).

4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol (1). Cho tir tir dung
dich chira HCI trong MTBE (25,0 kg, HCI chiém 20 — 30%) & nhiét d@ 0 — 5°C vao
hdn hop bao gém 2,3-dimetylbutan-2,3-diol (25,0 kg, 211,6 mol) va 1-(1-
etoxyetyl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol (24, 55,0 kg,
206,7 mol) trong 1,2-dicloetan (750 kg). Sau do khudy hdn hop phan {mg tao thanh
& nhiét dd 10 — 20°C trong thoi gian tir 3 — 5 gio. Sau khi hoan thanh phan ing khir
bao vé chon loc nhu duge kiém tra bang phuwong phap HPLC (1: dudi 1%), hdn hop
phan mg duoc loai khi va nap lai khi nito truéc khi lam lanh dén —15°C. Sau d6
thém trietylamin (TEA, 30,0 kg, 296,5 mol) vao hdn hop phan tng da lam lanh nay
@8 didu chinh d6 pH dén 7 — 8. Sau d6 tir tir 1am 4m hdn hop nay dén nhiét 4§ moi
truong trude khi xir ly bang nudc (150 kg). Tach hai pha nay va rira 16p hitu co

bing nude mubdi (60 kg) va lam kho béng natri sulfat (Na;SO4). Loai bo chat kho,
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natri sulfat (Na2SOs), bang cach loc va ¢6 dung dich tao thanh duéi ap suat giam &
nhiét d6 40 — 50°C thanh dau dic. Lam 4m phan cin dén 60 — 70°C va pha lodng
bang ete ddu mo (100 kg) & cling nhiét d6 nay. Sau d6, 1am ngudi tir tir hdn hop tao
thanh dén nhiét 46 moi truong va sau do dén —5°C va khqu 0 cung nhiét d¢ nay
trong thoi gian 3 gid. Thu gom céc chit rin bang cach li tim va lam khé & nhiét d6
50 — 60°C trong chan khong thu duge san phdm thd mong muén (1, 33,75 kg, 40,11
kg theo ly thuyét, 84,1%). Sau d6 tao huyén phi san phim thé mong mudn trong
1,2-dicloetan (30 kg) va gia nhiét hdn hop tao thanh dén nhiét d6 hdi luu cho dén
khi tao thanh dung dich trong. Sau do6 thém ete dau mé (150 kg) & cung nhiét d§ vao
dung dich néng nay. Sau d6 lam ngudi tir tu hdn hop tao thanh dén nhiét d6 moi
truong va sau do dén —5°C va khudy & nhiét d6 nay trong 3 gi. Thu cac chét rin
béng cach li tim va lam khé trong chén khong & nhiét do 50 — 60°C thu dugc 4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-y1)-1 H-pyrazol (1, 31,0 kg, 40,11 kg theo
ly thuyét, 77,3%) la chét rén mau tring, ma giéng véi chit dugc tdng hop theo
phuong phéap tbng hop dugc mé ta trong Vi du 5 néu trén vé& moi khia canh c6 thé

so sanh duoc.

Vidu 7. Téng hgp 4-clo-7H-[pyrolo[2,3-d]pyrimidin

So do VII
OH cl o cl o
POCI;
N7 DMF N7 H NHj trong MeOH NS H
l > 3 ‘k -~ IK P
N7 TOH hoi huu NT ~Cl toluen, 55 - 60 °C N7 TNH,
25 26 27
C4HaN,Op CsHaClN0 CsH4CIN3O
KL Mol: 112,09 KL Mol: 176,99 KL Mol: 157,56
PhgP*CH,0OMe CF ¢ 7
oK N/LTET§§,OMe dung dich HCI dm dic %:ét[:§>
o ! X, P
THF, 20-25°C kN’ NH, THF, héi hru NN
28 4
CHgCINZO CgH4CIN3
KL Mol: 185,61 KL Mol; 153,57

4,6-diclopyrimidin-5-carbaldehyt (26). Nap phospho oxyclorua (POCl3, 1 L,
10,572 mol, 4,82 duong luong) vao binh 4 ¢b dung tich 5 L dugc trang bi thanh
khuéy co hoc, phéu bd sung, thiét bi ngung ty, cdp nhiét dién, va canh quét N2 vao
dung dich nudc rira NaOH, va lam lanh hdn hop trong bé mubi/da. Sau d6 thém
ting giot N,N-dimetylformamit (DMF, 320 mL, 4,138 mol, 1,85 duong luong) &
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nhiét d6 0 + 2°C vao binh nay. Sau khi thém x4p xi 100 mL DMF trong thoi gian
xap xi 0,5 gid, xudt hién hién twong két tinh va ting nhiét d6 phan tng tir 0 dén
10°C. Ding viéc thém DMF va lam lanh lai hdn hop nay dén nhiét d6 x4p xi 2°C.
Thém DMF con lai vao trong thoi gian hon 2,5 gir & duéi 8°C. Thé huyén phu tro
nén rat dac khién cho viéc khudy kho khan. Khi thém DMF xong, khudy hén hop
ndy & nhiét d6 3 — 5°C trong thdi gian 0,5 gid. Thém timg phin nho 4,6-
dihydroxypyrimidin (250 g, 2,232 mol) dudi dang chét rédn vao hdn hop d6. Sau khi
thém duoc khoang mot phan ba 4,6-dihydroxypyrimidin vao, hdn hop phan tng trd
nén luu dong hon, va xay ra hién tugng tdéa nhi€t chdm vaéi nhiét do phan tng ting
dén xdp xi 12°C trong thoi gian 0,5 gid. Thém ting phin nho 4,6-
dihydroxypyrimidin con lai vao trong thoi gian 0,25 gi¢ trong khi nhiét do phan Ung
tang tir 12 dén 27°C. Giit nhiét d6 phan tng & nhiét d§ 25 — 27°C ddng thoi lam
ngudi gian doan trong khoang thoi gian ma thé huyén phtt mau vang tré nén lodng
hon, sau d6 lai dac. Sau khi hién tuong toa nhiét giam bat trong khoang 1 gio, gia
nhiét tir tr hdn hop phéan tng. O khoang 55°C, hdn hop phan Gng trd nén cuc ky
dac Vé x4y ra hién tuong téa nhiét nhe lan th hai. Loai bd 16p phu gia nhiét trong
khi nhiét d6 phan tmg tiép tuc ting dén khoang 63°C va giit & nhiét do nay trong vai
phut trude khi giam xubng. Lai tip tuc gia nhiét hdn hop nay cho dén khi héi luu
nhe (khoang 100°C). O khoang 95°C, khi HCI bét d4u bay hoi kha nhanh va 6n
dinh va hdn hop phan tng tré nén lodng va sdm mau dan. Sau khoang 0,5 gid, hon
hop chuyén thanh dung dich mau néu trong subt c6 nhiét d6 hdi luu tang tir tir dén
115°C trong thoi gian 1,25 gio. Sau tdng thoi gian 2,5 gid & nhiét d6 héi luy, 1am
ngudi hdn hgp phan tng dén nhiét 6 moi truong va khudy qua dém & nhiét 46 moi
truomg. Loai bd lugng du POCIs (cang nhidu cang tot) dudi 4p suat giam (nhiét do
bé 13 45 — 50°C). R6t rat cham ddu mau nu sim con lai vao H20 lanh (5 L) trong
phéu tach dung tich 20 L, thém nudc da vao néu can dé duy tri hdn hop nuéce nay &
gén v6i nhiét d6 trong phong. Chiét hdn hop nude nay bang EtOAc 2 x 3 L tiép d6
1 1 x 2 L). Rira cac dich chiét EtOAc da gop lai bang H20 (2 x 2,5 L), dung dich
nudec NaHCOs bdo hoa (1 L), nude mudi (1 L), 1am khd bang NaxSOs, loc, va cd
duéi 4p suét giam (nhiét do bé 14 35°C) thu dugc 4,6-diclopyrimidin-5-carbaldehyt
tho (270 g, 395 g theo 1y thuyét, 68,4%) 14 céc chit rin mau vang cam. Tinh ché 20
g phin chét thd nay bing phuong phap chung cit Kugelrohr (nhiét do 1o 1a 90 —
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100°C, 225 mTorr) thu duoc 15,3 g 4,6-diclopyrimidin-5-carbaldehyt tinh khiét 1a
chit rin mau tring, chat nay chuyén sang mau vang khi dé yén & nhiét d trong

phong. 'H NMR (300 MHz, CDCl3) 8 10,46 (s, 1H), 8,89 (s,1H) ppm.

4-amino-6-clopyrimidin-5S-carbaldehyt (27). Thém dung dich chira NH3 7M trong
MeOH (265 mL, 1,855 mol, 2,0 duong lugng) trong 1,25 gio vao dung dich chira
4,6-diclopyrimidin-5-carbaldehyt (163,7 g, 0,9301 mol) trong toluen (3 L) & nhiét
d6 moi truong. Nhiét 46 phan tng tang tir tir 20 d&én 26°C va hinh thanh thé huyén
phi mau vang. Lam lanh nhe dé duy tri nhiét d6 phan tng & dudi 26°C. Khudy thé
huyén phtl nay & nhiét dd méi trudng trong thoi gian 3,5 gio trudce khi thu cac chit
ran béng cach loc. Rura cac chit ran nay béng EtOAc (1 L). C6 dich loc dudi ap sudt
giam, va nghién nho cac chit rin nay véi toluen va n-heptan (ty 18 thé tich/thé tich
2:1, 600 mL), loc va lam kho thu dugc 71,1 g 4-amino-6-clopyrimidin-5-
carbaldehyt 14 chit rdn mau vang. Chét rin ban dau duoc loc tir hdn hop phan ung
chtra lugng bd sung 4-amino-6-clopyrimidin-5-carbaldehyt. Chiét san phim tir chat
ran da loc nay béng cach khqu trong EtOAc (1,25 L) trong thoi gian 1,5 gio, loc,
sau do khuéy trong THF (750 mL) trong thoi gian 1 gio va khudy lai. C6 ca dich loc
EtOAc va THF dudi 4p suét giam, va nghién nhé cac chét rén thu dugc véi toluen
va n-heptan (ty 1& thé tich/thé tich 2:1, 450 mL), loc va 1am khd thu dugc 44,1 g 4-
amino-6-clopyrimidin-5-carbaldehyt bd sung 1 chit rdn mau vang. Tong hiéu suét
két hop ctia 4-amino-6-clopyrimidin-5-carbaldehyt (115,2 g, 146,5 g theo ly thuyét)
1a 78,6%. 'HNMR (300 MHz, DMSO-ds) & 10,23 (s, 1H), 8,71 (bs,1H), 8,55 (bs,
1H), 8,39 (s, 1H) ppm; CsH4CIN3O (phén tir luong, 157,56), LCMS (EI) m/e 158
(M* + H).

6-clo-5-(2-metoxyvinyl)pyrimidin-4-ylamin (28). Lam lanh thé huyén phu chia
(metoxymetyl)triphenylphosphoni clorua (276,0 g, 0,807 mol, 1,1 dwong lugng)
trong THF (1,5 L) trong bé nudc da/mudi dén -2°C va thém kali tert-butoxit
(KO'Bu) 1M trong THF (807 mL, 0,807 mol, 1,1 duong luong) trong thoi gian 1,5
gid & -2 dén -3°C vao hén hop. Khudy hdn hop mau do cam d4m tao thanh & -2 dén
-3°C trong thoi gian 1 gio. Sau d6, thém tung phan nho 4-amino-6-clopyrimidin-5-
carbaldehyt (115,2 g, 0,7338 mol, 1,0 duong luong) dudi dang chét rin vao hdn hop
phén ng bing céch st dung THF (200 mL) d rira vét chita va phéu. Trong khi
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thém, nhiét d phan (g ting 1én tir -3 &én 13°C va hdn hop phan g chuyén sang
mau nau. Khi nhiét d6 phan g giam xuéng 10°C, 14y bé 1am lanh ra va dé hdn hop
phéan Ung 4m 1én dén nhiét d6 moi trudong va khqu hdn hop ndy & nhiét do méi
trudng trong thoi gian 42 gid. Lam ngudi hdn hop phan tng dén -2°C trude khi
dimg phan ung bang cich thém tir tir dung dich nudc NH4Cl bio hoa (750 mL). Cb
hdn hop nay dudi 4p sudt giam d& loai bo hau hét THF. Phan bb phin cin giita
EtOAc (3 L) va H20 (1 L). Loc pha hitu co dé loai bo chit khong tan & bé mit, sau
d6 chiét bang HCI 2N (4 x 250 mL) sau d6 bang HCI 3N (2 x 250 mL). Chiét tré lai
céc phan dich chiét HC1 d4 gop lai bang EtOAc (500 mL) sau d6 loc qua Xelit dé
loai bo chat khong tan. Lam lanh dich loc trong bé nudc nude da/mudi, diéu chinh
dé pH dén 8 b?mg dung dich nuéc NaOH 6N va chiét bang EtOAc (3 x 1 L). Rua
cac dich chiét EtOAc da gop lai bang nuéc mubi (1 L), 1am khé bing Na;SOs,
khuéy v6i than hoat tinh (10 g) va silica gel (10 g) trong thoi gian 1 gid. Loc hdn
hop nay qua Xelit, rra dém Xelit bang EtOAc (1 L). C dich loc, lam bay hoi déng
thoi EtOAc con lai véi n-heptan (500 mL). Bom chat ran mau nau vang thu dugc
trong chidn khéng cao trong thoi gian 2 gid thu dugec 6-clo-5-(2-
metoxyvinyl)pyrimidin-4-ylamin thé (72,3 g, 136,2 g theo ly thuyét, 53,1%). San
phim th6 mong mubn duoc st dung trong phan ting tiép theo ma khong can tinh
ché tiép. Tinh ché mAu san phim tho (2,3 g) bang sic ky cot silica gel, rira giai bang
0 — 35% EtOAc/n-heptan thu dugc 1,7 g 6-clo-5-(2-metoxyvinyl)pyrimidin-4-
ylamin tinh khiét 1a cht rin mau tring, dugc phat hién 1a hdn hop cac ddng phan
E/Z ty 1& 2. 'TH NMR (300 MHz, DMSO-ds) cuia ddng phén E: & 8,02 (s, 1H), 7,08
(bs, 2H), 6,92 (d, 1H, J = 13,1), 5,35 (d, 1H, J = 13,0 Hz), 3,68 (s, 3H) ppm va ctia
ddng phén Z: § 8,06 (s, 1H), 7,08 (bs, 2H), 6,37 (d, 1H, J= 6,8 Hz), 5,02 (d, 1H, J=
6,7 Hz), 3,69 (s, 3H) ppm; C7HgCIN3O (phan tir lugng, 185,61), LCMS (EI) m/e
186/188 (M* + H).

4-clo-7H-[pyrolo[2,3-d]pyrimidin (4). Cho HCl ddm ddc (5 mL) vao dung dich
chita 6-clo-5-(2-metoxyvinyl)pyrimidin-4-ylamin th6é (70,0 g, 0,3784 mol) trong
THF (700 mL) va gia nhiét hdn hop phéan tng tao thanh dén nhiét d6 héi luu trong
thoi gian 7,5 gio. Khi lam Am bang 4nh sang, thé huyén phu dugc tao thanh, thé
huyén phii nay lai dan dan tan. Khi phan tng duoc cho 1a hoan thanh nhu dugc
kiém tra bang phuong phap HPLC, tién hanh lam lanh hdn hop phan tmg dén nhiét

-61-



22260

d6 moéi trudng va khudy & nhiét d6 méi truong qua dém. Thém NaHCOs (15 g) ran
v&o hdn hop phan tng va khudy hén hop tao thanh & nhiét ¢ méi trudng trong thoi
gian 1 gi¢. Thém than hoat tinh (7 g), silica gel (7 g) va NaxSO4 (20 g) vao va gia
nhiét hdn hop nay dén 40°C trong thoi gian 1 gid. Sau d6 lam ngudi hdn hop nay
dén nhiét do moi trwdng va loc qua Xelit, rira dém Xelit bang THF (1 L). C6 dich
loc dudi ap sudt giam va lam kho chét rén tao thanh dudi ap sudt giam thu duoc 4-
clo-7H-[pyrolo[2,3-d]pyrimidin tho (4, 58,1 g, 58,1 g theo ly thuyét, 100%) la chét
ran mau ndu vang. Hoa tan san pham tho mong mubn nay trong EtOAc (1 L) & nhiét
d6 50 — 55°C va xit Iy bang than hoat tinh (3 g). Loc hdn hop nay trong khi con 4m
qua Xelit va rira dém Xelit bing EtOAc 4m (250 mL). C6 dich loc dén khi con
khoang 500 mL va d& yén thé huyén pht thu duge & nhiét d6 moi truong qua dém.
Sau d6, lam lanh thé huyén phtl nay dén 0 — 5°C trong thoi gian 2 gio trude khi thu
cac chét ran bang cach loc. Lam kho céc chét rén thu duoc 4-clo-7H-[pyrolo[2,3-
dlpyrimidin tinh khiét (4, 54,5 g, 58,1 g theo ly thuyét, 94%) la céc tinh thé mau
nau vang. 'H NMR (400 MHz, DMSO-ds) 8 12,58 (bs, 1H), 8,58 (s,1H), 7,69
(d,1H, J = 3,5 Hz), 6,59 (d, 1H, J = 3,5 Hz) ppm; LCMS (EI) m/e 154/156 (M" +H).

Vi du A: Thit nghiém JAK Kinaza in vitro

Hop chét c¢6 cong thirc I duogc thir nghiém v& hoat tinh (rc ché cta cac dich
JAK theo thir nghiém in vitro sau ddy dugc md ta trong tai li¢u cua Park et al.,
Analytical Biochemistry 1999, 269, 94-104. Cac mién xuc tac cta JAK1 (a.a. 837-
1142) va JAK2 (a.a. 828-1132) & nguoi véi His-tag ddu N duge biéu hién bang cach
st dung baculovirut trong cac té bao con triung va duoc tinh ché. Hoat tinh xtc tac
ctia JAK1 va JAK?2 d3 duoc thir nghiém bang céch do muc phosphoryl héa ctia
peptit dugc biotinyl hoa. Peptit dugc phosphoryl héa nay dugc phat hién nhd phép
do phd huynh quang phan giai thoi gian ddng nhét (homogenous time resolved
fluorescence - HTRF). Céc chi s6 ICso ctia cac hop chit duoc xac dinh cho ting
kinaza trong 40 microL hdn hop phan tmg c6 chita enzym, ATP va peptit 500 nM
trong dém Tris 50 mM (d6 pH 7,8) véi NaCl 100 mM, DTT 5 mM, va BSA 0,1
mg/ml (0,01%). D& do cac gié tri ICso 1 mM, thi ndng dd ATP trong céc phan tng 1a
1 mM. Céac phan tng duogc thuc hién & nhiét do trong phong trong 1 git va sau do
dung phan ung bang 20 pL EDTA 45 mM, SA-APC 300 nM, Eu-Py20 6 nM trong
dém thir nghiém (cua hang Perkin Elmer, Boston, MA). Su gén két v6i khang thé
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dugce danh ddu Europi dién ra trong 40 phut va tin hiéu HTRF duoc do trén dau doc
dia Fusion (ctia hing Perkin Elmer, Boston, MA). Hop chét ¢ cong thirc I va mudi
axit adipic co gia tri ICso & mitc JAK1 < 5 nM (do tai ATP 1 mM) véi ty 1€
JAK2/JAK1 la> 10 (do tai ATP 1 mM).

Vi du B: Thir nghiém té bao

Céc dong té bao ung thu phu thudc vao cac xytokin va do dé truyén tin hidu
JAK/STAT, @& tang trudng, c6 thé dwoc dat vao dia véi mat d6 6000 té bao mdi
giéng (kidu dia 96 giéng) trong RPMI 1640, FBS 10%, va xytokin thich hop 1
nG/mL. Céc hop chét ¢ thé duoc thém vao céc té bao trong DMSO/m6i trudng
(ndng d6 cudi cing DMSO 0,2%) va 1 trong 72 gir & 37°C, CO2 5%. T4c dung cla
hop chét ddi véi kha ning sdng s6t cua té bao dwoc danh gid bang cach str dung
Thir nghiém kha nang sbng cta té bao phat quang CellTiter-Glo (ctia hing
Promega) tiép theo 1a phuong phap dinh lugng TopCount (ctia hdng Perkin Elmer,
Boston, MA). Céc tic dung khong nhim dich tiém tang cta cac hop chét nay dugc
do song song bang cach str dung mot dong té bao dan truyén khong phai JAK véi

chi bao thir nghiém tuong tu. Tht ca céc thi nghiém thudng dugc thuc hién hai lan.

Céc dong té bao & trén ciing c6 thé dugc st dung dé kiém tra tac dung clia
cac hop chit dbi voi qué trinh phosphoryl héa JAK kinaza hodc céc co chat xubi
dong tiém nang nhu cac protein STAT, Akt, Shp2, hodc Erk. Nhitng thi nghi¢m nay
6 thé duoc thuc hién sau khi bo doi xytokin qua dém, tiép theo 13 0 trudc voi hop
chit (2 gio hoic ngén hon) va kich thich bing xytokin trong khodng 1 gi® hodc
ngén hon. Sau d6, cic protein ndy dugc chiét tr cac t& bao va duge phan tich bang
cac phuong phap k¥ thuét quen thudc dbi v6i ngudi ¢ hidu biét trung binh vé linh
vuc nay bao gdm phuong phép thAm tach Western hay ELISA st dung cac khang
thé co thé biét hoa giita protein dugc phosphoryl hda va protein tdng s6. Nhiing thi
nghi€ém nay cé thé stir dung céc té bao binh thuong hodc cac té bao ung thu dé xem
xét hoat tinh cta cac hop chét v& mat sinh hoc sinh ton cta té bao khéi u hodc vé
cac yéu t trung gian ctia bénh viém. Vi dy, lién quan dén céc yéu té trung gian nay,
cac xytokin nhu IL-6, IL-12, IL-23, hodc IFN c6 thé duogc sir dung dé kich thich sy
hoat hda ctia JAK dan dén su phosphoryl héa (cac)protein STAT va c6 khé ning
tim tang dan dén cac profin phién mi (dugc danh gia bang thir nghiém hoic k¥

thuat qPCR) hoac su san xuét va/hoic tiét ra cac protein, nhu IL-17. Kha ning cta
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céc hop chét dé tc ché cac tac dong do trung gian xytokin gy ra c6 thé duoc do
bang cach sir dung cac phuong phap k§ thuat thong thuong ddi véi ngudi c6 hidu

biét trung binh v& linh vuc nay.

Céc hop chit trong tai liéu nay ciing ¢6 thé dugc thir nghiém trong céc md
hinh té bao duoc thiét ké dé danh gia sy hiéu nghiém va hoat tinh ctia ching chéng
lai cac Jak dot bién, vi du, dot bién JAK2V617F duge phat hién trong céac r6i loan
tang sinh tdy. Nhitng thi nghiém nay thuong str dung té bao phu thudc xytokin
thudc dong huyét hoc (vi du: BaF/3) ma cac JAK kinaza kiéu dai hodc kiéu d6t bién
duoc biéu hién 1éch vi tri trong d6 (James, C., et al. Nature 434:1144-1148; Staerk,
J., et al. JBC 280:41.893-41.899). Céc két qua d4u ra bao gdm tic dung clia cic hop
chit dbi véi su tdn tai té bao, su ting sinh té bao, va céc protein JAK, STAT, Akt
hodc Erk dugc phosphoryl hoéa.

Mot sb hop chét trong tai li€éu nay co thé dugc danh gia vé hoat tinh cua
ching uc ché su tang sinh clia té bao T. Thur nghiém nhu vay cé thé duoc coi 1a thir
nghiém ting sinh din truyén boi xytokin thit hai (tic 13, JAK) va ciing 1a thir
nghiém don gian vé su rc ché mién dich hoic su tc ché hoat tinh mién dich. Sau
day la tém tit ngén gon vé& cach thuc hién cac thir nghiém nay. Cac té bao don nhan
mdu ngoai bién (peripheral blood mononuclear cells - PBMCs) dugc didu ché tir
toan bd miu méau cua ngudi bing cach sir dung phuong phap tach Ficoll Hypaque
va c4c t& bao T (phan doan 2000) c6 thé thu dugc tir PBMC béng phuong phap rira
ling. Cac té bao T & ngudi méi duge phan 1ap ndy cd thé duoc giit trong moi trudong
nudi cly (RPMI 1640 c6 bd sung huyét thanh bao thai bd 10%, penixillin 100 U/ml,
streptomyxin 100 pg/ml) véi mét do 2 x 10° té bao/ml & 37°C cho dén 2 ngay. Dbi
véi phép phan tich tang sinh té bao duoc kich thich boi IL-2, thi céc té bao T duge
xir ly trude hét voi phytohemagglutinin (PHA) & ndng d6 cudi 1a 10 pg/mL trong
thoi gian 72 gid. Sau khi rira mot 1dn bang PBS, 6000 té bao/giéng dugc dit trong
cac dia kiéu 96 giéng va dugc xir Iy biang cic hop chét & cac ndng d6 khac nhau
trong moi trudng nudi cy véi su c6 mit clia IL-2 cta ngudi 100 U/mL (cia héng
ProSpec-Tany TechnoGene; Rehovot, Israel). U céc dia nay & 37°C trong thoi gian
72 gio va danh gia chi s6 tang sinh bang cac thudc thir huynh quang CellTiter-Glo
theo quy trinh dugc goi y tit nha san xuét (ctia hing Promega; Madison, WI).
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, oA > A Ko . .
Vi du C: Hiéu qua chong khoi u in vivo

Céc hop chit nay c6 thé dugc danh gi4 trong cdc mo hinh ghép di loai khéi u
& nguoi trong nhitng con chudt nhit bi gdy tén thuong mién dich. Vi dy, mdt bién
thé gay khdi u thudc dong t& bao twong bao INA-6 ¢ thé duogc sir dung dé cdy dudi
da chudt nhit SCID (Burger, R., et al. Hematol J. 2:42-53, 2001). Sau d96, cac con
véat mang khdi u c¢6 thé dwoc phén ngiu nhién vao cic nhém didu tri bang thude
hodc chat dan thudc va cac lidu lugng khac nhau cua cac hop chit ¢6 thé duoc ding
theo cac con dudng théng thudng bat ky bao gdm dudng miéng, trong mang bung
(i.p.), hoac truyén lién tuc sir dung bom ¢o thé cdy ghép. Su tang trudong khéi u theo
thoi gian sir dung compa do ngoai (caliper). Thém nita, cic mau khéi u ¢6 thé duoc
thu gom tai bit ky thoi diém nao sau khi bét dau diéu tri dé phan tich nhu mé ta &
trén (Vi du B) nhdm dénh gia céc tic dong ctia hop chit ddi véi hoat tinh ctia JAK
va céc con dudng truyén tin hidu xubi dong. Ngoai ra, dd chon lgc cta (cic) hop
chit c6 thd dugc danh gid bing cach sir dung cac mé hinh khéi u ghép di loai ma
duoc dan truyén b&i cac kinaza khac d3 biét (vi du: Ber-Abl) nhu md hinh khéi u
K562.

Vi du D: Thit nghiém dap img qua min mugn do tiép xic da & chudt

Céc hop chit & day cling c6 thé dugc thir nghiém vé hidu qua ctia ching (dé
ttc ché cac dich JAK) trong md hinh thit nghiém qué man mudn & chudt duge dan
truyén boi té bao T. Pap ng qua man typ mudn (delayed-type hypersensitivity -
DTH) do tiép xtc da & chudt dugc xem 12 mé hinh ¢6 can c& vé bénh viém da tiép
xtc 1am sang, va cac rbi loan mién dich vé da do t& bao lympho T 14 trung gian gay
ra, nhu bénh vay nén (Immunol Today. Thang 01/1998; 19(1):37-44). DTH & chudt
¢6 chung nhiéu diém dic trung véi bénh véy nén, bao gdm ca su thdm nhiém mién
dich, su gia ting di kém cua cac xytokin gdy viém, va su tdng sinh qua muc té bao
sung. Hon nita, nhiéu loai tdc nhdn ma c6 hiéu qua trong viéc diéu tri bénh véy nén
trong xét nghi€ém lam sang cling la chét &rc ché hidu qua dap tmg DTH & chudt

(Agents Actions. Théng 01/1993; 38(1-2):116-21).

Vao ngay 0 va 1, chudt nhit Balb/c dugc gdy nhay cam bang cach bdi khu
trd vao vung bung dd cao 16ng cla chung bang cac khang nguyén 2,4,dinitro-

flobenzen (DNFB). Vao ngay 5, do d¢ day cua tai bang cach st dung tric vi ké ky
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thuat sb. Ghi lai gia tri do dugc va sir dung lam muc co so. Sau do6 ca hai tai cta
nhitng con vét ndy dugc thir nghiém bdi khu tra DNFB véi tong thé tich 1a 20 pL
(10 pL & loa tai trong va 10 uL & loa tai ngoai) véi ndng d6 0,2%. Hai muoi bdn
dén bay muoi hai gio sau khi bdi thubc, do lai d6 day cua tai. Viée didu tri bang cac
hop chét thir nghiém dugc ap dung trong subt cic giai doan lam nhay cam va st
dung thubc nay (ngay -1 dén ngay 7) hodc trudc khi va trong sudt giai doan ding
thudc nay (thuong 14 budi chiéu ciia ngay thir 4 &én ngay tha 7). Viéc diéu tri bang
cac hop chét thu nghiém (& néng dd khac nhau) dugce dung theo cach toan than hodc
khu tri (bdi khu tra vao tai dé diéu tri). Nhilng hiéu qua ciia cac hop chit thir
nghiém duoc cho thiy béi sy gidm mirc sung tai so véi tinh trang khong dugc diéu
tri. Cac hop chét lam giam 20% hoic nhiéu hon duoc coi 14 hiéu qua. Trong mdt s&
thi nghi€m, nhitng con chudt nhét duoc cho dung thudc nhung khéng dwoc lam

nhay cam (d6i chimg am).

Tac dung trc ché (trc ché su hoat hoéa céc con duong JAK-STAT) clia cac hop
chit thir nghiém c6 thé duoc khing dinh bang phép phén tich héa md mién dich. Sy
hoat hoa cua (cac) con duong JAK-STAT din dén sy hinh thanh va su chuyén Vi
ctia cac yéu t6 phién ma chirc nang. Hon nita, dong cac té bao mién dich va sy ting
sinh té bao sing ting 1én cling cAn mang lai nhitng thay ddi vé profin biéu hién doc
nhét trong tai ma c6 thé dugc nghién ctru va dinh lugng. Nhiing phin tai dugc nhém
lai trong parafin va c¢b dinh bang formalin (thu dugc sau giai doan dung thudc trong
md hinh DTH) phai trai qua qua trinh phéan tich m6 héa hoc mién dich bang cach sir
dung khang thé tuong tic dic hiéu véi STAT3 phosphoryl héa (dong 58E12, k¥
thudt tao tin hidu té bao - Cell Signaling Technologies). Tai ctia chudt nhat duge
diéu tri bing hop chat thir nghiém, chat dan, hodc dexamethason (phuong phap diéu
tri hiéu qua trong 1dm sang cho bénh véy nén), ho#c khoéng dugc diéu tri, trong mo
hinh DTH d so sanh. Cac hop chét thur nghiém va dexamethason c6 thé tao ra
nhitng thay d6i vé phién ma tuong tu ca vé chat va luong, va ca cac hop chit thir
nghiém va dexamethason ddu c6 thé 1am giam sé luong té bao x4m nhép. Ca hai
phuong phap diéu tri theo cach ding cac hop chit thit nghiém ¢ dang toan than va
khu trt c6 thé gy ra tac dung trc ché, tirc 13, 1am giam s6 luong t& bao xdm nhap va

trc ché nhiing thay doi vé phién ma.
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Vi du E: Hoat tinh chéng viém in vivo

Céc hop chit trong tai lidu nay c6 thé duoc danh gia trong céc mo hinh dong
vat gdm nhidm hoic dong vat khong phai loai gam nhim duoc thiét ké dé sao chép
mot dép umg viém duy nhét hay phirc tap. Vi dy, cdc md hinh bénh viém khdp &
dong vat gdm nhim c6 thé dugc st dung dé danh gia tiém nang didu tri ctia cac hop
chit & lidu diéu tri du phong hoac diéu tri bénh. Nhitng m6 hinh nay bao gém
nhung khong giéi han & bénh viém khép & chudt nhét hozc chudt cdng do colagen
gdy ra, bénh viém khop & chudt nhat do ti dugc giy ra, va bénh viém khép do
khang thé colagen gdy ra. Bénh tu mién dich bao gdm, nhung khéng gii han &,
bénh da xo cimg, bénh tiéu duong typ I, viém mang giita va day mét, viém tuyén
gidp, ching nhugc co ndng, bénh thin globulin mién dich, viém co tim, nhay cam
dudng ho hip (hen suyén), bénh luput, hogic viém dai trang cling c6 thé duoc sir
dung dé déanh gia tiém ning diéu tri bénh ciia cic hop chat nay. Nhimg md hinh nay
ciing duoc thiét 1ap trong cong ddng nghién ctru va quen thude véi ngudi cé hiéu
biét trung binh vé linh vuc nay (Current Protocols in Immunology, T4p 3, Coligan,
JE. et al, Wiley Press.; Methods in Molecular Biology: Tap 225, Inflammation
Protocols., Winyard, P.G. and Willoughby, D.A., Humana Press, 2003.).

Vi du F: Cic mé hinh ddng vat de dieu tri bénh mat kho, viém mang bo dao, va

viém ket mac

Cac hop chét cé thé duoc danh gia trong mét hodc nhiéu md hinh tién lam
sang v& bénh kho mét d& dugc ngudi c6 hiéu biét trung binh vé linh vye nay biét
dén bao gém, nhung khong giéi han &, mo6 hinh tuyén 16 concanavalin A (ConA) &
tho, md hinh scopolamin & chudt nhét (ding duéi da hodc qua da), md hinh tuyén 1¢
& chudt nhét Botulinumn, hoic mé hinh bét ky trong mot s6 mo hinh ty mién dich &
loai gdm nhim tu phat dan dén rbi loan chirc ning tuyén & mit (vi du nhu NOD-
SCID, MRL/lpr, hoac NZB/NZW) (Barabino et al., Experimental Eye Research
2004, 79, 613-621 va Schrader et al., Developmental Opthalmology, Karger 2008,
41, 298-312, mdi tai lidu trong sé céc tai lidu nay dugc dua toan bd vao ddy bang
cach vién dan). Céc phan tich cudi trong cac mé hinh ndy c6 thé bao gdm md bénh
hoc cta cac tuyén & mit va cla mit (gidc mac, v.v) va cd thé 1a thir nghiém
Schirmer ¢ dién hodc cac phién ban sira ddi cta thir nghiém (Barabino et al.) do

mutc nuée mit tao thanh. Hoat tinh ¢6 thé dugc danh gia bang cach cép liéu ding
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theo nhiéu dudng cip (vi du nhu toan than hodc khu tri)) ma ¢ thé bat dau trude

hodc sau khi xuat hién bénh.

Céc hop chét c6 thé dugc danh gi trong mot hodc nhidu mé hinh tién 14m
sang vé bénh viém mang bd dio dd dwoc ngudi c6 hiéu biét trung binh vé linh vuc
nay biét &én. Cac md hinh nay bao gém, nhung khong gii han & cac mé hinh vé
viém mang bd dao ty mién thuc nghiém (experimental autoimmune uveitis - EAU)
va viém mang bd dao do ndi doc t6 giy ra (endotoxin induced uveitis - EIU). Cac
thuc nghiém EAU c6 thé duoc thuc hién & tho, chudt céng, hodc chudt nhit va co
thé lién quan dén kha ning tao mién dich thu dong hodc chi dong. Vi du, bat ky
khang nguyén nao trong s6 cac khang nguyén vong mac c¢6 thé duge str dung dé lam
nhay cam céac con vét vdi khang nguyén lién quan sau do cac con vét c6 thé duogc
cAp theo dudng miét véi khdng nguyén tuong tw. Cac mo hinh EIU thi nhay hon va
lién quan dén phuong thirc cép lipopolysacarit khu tri hodc toan than véi cac lieu
lugng khong gy chét. Quy trinh cudi cho ca hai mé hinh EIU va EAU c6 thé bao
gdm bude soi day mét, md bénh hoc trong s6 nhitng budc quy trinh khéc. Nhiing
md hinh nay dugc xem xét boi Smith et al. (Immunology and Cell Biology 1998,
76, 497-512, dugc dua toan bo vao day béng cach vién d?m). Hoat tinh dugc danh
gi4 bang cach dung liéu theo nhidu dudng cAp (vi du nhu toan than hodc khu tra) ma
6 thé bét dAu trude hodc sau khi xuét hién bénh. Mot sb mé hinh duoc liét ké & trén
cling ¢6 thé tién trién bénh viém cing mac/viém thugng cing mac, viém mang
mach, viém thé mi, hodc viém méng mit va do d6 hitu ich trong viéc nghién ctru

hoat tinh tiém nang ctia cac hop chét ding d& diéu tri cac bénh nay.

Céc hop chét ciing c6 thé duoc danh gi4 trong mot hodc nhiéu mé hinh tién
1am sang v& bénh viém két mac di dugc ngudi cé hiéu biét trung binh vé linh vuc
nay biét dén. Cac mo hinh nay bao gbm, nhung khéﬁg gidi han & cac m6 hinh dong
vat gdm nhim sir dung chudt 1ang, chuot céng, ho#ic chudt nhit. Cac md hinh chudt
lang bao gdm nhitng mé hinh st dung phuong phap mién dich chii dong hodc thu
dong va/hodc cic quy trinh thach thitc mién dich véi cac khing nguyén nhu
ovalbumin hodc giéng cic vang dai (xem trong tai liéu ctia Groneberg, D.A., et al.,
Allergy 2003, 58, 1101-1113, ma dugc dua toan by vao day b%mg cach vién dan).
Céc md hinh chudt cdng va chudt nhét 1a twong tu nhu trong thiét ké chung cho cic

md hinh chudt lang (ciling xem tai liéu ctia Groneberg). Hoat tinh c6 thé dugc déanh
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gi4 bang cach cho dung liéu theo nhiéu duong cip (vi du nhu toan thin hodc khu
tr1) ma c6 thé bat dau trude hodc sau khi xuét hién bénh. Céc phén tich cudi cho cac
nghién ctru nay cé thé bao gém vi du, md hoc, mién dich hoc, sinh héa, hodc phan

tich phéan tir cic md & mat nhu két mac.
Vi du G: Bao vé xwong in vivo

Céc hop chéit c6 thé dugc danh gia trong cac mé hinh tién 14m sang khac
nhau vé& chtng thidu xuong, lodng xuong, hodc tiéu xuong da dugce ngudi c¢é hiéu
biét trung binh vé linh vuc nay biét dén. Vi du, cac loai gam nhim da cét buéng
trimg c6 thé duoc sir dung @ danh gia kha ning cuia cic hop chit tic dong dén cac
triéu ching va dAu hiéu veé tai tao md xuong va’hodc mat do xuong (W.S.S. Jee va
W. Yao, J Musculoskel. Nueron. Interact., 2001, 1(3), 193-207, duogc dua toan bd
vao day béng cach vién dan). Theo cach khac, mat d6 va clu tric xuwong c6 thé
dwoc déanh gia & nhitng loai dong vat gam nhim dugc didu tri bang hop chat hodc
chit dbi ching trong cic md hinh didu tri chimg thiéu xuong (vi dy, do
glucocorticoid) gdy ra (Yao, et al. Arthritis and Rheumatism, 2008, 358(6), 3485-
3497; va id. 58(11), 1674-1686, ca hai tai li¢u nay duoc dua toan bd vao day bang
cach vién dan). Ngoai ra, nhitng tdc dong cla cac hgp chat d6i véi ching tiéu
xuong va mat do xuong co thé danh gi4 dugc trong cdc mo hinh bénh viém khép &
ddng vat gam nhdm nhu dugc thao ludn & trén (Vi du E). Céc phan tich cudi cho tat
c& cac md hinh nay c6 thé khac nhau nhung thudng bao gbm cac phép danh gid md
hoc va phdng xa cling nhu md hoc mién dich va cac ddu hiéu sinh hoa thich hop ctia
qua trinh tai tao xuong.

M5t s6 phuong 4n clia sang ché da duoc md ta. Tuy nhién, can phai hiéu ring
cac thay ddi khac nhau c6 thé duge thuc hién ma khoéng tach khoi y tuéng va pham
vi cia sang ché. Theo d6, cdc phuong an khic cling nim trong pham vi clia céc yéu

cau bao ho sau day.
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YEU CAUBAO HO

1. Quy trinh diéu ché hop chit ¢c6 cong thire I:

hoac muodi cua nd, bao gom budc:

cho hop chét c¢6 cong thirc Ila:

OTOK

i

<
O
P4

IIIa
phan tmg véi hop chét ¢6 cong thire TVa:

Cl

N~ N\
k\l
NN

IVa

trong céc diéu kién phan ting ghép cip Suzuki dé tao thanh hop chit ¢ cong thic

ITa:
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IIa;

khir bao vé hop chit c¢6 cong thirc Ila bang cach cho hop chét nay phan tng
v6i axit clohydric dé tao thanh mudi 2-(3-(4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)-1H-

pyrazol-1-yl)azetidin-3-yl)axetonitril dihydroclorua; va

cho mudi 2-(3-(4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-
yl)azetidin-3-yl)axetonitril dihydroclorua phan tmg v6i hgp chét c6 cong thirc VI:

O F
Q%CFS
0 ~_N

VI
véi su ¢d mat cua chat khir dé tao thanh hop chat ¢ cong thirc I, hoac mudi cta no.

2. Quy trinh theo diém 1, trong d6 céc diéu kién phan tmg ghép ciip Suzuki bao
gdm gia nhiét hdn hop phan tng chira hop chét c6 cong thirc Ila, hop chét c6 cong

thire IVa, chit xtc tac ghép cip Suzuki, bazo va thanh phin dung mbi.
3. Quy trinh theo diém 2, trong d6 chit xuc tic ghép cip Suzuki la:

(a) Pd(dppf)2Cly, [1,1°-bis(dixyclohexylphosphino)feroxen]diclopaladi (II),
tetrakis(triphenylphosphine)paladi(0), hodc tetrakis(tri(o-tolyl)phosphin)paladi(0);

hodc
(b) [1,1’-bis(dixyclohexylphosphino)feroxen]diclopaladi (II).

4. Quy trinh theo diém bat ky trong s6 cac diém tir 2 d&én 3, trong d6 bazo la:
(a) natri cacbonat, kali cacbonat, hodc xezi florua; hoac

(b) xezi florua.
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5. Quy trinh theo diém 4, trong d6 bazo 1a xezi florua va c6 mit véi luong 1a 3
duong lugng hozc nhidu hon dya trén hop chét c6 cong thirc IVa.
6. Quy trinh theo diém bat ky trong sb céc diém tir 2 dén 5, trong d6 thanh phan
dung mdi bao gdm fert-butanol va nude.
7. Quy trinh theo diém bit ky trong sb cac diém tir 1 d&én 6, trong d6 cac hop
chét c6 cong thic ITTa va IVa c6 mit véi ty 16 mol 1a khoang 1:1.
8. Quy trinh theo diém 1, trong d6 axit clohydric c6 mat véi lwong tir 5 dén 8
duong luong dua trén hop chét c6 cong thirc Ila.
9. Quy trinh theo diém tir 1 dén 8, trong d6 phan tng ctia mudi 2-(3-(4-(7H-
pyrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)azetidin-3-yl)axetonitril
dihydroclorua v6i hgp chit c6 cdng thirc VI dugc thuc hién véi su cd mit cua it
nhit hai dwong lugng bazo thir hai.
10.  Quy trinh theo diém 9, trong d6 bazo thit hai 1a:

(a) amin bac ba; hodc

(b) trietylamin.
11.  Quy trinh theo didm bat k¥ trong sb cac diém tir 1 dén 10, trong d6 chat khur
la:

(2) natri xyanoborohydrua hodc natri triaxetoxyborohydrua; hodc

(b) natri triaxetoxyborohydrua.

12.  Quy trinh theo diém 11, trong d6 chét khir 12 natri triaxetoxyborohydrua va
nhiéu hon 1 duong luong natri triaxetoxyborohydrua dugc sir dung duya trén mudi 2-
(3-(4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)azetidin-3-yl)axetonitril
dihydroclorua.

13.  Quy trinh theo diém bat ky trong s6 cac diém tir 1 dén 12, trong d6 nhiéu hon
1 duong luong hop chét c6 cong thirc VI dugc st dung dya trén mudi 2-(3-(4-(7H-
pyrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)azetidin-3-yl)axetonitril
dihydroclorua.

14.  Quy trinh theo diém bét ky trong sb cac diém tir 1 dén 13, trong d6 phan ting
cia mubi 2-(3-(4-(7H-pyrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)azetidin-3-
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yl)axetonitril dihydroclorua véi hgp chét c¢6 cong thirc VI dwoc thue hién trong
dung méi diclometan.

15.  Quy trinh theo diém bét ky trong s cac diém tir 1 dén 14, trong d6 quy trinh
ndy con bao gdm bude cho hop chét ¢ cong thirc I phan {mg véi axit adipic dé tao

thanh mudi adipat ctia hop chét c¢6 cong thirc 1.

-73-





